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BACKGROUND ART

25
An embryonic stem (ES) cell is an undifferentiated
totipotent cell which is induced from an embryo in an early
stage and grows rapidly and has similar properties as those
of an embryonic tumor cell. ES cells were £irst establisghed
30 by culturing an inner cell mass (ICM) of a mouse blastocyst
on a feeder cell layer of mouse fibroblasts. ES cells have
infinite lifetime under the conditions that undifferentiated
states thereof are maintained in the presence of the feeder
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25 introduced into a normal enbryo at an early stage to forma chineric
enbryo (R h, Brinster J. Exp. Med. 140: 1949-1956 ( 1974 ) : A Bradley et
al. ( Nature 309 : 255-256 ( 29B4 ) ] . By mating chinera ani mals having
cells derived fromthe ES cells introduced into germcells such as testis,
ovary, and the 20 like, offspring conposed of only cells derived fromES
cells can be obtai ncd. ThIS neans t hat anlnals can be produced mnth an
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224-227 With such an animal, it is poasible to research a mechanism
of growth and differentiaticn not only in vitro but also
25 at an individual level. Unlike embryonic tumor cells, many
of ES cells are normal cells with the normal diploid karyotype
maintained, have high rate of chimera formation, and high
probability of differentiation into cells of germ line [A.
Bredley et al., Nature 309: 255-256 (1986)]. Thus, the scope
30 of use of the ES cells is spreading outside the field of
embryology.

For example, ES cells axe the particularly useful



( 1988 ) ] , pig [Evans M J. et al. , Theriogenolagy 33 : 125128 ( 1990 )
. Piedrahita J. A at al. , Theriogenol ogy 34: B79-891 (1990); Notari anni
E. et al., J. Reprod Fert. 40: 51-56 -4( 1990 ) ; Talbot N. C et al.
Cell. Dev. Biol. 29A: 546-554 ( 1993 ) ) ; sheep [ Notarianni E . at al
Raprod. Fert . Suppl . 43: 255-2Q&0 (1991)); bovine [Evens M J. et al,
Theri ogenol ogy 33: 125-i.28(1990); Saito S. et al., Roux. 5 Arah. DeV.
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Rej ection reactions occurring after transplantation area divided into
categories : hyperacute rejection reactions ; accelerated acute rejection
reactions; acute rejection 5 reactions; and chronic rejection reactions.
Hyperacute rejection reactions occur when there are existing antibodies in
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al., Nature .394 : 369374 ( 1998 ) ; Onishi A et al. , Science 289 :
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social problens ) i. e. , bionedical ethical problenms (Wissman, |I.L., N
Engl. J. Med., 345, 1576-1579 {2002)). The 25 above-descri bed techni ques
require egg cells, which is problematic froman ethical viewpoint . Far
humans, ES cells are derived fromundifferentiated cells o early enbryos,
and no adult early enbryo exists . Accordingly, in principle, it is not
possible to establish ES calls after the stage 30 of early enbryos,
particularly from ad S h te el.l suited
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on chromogsome 6. HLA antigeng are divided inteo two
categories: class lantigens targetedbyrejection reactions;
25 andclassII antigenasplayingaroleininitiationofrejection
reactions. ClassIlantigensarspresentinalltissues,while
class II antigens are not present in all tissues and are
highly expressed in dendritio cells having finger-like
projects, which are macrophage-like cellg. An attempt has
30 been made to remove such cells from transplanted tissue so
as to prevent the start of a rejection reaction. While there
have been some successful experiments, it is not practical

and has not been clinically applied.



10 the transplantatio rejection reaction could be significantly reduced.
The pluripotent stemcell suited to an individual, which goes not express a
part or the whole of the stemsell 3.5 ( e. g. , an ES cell ) -derived
transpl antati on antigen, can be achi eved by, for exanple, fusing a stem
cell (s. g. , an ES cell) wth a somatic cell, followed by renoval of the
stemCell (e. g. , an ES cell ) -derived genone using genetic
mani pul ation. In this case, the stemcall-derived genonme 20 coul d be
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i nt roduced i thbtenseas jeEcinion +ésctprs whdehreamitr ehthintsererel hoans i s
reduced_as cQ . t ' ent.i.at | | of
t he stgcr)n celvﬁgg.bﬁoﬁﬁeéggggﬁﬂ erl \%d"aﬁire%n%p éﬁ?ﬁﬁiogoﬁd é%??égﬁg}agr
Conpl etel y rbagesmmethiztothe grgan poddrpresemt cbpltheragenienehnod

| nventi on ”Bxsbargmmfél rﬁt%&Je%'enftomat,aéliﬁmm&w@ﬂmt kagecsgnd
organ which s a donor for treatnent of diseases. 10 These cells tissues

and organs hk¢sfarmrddafanectyansplpptatien ondhen hipganfanef ghal
ther@?!esl?nﬂh&rﬁgglﬁﬂ%ﬁti?g!?hrrab!MnH&?BE%?BTBG?EfEEQn?if?Vthb?PB

Speci a rovi de e ollo : i sol a S cell,

conpr i S6ng XLAUBAPERTGEnoRERnoB N LAl Eon 1 G BB BPECPFORBYLRELAY ¢ Go
item 1, whichctslaratadEShepklr 3rejeptiiohporeattidns cebbuaccwhdnngTto item
1, wherein at_le art_g transpl ant at| i i | et e 25 4. A
pl uri pot ent %w%ﬁgéﬁ%egc%ﬁf‘a%%get%gi‘?‘gnm E%@‘Pgﬁ‘%ﬁ#&g\,\ﬁgﬁig%ﬁ R"a@he
transpl ant at reaipsehfjchody hieferedrenspilanuatigot.endcecedprased hyperdi ng to

| tem 2, wher gpGebbfoR0 S AN GEhaNANULIRE GAPRLRCY HadPaakraza) of
et o 80rhe transplantation and ate A intense as hyperacute mejection
reactions. Recent progress in therapeutic drugs is making
it possible to ocure such rejection reactions. Acute
rejection reactions are caused as a result of cellular immune
reactions elicited mainly by T lymphocoytes associated with
25 the donor's HLA antigens of a transplant organ. Acute
rejection reactions are most often observed and are typlcally
recognized about 2 weeks to 1 month after transplantation.
Chronic rejection reactions are characterized by a raduction
in organ function gradually proceeding against oclinical
30 therapies, and ococur 6 months to 1 year after transplantation.
Basically, it isconsideredthat recipient’s immune reactions
activated by invation of donor’s HLA antigens elicits tissue

disorders in a transplant organ, and reactions thereto of



-12ma jor histoconpatibilityantigen conprises a class T antigen . 7. A
pluripotent stemcell according to item1l., wherein the genone is
reprogrammed. 5 8. A plurippotent stemcell according to item1, which is
produced by reprogranmng a cell. 9 . A pluripotent stemcell according to
item8 , wherein the 10 cell is a somatic cell . A pluripotent stem cel
according to item 1, which iv produced, by fusing a stemcell and a somatic

1. 15 11. I t ste t L1
o Es cor i e POSRROLERbpRI SR EERD 1t Pobk CHb AP RELSb IobUE B\ ERREC | (e
stem iel Lmi Weribdmﬁetsmem dhiled)afn drgamhavipgtide sane MHehblacudedi tng to
t ic not an
Ese?all or a%t‘g‘gét‘gr?%%?ﬁ% e;%f%éeé QQ_% ﬁ%q‘é%qfw% *'. ?ago’ltl'ént stem
cel | accordi ngacbionsmmng&dmmagcurchrbmﬂer thed14¢bmfamééﬁ&t ic
cell ofga defg%e ﬂ%j('fg"féctfcﬁt A tWdiP ek Elﬁﬂhﬁ%knécf%ﬂwﬂ.to item

1, whic not directly directly froman enbryo uri potent stem
cel | accor di ng to item1) which is derived froma somatic ceII -13 17, A
pluripotent stem cel kxagpPesd naft O:I.lnhﬂﬁohu pHfiisich 2 tdasy@ds at eprant i gen
ot her than that of a desire I Vi dual reduced. i}’fﬁe @I uri pogent
stem cel | acRBRURRELRE it & fc Rch F§ C\F@d f M Il ¥PRer Phan a

egg cell of smelefbeappradbehdsal surgeries, izxadiation, and the like.
1o Examples of immunosuppressants mainly in¢lude
adrenocorticosterold, cyoclosporine, FK506, and the like.
Adrenocorticosterold reduces the number of circulatoxy T
cells to inhibit the nucleic acld metabolism of lymphooytes

and production of cytokines and suppress T cell functions.

18 Thereby, the migration and metabolism of maorophages are
inhibited, resulting in suppressing of immune reactions.
Cyclosporine and FK506 have similar actions, binding to
receptors on the surface of halper T cells, entering the
cells, and ac¢ting directly on DNA to inhibit the production

20 of interleukin 2. Eventually, the funoctionofkiller T cells
is impaired, resulting in immunosuppression. Use of these
immunosuppressants raises adverse side effaects.
Particularly, sterolds often cause side effects.
Cyclosporine is toxic to the liver and kidneya., FK506 is

25 toxic to the kidneys. Examples of surgeries l1nclude
extraction of lymph node, extraction of spleen, and
extraction of thymus, whose effect has not been fully
demonstrated. Among surgeries, thoracic duct drainage is

to remove circulating lymphocytes from the thoracic duct

30 and 1ts effect has been confirmed. However, this technique
cauges the loss of a large amount of sarum protein and lipid,
leading to nutrition disorders. Irradiation includeswhole

body irradiation and graft irradiation. Its effect is not



10 19. A pluripotent stemcell according to item1l) wherein the desired
genone is of an individual in a state other than the early enbryo. 20 A
pluri potent stemcell according to item1, which is 15 an undifferentiated
somatic cell fusio cell of an ES cell and a somatic cell, wherein a part or
the whole of a transplantation antigen is deleted in the ES cell. 21. A
pluripotent stemcell according to itegL1l, which is z4 an undifferentiated
somatic cell fusion cell of an ES cell and a somatic cell, wherein the
whole o a transplantation antigen is deleted in the ES cell. 22. A

pluripotent stem cell rding to item 20, wherein 25 the franspl antation
antigen is ar%ﬁﬁ‘gﬂﬁ‘sﬁt'&égﬁﬁ 1PPReE qp ﬁﬁf’igéﬁ“t%‘is ATt p"o'i"@ﬁ'? £Qrem cel |

accordi ng tpirfaanaeionhﬁ aeedtm SR &t iBnOR R aliebabbir - aa&bagaeas a

cl ass | antlgen 30 24. enlcell ording to |tem

wherein 'the @@HEPPBPEEPF éﬁ% t MO%®sP eg ecﬁpgvﬁrdescr \6ea
testis-deri vbdchaﬂ.l;ueleriwelaue‘eﬂowna- prevepthob aif aejectidn/rdaaktionsd 25. A
pl uripogent stem cell according to item 20, wherein at .east one of the ES
cell and the somatic_cell is a human- dorived cell. 26. A pluripotent stem

cell according to i tﬁﬁiﬂ))‘%ﬁ’t‘@’ﬂ et s Bl pEredreing %\"Wﬂ\?&ﬂﬂdgﬁﬁ- Yed
cell. 10 27.ndopbusinoteenusiledted ége it NghkosonftidGelahrueloust | east

f th || el l I fied.
method or pEBGLEPFESEARRER, horas CbEr et AU 2 1Skt athone,
conpri sing tpéoaegpaqﬁ,bdvgndehauaﬁgpmgqnﬁth@iikb@&Mﬁﬁ@nmbraduced
ranspigntall miagki 0o8s ATt | RALSEEWERI41g 200h P15 ] PERAGA PO H AT CLL W 11

a somatic ce the de actordrng’to item
28, wherein Sﬁéeggen%%r I 2‘?%53210%% k998 Bo Wakagamw §F -acdordi-ngNadureem 2g.

wherein the E§4C€§d9J3874251§1§‘a?5b@z11|dr§.h§de¥5a13€| bciéi‘zce&d’?l EQdaaﬁﬁbd' ng to
Item 28, wherein &ge transg antation antigen is a major conBatlblllty

antigen. 34 $20Q0)piPRALIREHR f nd -t BLi RLm T WFR AR Pﬁegﬁ’a
hi st oconpat i Byl utylapingethis techatque,amti genconsidered that it is

15 posgsible to reprogram the nucleus of a somatic cell derived
from a host which 1&g to receive a transplant by using egg
cells and producing a totipotent cell to produce a
transplantation graft which does not ¢ause immune rejection
reaction. Further, with such a method of cell culturing,

20 shortage of donors c¢an be overcome.

However, cloning for treating humans encounters
soclial problems, 1i.e., biomedical ethlcal problems (Weissman,
I.L., N, Engl., J. Med., 346, 1576-1579 (2002)). The
25 abover~dagoribed techniques require egg cells, which isa
problematioc £from an ethical viewpoint. For humans, ES cells
are derived from undifferentiated cells of early embryos,
and no adult early embryo exigts. Accordingly, inprinciple,
it 1s not possible to establish ES cells after the stage
30 ofaarlyembryds,particularlyfromadulthoeta. Therefore,
no pluripotent stem cell suited to an individual has been
obtained. There ls a serlous demand for such a cell in the

art.



-1533. A nmethod according to item 28, wherein the somatic cell 18 a

| ynphocyte, a spleen cell or a testis-derivedaell derived froma

transpl antation individual 5 34. A nethod according to item 28, wherein at

| east one of the stemcell and the somatic cell is a human-derived cell. 36
A nmethod acording to item 28 , conprising deleting the whole of the

transpl antation antigen ~. 10 36. A ne[EQd for producing a pluripotent stem

cell having a desired genone, conprising the steps of: 1 ) providing a cel

haring than desired genone; and 2 ) exposing the cell to a conposition

conprising a 15 reprgBFah%¢ng hgehe SolyvedpbwethedInvedtdPRd to item 36,

wherein the cell is gnSOSRddE o¥Cthe phtbabht AnRRINIAGNALE OF 6lipdviide REM 36,

wherein the reprogrann1ng agent is gregared with_at | east one agent

sel ected froffBheYgPBERLEEASPLPFAGOSENE BEPM EHLlLe SPAGEPSt &Py 3Bgent, a DNA
hel i cg_ss, aI Inh_ammlaua%e_t YMEES r@Tﬁm J.a?ng, aaﬁraﬁysei:kgéf othegpggsd&t eclt : y
or indirect i nvol.ved i n, net ation.o t one yrs4. : cel I,

ti ssue or or BH?“%HPBhiﬁstBiFE§?8 FP&%XdBFEBHhisﬁlErPﬁé#engiQPBﬁleﬁp

havi ng a desbegengRhiboR.eBl-¥0 no Amtianke aejection teaction Fhd wagr ben t he
cell is amyo , hondr ap_epi.thel| call r euf . A
tissue accor§¥%§ F% ?Pgﬁf3gggéﬁ8rgP% #kgnggéﬁe%Fsdig??%ﬁuéGFg?hgéitiIage
enpi t hel i um egtrpagtisg s2em/neblgansachordli B aedls.cwr3ThenAdkei.nande or gan

I's sel ggted LieRbliRCuRIANP aGd 8bitkNds0hakb24Bs SPiNAl cord, S heart,
l'iver, Kkidney, stomach, i’ntéStine, and pancreas 43. A cell, tissue or organ

according to item 39, wherein the cell, tissue or organ is used for

transplantation. 10 44. A quiSCLOSURR ©OPITHE JENVENEXONIi ng to item 39,
therein the desired genone is substantially the sane as the genone of a

host to which the cell, tissue or organ is transplanted. 45. A nedi canent
conprising a dell, tiThaupregent ghtwdrtory siinceeatial iad prodeedmng, stear ei n

the CeEI.l!S’ ti éiiis‘%ﬂ&%ﬁré adeslired genome derived £roman individual,
such as a gubject individual targeted by therapeutic
treatment, elicit a reduced level of immune rejection
reaction, and have Dpluripotency. Thexeby, the
above-described problems were solved.
20
Initially, the present inventors produced a
tetraplold somatic cell by fusing a stem c¢ell (e.g., an ES
cell) with a somatic cell and revealed that the cell could
be grown in vivo and in vitro, and the somatic cell nucleus
25 was reprogrammed and had pluripotency. According to the
present invention, in sue¢h a tetraploid somatic cell, an
agent derived from the stem cell (e.g., an ES cell) which
elicits an immune rejection reaction in a host, 1.e., a stem
cell (e.g., an ES c¢ell) which dces not express a part or
30 the wholé of the stem cell-derived transplantation antigen,
is utilized in production of pluripotent stem c¢ells suited
to individuals.



differentiated froma pluripotent stemcell. 46. A nedicanent for treatnent
or prophylaxis of a disease or disorder due to a, defect in a cell, tissue
or organ of 20 a subject, conprising a pluripotent stemcell having
substantially the same genone as that of the subject 47. A nethod for
treatnment or prophylaxis of a disease or disorder due to a defect in a
cell, tissue or organ of a 25 subject, %fonpr|5|ng the steps of: preparing a

pl uri potent stem cel h e of the
subj ect : differentia%hﬁggi¢¥&é§$$&€ilssuég%? %?fgﬁgﬂ%bﬁﬁggnaiV%?ﬁgéfent
stemcel | . ; whdchOdadmrtheanmst hepaetior tthsswboéc of ¢dhre mte@ Phél

Subj ect . €. BEL "M Eebel1gauzbetf tpaﬁggxamfiaﬁ ] SER5 Bl be

-17d|sorder due to , tisste car organ a subj ect,
conpri sing tﬁ@héﬁﬁﬂdoPY-aﬁﬂ?nﬁ’%@%Plﬂg fugplng | RtOR c@clélm(ﬁelﬂ & BG

subst angi al | 4eihq $ARhUSAOAEp@SL tJLattrsg WH¥ S ) @6k, trAheplabhatsel) ect
49. A nethod for treatnent or roph Xi s of a d|s§§§?§$r dis rder ue to a

defect in a &BEAgen; SRREtIcULRELYK. I fgjsdecomp, Aty epdigesglor: 10

adm ni steri nﬂ-lcninetéua s:ul&he@taomata:eﬁcsmntncmpslcmm theaitem kieddue or
organ differe tlﬁ fron1qgﬁbur|poten stem.ce

subst a ly the
same genome i Sk fakhon gatigen w&ser%t?u e%f’ur’f%‘? %?é"m cel |
for produci ngha pulrLpokeit bdem cebl smnilted bo dudlivadduslef. aThnxebye or
di sord due I forf S wherein
the ne Pcanenbgco ggggéélkﬁtﬁtﬁgk d% i%ag%en1ce 'gkﬁﬁg gnkﬂtantlally t he
same genone aégnniﬂcgntﬂwergdbpeét 20 51. Use of a pluripotent stem cell
for producing a nmedi cament for treatment or prophylaxis of a disease or

TR IR ARt et B
the pluripot Qﬂ'ﬂ.cht aoeaatdt eapirepsubpannianithe wheleas® ges etemnselliat of
e o bee! ot gafcit A AR e R B Lo BEAF LGN 2 el
53. Use of aaphdevpd byt, foenexanbleaviuging cesiten apddorie .for, pmo@uscl ng a
medi cament ngﬁrl')skgghau Cﬂrﬁa‘tié T8 OEo9719%8a byll.semoval of the stem

c¢ell (e.g., an E8 cell)-derived genome using genetic

manipulation. In thie case, the stem cell-derived genome

20 could be completely removed from the fusion cell, and the
*complete” pluripotent stem cell suited to an individual
free from a rejection reaction could be obtained.

Further, a stem cell (e.g., an ES ¢ell)-derived
25 reprogramming agent was unexpectedly identified. The
reprogramming agent was used to confer pluripotency to a
cell (e.g., a somatic ¢ell) having a desired genome, theresby
gsucceeding in producing a pluripotent stem cell. In this
case, the "complete” pluripotent stem cell sulted to an
30 individual free from a rejection rasaction, which has no gene
other than the desired genome, could be obtalned.

Whenaocsll, tigssueandorgan, whichisdifferentiated



differentiated fromthe pluripotent stemcell. 54 A reprogranmm ng agent,
Which is selected fromthe group consisting of an enzyne nethyl ati ng

hi stone H3~Lys4 or an 5 agent involved in nethylation of histone H 3-Lys4,
a cell cycle agent , DNA helicase a histone acetylating agent , and a
transcription agent . 55. A reprogranmm ng agent according to item 54,
wherein the 10 agent is a transcription agent Spl or Sp3 or a cofactor

t hereof . BR Sﬁ:ﬂ, Frye s ?@3 i

show ng the lffggu PC% l‘;Fyas ermwnsfgrgéta? ear a\r@‘eeffe%ﬁll% Tcr~

) Tor8, Tcrya8nd % @}m@&ldem M¢9Wmﬂ?mmfd-d pels, fgsm:hrn ddlkles

Pictures (a)iEOih@koaaaBQCKhvsla SeC1piSet I ot S falg é%JE g&;ng
cr~;

pri mer setsiemfl I)’{efoé 0 &% regions 20°(a) D J relono

(b) D 3 regi 6R8HF% °'QB S\Ledy %%\fil compared tonhqsn d\i‘f\feF@@lté#tGﬂ Tery.
DNA sanpl es figem axecamf Glalvdy 11 dOEi 2 fé@émthﬁmcy(teesgfroahaEs
(Rosa26xCct 4 fromES cells , mar ker _m xture

of 7~/ H ndllPGgE?e\ Figed |E%§’Bsgg ﬁﬁ@w antlgeng ;7. "(}'erFPE'@lPFSH'VE

hybri d cl onesemBvegdr.e Thuehpwshei plurdépotbnwbi agemeaen.ﬂ.vaifl @RheOprieaenk

chromsone UShRURALORMY HRSVLBab SR PR LS LRl BRSO F

differential stainin SIS a
chr mosone | ntESBPes'?’éﬁl Q!%ﬂﬂl’lsWhiPh saf danon foal tseatmet of Geerssenes (two
X chr OE@SOWEQhEEdeehQ.J €Nl ik | el BP?HHthﬁvea'&d J&!}f‘ee &QP![QSPSBE‘E ”0”‘

the mal e deri Veg. are_detected be red an -19a
shown to be 3®P; 3'8'“ H“F ntahlag- ﬂaéﬂm@?’éﬂ#%ﬁﬁéé axe hpghdine
time, and ar angbewmiadler gedsun.(o) ( arrows ) . X chronosones in female
somatic cells ( shown by arrows in ( b ) ) , and Y chronosone ( in the
mddle of ( a) ) era 5 uniformy stained red, and shown to be inactive,
(d) Xist RNA is det eThedpaasentt 4nvéntednsepaslisiealagt provXdehr eaasone of
mal e E seII ﬁ bnacti ve X chronosone o fermal e thynocyte is stained
entirely gi VI ng a larfge red signal. In two ES hybrid cell lines(ESX T1 and
ESX TZ) exam ned, 10 three spot red signals were det ect ed for each nucl eus.
Figure 3 sho 0. rﬂgﬂqm { yat fau I'ls.

GFP fl uresceﬁlcszen?niég‘g]s'&gﬁ% bright fi Hngt?%gégyarée ﬁ% E%rg}g'gg a) b)
, and ovary ¥8PPm§. d ) of ( Rosa26 x Cct4 GFP ) F3 m)use used for
production of ES fusion cells . ( e ) Bright field imges of colonies two
days a)‘2 er fHSI n th t he g gw i ndicati n&b_g GFP- positive col on as shown
in ( f §3 BLPPEBPESBERR CPhagBCPRE IR st ar 18pm; Lsi BHi¢Re18ml |
GFP- posi ti veacnanﬁSauamgst 20 non- expr essed ES cell colony The picture of
the positive colony is shown enlarge in an upper portion. (g) Bright-field
image of (h). (h) Picture of a G-P-positive cell expanded fromthe col ony
after sel ect ondiplGaipotent Fipm geldlshonerdlogate dhemd .pwbereds showi ng
the devel opneahseanaphkkt ¥£0h EEaLuﬁuaataehbﬁ bAtYh¥A- 1625-PelpgABLI C Vi ew
show ngBa met hod of producing ES fusion sells and chinmeric enbryos. (b)

Pi cturé“show ng results of ~-gal aotosi dase active staining of 87.5 chineric

enbryos 4. A pluripotent stem cell according to item 1, wherein the
whole of a transplantation antigen is deleted.

5. A pluripotent stem cell according to item 1, wherein the
30 transplantation antigen comprises at least a major

histocompatibility antigen.

6. A pluripotent stem cell according to item 3, wherein the



30 having ES fusion cells The cells derived fromfusion cells are shown
blue . ( o) Picture showing results of histological analysis of a section
of a E7.5 chineric enbryo which is sectioned along a longitudinal axis . (
d, a ) pictures show ng -200hi meri o enbryo sections at higher

magni ficati on Ect; ectoderm Mes; nesoderm and End; endoderm Figure 6
shows di agrans reIated to anal ysi s of net hyl ati on of H19 genes and | gf2r
genes in ES h ion . cells and |ctur S S Egganaly3|s

genes L ES iR Badcoupat TEL Ry e danes aga ban

Anal ysi s results for | gf 2r gene. Arrows indicate nethylated DNA fragments |,

and C~ repre Iated DNA f nent A 10 S

xper | ment at {or TGRS St PraB et BAS Rapd Ko o1 Fherern the
follows: T; ¢gbpomeyile, ré&rigrammedre of ES and thynncyte DNA $t 1:1, ES/EG
m xturegsof ES and EG DNA at 1sl1, ESX T; ES hybrid clone of Es cell and Rose
26 thynocyte. 15 Figure 6 shows schematic views of teratoma formation and
production of.chi pduripehenyostemdophdt anterdimgpbe bdtemhi newhichnbsyos and
teratoma. 2 j TywirS j o] haracteri zati onsati on of fusion
cells betmeg%E%§#é§?|Eyaﬁgpgﬁg?éﬂﬁ§ﬁgh§2§?e§ and their pluripotency. (A
experinmental schema of production and differentiation of inter-subspecific

fusion cal | sgpeswairitRait 6Yem(crl acsording 850 8N 5S wheTelfiVina 25
thynnc¥@ ég%la re resenﬁgtlvebg;taphase spread of a tetrapI0|d fusi on
cel | 138 €Cf°ﬁ% fi €° anal ysis of the t7-J dNA rearrangenents
of the Tcr~ and |1 g~H genes; an (D) expression of the ectodermal, nesodernal
and endoder th jﬁﬁfﬁ pratl e S 30 bl in
(TUI), Neurg?bfarresét - ﬁéﬁ %%Eﬁ{? rulngoﬁg itEh E)é h?‘%“p%%af fin
sections of praduaedeby- ﬁ%$10§dﬁtétamoﬁ9%1 4“6 %e&?ﬂ@h%cmeﬁe
counter-stained with henotoxylin and eosin (HE). -21 Figure 9 shows
somat i ¢_genone-specific PCR products in the ectodermal, nesodermal and
endodetPral dkti vgtv%%imt%%ﬂe%mlsl ackpradnggEpndtew @Qs)wlsem%der nal
M/oD, M/f-5 ghd Heell Bedndigndpdegsngssil bumi n and a-Fetoprotein in the

undi fferentiated and differentiated HxJ-17 and 18 fusion clones. An e3.8.5
enbryo is control. (e) Ectodermal Pitx3 transcripts from reprogranmed
somati c genobes A Fherfmekdmesstesicdld abcoR¥Angntbhetdnnes] i wheréimm 10
ES genones | e e e d n the nol ossinus (nol)
somatic genoﬁ%é Q%€§ ﬂe%gdggn%ﬁg§?%§§1%€€¢aﬁ§%%lpts fromreprogramed
somat i 40genones . The donesticus type RT-PCR products have a single Ncol

digestion siig, Ml e-fdisedmd wealay&ec@f&mst& Hawg twouheah ﬁages . (D
) Masodermal 15 %ggD transcri from reprogranmred Somatic genones

ts
donesti cus t§ple PC?FB*BE@C$§°WsBs%ﬁ%4 edelpdlviduat sapd o{geReT oA
whereas the p®l 6831nof aNpPeg@r €ELLL 6£i hBsaskirédeDrdivygual0 Figure 9
show neural differentiation induction of fusion cells on PA6 feeder cells
invitro. (A Neural cells differentiated from host nol ossinus M4 ES cells
as con2bol. T4J & ph[t:hpqtemt)(ﬂ:temrbemﬂ.i acoeudbng stre ditiemc lrrawhechphms:ei n and

Ecad reen d Cg e
dlffeggctla%ed%P§Bﬁ%b%ﬁ §¥¥¢L5I0€B§EF| ﬁd¥%1§%&onles are pOS|?|ver

|nnunoreacteﬂnﬂivhdqﬂlant|body specific to the mesencephal i c dopani nargic
neurons (red) and NF-M ( green ) which is a neural cell marker ( C)

Ef fective and reproducj ble differentiation induction to TH positive 30
neurons. (b)lEx pﬁé%%?%*PQﬁeﬁﬁnﬁQﬂm(ﬁﬁl 1 accordiladydRedtrm deuVBichel®s
differsoti atgéti aivesttoyf 4@ éeai PRokchh Serbrgays after induction: Nestin
(neurospithelial stemcell-specific marker) and NF-M (post-mtotic

16. A plurlpotent stem cell according to item 1, whieh ism
derived from a somatic cell.



-22neuron-apeG fic marker). Expression of dopam nergic specific markers,
Nurrl, TH and Pitx3 era transcribed in Fusion cell derivatives after neural
differentiation induction. No signal in control PA6. (8) Expression of 5
Pitx3 (transcriptional activator of TH) from reprogramred somati c genones
Conversion of the guanine residue in the donmesticus (dan) genones to the
adeni ne residue in the nol ossinus (nnj}3genones. Figure 10 shows a graft of
fusion cell-derived TH positive neurons in nouse brain. (A) Transplantation
of the MKR-3 fusion cell-derived neural cells characterized in Figures 3B
C, D and E ih7o Ahpluripatentostemuselbraccofding fwsibemce) | whereird

neur ons exprgsgl L e [y usi | 1, der neur a
cells carryi ﬁgE?EgsﬁgggﬁﬁggurﬁeS%;t?g}nge&n%%%(?%%éi ﬁ‘ggl >(§&de e%%éé%f%?/ LacZ
anti body (= gte@hviduapols| sedugeding with |acZ and TH anti bodi es shows that
the fusson cell derived neurons express TH (red) . In a nerged inmage, |acZ
and TH doublﬁ pﬁgit've cells, are 20 visualized as yellowcells . (C) High
magni fi cati oh®i d%i??ﬁ??ﬁP%ﬁeﬁf?W)°Q¥4'@HFprﬁéeﬁ-ﬁBSFFPVeIFughﬁﬁh is

sel | -deri vatdyesvédgfeon p expledthél thandhan Rgghe:dll] &l iDNdedied! N a
mer ged inaggin fgg agg TH doubl e positive cells are visualised as yell ow
cells . 25 gur ﬁ& hows a schematic di agram of reprogranm ng. Figure 12
shows a schematic di agram of production 30 of MHC deficient ES

cell-s ticygel ' s.FLQu 3 sgche | Cq di f
produc??gn o%ggé%oégéggg?ggéktEE%@C%$+15%%€§¥€i€%Ifgfﬁgé%nlte seglg- 23

Fi gure 14 shbhe dessknad ggnomsfis ofupatrdioldunt 4sca|gtate other than

pronot er - GFReh@XEalk uéﬁiﬁyoysed in the schematic diagramof figure 13. 5
BEST MODE FOR CARRYI NG THE | NVENTI ON Herei nafter, the present invention
w311l be described It should be understood throughput the present

Spﬁci ficati opo ;Oatm;ﬂggléicﬂpsmfm cfdmlalo%fogfdﬁh@stﬁg;.tﬂm 1,"which" 4" oo

"t he" etc ._in ish:, .eln; "der" , .-das” "die' , etc angd, their

i nfl ect?ons ¥ 1 9rertﬁ1i'a,t°%r?'@m,aq§1°e°f”lll g“?'t@?‘ qufjn of 8RR °?Jf|l ,
"una" , "el"and" ha"sqomadtig: , cehl Spahesieinar patrtcloes thewdwholevesf aetc in

i cratea o e o SRIEFHHLTR) HhE1o0f 26 TRbEcdsa i Fhle PRSI o loed”

herein have definitions typically used in the art unless otherw se

menti oned. 28 (DRSETAPLAO e didne1healR oo ehCLEA" €, dPhi BR84S
follows The term”cell™ is herein used in_its broadest sense
20 an undifferentiated somatic cell fusion cell of an ES cell
and a somatic¢ cell, wherein the whole of a transplantation

antigen 1le deleted in the ES cell.

22. A pluripotent stem cell according to item 20, wherein
25 the transplantation antigen is a major histocompatibility
antigen.

23. A pluripotent stem cell according to item 22, wherein

the major histocompatlbility antigen is a class I antigen.
30

24. A pluripotent stem cell accoxding to item 20, wherein

the somatle cell 1s a lymphocyte, a spleen cell or a

testis-derived cell derived from a trangplantation



in the art and refers to a living body which is-a structural 25 unit of
tissue of a multicellular organism is surrounded by a nenbrane structure
which isolates it fromthe outside, has the capablity of self replicating,
and has genetic information and a nechanismfar expressing it . Cells used
herein may be naturally-occuring cells or artificially nodified cells (e.
g., fusion cells genetically nodified ﬁplls etc ) . As used herein, the
term"stem cehlliviatbans to a cell -24aapabl e of self replication and

pl uripotency. Typically, stemcells can regenerated an injured tissue. Stem
cells used herein may be, but are not limted to, enbryonic stem (E6) cells

or tissue st em caJ bsutapeeenit! o tdEBl R Efrief +& Q"EE§| 28l,| wnakedpmatic
stem cel | artificiall gr&% qﬁcil_cell m@#ch can have the

above- descrl B‘Ed BY (978 ¢ éh T And epF(?ﬂ'laérH?ecF%Je’f 148 0f t he

i ke uséd hehamaﬁ dayibedaoanen1cell ES cells are pluripotent stemcells
derived fromearly enbryos : An ES cell was first established in 1981, 10
whi ch has al so been applied to production of knockout mne since 1989. In
1998, a humaR6ESAcpluripetest aptem sl l wrcoirdisio tor dhbiny 2becehengin

avai | abl e fognpegghgtabi aelmﬁ%%nﬁuﬁhﬁsa@:i%sm aglﬂs have as [imted |evel

of differentiation unlike ES cells Tissue stemcells are present at
particular 15 locations in tissues and have an undifferenti ated

.intragel lul ar, shrymﬂi_\eetémer@éaﬁ B 111 @ clok 1R %Bcitefn bbSSwResLER Cel | S
is | ow Tlssug ;FFH]CE| S %gvgha hl%Fl nuol eus %g 8 asmratio arid have
few i ntracel POl 2225 00 | tdQ Patle@rd| thenskem eplbotency a
| ong 20 cel | geyekdcadhy podleiedati ve ability beyond the Iife of the

i ndi vidual. As used herein, stemcells may be preferably ES cells, though
tissue stemcells may al so be enpl oyed dependi ng on the circunstance. 25
Ti ssue stem é8}| A methedptoniprbduning & pJoritpetentssten &abin hétvihgt he
celI's gge degi assuéucaaﬁamahecaﬁmaiﬁyseg £Bpg dpgestive system the
bone nmarrow system the_nervous system ﬁ I ke, Tissue stemcells in
the dernmal systemintl %H%I%mrEP@rﬁ‘%Mlﬁaﬁ'f ef prangpbantadicorl | s, 30
and t he |Ik€anﬁlg§ﬂ€iﬁt§ﬁ§0§téﬁ bellheaﬂﬂgestlve systemincl ude pancreatic

(common) stem cel | s, L] ste cells, and the (like. Tissue stemcells in
the bone marrow syst% r‘?&FH‘pSP%ﬂ'lﬁi@@msé’é'l"ité-c ARddRAYHRY stem
cells, - Zﬁheaddsihedlgknomatssue stemcells in the nervous system
i ncl udggl
29. A method according to item 28, wherein the stem cell
is an EB cell.
30. A method according to item 28, wherein the ES cell is
25 an establighed ES cell,
31. A method according to item 28, wherein the
transplantation antigen 1s a major histocompatibility
antigen.
30

32. A method according to item 31, wherein the major
higtocompatibility antigen 1s a class I antigen.



neural stemcells, retinal stemstemand the |ike As used herein, the term
"somatic cell" refers to 5 any cell other than germcells, such as an egg,
a sperm or the like) which does not diretly transfer its DNA to the next
generation. Typically, somatic cells have limted or no pluripotency.
Somatic ntells used herein may be naturally-occurring or genetically

nodi fied 10 The origin of a cell is cajgegorized into a stemsell derived

fromthe ectadery mgﬂﬂggq_éaoﬂiﬂgaglggﬁég‘ o e%egfesinoﬁ’f‘§c§&%[e{e%w§gﬁﬁi gin

are nostly present in brain, inclu neural stemce s of
endoder mal oSt HYBPROGYEE ) ¢ eplaancehl orm trskl srederived el Ldiexd.viekood
vessel stem g@loms a Re@REPLANTEHE okl ANAAY |dRa1TESENChY MBI Sstem cells, and
the like . Stemcells of nmesodermorigin axe nostly present in organs)
including liver stemsells) pancreatic stemcells, and the like. Somatic

cells, Aay bs4hehecmatbedi awehfdbuy sy itengesy) WwAkekinPaelrdadt bnesapati C
cells, such I Q en sells or,.testi¢g - derjved cells, may be
used. As usegﬂﬁe%lglglﬁ, %%ﬁipgf%kgi%%?ﬁ%%“%ﬁg ?&'&V“%td&qjé’l%d Retdral iy

acconpanying in normal circunmstances 25 are at |east reduced, or preferably

substanti al | 45CORBLEL LY AdddB efgre termyisqlated cell™”
refers to a sell substantﬁﬁﬁdﬁigbf ']k:gﬁqﬁo% éﬁ%é%ﬁ?pﬁ%ﬁ?dﬁ%’wagﬂ?m

ci r cunst ance¥nehBsPintbe trengplaptmrsioneprtigpnet ei ns, nucl eic acids,
etc.).10he term"isolated” in relation to 30 nucleic acids or polypeptides

means t hat, r exanple he nucleic acids or the pol ypeptides are
subst anti al | ég ge’“n?%?r‘?c‘é‘?? BERARANG h pdurgpotenty sEemearalvhavingey are

produced by aedestrmdngebbliet ccbmphiieshgothar 8e8pEOLY: - 26aheni oal

substances or ot her em anges, when t he re chemcally

synt hesi zed. |sol at egpnﬁ%‘ﬁg#%iggi%dgc ehﬁvg’f’gr%fefaﬁxféﬁf ABRPEEsRRes
natural |y flanking tht expoeingdiial ceilihto ®comppaiitinng cofMprighgt He

nucl ei g5aci drgﬁrggf_.gmgné anﬁ , sequences positioned at the 5 term nus
and the 3" termnus of the ucFeic acid). As used herein, the term
"established” in relation to cells refers to a state of a cell in which a
particul ar 197pr APREtNod CabooPhYRPLENEYen 95, DFafELL LiaMBLTL | gog and
the cell undergo stapl e proliferation under culture condi fTons.

Ther ef or e, eg?‘g%ﬁ?%h‘éﬂ $temcells maintain pluripotency. In the present
invention, the use of established stemcells is preferable since the step
of 15 g@l | ecting m St host cap be avoi ded. As used

her ei n‘,%)t he %%én?ﬁltﬁg%ga)ér@%%é%“g ?8?“ h ?’(55 'n‘ﬁl?ef)%i?'h& i TRRAPIFYERIRED from
early enbryokgenfhe preparedneithrat leasteohe gt sedketed sroml tise deri ved
fromparts &ip t paTsTe’ so. nmodifi ES
cells (e .2& p ag?]eti cjéﬁ;@fm%f%%aé#aﬁﬁgﬁ%%él%g?n%t A&, are
enconpassed 'gillq'ﬁﬁ'ﬁg%nﬂr bdRtengcreatykating mdnntoi aAnd: Actnansoription

(differenti aigeheodl feselpr or25nherdoteey! ARTEIRECR 130Gy 2R dingd | on and
I's, differentl ated

form ( g., cyt eurons etc.). unlike stem cel

cells ﬁsave nl-(')i%?m%/??ﬁ eﬂfﬁ{rri potency. Exanples of differentiated cells

i nclude epidermc cells, pancreatic parenchymal cells ( pancreatic duct
cells, hepat4 I s | aod cel | cardi ac o] s) skel etal_ nyoctytes
ost eobl asts,sgs:kg’f)ﬁl'rry’tc}%lsgls s?,% ﬁgg?‘gns?g%‘g’gcﬁlﬁyﬁf%ﬁ%‘f%ﬁd FHam;

pi gment cel 1% RlugiRntenly e sell ftavigig a ddmired eddmome . chondr ocytes
and the like . Therefore ) in one

30 40. Acellaccordingtoitem 39, whereinthecellis amyocyte,
@ chondrocyte, an epithelial cell, or a neuron.

41. A tissue according to item 39, wherein the tisgue is



-27enbodi rent of the present invention, a given differentiated cell which
can be conferred pluripotency may be used as or instead of a somatic cel
in the present invention. 5 As used herein, the terns "differentiation" or
cell differentiation” refers to a phenonenon that two or nore types of
cells having qualitative differences in formand/or function occur in a
daughter cell popul ation derived fromthe division of a single cell.

. fon from {d . .
Therefore, " en a3l pr.oc uring which a
popul ati on (H?gﬁng %?ggh?ag?'cghﬂgk#g§%F@h ég ﬁ%?vgriginally have a
specific detectable feature, acquire a feature, such as production of a
specific proggeinpano | I (el renfJation is
general |y consj de?egr?gﬁbgbgggﬁgkgpg?sg%.fé%:'n %Jl{%nar%ﬂbegc?’f-?%ni%s%
group of genBSleAtefcLHRmothe Frowx sanedatingrE Breto: eaplaalonordn be
identifSed byeses|chiver] oxianeyacetbmbkeh, Oinesitase! | #har pRRSRLEEOT
conditions which elicit the above-descri bed state of gene ‘expression.
Differentiated cells are stable in principle. Particularly, 2p aninmal cells
whi ch have b&2n dromlli ffisamns it edgane avebelding theitani 39 dshat@ipt her

types o cellgpeT fo e.acquired, pluripotent, cells of t resent

i nvention are %oﬁg%%érg:g??/&gs% uﬁgyééEAégu‘g%%&)h ?oi 'F\F“?ml?'éF?rFme'
"pluripotency” refers to a nature of a cell, i.e., an ability to
differpmti atggl "k CONE A5 &£ 0Pk L.a r tissues or, organ.
Therefore, the terns "pl uJPE{HS%t gnt p%fgr%g BE%B.EP?E‘%F\E?%?%‘E"% eﬁhﬁ%q"h used
i nt er changeatt§ 38f genonmg 48 febstantiplly theiseme as the genomeot ency
of a cell. i¢flainbsEdofhibR 13 Lel$, daMRIPEE, ﬁ’% iy ,ﬁ%{{ Il's
constituting a tissue or organ rarely alter to°| ergn"ia&ce s%nﬁ%re t he
pluripotency is usually lost. Particularly, epithelial - 28 cells resist

altering to 48 hek niefdienmehtgpbbiprisingal bellSuedssbd @xabLgan N Gay | Y

occursyd n pgth Lcal iti nd J,s cal]ed t apl asi a. However,
nesen?h%/rral a&ce‘%gﬂtﬂgﬁdgg gaﬂ%éfsig'?’} r&ﬁ'&eréghoe rﬁa?iot% agiﬁ,sg?. BF OXEAR (8 ot her 5
mesenchynmal Ediferengiated| ftoma ypiumipatent mten deklefore, nesenchynal

cells have a high level of pluripotency. ES cells have pluripotency. Tissue

stemcell s have pluripotency, As used herein, the term"totipotency" refers
to the plurift ndpddcamend] Forsteeatiment ar peophylasd.ccgf,a tdisease

di fferenti atex idiigbriidr GRid TcCANFbirbbti 08 2Ne@1 PN FfRud 'BIS oddih I M

"pl uripptency"” include 'the concept_ of totipotency. An exanple of an in
vitro 2<E;1bgsay ¥0FE§ﬁPgFm nf HEP 3 GrPHetiRotent gieny eelbotawing

i ncl udes, bsubistamtidily ttte taamea Wenoned didaiatc gxligHoubfadtox i nduci ng
the formation and differentiation of enbryoid bodies. Exanples of an in
vivo assay for determ ning the presence or absence of pluripotency,

i ncl ude, butd7ar & F&thodyifprd treatmepltaot piophylagigcf 4 @iGemte or

i mrunodef i Cig@dorauis AP t T j.on of ell-into a 20
bl ast%csyst SO to for mig:'sc&h|Qlr.r?{s\i?%&-{:E é?b%;?,@'llrfp:yai%t%gﬁ o%rfoc?tr%g%céﬁ A nto a
ti ssuéof aPRIsti-sAQmRFising the gteps @f:of a cell into ascites) so as

to undergo prolifer girieparingd the Ijlfripodanee! | stbmed ddhi Ne kARGt

i nvention inglu | |.s derived fromany organism( e, . ., an

mul ti cel | ul %S’bﬁtrj‘g‘é‘ﬁ:ﬁfﬁéy ?‘ e gg.‘,’“earﬁ%"é @ég that \ﬂ(,fr. sy %P@s‘l,ect Y

invertebrate), planddfEementdatingotie cblbD} tiagwachredtgdy rdi eher abl y

the ani mal ipilﬁrigftta%tl[]@t%m( e;_,eg_ln NMpd ni formes, 30 Petronyzonifornes
teic a

Chondri oht hycs, tyes, anpti bian reptilian avian, mammalian, etc. ) ,
nore pPeferably nanRdmiaistering thenceddnutissoer swpozgha, latenthee,

der nopt er a, gubjeR@t.era, carnivore, insectivore, pr obosci des phol i dot a,

| agonor pha, chinpanzee, 5 preferably, - 29 perissodactyla, artiodactyla
tubul idsntata, sirenia, cetacean, primtes, rodentia,, etc.). Mre

preferably) 4Br.i Anin@thoa. £6r, tISRENESE IRGAUHhy THIERN 0L WC dladhBalagd. Most
a hunman i s used. -



Any organ may be targeted by the present invention . A tissue or cel
targeted by the present invention may be derived fromany organ. As used
herein the term"organ” 10 refers to a norphol ogi cally i ndependent
structure localized at a particular portion of an individual organismin
which a certain function is performed. In nulticellular organisms e . g . ,
animals , plants , an organ consists several tissues spatially arranged

i ti h,ti bgl.n f f call
"an Gxarmpi o gPoRRleer ol MERNE LI SRaER PeRRRee s R oA o
system | n orubdeiddi sempriedggndheasgebedfby the present invention
include, but are not zhiihl gflakPngSKki N plLohVEsE e atdnp! Med 1 ﬁ%g?_ﬁg

heart, |iver, unbilich cor ,-|n?est| e, nerve, lung, 20 place

pancreas, br §0hstpatipidvathe| sama ganamenas shatt ok Yheaaubtestpl dstef cell s
differesti at edef GaByRbyr.i potent cells include epidernms cells panareatia
parenchymal cells, pancreatic duct calls , hepatic cells , blood cells ,
cardi ac nyocytes skel etal nyocytes, osteoblasts skeletal x5 nyobl asts,
nehrone, bvasaal.?n natdnblefoal tf@&tmrapimh | fopttflafiils ss(;ﬂ)%t Aiewaewt 8s , fat
cells , bone ondrocy the Like. used herein, the term
"tissue" refgggo gegr g?o 8gér§§§F§Qofnc8IFg&ﬁavﬁiaggﬁbgfaﬁfggrlﬁ t fe same
function andeuvbleetm comprasingcdhkukirpopdani sm "Tissue" is typically an
aggregahe of cells o i gi u y agqre f | 1's of
di fferggt origins asEl o%glggﬁiﬁéo t%‘etcge}tpgah%‘\?gj?ﬁ%' sg‘rrreﬂ?é%ggfngﬁgand/ or
form Ther ef GPEPTYIAARTs RePRddl | §1gBupherppEgent dilffenenthatied from Bo

regenerate tp3gedpblenti SE64f dEMA haﬂa@peﬁsdtaatﬁamg%ﬁamao efdhks of

twp or nore different origins_ . Typically, a tissue constitufes a part of
an organ Ani Rl t?‘laisﬁ‘gstbges BE&F%t'ed into epithelial tissue) connective
ti ssue) nuscular tissue) nervous tissue, and the |like, on a norphol ogical,

functigpal , d I t IS .. Dl tissues are roughly separated
o P st b D6p L APk neRel P M 155 PERA Rk R MoplpRERR

devel opnent afost fgeathenheor cpraphplaxis o vy diseases oucdizArtiernduavel v,
tissues may Bg g oRAFedn 4113 NP4 BobESH SR8 WA {4l | HiUER1n
according to the type of cells constituting the tissue. us, trssues are
separated i nfBevaeHisaament cepmprises heplupigetanteistem Belichavipgot ei n'
. pol ypepti dguddanReRlingethal Balacdehbh8 aBaREGRPbY #RE LEHYLCEO a

macr onpl ecul e consisting of a series of amno acids 20 As uséd herein, the
term " afi no aci d" may refer to a naturally-occurring or

non- nat ur al | $100Uexrding pAtiripoieint #een sedlfiehhodtbenyel Kedaghinanaci d

derivative" d oo rof { i oh
i fferent frERFacRaRtranryod Byl drth ot & Ha ey RRcaoPanen Bhcsimil ar
25 to that ofotdelefidcy dalamelio tdpdueuciorgam 06 ®and jeerti,vaheresnand

am no aci d apghogfediEaiEht ké%boifé‘eé he i t cehfle t§hMa,aat ypal J:¥g|8§‘3u“ ng

am no acid" refers try an I soner a naturally-occurring amno a The
nat ur aPy- oagdEFfrPranEAnkedacixam othey| pepFiratantnestem| caedl oavingi ne,

i sol euci ne, sabbaantmanm'pmhaesghbrgeﬂbms,aahenahabﬁnkﬂe,ahnﬂeakoe,
trypt ophan cysteine, praline, histidine, aspartic acid, asparagine,

glutam c acid, glutam ne,~-carboxyglutam c acid, arginine, ornithine, and
-31 lysine BRleVseaifheplusipbhentattet adll eompoiatngds desimadighnomen are
o Somer s, 1BBz! o aha 18 hdbakbieAECHbnb A0S A e BalrapRbEht LeeA" M NO

said which i s ordrnari
30 cell.

53. Use of a pluripotent stem cell having a desired genome
for producing a medicament compriging a cell, tissue or organ



found in nature Exanples of non-naturally-occurring am no acids include

nor | euci ne, para-nitrophenyl al ani ne, honophenyl al ani ne,

par e- f | uor ophenyl al ani ne, 3-am no-Z-benzyl propionic said, D or

L- honmoar gi ni ne, and D-phdnyl ai , anine. As used herein, the term"am no acid
anal og" refers to a nol ecul e having a physical property and/or 10 function
simlar to that of amno acids, but isjgnot an am no acid. Exanples of am no
aci d anal ogs include, for exanple) ethionine, canavanine,

Z-met hyl glutatnine, and the like. An amino acid mimc refers to a conpound
whi ch has a structure different fromthat of the general chem cal structure
of 15 ami no atfferéntiatedhfiomcthenglupipot@ngestemnthal.to that of
natural |l y-occurring am no aci ds Ml ecul ar bi ol ogi cal techni ques,

bi ochem cal techni ques, and m croorgani smtechni ques as used herein are 20
wel | known i54t hd mrmmmnbynmsemimdaaseldesedim 'rtm éﬁéuﬁxarrpl e,

Mani at i Lab |, Cold
Spp: ﬁgl SHar bo?ggng&t%églgﬁgﬁj rﬁ%%%)t%rlgusu eﬂ? é 8 ?5 n'lﬁji%irrent
Prot oco¥s i nR9erbclireelerd| dyymethedablonhof Abite)'ebneelﬁaTaMSQB a cell

W ey-inter s%gere%dgmtﬁhslneﬂé\éaé L%Qstof%@%e {ﬂ% agbgt'\’bi. &“' ar

Biology t A I um of Methods from Current Prot'oco ecu

Bi ol ogy, G €®n %%cﬁiﬂg%%lﬁﬁ%%tand W | ey-i nt eraci ence: Sanbr ook, J, et
al. (19B9), Ml ecular doning: A Laboratory Manual, Cold Spring Harbor;
Innis 30 M ( PCR Prat ocol s: A Qui de to Met hods and_Applications,
Academni a Pr 2%% 1&@?@5’&9"— ng agent acgoiding seqttae G4 Whesedmathesi ol ogy:
A Conpehdi umyéntfeiélodstfdmﬂmtm SHORDCOPT o $pF ccoit i SbPAPEYr O eene
Pub. -32 al@bes; Ausubel, F.M (7.995), Short Protocols in Mlecular

Bi ol ogy: A npendi um of Met hods from Current Protocols in Ml ecul ar
Bi ol ogy Greene Pub . Associates; Innis MA et al. ( 3.995 ) , PCR

Strategi es, Academic Pr Qaieruﬁﬁaﬁ&pwioﬁ Hb 489 braifics Protocols in
Mol ecul ar Bi ol ogy: A Conpendi um of Methods from Current Protocole in

Mol ecul ar Bi ol ogy, Wley, and annual updates; Sninsky, J.J. et aI
(1999)18CR Appl i cat iFdfidy af ehekwE iaQ.EtE!BQt ERBRLNFCPRE FSsufE ¢r Press,

Speci al iss u 10 Medi ci ne | denshi _Donyu &

Hgt sugerr ka:hg'é%f%:ﬁagﬂﬂ FEQ‘%EF‘BMEPE‘WEPHS&”PBF Q%Wlérﬁmt?%cwﬁhy&

Expr e;lsi O?hm y@&]dzndﬁacﬂeﬁmd Fotm aum&wﬁe: kitn F8 esiftgorPddingds (or
ossi a| s are herein

Pncor po)r/at e?%ﬂg {ge)r/(en)getcsaatc'i])sqr'tﬁsJ &ghﬁu'&e ] i rhb#%l?fglpc%ﬁ

activity" r eﬂfré%lslm@ Beingprimessssts edepyfig ‘@gﬁm fodloging ra=gions:

pol ynuad eot i @), Dapré&férﬂofe'i‘ErB) (H)LHLY ﬂbi%rgﬁﬁ' '(%sled%f}%gﬁ%m vities

exhi bi ting vogﬁrgp fun 51 , far exanple en a certain 2 is an
enzyne, the cd:él c&f‘ &9 Wiy et Mﬂdes”‘?’%sﬁ'@ﬁ%@% ugad Ane/. Wien
a clerélal n ?mt Eelaowspr ogr;am‘rua?mgant , fEbE blﬁwﬁﬁletsﬁctfybﬁ\y ter eo{

i ncl udes i s“.\reane{m{o%m S%I‘ﬁc I1VI % (%s ein e term"varian
refers to a ‘SUDStAnce f'?p%é E8oets or Mihe | ke)
whi ch di f f emmanken imdXtpe of Waimdxgunaﬂmsm mcaooﬁpamalmzofnwch a
vari anig i nclyuqg, 3, su‘%g:t Hivdd |ﬁqmy(§r§ WA addifdon variant, , a deletion

e

variant , a t runcat varl ant

Figure 2 shows ploturee showing reactivation of the

X chromosome derived from thymocyte in ES fusion cells. (a)
Results of R differential staining analysis at the time of

a0 replication of the X chromosome in ES fusion cells. In ES
fusion cells, three X chromosomes (two X chromosomes £rom

the female derived thymocyte, and one X chromosome from the

male derived ES cell) are deatected to be red and green, and



30 an allelic variant, and the like. The term"allele" as used herein
refers to a genetic variant located a |l ocus identical. to a correspondi ng
gene, where the two genes are distinguished fromeach other. Therefore, the
term"allelic variant" as -33used herein refers to s variant which has an
allelic relationship wit a given gene. The term "species honpl og" as used
herein refers to one that has an an1no ald or nucl eoti de honDIogy wth a

f | 6Q%
oroforSbly chTF oSN SRS *ﬁféizﬁﬁ%ﬁwfré? 1Ly ERgkend ERFBNORkme Y ©
honol ogy) . Yenditatedort dthenistimegtdmenr andpaxe @mndgnwdcﬂaa(b)
under st ood f[QﬁB@S)de%@rdh‘PdMoﬂeat h‘.ﬁ ?:ﬁéf&tsmé IeAlle0 aﬁsbhsbysed in

t he present I nventi on my contaln 34 nucleic ac

pol ypept i de. 8BFYWRethdP Klor 3Pﬁt¥dﬂlkqu(liﬁt ‘éhEe‘M%d%%trbeéﬂds)eGras an

vector §ntroghiCEbPRlyestined &Féde'a'ﬁﬁ Eﬁ&wﬁx‘@m&drﬁd@ﬂ%@m Ay xist
transduction, .t ransformati on, rﬁle li ke 1

el ect r opor at M %@%Bﬂ"’ée%&at‘?%‘?"ss g&red Qéﬁﬁaﬁér?rﬁ aﬂg%ﬁﬁa‘; ChEOMPHRMe| ke) .
Wien a: geneofsmaget Esathlie) ey lé hEnthﬂVeVQ{thm’ronWsonreECdmbfmleVECt or"

f t bl t I . d f
nterost to SEPAPERFECER, Srdiagd SORLROEY, bEVARaER LAY CPOL BAFRELS on o
i ncor por ati okni twe BSchybrbdorelinlinastESyeTl #md BSX T2 prekamjvede cel |,
veast)1gn. antiPkocfhbl Zeh! YimEFk! vedl 4BPEGHaACkLy. olEn! HbYRANZ! an! el

, and an indi ant contains a pronoter at a site
sui table for transcri ption of a poI ynucl eoti de of the present invention .

Exanples o a reconbmaquevemz.or efhidfwsP! Ok Loy dapiaICl USRoREHEP2,

pBTaCl, DBToc2, (Pl EORTLE i Moo BT e B BE o bbb

E?har maci a?_ HEEDIAGhty EL e geinadgdhr - sH o sEgEhymid( &, (¥ AGnl) oveigrPl 0

a an e a |

S5 h30580)  pAPRRboA e %CpBPa-GER ) &%t mpme used Sgx praduption.

Bi ol . Chem of 53 fa#iof qeam) |(e) BEEght [£4eriat imhigek. ofAcadosdies L@, 82,

(Strat agenc) SETH EEEEL Ragiqrot thobhe AP n ARt BRAES potiledve )

FERM BP~400 §o aymambovnam(me?gs; ) GF& FdupTapanese inage dqvéndays

ot " {5008 G A e G i bl 0l

(Novag#f) | %%p%&lgrﬁ%ﬁoasrs’ﬁﬂé cséfgt?r pﬁlamﬁscf(u#w#rchp #’c VSMAL- 2

ETNEW E;alg | ageLbhy ITabss )s)nomquPAl Alhrgeae, 1133 an 1Q§P6rlg,i&>5t:).o!l 10gpSTV2B
akKers a, es a en |

63- 233798)pL§’ﬁ%‘5’Pg g%f?ié 1’&5% ‘Fé - %hlr-’ecg‘ PREnP ¥veciS p?%&%ﬁst

cell's incl udeelepeSpénﬁ@@mm) therEmeo(mTecs$@5ggaJ.emb6@ 15 6AT8C37419)

pHSI 9, pHSI 5, and the |ike. Exanples of a "reconbinant vector”™ for aninal

cells include pcDNAI/Anp, paDNAI, pCDMVB (all commercially available from
Funakodhi), pAGE107 T%&%’é‘heﬁeﬂl}_‘:&ﬁngrm and pictures showlng the

development capability of ES fusion cells in vivo. (a)
Schematlo view showing a method of producing ES fusion cells
and chimeric embryos. (b) Picture showing results of
B~galactosidase active staining of E7.5 chimeric embryos
30 having ES fuslion cells, The cells derived from fusion cells
are shown blue. (o) Ploture showlngresults of histological
analysis of a section of a E7.5 chimeric¢ embryo which is
sectlioned along a longitudinal axls. (d, &) pictures showing



20 Publication No . 3-229 ( Invitrogen ) , pAGE103 [ J . Biochem , 101,
13d7(1987)], pAMo, pAMbA [J. Biol. Chem Z68, 22782-a2787 ( 1993 ) ]
retroviral, expression vectors based on nmurine stemcell viruses (MCV),
and the like. 25 A "retrovirus vector" used in the present invention
i ncludes, for exanple, without Iimtation) retroviral expression vectors
based an Mol ozsey Muri ne Leukem a Vi I T us, (MWV) or Murine Stem Cell Virus

(MsCV), and t 0 Exa S 0 onbi nant " _for Iant
cells incl ud8 & 8s %&Eﬁ?ﬂf‘fa%at\}?f e’(‘?eg‘f‘spﬂég g?ﬂ@ 11’f§

Exanpl es of ac‘tbdanmbi Haat: megbdetmf,onndnBed: eekosierm. 35 |nchxde
pVvL1392, pVL1393, pBlueBaclll (all available fromlnvittrogen), and 'the
i ke. As used herein, the term"transformant” refers to 5 the whole or a
part o an organism EdguresSa shows Ghaghams pgedatedd tsy anakgsbe mafi on.

Exanpl eg of ﬁe%g@aft%ﬂaek Lps! ?'Qﬁeé‘ é‘ﬂ@kfgﬁ’ﬁ I ferfed lih ¥RARLLAR aaurml

cell, a plant an 1 nsect he | 1 ke. Transformants may

referred to BS ¥ rF&n§P6FﬁEd°%H$ ang P&ﬁ§PBPﬁeﬂ‘?W%%®®“aﬂd%irﬂaﬁsﬁﬁﬂ-ﬁEd host s,
or the like, (d@peﬂﬂanﬁsga FWu B u&gcgaheusepbh%m recmayahamsis

t ransf or mant rokaryotic cell js used, h e rations
or the like, rPﬁBib'Po 2y HI2T I Gray ARF WS *’6&[ %x'a %Ea{j@ﬁ gﬁg
Esheri chi a genangaltbat and @enuprsaentlmemnat&mﬂmMmB genus

Co t M li k

el uatd, -f BpMelETHE SERCPERSAELLIG mihbag M VT S e ced bn 1B
XL2- Bl ue, Es3hbreviiniiooki applas BihkowshiTa wmmqwmoomza Emdsnirehi a
coli  KY3276, oﬁsﬁeah&hmayﬁ%ytmﬁﬁi aﬁsaher' ﬁajﬁecomx%%Q%fE&@h%hach' a

coli HB10l1l, Esoherichia col . Esaherichia col , Escherichi a

coli Nv49 , BEGchEA2hih!tel FS’B&L(&%@YD% lrkanshicf &S Fefi22nBEBPERY s S)
Esch$r xchi a 06! khiWe&y4eDE3) , Escheriohia coli 25 HM5174(DE3) pLysS,
Serratlg ficaria, Serratia fonticols Serratia |liquefaciens, Serratia

mar cesé@ns, Bacillus subtili s, Bacillus anyl oliquefaaiens) Brevibacterium
anmmoni agenes Br evi nagueelwﬁhommpmum\iréﬂ&)m t Breboneafbemation

Cor ynebact or 11 BYORSAF S8n, cHrBh1TARS " bisbEkad Shd bR AT R RN bE 5660,
Cor ynebact er chimetdroenbdyplsi rod REEESLBBAG, M ar obact eri um ammoni aphi | um

ATCC15354, Pseudononas sp. D-0110, and the IiKke. -36 Exanpl es of an
ani mal ell as used rein | ude, a nouse oma.cel | a.rat
L & A

cell, &%wuse hybri dBHEYES 1, 18 &fiparen, g go\t;Wa(:&ﬁﬁ)i.zE&i BHK

cell, an 5 Afnsdan gedds bemwepnkESneplisl Andaallukénlymphonygtesl, I anBHT5637
( Japanese L on a@m% n0011
l'ine, and thghglgjﬁfﬁ'ﬁwétﬁg%*rrye(m?ngﬁég%lggle%grudes %@ ﬁé%ﬁﬁ %Bt he

| i ke. The rafnfyclbffcrentistkiondof vipheramgbepeclifie. fﬁéﬁ%ncéﬁfﬁﬁyo

lkl dEey cell | Fatwaﬁhgmdﬁﬁ %&}fe g@%ﬁg lﬁchaﬂ%) 2l xﬁ@ﬁoésmsﬂoaomlyrkmg
euke ce i ncl udes an e like n _green nkey ki dney
el 1T RE aetmEmRoYTesedB); & HRHEORERRkAVS RGN CHARREAVEP col |
i ne incl udetelﬂﬁpioid ainrk 1dre tekk. clonkexarm®sl®f mbantgem:hisc apcrsed
herein ) inclu

d o] ch a otat bacc ri.ce,
crucifer, ?nﬂg‘Xﬁ ﬁa{lbg [2:2{# &Asgﬁﬁﬁﬁ?m 55‘FP8§ °19 %‘ %CFE Fggx, and
the Iike. Anganoeorrbnn&am e:qpemtamiqnnbfotmmammmm weisodesmeli andoduce
DNA i nt I b t hod
Orapanese. Labiplerigiyl's DEsis Hppc HyCT pRERERY Tprafelfity Retd | Tude! N0
Publ i c80i on ReTubdin0(TOJ )MM@WE&C&NM&&AWR@M#M@%EBQ d- Open

Publication bHagmd@- %L%g?hn gaﬂ‘ﬁtfhﬂﬂ 4ebedoAsPakt EGkeodUBeldcABraAVRA

Japanese: at ent
(Jap p taratomas, he seotions were ocounter-stained with

hemotoxyllin and eosln (HE).



25 Japanese Patent No. 2517813), and the l|ike. Exanples of insect cells as
used herein include ovary cells of Spodoptera frugi perda ovary cells of
Trichoplusia ni, cultured cells derived fromsilkwormovary, and the |ike,
30 Exanpl es of ovary Galls of Spodoptera frugiparda include Sf 9 , Sf21 (
Bacul ovi rus Expression Vectors: A Laboratory Manual), and the |ike.

Exanpl es of ovary cells of Trichoplusig nl include Nigh 5, BTI-TN5B1-4
(I'nvitrogen), -37arid the |like . Exanples of silkworm ovary-derived
cultured cells include Bonbyx nori N4, and the like, Any nethod for

i ntroduction of DNARigudse 8 selhowsr cEamati¢e agepohedspesdifhor REARCRN of a
r econbi nant i agl ugding I ] | d, an
el ectropor atqﬁéﬁﬁ hggs%%n%?fﬁgf‘e%,ﬂ?gjﬁ%fg%ﬁligsga) d%éﬁégf ection
net hod, a spifRrERENesefodfopAes. Ng@llaoad. $R). URptedenmad %éj', a

I'i thi ung acetyd godérmel Msbrt J- £rdnd -Ddamin S d WHode ndEtAKLMIAS Cr | bed
in Proc. Natl. Acad Sci. USA, 7S, @29 I97g‘;ﬁ and the like. A retrovirus
i nfection nextbe-Eetapeatadndmthaundiffenennlnfedpadgiffarentiatedd in,

Eor e_xarrlpl einﬂurpmn%apgmmfcidnd\@l emulaqu E Mgy fs_mrcfantrol.
articul ar It . =9, . n e. 111

e>F<)arrpI e, ES e:%‘ Hétgigwgiﬁfée#qrgﬁ%%é%%@o@-E%P?ggg%'ﬂlg%giéo%}aé%#I owed
by co-cul t urgenenés ¢t hgheuduanins rpeddusani mBRA i tike drodeticyscEldm) (
packagj yig _Cfgé thﬁésgsffuplgh%&&@a&ﬁaM&{ﬁ@:&@i@ﬁ@;mh&qﬂ@im{ﬂ&é ent
armount of in egte cells. e transi ent expression o Cre enzyne DNA
mappi ng on alekbhaesetdc anaonns. | (@) Endicdermed Albwnka izangorip®iet hod

foe renovi nge@oPERPBgramEeARonatis getfomddoThé KBmed 1208 tYld REWAK i N the
art, as described In Eenl chi WMat subar.a ﬁnd Hi r oshi . Y£€hl kaywa, edjtors,
$e ohge

Sai bo- Kogak PUMPtENJA¥EBeA nERY taldfasqtlion; RXER- PY, of R Shi ri zu
LExperi meRt :ﬁbmw:nhuﬁeybegirgdduﬂsﬁﬁ\ﬂé kweNdaIrant ioder n (Hi)tmamnlml Kai seki
ar a sho i ishin 4 LPEN co om
oman Enona el LAEeILAN LT Bl Eorbo Shinida SRR LIE o RLAGRCC mild
(Tokyo), andiemestidus type FF-GORe peodueds 48 gengliimmatexphe Bl

bal ypept i de S epbn) e " A CliRgiiofianiblantyid edhrdiudtls anp obr i at e

met hod, i ncl udi nmeasur enent an |m'runorf 0gi ca#g measur enent met hod.
Exanpl es of BH#RHL-Ipser®ltivei ol ogi cal neasurenent nethod include a
Northern blotting nethod, a dot blotting nmethod, a PCR nethod, and the

| i ke. Exanpl es of the imunol ogical ne enent et hod incl.ude. an | SA
met hod?% an RI A met hdd-9ure I%S?‘ggée?ﬁu’é i rt?é’ttl'?@&ic’é' HRABEFAOBI¥E ti ng

met hod, an ifmahediceldsogh Gale f8edeaiceXs dat ibthro and A)hNelick?, calibts e a

mcrotiter f e | i ncl ude
an ELI SA rre?#u%éafe an ﬁit%?%ggﬁ%%%hﬁ%g%ﬂ&%gﬁ%ﬁ Ege%]jéarogﬁgélpﬁgojfér m
"expressi on Tedelredkf ¢ past il totsle manrontspegpblie arrkar @rofedn
expressed i nayga %&&&Cﬁtgfﬁﬂ): B terPeell-ahebitels mAkbEdesS(l hensxpaessi on

cval usted byoShis SBLFERTRRELahER Bable thS AHRa: BUtkPoToa LS pr MRt
invention, idsloniey araupeicagiicellyrebmirtsrsicéd el thdTH mnigtbodyn ELI SA
method, an | TRRIERIS: B0 e dredeirehndlhe Rirpii el fhe hotiot pagl ' 1
expressi on |awv@NFaM (dgmesarANdhilehdes ohiearpdiogddmearxinnd (K9 BfEsatdive
i nvention evﬂ&'@e%i:&ﬁﬁ@irylé”‘F&H&%@Ejeﬁtﬁa@tolﬁognduction to TH-positive
30 neurons. (D) Expression of neural cell-specific genesg in
neural cells differentiated in vitro from fusion cells 11
days after inductlon: Nestin (neuroepithelial stem
cell-specific marker) and NF-M (post-mitotic



25 includi ng nol ecul ar bi ol ogi cal neasurenent nethods ( e, g . , a
Northern blotting nethod) a dot blotting nethod, a pCR nethod, and the
like) . The term "change in expression level" indicates that an increase ox
decrease in the expression |level at the protein or nRNA | evel of a

pol ypeptide of the 30 present invention evaluated by as appropriate nethod
i ncluding the above-described inmunol ogj cal neasurement method or nol ecul ar

bi ol ogi cal nﬁaayaﬁr@ﬂacﬂﬂéodmke%?/*s LeEhg, dhe dgfdhy nergic

“transpl antation antigen® fefers £o an antigenic substanc
i ntroduce t rR@REPRNEREPLRLE MeFKeTentNIEpecTHIANd HHFW@E&I%’-‘WibBG

undi f ferenti gk eduseBht b@l@.eh'erﬁ%'t@.ﬁ)‘aﬁeHﬂ:@:Cfﬂétﬁrai | @B&ESr en PLa PLERNS
differenti atfd frg gt he fusion cell, ke are i nt roduced i nto t he

speci fic i ndt¥ vOR #19Rab t%‘?’FB’FPJan??‘@ens B} Exprpaateny

codoni ngnt tPatk3 pﬁraeédrmmﬁm&ctmam&pb&nwﬂbl@ﬂoﬁrﬁém&ﬂﬂe e

roughly divided totwo categorias:. ,maj o tgb?stoco abilit an%_ (VHO)

whi ch are an??'&%h HENRT g “PBVEESIRD Bg S EFFF"ﬁb‘ Pgﬁb”

rejectionr edcmetltc.uanddmm)Otgelmosummq)authé)l adeyinet rgsiduehiirh thecit

chronio wealgmgﬂ,gg_{h‘gg Qﬁ%} i ﬂgﬁ?mg/gj or histoconpatibility conplex antigens
c

are allogenican anti g Iclt strong rejection 15 reactions in
al | ot ranspl ant ai on of organs, , tissue and cells . Genes coding nayor

hi st oc atibility o] ute X rls er of
genetlgérlpom , Whi chaﬂ'{ a h|‘P g@é%’%‘eté O%E&%Tgérgr 6"?11%;1%1 aé %%W maj or
hi st oconpat N%ﬁl'rwgfi’ebmlnaur(qmc}n mommbmm ) M)C'TraaandlmrhO.ZéOhw@hocyte
antigen (H.Ah@MkRE; - msn aéé‘iﬂd&f![@é@%&[}?z %Qe%%iérf{b 2 gene

conpl ex on chronosone is known resent in a

mamal s and b fdgunes é‘(?dl € at’%‘ Butidbe & Brﬁréétqnh€§d§°%ﬂk‘é§ﬂhm_ A, dog
DLA) rat RT1{Bpedstba da:k:e-@Jﬂd@ﬁ)ﬂ@urbme&&bsaaag(mmmowgbﬁémr e

and 0 b8 | WRET Ry BN pefl hekdvad Fetedl Bl e Ronth g sheri ot g ¢

such as rracrn@pnglasr gBneelalr® pecitinvatlnd detedtsd dgnd.talcm aet Sbodyynus

epi thali al nd e e rac ar 30
anti gens andtaél#éee'rrl gcor%nl zleédbgai&)gaé%isﬁt?l Vggc&?%%}ﬁﬁn@%bggﬁﬁ r:é:';e‘g% ors
(CD8i TCR). thabtsthe fmhogenglpr@%mwm@@nmmsg@m FHd(zed) r echyni zed
by CD4 posi tavaebgbaerimagfeel Ilé@z?eahar K ﬂ&%osimv&h%eqtlfaerTPénd, the

genetic_ | oci m nor_ hi stcorrpatl bi ant | g ns are single genetic

loci (#®nor Yiseatirediasivelley ged FMTI‘-ﬂaIﬁ gh ergnybloabtomi dwagesow, 5
In thg ltor e;sem Imnentlmul ;(cls p%s:jbdln‘)tto pr nd&ezepa:suw%terﬁuﬁ&m Celgl S
suited to tran indj vi dual s eletin a an en n
stemcells (° %ff_é‘ QJC%TTU(%’:%{YCH"BFEBHQ%’% ‘f{ﬁ%BpB'Bdgle e,k

pl uri pot ent si’een cdirl a mefged tirayen! dacdt and u&hﬂbgbaetpobttﬂebed:ﬂjlsmy

i ncl ude 10 € e-desari bed mayor

hi st oconpat ?%P€ %ig‘sa{'?g%%\ggé%ghé\%r %ﬂj¥ocorrpat| bility antigens . The
degree2®f deletion is eat particularly linited as Iong as when a plurip
stem cel | produced L;sigl\g,_. d hpr del ek stegncedéhe(m Skl Jog Or a
cell, tissue or or differentiated fromthe p url poten stem cel |, is
used for traﬁ%?%?rg%ﬁ“?‘%g the degree o rejection reactions in the reci p| ent
is reduced as conpared to when no deletion is pI’OVI ded. Anobng ot her things,
maj or hi st oconpati bi a ns are efer transpl antatjon anti gens
to be 20 del eted the‘“p?“és%:}‘{i Rof? 5’Hﬂtg &*%ﬁ?ﬁ?l?ﬁa @%‘ra‘g}‘ class |
anti ge3d . /fofrMiCpleficient BEStdaarh-senstiic ded EL efudion faslexanpl e,

del eting a gene encoding the transplantation antigen. A representative
technique for deleting a gene is gene targeting utilising honol ogous
reconbi nati on (Mansdlkgwse 33 |shaws alschematicedliggsam @2 pPBEMEtIOBS )
Capecchi M ) p2leled] APTP:LF g Cell.
Biol., 11: B! 4%@“ e %ﬁ% de s ﬁ?ﬁ%ﬁ%%%ﬁgs%%' b43- 24C
(1991) ] , and the Ilke . 30 Oass |. and class || MHC antigens are

het er odi mere each consisting of 2 subunits a and ~ . A pluripotent stem
cell of the present invention suited to a transplantation individual is,
for exanple, a cell in which at | east one -41



copy, preferably both copies, of the subunits of an MHC antigen derived

froma stemcell ( e. g. , an ES cell ) have been inactivated. A subunit
to be inactivated is one that is not conpensated for by a somatic

cell-derived subunit after a 5 stemcall ( e. g. , an ES cell ) in which
the subunit is inactivated, is fused wwth the somatic cell. In other words,

a subunit in which a transpl antation aptigen derived froma stemcell e . g
, an ES cell ) is not expressed in tfiey fusion cell has to be sel ected.

1Q The inactivation nmay be achi eved by del eting a gene encodi ng a subunit

of a stemcall ( e. jlogurenlgshans aptryctuoredMEasubatgenPodymerhse genes

having an i nttwmmwmmﬁuﬂt%é@&h%@smta’tféd%g%ﬂes

havi ng an i nfluence 15 _an expression of MHC antigens | nclude genes

regul ati ng e?ﬁrgégt‘ﬁﬁ dfMHC anti gens, such as, for exanple, the TAPL TAP2,

LMP2 and LMP7 genes in the Cass Il genetic Ioci regul ati ng presentation

acking 5 Stem cel| 386F woBEGrbR°cARREabChf) BHR; FuvENREOR (i gen ic

produced by gene targeting, a part o a gene encoding the stemcell (e. g.)

ES cell) -deri ub t ed h I i nati
T construt a tar gift konEbeds temitral (i nbRon il epeRieng- " "
resul tant ve&t@hauwld be wodiecwdond thranghmibhhegtesdnt apeap:pi.optﬂ.ahe
techni gge, SHﬁHt%z@iéﬁ&é%%iﬁh%&%dﬂﬂ r%C'gP'tahhomQt}V-\ by

transfection, |ipofection, or e gues for transform ngQ§
t hods

manmal i an cePES- iR Engddwhicpainad 40T or dé?arrpl'é}"kecﬁﬁrﬁetﬂnél the

in Enzynol og¥nBlle¢8lons524- 53?.“.(,,,199@“} ] "un®cr eepang Fga»traegf offged cells
can be achi eygg gx ol Ol exa b_ptr dyci % sgl ecta l e mar keré such as
neo, puro) of “TR&E“fi K& '\m‘f‘h ypi G 1P Red® F?‘Qé‘ﬁ 2ftderttgletnto a
deficient regdpacbivesgerte.din other 2ahguages) Ancamdedshanil ﬂgf@ﬁétytgene
targeting c i C |ctoth bl e

rar ko 2 et EpiE Lfe SAELRE AR, ARUr e B rhisd B nohetids

purer, or thee|akso uadesﬁtpdérthatothav‘beamprableaeﬂnhéréimuhavgene
analysis o GhESheRLoABPLYEEEASNS. ukeR EHARRLCart UGfl1BedcheRLATAEL ™ kot
gene nmay be sandw ches LoX-P sequences and o ene isin Gced into
the gene tarBeRFAG1eR:| so that the Cre enzyne is terrporarlly expr essed.
Thereby, the sel ectabl e marker gene can be renoved in a cell 10 engi neering
nanner, Such a technhﬁ%e 3&_@@ I n%#:own in the art ) which is described
her ei n %I sewhere and‘'THeth QR et E8 TS | oned herein. The MHC antigen is
expressed in the di fTerentuatddcherdin dberddHiwed Sod efgl Igwsan be perforned
based on the absence of the target MHC antigen on the surface 15 of the
transforned cell. As a screening nethod, for exanple, a nonoclonal antibody
for any epitope of alh@tgam Mﬁlhntitagbhrean Ltﬂ@djinlitsebrmdbsmmnt to
kill cell S hﬁ{lm BEe ARd IS8 A teraaﬂiﬂetg/boaymew f?eaoétﬁi‘cf@féfp“ ate

ant i bo ‘¥‘&-'L€ %f chai n, abrin, pht heria toxin, can he
used t k| | | HERAFRP t"rfe"aﬂ!‘ll@éﬁel%ﬂ-érs?ﬁﬁﬂyimaff#%lqvww ogr aphy
may be used by & asnbeace h'Br\liiat'tﬂQ whilol 88b1aks bl £roar tﬁb%ﬁﬁﬁbﬁé ant
Calls, at ast gﬁe ES c der

S g ed C aniigen isre rom-t hey cell
surf ace. %u cff‘@lal |§81% | EeRL1GRTIRGanap dgeéd 380814 t he
cell is i nt rmlmmlntm!» m@anmashanmemcmr expﬁem.rtg B.e.rl y Celbe used

| ' ' | | | |
Ger 1 ved el REy e nathr R 1Ty E ok Bt Ra] LB TE oy (et ero ey OO
her ei B0t he Mot ?@W%l%tg?ﬁr@l': rffzaion maelJas cedengtsloplly musikfiad cel | )

is caused tazdE1s &b, yndifferentiated rotate so that the cell increases
or acquires pluri potency Therefore, reprogranm ng activity nay be

A

As vaed herein, the term “"stem call” refexs to a cell



- 43 neasured as follows, for exanple A differentiated C( e. g. , a
somatic cell etc. ) is exposed to a predeterm ned anount of a certain agent
for a predeterm ned period of tine (e. g., several hours, etc.). Thereafter
the pluripotency 5 of the cell is neasured and conpared with the
pluripotency of the cell before exposure. By determ ning whether or not a
significant difference is found, the re rogranmm ng activity is determ ned.

There are vaeaﬁaslée@foasmmlﬂﬁi%n a\fﬁa 5&11&9.&:6%%51@:9‘1 t'?yﬁfl]éall
pluripotency |ever of a reprogramed c . fore, repro ranmm ng

agent deri vefteRsald s ean F&HGﬁPrﬁtérﬂ't%W“ngu‘é@@“er epS‘égF‘d?ﬁﬂl]r?g

correspond tRer&PAhay Ghd ObuRORLBCNot AFLkiEEsd N ClembrR@ni®s Brem (ES)
refers 15 acts on ce

r epr ogr anmi n agent I's to cause
Chercorl o T coRkLE B3 Faoniniatent Sat Palad o dr il Cad e sor to1S RESBy anp o5
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5 Alternatively, if a reprogrammng agent is a protein ) antibodies for the
protein are produced and the ability of the antibodies to the protein can
be utilized to obtain the reprogramm ng agent fromnmaterials which contain
the agent . Alternatively, the am no acid sequence of the protein is 10
partially determ ned; a probe hybridisable to a gene encoding the parti al
am no aci d sequence is produced; and ciNA and genom c DNA encoding the
protein can i by Ldi zatyl i be
Bl i 11 ed by SBARE LERE, " faelebt e TR SRERINBLR b SR INEANES, T 1
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used to produce the reprogranm ng agent by' a wall-known gene reconbi nant
techni que. Therefore  a " reprograming agent contained in an ES cell" of
the present inventioftSi 48ABtNPERIR NG LI aiseBR tACoRReEd "c EPE@XANEOCcan 20
be obtasned thgmcealll dthay kGapl derobendy,(8uch. ast BAiSHggSt AMspekS,
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5 When a, stemcell (e.g., an ES cell, etc) is used in a nmethod for

producing a cell, a tissue, or an organ froma cell according to the
present invention, the stemcell can be established froman appropriate

i ndi vidual stemcell (e. g., an ES cell, etc.), or previously established
steml1l0 cells (a. g. , EScells , etc . ) derived fromvarious organi sns

are preferably utilized For exanple, e 6arrpl es of such a stemcell include,
but t Lo t I “..d. JES cell t f
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30 cells, blood cells, cardiac myocytes, skeletal myooytes,
osteoblasts, skeletal myoblasts, neurons, vasocular
endothelialcells, pigment cells, smoothmyooytes, fat cells,
bone cells, chondrocytes, and the like., Therefore, in one



- 49 to a phenonenon that a plurality of cells are fused together into a
mul tinucleated cell . Fusion naturally occurs in, for exanple;
fertilization of germcells, and is used as a cell engineering neans . To
achieve fusion, 2 types of different 5 cells are chemcally or physically
fused and cultured using a selective mediumin which only fusion cells can
grow. For exanple, cell fusion can be_ipduced by using a virus whose

infectiosity i.s i ' | t Lol . 9. ' h
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25 As used herein, the term “pluripotency” refers to

a nature of a cell, 1.e., an abililty to differentiate into

one or more, preferably two or more, tissues or organs.

Therefore, the terms "pluripotent” and *undifferentiated”

are herein used interchangeably unless otherwise mentioned.

30 Typically, the pluripotency of a cell' is limited as the cell

ls developed, and in an adult, cells constituting a tissue

Oor organ rarely alter to different cells, where the

pluripotency is usually lost. Particularly, epithelial



20 net hods appropriately, the rejection reaction in the recipients agai nst
the transplantation graft can be nore efficiently suppressed. Therefore in
one enbodi nent of the method of the 25 present invention, 'the treatnent
met hod of the present invention may conprise avoiding a rejection reaction
Procedures for avoiding rejection reactions are known in the art ( see, for
exanpl e, "Shin CGekagaku Tai kei, Zoki Jghoku [ New Whol e Surgery, Organ
Transpl atation] (1992). 30 Exanples of such nmethods include, but are not
limted to, a nmethod using i munosuppressants or steroidal drugs, and the
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i ndi vi dual . SERAY ﬁpmd‘%ﬁﬁﬂﬂi!ﬂé&twl;retb@rmot ﬁCF%lJahBSrPJﬂ#i&w@w-l gin
means "not dgfd Medhd I Gt fl% Abith iy 1@&.1 ésr'afﬁ§£9mﬁm Qfdrﬂiﬂi‘ﬂr?s at

,east one artificiral mani u ation usion) . Therefore, stem
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possessi on o substantlal
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a techni que fafs o B UG D% fen q%%oma' tnfoctio FEWHSA Indgenti cal

i ndi vi dual using genetlc nani pul at’i
20 blastocyst so as to form a chimeric¢ embryo, implantation

of a cell into a tissue of an organism (e.yg., injection of
a cell into ascites) so as to undergo proliferation, and
the like.

25 Cells used in the present invention include cells
derived fromanyorganilsms (e.g., anymulticellularorganisms
(=.g., animals (e.g., vertebrates, invertebrate), plantsa
(monocotyledons, dicotyledons, etc.))). Preferably, the
animal is a vertebrate (e.qg., Myxiniformes,

30 Petrxonyzoniformes, Chondrichthyes, Osteichthyes, amphibian,
reptiliean, avian, mammalian, etc.), more preferably
mammalian (e.g., monotremata, marsupialia, edentate,
dermoptera, ¢hiroptera, carnivore, insactivore,



As used herein, the term"inplant” arid the terns "graft" and tissue graft"”
are used interchangely 10 referring to honol ogous or hetercol ogous tissue
or cell group which is inserted into a particular site of a body and
thereafter fornms a portion of the body. Exanples of conventional grafts

i nclude, but are not limted to, organs or portions of organs, bl ood
vessel s bl ood vessel-like 15 tissue, skjn segnents, cardiac valves

pericardia dyfaﬂaasigea Feuis) éﬂﬂi@nh%tiba‘ahhylhonﬁﬁbubiaéﬁtsfaa

portion of brarn Thérefore, graftS enconpass anﬁgone of
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i nventi pn) opreféeabdy| vel yjumanyibeusedd as allografts and heterografts. 25
As used herein, the term"autograft” refers to a graft which is inplanted
into the sanme individual fromwhich the graft is derived. As used herein
the term"autograft' Awmwngmmpxsbed:ag:tmed‘bwﬁme presengalnyentidon; cal
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which 1s the sane species but is tic ferent fromthat. from which

the graft 5 Bt Y&V Far@oxtis B r&ft rf T enganrian A2 ¥Rtk om an
i ndi vi dual (arcm:iﬂmienfur)ctmmhhcﬁeﬁﬁurngamft InsniltllasliRildtherganismeny
elicit an i nqgl ogi gal., u

imted to, B Sexamarens GrastehL; rilirhdt Sl dRe Ui e Bttt |
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di fferggt spssgssaeawraemﬁ.% ex f gE ExpiW! eAnV"QﬁnglQ%@rhdcﬁi Al 69gahent ) a

porcme derive raft 1s called a heterograt i ndivid
t ai | or - made #Eéﬂrﬁﬁaﬁe‘“&)fmt%é" Fededdng ﬁ?e‘ﬁPF ARG R SXEhEM o ﬁPoEBEe

grafts whi Cheﬁbb&iheﬁﬁb%&@@n‘sﬂ!dﬁgé&d'@y €Rkipte gedCinivih t Idn Snkubggause
the grafts ( ans, _etc. groduc by the net hgd 20 of the

present i nvehP%oﬁ‘F%F’é’tf ﬁ'ﬁ"%ﬁag ?héﬁk&ﬂeupﬁ'e e COINE 8 fddBYect s,
such as i MMuReareactliinfer ,espmbsEscax tdeed, kﬁnteéemegmﬁemﬂw | Yung,

suppressed. Therefore, transplan tlonthe e carry ut t he

si t uat ?gn t hBEEGRPY® Coﬁ@@ﬁf?gﬁalg ’égrﬁ?fi usJégmBut | Qng ??lacult 25
t o obtain autbgridkes, ﬁuamnlpsqf«sgghs ﬂi@énreeme@tsd&rqnhnlprénenent

i nvention whigh1gandatdit fﬂuﬁyf@cbzlsogma&lem% PSS, ckR1gddi tion,

pluripotent cells obtaine i ndi vi tai |l or- made _t.echni gue of the
present i nveHPPSHEEEFIGb%“%?);ﬂqJ&f't bepatientellyr ot erltlife GBRBABCOf the
30 pluri pot enjoegkbei,s dddethl bUﬁyﬁb?ﬁth herosﬁﬁdlﬂlﬁsﬁ:d n tbkslsaam t he

above- descri bed, pet hod for. _avoi din | ectl cid ons ref rably
used. gg 54 8Y ng‘ésﬁérepﬁu TORE -t & aljs%]e ?o an
or gani sm whi clils, taneattdomyecytes, tEIaetrcmyJ)s pbopb\dedXliss,, cpongnosytes

treat rrent) A §Hblt§§t ﬁgespem men may be referred to as a "patient” . A

"patient” ubj speci nren" may be any organismt4 which the
pr esent invent| on can be applied. Preferably a "patient"( "subject" or

"specimen” is a humBjlg ygsed herein, the term “tissue” refers to an
30 aggregate of cells having substantially the szame £function
and/or form in a multicellular organism. "Pigsue” isg

typically an aggregate of cells of the same ordgin, but may

be an aggregate of c¢ells of different origins as long as



Wien a stemcall (e. g., an ES cell, etc.) is used 10 in the present
I nvention the. stemcell can be established froma transplantation
i ndi vidual, or a previously established stemcell derived from various
organisns is preferably utilized. For exanple, exanple of such a stem cel
i nclude, but are not |limted to, stemcells of nouse, 15 hamster, pig,
sheep, bovine, mnk, rabbit, primate (9., rhesus nonkey, narnoset, etc.),
and a human. Preferably, stemcells derived fromthe sanple species as that
of somatic cells to be used are enpl oyed. 20 exanples of somatic cells used
in the pres | nventi.on | ude any, ceI partlaul ;| hocyt es,
spl een cel | s{h? e%?f:g J&Y%;}g’%&ﬁ"&e pgy o % i ci{’g&?gg%ri ved
f rom manmmal swifen Bcbmwalg.dmmne p)reaiadxtlv:awmagaﬁea&ﬁm begenetatdhe .
present invepjion i artl ul ar to this S tlc ce
Bhich has o HETaRnitH v o, Yombain OF (p oadetate, B¥ SSLE | “uhen
fused with ao%tQWDcam mqnﬁﬁﬂngenefs eellginand &&pihali&temedtiQHWBan
undi ff eg ent 'é’éﬁ&ltf@ﬁ*eﬁ'i 410 B il bEGRET % n&%lb'ﬁiy§§ %%%Lg&%mas

I nd era

obtained fromtrans ant vi dual's are
producti on o*ntmewﬂ@@émlatwsg@me@éﬂwef%ﬁw CGMBQUMK‘CWEPM

reduced | eveﬁeﬁoﬁ@mgsbuen &rﬁﬁeheq&men 6@alnw:§ihfoaogma155fuxmeional
undi fferenti at matic cell fusio 0 resent 1nvention Ls a

yeI I
pl uri pot ent ,°’E|ﬁ&"f’ aPRRRA 3‘9‘&?‘%?9‘?1 \%H' F%%%ﬁgﬁﬁwhﬂé’s??%ﬂ@%%‘%m cell,
such as an EEht@Irdemlstﬁenmmﬁm@u%hhdaﬁeﬂmnﬁ)&:ds&b@vﬁccaﬂdiﬁgr}t@e

t abl II
e 1oL s gofeaninBatanineadh PE R e e ttnph Tt o EhE T, ° ¢ °
organs fromiltuerpatively drhamidssmay bmbei:arpaeﬁlmﬂcanl:l.yngllentimhas Iong

P o CoL| T R MR ceCl P Bils | WM AGON ! Chl0 £ARD QleNClenid fOTM

fusion cells . For éxanple , as des e exanp s and
somatic cel |€ongtltmting the tdesrai.n Thes o t¥aruas avsl separatefcintae of

produci ng fugdLfo®! b&t&foEfage! | s and thynocyte, at 1:5 15 and then
washed, The cells are suspended in an appropriate buffer such as mannitol

buffer15 and electrically fused. Besides such a high-voltage pul se sell
fusi on nmethods utiliks npesd hexiedngl theangem Pprotéin” feTgvbnsepbiddect ri cal

stimulation (elegtroporati on) [for anple, EMBO. J. 20 8A 1982 ) ] ,
a cell fusi oéﬁnére RSHQQSan aagech‘éﬁ?gaﬁngp&rﬁhpﬂ‘ P&Rigccaé} rﬁ?? &@os? ance
such as Sendshorxomaodedylel ecnshsting yofral gexies cofcaninstacids.

pol yet hyl enegl ycerol and the like is also known . The fusion nmethod may be

any fusion nmethod as long as the cells formed 25 by fusion of ES cells and
somati49 cel I s can sti&blupgs berpdnat thastéxmi @nins peididmaycrefescto ved

from somati ca ﬁalthhnyr-seaa%aﬂm ﬁaﬁhnabafaibf 6&&«&1&6 lam3plol st ©
undi ferentiated ce i ng_pl uripofenc he nmet hod of _the present
i nvention fd8 %@Ieﬁ&q?;l' gP nﬁ s‘g’b’é%/" &cjé’ndBFé‘XﬁthNeV\h?Eh aninet or
the whole o&c:edtarrmmy'aﬂéﬂe::ertcaahl geindadidewhishmaniESerehl, £1de

a naturally-occurring amino acid and has a funotion gimilar

25 to that of the original amino aocid. Such amino acid
derivatives and amino acid analogs are well known in the
art. The term “naturally-occurring amino acid” refers to
an L-isomer of a naturally-occurring amino acid. The
naturally-ocourring amino acids are glycine, alanine, valina,

30 leucine, i1soleucine, serine, methionine, threonine,
phenylalanine, tyreosine, tryptophan, oysteine, proline,
histidine, aspartic¢ acid, asparagine, glutamie¢ aocid,
glutamine, y-carboxyglutamic acid, arginine, ornithine, and



-56cell is differentiated by a method which is not particularly limted as
long as the cell is differentiated into a cell, a tissue or an organ, while
t he karyotype of the cell is substantially retained For exanple, by
introducing a cell, 5 into a blastocyst, subcutaneously injecting a cell
into an animal ( e. g. , a nouse etc. ) to forma teratoma, or the liKke,
the cell can be differentiated into a.gell, a tissue, and an organ. A
desired cell, tissue), qar orgﬁn can be jsol ated iiomthe differenti ated

bl ast ocyst oFY¥ER&t oHPLERHAIPAEHLIER Viticatgdsadl AgHing AEHARAP Beefnduced
invitro framaafcmli-.rbyna.ddbmera celle Oteuh h“ximmatuﬁammdsbﬁmmg or
the like V\/mcrnls re gfor 8bta|n|(r§%agﬁl f theotr RE ogllnte est

To date ther® ?‘l’é‘\’/eacbeenr &’th O ANATCEFS %l'l'c;'(?d vesSer-yet? n)

nmuscl e cel | , ftrend tlapukture. cExampdleanof bone naltinver, 1yHs coaredaegsamnimot he

i ke fr m E S t echny be i i ssue,
or orgahn co??g:g%%nm jr'l;mtf%&% transﬂfgﬁfﬁi on %vﬁ%ﬁ%ﬁ% d%Jcelaéf roma
pl uri pot ent h@mbenylab@mmng to the presparatfleoréprenybalopiee ption
of Preferred; Expods MBDhSn zy 1 %i‘?ﬁﬂe&hcihh%P?‘?ﬁﬁ“hohﬂ)ﬁ%gﬁ.hﬂﬂapr gdes an

i sol ated pluripotent stemcall havi E% a desire enome . Preferab :Y t he
ol uri potent RrRReR¥irlaminge aAfomsed hgredy htheniesmy "@ming 281t em

cell s havi ngnﬁa]jegr m&egerwramOZEmaa&Ifo@@gH?babhl@ﬁdﬁrm&5& be

P B ot EORHEAGH A s 0 el o pREparacta o utoht dar B ahgps, |

t ranspl ant at nohdantﬂmlmdfrmnm:ﬁﬁqmdeanahbgg ﬂﬁiudenformxmmm e
transpl ant atéw i@ﬂi*?e%ﬁn’éﬁva@iw 25 0 S \)gind{ ﬁé’eQn ?Efigd Ahe
Ion

pl uri potent Stem ca € present 1n as_ an e having a
desired genoddlnadcikd mdpig refenedip megempound ifiieh Mseétﬁf‘@ﬁuc’tu?é#t 0 a

host. pref eréi?fferéﬁ@”?:%xﬂn{:ﬁ&t 08 2phé OGERat L b&&ﬁi@&ﬁdstﬁ%f@fe abel east

maj or hi st oconpat i ant | . Nore preferabl
st cohbat | ARER) aRide, DY NREGhEiRFTAGRS 158 TARRA: AnAlg, tor thatse

specific 5 apfige@bGraELINCEScArPBher afOhidi &eL@s. i Mune rejection reaction,
| eading to a considerable reduction in side effects. The pluripotent stem
cell of the present invention may preferably have a reprogranmed genone .
I n one enboditnent, Mﬁn¢¢u1¢turbmoiegtcanemuadﬂnﬂqudduarhinmh&mimwbntion

b d h
ey be b 0duEEth Yot gl S ATLORoRYR DER el BYANYl ARLIS L dhe
W t hou®01 i m‘t’ﬁl—ldﬁw‘w iy ebey aEt aang mamRan ey U@ﬁ@onénﬂaﬂre %%431?-’}‘7%@ t he

like. 15 In ﬁﬂOt BeE RBARARGHIEENtMar N 1 UrTPOEEHEJ.Ste(@Mﬂ QfoidwnaLsent
a stemcell with a somatic cell, where

o T R hi K Eapplakoey Nefeal ThoHh jsbine HEsPst Apdchte ot
squIon iﬁprcuam/db 2Q2kmmeltha?uﬁst1cd'm ]grlﬁa'E)S,UEum” ththbﬁo?ﬁlef:?ﬁab![y ES
cells. is J.S, because oti pote an ce s transferred.into

t he pluri pot ?\'1‘ g?i cel PEB#C’FH(-: pr§§§’ﬁp mvglll"t%l ‘on, AIEHB F;Tﬁtl’l pot e‘?ﬂdstem
cell o25the mbegﬂintweniemeﬂhmtﬂdeham . h&$989gan5herﬂeﬂ'rwmbdilmm a
desired indi o TP 10l T Gl RE AR M Moo B BR Kur b ), NG

is not an E or e sired indi Vi Ince t erels no
need for an E@b@#ﬁloriteyglee’ﬂllﬂé‘fB%héﬂﬂﬁs|Gwnmmﬂhodbaﬁoctﬁteﬁr@3@nt

i nvention haﬁiﬁeﬂﬂﬂtét@ézﬂénééf%mﬁ&&é we@@mng(ﬁbayaluﬁéﬁﬁm in
this enbodi n&ﬁ?’%ﬁl n a_preferred enpodi tent stem ell of

rip
the present ’E‘gonAh{a%b‘aﬁ?B% ¥Ry eac?}%ﬁ& arbexny | 'b‘? fhe
desiregipi ndiMiAual (1990), PCR Protocols: A Guide to Methods and

Applications, Academic Press: Ausubel, F.M. (1992), Short
Protoocols in Molecular Blology: A Compendium of Methods from

Current Protocols i1in Molecular Biology, Greene Pub,



-58In a preferred enbodi nent, the pluripotent stemcell of the present
invention is not directly derived fromenbryos . Therefore, it is possible
to avoid the socially and ethical 5 problematic act of extracting an enbryo
froma host . Preferably, the pluripotent stemcell nay be derived froma
somatic cell . Since the pluripotent stemcell is derived froma somatic
cell and has pluripotency, the pluri pyv{£nt stem cell can be easily obtained

and the breadth of 10 ap I|c tlons I'nfi red enbodlnent
they pluri pdt@8fe iﬂ‘é‘?ﬁ ce Br’zs 1%e'nt #g‘ﬁrﬁas ’F%ﬁﬂ‘&%ﬁ
transpl ant atumwﬁa:gemwomwr Aheam’pbﬁ&ﬂ!umf of hMettoidse dxiondi Mirksdt . Mre

f bl 51th Il of th i
Pt aneprant adiEateaFathMBiseRt sk R, GrecnErRb ARRR RN RO "0
enbodi nent, Mh%. pltml.p(bﬂéaﬁ)stm s«th:hte’giahe Masmic Pregst irsubald be
derved fromge)| Sﬁ%fé‘ag thah, Lp :13 ; al Moidesir6d pagdhybgyaly as In
r'i oten stem sel

one enbodi nent, t he present 1 nvenfion may be
preferably a:mmmmqﬁ/mmaﬂ AgoBefnrrept cPEPEOFEGLs | Hn tMalegudapot ent

stem cal | Ofaimgeﬁmay NVEH | S ddE WRBd ¢ i @ﬂg{mcys .pr Ang4 ngli vi dual
ot her than 25 ear y enbryqs The tail or-nmade Iurlgote P emcell has the

same genonme Es?¥hht FGRAR tionsgs Frofocgls R F GoRMES . | and

has pluri pOt}&EEd{erﬂiB@fﬁﬁsa,blspgmmlpmhﬁ'lalay Jiklkdhel gakab ﬁm«pmdm&ﬁanf Zuch
roper t, be pald,to tura urjn rirve

Pr olron undﬁ?1 e Lt edfi%%rﬁ of °é}1¥"fy ‘}/en%ffltoss %%eﬁeg#é) ‘ﬁﬁbr |%nC| pl e,
ES cells canfﬁ:ntpdmimmtb&lluhbljodrﬁqrac{hnet inkrodaicddon & EBrpresafidn )

ot her tha” %%?Lyonﬁb“%ﬁ “QW'A?&%F?E&&@W%%%% oftfons

tailor- rrade nt “Stem cf -59 e present 1 nventi on cannot be
achi eved by v%ﬂ#h’a? the prilRaty] reh Ak @F dthesmoihkigationg

pluripotent stem&sdin @_n@érﬁélgu.pé@qg_\ntréfwﬁﬂém is an undifferentiated
somatic_cell fusion cell of an ES cel in which a part or the whole of a

tranqu'%nt ation antigen is deleted, and a somatic cell. Mre preferably,
the pluripotent st emac&hbdhbrbliﬁ [resesim PbYolbgttal acrivintgi"ffeferd | at ed
somatic cell,fusi,on cel | 10 of _an ES cel in_which_th
t ranspl ant at’f%r?catrh pogs&gls eE %fh(?‘gzgnsto t'?C'c%I‘foejfgrméL}ééf %’y“? t he
t ranspl ant ata @raidimgeretmy) lwé.tainaynr ohgsubsoppticladiry estiygkties
Preferably, y V. b cl tigen
In a preferré%?eﬁﬁ%%ﬁﬂg}@fﬁmﬁébgghg |ca}g%#%q{h@ba e‘@'hg{lh ﬁé‘l— ation a
t ransp?@nt atagent A4 an ¢ngymear the dloyoghoaftactiyitar ﬁhggppfo'#ncludes
testis-derivggdy eﬁlz&me ﬂﬂﬁ?' YWnéh d 66§Ea9ﬂ%g@fnttﬂ§a5:%§.€&§réﬂﬁii ge

e

somatic cell %% rive SOITB.tIC cel 1S preferably

of the sane 9 estkﬁrﬁ%%%%*?/al aa‘l"\"srl‘é:ﬁt%sﬂ?ﬁ°%f RS FEF nterest .

Theref ore, foapeagramheinghestivibtyrmn is a target of therapy, the somatic

cell is preferably a human cell, and nore preferably a somatic cell of the

human i ndi vi dual targeted by the therapy. The ES cell may be preferably of

the na2® species (prid euabdyhlshroisarrézhd M5 eariant " orefrgssdimta c cel | .

Ther ef or e, r a iC is a
“%‘lﬁﬁ' e bych bE ge%re era F&ﬁgaﬁlgnﬁﬂr@?a@ﬁa of Sitle i

human cel |, 1S a Notés that, in

this case, thkkeEs Vé‘é’iqh AdfEprecpagkially mtépawysiwéw%#wce

establ i shed Exampids df)rsu%hhﬁrvﬁiﬂﬂ'@%ﬁﬂt\ld%t N3uBdt £ehtfon e dxer Used.
Therefore, the ur| potent stem cel.l of the resen |nvent| on g{: aI SO be

used as a stTHf 198 Varigi 2 d6det onva a tzupgonate,

| east 3me ofank hﬂmvarmaht anfa tha il Ccqhle ﬂaymbmlgmm"i aalﬁayedmdl f| ed
CGenetic nodifica | ol erf SC ere| or t he
pl uri pot ent l%?’é% g§¥ ‘{j%a 8ﬁ?8 Fﬁ'\%@%ﬁi o%a%%dr%@a lo 0£I| h-coti nat i on
with gene th’e@apgprmamndﬂnmgmgewherhmqumqnee aa‘mdmirwtaigthQed

depending oneLfg &k .o nfePELEDL {1 4RLAA-BY1ERLAP: Phn ¥ ARTY! aXi s.



(Genone reprogranm ng agent) 10 In a preferred enbodi ment of the present
invention, the somatic cell nmay be treated with a genone reprogramm ng
agent . The present inventors reveal ed how the somatic cell genone is
epigenetically nodified by cell fusion with the ES cell and obtained a
reprogranmm ng agent and a clue to 15 analysis of the nechani smthereof.
Eventual |y, by forceing the somatic c¢ 3'I_ to express a reprogramm ng agent |,
the samatic cal an be al tered direct jnto a pluripotent stemcell. The
bresent i nvainad SHeRpoR: SEfaTR £RI B rYATHARG: PhisH B crhs LIRS o
dramati ¢ chargmtidnridteiphlahed iglvein gehal € THe temnt ! speeldes deneilrsyy”, and
anal yzed the histo | at l.opn_of. s ti I ucl el |

inter-subspeﬁﬁ f‘?éce'#]ﬁ%?%%l%e?%e(@aoﬁgs%rﬁ%ust%rﬁ) O}Lsas nﬁ%)‘.’magoAﬁlcid or

anti - acet yl atwzldutsiiden adi®logy bodih aargiaren -genst imteadyiiviedt apeaises

ant i body, ar*(pa,g;'- t i 4 | I

anti - m?t/hyl at'e %ﬁﬁlﬁéh%f%%g%ﬂﬁgﬁg§bﬁf (ﬁyﬁsée Qggef%&égt?ﬂéegst

nodi fi cati orP0¥. ahclenrt &t hpstbersbid0donand AtcdrretERSElamplamy) f usi on
30 cell. Nex{ mdtise foiloiPal Fudle’€ diRid ded Hzﬁc_réwqgu@rdl@zflry

i mmunopreci pitation ip older to analyze the jnteraction between histone and
DNA. DNA- hi SFIfFsHR ﬁ°’&6ﬁﬁ|%?é’§’xﬁé‘#@%‘é%’&%P§&BS§}trsé’£&’1f&ﬁ 3O -t he
respective Cellls useid hadtks.piysdiGR iavantiionanagncofiit AN & aneicdifiadl i n t he
recov d DNA- hi st one protein it was reveal ed how hi stone was

nodi fi%'(raoz in Mejt[ﬁ\l&%P&.p@er@%%d?he pol ynor phi sm of the base sequence
of inter-subspeific 5 genoma DNA, it is possible to determ ne whether the

genome der! ved frOMuhyREBhGS 08! LnfHGhEEnd BNADEALS 11 0%k bESAMA of

this exanple, the so Ic cell 'genome 1s entirely ace due to cell Tfusion to
have | oose &# @mavestory dntypduckipormebbod, incleding-far exanple,

speci fi cal | vtygﬂ}]m&wi&{ €0 g d i £IH OX UL 93N B, ldnd SH QW hat

nmet hyl ati on o I'stone. H3-Lys4 is_ associated with acetylation of histone

H3. Methyl atirf radnn®lectroprrabirydietiods #RAF tiale Gunateene S

Theref ore, inetiod Nfaid athd ikenet hyl ati on of histone H3-Lxs4 is a
charateristic 15 nodification of the reprogrammed genone. An enzyne
met hyl ati ng hi stone H3-Lys4 or an agent involved in nmethylating is

considered to be onéihen ghgehheis eprdgraned heradont thé Fiem € vieEptorZ0 An
exenpl ary t%ﬁ‘?“'ﬂ&&oﬁlﬁiﬂﬁﬂﬁf "eld 132 :%@PéPélr%B‘.“angv?:?@% %Phb&ﬁ ggscri bed
t he of "a romthe ge

below. 1. To distinguls enone somatic ce nonme of a
somat id0 cel Itrapsfegrping asreiynpelentidesseqeenescpfpdaterepte®s & 1 from

subspeci es Maf%e%e@ﬁs.i NY8ch"®lvdctdy 44 8apaBl N ke QG dEYi Ng a
hi gher degree of pol ITDqI"E)hI sm as cog)ar ed to Mius rru%oul us m;(setgl aus(dcm

moue. An i ntF - ton it & hraesppedn & (hqdk[e ‘Hhetic cell

(ol t_) or i’:llna E&Saedhlrdtmgc?lx,_ ayedamm} izn Qﬂ*}.cima'ﬁg c(e_dnﬂ,) d ?ernmuﬁah, 3 . The
somatic ce cell. .an [WaJy e fixed, wi e

sol ution fordrig“ﬁ?ﬁ tct?ﬁ‘t'oa%glgg:sqyf'ﬁﬁéia -iglff.l'r‘iearhdl %?g'ﬁ‘gz'grf) 8@‘%? W %’y DNA

(hi st ozfe- DN tmnpl eapd. cbndadaiat e , promoher| edr fpraltensidtakileadion as
descri bed atxﬁ{ﬁ%%fpm 8% a y&ﬁa&re €18CHL 4l pleBlnfNrdveifition at ed

hi stone H3 a an anti-dce ate I st one anti body, an
anti.-nmethyl ated histone H3-Lys4 anti body, and an anti-nethyl ated hi stone

H3-Lys9 anti body ovegyingilie®£dgSuddtitbiaghtite vedtorTheos adiarydtdlaition is

Paacts wi b GRkLBNERBSHHe o RTz0R,  TAF Mo CoEBRAZ| 4 Bkt FAOMEF I he

hi st on®o DNA xediil £X1.¢ eEgbmd RdHe edsleduilaboByoghemtsals)ed pRRRAS -2
(Pharmacia), pSE280 (Invitrogen), pGEMEX-1 [Pxomega] , pQE~-8
(QIAGEN), PKYP10 (Japanese  Lald-Open  Publication
No. 58-110600), pKYP200 [Agriec. Bliol. Chem., 48, 669(1984)],



15 4. The extracted DNA is blotted and adsorbed onto a nenbrane. The DNA,
the repeat sequence HZ repeat scattered on the genoma) | AP and nouse
genom o DNA are used as probes to performhybridization As a result, all of
the probe DNAs used reacted with acetyl ated histone H3-Lyc~9 on the genones
20 of somatic cells, while they reacted with acetyl ated hi stone H3-Lyg4,
acetyl ated hi stone H3, and acetyl at ed gé stone H4 on the genones of ES cells

PR pr i mor ekeR? dagkdp AT CBRRry 2 FETUd ! £ pRb TR TRE LY cccea

in undifferentadt edBakl | ISyt ALRL MB(B&)(rMBS:) bBI |ﬁlmm offX| ag®¥nt - M and
L5y Penes, uhl £l Bkealthe §1PpRIACHCRpEOTE! Ik Y | Callardlllld) o1 SRELS o

cells, the T I'S ex essed not in 30

undi f f erent | hI'WcB@-l@W YThpTEBAE (ERRMBP-5408d ¢ GoffiA2 FEBM BEr40@1 i on
enzynmesgf ar Q&XW@BSG‘Iﬁﬁ) Obwwzbw&&%@@ﬁameﬁtpﬁbiﬁaiﬁn

det erm ne whet er in a fusion cell was derived froman ES cell

genone or a No. %322%3ﬁat‘f%4ﬁ;%ﬂ9jgem39ﬂ§4a PESA607383naPEE4RA| [T deri ved
@Jegomsst vvler tesiéﬁéfgow t mmet%dga;t(chmqt LOPEEKS(PHaAnadLa) Y/ ﬁ&@ﬂyﬁt&hone H3,
and acetyl ated hi stope in rrespe resence or
absence gf gbNevagens. DERREMH: Ft!%ll%rsb o?ql‘éfr gﬂjééﬁl&%&%{&%ﬁt PP Absence
of genes in ﬁmtoezqmdmﬂnghhhm@lmmpueub |Gansed3gsiom( e8Pl ary stem
cel | f din
ory st it ol PERY AR LITEEATL (o hRHE AT, HpAT T RhnfaPaR LA oty | 0
form | oose chubkheatlenrNet ufa- Zlﬁnhb oem@rthendiket is known that the

nmet hyl ati on of hi stone H3-Lys4 and hi stone H3-Lys9 are conpl enentary
nodi fications) and that histone Lys9 is nethylated in tight chromatin,

whi | e hi stone H3- LysBxameples g PryT 5PEembinaRE HEIRTFOT Y SRR S 2118 of
reﬁ%at sequepgesudeat Yeped t pApogdPLULS | he YEpDAE ambc:aw?wne *llmpsoISI on
cells gges re ra soma ce enonme forns | oose
chromatfn st kEE%ESZ‘*%gS‘u Eg{sggrygﬂgf%e@é glﬁ%t H‘}éghyl ation of historic
H3-Lys4 plays an inportant sole in 20 reprogranmng . Therefore, in another

aspect of the present NPl H5JHS3GN: LOXEL: Y00RN W58 1 O

for producing a plurl avin si ng
25 the stepsinélude )ppDMIdAmg,a n@WAhavm@DM&e G@%lre@blymal%md 2)

exposi ng theu@ﬁir?iaﬁﬂeafrr%ﬂf OBGAR LI PICHAGEED 9" Ydliabede L ESALOPBY be a

somatic cell e reprogranmm nﬂ% gqnt nay be prepared as an i ntranucl ear

agent &Pt hi anhl-ieytéﬁn (Fnyditraaen) s PAFELOR| [TeBhprheMof the 30
Lep[ ogr amSﬂ Egoagerﬁaomisw)lbublmog npmbnmrit.ﬁfl tBlolfa.n cntéwm? n@sﬁyl Ztl ng
i stone r vol ved in ation of his S a
cell cycle aéZﬁ?g Eﬁ%ﬁg??éai rftt‘ﬁ"suti(fr?g'e F?Fﬁ Pﬂgv%r}e?ﬁ H%a A
transcripti omuriageatemnden.mevﬂ.rkees MSCVhsi andcthé bikéranspl antation

antigen (a. g., MHC)-deficient Es cell with somatic cell) 5 In one aspect

of the present invention, the present invention is a nmethod for grodum ng a
pl uri pdBent stem celd "retrovirus vectoxr” used in the present invention

includes, €for example, without Ilimitation, retroviral
expression vectors based on Moloney Murine Leukemlia Virus
(MMLV) or Murine Stem Cell Virus (MSCV), and the like.

30 Examples of a "recombinant vector” for plant cells
include Tiplasmid, tobaccomosailc virug vector, and the 1ike.

Examples of a "recombinant vaector” for insect cells



having a desired genone) conprising the steps of : 1) deleting a part or
the whole of a transplantation antigen of a stemcell and 2 ) fusing the
stemcell with a somatic cell having 10 the desired genone. Preferably, the
stemcell may be an ES cell, and nore preferably a previously established
ES cell In a preferred enbodi ment, the transplantation antigen may be a
maj or hi stoconpatibility antigen. Nbre 5 preferably, the nmajor

hi stoconpatibility antigen my he cl g he s may be
a transpl ant’a’??ﬁ\‘\é{?r& { ér:'ﬁP P@ﬁﬁ?@@#ﬁl Zﬂlll ﬂvﬁgmiﬁrfﬂ’m
testis-deri veflvCetrbger®, | andheheeLind. f or produci ng the pluripotent stem
cell of the present invention, an undifferentiated somatic cell fusion cell
of a stemcell (e, g. , an ES cell ) , in which a part or the whole of a
transpl antation antilerded detmsioy, thie FezxmsStrensfosmpniayrefeysctioas a
supply sourc 5. pr f n fit.er e t 0 Cc fusion
cel | ofga stglﬁ?c ‘Fl% oP? lqll%gfca?ﬁ o%@?'rr];i\ffﬁl cﬁh'cﬂ &g é é‘@ii miéh

t ranspl ant at :srpxafucrd hYSfHePEfQHmMFHna Sraitp e g At anﬁ?"b%f%'éﬂnﬁs a

suppl y sour cenc3QakMa daehaidad: eehadi gBakt, tae HoRil ¢eql,! anﬁ.l(aﬂﬁ
without Iimtation, a transplantation.i nd| vi_dual - der | %P’-‘?‘ﬂég&hocé fa spl een
I

cell or testP8lierfnetngeft ¢pLteralid tb & it 4kExst TERARE and the
somatic cel | rgdyrbeda to - ab5 trunEbORGE veelle| | trhnafoamad ctLedhe| s

preferably o sane .spec referahly, | i t ost of
i nt ergg Iﬁ@?@f @edfﬁ?st e&%ﬂg‘ﬁ‘%{ r???ﬁ’ﬁﬁ'raii gagf‘ a}gggtmg%j?ﬁgfapy,
the somati c Betellsupedf heabﬂ.y majjubmnactranséoumante 5 preferably a
somatic cell of the human individual targeted by the therapy. The ES cell
may be preferably of the sanme species (preferably the sane |ine) as that of

the somatic cell. Théhenc drofemvotiicusedli isiyseteFedp £RE apheRAE t he

somatic cell gératmaﬁanofedde 15R8, Eéa&qiﬂoua%y%t% %@.&e:a lbe @ ,asbgman
cell. Notetﬁ In this case abl y,

ric P2 S bt oS!
previ ohSly cSKABPAEHHELHIS EEP"‘@”E“"BF‘%@%‘P%F FFﬁB Bn@ 2@ can be
used. Ther ef gafust h@afdvibdxiiuns! enyeahs Ode.d]gmq‘Haesmxtiumvengemus may

I b d |
embodi ment t NACKAPRERSFhms SRSt BFabmSRna ogF e atkeh cErfladig,
present i nvefibroaxempleonpBerberdichdai aglihBLikBlueof Eattheriahdipl aaldti on
antigen. A tg£o0kIug f%cﬂskibhgg bBgabgie BlchBeibhRses ! i gbo20

antigen incli irradrat eat nent usi ng geneu c
mani puRft | onESahGrﬂ-hbihlqcelimzﬁ&aﬁﬂpber$9hﬁﬁé&t¥¥ﬂ@%¢ﬁ€@9§ ¢Big. ) ES

cells) W'bfh Fbiid.h?iaémz%h%&a@nq@ éo:bffl-mrl%lf Uﬁb@ﬂeﬂ%ﬂié‘atﬁiti noc@blft It25
is PoOsSsI e to destro n cnrononpnes om emcC arter
fusion . An ESERBFAFH Eh%ﬂi%a‘l““&soedgf'ﬁhFEﬁﬁ‘?gF °%#i S gﬁo@%ﬁ%@ ﬁﬁ{’iﬁe
brormdeoxyurcdu.ae ( BBed(DE3) ,Chr BEBRepRehaae tcealed BL2h(BEHYMpEYsSOl | ows:

initially, g%gl L:i ggetth; %ﬁf’ hnsigﬁ?ggazm calg eelclq{bq__i@{li;radeg jon is

performed af usin cells w't tic ¢ Irradration,
only 3@5chr oHMSaTd< DES)) phyd Sf,r fanued lsax dhearia,( Berrgtig ﬁﬁnE!‘:OEéF‘Ia )

treated W thg Ef..—f!ugé&e &&Ea&%ﬂoiénhechgbgesﬂar ﬁaﬁeabagnshmﬁaa@masderl ved

froma stemc roma fusion cel genetlc

mani pul at i onskBEl Beon(%qﬁéd-% amlﬁh?%ﬂ'b%@‘"#?ﬁ%q al P?‘Wé pekeriBfuence
i fst rangom y b?ﬁr?fngﬁ?.&%n'elfﬁ} 0 nitaﬁvﬂsa@f@rﬂ&ma ArinfIP 1&pH1 10en gATcemwSacagl) |
arter usi ng e stemce W a S | hauce
to express sngN&PaGﬁPfié‘H‘r%%EBWé%fﬁEi @W@q%o& ;F]F it’ ,
an ES @el |) agnetasiewedATdteiesin, eoryhebabwed.dmsgarumm:mhmcqmeesaan be

used 101 oMoge, ¢RRL Qrallle ¥8k8nbub®AJERITB6YS | KokyhLBHLEoHER CO!

ncetoacidophilum ATCC13870, Microbacterium ammoniaphilum
ATCC15354, Pseudomonas sp. D-0110, and the like.



10 In a preferred enbodi rent of the present invention it is intended to
produce a fusion cell of an ES cell deficient in, a najor

hi st oconpatibility conplex (MHC) with a somatic cell. The major

hi st oconpatibility conplex (MHC) is known as a nolecule involved in a
rejection reaction of tissue 15 transplanted into other individuals o the
sane species. Muse IVHC corresponds tggéﬁe HZ antigen VMHC is divided into
three clusters; : class | , class Il ,7and class Ill . It is known that
class | genes which undergo antigen presentation to Cb4 T cells, and cl ass

Il genes, which undeExpmphés geh 20 apiaaintcatliloast 0s&D8hdreédh | tnalwde nvol ved

: oot . ppiy T
nventors ot Heathe B1YY 4 SHCRFRBAR LS, Puodbl Refiidbna

ver e renpvedeylgenethineani hamatepnovienyf (€EA) thelES aBHK wehla 8dmatic
cel | obgai negleif oM, agrbafl Mbﬁiﬂté‘* Ck%ngﬁu%i? Cob LUl & AhmaR H e\?lfcrﬁfé la&51 ( MHC-)

fusion cell presents only sona enone- deri ved IMHC class | and
class 11 antFBBRE&37( JapaneseLaldnGrantubbieattonNe.f 3rdA%dedhyman

| onger recogdbief cahded o8t fLinkheas@ iRkl L16€! | Tha mdlke hybismacerl | |
whi ch inherits antlgens for self 30 recogniztion fromthe somatic cell

genome and tHRCINESF BFARni NGO ackPdi the TRt hetHeS NAHEYSLAMG |eeddyy he
said to be apndtedési YR2/0Bvdedf theobikel | .A Jineh tdbry@adidneeldexderi ved

MHC i s, expregsed n_t LA Or - md cell,, -efthe cell. (s not
attack%g by %?%f‘g ﬂk‘?ﬁge%cmé& %%C%S)S aInddé:Thiecilg‘% ‘m @gearr‘\ fC cl ass
Il defici entleukembaveldlinsimAdsRillor band sde Wkenpplbadif rifcaw wders ng MHC
class I/cl asﬁohkeﬁﬁﬂﬂﬁ%egﬁu@ﬁd@é CBQ-EPF&%J‘?FSM% Mg clggs 11 5

deficient nouse-derive s_were established, and class | genes were
del eted by HBRBRBAAKON £e5MEFnaelbrinasipglidep HET 115 o @ndbhe; and
fused Wth somatic cells of different nouse |ines to produce somatic

cell -ES(MHC-) fusion_cells. By transplanting the fusion cells into the ES
cel | -dWFived 10 i coEXempise ok ahantiells sahaarinerpts. detnincatls o
absence of regaslamis/ eanih agspotatde wiateedmalle , abhoe; desetibed, net hod
wll be, for eq%rgol e,tdes ri be% bq:l o%\ﬁég{':g%r T§ ) I—I-l% I ssfia,gefici ent
m ca and I—I-Zagéassaﬁ'l 8'8?‘?8Ie°r?trrr?1 ce" a LB@%J’F 'p’F dule B2 asE™ and IT
dlef i ci |6an ][rIm_ad Tlve ebdleppr Mh‘ego_mtbér;e;msiédetedl Tn;a«pﬂng;ltpil gnetiod I—I— 2

cl ass efi e o]
produce m ceﬁhggﬁc?%ﬁsiﬁf%%gﬁtyssﬁ cI%)g'ssnacISI%e}lf )aﬂI Zég?ggéslln%&(e -/-)
ES cel B8 ar cepaBplited 4% oAgFaobagteysium metheden{ Japareand habdcPRRR | s

renoved ther phph2ibRY 168N 004LS] { EEESTPIvMYAndke Eaa-bpenrBsyligatis® cells,
m ce deficient in

both class | and class Il _are produced. 25_3 H 2 cl ass
| is renmovedNProfiPR7908P ass WRP4LOPI7dnt rﬁltﬂ-,p%"‘c&élriectj@& I (Sﬂe?{%%%ﬂe
cul tured cel LaidyopenoragpiisatdaonniNgaté By sonat a cmeehbdnumiiear a
transpl antatjon, .nice ficient in_hot I lL.a I oduced.
505" The  POPHHELE" IR | FUSR dhad”| [afndiSes MM, 128880 0 PI1S
somat i 85cel | JapanesesBatenteNocelbl7813) odand theMdtkeai |l or - nade ES cell.

Examples of insect cells as used herein include ovary
cells of Spodoptera frugiperda, ovary cells of Trichoplusia
ni, cultured cells derived from silkworm ovary, and the like.

30 Examples of ovary c¢ells of Spodoptera frugiperda include
§f9, S£f2]1 (Baculovirus Expression Vectors: A Laboratory
Manual), and the like. Examples of ovary cells of
Trichoplusia ni ineclude High 5, BTI-TN-5B1-4 (Invitrogen),



-68 3. The MHC tailor-made ES cell or a tissue cell differentiated
therefromis inplanted into an individual which has supplied the somatic
cell. The presence or absence of a rejection reaction is determned 5 4 .
Once a master cell for the H2 class | (-/-) class Il (-/-) EScell is
obt ai ned, an MHC tail or-made Es cell suited to an individual can be
produced by changlng t he sonatlc cel | be conbined 1Q ( Renoval of ES

cel | genonefr i C | ] -E II | r.ef e

conpl etel y a‘%‘b i n %2R e?e?éeeg‘ll BYFﬁﬁs'ga’fgvggrﬁ)‘F%ﬁﬁ%//davm d
15 rejecti Orbé:emtiﬂmudetsombys meresB4y yand phedutlkeea tail or-nmade stem
cell derived froma somatic cell of are individual of interest . In somatic
cell-stemcell ( e. g. , an ES cell ) fusion cells, the genone of the
reprogranmed sonat i cArgmethad £ Latsadhation afoPNA cansheegd herelmt of

the gengme of42Q t.m@u%a gfaiﬂ s.%{ﬁ@a%@dmﬁe &k - aa'l-e't::%nﬁﬂ' naht) -vddesef ore, by

r enovi ng t he genone of the stem cel S cell fromthe

fusion call im¢haddadet |f@rna¢PFW%ﬂq oﬁ %lt%q“b’rc‘%%i% Fethodyn 3%

obt ai ned. Acepéétfspaeawsn%Qﬁaatma\msor@nwxI renk, qfazr(emwml ng the
somatic cell-deriyved gene .i.n cell fusion l(lTada et al. rr, Biol.

2001), it hal bee*‘r’*?%ﬁ)%%?’e‘?f‘t hat"&ta@yes Bbout SBRGEPRLIABE t hde ic cel I
genonma to be(pfocoaamdadeen.eﬁsaeau1929(newm‘,awlmhsalnead:ewtg renove

the ES, cell e 0 r..C fu resent..n ced a
transg®hi c e@%’?& (laafntaeﬂﬁtc jacfl 215'2'{]16%811-_%% gel “?aetgﬁoa/asg ?‘Pg u:g%d into
each chronosBuect habbf Xcdd gicd..| BSA, . 73, cARA r(UM780f, Rmdutheoli¥w| yner ase
Il pronoter-G-P-1, axP-Insul at or was

A retrovirus infection method as used herein ls well
known 1n the art as described in, for example, Current
15 Protocols in Molecular Biology (supra) (particularly, Units
9.9-9.14), andthelike. Specifically, for example, EScells
are trypsinized into a single-cell suspension, followed by
co-culture with the culture supernatant of virus-producing
cells (packaging cell lines) for 1-2 hours, therehy obtaining
20 a sufficient amount of infected cells.

The translent expressil.on of Cre enzyme, DNA mapping
on a chromosome, and the like, which are used herein 1in a
method for removing a genome, a gene Jlocus, or. the like,
25 are well known in the art, as described in Kenichi Matsubara
and Hiroshi Yoshikawa, editors, Saibo-Kogaku [Cell
Engineering], special i1ssue, Jikken Purotokoxu Shirizu
[Experiment Protocol Seriss], "FISH Jlkken Purotokoru Hito
» Genomu Kaisekl kara Senshokutal ' Idenshishindan made [FISH
30 Experiment Protocol ¥From Human Genome Analysis to
Chrmosome/Gene diagnosis]”, Shujun-sha (Tokyo), and the

like.



- 69produoed using a retrovirus vector (Figure 14). ES cells are infected
with the retrovirus followed by sorting with a cell sorter using GFP as a
marker ) so that the resultant transgenic ES cells are concentrated. The
inserted site is 5 detected by DNA FISH A plasm d, which transiently
expresses the Cre enzynme, is introduced into the fusion cell of the
transgenic ES cell and the somatic celkgDue to the action of the Cre
enzyme, the LoxP sequences undergo honol ogous reconbination so that only
t he chronosones derived from 10 the ES ceII genone are nndified to

dicentric or acentr| d@ﬁgggggggan ‘i@ﬁlﬂoﬁ‘3|ﬁo %Paneover

the sell cycle. genorredrlv e reprogr somatic
cel |l remai n@xwess thb My vbgual dsbeated” secm daviandd figid "or byadsn

pluripotent glomgeelltds ﬁé@ﬂH&ed InélQasﬁ a Hmsgermafmﬁ%m | #n 2nd

est abl i shed, |t I'S. possi ble to easi establish a tailor-made ES cell by

fusion usi ngtm ‘é’b‘?ﬂa‘? tegd I'“%l%ﬁ“i"c'/%’ﬁle‘l}‘/ﬁdl'%%%‘ pat i ESfAplemh ek orighe | f

tailor- ma?eldn‘&a?hisr a:r:mmgwmst ﬁuhhuremhﬁglmshﬁsh lmdﬂmewamfmﬁh

experi ment a an. .a made 0 a esen

i n\eent i on tob:ﬁ%ﬁﬁﬁ‘n%@% - dﬁl’:ohhc?g%rirﬂﬁaﬁe‘%gphor- ﬁgﬁ% 3&‘8‘15 rived

from somat i cthoellikeqf Endﬁpldaa:lﬁthelrﬂmnkmcrmn&u meaaapbmahatmmm ones,
f t t h

P o0r AT h Sl B IR T ciihe tASH IR RTRRER o | M1 WA P By TR

unfertilize € scope applicati
conplies wi thethediela fisstermislatt g imefdwed i van WWQMi@

techni gyle Whiedi i Y ol , ”&ﬁlin%&m Q.fiflé‘:twﬁﬂrée@m%rr%tt'i\f S!h‘EEre}\Sp%Q' e

m nim zing ethical problens. Such a techni que wi scrl | ow.

1. In order ‘?%“Fﬂf‘-r oo@?ﬁq‘l&ﬁ%‘f’fP&“&W%‘FWSQ‘QQ%P%PQB§W@%d f or

gene i ntrodusétlisd A £ONRIX URdtIsd, and-thésLdled or - Pol ynerase | |
pronot er - GFP- LoxP- 1 nsul ator i s produced using a retrovirus vector (Figure
14). The Insul ator was used to separate LoxP fromthe influence of
surroundi ng genes i usled Rergie| ade tenn Opeperswedonuleded” timmibatise t he

GP t

7 nearty i Qe EPelaiehBh€ B8 pilypaRle i o IRR albrUEBSa LR T i 1
at present, ¢%lhsed‘heoe§@¢@@ming Esved| #-Bchudﬁﬁgthheexmer&wﬂe The
number of LPLARPIRNGALORVES deSa ewﬁbatc@dewftﬁéiﬁe%mﬁmﬂ&' evel

of GFP. The Insul at or-Pol ynerise ronot er. - LOxP-1ns or gene is
i ntroduced iGHDLURYRR| PE ANy, ARRFIRTLIATS Fathod Qeing a0 ankibedy ekt ed

using the asﬁhelﬁx&@emrimeﬁeimse 1wmw90mminenelogicamené&%mmw s used
Fror vl on Jurehody (Baderi b BRI sRape hakn SBORER o d adtlidiescatnod
| nsul ator- Pdrytrbhodie I ImemtmaﬁeraGZIWelﬂbqrn ns bllattdings usethad, a pmbe and
U S G L T
i ntroduced |eﬂnrqwqm§+m1celtl thet drereX of agpokepepihdgent cthies
present invention evaluated by any appropriate method,
25 including molecular bilological measurement methods (e.g.,
a Northern blotting method, a dot bletting method, a PCR
method, and the 1ike). The term "change in expression level”
indicates that an increase or decrease in the expression
level at the protein or mRNA level of a polypeptide of the
30 present invention evaluated by an appropriate methed
inoluding the above-desoribed immunological measurement
method or molecular biological measurement method.



cell wth the somatic cell, causing the Cre enzyne to be tenporarily
expressed. Due to the action of the Cxe enzyne, the LoxP sequences undergo
honol ogous reconbi nation, so that 30 only the chronposones derived fromthe
ES cell genone are nodified to dicentric or acentric chronosones, and are
renmoved by cell division. -71- 5. After several cell division, only the
r epr ogrammed sonatic cell genone renal , so hat a tailor-made ES cell is

conpleted 5 In the cgge‘_}mhg C@Aésce:%nks%%?xleglgﬁ %gggzagg%&he » Present

i nvention are used for ransp t I'on e Ce SPgans nmay
be used al on885erﬂa>ﬂ:d)eauseajlt19m\cbl sabistaneet (Wekelt may | imbroduper essi on

et hods,  SuChegsgh AEHEQENGR" ARIANS . 1RUEY! Gilo APRL AuhBISy Aeslt AfhZhI O

I\/B.j or II’TTTUI']OSUSEI’ essents are adrenocortico cyc ospori ne 6 and

the like . Eferoptiatedgomadicicell fusionaplés. e%tweksohiaﬁueyrrph
node, ext racarw@égémﬁhﬂﬁﬁimdmr@h th&”ﬂ&siéﬁlcﬁﬂ% C o@Ughedi gkaage,

and the |iKke. rad a t ot al bod irradjatjon and 15

t ranspl ant at?ﬁﬁ gf‘h#’f %gaéﬂ tRe BRD H'HE) t Vifialis Most
appr opri at el 'yranhplaaj:atiom RnteaEnsoare Rxpre sead o codondaandt ti-afts
oot A 2 bR b PhbnbalnBE . SRl S A 40 RURREERRS A el PalERLD"

aspect, the presen PIVEntT on provi
di fferenti atéévided aﬁ-rpflqn twot mtmmw I mhdw:ngmsmmmgbﬁbm The

|1 b t
duct cls  PRELEERE! (MY SecifneberahtAgaher PRy e pore TSR 0N 2
nuscl e cel | SCEB%NEGmfaﬁlécgwgeﬁﬁFOW(ﬂﬁm%iOmmomsét}ﬂaminor

endot hel i al nﬁbtécoﬁpsmuf | antageslsh WHEShe LRIt Eﬁs:oaalcl SwedRNa
cells, and chondrgiét es .

eerabl'ﬁ the cells may 3@ tas

chondr ocyt es*®4pP i &1® I""I‘7’§B -or MRifHnbis t?é’@ﬂ‘ﬁ’iﬂt}' d 144 d??'?%%%’ﬁtlatlon
are wel | knosntSfens arbaldidgenid aielgeid wieek eilied tigt ridmy Sxfeet

crbodi Bent . FRECtERRE AR et LR o PR R 5pBRS AR e fiefe”ed
Cartil age, cpénde|d¢ading meiro.rehilsmgoppaitébd.édtgnbmﬂigens cmmtbt\gm | s

sel ected fr u n |

ki dney, st onglcﬁgﬁ?%%gs'??ﬁg?f%%%é pgnxgﬂ;l%‘gésﬁ ﬁ]fecigﬂgg:‘é% 5%%& enti at i on
of tissues ahd rgundegrecePf PRI¥MO¥PbRmar (2 diﬁr ecwblcddmmbed in

the exanpl emﬂessébﬁpatmisiﬂ,r%ﬁptﬂa& QateENH HERALO D PEICNES @ Humdhl 2
prefer 8 rrfodl nent, the
for

sue or organ 10 of the present invention
is use ‘ﬁ?&h‘?eﬁ’?%‘ge%?@@r QFeF%‘BI'ﬁ)g"’f‘hérﬂbgfr%r ReRwEe; &-
subst anti al | Jn mlees MHC 48 anfth 2 gén& ddnq:ﬂsep& anchtomosome\WeN Aeingls,
Leseui oL, R S8 KHSeR £5°0h LEVERRCRy B lubila BERCRASRM! B0
addition to humans and mice, rhesus monkey RhL-A, dog DLA,
rat RT1l, and the like are known. HLA antigens (human MHC)
25 are divided into class I antigens which are expressed in
allnucleatedcells; andClass II antigens which are expressed
in antigen presenting cells, such as macrophages, B cells,
activated T cells, dendric cells, thymus epithelial cells,
and the like. Class I antigens present intracellular
30 antigens and are recognized by CD8 positive ¢ytotoxic T cell
receptors (CD8* TCR). Class II antigens present foreign
antigens and are recognized by CD4 positive helper T cell
receptors (CD4" TCR). On the other hand, the genetic loci



15 In addition there is advantageously a reduced |evel. of or no inmune
rejection reaction (Medicanment ( and therapy, prophylaxis and the like
usi ng the sane) 20 In another aspect , the present invention provides a
medi cament conprising a cell, tissue or organ differentiated froma
pluripotent stemcell having a desired genone The nedi canment can be used
for patients having a di sease, dlsorder or condition in need of such a cel

28, Pt 2k il LUGLERhRR SRSkl o 4Ry 2 AP oopich 2 oo
organs. In afmiherhésﬁmmpﬂtébpﬂe&mntoadnmm)Danﬂrmemoﬁﬁn@rﬁﬁﬂgﬁarrent
for treatmenfgofoprophylaxis of a disease or disorder due to a defect in a

cell, tissue or organ of a subject, conprising a pluripotent stemcell
havi ng substantially the same ganone as that of the subject In - 73 this

case, the pluripotemn e G and t he
pl uri pot ent Cs_twacell |§¢e§?¥§g%gﬁt%ﬁa‘f§{ﬂa‘%ﬁ g%l g%gzg%égg%&%qngﬁjﬁﬁﬁ%

transpl ante ?%h%ﬁtste"hgeﬂ-lﬁeﬁﬁﬁedt%ﬁiﬂys@dynﬁei{bdbmdndls|IWor der
to af:hl gve tdel &t Theg iet Q:;i‘aﬁlsbﬁﬁh%'&ttli%hl efit 8feh N ts{thyaﬁglaﬂge(ies te,p@n agelnt
i nvol ved in ion or. the [ITke may be’previously
or sinmult ane"géjg'%{ S'EW: %’t‘%ﬂ(@&% #ﬂg %}F P e nebrinptantasem urt her
conprise 10 epkks i é'rheatmhnm&m'kmtm dnsmgeh&d: Wﬂ&l@ted&aﬁﬂﬁé@;d@spect

t he pregsent r e t hod fqr atrre hyl axi s of a
di seasizéor d"*'ls\cl)é:ﬁ\;k't lg %ﬁg 3«1?0.’[? mPaT%é Lf;& ﬁ?@in wlor

subj ect, 15 *e’eﬁﬁnmvn@t:welu:emugenmrmmmm mlatdcquaipti tstengseel |
Ravi ng SUbS@t gy’ | Ahe AU GEBRR 18R 1ulile AL gﬂﬁt%@%ﬁ%&xgidﬂﬁ#“ ati ng

t he pluripotent, stem ce he cel tissue Or or stering
the cell, ti%SdeM% a5 HEAR AR WFPUM) e AtemTreldi produced whtug ddve may be

any one 20 tdwletesijstemscsLi (esk. dlﬁseﬁagut)l a«sﬁﬁ e&il EIRRWR OF ¥
rder will be described b

Speci fjL£ ex eas s

Subst ant i aI e%.-é}r r%’l’&gs‘ﬂ(;sﬁé’mr g’f’ RO mwmpﬁé a iémﬁ%ff%rml ogy
whi ch does rfdlanﬂme&rrtatﬂem.l thhe( dlegree of, répest Ieh ddStiond 1rNemae
response ) t eRLL a2V Q1 ding, a rejection reaction is
used, the ggr%?w Y é;d@n‘gcisgélrlg?yp?ﬁ% g %agntﬁ t e'tﬂ-é’ns&lﬂ ect. In
anot her aspét’%"" pr e‘é@ﬂglmwlbhipyew gedoz hebhodonpatiibdatirgnt or

prophyl axi s sbft clieass Bredbsgbie’ Fandidahtat ds %‘}Eﬁiegpﬁsgc b pol | SSUE

or organ of a t conprisin e step mnis 3r|potent
stem %g’l g\ﬂ%%?ﬁﬁg&&?@ %fﬁé’%@fgémaﬁtivhh@rprﬁb@mbjlmt into
the subject claks aohntngsxes thewampmem@ﬁ %muge?ﬂe&hlbe bgqltkgues well
known in thggaré 53 qgatq.' sfration nethods %% herein ora
parent er al fin s & <‘*2 N2 P80&MRCA NG ¢ §EBFRllan§&5éQPaneous
i ntrader mal dnttGMOosa represmertive Ytaghnabub fdmu&a.bt&ﬁga& qdrfecgied site,
to the akingah [ qdm nihstr tjian be prowded
in any for nuglgat% i 1(:)%1: %train? 5 ushli%ghS@B%EQSE? rﬁon}‘%r{?&é?r\ L ﬂ%ﬂ
f or mui&t i onS: Ljsrf @tll'orﬂ&t%mz éﬁﬁeéﬂﬁréﬁarfal%ﬂ))s. Capdctha Mike, TIG,
5 70-76 (1989); Valancius and Smithies, Mol. Cell. Biol.,
11:1402-1408 (1991); Hastyet al., Nature, 350 (6351) 243-246
(1991)], and tha like.

30 Class I and class II MHC antigens are heterodimers
each consisting of 2 subunits o and B. A pluripotent stem
cell of the present invention asuited to a transplantation
individual 1s, for example, a cell in which at least one



20 In anot her aspect , the present invention provides a nethod fox
treatnent or prophylaxis of a disease or disorder due to a defect in a
cell) tissue or organ of a subject, conprising the steps of: adm nistering
a nedi canent 25 conprising a cell, tissue or organ differentiated froma
pl uri potent stemcell having substantially the sane genone as that of the
subj ect To adm ni ster the medicament, _ggchni ques well known in the art are

20 1 nt ramiesCP Yy By ndt SIRELE, AR AMLELL S 0e e bt geR SOV
vagi nal , topdezived Hirom fecebanscedl t(ce the shnESetcell)) hd\repraaaf,l pt i on
for such adrf%ﬁaauearegeg%(s%ugang Haé{a%(vi?é bhe"endt Te 58

formul ati on forminc ornu ronsy rapectt 8RE
prepar at i onsSoHp@neAted; kar Wtﬂerﬂmt\m yﬁel\ﬂhdnrd.lvednadbuaimnafteraa or gan

i tsel f,sadni atsﬁ\eeuuo(rblgs a&@ns%dlhﬁﬂ&ﬁﬂéﬂhﬂa%%ﬂ&t 1&“1&98&??5 agrect,
t he present inV v?gg(fl’OVl use of a [ uri po ent stem ce F

treatment or th J—F‘easa{"ééégeﬁﬁld. SU? Gdheg wordsa ée?'éb@nih a
sell, ti sz ufeimrwmtcgala ti‘aﬂsﬁﬂbﬁﬁf-iioﬂ_ heeh tRfHC QSR AV eBOFPGM %ﬁ%t@mcééil tissue
or organ | renti ur pot ent st Shavi n

subst anti al | ygtﬁeh %gﬁéeb geno L3P h xRN ﬁﬁf‘%f?db%b& fusﬁ'ﬁ“aﬁﬁ%ﬁe‘?“%tspect
the present t@aveatsohectedof a pluripotent stem ceI | conprising a desired
genorreléor 5 produci ng produci ng a nedi canment conprising the pluripotent
stemcell. Techniques for producing the nedi canent (e.g. , biotechnol ogy
fornul ati ons) are wafhe ingatdvietioncmayibe aghdevedkby dedstinga gene can

produce the éﬁeéld;& H eliBuA® ¢ BHlanceeniidel 1t DE. geglﬂrﬁﬁb %Pl ) t&'&ff\?%&'or' ty.
10 I n anot hg‘ﬁ@&%% t he resent | nventi on us | 'uripoten em cel |

havi ng a de 958 9o PE Psmquhm’éaumﬁumpnsw@r@%@n
ti ssue ox orgfranliMHEraHigdrd Ekaﬂglhﬁ ekugwe&etmvfﬁgraﬁeiﬂﬂ&én&Seases

or dispgders ' be tr t he pres i nventi on,

associated h n-Cel n from
2 rekEPelBLoRT o %ﬁ}g RYigens 6P‘=§P§a SeBie GragH ke

the stem celéxm#esﬁmomnﬁsuﬂc amvboenon suzh as, oher &Eﬂ&aﬂw&enthetml

above- descrl.ﬂﬁdz di ty.ss r ma be t

circulatory system f'l?g? téﬁifedeltn%s 1 @ gégg gﬁ s"(e)%g

di sorders i rke9rfea%ing &@&%’t’tﬂlhm édPBD)iiagem #ma@tiggns,aphdsuhec anem a

(particular Iy1k§eVQfoq- a,&hag,g_bc ﬁﬂ@mé‘)fusircﬁ?@ l@.”iﬁbﬂlngagcﬂ&h' eaﬂ«_am a,

secon%y ane refﬁ: to% apem a cancer of funors g

| euke rﬁj af L EScRehbY nepEhyed M%ﬁi‘rt%ﬁ)tiépb?@@ﬂéeﬂab!’ umw

thr orrbocyt ?pmrsaemWe anpalac i & beu&eehaoﬁmgttwlﬂéhxu cé.?.lt. xdigs t

rem ssion | r r em,ssi o erea er acu e

| ynphocyt i CQ}rg %%ggl?pgrg?lgbfiam?@ %qur‘%f"sr @HF%@?‘ R 9 ssi on

and t her eaf tr¢gom ctoyebosyrictl eluklﬂmgaat(:lpfq tveutarl YiavaRgor C
birpttdon go

period, _UardiRiisghal x%&\ 2511 0o SBLLIRNE VOUTNOTE (CRALALULAT 1Y 2

first remssion (high-ris a second rem ssion ari er)
mul ti Aenyel’dthe ({m%%upa barn asaraBDXRRY iRt e technhguenseurh asd t he

like. elactroporation, calcium precipitation DNA, fusion,
transfection, lipofection, or the like. Techniques for
transforming mammalian «<ells have been reported in, for

example, Keown et al. [Methods in Enzymology

30 185:527-537(1990)]. Screening for transformed cells can be
achieved by, for example, introducing a selectable marker,

such as neo, puro, or the like, which is typically used in

gene targeting, into a deficient region of a gene of interest '



5 I n anot her enbodi nent, the above-described differentiated cells, tissues,
or organs nmaybe o the nervous system Exanples of such di seases or

di sorders include, but are not Iimted to, denentia, cerebral stroke and
sequal a 10 thereof) cerebral tunmor, spinal injury, and the like. In another
enbodi nent, the above-descri bed differentiated cells, tissues, or organs

may be of the I mmuune system Exanpl es such di seases or disorders
i ncl ude, but aga i m t?eg , eI nc dr Q{R) em a,
and the |i kemljtﬁ aﬁ%t ﬁgﬁti&e‘?ﬁ mgnt ngh aﬁgég gl‘l }bs‘eay'%l ffer eré F

cell's, tissudacmpcepinal agens 6D°PI4§iﬁott@r the wefertatile heasker et aI
system Exanphes @ﬁeséﬁﬁréhﬁfaﬁeéfoﬁ HLSOEEEb e | RALKEE, gONL , 356cR0hg! i M ted

to, fracture, osteoporosis_|luxation, of joints subl uxat i on spr al n, ?I ganent

injury, osteBEPtRIT? mohdheodikgonds M?tb‘i%”%%r%#&"eoatﬁﬁebhéﬂl £n
i nper f eBt a, mtmelgmrér afdy3ipkasicr ¢d2indbd 1tAwplidetiddys a&e&:f@iaﬁﬁmd' ment,

t he above- deg r| bed dl%ferﬁ#at ed, cells, tissue oX Qr gan be_ of the
skin system 1 8208 (PEEKEE s geney ¥ déPs “ad’é" %P are not
limted to, mquaﬂwae apfarthen, Creutgeneral s gmnmroli}madnﬁ.ntherﬁmglg)ﬁ@é cons,

hi sti ocyt osi the |ike In
anot her enbo%afiggiﬂgﬁgagz%#‘éﬂgggg Fﬁ%%é%ﬁ@@%&rgg% %"Pt%%%%% or
organs may HEherebyie %seiﬁﬁéabygtwkmaﬁplae%amﬂaesnemodeéelasascml.].

di sor deg s | oA ieeivg difhrld . | SHcked §Qondudl BRNYE Bpe

di seases, h r0|d [and di seases, accessory t r0|d gxgpara hyT 0i d)
di seases, EhaM is Aseggipad &%@bglseubeﬁemembmmwmmm ity,

lipid met aI bménsmwmmaabnhy, mhet @:m: ra%t W SO% abREEEBLERY AMUCHEd S acid
met abol i sm aﬂ]ﬁ rral |é¥ bor 1:, % 5 coI |esm 10 1t;en | ket onuri a,
gal act oseni aHOWDLY 'ﬁﬁl r‘rap SE9T D UIEI Feegiog. FRreni a,
lack of ascordded am the _ahsenqe of the target MHC antigen on the surface
YL oeds cobids Whe AR RARED! S AN RSV OASY SBIGMRIN . 1 on
abnor mal i t y,® BRROCILORAL antibody for uny epitope of a target MHC antligen
can be utilized with Complement, to kill cells having the
antigen. Alternatively, a conjugate of an appropriate
antibody, a lysine A chain, abrin, diphtheria toxin, and
20 the like, can be used to kill cells having the antigen. More
simply, affinity chromatography may be used to remove cells
having a target antigen. For the resultant cells, at least
one ES cell-derived MHC antigen is removed from the cell
surface. When such a ¢ell or a cell, tissue or organ induced
25 from the cell 1s introduced into organsms, the cell is less
likely to be immunologically rejected since there is less
stem cell (e.g., an ES cell)-derived MHC antligen as c¢ompared
to the original fusion cell.

30 Ag used herein, the term "reprogramming” means that
a cell (e.g., & somatic cell) 1is caused to be in the
undifferentiated state so that the cell increases or acquires
pluripotency. Therefore, reprogramming activity may be



15 Wl man's disease ( acid |lipase deficiency)), nucopol ysaccharidosis VI,
and the like. In another enbodi nent, the above-described differentiated
cells,tissues, or organs nay be of the 20. respiratory system Exanples of
such di seases or disorders include, but not limted to, pul nonary di seases
(e.g., pneunonia, lung cancer, etc.), bronchial diseases, and the like. 25
I n anot her enbodi nent, the above-descrh?ed differentiated cells, tissues,

or organs may_be of .the digestive .system anpl e such,k di seases_or

i sor ders | nipagRuTeg, A8, Folipiey " A oo Tl TA SR BFo g Eaghed BRTa
esophagi al céecgn, atzonattormdll,dedden)ulsdiepessed Hee a0pra@efpmaabdcancer,
duodenum can t , i l.ne dise s/l ar I ntesti | seases
(e.g., pol ypgﬁéFn? hééf )cao?%%?“éréla%&c%aﬁggr? PF 3@ Frggﬁggr?%f%'é,orkgltgg‘educt

di seases, |iVergdistewesal doyprs,| aves ) ci rihessast tdepdhet pturipoBen€y D, E,
-78- etg.) f ' bl I QR C %ﬁﬁgg' leSes ' ' cer,

al cohol i'e'c | egptglésr}%ericﬁg? h ?garﬁﬁdgggd‘s | eré%iwggrhgggggéi‘él%gstgiggﬁgr eatic

di seases ( aPlitEpsddchefere exppyive. pAyvchekiernising whether oranotr,
cystic pancraad gnidizRatatsf fMrenoe L8 EbuAAC WHAMINN SElmE d Adt 2PREGOM

is determined. There are various reprogrammed levels, which
correspond to the pluripotency levels of a reprogrammed cell,

10 Therefore, when a reprogramming agent derived from a
totlpotent stem cell is used, reprogramming may correspond
to lmparting totipotency.

Asusedherein, the term "reprogramming agent” refers

15 to an agent which acts on cells to cause the cells to be
in the undifferentiated state. As indicated in the examples
below, ES cells cannot reprogram imprints in the nuclei of
somatic c¢ells, and can reprogram the epigenetic state of
thenucleiof somaticcells sothat germcells canbe developed.

20 Therefore, it is c¢lear that ES cells have an agent capable
of reprogramming. Thereisalsoapossibilitythatstemcells

other than ES cells poasess an agent capable of reprogramming
somatice cells, Such a reprogramming agent i1s also
encompassed by the present lnvention, Examples of an ES

25 cell-derived component which is applied to somatic cells
inoclude, but are not limited to, components contained in

ES ocells, including cytoplasmic ocomponents, nuolear
components, individual RNAs and proteins, and the 1ike. When.
cytoplasmic or nuc¢lear components inecluding miscellaneous

30 molecules are applied, the components may be fractioned to
some degree with a commonly used technique (e.g.,
chromatography, etc.), and each fraction may be applied to
somaticcells. Ifaspecificfractionisrevealedtoocontain



di seases (hernia, etc.), Hrschsprung' s disease, and the |like In another
enbodi nent, the above-desoribad 10 differentiated cells tissues, or organs
may be of the urinary system Exanples of such diseases or disorders

i nclude, but are not limted to, kidney diseases (e. g., renal failure)
primary gl onerul us di seases, renovascul ar disorders, tubular function
abnormality, interestitial kidney diseggses , 15 kidney disorders due to

systemc dis aéﬁfaq.[ ) di se aesCYStitis,
bl adder cancgﬁ?ggfggfgﬂgm&t e 1:l’kghgl énr%%) er%raé’nggdél Em% ﬁ?é,:‘epﬁgiﬂe)és
above- descri Bedthetdr igingia malegule e evestesllyrspeeifitedmndouch t he

genital syst afofad@iTd 8an e KA, dA32aARtA% i&%cuﬁf%étigﬁ 'c%%%ipﬂgig are
not limted to, male genital organ di seases Fe, g. mal e sterrlity,
pr ost at orregaFyFeBFBQFg'F‘@iESrE%ﬁ“}t R beupaed dukidut any purd&igeasigoni t al

organ disseases Rprogravtidhmatdes Fedlld. Yt AN Yef BBALLARIdES PhaS! &
hyst erromyoma,, a enorr%oa uteri, uterine cancer, endonmatrisosis ovarian
cancer, vill 5&?19;13&% ashse ﬂé’i'cis",“aﬁapfﬁsrvm@g+ n AaTRatismian dEnt, the

abovel— descri meg Be wohfsaurﬁeaa]yadtc%l g:.urhh.s.&ye&i’ fAbletales Eﬁ;tegﬁ-c@l; the
circulatory t of suc i S es_or disorders inc , .but are
ot 1t mi ced PEE EOPREETR £ 6L cBiRYi 5 SOEET Inth e BhTr ehrar tptea

arrhyt hm a, w#&h¥el.it Therefgpearthd drepuegianping carehtnofitdenpessent
congenihigal h i aﬁg?s ' t L.al _canal
patenC):/th et rgﬁgqu&???al Jbl.éc,f'e%tag_?ﬁ,é:’aﬂagﬁgﬁg?ggggfgﬁ(sej:_rgéiegﬁ?g Fgggl’erosi S,
aneurysm, v8fndHeidgRengisting of| appduyadityt of) molagmheeRictandseases

(e.g., |ynphedagesielien) co 465 lthlees Y § e 2A e2hA® of HHe BLukRE1RyESENt

i nvention, the abqve-described di seases could be treated while avoi ding 10
conventi onal 9% B@8FP2EFs of transplantation therapy of naturally-occuring
stem cells or differentiation cells (particularly, caused by foreign

The §) 28, Mot o7 09CNOR St draift fly agdelt®8E' s pHelldnt! TnvieRelan’ fn®e2oCS
be selected as follows. Components derived £rom ES cells
are caused to act on somatlic cells by means of contact,
injection, or the like. The action 1s detected based on the
expression of the Oct4-GFP marker gene, the activation of
20 the X chromosome, or the like, as an indicator for
reprogramming. A component having reprogramming activity

ig selected.

A “reprogramming agent contained in an ES cell” of

25 the present invention can be obtained by a s¢reening method
as described above. The reprogramming agent may be an enzyme

for methylation of histone H3-Lys4 or an agent which is
involved in the methylation. There is a possibility that

such a component is contained in cells (e.g., tiassue stem

30 cells, etc.) other than ES ocells. However, once a
reprogramming agent is identified from an ES cell by the
above-described method, such a reprogramming agent can be
obtained or produced from other materials based on the



effect is efficiently achieved only after a nmethod is provided 15 which can
mai ntain the pluripotency and self-replication of a stemcell. The effect
cannot be conventionally achieved or is difficlut. In another enbodi nent,
the pluripotent stemcell of 20 the present invention may be genetically
nodi fied, or alternatively, may be used in conbination with gene therapy
when a cell, tissue or organ derived fr m the pluripotent stemcell of the

present mveg{i%gqiﬂeusegepgggg géa ?#é yel | Ignovvn LN tgeTﬁre':ifas

described in or exa €S in 82002
May, x ( 2 )repmsﬁpmnafagmh Cdmﬁé-rtelﬂebnpigha mblow@eddudriaue@ matholli mit ed

to, those usiggRAACNHASRAR eaﬁdbw EF&Ee§SQaahnH' RNR: nEO3hG' BRE2LLnY 1S

(EBV), herpes sinplex virus Lenti virus,

30 I n anot heFedRSIG NEAR be h%Y’t'FfE%ﬂ#ﬁsﬁﬂ Uedingo@ U@lﬂhknpwesbﬁchhhwem on may

furtherscorrpAu.teradltfuﬁb&yerlm at &Q&,ﬁagq-laﬁﬁrmgt dgénd 1SSLg:h e, gcam&*ntt
ar exanpl e, suth a nedi camen

may be any nedi -80i.n the art

may be any nBRF E’gﬁgH‘FskﬁBﬁm“T% ot edin pye produced gn t&‘e. agllity of

antibi oti cs thetanyibddbes rmu:henprmmdaaﬁ b&h@tﬂ;eﬁeathtd a\segtiinoehgay

conpri se two,. r suc medi canent s

i n(r:r}) ude thosegéegg B‘ﬁgng @%ﬁ“@’%ﬂg&)@?&&%&m;@%%%cope| a)

t he | atest USlPﬁEPﬁﬁévséYa !:he aninet aphdr segoancasot nthé hproteuatises, and

the |i Th f e Qr nt of
kg. ThgafRdhtagreitdFihndkdtca BoBb itz ALlSERR G LALA0IRD

I nterest, or may have an effect on” ot I Seases or In
anot her enbolNReRPFtiAL ®RLRe Acid radiensendy poapnced;t apdorDRbrandypes of

somatic cal | gen¥hies DNA EndBdtnd YERE g}fo?g%hs %’ﬁa‘?gg}’tmﬁ*&a@ ﬂgy have
Si ,

simlar 15 p, [ Ll es e, derive

di fferent pr%gg ?‘1%?1-553 ﬁa”?X‘B‘g n1APe ve FUMH A EFPPeF‘Eﬁthe‘?"FEli%Eda‘PEbunt of

gel S useg LHCRhethcvw rReptimes hoskhdd ﬂdﬂﬁemﬁ;ﬁmg}dnvmggﬂa &@é‘bh &engasi | yf

eter e art. wt ence to,t ur oseo

use, gltgar get glisegs&q?ﬁlm#pag;gnge%\}’gﬁtnfd %&"ph%"?ltsﬁ %m’ TW?JE:{')'?%

age, wei ght Bekhodacanhe Meadity produter ther reypegnamning cabént and the

like. 25 Theaf jrauenawwal ddife tF&SomEtalE! Fgghgiqﬁge pr.ﬁ:%% QIJ_JLVG I on
SO

applied to a,subject ( or a patient) can e eaS|Iy et érm ded by
those skil | ed*PRFPEESRRINGadentecantmined dn an E@JFQ&%eqﬁthhwmnm t ar get

di sease (typeEnvestLontys n&&%éé\@sééi‘ﬂ% obt@ 1hdlal E:E‘&m%@%n\é‘e%g r?ex and

case tory h or t of the cell, and es of
t he hi quen s &?\%Tg%go %%/f Yaping plurinaianey (&g . Hlfﬂ,%l%er week
to once per sroem hkelPilsf, ereettd Y adl'hemﬁdﬁJ Ofhé Sreprogramming agent

includes all agents capable of reprogramming a somatic cell,.

Areprogramming agentmaybe obtainedby the following

25 screening method. Embryonic stem cell-derived components
are caused to act on an appropriate somatic cell. A component
having an activity to reprogram the somatic cell is selected

by detecting the activity. Illustrative examplea of a
somatic cell used herein include, but are not limited to,

30 lymphocytes, spleen cells, testis-derived cells, and the
like. Any somatic cells can be used, which have normal
chromosomes, can be gtably grown, and can be altered by action

of a reprogramming agent into anundifferentiated cell having



performed once per week to nonth with reference to the -81 progression
Any pharnmaceutically acceptable carrier known in the art may be used in'

t he nedi canent of the present invention. 5 Exanples of a suitable

formul ation material or a pharnaceutical acceptable agent include, but are
not limted to, antioxidants, preservatives, colorants, flavoring agents,
diluents, enulsifiers, suspendlng agenéf solvents, 7.0 fillers, bulky

agents, 'buff I i,C uvants .
Rgpr eset at i vﬁ‘&imcﬁﬁé%enﬁg‘t&ﬁ%h ERQ%\F”%? ﬁ%sﬁﬁﬂ#rﬁ%ﬁ% in
t he foam of @%Jehﬂwd i%ar cmgedning :'asn destﬂ,\méchdnur‘hkmtﬂlte Sipiadeni |, or

a variant ox Aerdng ioge atnhggeeglé #{']BH @h ﬁaéc;néﬁ)cﬂferilé c%llci% Ct[aéi y

accept able carri er, exi pi ent or an a PPropri a
vehicle may He& i 'eehumns@emimﬁl sm‘éi@peéﬁlcvwersm ESiamill bs certivedi al

cer ebr ogpi nalfxdmi Humshi) ch pﬁ»b&:@wakeasmeﬁe%bhﬂtﬂﬂs é%bﬁb%%ﬁﬁ e\m' ch

are commonly used far conposition for parenteral delivery s of
appropriate carriers include neutral buffered saline or sal ine m xed W th

serum al bumi n. Pref erImblaymethedpfaf}upi:oaﬁoiﬂgn&ﬂc@é:E.ﬂ af R daiPhidd zat e

usi ng approp |e sugr g st andar 25 arriers,
di | uents, g%m pi en S %%?/m%gcl %8 Jaed & g 'ée%ﬁ:gd{ebtsﬁ'e'r an )
conposi t i ons énghinT e Pluripatendr sdfemalmmdil 2 the Preseat a.meteantt:e.obuf fer of
about |1 4. 0 DLy vNenaRYeLuRkIREHNUWIE SRUBILSL! wBLcR UL A0LS

substitute therefor. 30 The nedi canent the resent . i nventi on ff'tbe
adnmi ni st er ed PAFRYQPIGT Iy Ldmdird) 2y 1%91 @rﬂnth#milyl lishdifdereatdated the

present i nveﬂ.ﬁ-ﬂt@nan&yslb_e adﬂsbﬁéeéechn o¥%fA N hAeno k%ﬂ'% eousl y,
When system %Ein i stered the nedi ca%t for usemléln lﬁ%’sen?
h

i nvention ma % ofPeFant st dYeFataddedshar Eﬂé’edﬁ@@lﬁy ab¥ept abl e
aqueous sol utl.mdmod'ﬁmel.n;gr eparagliboniakosush blastocyst, subcutaneously

15 injecting a cell into an animal (e.g.., a mouse, etc.) to
form a teratoma, or the like, the call can he differentiated
into a cell, a tisgue, and an organ. A desired cell, tissne,
or organ can be isolated from the differentiated blastocyst
or teratoma. A desiredcell, tizsue, ox organ may be induced

20 in vitro from a cell by adding a cell growth factor, a growth
factor, or the like which is required for obtaining a cell
of the type of interest. To date there have been reports
for induction of blood vessel, neuron, muscle oceall,
hematopoietic cell, skin, bone, liver, pancreas, or the like

25 from ES cells. These techniques can be applied when a cell,
tissue, or organ corresponding to an implantation recipient
is produced from a pluripotent stem cell according to the
present invention (e.g., Kaufman, D, S., Hanson, E.T., Lewis,
R.L., Auerbach, R., and Thomson, J.A. (2001), Proc. Natl.

30 Acad, Sci. USA., 98, 10716~21; Boheler, K.R., Czyz, J.,
Twaedie, D., Yang, H.T., Anisimov, S£.V. , and Wobus, A.M,
(2002), Cixc.Res., 91, 189-201). Inaddition, in thepresent
invention, when a tissue stem cell is used as a stem cell



5 pharmaceutically acceptable conpositions, with due regard to the
survival, of cells, tissues or organs, pH, isotonicity, stability and the
like is within the skill of the art. The medi canment of they present

i nvention may be 10 prepared fray storage by m xing a sugar chain

conposi tion having the desired degree of purity wth optional
physi ol ogi cally acceptable carriers, ;lplents or stablllzers (Japanese

o st o e DB IPE Ly U AL W

Rem ngton' s Pharmaceuti ca ie€nces

Mack Publ i shiedgidaspes y‘-hemb@rim'deme Dioisiees; sedrby hoef orbgbial ydslidei zed
cake or aque@agamseeyfli,ons. Acceptable carriers, excipients or stabilizers
used 24 herein preferably are nontoxic to recipients and arc preferably
inert at the dosages and concentrations enpl oyed, and preferably, include

phosphate, citrate, Whaﬁtheeﬁtexﬁg@éll]: el gls, g{\tﬂg))geq_qnt%,tcsqclg_saasgacorblc
' roteins serunmal bum n,

acid; | ow nol,ecul ar dog ﬁg tides: R
gelatin, 25 oF 3 BFi FyR9 ShRelie ?J(fliﬁ?é’(% PE an organ from
ponvinylpyrnobaddnabpoaﬂlng aeldhe(prgnegkyﬁhﬁﬁntﬂbHEaﬁhBeatéﬁpéegglHE,

o bohyar ot eSS oS e BVIIRARRIBELA oy 2RpRBRERR ol B e fY Tt A e poly
EDTA) ; sugar (al gehoRy B8 celd., eMHnm,t ok prevbobslyl dstablishednsagm
count efpons 6819[9 o Ung @Qﬂi@r Elagi%‘ggsﬁgc%rﬁl%%i% e?rgamgﬁﬂadl ment

pl uroni cs 30|¥ ¥Iene cof é napre

of the preseﬁF i RF&AREBRLY By %*ﬁ@ b Q?:ﬂﬁqmpﬂee egampl&ssoiaauchcell )
having a desktasl cgﬂmlmcﬁ.&d@,,bﬁﬂ%ﬂbtdiﬁiﬁé@t&an@t&ﬁma% at o an

I ndi vi dual tgé%etlgg bg he i“%? 3? r&%t agent, a an aqli fed

pl uri pot ent h-ce 1 HEV|ﬁgP BE8estd ié;1 % Bovdneedminken t he
undi f f er ent | zabtitopatimatedd. d ustvasEembnkag, hh&madaﬂyhﬁmﬂﬂ gdesiyed cell,
ti ssue or 0 ne thod the pre i.nventiop are
used foF traﬁéglqg‘n R?'lién dﬁ%efér)%?% °F“e%%f Bl Eof v P@&lﬁ'eﬂ’fcre
reduced as cénvévﬁénﬁrOEStbeIBamnlg dpected selthat ofssoestde esLBsS since

a part or thgfmmgkgrggtagrgsbﬁ?ibygg[|ved transplantation antigen is
del eted. Therefore, the presen

Examples of somatic cells used in the method of the
20 present invention for producing cells, tissues or organs
from pluripotent stem c¢cells, include, but are not
particularly limited +to, lymphooytes, spleen cells,
testis~derived cells, and the 1like. Such somatic cells also
include any somatie c¢ell having a normal chromosome, which
25 can be stably grown as a fusion cell and can be altered into
anundifferentiated cell having pluripotency when 1t is fused
with a2 stem c¢ell (e.g., an ES cell). When cells, tissues
or oxgans produced by the method are intended to be used
for implantation, somatio cells obtained E£xrom

30 transplantation individuals are preferably used.

Ags used herein, the term “fusion cell” refers to an
undifferentiated cell which is produced by fusing a stem



15 invention can infinitely supply materials for transplantation for a
nunber of di seases including nmyocardiac infarct, Parkinson's disease,

di abetes, and | eukem a. In addition, since the infinite proliferative
ability and pluripotency of the ES cell are mmintained, the cell, tissue 20
or organ of the present invention can be used for exam nation and
production of pahrmaceutical products,qgosnetic products, and the |Iike, and
are useful for functional analysis of genes whose sequences are reveal ed by
the Genone Project or the like. In addition) the pluripotent stemcell of
the present 25 |nvent|on can be used for screening for cell growh factors,
growt h fact or%®, 1L AP e 13KEF ST P 8 manatie qelleagdaganipest

speci fic cel labhovd ,Saos ¥ SEFBIE. gEaﬁhhe&ndt Im@_gp SBnd | ORyHlOVi des
an 30 experl ntal s teﬁ1 whi CB EF te (¥y a mol ecul ar
mechani sm asSOECHEPRS ReFASP g’? o=t # 'pfé'r'l MEnE R Cedddt em
the ability cfreasuéSessfiully reypvagt ﬁm:smta Eaaibna:e;mII the Hiside ceual eus of

t | fd | | of ES
el i Oh o SempBLote o affiBla UM BE T eld B0 2 HEH Rof Hopatig [ or 5
t hynoayt e waseldssdetived aghEomosiomest.ne sPrei freasuwktdnyt atdedl pelIst emn of
H19 and | 9f 250 e3QiAle fofSt Eﬁr‘?@ﬁ'cﬁfaﬁég BQQmaevec%'i%ggi%:X F{i@e%-%lsl elic

gene speC|f|c mat hyl ation 1's naintal ne urin

fertilizati of*aHRlasRE dechndaunse frx EeBpwEng cérrqymrr@a derivad énrbhvay K .

D, et al . Hateweemaete9g497zs @éﬂﬁ@ﬁ)mnﬁdwqrrﬁddiaﬂtona' chefidb
61-710. %93)1:]:: In fact | ation atterno

th
sever a9 npri nF@&"ﬁ&*és’“??“%&%HFH‘égl%ﬁnﬁv“:‘v\ﬂ?ﬁigﬁ%éﬁlﬂﬁt @d‘q the ddke
EG t hynpoayt e Foas iegampdlel,, bgntireabingf s b atekl sefer, gt IBY @'Eaﬂ.d.a[)Tﬁgl.QhM et

O hi s findi
con)S| EgrBeth hgl-gb %q'lggcel%@gg%%nké%c%gq@engg%gf’t I %l%’*“&%“’lgeééf’kul ar
agent s whi chi&ahs gsoihentondeeprormaniy Omr‘ameaofneshée:sbvradlﬁranelthenucl eus
bl f
capabl e of t thﬁ%ﬂP&f@é\f fefsiaﬁf m&ﬁkkﬁ.i.\gt@%?ﬁﬂi%l'&?edg% g p¥al of 21

|rrpr|né|ng|s not 8 rammed 1 n ES ce at i on
in ESxB& fusPén c@PF MAEGYeSt ed"AViat WEG c SFrFodepxyard.diag t i éBaﬂUIQ

dom nant ageghromvebomed ateBi-easRedeqithepkafyr amame&:aepaﬂieiahﬁ
s exhibit characteristics © the

fact, it see lls.a I
respective o ?@i? H% egF eat?&ﬁf %%EEghE@F'FQ‘larﬁP%@VCéFFQd&P‘EiB&ef ul
mat eri al s fod.srpprﬂgrmammgtﬂplﬁyymtg theaRd ¢ekEd WM Goma®AoScbnYgl ved 25

d t hyl d
broducti on oPYotdafetdn I8y eh -8aBRindd Mak-edn £rby e SPmeStiones
whi ch 38rvi véet §-b@rohS cadd)ttreat akwith BwdUks remsved. erfotyohnbeher e 30

transpl ant at egg ,n_cgm bg a t Kk pl as

i nteraction g aﬁ y n§ #f’eg'éﬂbgﬁ@ggzgghggg 58%@ %158%@ gé%gaklgng] T. et
al ., Nature 384 %@B%h fQ’QB)“ fpglonctelhdry genetde merdpudagionimey - 85
during pr egnbecyaoa&diwﬁﬂedlsatﬂm&ist er Ilﬂiltf:l.hllg'le d EHe 4&dudied ULg during

the d I be the | f effect

Fepr ogr amm nEEBAONRE LAREPRECEE TR T i GEntME BEyBepEEM SBBL(rd - cl ones
exam néd st aBhdHcelp)essAitrenifusdfgitise alteer oalll w:l.ltah @&W&g:ﬂ&aéllhi S
system had ngﬁg@rgﬂgﬂ@ﬁg&g& l%qﬁ?aééd%i-ha% d %h@éﬂ ri nordi al

met hyl ati on i nprint rom soma are el ntal BFids far
H19 and | GF2fegéved £fxem thee sdiemyenddi Ce. or ofdn ESbeddl) sxenremaeedai n
species ar e eRbrdPob! cehElaBYvEchbsbtEbaR. tdbhd1 iRed! S0n SHORGLAETDY LhE

finding that_t he sonafic cell-derived inactive sone "nenorizes" the

origin therebfMaNG & Paxrdnox a%ﬁﬂhg?léeq’@cﬁl%ﬁj ggpomgaderived firdma stem

trophesbodergallcetl g. of afl e9edetrh(yos [ Eggan K et al., Science

290: 1578- 1581 (2000)]. 25 The nechani sm of somatic cell nuclei involved in
reprogranmm ng of epigenetics, which |eads to the ability of nornmal
enbryoni c devel opmenkg trmiy:m:etm beh&utéym i TEasIdrfabed" F8LEEkydont has

been i ndi ca 0 e, ATRX gene rrenber o]
the SW2/ SN ??%%i&f&zl‘base Ey,LgPae?‘gt?ﬁ% ﬁ?ﬁ?l%’h‘h ‘?’T% of a
sequence, V\/mch is repeated many t| mes in mammal s [ G bbons R . . et al .
, Nat . Genet . , 24 : 368-371 ( 2000 ) ] . As arasu~.t, the poesi bility
that denethyl ation takes plane as a result




25 of reconstruction o chronosones, was suggested. It has been reported
that the activity of maternal | SW, which is an ATPase- dependent DNA
hel i case, may function as a chronosone renodel er during reprogranm ng of
the nuclei of cloned frog somatic cells [Kikyo N, et al. , Science, 289
N360-23f2 30 (20p0)). Nuclei, which care extracted from Xenpus XTC 2
epithelial cells and are incubated in_%@popus eggs for a short tine, ere

reconstruct nent THP ch is ey .copponent in .the basin
transcripti ﬁo %gﬁ%+§§£3§8%ﬁ%e?eq%#%%’ﬂ%°Fe?)$%g? E i ggsﬁgt 1R995P%F ES

sel | s seens irotd amuiltiiwldmtddoatll orFudiainatrralily dosursg) 1hooker
structure | S f it he f i e}l i 0 Lo cells .
In the und%’ggr}nﬁh?} tg'é'%nhzt%tg'ocef’gegg#rxuﬁ%&r%%ge F'ao#t Beed[;ragsgﬁt%éﬁ

i nvention, shaineexing mgansyedTo puhiievs fneinni 2 dypes, of dififarent nal

reprograammi ngs 1 fs Rk %%ﬂcnﬁ%ﬁﬁﬁgﬁ%glmgﬁuﬁﬁl éélﬁ?fgﬁﬁ%né he

present invention Is advantage producti on cl ones
but al so i n HFEEILCEAYE Bedlen iq which anlyofugigareells £an I¥eWsplFAN at i on.

It has been d:fired £&diNAEwRReAUEEN Obe LU MY WblivgOh PLEE@dges Of

several genes inprinted in,nouse ES cells, the state of {he epjigenetics has
to be eval uRHPHHYIER | AFcatifpeligiaedy I‘RNranuE§rE¥F-P§-eFHun(ﬁT&'y-s D. et
gl ., Sci enfcepaﬂﬁ@:ﬂﬁrﬁds’aié’,og):]ch u\bldi\ﬁtliisehaamm)pfpﬁldmﬁt]\ﬁ%z?e: |, can
€ SUCGESS [ Y sion._cells can, be rti ar usef u

Cher agdhtt o VARhE NEYER e EEatBRRRR Yiins, SRELRFaIBY B rE HYaRT Y
identified, cnfertisebazbandes aaedll Suedonsicay e mxhimyestyr ardvialy
agents. iderdidmfdi on of s ALapent nqm‘_g%it pos_,_sji;g% %&i‘hﬁ{}rpduce
clones fromadult somatic sells or tissue specific stem ce]1 S W t hout

mamal i an eRARALEGRILBLNEThPEGE 6080 Glyacs@livlente andshedidke to
produce donQes @ephPeiOal & <uHHIRueO! £61 | ditdiiliFe ARBIICALSLER (MU | oOr
ti ssu% t rag‘fl ant atiﬁg i.s requi red. Z5 Hereinafter, fthe gresent i nvention
Wi T B des critERT by FAP 1or tHs A Ui L 45 RRBFEE 8BS - (S Hbk ERERGR wh D

provi ded onlghdnatcal | ustbataneapur faseprefmmEtliyngl yndepenasape @ind he

present inv jon i | except as by the appended 30 cl ai ns.
87 _ EXAI\/PL%@11-@'5‘;’1%%c?l:"a’?‘?éer‘l,6 &iere‘%reess'ent invention will be described by way

of exanples . The present invention is not limted 5 to the exanples . (
Exanple 1. : Prepar ain @ReOfréssnd indeintdodf, S0NetRed oF Fasing Lletien ation

f chi i 10 l.ish t.of E | 1s, |i d EG |1
tnes 2 £6 G L8Tonesh Bxbell) Witk ThRat £ dalafa phb et taatiamly and
Mani pul ﬁit)i orlioii tevh mpohong s rhaes team (el ;254?2905_)11 mg&mmiwlmﬁddaé_ t hte
nouse enbryaq;. i i eddi ngt on,
15 Cast ant%l%l@ngﬂgg{:@éa%r&gﬁ %@g%ﬁ#rég%%‘rﬁg%tr‘ ’ﬁg%%‘?‘gféﬁg'ﬁ/‘é&s_%,%%g‘&%(' 1004 )
] , and A1&s dasapiheddredhe |guamples) & celig andesomadda eedidiser gene,
o i il ey fo B S alies
mal e 129/@%%%%@&“ \FI@F‘é‘augngS Eeks and Thymesy tencateilt 5.i nes
Tl\/}[ﬁ\- g?_e LTSddeﬂ:heh wasléedElvalan cell&&regWT te(cl Jllﬂ% hpbxop&hijasl
establ i she e a T_. .et.al. . Gene.. Evol .
207: 551-561;%{], °ahn§‘%|'g?%§ﬁ?% %v%?sgm 8Pf1d316°§§1fgi\r{‘¥si§g‘l5§ﬁ‘t' EG cel |
| TMVA- 8 Shehh a2 Shighs-yolthaedpbiser aedilecta m thedhodasi st ant
GENE pV2bSl 4y TP SBACEE? AR08 T o AESEhnd HE B RARCO o1
nmouse (A18-resistant” pri rmrgl a?' ee“r;‘iﬁ{br oni c 95 ro%fnas ?P%@) feeder cel | s

(prepafed udtigulatian of elegtrprpratiom pf faar ¢xamplereEMBDr &bl dsts in
12.5 day-ol a4adw45031982) 1, a cell fusion method using a chemiocal cell

fusion acceleration substance such as Sendal virus,
lysolecithin, glycerol, oleic acid ester,



.30 Rosa26) which were inactivated with mtonycin Cin Dul becca's Mdified
Eagle's nmedium ( DVEM ) supplynmented with ES nmedium ( 15~ fetal bovine
serum 10 M- neraaptoethaaol, and 1000 units /nlL reconbi nant | eukem a

i nhi biting agent 88  (LTF; ESGRRO) ) . TMA-5BCGb~= cells were cultured in
ES nmedium containing 3 to 4 ~GnlL BS. ES cell lines and EG cell i nes,

whi ch were used in the cell fusion expegiments bel ow, were within passage

nunber 10. SpdR} eﬁsm@glﬁbml Iayxlarwe smeefg QIBSQHO‘J:PS' RRy( @%:) 1 ES
f usi on ceIIs Tt}{ s cells derjved fromth e | ow ng pes” o

week-ol d ni deet g&l{%nl ér %&# ‘{h%fﬂ‘%’é’éqfcﬁ% #;@&26)
(Friedrich @efﬁnfbﬁofhﬁrmrfhenﬁﬂmm oxiél 7151&;13}&2&&:99%1}}1& f%ﬁme&h
expresses a C § r I. en | S e e

R 58T o W Bup35F 0 B8 Ced kil ablaf T dpadls de'5 g¥EBLF oL RS 0 )
. Growth Di faserfugloni: célbs 58d (nucb )de]r:,vam@s:mm ostdmmw@nml 18

| uri ]

Pt ansgen o mﬁ*éﬁ 4 CBdon SIPhERS THe RBhThangooReokfyl Tadd) o

transgenlc I'd nouse obtal ne Ing a use

with a nmale @iw@nat%s@@#ﬂ% hatkrg [Dovtipitanay. et al ., Devel op.

Gowh Differ., 41:675-68a 1999)]), which contains both a neo/lacZ gene and
an Cct 4- G-P gene. The Rosa26 nobuse was identified by X-gal staining 25 the
tip of the tails thétmshe Thee(eherarthergedd suatisenes; ned dggamCRAnal ysi s

f sl f
g gTNQgG[r %A ﬂrmaﬁgi-abéni:*l tilb'iiQélﬂe hE%i f?J:.J rEQp %m%ﬁls,
-TTCAGGGTCAC&%“MGT%F3“S1‘£@| mayobe used along Wﬂbbbm HE@% g t he

transgeni ¢ rennsel ot Vs vﬂﬁc&ﬁ&ﬁki&hﬂ.ﬁ@gﬂmﬁuﬂﬁsW%QMH%tﬁw Algddyres to
obtain a sus EESIOH of sin

an ES c a TMVA cell was
used and ni W“PH"FHEPﬁBg%“ﬁEs&W:@&&% QRARAL ng ng 4 ﬁ&ffﬂ%s'" aflon v atio of
1: I5I (ES ceI IMajdlyrmcgrnIm)no&fu;bﬂmmnts FQ%?Aasmdemdﬁaddvmdﬂms . The
cel l's ye 0 uf f e tion a
concent r atl W#l&a ce I %ﬁa%gllé"?‘s 'sl |§‘d’é-9§ gper aﬂf‘ﬁﬁ%lm&ﬁ rode
gap and El e®®.0 m |em:»m aﬁxﬁrmr( BEX)lymahe nm'!ai teox tomaechizin ol ectric
fusion (E2 f us S C war e
cul tured |n55l':‘;8 ned I um for toglagfelleﬁgﬁ?lgva{flgﬁr&%% ?%Js?s ant %st
sel ect ed i n % nebfem dFFedintiom 5@y~ Fenit otadg body? #r(?ﬂﬂiﬂ&é‘y@ amﬁha on
cell clones Mﬁﬂ&ﬂmm agfaspr a3dadlasiode n'-HfPeéoﬂ'}aihﬂnES tHdaim | 0

suppl nt ed th G418 9{ re cuﬁured f or ES hybrid
cl one "é#gﬁﬁsf uP@B&'—PR E&fr}%’dl u %véﬁ»’eﬁﬁt}od’ay§eaf§¥°§ Fox 58 usi on
cell 15 ESxEEdi;siemt cagad tnaker ther vrassplastdvionvwgraliRZoEl bel nbrand
TMA- 58Chgr C%ﬁg.ﬂf%ﬂé: ‘_gqﬁgf\ed“aé a ratio of 1:1 , and were suspended in
0.3 M mannit d solution at a concentration of 1x106 cells/n ESXEG
fusion cells were selected ire ES nedium containing 250 ~g/mL G418 and 20 3
to 4 ~g/m BSin 7 t13,ebQf3a%S in one embodiment of the method of the
25 preaent invention, the treatment method of the present
invention may comprise avolding a2 rejection reaction.
Procedures for avoiding rejection reactions are known in
the art (zee, for example, "Shin Gekagaku Taikel, Zoki Ishoku
[New Whole Surgery, Organ Transplantation] (1992),.
30 Examples of such methods inolude, but are not limited to,
a method usging immunosuppressants or steroidal drugs, and
the like., For example, there are currently the following
immunosuppressants for preventing rejection xeactions:



ES hybrid clones could be naintained at a proportion ( 2 . 8x10 ) simlar
to that of EG hybrid clones produced by the present inventors 3,n, previous
research [Tada M et al. , 25 EMBOJ 15 : 6510,6520 ( 1997 ) ] . Al types
of fusion cells were simlar to that of the parent ES cell, and no

nor phol ogi cal change was fund. Cytogenetic anal ysis using G banding
denmonstrated a conplete set of chronpsepes including three X chronosones
and one Y chr“om)i Irlélal,,l of the 13 ES fusion 30 cells arid 2 ESXEG

one |
hybrid cl ones S OFRREAEUsed i i SANPI R/ NEORAL Jeur t her taeSoddmus] and
ESXEG hybri d (¢ROGRAF)ES dhzpgthlapgeindtbe( IMURAN Y. WeTsr iS5 | hoBrioaeu! ar
anal ysis . - Conf | ion.of _fusion LA order to Confirmthe _fusion
botveon ES cdBredtasi e LHBLbERaRYne 17|l 4B BENT an il aq T bRES),
respectivel yATG ete. D- J Aegtbadohithcbs usedcept biwide nE a prekenBider egi on
5 of | MuNogaiknlodupbtl ot dehBEajie) £PUNARY CFadEiby A0l Tad VReS used

to perform PCR anplification: using extrac rom thynbcytes and ES
fusi on cel | s CRBCuEFENL 888 of-threendrnes DYqlappomine gagathdoprinadul t

thymus , an BRACQYexcld H¥khondly bragl ﬁhﬁ&%sfﬁﬁr@m&éiiét heﬁﬂ?ﬁ .
perfornmed to 10 detect the rearran ﬁgent of each gene using the oIJ'F(ovm ng
priner sets: ﬂgiﬂ')ingﬁ eyed Loncurr n¥igh ¢ ppagmageutical agent of

G4E i memma it gt i oo nss
~2, - - . Vi n LD al .,
EMSO J.1-612: 1?% ﬁ%O( |é§3¢"_‘|‘“;‘“'{°’?é’13‘.’r %‘%*aﬂ%”aﬁ’&eﬁ&ﬁ‘hngﬁtﬁgﬁdgm ope
~4, 5' - ACAAGCOTCASASCATANIEROCTOR) t i Sfp et NDmetHgd 2F the present

~, 5' - GGGTCTA ' " Cell
e WL

W7, 5 - CTCGGAPBE®RERTCTAGCTTTCT-3' ($EQ ID NO.: 7); 25 JYl, 5
* - 7~, AATACCTTGTGAAAACCTG 3' {SEQ ID NO. : . 8) [Livak f. et al., J.

Im’runol_l 162: 2575- 25 999)1.;. and {D) VS5-J81 rearrangenent of Tcr8 gene:
VS5, 5' LBAGATCCTTGCA ﬂi‘@z 3“(-'%&’@& %f‘r{b.a: degired individual” refers
jBé%S:A\-S;F%QCS\gAGF@ﬂWMﬂ'm-& :(rmjlb@d\?fo:f.%d{cw Psﬁﬂﬁétme_htqll guchn’rgrulni g-y
; 37- : subj.ec o.electrophoresis gn - .
2% agar ose gé%,ﬂ{ég%pg{l% %éﬁg%%%harlﬁ?}enf%% ﬁF&rﬁs&’:&%’de'ﬁﬁ?ﬁEggﬁ@ci ficity
of the PCR pwbétce certadonftopged bdpdBeldbal nid detiedimiakidonpoasseagaion

bi oti nyl at edgd' a4psReEGH: [ r (9, GATT s 3 (SEQ D
NO.: 11 [Levioﬁ SD. &3‘9‘&1“313{ %oggﬁel?‘fgﬁ%&g%gg%ﬁ% it C%r‘réﬁiénd

bi ot yn¢Pat ad1DERTBREEEBr BEcthe Slikesd PGAGACIATGADEGTGECTRECTFErTTEE 81t ( SEQ
ID NO. : 12 Jph&hbtgPeltraitsl . et&2) lor Tt GLOSRk] AnEeG1kabh 19 The

i 11 or ont1 al BALRAED B9 SREREPA FEPR FRBARBLESE, SNAARIORRLALI | D M1, Ady.
| munol .. 44 : 207-264 ( 1999 ) ) . Rearranganment specific to Tcrp D-J~2
.1, 2.2, 2.3, Z.4, 2'1‘1530153211'\6“91’@1? ﬂl?ccegt\i%d Jerfi%Se%'OEnt 9812¥2£Ldto an
25 origin means "not derxlived from the origin” or “derived f£rom
the origin via at least one artificial manipulation (e.g.,
c¢ell fusion). Therefore, stem cells “not directly derived
from” ES cells may include all cells other than ES cells
themselves.
30
The term "derived from a aomatic cell” refers to
possesslon of substantially the same information, such as
genetic information or the like (e.g., genome information),



15 clones (Figure la). Further, in several clones, simlar rearrangenent
was observed in the D-J region of IgH ( Figure 1b ) , and the V-J regions
of Tcrs and Tcry ( Figures to arid 1d, respectively) . O the 31 E5 hybrid
atones studied, a total of 17 clones (55% underwent rearrangenent, which
20 was, at |east) researched. In these cease, it is considered that the ES
cell were fused after differentiationf a thym)cyte nucl eus into a

| ynphoi d cel ) chrononso tivi e so i C ceII one of
the two X ch%gﬁgéoﬁégepggwgﬁdgﬁf@%f‘na% vg nB’IomUc%’a &‘cﬁﬁﬁ‘@ hd&t i on of
an X-linked gedd. |nactivation of the X chronobsone occurs in early cell
division to induce the delay o transition of DNA replication into the |ate
S phase, epigenetic changes 30 including hypernet hyl ati on of DNA and | ow
acetyl ati on of histoffbeHerm Soknpartechruionie” rafelrertadacnhsiusEarned by
nuc ear st r anppbARkahiyU Ao SOTRLL ¢ iRl UL BUPaLAE 2089 :ABEY A AuAYNE

i nactivated chronpSone fermal e Somatic I's reacti vated
[ Eggan K, etU&ing gepetde popirydpgleng| (2000)], Therefore, activation o
both X chronpbsones serves as an , 1 ndi cator of the occurrence of
reprogranm ng of a ngcl eus

g de% to,anal y ﬁ.he ac SH-K 5 of X
chronpsones, the pre8§nts Pﬁvaﬁfs 8. sEh8i E§TWs| i@p BBFi ca’t‘ﬁo 8 tREPENt | al
st ai ni ng met AgdafE8igaamad a "@d. sxuenl grachf onsemmsd® 138+488ha83ehblii, gure

o1 tar 401 ons ooty fSRoRETRoUlatin SoEHBTREEHE fnall SRR qrphp: o,

above- descri HBadchedis dmgexted whnko phoparsdobaruleddel f thebody| sndl ong
with 150 ~, gkRbranlte¥0-FodfP X% Wd:A it (BEdYnd O ozyhour%ﬁm%%g e ge cells

were cultured for the |ast hour i'n_the presence o , cem de.
The cel | s wefenVRBhionslgratts dnalyse bt Q’-?%&P#EHNWQ% t®.0959/RE at

room t enper abur @oﬁ:&ﬁo&.mdmtc&saandﬂermwrx‘rea&@l@?l Bio&@r Pebb¥ed1bxe
acetin ac olution three tines, foll owed by

i mrersi,ng in t hanol

air dr; ?HEE'B@I'I%’\M%g"é?'h#%‘eﬂuﬁéf??égﬂv pr‘ﬁﬁr‘b’d"% a‘%‘??"\’:ﬁ‘ﬁ%eﬁr ange:
sol uti on. Theosheds ,Wasnebsegmedtendeseahf | bunasscbnaennbﬁr aspepeivhth a
standard B f [t f Iy ) ed t rdUu at _the | ate stage
o the S peri gg %%@c%ﬁg' %ggt&ria% e g?é’l?%?ﬁég e %‘Eﬁ?‘%ﬁﬁi&ﬂé’s%ﬁd

aut osones wePE& theseyvenich iemwya@émﬂmrm@@fﬂame@rtspot$ibnaebl as X

chr omosones %rsowéﬁeae&yf&a%er adfm m)ng arqésggé xﬁ&fﬂ& bgg' Lsgdue to

the delay of replication (Figure 2 ose

kar yot $Bes wBPE HdPdEad e, UB“?W Soe B 1oE5aES Sof 2RA M#éﬁﬂ!—“éf'&% cell

and an XX femkent BugRRA ancemé| ofd e nughipsRsaToor gl Slakees

si mul t aneously.replicate i S r obes prepare

by ni ck trangi(gt thiﬁfa’é fﬁ%ﬁo‘f ‘}Beé§2§ ;ﬁt&g“'@ﬁlﬁﬂ drohBe, pﬁﬁ?%ﬂg

contai ned a $svestioh, canrmltiernativealys,nmayyBe difidd @alibgrabhar andi a)

(Sado T, at ﬁgterg@{.gk@grrent 128:1275-1286(20p1)] were used and hybri di zed
r

with chronpsone préparations obtained as in 4-1. S Hybridization and
subseq#éént washi ng were perfornmed as previously described (Law ence J.B, et

al., Call 57: 493 50294133&&&931111 RS ER Ut A 20£ERTTRt %fﬁf‘tthe
result obtalngbﬁén‘# ]]r,ﬂ‘ Xi st (it nactive ecific transCri
was not stabY’s g ng f(‘a%ﬂﬂttf’eﬁyeo#‘?%r’é@ir‘@- &l £0s Whitshi 9wo ES
?%ébrl d Cgljl |) grats tesierdviad. Ranﬁis&d} blelredns stRe Cifarm “&u&ug?(-hlsn:l'dmaytl on) f

i gure was _al so i e NDSONES O
il o ES cel | SPPORRRER.E UREF B o aBRebReli tiRu Bkl CraodRipiat
t hynoc$0es (¢eol gk eansidpreiigal $erimt)i tncelbroad sense. Cells, tissues

or organs differentlated from a cell of the present invention

to be implanted are encompassed within the concept of
autograft.



15 nucl eus-derived inactive X chronosones acquired several properties of
active X chronosones after hybridization and had replication and Xi st
expression patterns simlar to those observed in undifferentiated cells.
Changes in replication timng and Xi st RNA accunul ati on of X chronosones of
somatic 20 cells in ES fusion cells shown in the above-described ( A ) -1
and ( 4 ) -2 suggest that somatic cell _puclei were reprogramed after cel
fusion. (5) Reprogramm ng of somatic ég?T nucl eus 25 A nouse |ine having an
act 4- GFP transgene was aged to visualize the reprogramm ng of somatic cel
nuclei ( Figure 3) ASEﬂ@dﬂﬁxﬁtnothenﬁ¢m@ﬁilog¢n£tTreﬂbry1mh§gruEd in
ermcells, t Lyos
g %HQEH&%H% it d ABh DA ﬂ\ﬁf&ﬁf@ﬂ%@ﬁ. | s SR k¥ aBT0RLY

bef ore |an antation erefore, act|V|t ePhasaas an

i deal mar ker PRgrL *FMﬁﬁjt%aﬂyoﬁiSFGFGFtpﬁ%@ﬂéﬂﬁrem witigh fdecarags| | s.

The expsessi a8 qeditvaidl OB1REkANGIDL b SradP
expr essi on pattﬁqg%v%d‘gggo enous Oct%r Yoﬁ??;&@-_?&@.@?dfﬁ%@r%r& %gr\'/‘el op

Gow h Diffef? 16"é'x’pr‘tes§%ﬂh othexgrafi-ps dmpiankefed for
the thynus aktequst néy@d.ﬂ.-éi@ﬁﬁ‘x Itmmﬁgmagmcau.&%udﬁlamassdelﬁpéfﬂftn t he

3 |1 f
R L L e S L A

wi t hout scre€npmga Bapestsi on of GFp was exam ned every 12 hours Expression
of GFP3pn living ES fusion cells on a culture dish was 10 investigated
under a dissecting mcroscope (Lei cag_l with a GFP exciting source and a G-P
filter. After 48 houb8 used bEmredds thectednohe toredmad g reffexs tol &s was

observed at Qh&fﬁwﬂﬂﬁié’iﬂﬁl&nfé&@%m@&i;@f@f@ﬁﬁ'aBQcEQEOﬂy'm(gi‘gf'éfé 3e, f
) . Subseque Jgaral ot her, ositive col onies were served on
b

t he same cul ?ﬁ?e ¥hspea r}%ﬂ § RARIARIFAL . RPeFPLnRierieedel | s

wer e observegraﬂbnganoalladlanhéhgmsgyhﬂ's.cul tured under the sane
conditigns . In order to investigate whether or not somatic cell nuclei can
be reprogrammed in all ES fusion cells, thynmocytas of G418 20

sel ecti on-resi st ant TMQ@Z’@WIGF@lm-meewhmdquaadE thbipreseneeni ng,

36 of the reshifpion’ ddiNES_RENESES g%'au(: dbdsts T@%i%ﬁp&fngﬁfgs 3g

stably mai ntai ned even_a turi Rg ever ne passages
h) , indicatfrgstaptiahiying mniactinn raactien r efhdgr hankecaws aoshe of t he

25 ES fusi ongsekts. (eTh_qe Ot delER, tdﬁkﬁ'@”@t V"g ﬁf‘od‘@ée&%piﬁéﬁﬁéjtﬂﬁ
thym)ci( es beégbe cel | eactivate fusion S

Thi s fu t her® Scﬁ"f%a?’h‘éi?‘éﬁwra BP”PLS""{W afther a@@l‘-‘ltiF&é'-lWP%mué
cel | Inugl e: and e kdp edFertmedsudhl 45 Ammuny mmr?@ﬁrbapanbbaswcwéﬁ <
Nor mal di astaeyst r 0 produce chineric ryos with E

f usi on celol si.ﬂ‘% pl O,,IE}_C bI }%&?&%ﬁ%@l& 5e g’é &58564i ned f P Ut er uses
of Day 3.5 pt%gmmbwntmmmwmcmmmrrmdm'ean ﬂybrsi:ictuamm Wwith

the above: dogst BRYy INERRSCHA SFF i (PUSE Wt et f ol et o

t hynocytes and hybrid clones wt nouses erlve wer e
used a&’t et rEPIN TR Bt ogerEs s, TWRLieR ;@ @Mnﬁhfsimntceffecm/ecpé the

m croi nj ect %éﬂm t:hﬁremta.s:trpﬁﬁgbﬁ SKest Yo %h&_e%aaaﬂ%wéﬁé a?l}
(Figure 4a). t}mfgbl ast&gy &%ﬁ re transferred |nto e uteruses
pseudopr egnahit Yehn eF 2 r dLAHRAFenterel s ARted nad bYdiha he E7.5
ut eruses, folndisetiwyl revicthoat - mefdet PteoRai:quuer bENERS P e it A rve@d iyl 0Si dass
stai ni ng andudii sﬁ@'@@bfﬂd af@lﬁ/ﬂfan@) t;]ro v%aicegzttq‘sl dgaesneomaectdfvet st ai ni ng
30 pluripotent cell is derived, but also othexr patients. In
this case, the above-described method for avoiding rejection
reactions may be preferably used.



15 By ~-gal actosi dase active staining, the relative contribution of a
fusion cell to each chinmera was confirmed. Cultured cells were washed with
PBS, and fixed using PBS containing 1% f or nal dehyde, 0.2% gl ut ar al dehyde,
0.02% NP40 and 1 mvwvgCh) at 4C for 5 mnutes. The sane fixing solution 20
was used to fix enbryos and nouse tails at 4C for 3 to 4 hours . The

sampl es Were washed with PBS, followedcpy staining with a reaction m xture
containing 1 nmg/ L 45Cl1-5-Rr:i yl . =-gal aot gsi.dase, (X-gal,) w th di nmethyl
f or mani de, 5 M pot aégi Pgrengf ‘e‘F?.gg%/‘anFB'é, %grﬁ‘i\/l EBEE?EFUNP%S %EPP&W&ni de,
and 2 mV MyCreferePH® an r ovgabiapewhiohe ifsort @b ttea ABe hplf Sthetbhy?.

Hi st ol ogi cal L 7 tal it - dehydr at ed
W th 30 an aBoRqasReE; priefiptiotBdulat T, 4 Sibie S bERRRR )
(pol ysci enceMayabe| rrfferredAo ag ar patientti i dnspaziendh,t Aevk)endle

negative st appet gfiddindn?S KA SHd Xnyrgﬂgftmﬁ}ﬁh%'od Wil %f?ﬁggeﬁ@d

enbedded in paraffin were -96aut I n t hi ck sectl ons. e seri al
sections wer eR¥PREALR &R REmeSRHed -and Breferebdy a ResiPRTigNY 20 E7.5

enbryos wer e"pobijeoté bri Ndpeaiimag”t i ki Humad,contri bution of the fusion
cell ( Figures 4b , c ) . Detailed analysis reveal ed darivatives fromthe
fusion cell in the enbryonic ectoderm enbryonic nesoderm and the internal
organ endoder m (Fi guWhensd, sedm .cakl desay. berh &sovellt hatES)f wgi aseael | had

a deve ment gl iq i foqdiff ntiating 4 nt hr ee i oy di. al
ger mi ngit6 !Ove ?’gyg}g é ect odéeri%%('eqrrlé:é%&ér ﬁ]ﬁga%h%n%%ojeror#‘ F’ﬁ ﬁﬁFgéiéﬁ%?%s
bef ore inpl af¥al oft. trangpiaptatien olndtidgakextorDN\ cprevyevsiyes, ES
cel s and prepaasdiBuBAl @tehoRRY INafe ri1ReRS i Qo WASE M Hhot 14
a

hybri di zati on ag to X\het her or_not_the reprogranmng o thynocyt e nucl eus
has an inf| uBREESEAPLKOLELIRAG: | SPracRATPARy i Aramplenaf suckcasste®ut her n
bl ot hybri di satLlotnemsdeprior ik hyt20iAepadatd )G teanoailasDNA dbgsst ed with
a restrictio ihto f.ractiqns ,using,0.. 8% rose, transferring the
fracti %?IS onﬁ%ﬁgééggoggéms%enﬁh%éw(%ﬁe’r g‘r“‘é‘#}' Eﬁ%gﬁ'gal P""'!)'F"B{’?i'i@;gand
hybri di zi ng Phaswietmorkay P-r(iiio s athe et Or oland AShmpnl. PHOEF@eaABIye | Ocus
It is considg{ed ded¥dlg Aep I I IS, L,0corpor at ed, upstream
of the materna? H19 gsengt %g?%ﬁﬁiég%eﬁ@%r%gg&é%s sa% Jf%%?"%??%?gfa
mat hyl ati on FediEntPnhei ¥sedi arei ewployednblay IC. D. et al., Nature Genet.
30 9:447-47.3( 1995 ) ] . DNA sanples of thynocytes, ES cells, and prepared
hybrid $| ones were digested with BanH and a nethyl ation sensitive
restrit?ion enzyme Hiawples pfypamaticresilanmsed 1. theBpresenbbe were
used to det ethvdfitkdbn in@ludencandr 7c&D1 papRiitalouTabiy, at Bendn s and
7.0-kb and 1,8 ternal, unmet hyl ated fragnments i fromboth the
t hynocyt e an%g%ﬁgn %Jgaﬁ'l .te?ljfg%s"gégib'&gt %?'ﬂgﬂasaq%ﬁp?&%lﬁﬁ?he FMELL cl one.
There was noceilis cteritesd f ndse meamatlisy ¢ 16 cilntidngi hymahs paaid \etimesn t he
met hyl ated (§ha160) il wamehlyhat ed it Rz ) bgnds,{ Figure
5a ) . ?i m I% rfsul ts,were observed ltrjélén arﬁlﬁ(t p'f'l.gg'ggtig# w}g?cﬂ%ﬁ{ 7- kb
pat er na? netPSFeEle 2riydrtted do thdsad ARy somagig¢icedl evlvieh has
unnet hyl at ednétheTRIHrondhd AR s bd Btablly §ASPh &% alBudBbhYdai £d
(RI'=0.55) an uanPt hgéatfdh( Rl =0. 452’ f)ands We?eési m | ar Iay det ect e%ifFi gure
5a) . when fus with 'a stem cell, such as an ES c¢ell, and can

be altered into anundifferentiated cell having pluripotency

can be used. Somatic cells obtained from transplantation

30 individuales are preferably used in production of
undifferentiated somatic cell fusion cells which have a

reduced level of rejection reaction in recipilents.



(7)-2. 1gf2r genetic |ocus Probes for analysis of nethylation of Igf2r
region 15 2 were produced by PCR using the follow ng priners:

5' - AATCGCATTAAAACCCTCCGAACCT-3" (SEQ ID NO.: 13) and

5' - TAGCACAAGTGGAATTGIGCTCCG 3" (SEQ ID NO.: 14) [Stoger R et al., Cell
73:61-71(1993)). A CpGisland, which is an intron of the Ifg2r gene and is
known to be inprinted with 20 nethylatien, is nmethylated only on an allele
[ Stoger R et al., I Pl 71(1 3%]5 As in th gve-describ section
7T cach D s i ERAEEEGRALRNAq phRekd gl LA E SRR L o e
sensitive regpresemntoAnyengdeonMial a . pMiztipdtsn 330l fipran tAaddd caad, pr obe,

a 2.9-kb mat t 0- tern u t hyl at ed
fragnent wer gﬁxg'g%he%e#%’%&%@ %Fg%ﬂg{% ﬁ%%'e%%%ho%%rg%gnan%% Cel |

(Fi gure 5b) Wwitheasgamagict eedluas deseribeddbove haand lward bel etablyTher e
was no & ffergagm.in relative intensity ( R ) between nethylated (Rl =0.55)
and unnet hyl ated (Rl =0.45) 30 bands (Figure 5a). According to sections
(7)-1 arid (7)-2, it was denonstrated that this prinordial methylation of

the HI9  -98 upstredm thei poeaanttiwvéwten) i meEtheeyicd folsinlge sgamone of
a thynocyte of..affe f 1S4 | C hj sylts
differs from%%(riel\%i oau'zJ bbgg?%ziq?éc}n&%* ngﬁ%/%gfgq'éﬁ?’nheeﬁo# rgg?hiﬁ%%ft& %4nd an
EG cel | deri td@sneém LYePRIaRE HromGpHripoErt 5sieus eealdawhlehnplte

mat er nalp speqakia AkRihALIAALEl A8f dngliasABBESE £1s (108 & dMatilc Rle1lgEMBO J.
15 : 651Qf 520 mai nt enance of the somatic cell net ﬁyl ation

197 . The
pattern in ESrPugpéﬁdchl) coulggting ¢3ch pdek and fFm-dusdrpscpade .
differ tenéI COW‘bﬁ:Q.*.xd]ﬁﬂEﬁWl_ | ?ﬂ metaa?:ﬂbeglulraftrﬂexaﬁpnasf ﬁ%dﬁéﬂuh?hbﬁat?tal o
i mprinted genes .. ile mat erngl_.allele specific yl atii,on of 1gf2r
was observed qeﬁ.lgsafglquxqcfi%ag %ata&ﬁ‘sﬁfl%gﬂ'iﬁ%@"@@gﬁﬁ'a B theGAfROl 1:1
m xture of E®$fcproddhitngrihsiorcekllBNE 8BS eells iamdothphoaytéd, Jat 1:5,
(et hylsat i on/ wASHEA Y el - e kLds ,
nmet hyl é}?’i on g?r%ghéllzs%ppear 'ed'r?l Flegég% %VJ)ghjgp%ﬁgkga%%%fﬁﬁggogé%{t%yI ation
activity in PBffen SUch @fr mmltRebuhterni aménahectsicadlyy fusedn

inprinting i mebSdedl | fuckOa2 higdupitads ohuiss et Ruisdfih CRekkRoak
TMAS- 5ES cel | d Rosap6-derived . th m)cxt es,. whi ch Werﬁg})roduced wth a
met hod si mi | ﬁgzriﬁgtﬂ B\‘cb%ﬂﬁah%%e&r Bifiser PEMREBRG JY PhessTirad 1,

vere used as stdinudpaltdion fslartrgdmmtBrout [£6D ekbhipos,t @MEE) Z5 m:llion
b At naPineReBn  s7o4T bey DAk EFERE e SR ReRRp & hm e 2o o
subcut aneous fiygjieot | snceleratdnn wsbabhheet aiclBy a% g8lensivdi nirdgusit was
determ ned tRykohle1kHARL 0™ WgsyAEREYEd TroRdNe Tusigigcel . gatar,
polyethyleneglycerol and the like 1s also known. The fusion
method may be any fusion method as long as the cells formed
25 by fusion of ES cells and somatic cells ocan stably proliferate
as fusion cells and nuclel derived from somatic cells ies
raprogrammed such that the regulting cells are
undifferentiated cells having plurilpotency.

30
In the method of the present invention for producing
a cell, a tissue, or an organ in which a part or the whole
of a transplantation antigen derived from an ES cell, the



30 Thereafter, the teratoma was fired in Bouin's fixative, followed by
Haemat oxyl i ne- Eosin (HE) staining to stain both the nucleus and cytopl asm
As a result of HE stainning, muscles, cartilages, epithelial cells, and
neur ons were observed (figure 6). -99 (Exanple 2: ldentification and use
of reprogramm ng agent) 5 (Fusion cell) Electric fusion , culture of ES
cells and fusion cells , and anal ysis_ % t he chronosones were conducted in

Ol aber o celi” MG Ry oo kR Vil A babagRn M) 1205

(1997)), spediifiitald ps 3enfoas cibes ¢BALThkeddfbergpetabédflsion callls , the

present invent qr. e o] cekl Li e do tic Y ES

cell line defi g%nt g’rrt }tgﬁ]e%%%t%' &Rgggn%#’ﬁehgggﬁt%sgge% gr?gﬁt i]ié;

mol ossi nus Xeubstestiallyeretainednt Hax exmaplenikhinéredesingla sedd in

accor damce Wit g Naﬁlaa%éémgétmawmm,mna eélg'iﬂgﬁé Loy iWQLx;ngnd

Edition" edited by Erigid n, Ross Beddi ngton, Fran stantini
Eli zabeth La®pimsd b83dp0@ mexupe . siG-ngt eihasdh a(iemtomgpeerithalife.2d

bl ast ocysts whee caashednavayaisogtbieiatedutned £ call day +dlsdeeMahg Mmuse
after mating.. _The resu% t bl tog%stﬁejfwere cul tured on nouse primary

fibroblasts CPPREIFN: nAftdSPArsS QP BRI PRCOTERR TR M LhedAF R as
used, which faxpm VE&HALPEepsh that sl drins tonypiteoent ecavdmd. 1.A58ebarald bovi ne

25 ser ant_i_Ri-ot | - glut am ne, iU l.qakb sqdi um_pyr yyat e)
Maxcap;i?at ha%c?lli}'l g%ég%laé %%h?%#{&grmﬁg& glr-'a%égg) 9;(‘]% |°pt%d"'a']!'|l ﬁgxﬁg\é Mouses
Enbryo: A Labyradéipgnhsedl gnewthifacher.cdigrawily fBotgrd ¢pddhe 1Riea

Beddi ngt on, Ghath {RsballiivBh b4 LG B dedQVof RRe 4332 1n PR sERT | NY
Har bor 30 (USA)e%?.tAfter %da s of culture rol.iferati've cells derived from
f

p
the internal TeA3teLBershayebean reporiafoxipdnation Bf higed vaseedat nent
and were cul heednymigsl&dalll, hRen@Yopoiet Ye@B IS 6RELS bone 108ver,

15 pancreas, or the like from ES cells. These techniques can
be applied when a cell, tissue, or organ corresponding to
a transplantation individual is produced £rom a pluripotent
stem cell according to the present invention.

20 {Description of Preferred Embodiments)

In one aspect, the present lnvention provides an
isolated plurilpotent stem cell having a desired genome.
Preferably, the pluripotent stem cell may be a non-ES ¢ell.
With non-ES pluripotent stem cells having a desired genome,

25 various regenerative therapies canbe performedwithout newly
establishing ES cells or collecting egg cells.

The pluripotent stem cell is preferably deficient

in at least a part of a transplantation antigen, and more

30 preferably defi¢ient in the whole transplantation antigen.
As a transplantation antigen is reduced, the pluripotent

stem cell of the present invention has an effect of having
adesired genome and havinga reduced level of immune rejection



The fusion cell lines, HxJ-17 and 18 were obtained by electric fusion

bet ween the donesticus HM ES cells and thynocytes fromthe nol ossinus JF1,
mce as follows . Mannitol 5 buffer ( O . 3 M suspension containing the ES
cells and the somatic cells was prepared. The suspension was placed on a
fusion slide having an electrode gap of 1 mm Alternating current was
applied to the suspension at 10 V for 9 seconds ) followed by applying

direct curre V f 0_10. i croseconds. ereafter, the processed
m xture was (?'tﬁ'l %r%%gﬁb PE%‘%EEB@%YCeF‘P’é“ﬁPQ%t rJ‘l"t’i‘ré“ Niini t6' be

(" Taki nokanedebdeted Suludogdr keadkagoei hidtodomgeet B Dbty RBagdakns .

Posut ogenonujyi.gdai i 0z X i Rur ot okor u

[ Repr ogr anmi #Sg‘%ct%?f%/#%?%l uﬁﬁh:)&ot}g%{lls?ngtde%nchmﬁﬂﬁi%r F‘Hﬁr‘%gﬁp

Medi ci ne SpeéngfludesuslaBseyct i anhitaengect Pedetion pisttitemeespreliSiem cel |

Cl one Rgsear gh+k : 1319& N
above- descri begl: Sh?ﬁ:%c?ﬁ%ed;gan% ?#1 was %ﬁ%‘g?ﬁ@ﬁ‘{“&}%ﬁ“ﬁ%’g%ﬁ ﬁllﬁg

ami nopt eri n, 18AGREy tPdAnSopRATPrablec refacidonc dgcaddet 6ESoctEn HAT

sel ective culture nedium The above-described fusion cell was obtained
after 8 days of HAT ggleciive culture. Oher fusion cell lines MR-2 and
Mkr-3, were 25 obt ai ﬁga %:E'/"’étf%ﬁ?ri“&sf Eﬁ?'af°£ﬂﬁ*¥fs§irﬁ§§nﬁP§‘ES“'ééPPs and
t hynocyt es f mepnmiefestabilyshd 0o A SepRespmntadgaymine C Tnkend bAbSANREnLS

gl obal exp S i o] ! itol (0. buf f er
suspenEsllbon cgﬁtéa?%}l%gpéggnggg?:%}lcéagléjr:\acl% %eﬁses@%r}‘l%@tc&r‘l 5"%&%?835%. The
suspensi on wasogugeddbBrapregramiisg snotheravehd am acbepplydaogapeof 7,
mm Al t er nat ipHROoEREF HE1 Ve | 4 t Spefs] %Q:nﬂ f.or _60
seconds, fol #gwed by appl yi yagiar%géﬁc&t}rirée]%tﬁgf 2@3& ortijfgcélélr%“s" conds.

lyin
Thereafter, PRETGESTEMISH withantelimitationga thymoayited lymehotebeer cells
in ES cultura pefleufiatrdkcBRiangai BRaN@41RRI pur ogur amukakassei ) I n Ji kken
| gaku Ilg,»gssatsu Posut ogenomuj i dai no Ji kkenkoza 4; Kansai boKuron Kenkyu
Pur ot okoru [ Reprogranmm ng Activity of Pluripotent 5 StemCell In
Experi nental Medi ci nén aSpetiest ekbodtmehxpetrieliigipbeeht £t «m ioe 1208¢ genona

are; Stemce Pr " -198., Yodo-sha (T 0),
etc. ). The g 8v%%§?@§@%°€uﬁ%§?§é¥%r&dﬁ%ﬁéys ‘ﬁﬂ'%@nf’%& ?ﬁky )
Geneti ci n ( SV§kR)e samadiio/geldagerere @ ten aed le/dnd ssmedtlic/ eellscatéur e
medium in Waké jgn t C ! 18

sel ;gt' 13 cu{?u?e%b?h‘gﬁaig\ﬂ%ggr'i bggg?ugi&%%ég% Idb\\%ggbégt gﬁﬁgga?ﬁ%a, M,
Takaha#ré, y. be edthenES cells,px filesug stanpeidda, brefepgoly ESGuells gl 01.
{oies s e e Somesm achobotny sc a8l 34 ngetlera

Lef ebvre, L.fgggag%ﬁn?gé?%mge%tr%ﬁﬂ‘ ‘R/‘Pi?‘ of iy Presenty invantiomg (

1997) ) , 20 specifically, as follows. To formteratonas from four fusion
2l one vere subout ancma i Tavsttey Bl Pell oo ne oot Sy Sitlen g oo
i munotief i ci RReTSEaply ka8 a manemerderdved Esomiasdésimeld iinddvidiaksa 4-5
wreeks after(in6dd &F tR8tape BFrohyiakEa, treatment, etc.), and is
not an ES cell or egyg ¢ell of the desired individual. Since
there is no need for an ES cell or eqdq cell of the desired
individual, the present invention has a significant effect
30 of overcoming ethical problems in this embodiment. In a
preferred embodiment, the pluripotent stem cell of the
present lnvention has chromosomes derived f£rom a somatic
cell of the desired individual.



cells and graft tissues of nouse brains fixed with 4% PFA Were used for the
follow ng ,immunoreaction with anti bodies rabbit anti-TuJ ( Babco ) , nouse
anti-Nestin ( BD PharMngen ) , 30 rabbit anti-TH (CHEM CON), nouse

anti-NF-M (CHEM CON), rat anti-Eaad (TAKARA) ( goat anti-~ -Gal (Biogenesis
) and nouse anti-Desmn ( DACO . X-gal staining of cells and tissues was
performed by standard procedures. -102 (Genom c PCR, RT-PCR and

sequenci ng) To detect D-J' DNA rearrangeqents of Tarp and IgH in fusion
cl ones, genomic DNAs were anplified at the 65C 5 annealing tanperature for
30 cycl es of PCR rea&nicopsefierhedesbodimentsethe pducipbédnitteditam céna cycl e

i ncl uded 950 e%:?@&&@iﬁv@ﬂ%ﬁgh‘iﬁ@n aipebel rae?t& &ﬂ'eﬁieg:ws

anneal i ng) ; secon gatlon SI ng Thirty
cycl es of Dmhpmfaﬁﬁm#ﬁ LaRse At a avedddthe @eciménly amgtblgnlly

- GTAGGCACCT M%&é%&t(éﬂ:&&dﬁing lan) ek yb2 rom a host.
(5' - TGAGAGCT CTCCTACTATCGATT:i- %s NO.: 16); 151 5'

D~,
- ACAAGCTT ‘P’E) Reem oefa may, °J derived from
(5" - GGGT CTAGA(HﬁWCC@IﬁA@&ae @SﬁQﬂpBﬁagﬁA stamhaerm whgweane |
expression, c S| ot with, o rs. In
thg case of andg%%'wg a%%'}fgm Pé‘ t?ga’ypolt{)‘ﬁeng’é'g ﬂg@ buf fer
2 ( TAKARA) vvaﬂ;emse@blb cennthks Bh@iﬂ-wgmMMema Ptheebreegiidnces, the

anneal hgg t egREL ar 18041 R¥S 0 PCR reactions and the |ength of
arrpllflb'ed prgggctéu&gfg as 25 ¥ hﬁ%e s Al bum n, 55C, 56'7 bp,

5' - AAGGAGTGCTGCCATGGTGA (SEQ NO.: 1, 9), 5' - CCTAGGTTTCTTGCAGCCTC. ( SEQ | D
NO.: 20).; 30 a-FetoppGigréfe éégae%%db.ﬂ.eni -t MI@EMQAE@%@EQ'D
NO.: 21), 5 CTTCCTTCTGGAGATG SE YDI& Desm n, 55C. 361, bp,
5' - TTGGGGT &cﬁw&b‘- %93’&?6 Bl At AR EIRRY TGTCACG

(SEQ I D NO. : ottler@Han ﬂiasdoaf t518 dJﬂmﬁéfﬂgﬁﬁﬁ Mohte ﬁrSEé&thW . 25
, i.n
AP GTCAER ACREEALE, PRECFO ST O thel praeBRERUPRRABRCAABCR SE0 1 D
NO. : 28); Nutrkpspientas3obpantigeGAaGhEEsCIEEA ARG theEQesDrad NO. :
29), 5' - TCTCRRGI FAREMA T HIASH Y Grfbodi®dnt Nehe ﬁ%ripotent stem cell

of the preaent invention may be derived from cells other
than the egg cell of the desired individual.

20
In one embodiment, the pluripotent stem cell of the
present inventionmay be praferablya nonnaturally-occurring
cell. Preferably, inthepluripotentstemcellof thepresent
invention, the desired genome is of an individual other than
25 early embryvos. The tallor-made plurlpotent stem cell has
the zame genome as that of a somatic cell of an individual
of interest, and has pluripotency (preferably totipotenacy).
The cell having both of such properties cannot be said to
be naturally-ocourring. ES cells are derived from
30 undifferentiated cells of early embryos. Therefore, in
principle, ES cells cannot be established from a host in
states (e.g., adult) other than early embryo. Since noadult
early embryo exigts, the tallor-made pluripotent stem cell



NF-M 55QC, 186 bp, 5 - GOOGAGCAGACCAAGGAGGCCATT ( SEQ ID NO : 31),

5' - CTGGATGGTGTCCTGGTAGCTGCT (SEQ ID NO.: 32): 15 Pitx3, 55C, 373 bp, 5'

- AGGACGGCTCTCTGAAGAA ( SEQ ID NO. : 33 ) , 5 -'1' TGACCGAGTTGAAGGCGA71 (
SEQ TD NO. : 34 ) ; G3pdh, 55C, 983 bp, 5'- TGAAGGTCGGTGTGAACGGATTTGGC ( SEQ
TD NO.: 35), 5' CATGTAGGCCATGAGGTCCAC(SEQIDNO 36); 20 MyoD, 60C, 397
bp, 5' - GOCOGOGCTCCAACTGCTCTGAT ( SEQ |

5' - CCTACGGT el

5 - TOOCATOOR AT FEAGKL Y, eGP FE° 5‘%%15*”@9 %WEEEB&%%&%%@X%HM@TG

(SEQ | D NO. : teghnimmes.he direct cloning of PCR products into a plasmd

vector, the TA cloning Kit ( Invitrogen ) was used. The cDNA sequence of a

single plasm d cl one_was |ndegendentb§/ anaq%sed 3Q by usin I\/[L3 reverse and

forward prinmers . (NSH&PTEFerEre aMbddifient,theplugipote

THl- posi g;i ¥e Bgmilﬁ)@ ﬁbs@xﬁhiﬁ@ébﬂtimﬁ.ﬁ, arlx una&‘tﬁsrﬁﬂdiautguo&brﬁ&ﬁ cmm.e

cultured for t.Q yS.0n t.r.0 awasaki zus :

Ni shi kawa, SE% sl%&ﬁeﬁ%g'? L'%S) rrg'n wﬁ F\‘laéalﬁ?’é i°Y @e h%%ﬁ%kawa) S
|, , ar sdaS&san,spYnn@:amdﬁ)x ahlemgen iﬁ&l&le'dﬂ) drite e @omart licheeddl,l s 5

wer e washed € il ey rum

t ranspl ant atyén&%opkt %Eiglwgygrgﬁg:gﬁgd £8%é| evng %o i(;nlfgswakEBF

| ayer was i sdmnyeadiiop ﬂ-ﬁea@mﬂiﬁ\#Q#lph-‘patm ol e pesl o viivs Jiom Gstléd into

the moyge st Giral Bsye L] Y »ﬁut&meﬁe%%% 8@9 wﬂm&ﬂhéﬂi&waﬁ&g Sakh

H. 10 M xuseki, .K_. N shi kawa, S.) Kaneko, S kani

Ni shi kawa, Sis feleted andsa somatic sedd.) Prﬁ@ﬁ%hins‘chesl 40 ) . About

5x10$ fusi Ont&QHsﬁialhltuﬁ:d.o'ﬁl'hﬁeig&hVﬁa CY) aSHt&E%&ShQBtWé&mgh%EbQiift? each
injected site_. ., Two we

| at ns were frozen f ing
frozen secti BRELPer 59/7: f %1“83 Q%c"“ﬁfbt%]tﬁztr%& 3&5&& lity
of reprogranmaggbe socmass Tehbthyeh ledmby parklf eiuteido embsddmangni ftheant

f eat 0 t
2 A b St L0, Lty
somatic cell énﬂ}vmuﬂlt-ud@rﬁwﬂa | POV tRi.t BPESepelrdl oxCurr. Biol . ( 1I

2553-1556) . SeBthdlbr 1@ice PN CHoerEeaAN] DORBABR IS Hre g@apaaneous! y
undergo cell fusion with 25 ES cells byc turing together, so that the

nucl ei t her e8PIEhe PABRELF SRtddnavrhe Ak ’b?ﬂ%'iﬂ"%PPl%pec'nP? gomatrer gene

Cct 4- GFP andekeha Leamtewﬁam off ﬁlﬂeld’tﬁn‘d Bp@chﬁh(ﬁ)ﬁ@ﬁQﬂﬁbWF d hdnhegtors at
S| On ce S

I t tiall hpw t

Fepr ogiimred S EARE Fe A A ek SRp by Hhsredord £k HhanRAe 1 Bh8Boms
and chi ner as atersas aecaesergbtpﬁ thexapyehessomd £t ceall Aspriefisrablyel | s
have

a human cell, and more preferably a somatic cell of the human
indlvidual targeted by the therapy. The ES cell may be
preferably of the same species (preferably the same line)

25 as that of the somatic cell. Therefore, when a human 1s
targeted by therapy and the somatic cell is a human cell,
the ES cell 1g also preferably a human cell. Note that, in
thlis case, the ES ¢ell may be of any line. Preferably,
previously astablished ES cells (or other pluripotent stem

30 cells) can be ugaed. Therefore, the pluripotent stem cell
of the present invention may also he used as a stem cell
as a supply source.



-105pl uri potenay. Reprogramred somatic cell, genonmes may have pluri potency
or may be genetically dormant in the course of redifierentiation, 5 1f
reprogramed sonatic cell genomes acquire pluripotenay as in ES cell
genones, tailor-made ES cells suitable for individuals can be obtained by
cell fusion without therapy cloning 18 inter-subspecific fusion cells of
Mus musucul us domasticus HMlL ES cells &{]d M m nol ossi nus JF1 thynocytes
(HxJ), and al so of o] d, domast i cus .Rosa26 nocyt es
(MKR) were made for mteheas? F‘ﬁ%&ﬁﬁé‘“‘g& ’thf‘rs% nﬁr”é‘% the ﬁBmP%ﬁérter
gene, | acZ/ neelilmrid thenstern capdidomes b@egeneﬂiéabhy tdmdilidam% G&aaagenl C

Dev- ) &, “?E‘i‘%hﬁ%?%’f&é?pﬁ"@'fs%QT&*EEEFHEECW feateBEC Bl 5
chr onosone- | FTARESEPEE: tdenplaripotent gsnmmideef Shamresantt ynventibbhshed
from mokossi pug %Qﬁéé@iﬁt éemﬂ%@ﬂoﬁ%@ﬂ%nﬁ%ﬂ&&ﬁ' STR Vi 1eRabky found

i n the nol ossi nus genones when conpare the donesticus genones (ref5).
full sets of Qﬁﬁﬂe§8PEG§YaH&YnBPo§EPHBE”&@FF\}¥d“Eﬁﬂoﬁﬁﬁ@ﬂéé“ﬁetz’é #BPnt ai ned
in the fusioBofileftent 62 dpatdent fMegbeaa Y ANHIIAPY Ehgﬁfépﬂ laxidQ test
differentiation capability 25 of the ES fusion cells with adult thynocytas,
the HxJ and MR fusion cells were subcutaneously injected into the inguinal
regi on of i munodefi ¢(Genbm&CteprnogeramiAihgl ageneye of teratomas 4 to 5 weeks
after ppjection of the 3 fusion
pr ot ei %Bof | acZ/ neo gg %gegggggfit%’%%‘?&%&reeosfséag%% 5"6‘5@?‘%‘&? *X- gal
stai ni ng. Thtbe somatie cadd aﬁmb@ Wﬂedr u#-bhra% gmmedeepvagrmiog t he
fusion cellsa ehm’rungggl leGaln ARV YSt o essi on~
of the Gass*EHT 2. 70 e it Pa5g o B hb e B *@%31 SHenin
and Al bunin BPBPEFn 8 (ePyIPRe ﬂlhﬁd‘?‘tda#’rﬁ)dtWaF%fPﬁQ-Panéé | §heet ai n

lthe capabi | i Eg &eldi &har entﬁmhadl at ﬁeﬁﬁblglﬂﬁiilﬂ!ihg agsﬂﬁlegﬁal a28lugngeder mal
i neag LV e the .so ce were 5 ne ernma rogeny. DNA
rearr aﬁéerren%gag?aﬂ °(re# FLP&%‘?}T n@ %H 5F°?r‘rm#‘u‘6'@'?5‘bﬁff$' hygtﬂg etRlcific
to | ynphoi d thelspmatizl ¢ellitoexpriessasreherogramenhg ageartt, driss semdtieveal ed
that the so I hyd e . further

hi st ol ogi calnag%%l §/§+s t%f%&riaqggoxy |:§Méé({)2&| h:\i%?:i&mt%g sﬁg%dcf’#if t he

t erat omas cont ai ned ot her tissues including cartilage, ciliated epithelium

and gland. This nul tgnh 'p&%%tdiﬁx%ﬁé QB{EQB'I:Q& ﬁrﬁ étlﬁ%a%ld wilRs

confirned by_the tissue-specif aire homaodomal n
transctPpt i oS ist c2BseE (pAramptia thange i&-ﬂt‘% ghremaitdn stBEetWye-5 and
desm n genesof Elomarta.ufdéll gEhembaG lard aﬁpj@é& A8 Hfs HMSE-SEPEStidn

undi fferenti ated ES ¥ 5.0$ c:gjé ests#:Pat t heir e e55| on
was i nduced %é gepat ?p‘é"%SeEP‘F RLarPrep ﬁfl% %‘he'f eripeheR . c

addr ess whet hdemeRbibcuexmodeseispelifi c genes was transcri bed from t he

reprogramed somatic genones in the tissues, RT-PCR produats of Pitx3,

Al bumi n_and MyoD amplified with the donesticus and nol ossinus cells and
their 28 inter-subspheifpitinapetviateddehistaneer Hdonmndnder can

sequenced anslnemaaéﬁfllataaPh&é@ona HaNQlrd i3, ol S6PFENhe Riyidcaa

guani di ne (g% ﬁ% \L,:g )P % %i geno s to the adenj ne%éA reS|due in

mol ossi nus gahBhRRE B -FB8ARY i Th ArBldrethyda £RL no.

008852) . QuH3ekbyd? mmmassﬁvammwedp 5naadtIgaeéend@m5batu6nacnﬂ

nol ossi nus t e tivel ug unt of

product s V\é\sdl(iaglgrp’ﬁ?ﬁ"]j:J %‘c?'?' {qt%he go?rﬁ'flfﬁc[iﬁe‘ﬁ%i °R cfgﬁ‘ﬁurﬁggB?u?sti mlar

patterd0was deldict cexth, t thager £€ptiroantfibpddes were used to perform
chromatin Jimmunoprecipitation in order to analyze the
interaction between histone and DNA. DNA-histone protein
complexes were recovered by reaction with the respective



- 107 endod, armal cell-specific gene, A bum n. RT-PCR products at 567 by
fromthe donesticus nRNA were digested with the restriction enzyne Ncol and
detected at 554 by and 13 bp, whereas RT-PCR products fromthe nol ossinus
NMRNA were 5 detected as three bands at 381, 173 and 13 bp after digestion
with Ncol (Figure 8C ) . An equal level of Al bumi n expression fromES
genones and sonmatic genorres was recognglzed by the simlar intensity of
bands inthe t Sdl i at the nd infer-speeifio
fusion cell ﬁﬁtr %ﬂﬁ 10 ésﬁu gfgé) PR ?%ét?ﬂ’&ﬁ&ﬁ%r"’h@%ﬁ
transcripts foesovedegkDiAebiatdnecpedteligameiswcit dasiragils®hdy the
sequence pol o4th S di gesfion. rQducts at
VRS W28 RLALY Cod OuhGnats Hht!l S8l BH2EERR Q

395 bp from onest| cus separate W ba d 102
bp, whereas ReHYMAXRhLER t9% ﬁbﬁo@ﬁlsmsﬁﬁmmsofeé-mslearmsmmemfdngest| on

and was glet ec‘gte%n@.s: BRA, r&@ta.ta §8§swlaawl de@e%&?.e%etnéﬂ £HI€ gdhbmb/ and

18 and MKR-2 and i nter-sub speei fi f usi on cel |'i near, somati’c

genone- der i vé’(f’:t’ir"z%’sEFP’ﬂt"SSW’éi‘F seﬁe} '%‘%F%ﬁ-‘%liﬁ“!c&iiﬁ@q}s denp¥esyditi ved
transcripts. o%eﬁmdatea:amyilecatmet R¥matd cSi ddlRr lgenbheES SRR ely

r epr ogr amred segg'tl n ain (inélc ar conpetency capabl e of

transcri bi ng®4 d'é‘cts%: ‘f?c g‘Rﬂé‘ PRIAR o8 RS I RPFF afBFOMAtIV A, The
next questi omtiruotueher Itnbersarmﬂ.yc bentnree HB-Rysihesf epeesasdemhdycoul d
differegntiat | eII inyvitro

di ffer g&tl at ﬁ‘oht%yﬁ'(?}% ng con 1 @W&? AFNOMG e 15 38 KPP ERASr s used
the system oiﬂertémlatimnfqiéhéﬂtd’a@Hénhvﬁdd@eﬁmm&mtmecemyﬁﬂaishr onmal
cells in ser%:iis@oﬁeml tlﬁ&ﬁn&f&%&ﬂws lkbré’rstﬁlble’ ;}\f%w&igétn% 31-40

( 2000 ) ) . Host | s and MkR-3 fusion cel es were cultured

to promote néteH Bf-ff"&r%ll"'é‘til% f oF PBTPEoXe  dais é-ﬁl thfaromd  thpt By
this inducti aathyadtionl owiges h&h@&h&heﬂhuw@a cgkl saangnhbachesisEsccel I s

wer e p itivel actl ve fox neurpepithelial stem

cel | -spréci fi E‘C’@s“ﬁ%({g‘t‘?&‘ p8 ‘bt RERRAFRAImAh c GPNOTen ). Tife EBF¥PPes

posi t| ve for mettdiyd aeling speetbne B Genpet i mmer enr adgényt f diivtblvd®esandat a

i ndi cate tha I n ceI e [ tulated and the
fusion cell s;“v(efe?:r g'rl(‘:’%qtto% 1€¥ cg’tntatﬂa%rfalfés#en S g e % ﬁ%ﬁt{/eegégfﬁggwgnﬁeural

| i neage. Thusgents rffdeware 3d)affici ency of produci ng dopani nergi ¢ neurons,
the period o induction culture was prolonged to 11 days. The majority of
cells were positively stained with anti bodi es 1b agai nst TuJ and NF-M

Cel I's i%Phunor eaati ve t §R8BPHARY dr okeFhREARe THEOT  weoed {radingqui Red for

the producti erprograhmahel Agent ¥AU10bedaskckided Hebe.Minly detected in
the inside of all surviving colonies. Roughly 20 to 50% of cells per col ony

were detected as TH positive ( Figure 9C) . 15 A simlar pattern was found
when host ES cel | s wdr e Tosdtst Mingisi sl fohet gerome wHaabomat Lieroxll friomn

succeeded i N ¢ o GRAEBREIoF P YIS cel100HE! B 1 U1 STRER1A2RAY L3
25 described in Example 1 from subspeciesM. m. mologsinus (mol)
which has a DNA base sequence having a higher degree of
polymorphism as compared to Mus musculus domestiocus(dom)
mouse. An inter-subspecific fuslon cell of an ES cell (dom)
X a somatic cell (mol) or ar ES cell (mol) x a somatic cell

30 (dom) is produced.

2. Thesomatiocell, EScell and fusion cell are fixed
with 1% formaldehyde solution for 10 minutes to cross-link



dopami nergic neurons in vitro was reconfirmed by transcription of TH,

Nurrl, and Pitx3 anplified by RT-PCT 20 with nRNA extracted from fusion
clones 11 days after differentiation induction (Figure 9D) . To exam ne
whet her tissue-specific genes were expressed by the reprogramed somatic
genones was simlar to the ES genones, sequencing was perforned with RT-PCR
products of Pitx3, which is a 25 transgfiptional activator of TH In a

si ngl e base r]:q..@ ap8ERBheOf LLCU ani di Ghnf2ESI t he

nol ossi nus adeni ne (A) reas %ﬂgeggﬁ%ﬁ rsﬁsﬁx Qgﬂ't&(;%fn(ef?r{cﬁ or?gxsﬁg'tee%ﬁénced, 8
clones vere fihareadSerhe thel sucinas Pyptelniie extdantsd wer desicsidedest i cus
type in the dejead.ner gimhdieligasedld dpEbgLenti At daunddie Wk an

i nter-subspecific fusiaqn alone (thl gure 9 %%P Simlar result were obtained
with the dop@fitieagedydateshdifitang o i anetbedym arJantdi-agetvdased Thus,
somat i ¢ 5ganotEstond Hi WAL YD 004 NaREY. Lifle t @14 84 ORistond0H3 -E¢kl4S,
acquired pluripatenti al ﬁorrgeten y C aﬂe f expessing_the nesencephalic
dopani ner gi ¢ WS ¥ pBBF: FR 7 "s’&?ﬂg‘f "(ﬁﬁ)irﬁl 1 HI- L& AREALPGY. 5 The
present i nvewmvernlghtt asx deserd beldehewet.ne fusi on cell -derived

dopam nergi ¢ neurons , which ware induced to be differentiated in vitro for
11 days have potential to integrate into the striatum of nouse brain after
transpl antation . | n3thfbeggratinmeolutben YePpBaded tbronghl 3 ptothehween

ol osShious ER eRikindie dggEshielnaONabkonechih BBNBLARIrbARTLRI3R0
carrying |l acz/ neo. Aboyt 5x106 cells per site o usfon cell-derivatives
war e i nj ect edPEodphibedy as deagrikediaboviey BN ig extracted Exam shet he
bregma as a hdtoneceNANCOHMELéNTaEted PLth dach FhoVh6dF@dx HescSdbsaval 15
of cells in talg’% rafts) was detected by X-gal staining as bl ue-positive
cells 15 days "aftér infection. |mmunohistochem aal doubl e staining anal ysis
of frozen sections of the grafts with antibodi es agai nst TH and LacZ
cl earl yudenonstrat ed,t h t ' | ¢ [ raal. .20 cell s
expr esg'isng a dopam nér’g?fc)enge%?%ﬁégggm I Cia?ﬁlg}é&%é’%ﬂ& a{iﬁgrﬁﬁ]degfxl 8
site (figuredmashrane C) TheNA, thagepeat sedummonB2 nepeattapabtered
expressi Ng NeWr fRe Fetand,C THLNESn € iRl saf éﬁm{‘ﬂg JWE.EQO‘?;%%%I%\@Eg?hgduced

to be differentiated in vitro to the speCitic type ese data
i ndi cate t hetPREFERYM hybrhdizakdonysidmhadasulicoald afetheardhs DRAsduci ng

r elo: acenent lt:?aaméilsbd mﬁfﬂa&ﬂa@?ainli%tﬂc{imnhg%yaﬁ%ﬂ%% é&ﬂoﬁg%ng- f ES
cells e self-ren a ripotential cel]s ich are capable o
di ffer grlqt i at Pﬁggﬁ)f%?%g#ifg “g'f:"f‘f %gﬁgs“ﬁ?tﬁﬂ%ﬁ‘ubh@é’ﬁﬁyé@ltl%d hSPFBRPNg
their introddStLys4t oacetypataedshidtmse Hijeiandoberitpdhend Biistphapraty is
suitabl e as ancghg agl}{%ﬁgsf 8k gg_kl:gglg‘agx?it %ﬁgiggrl\ggfglgacerrent - 110

tissues by in vitro erentiation induc . VEr, "tissues provided
froman ES cell source Wuld be msmatched to the najority of recipients,

resulting in non-sel§. ($RISEkepASELRMNRI 4 | RpTIEEeq Sakifig! §8HEPE
t her apﬁgtl cdgpﬁr anigl antation is how to reduce 1 nmmunol ogical',Tej ection

agai nst2ES- vREHRPEaets reepegliively RRAUFIGt e thesfebAaenahigha)
tail ored ES tel éepoesped donahdadfleirehitdatiodséd@lDs ¢ s ndte1aPgoéRRELI@t e as a

cel | source. oBe5 80N Yne? iddrd s Sokiertt 3 G54' S17" Gordes LRIENCHIE 208 O
expressed 1n somatlic cells or undifferentiated cells, the
Thy-1 gene which is expressed in somatic cells, but not in
30 undifferantiated cells. The difference in recognition of
restriction enzymes for polymorphic sites of DNA bhase
sequences was utilized to determine wheter DNA amplified
in a fusion cell was derived from an ES cell genome or a

re
n of



10 (Jiang, Y . Jahagirdar, B.N., Reinhardt, R L., Schwartz) R E., Keene,
C.D, Otiz-CGonzalez, X R) Reyes, M, Lenvik, T. , Lund, T. , Bl ackstad,
M , Du) J. , Aidrich, S. , Lisbexg, A. , Low, W C. , Largaespada, D A ,
and Verfaillie, CM ( 2002 ) , "Pluripotency of mesenohymal stemcells
derived fromadult 15 marrow', Nature, 418, 47-49) . Personal tailored ES
cells may be nade with cl oned bl astocygsts produced by nucl ear

transpl gpéat Iﬁg@ﬁggf’ i C%C“eé"lﬁiyfog‘ enuc] ea%f ‘yug%ﬁg I%: §ggﬁleggﬁigﬂ deout

Oell 109, menam(aszmg ):eacll:iedewelrth hac‘eﬁyllatélienﬂpﬂdna: Hbepysg,

SroounLers SBoREyab IR BLolb AT ILa GERMYERLCEIERR ol by slhubRY - O

pl uri pot encyceﬂ-lseérggﬁnmavgow&tme AR pehahgengte bdagenehr by
possi bi ki ti egomaticlod i 88 i‘i@dﬁé&%@o?%ﬂ%@ho@ﬁé’%hbﬁeﬂée%ﬁ?@ﬁﬁ%sa”d ES

gnones deficient for MIC class cl ass coul e sem - nmat

i ndi vi dual paRifRien gpldsnct ALERPYoh AN BE S@lESle Maedar |an eBeUPLPBY ent
celI's) may bgtsmdeeby i1Areies ethsd rudw:uq&i@fn t herbprograniingOagent Ny

cell. fusion W|th pers al matic cells ).personal 30 sonmatic cells
can be reprogf ‘E}/fog‘a'}@f 915‘ g2 fﬁ"&ﬁ%ﬁs ﬁginEiF'BgrBWﬁB"Eﬁ’éﬂ?s
identified from ES cells . The cell fusion technol ogy m ght have potenti al
to mak anlrrportant n|n tlca I|c ons
without® - 111 rai s'lgﬁgﬁ'hggéom Al ggﬁéxr‘%%% a‘ﬁ& OSEEU H‘I "¢l oni ng
. ( Exanpl e structiumeificomi mhmfotbgrog:rmdm ngtagmtknt)»wnn ﬂhﬁﬂ:rrpthe3 t he
present invegtehgihpyBat |Dg_=at%ﬁtm HSOf) gn%ﬂee I-?P'l%f‘ﬂatéfé‘l |y

nodi fi ed when fuSed wth é hgr ogr amm ndg agents and
their rrechaanﬂpl?ﬂénﬁPEEeHPdi‘-ﬁéﬁﬁFéPgﬂexﬂé tERathaletene H3stydwieh ES

cells causeSmatﬂyaaﬁebac iﬁhétﬁl@@xt' ReH YR RIS tH L O S 195 - ﬁf&@tiﬁ cell
genone hi stope 10, acety ce nuclei in

and_a d.the atjon, of _somatic
O ors Lnon Re PR REe At 1opPe SPEoRaLd stecivjation ¢ RESEDEaL BRARaRRE bel ow
wer e conduct edathezeddiidannzhonitt bhé ganamegawd eabh, gdiieotn Saiibn é‘sﬂia SCI.

i d
Upst ate’ bi ot BAAASFSE, Cogk: he: PR 2ooPhihRS saniELS ora R GREPRE cFoke o
whi ch anti boélpesem@hé"ombtt&nn@d:rll(dmef.i c:l’lairdd.cad:aa:ﬂyf orithuzdesms thatone) An
anti - aaet yl aghgednbi atOBR 5?6:-?{%] mma 4 e I@@ag)ﬁba gn@i S59064 44 -

ant i bodg an anti - net hghat I st one
anti - mePhy| aF BT ABSPBMERER- Lys9 ant i body vvare used to grasp nodification of
t he nucl ear histone of somatic Cells, ES cells, and fusion cell. Next,

hese fouT At D00t 5 UEE 240 e L AL R AR 20 et one anc
DNA.  DNA- hi stbgeppesentninveptM&spmﬁdeecavme’eﬂoayfoeaptoa\mcmg hat he
Fecover cd DNLRFEPaEans Ut Eﬁ%%ﬂm‘ rd ShbdicRl oBhEnE ARt U o
nmodi fi 88 i n thastNs pEgilh. provd IEEI az;@lmhwimq~t!mu|ssimdemmmr ed par
assay. and 2) exposing the cell to a reprogramming agent.
Preferably, thec¢ellmaybesaszomaticcell. Thereprogramming
agent may be prepared as an intranuclear agent within the
oytoplasm of the pluripotent stem e¢ell. Examples of the
30 reprogramming agent include, but arenot limited to, an enzyme
methylating histone H3-Lys4 or an agent involved in
methylation of histone H3-Lysd4, a cell c¢ycle agent, DNA
helicase, a histone acetylating agent, and a transcription



On Day 1, 270 ~I of 37% fornmal dehyde was directly 5 added per 10 nL of
culture nediumto a final concentration of 1% . Thereafter the m xture was
shaked at 37C for 10 mnutes at a rate of 60 strokes/mn. Next, glycine was
added to a final concentration of 10 0 . z25 Mto atop the cross-Iinking
reaction, and allowed to stand for 5 mnutes at roomtenperature. For
adherent cells, the nedium renoved, angi4 plates were rinsed with ice-cold
PBS (cont ai nia n8c %&Eﬁg{m 42 g 15 KA"1.44 g NasHPO- and 0.2a g KH-P04
[liter (pH 7. g F) . Two nL of trypsin was addend par dash
Thereafter, trypsin was aspirated fromthe dish. The di sh was incubated

.t 37C f 10 m nut : inal i t d b di 1% FCS- PBS Th
el s were centrifugdduthdn; RT3 BF, 2rhaRaSbERR ey Bal 0aB  (Bckod w th
i ce-col d PBSMHf))celefdiciondp &Ssicodlcalith somatdel lcedddre centrifugad and the
| |1 |1 i I ¢e-.¢al k CE. |1
oriliog, cell Dol oo it e s it oG, MY prblfeco

pell et was resuspended in | OL of se SIS res-

(pH8. 0), 10 HovIA®&ionpisop methedsfop prpduging/aseivnuipetentiatqn eeddoi d
deacet yl at i omavamy HaebE2Ea gendny ,t.@ﬁmﬁ:l:i_.é:ﬁb# Che ¥t 3P4 ?h? RE2Leang

i nhi bi tor (Roche;  Cat . 8%_749%) was di S$9 ved in 1 n of sterilized
water, dil ut 8&dPRFF0B® ed@‘@ 9 of potrrpsplantaplen autigan ahe phem)

foll ovvfed bé icedubaand e orfusdmg ?helﬂ:eﬂi celdswithl hesemaﬁmﬁdm lhiﬁs'ingf
centri fuge 5 C m es - 113 ..The pell et

nucl ei 1\%@5 rgg‘&sgg%#éggz%%@%?'eu?ﬁ%&rg%g' Ff Epe (S kgm rﬁﬁlﬁingyﬁﬁ E'("pﬁS’B 1)
, 10 mVl EDTAceld. BB} merenprefarahily & paeviond Lyr estabbished (BY aedi.( 1
tabl et of conplete protease inhibitor (Roche: Cat No. 1697498) was
dissolved Sin 1 nm of sterilized water) diluted 1/100 for use) ) ,

fol | owed by incubati &ft éh PE@feEFed o embrddmentneghe { hEangpppatasion

ani cat ed SOah&&gaegzhﬂnalyew:a m‘agoe/m J?mttio!ao\ﬁ%t%g@.aa&q’d athi@Q@hébFMoEE t?hs
st ep, e power S 0 0,0f Jraxi mum econds, for nmes. e
sanpl etl\%as cﬁ%ﬁﬁﬁ&&ﬁ'a&gﬁﬂﬁ oF p"fﬂ‘%@%‘?’b’#@ﬁ%t%&*g%é‘@u &r ftat ant
(Z00 ~1) wascilamsst emtekyamt 0 Thensomatibe ceAll hAysbea Btansphaiéhetion
chromatin wa J I, red at, -7QC. 25 The resultant s | e was

G ot "o ipMbaaNE  Heph 08" Hliniihncyis 1 LRI s 5 Ly R
( pHB .1 ) tesgie-derNyed £e2lnM EDTA, 0 . 01% SDS, 1.1$ Triton X-100, 10
mM sodium | actate) arid protease inhibitor (1 tablet of conplete 20

protease inhibitor (Roche: Cat No. 1697498) was dissolved in 1 nL of
steril ”Ped water, di FBtt&e® metled for nreducingthe plusipothenpaten gell

backgr %mi bhetﬁbrzﬁ‘@éS drit aamhe%\ﬁas §ﬁQf}{ﬂ¥§B¢é‘Mbd&@gofnla2%ﬁ:f &E%DR
sperm prqtei.n agar ose, e sanpl e was incuba a 0 our
while rotati %g‘.’“’?ﬂef’&if"t g?,_aﬁl e (e e ity F%J&@gigt IiBOUh?'ma 4t 4C
for 1 m nut epa¥Fiteorethi twimtles offea nortaame p Least 44 Hors faartiedn asadakutédbe. 30
Next, variou t Lbadi ear | t ant .supernat ant
(anti-acetyl g’ti gg hi gggﬁé"%&gﬁ??ﬂ%yﬁfl&g%ﬂl,ae%%stagﬂp@ J-H. SCEERTSI o’é’?FeNew
York, @8A: Careferapdy.588 ynddfferestiatedfsomatbodgedd| fesbonweslised far
2 mL of reachOR stem cell (e.g., an ES cell), in which the whole of

a transplantation antigen is deleted, with a somatic cell

may be uzed as a supply source.

30 In a preferred embodiment, the somatic cell may be,
without limitation, a transplantation individual-derived
lymphocyte, spleen cell ox testis~derived cell. Preferably,
at least one of the ES cell and the somatic cell may be a



- 114 solution); anti-acetylated histone H4 anti body (Upstate

bi ot echnol ogy) New York, USA; Cat No. #06-598) 5 ~I (5 ~, 1 of anti body
solution was weed for 2 nL of reaction solution) ; anti-dinethylated
histone H3 ( K4 or K9 ) 5 ~ | ( 5 ~1 of antibody 5 solution was used for 2
mL of reaction solution) (Upstate biotechnol ogy, New York, USA; Cat No.
#07- 030 or #07-21la) respectively) Typé aIIy the required amount of each

anti body was 1 fi at i tro a t hou an wer e
fested 10 Thimarti A Bantc  CHhe Sonaniball s este LT o6 e
60 ~I of Sar masm@feﬁwfafahabmyAualglafﬂSﬁthbﬁbm@&ﬂbfqlmﬁ@myt (Cat
No. |6-157), I\‘e(ﬂ 85@:931& ro:glnA%aros t}% used far 2
nL of reactio 5N Y “Ras A ed’ t“h%*%ﬁw& k8 551)? F3P3i-at ed at
4C for 1 hourt,hef ot droaktic bgeddntis fmguemb.‘eu aommﬂ@slnﬁ and harienut e.
The S nat g@_lsa S [ t L romthe
"no- aﬁ??’body%ﬂtsea ﬁl?agwégﬁé?g?e%ﬂ %f?gyglmpﬁput crﬂa&ngl %‘tﬁ(y&tﬁg do t he
pel | et was vvd‘éhéf(!*et khesapyt: h ThenESiceldnwmay beReef orably ¢f thhemﬂﬁm s- HO
(pHB8 .1) ,spmdﬁ\/l(li&@fe:&bw ER’e’Asaﬁe ii’./ﬁ§P$1s Ralt '4£0"i:h>é boli@thc
foIIowed by ro I 0 % erature m nutes. Next, the peIIet
was washed wi%®t Eﬁl m@'h&re Pﬁﬁ'sﬂ slh“'%?fjegr t(argetrﬁgr ¥ thezany gpdg

, 500 nmV NaCJthe'ZsmM'EIHéelﬂl iﬂ%ﬁ?&n cﬂa%lTHtH?gSXelﬂms) alsb QreFerdbly h d
rotati at tur or m nut Xt et. .was s e
wth 10 s o BORRCRERT f dfot€gdn T Ehue Sdge e S DTN BrG | my

EDTA, 1% Nonicde@an®- 4dne?. P vebayalsivl) upweiciv i) )emunmmws a’ea.tl.lson at

e (107 T otfier o bBtpctent sVl Ppaudl BEn B it " HiEEAEHEE N LT
room t enper atﬁheepﬂ-BFiBOﬁPﬁEt%‘éﬁm el of Hehex prienoy/ W@etmm}cmmx war s

eluted Wih e usdd ofs @ wited dutll s (0 sbpbaalbblZasl? SDS) twi ce. 5 The
sanpl es,l\gas vortexed briefly, followed by sﬁakl ng at roomtenperature for 15

m nut es.” The supernatant was transferred to a new tube. At this point, the
total volume of the stanqolpe-a\ﬁa&rWemb&did@nﬂ' ha:lme :h8th&dCﬂoz.5prH&GH.n§nd 1-~1

of 10 ng/ nL s ded, to th Reverse crossljiokin S
per f or ned by%a ngﬂ%o FHre 98 % méengf l\/fCAEBTA, | 2
~l of 1 MTr i@mﬁ@is(qoﬂlslstﬁng 13@thdexﬁthoftm@mmumnugeﬁere
added 10,1 e B ¥EkA1qu) EBYCH DU cI AU \HL AL oFCcHEr t%angpgan%i\éﬁs

recovered by pheno oroform ex raction ol'l owed
preci pi4at i oﬁnt@%bééﬁl’edge lrxadigiiomnn &Beeélcﬂh'ermtmwet wasmetbedd at

20C overni glis1ndgBAKtdc ﬁ&i@iﬁ&ﬂé?ﬂoﬁamﬁtn@ﬁfﬂﬂt "igdioadahieecpyer the
DNA. Tae pel l.et ;f‘: of 70% E&h?n The DNA was dried, and
t hen resuspeﬁd’@&%%@ £m 9 e-d9 with irradiation or
chemicals before fusion with somatic cells, it is possible
to destroy only chromogsomes derived £rom the stem cell after

25 fusion. Anexemplarychemicalusedinremoval of chromosomes
may be bromodeoxyuridine (BrdU). Chromosomes are treated
with BrdU as follows: initially, ES cells are treated with
this chemical; and UV irradiation is performed after fusing
the ES cells with somatic ocells, By irradiation, only

30 chromosomes derived from the stem cell (e.g., an ES cell)
treated with BrdU are removed. A technique for removing
chromosomes §erived from a stem cell (e.g., an ES cell) from
a fusion cell by genetic manipulation may be conceived as



25 The "total input" sanple was further diluted by adding 870 ~1 of . |XxTE
Next , 2 to 3 ~, | of the sanple was used for PCR reaction. (
| desntification of reprogramm ng agent ) 30 As a nethod for confirmng a
reprogrammrig agent, the follow ng procedure was perforned. 1. To
di stinguish the genone of 'an ES cell fromthe - 116 genone of a somatic
cell, an ES cell was established as dgag?c)_ri bed in Exanple 2 from subspecies
M m nol ossi nol ) which_has a_DNA base sequence having a higher. degree
Of Dol yoor phiE Mo TALE AT SRR RS THERO R SR ety LasAergatouce.
An inter-subdpan fthe gesiona o a etemncESlceblg(dom Rs acsDIp! i asged (nol)
or an ES cell I a_saonmatic.cell.(_dom S duyged., The fusi.on cell
) and a sonatﬁ“(tsq‘g'é? Fﬁgn&%gﬁx Egi&ef’fltasac%?m%%%a c%‘ﬁjg', %&rﬁjﬁ’:@ d® to the
above- descri Hedindutedrtdiestpmes aradi thatitondy ehsaposdfeddrrsbrsl fecoael |, ES
cell and fusi I e Lixed witha1d _ | utql f 10
m nut esq.'t 0 crtg‘s%s?ﬁiemctwﬁ'é ﬁ?é?ﬁhe&%rg§e{%\i€\f @%é@bntg%fg%ﬁm ex)
Thereafter, tihe abhoveadeproibed techukauercen be wrsd tichvemageshpast The
nucl ear pr ot Gieh 1Ha0wh6aE! £ d Iydfondl derdtRlby k2bRda Nl ShP T (@Nyl.body, an
anti-acetyl ated _hi stone H4 anti body, an anti-nethyl ate | st one -Lys4
anti body, ~an@®MafSR8Ldet hyl at ed hi stone H3-Lys9 antibody overni ght as
descri bed above. 20 3 . The reaction solution was passed through a protein
A colunmm to separate.the histone- C lex r ted with the anti body as
descri B{&d above. DNATRAR P %8&?@'5@%rﬁfgggﬁapﬁ\ﬁf‘ﬁnf’rﬁf"g?tf"gﬁct ed
w th each antiithbalinisndesicto peddibeabfusion neTharfah Fictelll BhAivaankl ott ed

and ad&oxbed itqﬂsomg%%@mfﬁ{%omg%ﬁ&%y ool RO MmB WENE S Bombgaga!

scattered on e ge nouse "geno re used as probes 30
to perfrom h@edildi z&heoredandigtpeonnasidd ity grapdexatMHGE ey kbewnbel ow.

B2 repeat: gg hlfiolecule involved in a rejection reaction of tissue
GCAAAGCCAGGITCCTT TTCTTCCAAATATTTTCATATTTTTTTTTAAAAGATTT

ATTTATFCATTATAPBRRAGTACACTBtRCOrGrET HoddNdAupdencinbhecaame species.
GCGT CAGATCT THbIEGCHAECob Erb e @8 Ces T EREH T & Leeld TGMHC 15 divided

ACTCCTGACCTT QUG AGT L CCARTOBECT GLTCTTATOCAGTGAGEATCTOAGE " ™

is known that e¢lass I genes whichundergo antigen presentation

to CD4 T cells, and class II genes, which undergo antigen
20 bresentation to CD8 T cells, are lnvolved in rejection
reactiong to non-self transplanted cells. The present
inventors produced an ES cell from which MHC class I and
class IT genes were removed by genetic manipulation and fused
the ES cell with a somatic cell obtained from an individual.
25 The resultant somatic cell-ES (MHC-) fusion cell presents
only somatic cell genome-derived self MHC class I and clasgs
IT antigens on the ¢ell surface, so that the fusion cell
is no longer recognized as non-self., The somatic cell-ES
(MHC-) fuasion cell, which 4inherits antigens for self
a0 recogniztion from the somatic cell genome and the
reprogramming activity £rom the ES (MHC-) cell, can be saild
to be an MHC tailloxr-made fusion cell. Since the somatic
cell-derived MHC 1 expressed in the MHC tailox-made ES cell,



5 AGCCCCTGGITTATTTTTTTAATTATTATTTGCTTTTTGI TTATCAAGACAGEGT
TTCTCTGCATAGCTCTAATTGT (SEQ I D NO s 41); and | AP:
GAATTCGATTGGTGECCTATTTGCTCTTATTAAAAGAAAAAGGEGGGAGATGI TGS 10

C sl ~i " sCGECCCCChCATTCGCCGT TACAAGATGGECGCTGI I CATCCTGTGI TCTATGT
GCCTTCCCCGTGACETCAIICTCEEfIE%TGEEETGCAGCCAATCAGGGAG'TGACA

CGT CCGAGGCGAAGGAGAAT GCTCCT TAAGAGEGA TTCGITCTCTC

O T I A et S A L 6T, S amnerc (550

Ip NO: 42) [ desfpatewtuiencesd MHE alatey Ettrm:l)cie:ﬁsmacaaﬁwé amaadgf t he
robe DNAs u n' t a n enones

b Coomt | ¢ coprn BEghEledt A:dpRiBRthhe bib R elFs P ¥1ded £i0ToE

acetyl at ed hidt én@inéenanuiaeebyl mesdngi theme Mcen Bhé UHﬁon%ssef IES cells

and fuskon cablse18hthmould dadtivd g9 clalid&s\/\@érélzulthiﬂi@nua' Neh HE1Q0LC

PCR-priner sets, respectjvely, specific to the Oct4 gene which 1's expressed

i n under di f f &rE8ReSVEFedadated, iy hasoLagousmecembination. NEH GHHEmINt - M
anldl - L38enﬁ8cwmu.ehnﬁ ebma&neﬁmm Eﬁﬁeﬂmf'lgmhhﬁ&@ £8108 dfnd!.?.f:'gi-eﬂi:' ated
cells t he ne which.is expressed i . and_but not in
undi f f erenti aggéec%ﬁ% t BT SAETeSS ‘glg r}um% )dg Beﬁeﬂagf"ow.

- 118 Cct 4: f Byweran @GAA:.-QBEQ 1nxdN@he ES) cékledsrived

(SEQ (%ES)GCTT%Zéngﬂﬁ e\(}:grlé Ss IOE‘&I},@FF g%édTgf%éﬂé%l@é%| [ CAGTTT%T CCCACC

forward CT GEQAAMCHFMFQW-SEQE#@ON@MM?NbueexemmHGACT GGAGGT GITCCAT
(SEQ ID NO.: 48) 10 NF-M forward GGGTGACAAGAGGTCTGGAA (SEQ I D NO.: 49)
reverse CAGCGTGTAGCTCATCTTGG (SEQ ID NO. : 50) NF-L: forward

CAGGGAAGT TATGGGGGTCTT R &EePPYe rEpsoribed cpethed AchhbbecErr erammle ( SEQ | D
NO.: 52) 15 aesbribbbebdléwe(Ringarasifgcognition of restriction enzymes for
pol ynoy hic sites of DNA bass sequence Was utilized to determ ne whet her
DNA anpl'ified in a fusion call was derived froman ES cell genone or a
somatic cell genone 1.28~2scdasesdl tdefSontwnitc mbtd - dedi Hed gehwEe Nere

ted th 4 tyl
hoetylat ed hiafEbLefy oy SCRaE kW daudih § dtokh Taphdatkiofily,
absence of gBAes.inThaes: iappradchay areccpvsldeyeds ﬁmesm@:@tiaﬂosence of
genes in fUSlS’nHCQH:.iasszﬁ d‘&ﬂdiﬁ@%iméta%e Eﬁ:eﬁng htﬁ Eoéﬂ%

chromatin structure on the other nown yl atl on of

hi st on®&9H3- D}%ﬁiﬁﬁﬁ“ﬁl @?Bﬁet%l’{9§9°ar’&1‘é‘bn‘?ﬂ?%1ﬂ%%1a¥ yi’PmU‘PﬂP catasdm Iand
that hi stonect@skysP. i 2) H-2 ¢lass II (-/-) ES ¢ells are produced from

H~2clags Il deficientmiceandH-2class Iisremovedtherefrom
by homologous recombination. From the resultant ES cells,
mice deficient in both oclass I and class II are produced.
25 3) H-2 class I is removed from H-2 class II deficient mice
somatic cell-derived ocultured cells by homologous
recombination. By somatic cell nuc¢lear transplantation,
mice deficient in both class I and class II are produced.

30 2. The H-2 ¢lass I (-/-) c¢lass II (-/~-) ES cell is
fused with a somatio cell or a tissue stem cell to produce
an MHC tailor-made ES cell.



30 nethylated in tight chromatin while histone H3-Lys4 is nethylated in

| oose chromatin ( Analysis of repeat sequence scattered throughout the
genonme and each gene in fusion cells suggested that the reprogramed
somatic cell genone forns - 119 | oose chromatin structure. Particularly,
it was reveal ed that nethylation of histone H3-Lys4 plays an inportant role
in reprogramming. 5 ( Result ) Based oggthe pol ynorphismof the base
sequence of inter-subspecific genomic DNA, it is possible to determ ne

whet her the genone derived froma somatic cell nucleus is nodified. As a
result of this exanphke) e I e 0 ge i nti,r acetyl at ed)
due to cell fusion) Pd ﬁg@eMngggigﬁ?ohgg%nEgt?%gﬁuP%.gl%ﬁgsbénff a hi st one
H3-Lys4 is sgdéiflereqtiated mphexedaom lshdmpdpnsgdadmtd gandmdividuad known

t hat met hyl agy i L i at i t i

hi st one H3. RI\./’EP?' %?ﬂg??g%bgggeﬁﬁgﬁgbﬁéél qgﬁi_ggﬂ%ﬁ%e% 9 %%ng%%tgts Q%P 3

acetyl ati on PITRerescdion neactdps, ded detgrmimedy| ati on o hi stone H3-Lys4
is a chgracteristic nodification of the reprogrammed genone. An enzyne

met hyl ati ng hi stone H3- L\P/s4 or an agent_involved in net h¥l ation is

consi dered to be onedof OPRE 3 BRESEE AT hECsEhEneckasseIH yirkclaps (
Exanpl e I4: Pradyect/i-Qn E¢f cleldl da %hhi?EdWSnqutcitgau_ogsgaagl Egoggtlilo) o;al 1)
In Exanple 4 I i cient se . Z5 an n VHC (H 2)al ass
Il deficient Er'rjgﬁs?gi \/\%/eé'g'_iééé'gl:"? gg%rc(?gﬁ%eépﬁﬁ&mgg%yﬁrf’)g LERe Fomakip

defici ent nogedl HMo2bel gombidned-./- ) class Il ( -/- ) EScells , which were
obtai ngg fromthe resultant nouse, were used to produce fusion cells. A
specific procedure is describe bel ow (see Figure 12). 30 MHC cl ass |

KbDb-/- m ne were ki hBEPopprd@Efticell yapnnefivom spnatictell \ESfugdvnr Y.,

et al., Prosgeflafl. Acad. Sci USA, 95, 12492-12497 (199%)). -120 MHC
class Il knockout m&‘g ﬁre Ki ndlg Erov_ilded bz Madsen L . et al , Madsen
L., et al . ( Proctt K8t PorRacRESLSERDlY k) corpletaly ayaid paenbs) s

These two | i deduofingi mejeetdoheteantdionsed Todesmpletsty d¥eedi ng

condithens . i |t e in cordance th_the

requi r%r%entsrg rgc'g%?na é%x%}llcgﬁe%?g% ir1\(,)&‘?1':!’3:5‘135!a‘d"é?l f‘ﬁ@&°§§‘°ﬁﬁ\%ag%ﬂﬁ@?§?ty. By
mati ng 10 doBBPER Rfddkderiviedcfypma mumhtded celilasE Enadddfvadsall ofenes
are | ocated jhsetrB8tVi Cihi C o %@E’ ef ore,
the probabilit et haz: a %Eggagg??’g?'én?kigﬁ%%%hﬁgg'e'sgfls 0 ct%af’ngggfeénS in
1, 000 mice. PEXQlﬁri tBes98popeopEsthpetepredrammad gemationcellehasns

(because 15 afifpByeheahtdshl abentyy Bifh 888 todPHal 38Sthé QgH&:ﬁe LBe gene
genone S ugﬁd as, a rfo.be were used to perform.screeni ng by genoma PCR
giparoat

or soutRern BP'8t°%h nctetd 148 Fwo 3R EF R€ld )obt Beetefarengb®00- odd
m ce obt ai nedebyvingithye gtfoMdCof [tars stbmié 1l (@ .9Er,calefs @e@nl) Epombout

80- kb regi onggcC i - E e_enbr f on such use, .ES cells
wer e estgbl ighgd#ﬁl%%ge%%‘g@hneqd Jg%@?% |m&Bn§Pé§8§iPkaﬁoEii5g$E"M-ﬁ9c| ass |
KbDb. The knBEi€@ddl #an hedhimsinns f oAssdrddngdootbepre seintthl. Mremeyss br et al

. ( supra ) expbeigentess! bankt SouPl S kOOS }Outha ER: C&é*}l%i&é&%@ﬂ nto
‘bl ast ogysts to produce faknerlc m ce.” Production of chineric mce was
gofﬁaﬁﬁ% Ba

perforfrdd i n¥8R 1oRpATR0R 8% Nyl t heCH¥Is By y 02001 ) abbk at or y
manual " 2nd, habdssere revealdled) tiSHIL tPEaREs Wbutl Reasips B knackamdt £S5 cell
was 30 est ab%éfi]eé% f romtgngl e _knockout i nd,},vi dugl S obtained by mating
chineric nicgs noms € reprogrammed. herefora, 1t 1g necégsary

to selectively remove the ES cell genome after cell fusion.

30 The present lnventors produced a transgenic ES cell
in which at least one LoxP sequence was introduced into each
chromosome thereof (Figure 13). A construct of
Insulator-Polymerase II prxomoter-GFP-LoxP-Insulator was



Next, the double knockout ES cell was fused with a - 121 thynocyte to
produce a fusion cell. Methods for cell fusion were perforned in accordance
with made, M ( Tada, T . ( Lefebvre, L. , Barton, S.C. & Surani, MA |,
EMEO J. , 16, 6510-55Z0 ( 1997 as describe in Exanple 2. 5 The genoma of
the fusion cell obtained by cell fusion was investigated with the nethod
described in Exanple 2 to determ ne whgther or not the somatic cell genone

in the fusion _se]l n he differentiated into a specifig, cell type_under in
vitro differ é’ﬁtoleaé’ﬁegﬁuiaﬁ&gcPnﬁegﬁﬁﬁi"{:\"ﬂnge&%e( L \/\gg) peﬁso%pﬁ&d'si n
accordance wiaxe th€emtetioelltiesihe redtrioviEuanpfel2owdicbperayt iR} kath S
descri bed be'ao\%/aﬁ' BLPEQrCE+iE R Qeﬁlﬁﬂég | Oﬁé érrﬂ?tt%re”%' 14aht

mat ernal ) for gene.  Each 0cls Was B Enove By onologous re€omsinat i on.
Thi s procedurt&appgesdct BS mallspkg ¢concantirateds The dnagrietievitublie

markers.g | N FadQlotied S@HRXS ISHOS €a hrakthid mthﬁ9§ﬂ§§en£fi eﬁg:ge%'&% was
I | t he ehe

used far a genetic locus initia renoved an uro g s used as
anot her 20 sdhecCxel engifRer 18ointraduaedointocthe |Rugiryaedl wietdlsy,

Cass T and @:@s@g};hiq:eﬁssc&pyIﬁdoensoa&hﬂf&berlq@vsqeuweahéuhtt%?
condi tions. %@J%@lt was reveal ggl t hat _a doubl e knockout can be produced by
|

performng t GG BRFMEs tSeudioHE deEbenssE Ubcerdenhempdergens o5 |n

'élh:cfs exanpl e rekuwsibimatdion ,cla(memawﬁrqalqylthw etrbmbsdmes lﬂér_dwaf E@oR (ﬁm)t e
i ffergnntiati.qnJJntQqne . t hi s i ction.nost _col gnies fromthe

f usi onq'crbel I sttg dﬁﬁlg 1gsyﬁ%€el 3 Wé’?&%%?’l Etiovgllfemﬁof’ga@f:ﬁ'?ér §r 30
neur oepi t hel ichiromosones!,| angevid iremgyed hy arell.lp ddidistion aveshmogidcific

TuJ. The col @ri POgLELV, t |lgesPRpdd | - hegl rely
f ound. TheseQ’X';lﬁtqg5 [ ngilm%gtgi %g%&p urtlﬁg%tdency o&f ft;'-hde?“ s:ti}gl %%bgg#éﬁ%%g -

122 recapi t @oMPddangethe FeRRLHE cel | ThuRy e it A dualdi BPBABAES at e
effectively icalia -ideeiRed €41l6P8ades plies o‘t@n?tnﬁ’iélﬂ;%etlﬂQLéiPEbahEQQY of
produci_.ng dopam nergic neurir‘}; t he _per.i og of b|V17g'd ction culture was

pr ol ond’g’d t 0 OPPey B Eragegrnle, B8 collofsc establdsbedositi 38 poseabhed with
ﬁné i bod: es aga aahin\izaﬁdeEsM a%i&ﬁ*ﬁ%ﬂ@hrmﬁd&m Hyofhﬁ;:laiai ﬁeingl

ydr oxyl ase (T i | S requir [ e oducti 0 at ec anm ne
neur ot r ansmi %‘t g‘%’@,&%ﬁr%e%idfﬂr&v g‘fé&?@&ﬁﬁ“@%‘ﬁ%‘? * of ffcsc’lf [ 3 ng

col oni es Roudaiiylo2Gmade5E% celle aglel supeesedudiy wetebddshetlednathe

TH- posi ti ve. I g 4P I 10 en . ho e e d. This
ef fective nel’}@gﬁgﬂ“g@?ﬂ?&?ﬁg{“ﬁgﬁ“&%&gé ed Fﬂ ?trtgglggtg itla';vg(%’r fnfk'r{é%t S.

Productifon ofto ARPHESERT REeRantc Laypatilae ke huran Biscehly ita praduce
reconfirmed Baman’ 2BIIGH-Rade) ESf cbllls derived from somatic cells of

individuals. Unlike nuclear transplantation oclones,
reprogramming of somatic cell genomes by cell fusion without
use of human unfertilized eggs is within the scope of ES

25 cell application and complies with guidelines. This is an
innovative genome engineering technigue which provides a
maximum effect on regenerative medicine while minimizing
ethical problems.

30 Such a technique willl be described balow.

1. In order to introduction efficlency of genes, a
retrovirus i1s used for gene introduction. A congtruct of



15 Nurrl and Pitx3 anplified by RT-PCR wth nRNA extracted From fusion
clones 11 days after differentiation induction. To exam ne whet her

ti ssue-specific genes were expressed fromthe reprogranmed sonmati c genones
as simlar to the ES genones, sequencing was performed with RT-PCR products
obt ai ned from 20 the recovered RNA. Qut of 2x clones sequenced, 7 clones
were found to be derived fromthe soma%c cell genone. Simlar results were

obtained fro ! i urgns.differentiated from HxJ, Fusion
lones . ThueAd S RERARARFad?) 3 nkbp PR ELGHE: ERep EERRI R 08, of)
somati c cel | ,p¥edueeds usdngnes essshnouwicwiet eagtoe Widgare t he) MHC THeduct
is derived fr | le O . I, S e the, MVHC
gene is physi%#%?m%dd%ﬁmtf héeggﬁgg Iﬁgki(; g%%u%*?t'ﬁ?%%%‘ec%a‘:n%ot be
expxessed. 3WHEOWIERM 9an@fon8fsthe Rolynenarnl Idhprovetekewds 3ised

cel | - ders ved ¢loRailisd*tak GFIW00RS profeidly WRhRebBEHGRS thatltALahgHdAl TN
vitro. far 11 days are capable of integrating into the striatum of nouse

brain after ©°%f¢93pcapdasaenbediinearinldenfified ustng agedl Rartdr cel | s

i n the graf t _ssma,slvdﬂtcecmt b:y&r?(i_@&lsla&t ﬁbﬂgf.aﬂt{{b_hﬂ_epm&ﬁf yei_geudf&? JtdlS> days
after injecti n m a ubl e stai ning analysis o rozen
sections of t%%%?%%%\% ?ﬁggsgﬁ?‘f%b%ic{g’se &8§FH§P°?% gRBe; actie numisE
denonst r at ed ahdioxheeavenge cepledeldsvenrnelatedoeltls thy @xpaysasirng
dopanm ngj gi ¢ NaEPSRGGsfic TH protein at the injection site. '"thus, the
somati c genonmes were capabl e of expressing neuron-specific genes even after
the fusion cells were 10 induced to differentiate in vitro to the specific
type of cells . These datg i ndiﬂ\%ﬂﬂatt%-m%:légtey t hgty the p%%cﬂ:"eff ci ent
fusion cells cc%&_ld b g_gsd for producing replacenent tissues’in therapeutic
appl i cati ons TEF U "‘a]r‘PcFfog)i ggne 135 sbhtredeced dateundHscedden hunan
cells are usldlhe#!aﬂhﬂﬁ,i ﬁﬁaﬁégfdﬂibga?lélxeld:% ?simcaeammgas?a deastt W;j' |
rai se etdica refore ni pul atj.ons re perforned, under
cul tur?’%o cogr%@o?ﬁrﬁlgl%ofﬁpfgﬁ °ﬁa€§vigg‘é cthe qkﬁigﬁrpﬁ)é&% and
mat ernal ) f@e 1a geekeretaeh |Deis masipebattion byshperifogmed mes@xinati on.
Speci fical |y ¢4les; procedure can be perfornmed using renoved genes x 2 drug
sel ectabl e markers . For exanple, in order to renmove Cass | and Cass ||
gene, 25 the neo gene was uses for a genetic locus initially renmoved and

the puro gene was used % AHWLICENS he
alleli ene. T %)y’t Class 1 an?:l %hggi;%ﬁn% ﬁ%ﬁ%ﬁﬁcﬁ rggg?})ﬁrrj}glog%nglhy
e

h
removed ‘Under®§ dBsgit i ane. slPRedr | dngdatemPolymergsen #de neo
gene i? i nt (r]I mﬂmea@dﬁﬂ-d-o&mmlﬁtbﬁcgls ﬁgﬁaiaﬂylgﬁw%aamdpgsﬁeeni ng
is perforne in | gncent,ration t a [ ene can be
repl aced wit ﬁ"’fﬂﬁegﬁggﬂagﬁgés- TR g-go"f)? ?lea'%&éﬂ gﬂ&kﬁg a5 dgags
produce ES-d®neydrneHpede ohriosmmomesi arec elellected.exam ne whet her
ti ssue-speaifio genes were expressed fromthe reprogranmed sonmati c genomnes
as simlar to the ES genones, sequencing 5 were performed with RT-PCR
product®® obt ai ned frdm W#WE#BHQF&&QM ©re enzymeris 1nsyadnced, 7

clones were figtedthe bgsdehi ¥edlfswraidea e L thelRARBgeRIR £Er anEd
human- deri ved gl u&a%ﬁ%st emcells_10 were used relimnarily perform
[

to p
various diff & Fématds elly cqueingthe: fXe eREYPEptagPEMEd
cel | s were ditenpoeniriidyeskpnsosdd 00Duects de aB8EUHABE tHETRE afizyme,

hamat opoi et | q:h(éef.éiﬁ’ sgéhghcgg%%del::ig\{:e!gdmgfggégg ?:’ec%:r}lgi%g%iloinifes’o igat
30 only the chromosomes derived from the ES cell genome are
modified to dicentric¢ or acentric chromosomes, and are

removed by ¢ell division.



(Exanmpl e 5: Production of genone-renoved tailor-nmade ES cell for an
individual) To avoid rejection reactions conpletely it is necessary to
produce tailor-made pluripotent stemcells 20 derived fromsomatic cells of
i ndi viduals Next, a fusion cell from which the whole ES cell-derived
genone is conpletely renoved, was produced. In somatic cell-ES fusion
cells, the reprogramed 25 somatic celk;genone has differentiation

capability simlar tq that of the ES cell none, Therefore r Vi ng
ony the ES cl | gendre MEsh  APERFREl | ST goRATARIREN pidY on EHe

tail or-nmade plepriqgpiaemedt awmatlics cablbegendmeverkmaires pr agenthatvant or s’
reactivation 'Jmag f ' |l -derived Cct4 gene in cel
fusi on (Tadatgiag{#) T rﬁ é’lte(r)llq' ?‘%%ﬂlm&’el\?/é%ael(a:'d that it takes about 2 days

for the somatic cell genone to be reprogrammed after fusion. In other
words, tshe ES cel |l gamofRent&ée hthaaed eblel valY sl ety df (¥ orgald ofUSi ON

-125 In this eqard, t resent inventors produced trans I C cell in
w1 eadhidRS i B iaBERREh apn et R Er R L hay Bl thn Pe e
t hereof. A cddstsuest, oir |onghmd omaPobgnesade allongr awinery Gbé- 2oul- Hasul at or
was produced } ret kI r i i ector based
o Vo] onon VEETEA AR LR ey R d R aimd:fd (il P ol ¥ BEER acy
) ) ( Figurea3gfdmnunageppretsants, ausglcad or@nat ionsarex drredRatdom.t he

i nfluenge of MAYEOUNdnAEnGRANMRPredBenkae PalwEr aa%ehba%@mgﬁfgtg\ggigg;iegst 0

cause the Gp tqQ be proper| xpressed t hat _the nunber o

can be |ineaP¥y4o& 1F’i°edF§§Sﬁg‘rés$$ﬁ ingters“W’Hﬁ@PI{“@%F@Uh ) ) (
vvh: Ich Eas_ t hdvel,0f0at exaxipdiel,y eacttrmThs.em of \n@mfph5nm(;l bRtER6ELBNNGEES
cells having_the introduced.gene e nunmber of lo equence copi es was
correl ated V\nsﬁpﬁ'eteﬁ‘é &% F&?giigﬂ ?EM%‘F“@&C’%%"&Q@EP% nggeroPREd i n
accordance withe Qdineg, Jrkaddéatdbn, m@yobe bathl Bodg. 1BeadibBAon94nd575- 580
( 1997xe. . I a r 0 LER pol .l

pr onot g'rs -hGFE%S%g?%PrE%(%PE‘sS?ﬁ%%‘?)Eﬁ:#gﬁ?gi‘iﬁ‘) E§I n‘?‘{'i‘%jlr’i"y’,‘ E§h88PI S were
produced as Bedbodsedapprentlaedyl e thwovreishties cxeactivn h dnet kbir us

vere trypsinipaedpa@nd’ Nt st SHHW ! @rHfdd 1 SUSREH Wrad©! dOeHe 2RobY
co-culture W%Ft[ a,culture supernatant of virus producing cells (packaging

cellline ) f8Ff1HENE1Y,SPPPEEAEFy i nfecting the ES cells with the
retrovirus GFP was used as a marker. Transgenic ES cells were concentrated
by so:n%i ng wwth a Gal.. sorter (FACS Vantage (HD Bi osci ences Sorting was 30
perfomBd as fol | ons IPTRROFREH|2dRRCHo thi Preent Anyepkdes, provides

- GFP- LoxP- | nsellaEor t §eseenasr ioriganduaedfenént Eora€!d1%om hplasipbtent
Ly ansgen! ¢ FRsER o1 I RAS R B BLAISNGnE 0° fifd Lo B0l hily Ul delnto
cells, pancreatic parenchymal cells, pancreatic duct cells,

hepatic cells, blood cells, cardlac muscle cells, skeletal

25 muscle cells, osteoblasts, skeletal myoblasts, neurons,
vasculaxr endothelial cells, pigment cells, smooth muscle

cells, fat cells, bone cells, and chondtoocytes. Preferably,

the cells may be myocytes, chondrocytes, epithelial cells,

or neurons. Technigques for differentiation are well known

30 in the art and are well described in the examples described

herein and the documents mentioned herein.

In another preferred embodiment, the tissue maybe,



used as a reference. This mani pul ati on was perforned several tinmes. 5 10 15
20 25 30 Insertion sites were detected by DNA FI SH DNA FI SH was perforned
in accordance with Kenichi Mtsubara and Hiroshi

Yoshi kawa, edi t or s, 5ai bo- Kogaku [ Cal | Engi neering], special issue, Jikkan
Pur ot okoru Shirizu [ Experinment Protocol Series 1 , "FISH Ji kken Purotokoru
Hto Genonu Kaiseki kara Senehokut ai v75 .| denshi shi ndan nmade [ FI SH

Experi nment al Rr, 0 man. Genone. An sis to Chrnosone/ Gene
di agnosi s]") ‘E’T?‘E’J%S‘%- %%’Iéiﬁ%lﬁ%) e =1 c?él?%‘?ﬂ%?g%ieyﬂ't&éﬂ'ﬁ-“ﬂm%’ HFVEi-on was
performed sevér al prefetredeesbodiment, | tisel sibgan A WwElledt®d Erom the

pr onot er - GFP - d rob nd pped on chr onosones

Transgeni c ES ce%I Iéé, %ﬁﬁ%ﬁg%#%%éagﬁ“gﬁgc&éﬁé%@fx@ghﬁgﬂﬁgoﬁfg{i%ﬂe

sel ected. Nefftomésdg: i dndagtsingsr e amd aj paticueasn t heTebbnibguescr fbed

exampl e . Fdigarepltintdon bf dIAAMPRNA ERGERD |0 HelBURGIRILE 18] | vere
0 e a

produced under ,conditions _simlar to_these ove- deaer | bed "€xanpl e .

A plasnmid whPEh BRtfevaly) desrribed indhe exemplos desionitedt heiradni d in
whi ch the Crandnzyee dgedfiends hehlk2eénked heeedantrol of the Pgkl or CAG
pronoter) was introduced ,into the fusion cells by electroporatian or

| i pofection. The plasm d expressed the Cre enzyne tenporarily (3 to 5 days

after introduction) (nangrefiereeftembodidtericC enR@eXx)., PUssha dhergahi on of

t he Crgqgenzype, P n nderwent hqnol ogqus ,reconbi nati on, so
that only  neeoid peelene SVERERSe Al RekE bor' rmnadlabe¥idPe. nBFS e to
di centric or PEBERFAPAYehitbrodsAbredndenome densubstayttallydthessameover

the cell cychg. tfhhe 68MBVEdan @) £oREd 'HES: USRS 2 Rk BB ‘11:31?; gpd a
e Rf r'aF cerf

probe specific to cg? h cell as describe above. ter seve

di vi si ons, oRFYRi Pf 51T BERSRRE Istantden Agms ek fospt sanapdentathanic cel |

remai ned. Tharefxded éfEsdEpanBeUBIRE FIBoEEUSELE t@ﬁ%ﬁfﬁ?bﬁ@ﬂe.m“s’
i potent. stem cel |

the 5 iadivi tics,cell-derived,tailor-nade p]uri

was prggucedgﬂé%égﬁ??an%ﬁ d5c8dvantageousiyyeixganred devel,98spBl e to
easi |y est abhpshmmunei rejecttlenEeacktliohy fusi on 10 using a sonmatic cell
derived fromindividual patients. Therefore, in this exanple) tailor-nade
ES cells were successfully established in the nouse nodel experinental.
system Thi s techni quéMedhcamenpplanddthotapy priophyilasieyt amd theol iies
organi sms (pasihgutas! ¥amagpmmel s including 15 humans) . Therefore, the

t echni gﬁe can be applied to human ES cells to produce hunman tail or-nmade
plurip6Pent stem sel 8 RATRAK) asnsaton thedp¥egeat suventiorpaevides | s.

Unl i ke nucl earméasasapkadt abmprisinges. c491 epLARE YL ng,_.ggnsorrati c cell
human unfertil1zed eggs is within

genones by c&#fjgffusigg '%g_out t he use of

the scope of 3k 5)€A‘F FETOR P, ntateh celihaging & deptred This is
an i nnovat i veenyenene By imeskiangritcclani hecusbicBop! pat ient 8 Haewingna ef f ect
on regener at } i Ck il.e 0l okl 25 et hi cal _prohkl ens. Therefore,
this techni q%%gﬁéarggé g?g‘#@%a‘r’\? %’Fae%:tf%%ig eFRE USR5 by
convent?onal (PERFRFRLy, a dififeprent tatedideldrent lastows orgahe meSwadoi et i ¢

cell, 30 tissuseiid, 00488 abexdx _a&am&pmﬁaiaapat{%éeﬁ#/&mﬁg% stem

cells produc he €£ove-descr| bed exanple cou d or
0

din
purified int:gn HERht BpoF LYPReS O, QFEyans .

In another aspect, the present invention provides

30 a medlcament for treatment or prophylaxis of a disease or

disorder due to a defect in a cell, tissue or organ of a
subject, comprieing a pluripotent stem cell having

substantially the same genome as that of the subject. In



-128 Simlar experinents were conducted in accordance with Kaufman , D. S
Hanson, E. T . ( Lews , R L . , Auerbach, R. ( and Thonson, J . A

( 2001 ) , "Hematopoietic colony-formng cells derived from human enbryonic

stemcells", Proc. Natl Acad. Sci. 5 USA, 98, 10716-21. As a result, it was

found that cells differentiated into hematopoietic stemcalls exist anong

differentiated cells . Therefore, it reveal ed that the pluripotent stem

. ! 1 a3, ;€ ! potent
cell of the i_nv [ I f differentiagting into
hemat opoi et i ghgt%g%gga'l gﬂ& ggu#ﬁ%gkgﬁgt%p%?%% ¢ g{téﬁﬁgeg'ﬁ ‘F%e'gsae? %Ithﬁ‘ or
actual clini cwddigmpientabndnthe (uarpatent Bitkecell it iddif fiedentraded )
tissue and gaBkilaalCdbpehdiliin SRR LERLN 1 00 ef! d N0 Gln ! CRDEL L S
produced in the above-descri eﬁ exanple cou e differentiated or purified
into myocyt e r8iitar theFapy MaK Pechraveted. i Fraezrdegaheachisvadha er
K. |\R/i : (Czs%é,z is,es(:g;ga?adtee:{:&tt_iaﬂafﬂ, ail:it“ﬁ_e m;:éhb?h.&'ﬁgedssifte; ta?&nfidéllﬂlliusg t20

: a : re ion urj pvter-~ ryoni c. stemcells into
car di omyocyt é'ﬁ“’,c’liﬁgcinl?a%.kg?rg'ﬂgiﬁggﬁo - 9 oA SQFSeQEI the;l11ka Mgy P&y t hat
cel | s differ gnievaicakliyntor mimiteheoaslly admigiditeednti ated cel |l s.
Therefore, it was revealed that the pluripotent stemcell of the present 25

I nvention retained a capability of differentiating into myocytes. The
nyocyte i s useful folhecahoreodésoribedppiicanenhmayifiihek comprtiaien

pref er gl C~IDQrk TNl SR WRIY ATz 1SR LG, 1L TS not it ended
~d ae ~.1m.ta

t hat such enbodi nents be ac~nstrue I ons dn the scope of the
I nvention except as set forth in the appended dai Ms. Al patents)

publ ~, shed patent apghi @abthep-&spa&t Pubhd ff;ﬁsém& qin%%tfl%e'g&ovme%w are
i ncorporated b ﬁﬁésrence as it sat for%@ ully herein. ' NDUSTRI AL

APPLI CABI LI T? BPESHAR TR PF B oRphy Laxdsiphaidispane st disordex
efficiently éstealid shideFert 13 & icedles tiaadeobgabtganpoltl @ @libgeoti,ng as
donor s qfgor tr i i e it hout el iciting i e rejection reactions,
Wt hout ot ar CoRE AN S: SRCE o ‘ol brBpaRtnond A TRAPRAH e it

pluri potent havdmensebstenhialhy thecssuegegomenss thathaf tie adbiject:

| ndi vidual's, ity hiled 00l ¥ 2AraNRENE $0BKCBELINLeLCRRD AlEY.
Therefore, the present invention can advoi d i nherent and ethical probl ens
associ at ed WHFSEEE MG 2R4 agminiss sndnghthe agldet tdnsnenn pygaand

provi de tail antERehesbaBygel.S five DIsddull \d:dWflsdrnet HaPPlbe ERYIBRe ThUs ,
t he pr% ent |gy ntion, i s |ngus%52£i%g Si nlflcantlxﬂuseful. -7130 CLAI M5
1 an 20! at S5oH BPARAFERE SEeAP T feamiistad godluct Faue or organ.
Specificexamples of the disease or disorderwilll be described
below. Substantially the same genome refers to a genome
having a level of homology which does not impair identity
(i1.e., does not elicit an immune response). Note that when
25 a step of avoiding a rejection reaction 1 used, the genome
may not be necessarlly the same as that of the subject.

In another aspect, the present invention provides

amethod for treatment or prophylaxis of a disease or disorder

30 due to a defect in a cell, tissue or organ of a subject,
comprising the steps of: administering a pluripotent stem

cell having substantially the same genome as that of the
subject intothe subject. Toadminister the pluripotent stem



genone. 5 2. A pluripotent stemcell according to claim1l which 3s a non-ES
cell. 3. Apluripotent stemcell according to claim1l) wherein 10 at | east
a part of a tranplantation antigen is deleted. 4. A pluripotent stem cel
according to claim1, wherein the whole of a transplantation antigen is
deleted. 15 5. A pluripotent stemcell according to claim1l, wherein the
transplantation antigen conprises at’ ast a major histoconpatibility

antigen. 6. uri potent. stemcel]. a¢cording to claim3, wherein 20 the
maj or hi st oc&%‘é‘tﬂ bi 1% ei}f“é-’rﬂ?‘ﬁer?’ PRQIR o1 adhey ARt gAFe 7 used.

pl uri potent dstzmsraeéﬁrzam dmaﬂhbdschﬁym ﬁe Wﬁdglrﬂ 6.49819?3@&%'11!1:%\/:\:#1 ]
r epr ogr amre ot ept stemc according tq claim ichis
produced by %%%g celf:99: A PGFF‘BBP@HP st erMEHAMUACUIEF g ¢ o
cl ai m 8) whersibviffandmgelhtradarsalpttomusida, 10t rdrettal potaginali,em Del |
accordi to I 1, C fysi cell d a SOITB.tIC
cel |. QQ 13@% Fﬁ?l‘%‘gt hifﬁgg?g% cadjl'tf)é/acggr}q‘ng ?}:g? al?ﬁcl'o V\/nerel n
the stem cel Ipﬂﬁﬁmxﬁsmﬁbr suqlp admipligtnpdtiont mey DEbtrideddl:rdlamg to
claim 10) Whefelnfhildh i @0cft! 'S\\hﬂﬁha%tf' oRLatiOl £53h firkyady dhRgent
erive

stemcell according to claiml has a genone rom esired
i ndi vi dual arkPEmRial W-lGnEsc@éPPBorsaﬁteggeéewemrahieomel&@ the

i ndi vidual . h4xe A pluripotent stemcell according to claim1, which has a
chrono Qre derived froma somatic cell of a desired individual. 15 15. A
plurip ent stemcell according to claim11, which is not directly derived
from an enbryo. 16 Anph.nb'rl:pareabpebe;ntbélpwmfﬂimmwrﬁbﬂ?oirimi chis

a1 o BR8N e bR |
i ndi vi dual ,g.lqeemgj defect in a2 cell, t:.ssuc or organ of a subjact,
compriging the steps of: administering a medicament
15 comprising a cell, tissue or organ differentiated from a
pluripoterit stem cell having substantially the same genome
as that of the subject. To administer the medicament,
techniques well known in the art are used and may be herein
orxal, parenteral administration (e.g., intravenous,
20 intramuscular, subcutaneous, intradermal, to mucosa,
intrarectal, vaglnal, topical to an affected site, to the
gkin, etc.). A prescription for such administration may bhe
provided in any formulation form. Such a formulation form
includes liquild formulations, injections, sustained
25 preparations, and the like. Alternatively, when the
medicament is an organ itself, adminigtration is achieved
by transplantation.

In another aspect, the present invention provides

30 use of a pluripotent stem cell for treatment or prophylaxis
of a disease or disorder due to a defect in a cell, tissue

or organ of a subject. The medicament comprises a cell,
tissue or organ differentiated from a pluripotent stem cell



25 28. A pluripotent stemCell according to claim1, which is derived from
a cell other than an egg cell of a desired individual 30 19. A pluri potent
stemcell according to claim1l, wherein the desired genone is of an
individual in a state other than the early enbryo. -13220. A pluri potent
stemcell according to claim1, which is an undifferentiated samatic cell
fusion cell of an ES cell and a somatl cell, wherein a past or the whole
of a transpl(}bégilon gn% g%ﬂf"ﬁ Ieted5| nthe ES cell. 5 21. A pluri pot ent
stem cel | spgsep RS IPRMREer ehahafatag 4% cel |
fusion cell of an ES call and a somatic cell, wherein the whole of a
transpl antation anti e t ES cell 0. 22 . A pluripotent
stem cel |l according %‘n 3’."?}‘1 % ?‘ggﬁgr@él ﬁﬁfhﬁr??a% '1'1 VIR B4R iYef is a
maj or hi st oc@dRRINAtent shan gl EOmElsing & |qnziti=mtd s;uarmmeelfo:accor di ng
to claim?22,

8 22, yhsiRiing peolBEShg Y ALAEORRE L Honidod S Eﬁ%ﬁ;\%@rel 3

antigen. 24. “A pluripotent stem ce accor ing to
somatic cel | §%m oeldphot§elanigues o preducdngathe nedicament i(eod oel I

derived frommidiesy famlmiaﬁdyabe&ilﬁmﬁahmﬁt St SRl |

according to erein at | east one S cell and the somatic
cell is a 25 Gﬁhﬁa‘%cﬁg‘?‘ & 8= pangroducs M%BP@EFE@FERHEPIEW%Q to
cl ai m 20, wheviin the reguliatioreldf ithed duthvridsy.i ved cell. 30 27. A
pluripgtent stemcell according to claim2p, wherein at |east one of the
somatic cell and the stemcell, is genetically nodified. -133 28 A net hod
for producing a pl urleolaamthsu:echpebt hhher@r@asiem:lrrszergermtrmsd:(umm si ng
the steps of | nti gen
in the stem ceJijuﬁ;:Lr'Q%'Lﬁ-Iﬂ E%ﬁ &%E%hm’%hla T em cge'l(H gna{'hﬁ'g ?‘%?hgg'ﬁgahaw ng
the desired dendhgdicament rre?%ﬂrgéébﬁdl Ag taeldi.ai ntizﬁumhepm n ogiganst em

cell is an EliFHdrentiated from the pluripotent stem cell.

15
Diseases or disorders, which may be treated by the
present invention, may be associated with defects in cells,
tissues or organs differentiated from the stem cell of the
present invention.
20

In one embodiment, the above-described
differentiated ocells, tissues, or organs may be of the
clrculatory system (blood cells, ato.)., Examples of the
diseases or disorders include, but are not limited to, anemiea

25 (e.g., aplastic anemia (particularly, severe aplastic
anemlia), renal anemia, cancerous anemla, secondary anemia,
refractory anemia, eto.), cancer or tumors (e.g., leukemia):
and after chemotherapy therefor, hematopoietic failure,
thrombocytopenia, acute myelocytic leukemia (particularily,

30 a first remission (high-risk group), a2 second remission and
thereafter), acute lymphocoytic leukemia (particularly, a
first remission, a second remission and thereafter), chronic
myelocytic¢ leukemia (particularly, chronic period,



10 30. A nethod according to claim28, wherein the ES cell is an
established ES cell. 31. A nethod according to claim 28, wherein the 15
transpl antation antigen is a mayor histoconpatibility antigen. 32. A method
according to claim 31, wherein the major histoconpatibility antigen is a
class | antigen. 20 33. A nethod according to claim28, wherein the somatic

cell is a lynphocyte, a spleen cell or-,@a_ test I s-derived cell derived froma
transpl ant ati on | | Vi hod CO t,o cl.agi m 28, wherein
at |east one W E&%"@app"'&ﬁé)t’h@“ %‘Pﬁ‘gﬁé@‘mq‘w% WA Wed cel | .

35. A et hod aaemnadlmniﬁ:mral(miaaurﬂekpgrmply @chbetbng :idﬁﬂs?eﬂwrhaha of the

t ranspl ant atl ant rret hod du I uripotent stem
cell having & (?é:SI rtJ '%%Qe'n'ggrleué%n%m}'glg ’a“czll?@%s?ﬁ'@b@aﬁ'y' S ctin) YBF’E\"l ng a
cel I having twfdedediheednpetdvearghdh® )likeposing the cell to a conposition
conpri signg a reprogramm ng agent. 5 37. A nethod according t4 claim 36,
whexei n the cell is a somatic cell. 3a . A nethod according to claim 36

wherei n the reprograf® nABRther s embegdmeatyi t ithe | aboveodessgdbed

sel ect ed froraitffﬁrmxﬂrmmss SthBguek, %Mdaﬁﬁ&fb@%ﬁﬁéﬂ%v@ﬁ%m a
DNA helicase a hi st on§ ace&)gl at i nﬁch&ent and transcri ption agent

directly or SYHYSIt| PXRRDSPERE ¢ %BO?F#SHFgﬁﬁﬁeiW‘E@%4b“I5 39. A
cel |, tissueare angadimibedhtos démértea] wémziarpmm:mdwramorae&heahem cell

havi ng desired ONgE. A cell Qr to cl ai rein the
cel | | % %&ﬁ”g% &?Eﬁg’%&éy L éﬁﬁf‘ﬁg rlglj“&'éfl ‘| ‘BE g%ﬁe * 2a 41. A
tissue accordl ng to claim39, wherein the tissue is nuscle, cartil age

enpi,thel | um or ner Va2 e fRnbganoafaaidbng {0 Gl MidvallLeiayble oroan

is 25 selected fromthe group consisting o bfain,
liver ki dney diffsrentiatedael e, 5§§9H&ﬁ@r%§r9€nﬂ}ﬂﬂ&eb$ Oftt%%éwuoﬂ organ

accordi ng t o s§lede . 39ExAMBLEE b E b@cﬁd:l.'seatde%s&.@dgfaogﬁg%ﬁ ifolisdd, bat
di ng to claim 39,

transpl.antation. I an accor
wherei #3t he &% P@g giﬂaﬁﬁa £ SLH) %ﬁf%%lrif Y Sparone, o lgukemiasi a
host to whi clandheheellliket.i Ssue or organ is transpl anted.

In another embodiment, the above-described
differentiated ¢ells, tissues, or organs may be of the motor
20 organ and the skeletal system. Examples of such diseases
or disorders include, but are not limited to, fracture,
osteoporogis, luxation of Jjodnts, subluxation, sprain,
ligament injury, osteoarthritis, osteosarcoma, Ewlng’'s
sarcoma, osteogenesls imperfecta, osteochondrodysplasia,

25 and the like.

In another embodiment, the above-described
differentiated cells, tissues, or organs may be of the gkin
system. Examples of such diseases or dlsorders include, but

30 are not limited to, atrichia, melanoma, cutis matignant
lympoma, hemangiosarcoma, histiocytosis, hydroa,
pustulosls, dermatitis, eczema, and the like.



-135 45. A nedi canent conprising a cell, tissue or organ having a desired
genone, wherein the cell, tissue or organ is differentiated froma
pluripotent stemcell. 5 46. A nedicanment for treatnent or prophylaxis of a
di sease or disorder due to a defeat in a cell, tissue or organ of a subject
conprising a pluripotent stemcell having substantially the sane genone as
that of the subject. ~. 100 47. A nethog, for treatnment or prophylaxis of a

subj oot . compri si ng the Lé)%%zﬁ’%%“%glbg#wéﬁ'a' b1 UFT B0t BREVEr BRRSE-ERAayi ng
15 substanti ﬂmﬁeﬁmtﬁmtedgmrh,astimmemf bheorlglamecuna}dlﬁé eofnthat i ng
the ool 1] 11 ShiBcdind 43R¢aheT! EREnBLEL BP' S wBRY oafBlpBERERES T 1
or prophyl axdacdude .dbsdasaeonoti ddmddeddde . t bypottbrdamusd hypophypisi ssue
or orgag of A45WRA% tngPBRA §1ﬂﬂdt&€a§&£§s Ofa HHB U Rrly2D 1A %huhbpme“t

stem cel'l having 25 Substanti a sane. genone as ‘that of the subject

into the subj(eefratwr%%ﬂmw t PEEERAA cCortpxiprdindlns ddpeasgpscase or
di sor der dueﬁh@c&a&%@azwguﬁncel |abhb§ﬁﬂ£i@{rh0r ganpAa a BQ.e&ulabaahm
conprising t ste adm ni ster e suhj ect [ t
conpri si ng % Tt alt"lt§8u3r8?:° Fg'aﬁgg??#'g?'@rﬁq'}ﬂw 38 5‘ Ttaﬁi ”g‘at stem
ceI | havi ng metmmmﬂ.ﬂ.lsai I pnmmnazxg,enomborms ¢hwodr of ofhemamhbea.h.sm 136
: of em r_Rr.odu gent f
treat rreﬁt or?BP' :%xt"-'leé’sr}&'1 Sa( di se géto%remg. éor&gﬂgggquqp 'def“ggtlel n a
cell, tissue ﬂmru@r gahngfd-‘eﬂmbctamimemia. lack of ascorbic acid
systheticabllity, hyperbilirubinemia, hyperbilirubinuria,
kallikrein deficiency, mast cell deficliency, diabetes
Insipidus, vasopresein secretion abnormality, dwarfism,
15 Wolman's disease (acid lipase defiociency)),
muocopolysaccharidogilis VI, and the like.

In another embodiment, the above-described
_ differentiated ocells, tissues, or organs may be of the
20 respiratory system. Examples of such diseases or disorders
include, but are not limited to, pulmonary diseases (e.g.,
pneumonia, lung cancer, eto.), bronchlal diseases, and the

like.

25 In another embodiment, the above-described
differentiated cells, tissues, or organs may be of the
digestive system. Examples of such dlseases or disorders
inelude, but are not limited to, esophaglal digeases (e.g.,
esophagial cancer, etc.), stomach/duodenum digseases (e.g.,

30 stomach cancer, duodenum cancer, etc.), small intestine
diseases/largeintestine diseases (a.g., polypsof thecolon,
colon cancer, rectal cancer, etg¢, ), blile duct diseases, liver
diseagses (e.g., liver cirrhosis, hepatitis (A, B, C, D, E,



t he nedi canent conprises the pluripotent stemcell having substantially the
sane genone as that of the subject. 51. Use of a pluripotent stemdell for
produci ng a nedi canent 10 for treatment or prophylaxis of a disease or
di sorder due to a defeat in a cell, tissue or organ of a subject, wherein
t he nedi canent conprises the cell, tissue or organ differentiated fromthe
pluripotent stemcell having substantiggkly the sane genone as that of the
subject. 15 5 52 . Use of a pluripotent stemcell conprising a desired
genone for producing a nedi canment conprising the pluripotent stemcell . a0
53. Use of a pluripotent stemcell having a desired genone for producing a
reri cament cefpr. i)si:ﬁll.};jl.m.miﬂ hepatsties pchabgdb hﬁp‘af'tﬁ!rhﬂrﬁ],i Bt Bflady anrsﬁ_’r]?
pl uri pot ent e e rammy n ent, ich is selecte rom
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agent i nvol védsprderehyétei bn pehdrieatdrcdtSebysd, (aowind panpreatagent,, DNA
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2 BhebRlle Ffttodaling AoCHl %sgggs b3S B 0N P8hLre20

reprogramm na agent ng toc agent rs
transcr Ppt i of18888L9sp| &HC-Sp3 ,PoFltorenmiabdonhugkof wallAdigphedam, a9. Al
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10 differentiatedoells, tissues, ororgans maybe of the urinary
system. Examples of such diseases or disorders include, but
are not limited to, kidney diseases (e.g., renal failure,
Primary glomerulus diseases, renovascular disorders,
tubular function abnormality, interstitial kidney diseases,
15 kidney disorders due to systemioc diseases, kidney cancer,
etc.), bladder diseases (e.g., oystitis, bladder cancer,

etc.), and the 1like.

In another embodiment, the above-descrihed

20 differentiatedcells, tissues, ororgansmay be of the genital
gystem. Examples of such diseases or disorders include, but

are not limited to, male genital organ diseasges (e.g., male
sterility, prostatomegaly, prostate cancer, testicular
cancer, etc.), female genital organ diseases (e.g., femala

25 sterility, ovary function disorders, hysteromyoma,
adenomyosis nteri, uterine cancer, endometriosis, ovarian
cancer, villosity diseases, etc.), and the like.

in another embodiment, the above-desoribed
30 differentiated cells, tissues, or orxgans may be of the

¢irculatory system. Examples of such diseases or disorders
include, but are not limited to, heart fallure, angina
pectoris, myocardial infarct, arrhythmia, wvalvulitie,
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gf2r of somatio ce 1s was not altered
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)feqiﬁg%gation (%ut not
during the development of germ cells [Tremblay K.D. et al.,
Nature Ganet., 9:407-413(1995); Stroger R. et al., Cell,
73:61-71(1993)]. In fact, the somatic <¢ell methylation
pattern of several imprinted genes (including Igf2r) were
interrupted in the EG-thymooyte fusion cell, and none of
alleles were methylated [Tada M. et al., EMBO J.,
16:6510-6520(1997)]. Aoccording to this finding, it is
considered that both ES cells and EG cells retain similar
cellular agents which can reprogram the epligenetic state
of the somatic c¢ell nucleus capable of the development of
germ cells. However, unlike EG cells, imprinting 1ls not
reprogrammed in ES cells. Methylation analysis of Igf2r in
ESxEG fusion cells suggested that EG cells have an additional
dominant agent involved in more potent reprogramming of
eplgeneticas. In fact, 1t seems that ES cells and EG cells
exhibit characterigtics of the respective origins thereof.
Thusg, both ES cells and EG cells are useful materials for
reprogramming epigenetics and identifying agents involved
in demethylation in early germ cells and gonad PGC.

In the case of production of clones using somatic
c¢ell nuclei, the proportion of clones which survive to become
adults 15 very low. The loss of embryos before
transplantation may be caused in part by lack of
nucleus-cytoplasm interaction [Kato Y.,et al., Socilence
282:2095-2098 (1998);:; Wakayama T. et al., Nature
394:369-374(1998). Further, many cloned fetuses are lost
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had normal reprc’gramming of nucleil. It was revealed that
primordial methylation inmprints from the somatic cell are
maintained in ES hybrids for H19 and IGF2r genes, and the
eplgenetics profile of cells in a c¢ertain species are not
10 affected by cell fusion. This is also supported by the
finding that the somati¢ cell-derived inactive X chromosome
"memorizea” the orlgin thereof and is non-randomly selected
by inactivation in trophectodermal cells of cloned embryos

[Eggan K. et al., Science, 290:1578-1581(2000)].

15

The mechanism of somatic cell nucleil involved in
reprogramming of eplgenetics, which leads to the abillty
of normal embryonlic development, has yet to be fully
investigated. Recently, it has been indlcated that the
20 mutation of the ATRX gene, which is a member of the SWI2/SNF2
helicase/ATPage family, alters the methylation profile of
a saquence, which 1g repeated many times in mammals [Gibbons
R.J. et al., Nat. Genet., 24:368-371(2000)]. As a result,
the poasibility that demethylation takes place as a result
25 of reconstruotion of chromosomes, was suggested. Ithasbeen
reported that the activity of maternal ISWI, which 1s an
ATPase~dependent DNA helicase, may functlion as a chromosome
remodeler during reprodgramming of -the nuclel of cloned frog
somatic c¢ells [Kikyo N, et al., Sclence, 289:2360-2362
30 (2000)]). Nuolel, which are extracted from Xenpus XTC-2
epithelial cells and are incubated in Xenopus eggs for a
short time, arxe reconstructed and lose component TBP which
is a key component in the basi¢ transcription complex.
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in somatic cells. In the undifferentiated somatic cell
5 fuglon cell of the present inventlon, somatic cell-derived
imprints are maintained, so that normal reprogramming is
performed. Ascompared towhenEGcells are used, the present
invention is advantageous not only in production of animal
clones but also in productlon of cells, tissues or organs
10 for transplantation. It has been indicated that because of
the instability of epigenetic¢s of several genes imprinted
in mouse ES cells, the state of the epigenetics has to be
evaluated before c¢linically applying human ES cells
[Humpherys D. et al.,, Scilence, 293:95-97(2000)]. When
15 chromosomes of a host ES ¢ell can be succeassfully removed,
ES fusion cells can be a particularly useful therapeutioc
means. It is consldered that once reprogramming agents are
identified, epigenetics can be manlpulated using these
reprogramming agents. Identificationof suchanagentmakes
20 it possible to produce clones from adult somatic cells ox
tissue specific stem cells without mammalian embryos. Buch
& technique is expected to make it possible to produce donor
cells for a number of clinical applications, where cell or
tissue transplantation is required.
25
Hereinafter, the present inventionwill be described
by way of examples. Examples described below are provided
only for 1llustrative purposes. Accordingly, the scope of
the present invefxtion is not limited except as by the appended
30 claims.
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EXAMPLES

Hereinafter, the present inventionwill be described
by way of examples. The present inventlon is not limited
5 to the examples.

(Example 1: Preparation of fusion cells of somatic
cells)
1. Preparation of chimeric embryos
10 (1) Establishment of ES cell lines and EG cell llnes
As ES cell lines, ES cell line TMAS-5 [Isolation,
Culture, and Manipulation of embryonic stem ocells
(pp. 254-290), in "Manipulating the mouse embryo: A
Laboratory Manual 2nd Edition” edited by Hogan, Beddington,
15 Castantinl and Lacy (Cold Spring Harbor Laboratory Press,
USA)(1994)], and G418-resigtant ES cell line NR-2 carrying
a neo/lacZ reporter gene, which was derived from Rosa2é
blastocyst [Friedrich G. and Sorxiano P., GenESDev.
5 :1513-1523 (1991)], which were established £from E3.5 male
20 129/8v blastocysts, were used. As EG cell lines, EG cell
line TMA-58G [Tada M. et al.,, EMBO J., 16:6510-6520 (1997)1],
which ag established from E12.5 female PGC [Tada T. et al.,
Dev. Gene. REvol. 207:551-561 (1998)], and blstoydine
hydrochloride (BS)-resistant EG cell l1ine (TMA-58G"*"), which
25 was produced by transfecting a drug-resistant gene pSV2bsr
into TMA-58G cells, were used. These cells were maintalned
on mouse G4l8-resistant primordial embryonic f£ibroblast
(PEF) feeder ¢ells (prepared using a typical technique from
primary cultured fibroblasts in 12.5 day-old embryos of
30 Rosa26), which were inactivated with mitomycin C in
Dulbecco’'sModifiedEagle’ smedium (DMEM) ) supplementedwith
ES medium (15% fetal bovine serum, 10°‘ M2-mercaptoethanol,
and 1000 units /mL recombinant leukemia inhibiting agent
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within passage number 10.

(2) Preparation of hybrid c¢iones by cell fusion

(2)-1. ES fusion cells

Thymus cells derived from the following 3 types of
6 to 8 week-0ld mice:

10 (A) 129/8v-TgR (Rosa26) 26Sor (referred to as
Rosaz26) [Friedrich G. and Soriano P., GenESDev. 5:1513~-1523
(1991)], which expresses a neo/lacZ reporter gene in cells
of the whole the body:

(B) GOF-18/GFP (xeferred to as Oc¢t4-GFP) [Yoshimizu

15 T. et al., Develp. Growth Differ., 41:675-684 (1999)], whose
totipotent and pluripotent ¢ells specifically express GFP;
and

(C) (Rosa26x00td4-GFP) Fl transgenic mouse (hybrid
mouse obtained by mating a female Rosa26 mouse with a male

20 Oct4-GFP transgenic¢ mouse [Yoshimizu T. et al., Develop.
Growth Differ., 41:675-684 (1999)]), which containe both
2 neo/lacZ gene and an Oct4-GFP gene.

The Rosazé mouse was ldentified by X-gal staining

25 the tip of the talls thereof. The Oct4-GFP mouse was
confirmed by PCR analysis of DNA from the tail thereof using

the following primer: OCGOFU35, 5'-CTAGGTGAGCCGTCTTTCCA-3'

(SEQ ID NO.: 1), and EGFPUS23, 5'-TTCAGGGTCAGCTTGCC GTA-3’
(SEQIDNO.: 2). A thymusobtained fromthe transgenicmouse

30 was passed through a 18-gauge needle gsaeveral times to obtain
a suspension of single cells. As an ES ¢=ll, a TMAS-5 cell

wase used and mixed with the above-described 3 types of
thymocytes at a ratlo of 1:5 (ES cell: thymocyte), followed
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by washing in PBS three times. The cells were suspended in
0.3 Mmannitol buffered solution at a concentration of 1x10°
cells/mL. A glass slide having a 1l-mm electrode gap and
Electro Cell Manipulator 2000 (BTX) were used to conduct
5 electric fusion (E=2.5 to 3.0KV/om) to prepare fusion cells.
The fusion cells were cultured in ES medium for a day.
Inactivated G4l8-resistant PEFs were selected in ES medium
containing 250 ug/mLG4181in7tol0days. Fusioncellclones
waere collected and spread (passage number 1) in ES medium
10 supplemented with G418, and were cultured for 3 to 4 days.
ES hybrid c¢lones were subcultured in new medium every two

days.

(2)-2, ESXEG fusion cell
15 ESXEG fusion cells were produced as follows. NR2
ES cells and TMA~5BG"™ EG cells were mixed at a ratio of
1:1, and were suspended in 0.3 M mannitol buffered solution
at a concentration of 1x10% cells/mlL. ESXEG fusion cells
were selacted in ES medium containing 250 pg/mL G418 and
20 3 to 4 pg/mL BS in 7 to 10 days.

ES hybrid clonhes could be maintained at a propoxrtion

(2.8x107*) similar to that of EG hybrid clones produced by

the present inventors in previous research [Tada M. et al.,

25 EMBO J. 16:6510-6520(1997)]. All types of fusion cells wexre
gimilar to that of the parent ES cell, and no morphological
change was found. Cytogeneti¢ analysis using G-banding
demonstrated a ¢complete set of chromosomes including three

X chromosomes and one Y chromogome in all of the 13 ES fusion

30 cells and 2 ESxEG hybrid c¢lones which were used in
experlmentation, Further, ES hybrid and ESxXEG hybrid cell

linesa at passage number 2 to 4 were used in molecular analysis.
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10 10w [ M !&i@f"éitjqu/f%gells, 4 primer sets specific, respectively,

to the D-J region of T cell receptor (Te¢r) B, the D-J region

5 of immunoglobulin (Ig) H, and the V-J regions of Tcrd and

Tory were used to perform PCR amplification using DNA

extracted from thymocytes and ES fusion cells as templates.

For genomic DNA (0.5 pg) from an adult thymus, an ES cell

and an ES hybrid clone, PCR amplification was performed to

10 deteoct the rearrangemant of each gene using the following
primer sets:

(A) DPz2-apz rearrangement of Terf gene:
DB2, 5’ -GTAGGCACCTGTGGGGAAGAAACT-3" (SEQ ID NO.: 3);

15 JB2, 5’ -TGAGAGCTGTCTCCTACTATCGATT~3’ (SEQ IDNQ.: 4) [Levin
S.D. et al., EMBO J. 12:1671-1680(1993)];

(B) D-J rearsrangement of IgH gene:
D u,5'-ACAAGCTTCAAAGCACAATGCCTGGCT-3" (SEQ ID NO.: 5):

20 J K,5' -GGGTCTAGACTCTCAGCCGGCTCCCTCAGG-3" (SEQ ID NO.: 6)
[Gu H. et al,, Cell 65:47-54(1991)]:

(C) Vy7-Jy1 rearrangement of Tory gene:
V¥7,5' -CTCGGATCCTACTTCTAGCTTTCT~3 " (SEQ ID NO.: 7):

25 Jyl,5' -AAATACCTTGTGABRAACCTG-3" (SEQ IDNO.: 8) [Livak F. et
al,, J. Immunol. 162:2575-2580(1999)]; and

(D) vd5-J81 rearrangement of Tcrd gene:
V85,5 ' ~CAGATCCTTGCAGTTCATCC-3"' (SEQ ID NO.: 9);

30 J&1,5' -TCCACAGTCACTTGGGTTCC-3"' (SEQ ID NO.: 10) [Wilson A,
et al., Immunity 4:37-45(1996)].

PCR products were subjected to electrophoresis on
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[Ehlich A. et al., Call 72:695- 704(1993)]) fox

10 The rearrangement of DNA 1s clear evidence indicating
that a thymocyte has differentiated into a lymphoid cell
[Fowlkes, B.J. and Pardoll D.M., Adv. Immunol.
44:207-264(1989)). Rearrangement specifictoTorfD-Jf2.1,
2.2, 2.3, 2.4, 2.5 or 2.6 was observed in 45% of the hybrid

15 clones (Figure la). Further, in several clones, similar
rearrangement was observed 1n the D«J region of IgH
(Figure 1b), and the V-J reglons of Tord and Tcry (Figures lo
and 1d, respectively). Of the 31 ES hybrid clones studied,
a total of 17 clones (55%) underwent rearrangement, which

20 was, at least, researched. In these cases, it 1s considered
that the ES cell were fused after differentiation of a
thymocyte nucleus into a lymphoid cell.

(A) X chromosome activity
25 In female somatic cells, one of the two X chromosomes
iy randomly inactivated due to dosage compensation of an
X-linked gene. Inactivation of the X chromosome occurs in
early cell division to induce the delay of transition of
DNA replication into the late $ phase, epigenetic changes
30 including hypermethylation of DNA and low acetylation of
histone HA are known to occur, In cloned embryos obtained
by nuclear transplantation of a somatic cell nucleus into
an oocyte, the inactivated X chromosome of female somatie
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chromosomes serves as an indicator of the occurrence of
reprogramming of a nucleus. Inorder toanalyze the activity
5 of X chromosomes, the present inventors studied using
replication Aifferential staining method [Sugawara O. et

al., Chromosoma B88:133-138(1983)] (Figure 2a).

(4)-1, Timing of replication of X chromosome
1o Chromosome preparations of ES fuslon cells and ESXEG
fusion cells described in the above-desoribed section (2)
were produced by culturing the cells along with 150 ug/mL
5-bromo-2-deoxy uridine (BrxdU) for 7 hours, where the celle
were cultured for the last hour in the presence of 0.3 pg/mL
15 colcemide. The cells were then subjected to hyposmotic
treatment with 0.075M KCl at room temperature for 8 minutes.
Thereafter, the cells were fixed by immersing 1in
methanol:acetic acid (3:1) solution three times, followed
by air drying. The cells were stained by freshly prepared
20 acridine orange solution. The slide was observed under a
£fluoraescence microscope with a standard B filter., After
continued incorporation of BrdU at the late stage of the
S period and acridine orange staining, active X chromosomes
and autosomes were observed as red and green banded factors.
25 Inactive X chromosomes were uniformly dark-red stained in
female somatic cells due to the delay of replication
(Figure 2b). Among all 32 cells (4n=80) whose karyotypes
were determined, 6 fusion ocell clone=z of an XY female ES
cell and an XX female thymocyte carried three X chromosomes
30 which were simultaneously replicated (Figure 2o).

(4)-2, Xist RNA FISH
Probes prepared by nick translation of a mixture of
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with chromosome preparations obtained as in 4-1.
5 Hybridization and subsequent washing were performed as
previously described [Lawrence J.B. et al., Cell 57:
493-502(1989)]. The resultwas in agreement with the reasult
obtained imn (4)~1, 31.e., Xist (inaoctive X sgpecific
transcript) RNAwas not stably accumulated (spotted) on three
10 X chromosomes in two ES hybrid cell lines tested by RNA FISH
(fluorescence in situ hybridization) (Figure 24). Xist
accumulation was also instable on active X chromosomes of
male ES cells, and was stable on inac¢tive X chromogsomes of
female thymooytes (colored signel). Somati¢ cell
15 nucleus-derxived inactive X chromosomes acquired sevexal
properties of actlive X chromosomes after hybridlzation and
had replication and Xist expressionpatterns similar to those
observed in undifferentiated cells. Changes in replication
timing and Xigt RNA accumulation of X chromosomes of somatlc
20 cells in ES fusion cells shown in the abhove-described (4)-1
and (4)-2 suggest that somatic cell nuclel were reprogrammed
after cell fusion.

(5) Reprogramming of somatic cell nucleus
25 A mouse line having an Oct4-GFP trangsgene was used
to visualize the reprogramming of somatic cell nucledi
(Figure 3). Expression of Oct4 was specifically observed
in germ cells, embryos before implantation, and ectoblasts
of early embryos before implantation. Therefore, the
30 activity of Octd can be used as an ideal markexr for
identification of totipotency and/or pluripotent cells.
The expresslon pattern of Qct4-GFP is known to be comparable
to the expression pattern of endogenous Q¢t4 [Yoshimizu T.
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Thymus cells of O¢t4-GFP transgenlo mice were fused

with ES cells, followed by culturing without screening.
Expression of GFP was examined every 12 hours. Expression
of GFP in living ES fusion cells on a culture Aish was
10 investigated under a dissecting microscope (Leica) with a
GFP exoclting source and a GFP filter. After 48 hours, a GFP
positive colony consisting of 16 cells was observed at the
periphery of a larger non-expressing colony (Figures 3e,
£). Subsequently, several other GFP positive colonles were
15 observedon the same culture plate before reaching confluency.
No GFP positive cells were observed among non-fuslon
thymocytes cultured under the same conditions. In order to
invegstigate whether or not somatic cell nuclel ocan be
reprogrammed in all ES fusion cells, thymocytes of G418
20 gelection-resistant (Rosa26xOctd-GFP) Fl mouse were used.
After screening, 36 of the resultant 37 clones expressed
GFP (97%). The expression was stably maintained even after
suboculturing over some passages (Figures 3g, h), indicating
that the thymooyte nucleus was reprogrammed in most of the
25 ES fusion cells. The Oct4-GFP transgene, which was
suppressed in thymooytes before cell fusion, was reactivated
in the ES fusion cells. This further supports the result
of (4) that after cell fusion, somatic cell nuclel were
reprogrammed.
30
(6) Introduction into blastocysts
Normal diploid blastocysts were used to produce
chimeric embryos with ES fusion cellg. Diploid blastocysts



10**

10%*1V ,f,"109%*& ()-s![q,f,"10% /& ()-sqzwX6M? | HD96 10% /// & ()- " 109%& () -
1" 109G G & ()- 'Q"109B/ 8/ & ()- 'V "10%/ =/ & ()- 'V "10%/ =/ & () -

zr P7 1 HDY 10% / / /| Vr s" 10%UcU& () - ms10% U&' ()- 10=/=/ 10=/=/

10=/=/1V D% 10%/ =/ & ()-'L D% 1098/ 3/ & () - +3 WU3P7! Q "109% U U& ()-S!' [ " 10%
UhU& ()-S!d "10%UqU& ()-S!"10% U 5
U& ()-S!H s" 10%UUUE () -l HQ s 1090UUCE" () - m =1 P71 Q" 1096 UNUg! | dW F#109% K/
& ()--/1s F#YORE phYaines EFpmghe mPrPGBGUBflé‘BMUB pregnancy ICR

10UUULY H " 10 Wl g s( Jmatiaay {YERQT Jf@%ﬁﬂéb 10=H vybria =ldones with the
10/ =\ V F#10%:/ =/ & ()--11 " FALQUT G & ()-- 1\ F#10%/ =/ & 9"/' F#lO%G’G/

)7L 1 oy X6 MPPVE- RSk nthe (FAReEXO ARG P M PRpe-derived
“LOVAhhhe: () {ftsiedrehtQibtine S bymbb @@t kA (hybE@ (bibs with Rosazé

5 mouse~derived thymocyteswereusedas tetraploid fusioncells.
The tetraploid fusion cells were microinjected into the
blastocoele pores of well expanded blastocysts (Figure 4a).
These blastooysts were transferred into the uteruses of
pseudopregnant ICR females. Chimeric embryos were removed

10 from the E7.5 uteruses, followed by removal of the Relchert
membrane, and f-galactosidase staining and histological
analysis.

(6)-1. B-galactosidase active staining

15 By pf-galactosidase active staining, the relative
contribution of a fusion cell to each chimera was confirmed.
Cultured cells were washed with PBS, and fixed using PBS
containing 1% formaldehyde, 0.2% glutaraldehyde, 0.02% NP40
and 1 mMMgCl,, at 4°C for 5 minutes. The same fixingsolution

20 was used to fix embryos and mouse tails at 4°C for 3 to 4
hours. ThesampleswerewashedwlthPBS, followedbystaining
with a reaction mixvture containing 1 mg/mL
4-Cl-5-Br-indolyl-f-galactosidase (X~gal) with dimethyl
formamide, 5 mM potassium ferricyanlde, 5 mM potassium

25 farricyanide, and 2 mM MgCl; in PBS at room temperature for
24 to 48 hours,

(6)-2. Histological analysis
E7.5 embryos stained with X~gal were dehydrated with
30 an ascending alcohol series, and embedded in JB-4 plastic
resin (polyscience, Warrington, PA). Ultrathin sectdions
(2-4 um thick) were negative stained with 0.25% eosin Y.
Four week old teratoma fixed and embedded in paraffin were



& ()-opgrxj rP7!LH | *10%hhh! " 1098B& ()-s10%B& ()- 10{h{h 10{h{h

10{h{h! [0"10% h{h& ()--'[ | "10% h{h& ()-Mj*z}jzX6P7!![ *&" 1094JBUB& () -
IV *&" 109%PBPB& ()- ! Q- & 109%KBKB& ()- y 109B& ()-! "109BB& ()-!: "109BB& () -
foP7! 1 [ *&" 109%BUBSs109B& () - ! kSs10% e & ()- 10UBUB 10UBUB

10UBUB! [ * *&" 10%JBUBE ()- !~ *&" 109ZBZB& ()-

ZX6P7! | " 109%ZBZB& ()-!" ' y@10%&BZB& () -4l Q y@ﬁlO%(BKB&' ()-

Y@ L0%BZBE, () -y {19 ‘@&mﬁ) ERALc Oos@’g"%ig SZI—%%aSl' @195 ectd ol wadZBEB

stained with hematoxylin and eosin.

As a result, 8 of 20 E7.5 embryos were posgitive,

5 indicating the limited contribution of the fusion cell

(Figures 4b, o). Detalled analysis revealed derivatives

from the fusion cell in the embryonic ectoderm, embryonic

mesoderm, and the internal organ endoderm (Figures 44, e).

As described above, the ES fusion cell had a developmental

10 capability of differentiating into three primordial

germinative layers (ectoderm, mesoderm, and endoderm) in
early embryos before implantation.

(7) Methylation of DNA

15 Next, DNA of thymooytes, ES cells and prepared hybrid
clones wae investigated by Southern blot hybridization as
to whether or not the reprogramming of a thymocyte nucleus
has an influence on the methylation of an imprinted genetic
locus. Southern blot hybridization was performed by

20 separating genomic DNA digested with a restriction enzyme
intofractionsusing 0,8%agarose, transferringthe fractions
onto a Hybond N+membrane (Amersham) by alkalil blotting, and
hybridizing DNA with a *’P-dCTP-labeled probe.

25 (7)-1. H19 genetic locus
It 1s considered that a paternal methylated region
is incorporated upstream of the maternal H19 genetic locus
to be expressed, so that primordial methylation imprinting
is maintained [Tremblay X.D. et al., Nature @Genst.
30 9:407-413(1995)]. DNA samples of thymocytes, ES cells, and
prepared hybrid olones were digested with BamHI and a
methylation sensitive restriction enzyme HhaI. A 3.B8-kb
SacI probe and a 2, 7-kb BamHI probe werse used to detect 10-kb
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in the hybrid clone. There was no difference in the relative

5 intenslty of bands between the methylated (RI=0.60) and

unmethylated £ragment (RI=0.40) bands (Figure 5a). Similar

results were observed using BamHI probes, in which 2.7-kb

paternal methylated fragments and 1.8-kb and 0.8-kbmaternal

unmethylated fragments were identified. For all samples,

lo methylated (RI=0.55) and unmethylated (RI=0.45) bands were
similarly detected (Figure 5a).

(7)-2. Igf2r genetic locus
Probes for analysils of methylation of Igf2r region
15 2 were produced by PCR using the following primers:
5°-AATCGCATTAAAACCCTCCGAACCT~3' (SEQ ID NO.: 13) and
5" -TAGCACAAGTGGAATTGTGCTGCG-3"' (SEQ ID NO.: 14) [Stoger R.
et al., Cell 73:61-71(1993)]. A CpG island, which is an
intron of the Ifg2r gene and is known to be imprinted with
20 methylation, is methylated only on an allele [Stoger R. et
al., Cell 73:61-71(1993)]. As 1in the above-described
section (7)-1, each DNA sample was digested with Pvull and
a methylation sensitive restriction enzyme Mlul. With the
330-bp Igf2x CpG dsland probe, a 2,9-kb maternal methylated
25 fragment and a 2,0-kb paternal unmethylated fragment were
detected in DNAs from both the thymocyte and the ES ocell
(Figure 5b). The same pattern was also found in the hybrid
¢lone. There was no difference in relative intenaity (RI)
between methylated (RI=0.55) and unmethylated (RI=0,45)
30 bandg (Figure S5a).

According to sections (7)-1 and (7)-2, 1t was
demonstrated that the primordial methylation of the H19
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)N TN - 0" W0 P19 (hionsE in whioh the maternal specific
methylation of Igf2r disappeared [Tada M. et al., EMBO J.
16: 6510-6520(1997)]. The maintenance of the somatic cell
methylation pattern in ES fuaion cells suggests that ES cells
and EG cells have different control mechanism for regulating
10 the DNA methylation of imprinted genes. While the maternal
allelespecificmethylation of Igf2rwas observed inEScells,
1t was not observed in EG cells and a control 1:1 mixture
of ES c¢ell DNA and EG cell DNA at a ratio of about 1:3
(methylation/RI=0.27, unmethylation/RI=0.73). In the
15 ESXEG hybrids, methylation bands disappeared (Figure 50),
indicating that demethylation activity in EG cells is
dominant over the maintenance of methylation imprinting in

ES cells.

20 2. Production of teratoma
Fuslon ¢ells of TMAS-S5ES cells and Rosa26-derived
thymooytes, which were produced with a method similar to
that for production of chimeric embryos in section 1, were
used as tetraplold fusion cells. About 100 million to 500
25 milliontetraploidfusion cells were subcutaneocusly injected
into the posterior limb inguinal region of a SCID mouse (CLEA
Japan KK). Four weeks after subcutaneous injection,
teratomawas collected, ByX-galstaining, i1twas determined
that the teratoma was derived from the fusion cell.
30 Thereafter, the teratoma was fixed in Bouin's fixative,
followed by Haematoxyline-Ecosin (HE) stalning to stain both
the nucleus and cytoplasm. As a result of HE staining,
muscles, cartilages, epithelial cells, and neurons were
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5 (Fusion cell)
Electric fusion, culturecfES¢cellsandfusioncells,
and analysis of the chromosomes were conducted in accordance
with standard procedures well known in the art (Tada, M.,
Tada, T., Lefebvre, L,, Barton, §.C, & Surani, M.A., EMBO
10 J., 16, 6510-6520 (1997)), specifically, as follows.

To make two types of fuslon cells, the present
inventors used two types of ES ¢ell lines, the domesticus
XY ES ¢ell line defi¢ient for the Hprt gene on the X chromosome
15 and the molossinus XY ES cell line deficient for MP4, which
were established in accordance with "Manipulating the Mouse
Embryo: A Laboratory Manual 2nd Edition” edited by Brigid
Hogan, Rosa Beddington, Frank Castantini and Elizabeth Lacy,
PP 253-290, Cold Spring Harbor (USA). Specifically,
20 blastoocysts were washed away f£rom the uterus of a 3.5 day
old female mouse after mating. The resultant blastocysts
were cultured on mouse primary fibroblasts (PEF) inactivated
with mitomyein C, ES culture medlium was used, which was
MEM+F12 medium {Sigma) supplemented with 15% fetal bovine
25 serum, antlblotics, L-glutamine, sodiumbicarbonate, sodium
pyruvate, mercaptoethanol, leukemia inhibitory factor (LIF)
("Manipulating the Mouse Embryo: A Laboratory Manual 2nd
Edition" edited by Brigid Hogan, Rosa Beddington, Frank
CastantiniandElizabethlacy, pp 253-290, ColdSpringHarbor
30 (USA)). After 5 days of culture, proliferative cells
derived €rom the internal cell mass of hlastocysts were
separated by trypsin treatment, and wers cultured on new

PEF, thereby purifyling ES cells.
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The fusion cell lines, HxJ-17 and 18 were obtained

by electric fusion between the domesticus Hml ES cells and
thymocytes from themolossinus JFlmice as follows. Mannitol
5 buffer (0.3 M) suspension containing the ES cells and the
somatic cells was prepared. The suspension was placed on
a fusion slide having an electrode gap of 1 mm. Alternating
current was applied to the suspension at 10 V for 60 seconds,
followed by applying direct current at 250 V for
10 10 microseconds. Thereafter, the processed mixture was
cultured on PEF feeder cells in ES culture medium
("Takinokansaibo no Saipuroguramukakassei, In Jikken Igaku
Begsatsu Posutogenomujidai no Jikkenkoza 4: Kansaibo : Kuron
Kenkyu Purotokoru [Reprogramming Activity of Pluripotent
15 Stem Cell, In Experimental Medicine, Special Issue,
Experimental Lecture 4 in Postgenome era; Stem cell * Clone
Research Protocol]”, pp 191-198, Yodo-sha (Tokya), etc.).
The above-desc¢ribed ES culture medium was supplemented with
hypoxanthine, aminopterin, and thymidine (HAT) selective
20 reagents to obtain HAT sgelec¢tive culture medium. The
above-described fusion cell was obtained after 8 days of

HAT selective culture.

Other fusion cell lines, MuR-2 and Mxr-3, were

25 obtained by electric fusion of molossinus MP4 ES cells and
thymoeytes from domesticus 129/Sv-Rosa2é transgenic mice
(lacZz/neo is globally expressed in the mouse) as follows.
Mannitol (0.3 M) buffer suspension containing the ES cells

and the somaticcellswas prepared. The suspensionwasplaced

30 on & fusion slide having an electrode gap of 1 mm.
Alternating current was applied to the suspension at 10 V

for 60 meconds, followed by applying direct current at 250 V

for 10 microseconds. Thereafter, the processed mixture was
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Kenkyu Purotokoru [Reprogramming Activity of Pluripotent
5 Stem Cell, In Experimental Medicine, Special. Issue,
Experimental Lecture 4 in Postgenome era; Stem cell - Clone
Research Protocol}”, pp 191-198, Yodo-sha (Tokyo), etc.).
The above-described ES culture medium was supplemented with
Geneticin (Sigma) selective reagent to obtain G418 selective
10 culture medium, in which the cells were in turn cultured.
After 8 days of G418 selective culture, the above-described
fusion cell was obtained (Tada, M., Takahama, Y., Abe, K.,
Nakatsuji, N., and Tada, T. (2001), Curx. Bilol., 11,
1553~-1558).
15
(Immunohistochemistry)
X~gal staining of ¢ells and tissues was conducted
by standard procedures (Tada, M., Tada, T., Lefebvre, L.,
Barton, 5§.C. & Surani, M.A,, EMBO J., 16, 6510-6520 (1997)),
20 speclflically, as follows.

Toformteratomas fromfour fusioncell ¢lones (ExJ-17,

HxJ~18, MxJ-2, and MxJ-3), about 1x100 cells of each clone

were subcutaneously injected into the inguinal reglon of

25 the immunodeficient SCIDmice. Teratoma formation was found
in all sites 4-5 weeks after injection. Teratomas, culture

cells and graft tissues of mouse bralns fixed with 4% PFA

were used for the following immunoreaction with antibodias:
rabbit anti~TuJ (Babco), mouse anti-Nestin (BD PharMingen),

30 rabbit anti-TH (CHEMICON), mouse antl-NF-M (CHEMICON), rat
anti-Ecad (TAKARA), goat anti-p -Gal (Biogenesis) and mouse
anti-Desmin (DACC). X~gal stainingof cells and tissues was
performed by standard procedures.



10!, )"10%14! " @ 10%h& ()- '@10% & ()- 10// 10//
10//'[°,S/"10% /& ()-"'d,S/I"10%& ()- y"zz{{|}{Y7MB
1011V, #"10%*& ()-!V, #"10%*& ()-, 1" 10%& ()-!Q @109%8& () -
Q@ 109%88& ()- Q @10%& ()- }~~~~50MB
1001V, #"10% ! Q S"10%&' () -n(! BS"10%KK&' ()-nm(! mlO%& ()-' 10% %6 10%%
10984 Q , #" 109890& ()- wi[MB 10!V, #"10%, 10 10
100 L S"10%& ()-m('H S"10% ()-m('Q S"10%&' ()-m(!'H S"10%& () - m $CdzX6M8
100V F'10%*& ()-:'F'10%& ()-:'H G 10%& ()-!
(Genomic PCR, RT~-PCR and sequencing)
To detect D~J DNA rearrangements of Torp and IgH in
fugsion c¢lones, genomic DNAs were amplified at the 65°C
5 anneallng temperature for 30 cycles of PCR reactions with
the primer sets described below. One cycle included: 95°C
for 30 seconds (denaturing): 65°C for 30 seconds (primer
annealing): and 72°C for 30 seconds (elongation using Taq
enzyme). Thirty cycles of DNA PCR amplification wers

10 conducted.

Terf, D2 (5'-GTAGGCACCTGTGGGGAAGAAACT) (SEQ IDNO.: 15) and
JB2 (5'-TGAGAGCTGTCTCCTACTATCGATT) (SEQ ID NO.: 16);

15 IgH, Dp (5" -ACAAGCTTCAAAGCACAATGCCTGGCT) (SEQ ID NO.: 17)
and Ju (5'-GGGTCTAGACTCTCAGCCGGCTCCCTCAGGG) (SEQ ID NO.:
18).

To analyze genaexpression, cDNAwas synthesized from
20 total RNA with o0ligo-A4T primers. In the case of Pilitx and
Nestin ¢DNA detection, LA Tag polymerase in GC buffer 2
(TAKARA) was used to counter the high GC content. Primer
gaquences, the annealing temperature for 30 cycles of PCR
reactions and the length of amplified products were as

25 followsa:

Albumin, 55°C, 567 bp, 5'-AAGGAGTGCTGCCATGGTGA (SEQ ID
NO.: 19), 5'~CCTAGGTTTCTTGCAGCCTC (SEQ ID NO.: 20):

30 a-Fetoprotein, 55°C, 342 bp, 5'-TCGTATTCCAACAGGAGG (SEQ ID
NO.: 21), 5’'~CACTCTTCCTTCTGGAGATG (SEQ ID NO.: 22):

Desmin, 55°C, 361 bp, 5'~TTPGGGGTCGCTGCGGTCTAGCC (SEQ ID
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TH, 60°C, 412 bp, 5’ -TGTCAGAGGAGCCCGAGGTC (SEQ ID NO.: 25),
5'-CCAAGAGCAGCCCATCAAAG (SEQ ID NO.: 26):

Nestin, 55°C, 327 bp, 5'-GGAGTGTCGCTTAGAGGTGC (SEQ 1ID
NO.: 27), 5'-TCCAGAAAGCCAAGAGAAGC (SEQ ID NO.: 28):

Nurrl, 55°C, 253 bp, 5'-TGAAGAGAGCGGACAAGGAGATC (SEQ ID
10 NO.: 29), 5'-TCTGGAGTTAAGAAATCGGAGCTG (SEQ ID NO.: 30);

NF-M, 55°C, 186 bp, 5'~GCCGAGCAGACCAAGGAGGCCATT (SEQ ID
NO.: 31), 5'-CTGGATGGTGTCCTGGTAGCTGCT (SEQ ID NO.: 32):

15 Pitx3, 55°C, 373 bp, 5' -AGGACGGCTCTCTGAAGAA (SEQIDNO.: 33),
5'~TTGACCGAGTTGAAGGCGAA (SEQ ID NO.: 34);

G3pdh, 55°C, 983 bp, 5'-TGAAGGTCGGTGTGAACGGATTTGGC (SEQ ID
NO.: 35), 5"~ CATGTAGGCCATGAGGTCCAC (SEQ ID NO.: 36):

20
MyoD, 60°C, 397 bp, 5’'-GCCCGCGCTCCAACTGCTCTGAT (SEQ ID
NO.: 37), 5'-CCTACGGTGGTGCGCCCTCTGC. (SEQ ID NO.: 38);

My£-5, 60°C, 353 bp, 5'-TGCCATCCGCTACATTGAGAG (SEQ ID
25 NO.: 39), 5'-CCGGGTAGCAGGCTGTGAGTTG (SEQ ID NO.: 40).

For the direct ¢loning of PCR products into a plasmid
vector, the TA cloning Kit (Invitrogen) was used. The ¢DNA
sequence of a single plasmid clone was independently analyzed

30 by using Ml3 reverse and forward primers.

(Neural differentiation and cell graft)
To produce TH-positive neuron at high efficienocy,



7}oMB 10!Q @"10% m0% & ()- 10 10 10!V @("10%& ()- !'[ @("10%&' ()- '@
("109%&' ()- EON<MB 10!'Q !9 d=&10%& ()- !Cd=&10%& ()- |10%& ()-!
"10% ()-Sl 109%& () - @10%& ()-/zI "P10 10%& ()- 10 10
10! > @%W 109 ()-'L @% 10% ()-!'L@% 109%& ()-SI "109%& ()-]gzX6"P10! [f" 10%&
()-!"" "f3"10% & ()-'df3"109%%3%& ()-!4"1 3"10%&' ()-T'I
3"10%a& ()-T109%& ()-g"JPwx9. 1 ) % 00 8 dS" " 10963 ()- & V' {10
%W ()- @ 109 ()-!L S""10%& _&!§01...1 "'()-& dS"" () -& "
(}/g-z(l?./&%g?& ?g/f%d(gusnj.'ons ce Ols W\Qre. cultured fog:) B to 11 days on PA6
109 ()-!V f"4086ma) -4 Uls f(Kelaedki 2 HAQf M1QUEek) - 2k @ "HOBhikawa, S.,
Kaneko, 8., Kuwana, Y., Nakanishi, S., Nishikawa, S.I., and
Sasal, ¥. (2000), Neuron, 28,31-40), threafter the cells
5 were washed three times with MEM medium to remove serum and
LIF. For transplantation of the differentiated TH-positive
colonies, PA6 feeder layer was isolated by treatment with
papain, and then slowly injected into the mouse striatum
by using a blunt-ended 26G Hamilton syringe (Kawasaki, H.,
10 Mizuseki, K., Nishikawa, &.,, Kaneko, 8., Kuwana, Y.,
Nakanighi, S., Nighikawa, S.I., andSagai, ¥, (2000), Neuron,
28,31-40). About 5x10° fusioncell-dexived TH~positive cell
guspensionwas graftedtoeachinjectedsite. Twoweekslater,
the whole brains were £xozen for making frozen sections after

15 4% PFA fixation.

(Results)
The acquired capabillity of reprogramming a somatic
cellnucleus by cell fusionisasignificant feature posseasged
20 by pluripotent ES cells (Tada, M., Takahama, Y., Abe, K.,
Nekatsuiji, N., and Tada, T. (2001), "Nuclear reprogramming
of somatic cells by in vitro hybridization with ES cells”,
Curr. Blol., 11, 1553-1558). Similarly, nerve spherocytes
and bone marrow cells spontaneocusly undergo cell fusion with
25 ES cells by culturing together, so that the nuolei thereof
are reprogrammed. The pluripotent cell-szpecific macker
gene Oct4-GFP and the reactivation of an inactive X chromosome
are indicators at least partially showing that the somatic
cell of a fusioncell is reprogrammed into an undifferentiated
30 state.

The reszult that teratomazs and chimeras were
successfully formed demonstrated that the fusion cells have
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5 If reprogrammed somatic cell genomes acquire
pluripotency as in ES cell genomes, tailor-made ES cells
suitable for individuals cen be obtained by cell fusion
wlthout therapy cloning.

10 Inter~subspecific fusion cells of Mus musuculus
domesticus Hml ES cells and M.m.molossinus JF1 thymooytes
(HxJ), and also of molossinus MP4 ES cells and domesticus
Roga26 thymocytes (MxR) were made £for the f£following
experiments (Flgure 7A). The reporter gene, lacZ/neo in

15 somatic genomes derived from the Rosa26 transgenlic mouse
isubliquitouslyexpressed (Friedrich, G. & Soriano, P., GenESs
& Dev., 5, 1513-1523(1991)). The Hml ES calls deficient for
the X chromosome-linked Hprt gene and the MP4 ES cells were
newly established £rom molossinus blastocysts. DNA

20 sequence polymorphism was easily found in the molossinus
genomes when compared with the domesticus genomes (ref5).
Full sets of domesticue and molossinus-derived chromosomes
were maintained in the fusion c¢lones the present inventors
examined (Figure 7B). To test differentiation capability

25 of the ES fusion cells with adult thymooytes, the HxJ and
MxR fusion cells were subcutaneously injected into the
inguinal region of immunodeficient SCID mice. A half plece
of teratomas 4 to 5 weeks after injection of the MxR-2 and
3 fusion cell lines, in which the fusion protein of lac%/neo

30 was ublquitously expressed, was positive for X-gal staining.
Thus, tissues contailning the teratomas were derivatives of
the fusion cells. Immunochemical analysis of the sections
revealed expression of the Class III B-Tublin (TuJ),
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(Figure 7D), indicating that the fusion cells retain the
capabllity to differentiate into ectodermal, mesodermal and
endodermal lineages in vivo, even 1f the somatic cellsy were
5 mesodermal progeny. DNA rearrangements of T cell receptoxs
and/or Immunoglobulin H genes specific¢ to lymphold cells
in all fusion clones the present inventors used revealed
that the somatic cells were mesodermal derivatives
(Figure 7C). Further histological analysis with
10 hemotoxylin-sosin staining showed that the teratomas
contained other tissues including cartilage, c¢iliated
epithelium and gland. This multi-lineage differentiation
of the fusion cells was confirmed by the tissue-gpecific
mRNA of the paired-like homeodomain transeription factor
15 3 (Pitx3), Albumin, a-fetoprotein, MyoD, Myf-5 and desmin
genes (Flgure 8A). The lack of expression of these genes
in undifferentiated ES c¢ells and fusion cells suggests that
their expression was induced by cell type-specific
differentiation in teratomas.
20
To address whether mRNA of tissue~specific genes was
transcribed from the reprogrammed somatic genomes in the
tissues, RT-PCR products of Pitx3, Albumin and MyoD amplified
with the domesticus and molossinus c¢ells and their
25 inter-subspecific fusion cell-derived teratoma cDNAs were
sequenced and compared. InPitx3, asingle base replacement
of the guanidine (G) residue in domesticus genomes to the
adenine (A) residue in molossinus genomes was found at the
position 322 of mRNA (accessionno. 008852). Outof 12clones
30 sequenced, 5 and 7 were domesticus and molossinus ‘type
sequencesa, respectively. Aroughlyequal amount of products
was amplified from the somatic genome RNAs (Figure 8B). A
simlilar pattern was detected in transcription of the
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567 bp from the domesticus mRNA were digested with the
restriction enzyme Ncol and detected at 554 bp and 13 bp,
whereas RT-PCR products from the molossinus mRNA were
5 detected as three bands at 381, 173 and 13 bp after digestion
with Neol (Figure 8C). An equal level of Albumin expression
from ES genomes and somatic genomes was recognized by the
similar intensity of bande in the teratomas differentiated
from the HxJ and MxR inter-specific fusion c¢ell lines. In
10 themuscle-specific regulatory factorMyoD, transcripte from
ES genomes and somatic genomes were distinguished by the
gequence polymorphism sensitive to the BssHI digestion,
RT-PCR products at 395 bp from the domesticus mRNA was
geparated to two bands at 293 and 102 bp, whereas that from
15 the molossinus mRNA was reaistant to the digestion and was
detected as an intact 395 bp band (Figure 8D). In the HxJ-17
and 18 and MxR-2 and 3 inter~subspecific fusion cell lines,
somatic genome-derived transoripts were found to be gimilar
to ES genome-derived transcripts. These data indicated that
20 glmilarly to ES genomes, reprogrammed somatic genomes gained
nuclear competency capable of transcribing tissue-gpecific

mRNAs in teratomas dlfferentiataed in vivo.

The next question is whether the somatic genomes in

25 the fusion cells could differentiate to a specific cell type
under in vitro differentiation-inducing conditions. To do

this, the present inventors used the system of neural
differentiation induced by co-culture on PA6 stromal cells

in serum-free conditions (Kawasaki, H, et al., Neuron, 28,

30 31-40(2000)). HostMP4 EScells andMxR-3 fusion cell clones
were cultured to promote neural differentiation for 8 to

11 days (Figures 9A, B). By this induction, most coloniles

from the fusion cells and the host ES cells were positively
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immunoreactive for neuroepithelial stem cell-specific
Nestin and postmitotic neuron-specific TuJ. The colonies
positiveforstemcell-specificE-Cadherinwere rarely found.
These data indicate that pluripotency of the fusion cells
5 was recapitulated and the fusion cells were controlled to
differentiate effectively into the neural lineage. Thus,
to dmprove the efficiency of producing dopaminergic neurons,
the period of induction culture wae prolonged to 11 days.
The majority of cells were positively stainedwith antibodies
10 against TuJ and NF-M. Cells immunoreactive to tyrosin
hydroxylase (TH), which ig8 required for the production of
catecholamine neurotransmitters, were mainly detected in
the inside of all surviving colonles. Roughly 20 to 50% of
cells per colony were detected as TH-positive (Figure 9C).
15 A similar pattern was found when host ES cells were used.
Thig effective neuronal differentiation succeeded in 5
repeated experiments. Production of the mesencephalic
dopaminergic neuromns in vitro was reconfirmed by
transoription of TH, Nurrl and Pitx3 amplified by RT-PCR
20 with mRNA extracted from fusion clones 11 days after
differentiation induction (Figure 9D). To examine whether
tissue-specific genes were expressed by the reprogrammed
gsomatic genomes was similar to the ES genomes, sequencing
was performed with RT-PCR products of Pitx3, which is a
25 transoriptional activator of TH. In a single base
replacement of the domesticus guanidine (G) residue to the
molossinus adenine (A) residue of P1tx3 mRNA, out of 12 clones
sequenced, 8 clones were found as the molossinua type while
4 clones were the domesticus type in the dopaminergic neurons
30 differentiated from the MxR inter-subspecific fusion clone
(Figure 9E). Similar results were obtained with the
dopaminergic neurons differentliated from HxJ fusion ¢lones.

Thus, somatic genomes, which were reprogrammed in the fusion
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cells, aocquired pluripotential competency capable of

expessing the mesencephalic dopaminergic neuron-specific
transcripts by in vitro differentiation.

The present inventore next examined whether the
fusioncell-derived dopaminergic neurons, whichwere induced
to be differentiated in vitro for 11 days have potential
to integrate into the gtriatum of mouse brain after
tranaplantation. Inthisexperiment, the MxR-3 fusioncells
between molossinus ES cells and domesticus somatic cells
obtained from Rosa2é carrying lacZ/neo. About 5x10° cells
per site of fusion cell-derivatives were injected to the
striatum at A=+1.0 mm, L=+2.0 mm, V=+3.0 mm by the bregma
asareference in the twomouse brains (Figure 10A). Survival
of cells in the grafts, was detected by X-gal staining as
blue-positive cells 15 days after injection.
Immunohistochemical double staining analysis of frozen
sections of the grafts with antibodies against TH and LacZ
clearly demonstrated that the fusion cell-derived neural
cells were expressing a dopaminergic neuron-gpecific TH
protein at the injection of gite (Figures 10B and €). Thus,
the somatic genomes were capable of expressing
neuron-gpeclific genes even after the fusilon cells were
induced to be dlifferentiated in vitro to the specific type
ofcells., Thesedataindlcatethepossibilitythat the fusion
cells could he used for producing replacement tissues in
therapeutic applications foxr diseases and aging.

ES cells are self-renewal and pluripotential cells,
which are capable of differentiating to a variety of tissuas
including germ cells following their introduction to
recipients, Thus, their pluripotential property 1is
gsuitable as a cell source for making many types of replacement

10



& ()-1 1"°fS"10% & ()-"'ifS" 109& ()- " y"10%& ()-!W" 10%& () -
S109%&' ()-NOPQ rP: 1117f"10% !QS"'10%& ()- @10 10

10! V' Sy, "10%&' ()-!i Sy, "10%&' ()- f"10%& ()-| | #WJI3P:

11 HQS" 1098 () - @ HQS" 109&' () - @HQ S"10%&' ()- @ Q5" 109%&' ()- @ Q5" 109%& () - @ Q5" 1
0%&' () - @oPWU3P:

11 Q8" 109%& () - @ Q8" 10%& () - @ Q5" 10%& () 1{@.Q6" 10%& ()- @ Q S"10%& () - @ HXS" 10%
& @ | W3P:

N s/)s 109& () -bhgsusmdY )in vaurp i fLaxaptipidqn _indnatbanr () Hgwevsn,oog' () -

@QVSV;J?EOO/&' 0 ti suea r(r):}vided fror;tnafoéi/:s Oﬁl:lé Ia&xqgfogwg}ll? bg? %qugffé* o1 VS
109 () - Mai [mO , % q)fjgé%t reo p:&nts, esulting in" ‘non- (f)
10! QS) " 10%&' (e g antdde.dn rQﬂé}Stidﬂ‘.’/&"J(ﬁuéB' ke 106 6F therapaMtid | C
3" 10% Q'LI trans%fgén(t)atllon is how to reduce immunological rejection
againast ES-derived grafts, To produce autologous
transplants, personal tallored ES cells or personal adult
tissue stemcells are appropriate as a cell source. Personal
adult tissue stem cells are a strong candidate cell source
io (Jiang, Y., Jahagirdar, B.N., Reinhardt, R.L., Schwartz,
R.E., Keene, C.D., Ortiz-Gonzalez, X.R., Reyes, M., Lenvik,
T., Lund, T., Blackstad, M., Du, J., Aldrich, 8., Lisberg,
A., Low, W.C., Largaespada, D,A., andVerfalllie, C.M. (2002),
"Pluripotency of mesenchymal stem cells derived from adult
15 marrow”, Nature, 418, 41~49). Personal tallored ES cells
may be made with cloned blastooysts produced by nuclear
transplantation of somatic cells to enucleated unfertilized
eggs (Rideout, W.M., 3rd, Hochedlinger, K., Kyba, M., Daley,
G.Q. & Jasnisch, R., Cell, 109, 17-27(2002)). However, human
20 therapeutic cloning encounters social issues of blomedical
ethica (Weigsman, I.L., N. Engl. J. Med., 346, 1576-1579
(2002)). To avoid the ethical issues, the pluripotency of
reprogrammed somatic genomes opens up at least three
posaibilities: 1) fusion celles having personal somatic
25 genomes and ES genomes defilclent for MHC class I and class
II c¢could be semi-matched to individual patients:;
2) genetically taillored ES-like cells (pluripotent cells)
may be made by targetedelimination of the ES genomes following
cell fusion with personal somatic cells; and 3) personal
30 somatic cells can be reprogrammed by genetic manipulations
of reprogramming agents ldentified from ES cells. The cell
fuelion technology might have potential to make an important
contribution in personal therapeutioc applications without
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(Example 3: Identiflcation of reprogramming agents)

In Example 3, the presant inventors investigated how

5 somatic genomes are epigenetically modified when fused with

ES ocells, and analyzed reprogramming agents and their

mechanism. The present inventors expected that cell fusion

with ES cells causes a dramatic change 1n the chromatin

structure of somatio cell genomes, and analyzed the histone

10 acetylation of somatic cell nuclei in inter-subspecific

fusion cells (domesticusxmolossinus). Experiments below

were conducted 1in accordance with Forsberg et al., Proc.

Natl. Acad. Sci. USA, 97, 14494-99 (2000). Actual protocols

were in accordance with Upstate bilotechnology, Chromatin

15 immunoprecipitation protocol, from which antibodies were
obtained.

(Modification assay for nuclear histone)
An antl-acetylated hilgtone H3I antibody, an
20 antl-acetylated hlstone H4 antibody, an anti-methylated
histone H3-Lys4 antibody, and an anti-methylated histone
H3-Lys9 antibody were used to grasp modification of the
nuclear histone of somatic cells, ES cells, and fusion cell.
Next, these four antibodies were used to perform c¢hromatin
25 lmmunoprecipitation in order to analyze the interaction
between histone and DNA.

DNA-histone protein complexes were recovered by
reaction with the raspective antibodies. By PCR
30 amplification of DNA contained in the recovered DNA-histone
protein complexes, it wae raevealed how histone was modified
in what DNA region.
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2x10" to 10° cells were cultured per assay.

On Day 1, 270 ul of 37% formaldehyde was direc¢tly
5 added per 10 mL of culture medium to a final concentration
of 1%. Thereafter, the mixture was shaked at 37°C for

10 minutes at a rate of 60 strokes/min.

Next, glycine was added to a £inal concentration of
10 0.125 M to gstop the cross-linking reaction, and allowed to
stand for 5 minutes at room temperature,

For agdherent ¢ells, themediumwas removed, andplates

were rinsed with lce-cold PBS (containing 8 g NaCl, 0.2 g

15 KCl, 1,44 g Na,HPO, and 0.24 g KH;PO; /liter (pH 7.4), and
1 mMPMSF). TwomLoftrypsinwas addedperdish. Thereafter,
trypsin was aspirated from the dish. The diah was incubated

at 37°C for 10 minutes. Trypainaization was stopped by
adding 1% FCS-PBS. The cells were centrifuged and the

20 resultant cell pellet was washed wlth ice-cold PBS twice.
For suspension cells, the cells were c¢entrifuged and the
resultant cell pellet was washed with lce-cold PBS twioce.

Next, the cell pellet was resuspended in 10mL of cell
25 lysis buffer (10 mM Tris-HCl (pH8.0), 10 mM NaCl, 0.2%
Nonidet P-40, 10 mM sodium lactate (to avold deacetylation)
and protease inhibitor (1 tablet of complete protease
inhibitor (Roche; Cat No. 1697498) was dissolved in 1 ml
of sterilized water, diluted 1/100 for use)). No clump of
30 cells was confirmed, followed by incubation on ice for
10 minutes. The suspension was centrifuged at 5000 rpm at

4°C for 5 minutes.
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protease inhibitor (Roche; Cat No. 1697498) was dissolved

5 inl mLof sterilizedwater, diluted 1l/100 foruse)), followed

by incubation on lce for 10 minutes.

_ Next, the sample was sonlcated so that the length
of chromatin was averaged to 500 bp. In this step, the power
10 was 10 to 15% of maximum, 40 secondse for 8 times. The sample
was centrifuged at 15000 rpm at 4°C for 5 minutes. The
gsupernatant (200 pl) was transferred into a new tube. At
this point, sonicated chromatin was optionally stored at
-70°C.
15
The resultant sample was diluted in 10 fold of ChIP
dilutionbufferedsolution (16.7 mMTris-HC1(pHB8.1), 167 mM
NaCl, 1.2 mMEDTA, 0.01% SDS, 1.1% Triton X-100, 10 mM sodium
lac¢tate, and protease inhibitor (1 tablet of complete
20 protease inhibitor (Roche; Cat No. 1697498) was dlssolved
in 1 mL of sterilized water, diluted 1/100 for use)).

To reduce non-specific background, the c¢hromatin

gample was cleared by adding 80 ul of Sarmon spermDNA/proteln

25 A agarose. The sample was incubated at 4°C for 1 hour while

rotating. Thereafter, the sample was centrifuged at

1000 rpmat 4°C for 1 minute. The resultant supernatant was
transferred to a new tube.

30 Next, varlous antibodies were added to the resultant
gupernatant (anti-acetylated histone H3 antibody (K9&14,
Upstate bilotechnology, New York, USA; Cat No. #06-599) 10 ul
(5 wl of antibody solution was used for 2 ml of reaction
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of antibody golution was used for 2 mL of reaction solution);
anti-dimethylatedhistoneH3 (K4orK9)5 nul (5 plof antibody
5 solution was used for 2 mL of reaction solution) (Upstate
biotechnology, New York, USA: Cat No. #07-030 or #07-212,
respectively). Typiocally, the regquired amount of each
antibodywas 1 pg. Asnegative control, samples without any
antibody were tested.
10

The resultant sample was rotated at 4°C overnight.

OnDay 2, 60 ulof Sarmon sperma DNA/proteiln A agarose
(Upstate biotechnology (Cat Nao., 16-157), (60 ML of Sarmon
15 sperm DNA/protein A agarose was used for 2 mL of reaction
solution) was added to the sample. The sample was rotated
at 4°C for 1 hour, followed by centrifugation at 1000 rpm
at 4°C for 1 minute. The supernatant was transferred into
a new tube. The supernatant from the “"no-antibody” sample
20 wag stored as "total input chromatin”.

Next, the pellet was washed twice with 1 mL of low

galt wash huffer (20 mM Tris~HC1l (pH8.1), 150 mM NaCl, 2 mM

EDTA, 0.1% SDS, 1% Triton X-100), followed by rotation at

25 room temperature fox 5 minutes. Next, the pellet was washed
with 1 mL of high salt wash buffer (20 mM Tris-HCl (pH 8.1),

500 mM NaCl, 2 mM EDTA, 0.1% SDS, 1% Triton X-100), followed

by rotation at room temperature for 5 minutes. Next, the
pelletwaswashedwithl mLof LiClwashbuffer (10 mMTris-HCL

30 (pH 8.1), 0.25 M LiCl,1 mM EDTA, 1% Nonidet P-40, 1% deoxy
sodium cholate), followed by rotation at room temperature

for 5 mlnutes. Finally, the pellet was washed twice with

1xTE (10 mM Tris-HCl (pH 8.0), 1 mM EDTA), followed by
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rotation at room temperature for 5 minutes.

Next, the antibody/protein/DNA complex was eluted
with 150 pl of elution buffer (0.1 M NaHCO,;, 1% SDS) twice.
The sample was vortexed briefly, followed by shaking at room
temparature for 15 minutes. The supernatant was
transferred to a new tube. At this point, the total volume
of the sample was 300 pl.

Then, 18 pul of 5 M NaCl and 1 ul of 10 mg/mL RNase
A were added to the eluate. Reverse crosslinking was
performed by heating at 65°C for 4 to 5 hours,

Next, 6 ul of 0.5 M EDTA, 12 pl of 1 M Trisg-HC1l (pH
6.5) and 2 pl of 10mg/mL protenase K were added to the sample,
followed by incubation at 4°C for 1 hour.

DNA was recovered by phenol:chloroform extraction,
followed by ethanol precipitation. Glycogen (20 ug) was
added. The sample was stored at -20°C overnight.

On Day 3, the stored sample was centrlifuged to recover
the DNA. The pellet was washed with 1 mlL of 70% ethanol.
The DNA was dried, and then resuspended in 30 pl of 1xTE,
The "total input” sample was further diluted by adding 870 ul
of 1xTE, Next, 2 to 3 pl of the sample was used for PCR
reaction.

(Identification of reprogramming agent)
As a method for confirming a reprogramming agent,

the following procedure was performed.

1. To distinguish the genome of an ES cell from the

10 10
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which has a DNA base sequence having a higher degree of
polymorphism as compared with Mus musculus domesticus(dom)
5 mouse. An inter-subspecific fusion cell of an ES cell (dom)
x a somatic cell (mol) or an ES$ cell (mol) x a somatic cell
(dom) was produced. The fuslion c¢ell, and a somatic c¢ell and
an ES ¢ell as coontrol cells, were subjected to the
above-desoribed nuclear histone modiflcation assay.
10
2, The somatic cell, ES cell and fusion ¢ell were
fived with 1% formaldehyde solution for 10 minutes to
oross-linkthehilstoneproteinwithDNA (histone-DNA complex).
Thersafter, the nuclear protein was extracted as described
15 above, The nuclear protein was reacted with an
anti-acetylated histone H3 antibody, an anti-acetylated
histone H4 antibody, an anti-methylated histone H3-Lysd
antibody, and an anti-methylated histone H3-Lys9 antibody
overnight as described above.
20
3, Thereactionsolutionwaspassedthroughaprotein
A column to separate the histone-DNA complex reacted with
the antibody as described above. DNA was extracted from the
histone-DNA complex reacted with each antibody as described
25 above.

4. The extracted DNA was blotted and adsorbed onto
amembrane. TheDNA, the repeat sagquence B2 repeat scattered
on the genome, IAP, and mouse genomic DNA were used as probes

30 to perform hybridization. The sequences of the probes are
described helow:

B2 repeat:
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ATTTATTICATTATATGTAAGTACACTGTAGCTGTCTTCAGACACTCCAGAAGAGG
GCGTCAGATCTTGTTACGTATGGTTGTGAGCCACCATGTCGCTTGCTGGGATTTGA
ACTCCTGACCTTCGGAAGAGCAGTCGGGTGCTCTTATCCACTGAGCCATCYCACC
AGCCCCTGGTTTATTTTTTTAATTATTATTTGCTTTTTGTTTATCAAGACAGGGT
TTCTCTGCATAGCTCTAATTGT (SEQ ID NO.: 41): and

IAP:
GAATTCGATTGGTGGCCTATTTGCTCTTATTAAAAGAAAAAGGGGGAGATGTTIGG
GAGCCGCCCCCACATTCGCCGTTACAAGATGGCGCTGACATCCTGTGTTCTATGY
GGTAAARCAAATAATCTGCGCATGTGCCAAGGGTATCTTATGACTACTTGTGCTCT
GCCTTCCCCGTGACGTCAACTCGGCCGATGGGCTGCAGCCAATCAGGGAGTGACA
CGTCCGAGGCGAAGGAGAATGCTCCTTAAGAGGGACGGGGTTTCGTTCTCTCTCT
CTCTTGCTTTTCTCTCTCTCTTGCTTTTCTCTCTCTCTTGCTTCTTGCTCTCTTG
CITCTTGCACTCTGTTCCTGAAGATGTAAGAATAAAGCTTTGTCGAATCACTAGT
GAATTC (SEQ ID NO.: 42)

(repeat sequences are underlined).

As a result, all of the probe DNAs uwsed reacted with
acetylated histone H3-Lys9 on the genomeg of somatic cells,
while they reacted with acetylated histone H3-Lys4,
acetylated histone H3, and acetylated histone H4 on the
genomes of ES cells and fusion cells.

5. The extracted DNA was amplified using genomic
PCR-primer sets, respectively, specific to the Oct4 gene
which 4is expressed in undifferentiated cells, but not in
somatic ¢ells, the Neurofilament-M and -L genes which are
not expressed in somatic¢ c¢ells or undifferentiated celle,
the Thy-1 gene which is expressed in somatic cells, and but
not in undifferentiated cells. The primer sequences used
are described below.

10
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Oct4: forward CTAGACGGGTGGGTAAGCAA (SEQ ID NO.: 43)
reveree CAGGAGGCCTTCATTTTCAA (SEQ ID NO.: 44)

Octd Spl: forward CGCCTCAGTTTCTCCCACC (SEQ 1ID NO.: 45)

5 reverse AGCCTTGACCTCTGGCCC (SEQ ID NO.: 46)
Thy-1l: forward CTCCAAAGCCAAAACCTGTC (SEQ ID NO.: 47)
reverse GCTGACTGGAGGTGTTCCAT (SEQ ID NO.: 4B)

10 NF-M: forward GGGTGACAAGAGGTCTGGAA (SEQ ID NO.: 49)
reverse CAGCGTGTAGCTCATCTTGG (SEQ ID NO.: 50)

NF-L: forward CAGGGAAGTTATGGGGGTCT (SEQ ID NO.: 51)
reverse AGAAGAACGGGGGAGAAGAG (SEQ ID NO.: 52)
15
Next, the difference in recognition of restriction
enzymes for polymorphic sites of DNA base sequences was
utilized to determine whether DNA amplified in a fusion cell
was derived £from an ES cell genome or a somatic cell genome.
20 Az a result, somatic cell-derived genomes were reacted with
acetylated histone H3-Lys4, acetylated histone H3, and
acetylated histone H4 in fuslon cells irrespective of the
presence or absence of genes in somatic cells or irrespective
of presence or absence of genes in fusion cells.
25
Acetylated histone ieg known to form loose ¢hromatin
structure. On the other hand, it 1s known that the
methylation of higtone H3-Lys4 and histone H3-Lys9 are
complementary modifications, and that histone H3-Lys9 1s
30 methylated in tight c¢hromatin, while histone H3-Lys4d i1s
methylated in loose ¢chromatin, Analysis of repeat sequences
gcattered throughout the genome and each gene in fuslion cells
suggested that the reprogrammed somatic c¢ell genome forms
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opse chromat structure. 'Particularly, it was revealed
that methylation of histone H3-Lys4 plays an important role

in reprogramming.

(Results)

Based on the polymorphism of the base sequence of
inter-subspecific genomlc DNA, it 1s possgible to determine
whether the genome derived from a somatic cell nucleus is
modified. Aes a result of this example, the somatic cell
genome 1g entirely acetylated, due to c¢ell fusion, to have
loose chromatin structure., Importantly, histone H3-Lys4 is
specifically methylated in the reprogrammed genome. It is
known that methylation of histone H3-Ly=4 1s8 asgoclated with
acetylation of histone H3. Methylation has more stable
epigenetics than that of scetylation. Therefore, it is
inferred that methylation of histone H3-Lysd i1ls a
characteristicmodification of the reprogrammed genome. An
enzyme methylating histone H3-Lys4 or an agent involved in
methylation 1ls considered to be one of the reprogramming
agents (see Figure 11).

(Example 4: Productlion of fusioncellof MHC deficient
ES cell-somatic cell)

In Example 4, an MHC (H~2) clags I deficient mouse
and an MHC (H-2)class II deficient mouse were used to produce
an MHC (H-2) olass I and IT deficient mouse. H-2class I(-/-)
classII(-/-) EScells, whichwere obtained fromthe resultant
mouse, were used to produce fusion cells. A specific
bprocedure ig described below (see Figure 12).

MHC c¢lass I KbDb-/~ mice were kindly provided by
Vugmeyster Y. et al, (Vugmeyster Y., et al., Proc. Natl.
Acad. Sci. USA, 95, 12492-12497 (1998)).
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MHC class II knockout mic¢e were kindly provided by
Madsen L. et al, (Madsen L., et al., Proc. Natl. Acad. Sci.
USA, 96, 10338-10343 (1999)).

5
These two lines of mice were fed and mated under
typical breeding conditions. The breeding conditions were
in accordance with the requirements for animal
experimentation as defined by Kyoto University. By matding,
10 double knockout mice were produced. Class I and Class Il

genes are located in the vicinity of 0.3cM on the same
chromosome. Therefore, the probabllity that a mouse
deficient in both genes is obtained is 3 in 1,000 mice. PCR
primers or probes specific to the deficlent reglons (because
15 of physical deficiency in Class I and Class II genes, the
gene genome was used as a probe ) were used to perform screening
by genome PCR or Southern blot analysis. Actually, two mice
were obtained among 500-o0d4d mice obtained by mating.

20 MHC class II KO mice were deficlient in about 80-kb
region including 5 genes. From the embryo of on such mouse,
ES cells were established. The established ES c¢ell was used
to knock out MHC class I KbDb. The knockout method was
performed in accordance with Vugmeyster et al. (supxa). The

25 resultant double knockout ES cell was injected into
blastooyasts to produce chimeric mice. Production of
chimeric mice was pexformed in accordance with "Manipulating
the mouse embryo: A laboratory manual" 2nd, Hogan B., et
al., CSHL Press USA. The double knockout ES cell was

30 established from double knockout individuals obtained by
mating chimesic mice,

Next, the double knockout ES cell was fused with a
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were performed in acaordance with Tada, M., Tada, T., Lefebvre,
L., Barton, §.C. & Surani, M.A., EMBOJ., 16, 6510-6520 (1997)
as described in Example 2.

The genome of the fusion cell obtained by cell fusion
was investigated with the method described in Example 2 to
determine whether or not the somatic cell genome in the fusion
cell can be differentiated into a specific cell type under

10 invitro differentiation indueing conditions. The assaywas
performed in accordance with the method described in
Example 2. The assay method is described below.

Diploid cells have 2 genetic locl (paternal and
35 maternal) for 1 gene. Each locus was removed by homologous
recombination. This procedure was performed using removed
genes x 2 drug selectable markers. In order to remove Class
T and Class II genes, the neo gene was used for a genetilc
locus initially removed and the puro gene was used as another
20 selectable marker for removal of the allelic gene. Thereby,
Class I and Class II genes could be completely removed under
culture conditions. Thus, it was revealed that a double
knockout can be produced by performing typlcal knockout twice
using different selectable markers.
25
In this example, fusion cell clones were cultured
for B to 11 days to promote differentiation into neurons.
By this induction, most colonies from the fusion celle and
the host ES cells were positively immunoreactive f£or
30 neuroepithelial stem cell-specific Nestin and postmitotic
neuron-specific Tud. The c«¢olonlies positive £for stem
cell-specific E-Cadherin were rarely found. These data
indicate that pluripotency of the fusion cells was
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5 The majority of cells were positively stained with antibodles
against TuJ and NF-M. Cells immunozeactive to tyrosin
hydrosylase (TH), which 1s required for the production of
catecholamine neurotransmitters, were mainly detected in
the inside of all surviving colonies. Roughly 20 to 50% of

10 cells per colony were detected as TH-positive. A simllax
pattern was found when host ES cells we::é used. This
affective neuronal differentiation succeeded in 5 repeated
experiments. Production of the mesencephalic dopaminergic
neurons in vitro was reconfirmed by transcription of TH,

15 Nurrl and Pitx3 amplified by RT-PCR with mRNA extracted from
fusion clones 1l days after differentiation induction. To
examine whether tissue-specific genes were expressed from
the reprogrammed somatic genomes as similar to the ES genomes,
gsequencing was performed with RT-PCR products obtained £xrom

20 the recovered RNA. Out of 12 clones sequenced, 7 clones were
found to be derived from the somatic cell genome. Similar
results were obtained from the dopaminerglic neurons
differentiated £rom HxJ fusion clones. Thus, for the fusion
cell of an MHC deficient ES ¢ell and a somatic cell, it is

25 not necessary to determine whather the MHC product is derived
from the somatic cell or the ES cell. This 1s because the
MHC gene is physically removed from the ES cell and as such
the gene cannot he expressed.

30 The present inventors next examined whether the
fusion cell-derived dopaminergic neurons, whichwere induced
to differentiate in vitro for 11 days are capable of
integrating into the striatum of mouse brain after
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‘the grafts was detected by X-gal staining (blue-positive
calls) 15 days after injection. Immunchistochemical double
stalning analysis of frozen sections of the grafts with

5 antibodies against TH and LacZ oclearly demonstrated that
the fusion cell-derived neural cells were expressing
dopaminergic¢ neuron-specific TH protein at the injection
site. Thus, the somatic genomes were capable of expressing
neuron-specific dJdenes even after the fusion ocells were

10 induced to differentiate in vitro to the specific type of
cells. These data indicate the possibllity that the MHC
deficient fusion cells ocould be used for producing
replacement tissues in therapeuticapplications fordiseases
and aging.,

15

(Application to humans)

When human cells are used, production of deficient
cells using a human as a host will raise ethical problems.
Therefore, all manipulations were performed under culture

20 conditidns . Diploid cells have 2 genetic loci (paternal and
maternal) for 1 gene, Each locus was removed by homologous
recombination. Spec¢ifically, this procedure can be
performed using removed genes x 2 drug selectable markers.
For example, in order to remove Class I and Class II genes,

25 the neo gene was used for a genetic locus initially removed
and the puro gene was used as another selectdble marker for
removal of the allelic gene. Thereby, Class I and Class II
genes could be completely removed under culture conditions.
Further, it was found that when the neo gene is introduced

30 into a genetlc locus initilally removed and screening 1is
performed using high concentration G418, the allelic gene
can be replaced with the neo gene.
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somatlc genomes as similar to the ES genomes, sequencing

5 were performed with RT-PCR products obtalned from the
recovered RNA. Out of 12 clones sequenced, 7 clones were
found to be derived from the somatic cell genome.

Reprogrammed human-derived pluripotent stem celle
10 were used to preliminarily pexform various differentiation
experiments. It was found that the reprogrammed cells were
differentiated into blood vessels, neurons, myocytes,
hematopoietic cells, skin, bone, liver, pancreas, and the
like,
15
(Example 5: Production of genome-removed
tallor-made ES cell for an individual)
To avold rejection reactions completely, it is
necessary to produce tailor-made pluripotent stem cells
20 derived from somatic c¢ells of individuals. Next, a fusion
cell from, which the whole ES cell-derived genome is
completely removed, was produced.

In somatic cell-ES fusion cells, the reprogrammed

25 gomatic cell genome has differentiation capability similar
to that of the ES cell genome, Therefore, by removing only

the ES cell genome £rom fusion cells by genetic manipulation,
tailor-made pluripotent stem cells can be achieved. The
present inventors' reactivation experiment for the somatic

30 cell-derived Oct4 gene in cell fusion (Tada et al., Curr.
Biol., 2001) revealed that it takes about 2 days for the
somatic cell genome tobe reprogrammedafter fusion. 1In other
words, the ES cell genome must be selectively removed after
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In this regard, the present inventors produced a

transgenic ES cell in which at least one LoxP sequence was

5 introduced into esach chromosome thereof. A construct of
Ingulator-Polymerase Il promoter-GFP-LoxP-Insulator was
produced using a retrovirus vector (retroviral expresslon
vector based on MoloneyMurine Leukemia Virus (MMLV) or Murine

Stem Cell Virus (MSCV)) (Figure 14), The Insulator was used

10 to separate LoxP from the influence of surrounding genes,
and the Polymerase II promoter was used to cause the GFP

to be properly expressed so that the number of gene copies

¢an be linearly identified using a cell soxrter. GFP (hGFP
{Clonetech) ), which has the lowest toxicity at present, was

15 used to screening ES cells having the introduced gena. The
number of LoxP sequence c¢opies was correlated with the
expression level of GFP. Production wag performed in
accordance with Chung, J.H. et al., Proc, Natl. Acad. Sci.

USA, 94, 575-580 (1997). The congstruct had a structure of

20 LTR~-pol II promoter-hGFP-LoxP-LTR (Insulator) (Figure 14).

Initially, ES c¢ells were produced az described in
the example above. The ES cells with retrovirus were
trypsinized to prepare a single-cell suspension, followed

25 by co~culture with a culture supernatant of virus producing
cells (packagingcell line) for1lto 2hours, therebyinfecting
the ES c¢ells with the retrovirus. GFP was used as a marker.
Transgenioc ES cells wera concentrated by sorting with a cell
sorter (FACS Vantage (BD Biosciences)). Sorting was

30 pexrformed as £0llows. The Insulator-Polymerase II promotexr
-GFP-LoxP~Insulator gene was introduced into ES cells.
Thereafter, transgenic ES cells were collected using the
cell sorter, where the expression level of the GFP gene was
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times.

Insertion sites were detected by DNAFISH. DNA FISH

5 was performed in accordance with Kenlchil Matsubara and

Hiroshi Yoshikawa, editors, Saibo-Kogaku [Caell Engineering],

special issue, Jikken Purotokoru Shirizu [Experiment

Protocol Serieg], "FISH Jikken Purotokoru Hito ° Genomu

Kalsekli kara Senshokutai - Idenshishindan made [FISH

10 Experimental Protocol From Human Genome Analysis to
Chrmosome/Gene dliagnosisg]”, Shujun-sha (Tokyo).

ES cells, for which gene introduction was performed
several times, were cloned. Insulator-Polymerase II
15 promoter-GFP-LoxP~Insulator was used as a probe and mapped
onto chromosomes. Transgenic ES cells, which had at least
one gene per chromosome, were selected.

Next, somatic cells were obtained as in the

20 above-described example, Fusion cells of the transgenic ES
cell and the somatic cell were produced under conditions
gimilar to those of the above~-described example. A plasmid

which temporarily expresses the Cre enzyme (clrcular plasmid

in which the Cre enzyme gene was linked in the control of

25 the Pgkl or CAG promoter) was introduced into the fusilon
¢ells by electroporation or lipofection. The plasmid
expressed the Cre enzyme temporarily (3 to 5 days after
introduction), and thereafter, was decomposed. Due to the
action of the Cre enzyme, the LoxP sequences underwent

30 homologous recombinatlon, so that only the chromosomes
derived from the ES cell genome were modified to dicentric

or acentric¢ chromosomes, and were removed by cell division

over the cellcycle. The removal was confirmedusingaprimer
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the reprogrammed somatic cell remained. Therefore, the
reprogrammed somatic ¢ell genome remained. Thus, the

5 individual somatic cell-derived tallor-made pluripotent
stem cell was produced.

Once a transgenic ES cell 1s established, it is

poesible to easily establish a tallor-made ES cell by fusilon

10 using a somatic cell derived from individual patients,

Therefore, in this example, tailor-made ES c¢ells were

gucocessfully established in the mouse model experimental

system. This technigue can be applied not only to mice but

also other organiems (particularly, mammals inc¢luding

15 humans). Therefore, the technigue can be applied to human

ES ¢ells to produce human tailor-made pluripotent stem cells
derived from an individual human's somatic c¢ells.

Unlike nuclear transplantation clones,

20 reprogramming of somatic cell genomes by cell fusion without

the use of human unfertilized eggse 1s within the scope of

E5 cell application and complies with the guidelines. This

is an innovative genome engineering technique which provides

a maximum effect on regenerative medicine while minimizing

25 ethical problems. Therefore, this technique has a

gignificant effect which cannot bhe achieved by conventional
techniques.

(Example 6: Differentiation into hematopoletic cell,

30 tissue, and organ)
Next, it was confirmed that pluripotent stem cells
produced in the above-described example ocould be
differentiated or purified into hematopoietic stem cells.
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Similar experimentswere conducted in accordance with Kaufman,
D.S., Hanson, E.T., Lewis, R.L., Auerbach, R., and Thomson,

J.A. (2001), "Hematopoletioc colony-forming cells derived
from human embryonic¢ stem cells", Prog, Natl. Acad. Soi.

UsA, 98, 10716-21, 2As a result, i1t was found that cells

differentiated into hematopoletic stem cells exist among
differentiated cells. Therefore, 1t was revealed that the

pluripotent stem cell of the present invention retained a

capabilityof differentiatingintohematopoleticstemcells.

The hematopoletic stem cell is useful for actual clinical

applications.

(Example 7: Differentiation into myocyte, tissue,
and organ)

Next, it was confirmed that pluripotent stem cells
produced in the above-desc¢ribed example could be
differentlated or purified 1into myocytes. Similar
experimantswereconductedinaccordancewithBoheler,K.R.,
Czyz, J., Tweedie, D., Yang, H.T., Anigimov, S$.V., and Wobus,
A.M,. (2002), "Differentiation of pluripotent embryonioc stem
cells into cardiomyocytes", Circ. Res., 91, 189-201. As a
result, 1t was found that cells differentiated into myocytes
exist among differentiated cells. Therefore, it was
revealed that the pluripotent stem c¢ell of the present
invention retained a capabllity of differentiating into
myocytes, The myocyte i1s useful for actual clinilcal
applications.

Although certain preferred embodiments have bheen
degeribed herein, it is not intended that such embodiments
be construed as limlitations on the scope of the invention
except as set forth in the appended ¢laims. All patents,
published patent applications and publications ¢ited herein
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INDUSTRIAL APPLICABILITY

5 The present invention has epoch-making usefulness
in efficiently establishing cells, tissues, and organs
capable of serving as donors for treating diseases, without
eliciting immune rejection reactions, without starting with
egg cell. The present invention could provide pluripotent

10 stemcells having the same genome as that of adult individuals,
which could not be achieved by conventional techniques.
Therefore, the present invention can avoid inherent and
ethlcal problems associated with conventional as well as
immune rejectionreactions andprovide tallor-made stemcells

15 for individuals in a simple manner. Thus, the present
invention is industrially significantly useful.



11" @"10% & ()-mi@"10%)& ()-m " 9%40% & ()--! 940%

& ()--410%& ()-1 QFd"10%& ()-- oML 1! " @"10%

1Q " "109B/ 8/ & ()-!C'10%/*/ & ()- 10)) 10)) 10))!iO0X 10%)& () -
I @"10% ()-m """ o#$% [ OML

111d,"10%/ K/ & ()-1L","1098/3/ & ()-!Q, " 1098/ 8/ & () -, "109%& () -

109% & ()-'[ "1098/ B/ & () - % &\ &] &A&&<'_'Pg|g|; 111d°,"10% > G 10%} & () -
1°G'10%}& ()- !'<G' 109 3 & ()- 1OP{\/E£ &Q’BIP/
10P/P/1i~, " 109/ PI & ()-' O())T)) Prz XMLt ™ 51006 & ()- 1 *$100& ()-

| d* $109%& () -

109 ()7 84V Xl 93 hhel pa b A5 e cern,) SEAL@OUS d behOU O -

genome.
5
2. A pluripotent stem cell according to claim 1, which is
a non~ES cell.
3. A pluripotent stem cell according to claim 1, whereln
10 at least a part of a transplantation antigen 1s deleted.

4. A pluripotent stem cell according to claim 1, whexein
the whole of a transplantation antigen is deleted.

15 5. A pluripotent stem ¢ell according to claim 1, wherein
the transplantation antigen comprises at least a major
histocompatibility antigen.

6. A pluripotent stem cell according to claim 3, wherein
20 the major histocompatibility antigen compriszes a ¢lass I
antigen.

7. A pluripotent stem cell according to ¢laim 1, wherein
the genome ils reprogrammed.

25
8. A pluripotent stem cell ac¢cording to claim 1, which 1=
produced by reprogramming a cell.

9. A pluripotent astem ¢ell according to claim 8, wherein
30 the cell 12 2 somatic cell.

10. A pluripotent atem ¢ell according to claim 1, which is
produced by fusing a stem cell and a somatic cell.
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the stem ¢ell is an ES cell.

5 12, A pluripotent stem cell according to claim 10, wherein
the stem cell is a tissue gtem cell.

13. A pluripotent stem cell according to ¢laim 1, which has
a genome derived from a desired individual and is not an
10 ES cell or an egyg cell of the desired individual.

14. A pluripotent stem cell according to c¢laim 1, which has
a chromosome derived from a gomatic cell of a desired

individual.
15
15. A pluripotent stem cell according to claim 1, which is
not directly derived from an embryo.
16. A pluripotent stem cell according to ¢laim 1, which is
20 derived from a somatic cell.
17. A pluripotent stem cell according to claim 1, wherein
a transplantation antlgen other than that of a desired
individual is reduced.
25
18. A pluripotent stem cell according to claim 1, which is
derived from a cell other than an egg cell of a desired
individual.
30 19. A pluripotent stem cell according to claim 1, wherein

the desired genome is of an individual in a state other than
the early embryo.
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&0)- transplantation antigen i1s deleted in the ES cell.

21. A pluripotent stem cell acocording to claim 1, which ig
an undlfferentiated aomatic cell fusion cell of an ES cell
and a somatic cell, wherein the whole of a transplantation
antigen ia deleted in the ES cell.
10

22. A pluripotent stem cell accoxding to claim 20, wherein
the transplantation antigen is a major histocompatibility
antigen.

A5 23. A pluripotent stem cell according to claim 22, wherein
the major histocompatibility antigen is a class I antigen.

24. A pluripotent stem cell according to claim 20, wherein
the somatic cell i1s a lymphooyte, a spleen cell or a

20 testig-derdived oell derived from a transplantation
individual.

25. A pluripotent stem cell according to claim 20, wherein
at least one of the ES cell and the somatic cell is a
25 human-derived cell.

26. A pluripotent stem cell according to claim 20, wherein
the somatic¢ cell is a human-derived cell.

30 27. A pluripotent stem cell according to claim 20, wherein
at least one of the somatic cell and the stem cell i1s
genetically modified.
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gpluripotent stem cell having
a desired genome, comprising the steps of:
1) deleting a part or the whole of a transplantation
antigen in the stem c¢ell: and
2) fusing the stem cell with a somatic cell having
the desired genome.

29. A method according to claim 28, wherein the stem cell
is an ES cell.

30. A method according to claim 28, wherein the ES cell is
an established ES cell.

3l. A method ac¢coxding to claim 28, wherein the
transplantation antigen 1s a major histocompatibility
antligen,

32. A method according to elaim 31, wherein the major
histocompatibility antigen is a class I antigen,

33. Amethod according to ¢laim 28, wherein the somatic cell
iz alymphocyte, aspleencelloratestis-derivedcell derived
from a tranaplantation individual.

34, A method according to claim 28, wherein at least one
of the stem cell and the gomatioc cell is a human-derived
cell.

35. Amethod according to claim 28, comprising deleting the
whole of the transgplantation antigen.

36. A method for producing a pluripotent stem cell having
a desired genome, comprising the steps of:

“S"109& () - @M MVM
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somatic cell.

38, Amethodaccordingtooclaim 36, wherein the reprogramming
agent 1s prepared with at least one agent selected from the

10 group consisting of a cell cycle regulatory agent, a DNA
helicase, a histone acetylating agent, and a.tranecription
agent directly or indirectly involved in methylation of
histone H3 Lysa.

i5 3%. A cell, tissue or organ, which i1s differentiated from
@ pluripotent stem cell having a desired genome.

40. Acell accordingtoclaim 39, wherein thecell 1z amyocyta,
& chondrocyta, an epithelial cell, or a neuron.

20
41. A tissue acoording to claim 39, wherein the tisgue is
muscle, cartilage, enpithelium, or nerve.

42. An organ according to olaim 39, wherein the organ is
25 selected from the group consisting of brain, spinal cord,
heart, liver, kidney, stomach, intestine, and pancreas,

43. A cell, tissue or organ according to claim 39, wherein

the cell, tissue or organ is used for transplantation.
30

44. A ocell, tissue or organ according to claim 39, wherein

the desired genome is substantially the same as the genome

of a host to which the cell, tissue ox organ 1s transplanted,
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differentiating the cell, tissue or organ from the
pluripotent stem cell: and
administering the cell, tissue or organ into the
subject.
20
48. A method for treatment or prophylaxis of a disease or
disoxder due to a defect in a ¢ell, tissue or organ of a
subject, comprising the step of:
adminigstering a pluripotent stem cell having
25 substantially the same genome as that of the subject, into
the subject.

49. A method for treatment or prophylaxis of a digeage or
disorder due to a defect in a ocell, tissue or organ of a

30 subject, comprising the step of:
administering, into the subject, a medicament
comprieing & cell, tissue or organ differentiated from a
pluripotent stem cell having substantially the same genome
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as that of the subject.

50. Use of apluripotent stemcell for producing a medicament
for treatment or prophylaxis of a disease or dlsorder due
to a defact in a cell, tissue or organ of a subject, wherein
the medicament comprises the pluripotent stem cell having
substantially the same genome as that of the subject.

51. Use of a pluripotent stem cell for producing a medicament
for treatment ox prophylaxis of a disease or disorder due
to a defect 1in a cell, tissue or organ of a subject, wherein
the medicament ocomprises the cell, tissue or organ
differentiated from the pluripotent stem ocell having
gubstantially the same genome as that of the subject.

52. Useof apluripotent stemoell comprisinga desired genome
for producing a medicament comprising the pluripotent stem
ceall.

53. Use of a pluripotent stem ¢ell having a desired genome
for produocing a medicament comprising a cell, tissue or organ
dlfferentiated from the pluripotent stem cell.

54. A reprogramming agent, which is selected from the group
congisting of an enzyme methylating histone H3-Lys4 or an
agent involved in methylation of histone H3-Lysd, a cell
¢ycle agent, DNA helicase, a histone acetylating agent, and
a transcription agent.

55. A reprogramming agent according to claim 54, wherein
the agent is a transcription agent Spl or Sp3, or a cofactor
thersof.



