- 1 25 January 2006 DESCRI PTI ON TAI LOR- MADE PLURI POTENT STEM CELL AND USE

OF THE SAME TECHNI CAL FI ELD The present invention relates to a tailor-nmade
pluripotent stemcell suited to an individual. More particularly, the

present invention relates to a pIuripotén% 10 stemcel | use q%p he
sanme, in which no ES cell is directly used. Specifically? {H&apr<98nt

I nvention relates to a nethod . for producing a pluripotent stemcell in
which a part or the whole of an enbbgsaRrPTIem cell (hereinafter also
referred to as-an ES cell) -derived transplantation antigen 15 is deleted,

and a nethod for producing a cell, tissue or organ, conprising
di fferentiati ngTAREORUMABE EBURIPQTENE STEM| CELLSANR GSE OF GBHE | SAMEI ch

only the somatic cell-derived mmjor histoconpatibility antigen is
expressed. In addition, the present invention relates to a pluripotent
stemcel15.20 and a cell, tissue aPECENEGAL pFrBEfkRRed by the nmethod, in which
only the somatic cell-derived major histoconpatibility antigen is '

expressed. BACKGROUND ART 25 An enbryonic stem (ES) cell is an
undi fferentiated totTH6t @fesaml imyemtiaen ngka&ass teomantaibeyompdean

early st age YA rEHWE nfta Pé €y 2ad 1hasuptdd | 3o PEPPENEiI®Y daR1t.NOSRoref an
enbryonic tunor cell. ES cells were first established 30 by_culturing an

i nner cel | maPertichlagiya qﬂi@ﬁeﬁf’é&jﬁ’_&’)‘?&ti?“o’l:ﬁ%ﬁ?%%agra E%FFJ'-P%?‘E’P_ of
nouse f itlor obl asem c&hl anldl Gsdra¥ethé kbimadl,t £n kihfiehl A6 BEEe11 tikedepsdt 1iy0ns
t hat undifferenti.at eg stgt esl&her%gf are maltnt,al neqC dn the resence of the
t‘egder -2 Egejlanu P?ci dgally, e present invention re es to a
— : method for producing a pluripotent stem cell in which a part
or the whole of an embryonic stem cell (hereinafter also
referred to as an ES cell)-derived transplantation antigen
15 is deleted, and a method for producing a cell, tissue or
organ, comprising differentiating the fusion cell into a
cell, tissue or organ in which only the somatic cell-derived
major histocompatibility antigen is expressed. In addition,
'the present invention relates to a pluripotent stem cell
.20 and a cell, tissue and organ produced by the method, in which

only the somatic cell-derived major histocompatibility

antigen is expressed.

- L : BACKGROUND ART
, An embryonic stem (ES) cell is an undifferentiated
totipotent cell which is induéed from an embryo in an early
stage and grows rapidly and has similar properties as those
of an embryonic tumor cell. ES cells were first esfablished
30 by culturing an inner cell mass (ICM) of a mous"e blastocyst
on a féeder cell layér of mouse fibroblasts. ES cells have
inf inite lifetime under the conditions that undiff erentiated

states thereof are maintained in the presence of the feeder




| syer ia inhibiti /1 1ianms et al.
cell layer and/or |eukem a inhibiting factor (LIF) [R W _ :
Nat ur e %36: 684-687(1988)]. Further, ES cells are known to have a high in
vitro differentiating capability and can be differentiated into various

types of <cells by only culturing as an a%glrrerg?;ﬁt g?;sgn E%cael I %éacr}o%
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normal cells i8t:h 'Im-rmamal(ﬂ!&ll)ql d Wﬂ@téﬁ&lf%ﬂl? ned Ve hégg rate
QD chinera f O'&%&.‘b&g of?1 r& fgegentlatlng into any mature cell of an adult,
and for example, ES cells can be dlfferentlated into both
somatlc cells and germ cells of a chimera animal by being
15 bintroduced into a normal embryo at an early stage to form
| achlmerlcembryo[R L. Brinster, J. Exp. Med 140: 1949-1956
(1974): A. Bradley et al., Nature 309. 255-256 (1984)]. By
mating chimera animals having cells derived from the ES cells
introduced into geim cells such as testis, ovary, and the
- 20 - 1ike, offspring composed of only‘cells derived from ES cells
V can be obtained. This means that animals can be produced
with an art1f1c1ally controllable genetic predlspos1t10n
With such an animal, it is possible to research a mechanism
C;} o of growth and differentiation not only in vitro but also
25 .. at an individual level. Unlike embryonic tumor cells, many
" afEScellsarenormalcellsw1ththenormald1p101dkaryotype'
‘ maintained, have high rate of chimera formation, and high
o probabillty'of dlfferentlatlon into cells of germ line [A.
L Bredleyetal.,NatureBO9 255-256 (1986)]. Thus, the scope.
3O of use of the ES cells is spreadlng out51de the field ofv

B embryology

For exaniplé, ES cellé ai:e the particularly uséful




probability of differentiation into cells of germline [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 enbryology. For exanple ES cells
are the particularly useful U3 25 January-2006 in research on ceIIs and on
genes which control cell differentiation. For exanple, f6r JRRHAY# il
anal.ysis of genes having a known. sequence, nouse ES ceIIs have been used
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cells, cardiac muscle cells, and neurons of certain types
by adding growth factors or forming germ layers [M. Wiles
15 et al., Development 111: 259-267 (1991); W. Miller-Hance
et al., J. Blol. Chem. 268: 25244-25252 (1993): V. A. Maltgev
et 8l., Mech. Dev, 44: 41-50 (1993): G. Baln et al., Dev.
Biol. 168: 342-357 (1995)]. AttemptstoinducemouseSEcells
to differentiate into advantageous cells have gucceeded in
20 the production of hematopoietic cells, cardiacmuscle cells,
specificneurons, andbloodveggels [T. Nakanoetal., Sclence
265:1098-1101(1994); R.Pacacios et al., Proc. Natl. Acad.
Sci. USA 92: 7530-7534 (1995): V. A. Maltsev et al., Mech.
- Dev. 44: 41-50 (1993);:; S. H. Lee et al., Nat. Biotechnol.
O 25 18: 675-679 (1999): H. Kawasakl et al., Neuron 28:31-40
(2000); S.~I. Nishikawa, bevelopment 125: 1747-1757 (1998):
M.Hirashima et al., Blood 93:1253-1263(1999)].

S Currently, EScells areestablished for the following
30 animals: hamster [Doetshman T. et al., Dev. Biol. 127:224-227
1988)1, pig (Evans M. J. et al., Theriogenology 33: 125~128

(1990): Piedrahita J. A. et al.., Therliogenology 34: 879-891

. (1990); Notarianni E. et al., J. Reprod. Fert. 40: 51-356




25 18: 675- 679 (1999); H. Kawasaki at al., Neuron 28:31-40 (2000); S.-I.
Ni shi kawa, Devel opment 125: 1747-1757(1998); MH rashima at al., Bl ood
93: 1253-1263( 1999)]. Currently, ES cells are established for the foll O}NI ng

30 animals: hanster [DoetshmanT. at al., pev. Biol. 127:224-227 1988
pig [Evans M r. et al., Theri.ogenol ogy 33: 125-128 (198byanuapy gef hlta

J. A at al., Theriogenology 34: 879-891 (1990); Notarianni E. at al., J.
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Thonson et ol No- JhberabEhisl ] 1and prinatesg)auch as Thwmsen menkey. Dov.

Thonson .et. al .
15 Biol . 38: HBIMbEEL( h&%)theBl:LEe R@nbmaaﬁf Jetaal ex Nat, pBLoteghpp! . 18:

399- 404 {(2000hkagl tsbs . YKL LI 7643 7694 (1995); Thomson I As et alk.
Biol. Reprod 55: 254-259 (1996)]. Human ES cells are also
{\;} , _ established ~and they show dlfferentlatlng capab:LlJ.ty'
‘ similar to those of mouse ES cells [J. A. Thomson et al.
Science 282: 1145- 1147 (1998); J. A. Thomson et al., Dev.
15 Biol. 38: 133-165 (1998); B. E. Reubinoff et al., Nat.
- Biotechnol. 18: 399-404 (2000)] It is expected that, by
~ applying  the enormous knowledge : accumulating for
differentiation induction and adjustment achieved by using
‘mouse EScells, human EScellswill become an infinitematerial

20  for varJ.ous cells and/or tissues for transplantatlon therapy
for dlseasesb including myocard:.al infarct, Parkinson's
disease, diabetes, and leukemia and will solfie the problem

_ of a shortage of donors for transplantat:l.on therapy In
O | ‘June 23, 2000, three research teams ofAustral:;a, the United

25 States, and Germany reported in International Symposium on
Stem Cell that they had succeeded i'n producing neuron and |
muscle ce-lls fromhuman ES cells for the first time. Further,
a bre,cen't ‘method for differentiating human ES cells into

' hemato-poietic cell has been developed. However, even in the

30 ; case where ES cells are used in transplantatlon therapy, -

| the problem that immune rejection react:.on occurs as in

ex1st1ng organ transplantatlon still remains.




appl yi ng the enornmous know edge accunul ating for di fferentiation i nduction
and adj ustnent achi eved by using nouse ES cells, human ES cells will
beconme an infinite material 20 for various cells and/or tissues for

transplantation therapy for diseases inckuding nyocardial infarc
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between d:l.fferent species is called heterotransplantatlon
In this case, grafts are quickly destroyed by the host.
15 | | |
Agents which elicit graft rejection are called
transplantatlon antigens or hlstocompatlblllty antigens.
All somat:Lc cells other than red blood cells have
: transplantatlon antigens. Red blood cells have their 'own
20 blood type (ABO) ant:l.gens. Major human transplantatlon
antlgens are called major histocompatibility antigens or
HLAs (human leukocyte group A), and are encoded. by genes _
_ on chromosome 6. - HLA ant:l.gens are divided dinto two
Q o . categories: classIantJ.gens targetedbyrejectlonre_actions:
| © .25 | andclass IT antigensplayingaroleininitiationof rejection
' »reac’ti'ons . ClassIantigensarepresentinalltis s.ues ,wWhile
class II antigens are not preseht in all‘tissues and are
highly expressed in dendritic cells ’ha'vi.ng finger-like
) projects, which are macrophage-like cells. An attempt has
30 ©  been made to remove"_s‘uéh cells from transplanted tissue so
as to prevent the start of arejection reaction. While there -
have been some Asu’c_cessful- experiments, it is :not' practical

and has not been clinically applied.




In this case, grafts are quickly destroyed by the host. 15 Agents which
elicit graft rejection are called transplantation antigens or

hi stoconpatibility antigens. Al somatic cells other than red bl ood cells
have transplantation antigens. Red bloedecells have their ovvr|11 202 ood
type (ABO) antigens. Major. human transplantation 25 anti §edenugné | ed
mej or histoconpatibility antigens or HLAs (human | eukocyte group A), and
are encoded by genes on chronosone 6. HLA antigens. are divided into two
categories: class | antigens targeted by rejection reactions; and .class IlI
antigens playing-a rol Belactienrgactions qc@mﬁngmfifeaamamplaﬁaﬂlﬁo? I
antigens are il | ; | : Al anti s ale not
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the start of a rejecfion reaction. Wil é there have been so

experiments, iTSISCHARR practiens ocosvr ¥hen therpage exiatéaglaptipodies. 6 25
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reactions whi él4$ medﬁnhbrtteeangm. hautr srdfenmbenotdmachpeansii métgedi on is -

_.ﬁglfeased and Bls09ga g1 56462t IR prevent this, a lymphocyte cross test is

' perfomed before transplantation. Whenit is confirmed that

the recipient serum has antibodies reacting with donor's

15' lymphocytes, transplantation is given up for prophylaxis.

Accelerated hyper rejection reactions occur when T

lymphocytes reactive to donor's HLA antigens exist in the

vrecipient body before transplantation. Aecelerated.hyper

rejection reactions ‘usually occur within 7 days after

20 transplantation and are as intense as hyperacute rejection

reactions. Recent progress in therapeutic drugs is making

it possible to cure such rejection reactions. Acute

re jection reactions are caused as a result of cellular immune

C} o reactions elicited mainly by T lymphocytes associated with
- 25 ‘thevdonpr’s.HLA antigens of a transplant otgan; Acute

rejectionreactionsarembstoftenobservedandaretypically

recognized about 2 weeks tb=1 month after transplantatien.
ChronicrejectionreaCtionsarecharacterizedby11reduction

- in organ function gradually pfoceeding against'ciinical

30 therapieé,andocemrsmonthstoiyearaftertransplantation.

| Basically,itisconsideredthatIEGipient'simmunereactions

activated by invation of donor’ s HLA antigens elicits tissue

disorders in a transplant organ, -and reactions thereto of




Is resuned into the organ. At present, no therapeutic nmethod is available.
To prevent. this, a |ynphocyte cross test is perfornmed before
transplantation. Wien it is confirmed that the recipient serum has

anti bodi es reacting with donor's 15 | ynphocytes., transplantation ks given
up- for prophylaxis. Accel erated hyper 're? ection reacti on® aw ZMRen T

| ynphocytes reactive to donor's HLA antigens exist in the recipient body
before transplantation. Accel erated hyper rejection reactions usually
occur within 7thiayergdn etiffdue rmnspeahttatsisue dlediededaddonnbeBsecaadong
hyper acut e rej j | on Recent progress  in. thera Lc dru S
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transplant organ. Acute rejection reactions are nost often obser ved: and
are typi cal | y T9%cogtiredd rafsationeerct tong immt Isightificaninppobhemt i on.
Chronic rejection reactions are characterized by a reduction in organ
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function gradually proceeding against clinical 30 therapies, and occur
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mai nl y i ncl ud@nd production of cytokines and suppress T cell functions.

1'5 - Thereby, the migration and metabolism of macrophages are

inhibited, resulting in suppressing of immune reactions.

Cyclosporine and FK506 have similar actions, binding to

receptors on the surface of helper T cells, entering the

cells, and acting directly on DNA to inhibit the production

20 of interleukin 2. Eventually, the functionof killer Tcells

is impaired, resulting in immunosuppression. Use of these

immunosuppressants raises adverse side effects.

) Particularly, steroids often cause side  effects.

{; - Cyclosporine is toxic to the iiver and kidneys. FK506 is

25 toxic to the kidneys. Examples of surgeries include

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 its effect has been confirmed; However, this technique

causes the loss of a large amount of serum protein and lipid,

leading to nutrition disorders. | Irradiation includes whole

body irradiation and graft irradiation. Its effect is not




adrenocorticosteroid, cyclosporine, FK506, and the |ike.

Adr enocorticosteroid reduces the nunber of circulatory T cells to inhibit
the nucleic acid netabolismof |ynphocytes and production of cytokines and
suppress T cell functions. 15 Thereby, the m gration and abol i of
macr ophages are inhibited, resulting inSuppressing of i éwré@ i ons.
Cycl osporine and FK506 have sim lar actions, binding to receptors on the
surface of helper T cells, entering the cells, and acting directly on DNA
to inhibit thegkighict and 12 dfipantern eekiipidntEvinigralalty, Theréfiocsj on of
killer T cell Sl dthd edndetbithddihihd SBHNPBHRRICERLO0 ab88: Bl hese
I mrunosuppressants rai ses adverse side effects. ar |cu?arly, <Terel ds
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of |ynph node, extraction of spleen,” and extraction of ynus, ose
effect has not been fully denonstrated. Anong surgeries, thoracic duct
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and its effec een. caonfirmed. However,,. this technigue aus t he | oss
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di sorders. |riadreprogrameéddes whdictiguduynt rimadiammadn alhal thdd tway,
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reactions. | S now known t | ntroduci ng a somatic cell Nnucl eus

t | hat ,
tnto enucl eat 2t eg§%céns( 1938 ?SQH%FM Roett aduel ¥kenge 288pldd8atid® to be

totipotent in(2eO0R PJIefdevea WayA. &t NE ,SRaeRrebPyyNege YISS000)g .and the
l'i ke have bee‘_p pr odfpe_d . . ca s . .
Yy utilizing this technique, it is considered that it is
15 possible to reprogram the nucleus of a somatic cell derived
from a host which is to receive a transplant by using egg
:cells and producing a totipotent cell to produce a
transplantation graft which does not cause immune rejection
reaction. PFurther, with such a method of cell culturing,

20 shortage of donors can be overcome.

However, cloning for treating humans encounters
socialproblems, i.e., biomedical ethical problems (Weissman,
g”é I.L., N. Engl. J. Med., 346, 1576-1579 (2002)). The
25 above-described techniques require egg cells, which is

problematic from an ethical viewpoint. For humané . ES cells

are derived from undifferentiated cells of early embryos,

and no adult early embryoexists. Accordingly, inprinciple,

‘ ‘it is not possible to establish ES cells after the stage
30 ofearlyembryos,particularlyfromadulfhosts. Therefore,
" no pluripotent stem cell suited to an individual has been
obtained. There is a serious demand for such a cell in the

. art.




10 [Wlnmut |I. et al., Nature 385:810-813(1997); Kato Y. et al., Science
282: 2095-2098 (1998); Wakayama T. et al., Nature 394: 369-374 (1998) ;
Onishi A et al., Science 289: 1188-1190 (2000) ; Polejaeva |I. A et al.,

Nature 407: 86-90 (2000) 1. By utilizing this technique,_ it is considered
that it is 15 possible to reprogram the nlcieus of a sona%qia”é‘émzcﬁérived

froma host which is to receive a transplant by using egg cells and
producing a totipotent cell to produce a transplantation graft which does
not cause inmune rejection reaction. Further, with such a nmethod of cell

culturing, 20 shortage, of .donors Vel co ~, _¢loning for
treating humans encountdrdlelis:ita &C%ﬁé( Ii’ g‘?‘ E‘fq‘gﬁﬁ%f"(‘?ﬁﬁ ethical
probl ens (Wi ssnman, |ArLobJé.|ctEﬂg|therré/§dnt ﬁﬁfanthfoiﬁiéa?& pddde) anThe 25
above-descri bed & $,d, lre. e el | h I S r.obl epatic from an
et hi cal vi ewpo?ant itll urraer‘lig% eic?e sct asrtéamdé: |ve3quF6L§1d i flerenti ated
cells of ®arl yllléiﬂbff%@l aMdraopadtficudarly, eabrgbjext s¢$. thecorasegt y, in

principle. | tideditloPassitll 82 A853l) 8BEEyeh! 8 aLigl LiE8L88a S0 Of

early enbryos, particularly from S ore, “no ur|
stem cel | sui t¥@aovBichnelichtigio Hamupeene jobt ionareadticmn ansl mas'ebta ous

demand for SUQ@E@.%%'hoh@rtﬁﬁssﬁétfor %rea%ﬁeﬁ@nUfr&1g999egpr99£ﬁgﬁttO be

Sol ved by the lnvention) An object of the present invention'is to provide
an easily obfXtFegtingr Fﬁ@’(“eﬁ?l%ﬁenﬁ“é%tllla%tﬁst ic€d-lsowR 5 thadidkeuadnd Mor e

particuliar |y, varhobjteakifly £hg BE®38Nhs mA¥EPLLEN is to efficiently
establish a cell, tissue and organ which elicit no inmune rejection

reaction and nmay be used as donor tissue for treatnment of diseases,
wi-t hout  extracting stem celDISCLOSUREADFEFHEC INVENDPTIONNE |ike, and

The present inventors succeeded in producing stem

15 cells, whichhave adesired genome derived from an individual,
'such as a subject individual targeted by therapeutic
treatment, elicit a reduced level of immune rejection
reaction, and have pluripotency. Thereby, the

above-described problems were solved.

20
Initially, the present inventors produced a
‘tetraploid somatic cell by fusing a stem cell (e.g., an ES
cell) with a somatic cell and revealed that the cell could
é:} S be grown in vivo and in vitro, and the somatic cell nucleus
25 was reprogrammed and had pluripotency. According to the

present invention, in such 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, i.e., a stem

cell (e.g., an ES cell) which does not express a part or

30 .. the whole of the stem cell-derived transplantation antigen,
. is utilized in production of pluripotent stem cells suited

to individuals.




10 wi thout using egg cells as material. DI SCLOSURE OF THE | NVENTI ON The
present inventors succeeded in producing stem 15 cells, which have a
desired genone derived froman individual, such as a subject individual

targeted by therapeutic treatnent, eli Clt a reduced | ev
rejection reaction, and have pluri potencjy‘? Ther eby, theeéS @W@%@r. bed

probl ens were solved. 20 25 Initially, the present inventors produced a
tetraploid somatic cell by fusing a stemcell (e.g., an ES cell) with a
somatic cell and revedl'lwpﬂha'tlpbrhend:ebtemméu slue.tgﬂowsl dm ividi@idodli,n

vitro, and theg;spmatdfeLe0k ,l[_g n SUC tq,gr?r mﬁl ngd had 1.[_p:rrgrl(?g tency

According to the present inv
agent derived te o t 9@ EEcrrie) -Ide(leug:d tacanESlaBIth):lmmanhtlgzémcldam ae

| mmune 1] ect | QIR ) rBrachagbyel - fnsing 316n S8 (& & 3R ES cell)

whi ch does not express part or e st em cél deri ved
transpl am ati dif |J§\af‘l’hlchsauP@Ft z@H the prhale ofoktief tprusppansationem

cells suited drfxi qk@hg I tem
col| “suited tq o Lnoo dual - thh h@oiéqﬁﬁ%é%g@’%@%ﬂ# s Rhs Yol e

of the stem céd delgtgd, Wa"r?hE“Ss@&ait)lc getivedn £ h%@%ﬁlaﬁherﬁmpgéh can

be achi eved bﬂerf:ﬁ?redemﬁ&ﬂarfﬂﬂﬂgi 8n€i88h SRl rd@udkd o dmovedelbh 1N
which a p s | ant ati on antlgen(partlcularly,

art
maj or hi st oco%at?g?ﬁ??/t ?%Eﬁ‘s‘ie Séféltgf]e'ﬁo ipdiRgiduadsat i Thekeby. | n
this cadé, thé:h@tentrahhplani'eatﬂ@d t st EIsmat | Geaettiogen waalaedused or

.[G?DVGd fromsignificantly reduced.
L

The pluripotent stem cell suited to an individual,

which does not express a part or the whole of the stem cell

15 (e.g., an ES cell)-derived transplantation antigen, can be
achieved by, for example, fusing a stem cell (e.g., an ES

cell) with a somatic cell, followed by removal of the stem

cell (e.g., an ES cell)-derived genome using genetic
manipulation. In this 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.

{v} : Further, a stem cell (e.g., an ES cell)-derived
25 reprogramming agent was unexpectedly identified. The

reprogramming agent was used to confer pluripotency to a

cell (e.g., a somatic cell) having a desired genome, there-by

succeeding in producing a pluripotent stem cell. In this

case, the "complete” pluripotent stem cell suited to an

30 individual free from a rejection reaction, which has no gene

other than the desired genome, could be obtained.

Whenacell, tissueandorgan, whichisdifferentiated




the pluripotent stem cel'ts suited to individuals. Ther eby, 10 the
transpl antation rejection reaction could be significantly reduced. The
pluripotent stemcell suited to an individual, which does not express a

part or the whole of the stemcell 15 (e ,_an ES cell) , rive%
transpl antation antigen, can be achieved %y, for exanpl &g‘%ﬁ'g?rﬁf 0265t em

cell (e.g., an ES cell) with a somatic cell, followed by renpoval of the
stem cell g an ES cell)-derived genone using genetic manipulation.
In this case Remsa enﬁtt;éimaw etamgeabhthtinaal depbred ganang y susihoved

fromthe fusiofeCelusobe, o CORRLBLENMBLULARALANbeT e £ alilo Slided TO

an individual free froma rej ec i eactlon C be obt ai ned. "Furt’her, a
stemcel | (e.gls imtrwivesd )ings jay sgeipdenspr be armd srfirfemeanddon of

unexpectedly i gle@trields %(ien-Ehfs E@Hﬁggﬁmaﬂpaggﬂ%d"@ﬁoé’é@.g.fkerﬁﬂ@fiﬁ"ted
pl uri pote a sogmtic cell) havi ngéa desired gengne,

t .
" thereby gucce%ﬁ?’ﬁgal rF‘b‘rJo %Y*\‘bgad'biluﬂfpo‘%%tsg?’énf’ (&g 4hi @0 Efse,

the "conpl et e"cglly+ Pok£rdd Stt@:@n%'l'an&!i‘tti@:ﬂ t enflgeis | n(iiu:Vl duﬁ\blfarceayf rom a
ot her than th enone, could

rej ection reaction has e [
b oot o meu. anituedl) Fhuire B8 FAT4pakARe, AiaR FOLY PRoFBA: PEPEARE S1 -
25 Ja][]uary 2006Grvfaroim an mlagrrb@(}iremaealeﬁaﬁﬁhﬁhwm:ngsﬁamhﬂm geaefm,,dsucg
as a fusion c ro ce | oduce
into a recipi géjt Lfehégge ;g%ﬂ”“ﬁqu,a{gﬁl PoReBrE ftqﬁe %ﬁ o dk? g%%d as

conpared® o t H&y@edlcteﬁbhenttmmsS andnoagenk| hlaam rag mlldo ohztiwtxstem cel
(e.g., an ES 4 ll:!)caqﬂrdn\ée:gn taanspl @(9&?“0@3&%’3}{ r 1% aﬁameeﬁfﬁﬂln%y be

rem)ved Thus, "the pluripotent stemce esent 1 nvention
4n)i deal mat eliﬂélusﬁé'ﬂ-aééﬁ’ablﬁ%ﬁﬂ-ng acell, ti ssue and organ which is a
donor for treatnent of diseases .

The present invention specifically provides the
15 following.

1. An isolated pluripotent stem cell, comprising a desired

genome.

20 2. A pluripotent stem cell according to item 1, which is
a non-ES cell.

3. A pluripotent stem cell according to item 1, wherein at

least a part of a transplantation antigen 1z deleted.
25

4. A plurlpotent stem cell according to item 1, wherein the

whole of a transplantation antigen 1s deleted.

5. A pluripotent stem cell according to item 3 wherein the .
30 transplantation antigen comprises at 1least & major
hisgtocompatibility antigen.

6. A pluripotent stem cell according to item 5, wherein the




10 These cells, tissues and organs have a wide variety of applications in
tail or-made nedical therapies and are highly industrially useful. The
present invention specifically provides the 15 following. 1. An isolated
pluripotent stemcell, conprising a desired genone. 20 | ur.j.pot ent
stemcel | according to item1, which is~ ®non-ES cell. éS ‘%nﬁ?’&'éoﬁgt ent
stemcell according to item1,. wherein at |east a part of a
transpl antation antigen is deleted. 25 4. A pluripotent stemcell according
to item 1, whemajorhietowvhmbetdbidityanspbantcampaisastd gbass § asleligtad. 5. A
pluripotent stemcell according to item 3 wherein the. 30 transplantation
antigen conprises at least a major histoconpatibiiity antigen. 6. A
pl uri pot ent st'ém%@lluré@@(tle@itngtdbrm detldnaSconitngito ihem- 1] WheXeilathary
2006 maj or hi sgocanpatd bféoﬂ]_ldy Al gen conprises a class | antigen. 7. A

eh genone is

pl uripotent stemcell acc gtoitem1, wherein the
reprogran?red 8. A pluripotent stemcell according to item1, which is

duced b | | t | dipg t
produced by r@f%fﬂﬂhﬁﬂ;&-;ﬁe éter@ceé‘upa% %‘&Eﬁ%ot%AﬁfPFﬁ.ehbog gﬁ %g% Cg”

item8, wherein the 10 cell 1s somati c ce uri
according to |H’?é?ﬁufe%YcﬁfeiP§°9}§laMH@QdabFeﬂ&m ng a stemcell and a somatic
~cell. 15-11. A pluripotent stemcell according to item 10, wherein the
stemcell is %n S Eel[ 12. A pluripotent stemcell accordl ng to item 10,
wher ei n . uripotent stem cell according to item 8, wherein the
‘ 10 cell is a somatic cell.
e ~10. A pluripotent stem cell according to item 1, which is
produced by fusing a stem cell and a somatic cell.
15 - 11. A pluripotent stem cell according to item 10, wherein
the stem cell is an ES cell.
12. A pluripotent stem cell according to item 10, wherein
the stem cell is a tissue stem cell.
20

13. A pluripotent stem cell according to item 1, which has
a genome derived from a desired individual and is not an

ES cell or an egg cell of the desired individual.

25 '14. A pluripotent stem cell according to item 1, which has
- a chromosome derived from a somatic cell of a desired

individual.

15. A pluripotent stem cell according to item 1, which is

30 not directly derived from an embryo.

, 16. A pluripotent stem cell according to item 1, which is

. derived from a somatic cell.




the stemcell is a tissue stemcell. 20 25 13. A pluripotent stem cell
according to item1, which has a genone derived froma desired individual
and is not an ES cell or an egg cell of the desired indi vidual . 14. A

pl uripotent stemcell according to item 1, which has c%;r nDSo erived
froma somatic cell of a desired individt&alc 15. A pluri ‘faé’H? @8&1 cel |
according to item1, which is 30 not directly derived froman enbryo. 16.

A pluripotent stemcell according to item1, which is derived froma
somatic cell. - 13 25 January 2006 17. A pluripotent stemcell according

to item1, whejei t |on ti ertha tht of a desired
i ndi vi dual is rgd%e@&![l@]é%rﬁpu% Pot%En st sat%é:rﬁr%“I z}(?c t HLFf:@PrPl,
which is der @eﬁran@pfiant@tiomt antigémnodhergghaal [thaft aoﬂem dedired

i ndi vidual . 10;@viadd uri P eeag;ce%t emcell according to item1, wherein
t he desired genone is of an individual in a state other than the early

enbryo. . A pluripotent stemcell according to item11, which is 15 an

undi fferenti atesl 9fAkiaHRLn L e&emncgfi'a@éomf;t%e' s g AyARERILS. Cel L

vvherelnapart or t whol e of a transplantati antigen is |nthe

ES cel | . A?e;ﬂ%Yﬁdpdﬁrém as G o ihes ddra R te99 teed 1, Oﬁmcfﬂ\eﬁi:sretzo an

undi fferentlahﬁmls;qmulq cell fusion cell of an ES cell and a somatic cell,

wherein the whole of a transplantation antigen is deleted in the ES cell.
10 19. A pluripotent stem cell according to item 1, wherein

the desired genome is of an individual in a state other than

| R the early embryo.

20. A pluripotent stem cell according to item 1, which is
15 an undifferentiated somatic cell fusion 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 stem cell according to item 1, which is
20 an undifferentiated somatic cell fusion cell of an ES cell
and a somatic cell, wherein the whole of a transplantation

antigen is deleted in the ES cell.

{w} 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 histocompatibility antigen is a class I antigen.
30 |
'24. A pluripotent stem cell according to item 20, wherein
the somatic cell is a lymphocyte, a spleen cell or a

testis-derived cell derived from a transplantation




22. A pluripotent stemcell according to item 20, wherein 25 the
‘transplantation antigen is a major histoconpatibility antigen. 23. A
pluripotent stemcell according to item 22, wherein the mgjor »

hi stoconpatibility antigen is a class | %;gen. 30 24. §5Q&ﬁ%i§ ﬁgt stem
cell according to item 20, wherein the sohatic cell is | f 2@ , a
spleen cell or a testis-derived tell derived froma transplantation - 14

i ndi vi dual .- 25 January 2006 25. A pluripotent stemcell according to item

20, wherein atinlHegsduabhe of the ES cell and the somatic cell is a 5
human-derived cell. 26. A pluripotent stemcell according to item 20,
wherein the somatic cell is a human-derived cell. 10 27. A pluripotent

stem cel | accor8ind pburimpmet siicsr epdl a@c¢€®$¥9cﬁﬂaiﬂﬂm:H@fsﬁhaFPéncelI
and the stenlcgkllb? tg%ﬂg“éﬁﬂégérgﬁhééfg-aﬁ&-tﬁd“%d%&ifé”céi@dﬂﬁ'ag a

pl uri potent stem ce i having 15 a desired genono, conprising the steps of:
1) del eti Bg a hbamenoderheedtral of a transplantation antigen in the stem

cell; and 2) fusing the stern cell with a somatic cell having the desired
genone. 20 29. A nethod according to item 28, wherein the stenlgell is an
ES cel | . 30. ARfrethalwdgntenigsatem peid mocordipe ity dtefe 28 ¥hprein o5

an establ i shedeff £6hdt1i3lbelA MR OhAREGIRHIFedo dellem 28, wherein the

10 27. A pluripotent stem ¢ell according to item 20, wheredn
at leagt one of the somatic cell and the stem ocell is
) genetically modified.

28. A method for producing a pluripotent stem cell having

15 & desired genome, comprising the steps of:
1) deleting & part ox the whole of a transplantation

antigen in the stem c¢ell:; and
2) fusing the stem cell with a somatic cell having

the degired genome.

20
29. & method according to item 28, wherein the stem cell
1s an ES cell.
. 30. A method according to item 29\,wherein the ES c¢ell is
Q;} 25 an established ES cell. ‘
31. A method according to item 28, wherein the
transplantation antigen 15 a major histocompatibility
antigen.
30

32. A method according to item 31, wherein the major

histocompatibility antigen is a c¢lass I antlgen,




tr ansplantation antigen is a mgjor histoconpatibility antigen. 30 32. A
met hod according to item 31, wherein the major histoconpatibility antigen

is aclass | antigen. - 15 25 January 2006 33. A nethod accordi ng to item
28, wherein the somatic cell is a |lynphocyte, a spleen %Opgsti S
-derived cell derived froma transplant at?on individual . aé’ t hod
according to item 28, wherein at |east one of the stemcell and the
somatic cell is a human-derived cell. 35. A nmethod according to item 28,

conpri sing del 88i.n§ mdrifhod/vlaoberdinghm tiltamspbarwmirﬁn ahkl gefatild 03:61 A

net hod for pr Oﬁggiégn;ﬁ}o%ﬂ' p&&gﬂél igel ggqlz{nt Vf—ﬁ dﬁyﬁigﬁﬁg&% e and

conprising the ste

2) exposing t hérem| & tDalaSm,bﬂpb@ticpmmminmxdtmhg a 15 reprogramm ng agent .
37. A method according to item 36, wherein the cell is a somatic cell. 20
38. A nethod according to item 36, wherein the reprogramm ng agent is
prepared With af- | kaathask aggendisg| betiken (Xfm wheregnoap Lemst mengfof a

cel | cycle regghatsden ageitand t@uAsoxhéJtieaéeeu ishasf{ Q%ee)% W | E_g_ﬁgtglegtn

and a transcription agent directly or indirectly involve
of 25 histone H3 Lys4. 39. A cell, tissue or organ, which is

di fferenti at eB35 s meahpdUs &QSE@H a:tcemteﬁl bahaabrmﬂrfsﬂeé'de%t%@%e 30

40. A cell acc item 39, erein the cell is anyocyte,
chondrocyt e, gfrﬁ t%rftqih:ﬁ tramsplgntatiog, grtigen.

‘10
36. A method for producing a pluripotent stem cell having
a desired genome, comprising the steps of:
1) providing a cell having the desired genome: and
2) exposing the cell to a composition comprising a

15 reprogramming agent.

37. A method according to item 36, wherein the cell is a

somatic cell.

20 38. Amethod according to item 36, wherein the reprogramming
agent is prepared with at least one agent selected from the
group consisting of a cell cycle regulatory agent, a DNA
helicase, a histone acetylating agent, and a transcription

} agent directly or indirectly involved in methylation of

25 histone H3 Lys4.

P

39. A cell, tissue or organ, which is differentiated from

a pluripotent stem cell having a desired genome.

30 40. Acellaccordingtoitem 39, wherein the cell is amyocyte,

a chondrocyte, an epithelial cell, or a neuron.

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




41. A tissue according to item39, wherein the tissue is - 16 - 25 January
2006 nuscle, cartilage, enpithelium or nerve. 42. An organ according to
item 39, wherein the organ is selected fromthe group consisting of braln

spinal cord, 5 heart, liver, kidney, stonmach, intestine, ggpan ®
A cell, tissue or organ accordlng to |ten4%9‘ wherein t witd 9{ §sue or
or gan is used for transplantation. 10 44. A cell, tissue or organ accordi ng
to item 39, wherein the desired genone is substantially the sane as the
genone of a houscle, wharhildge cedipitheskiten Oromngaiyd.s transpl anted. 45. A
medi cament, conprising a cell, tissue or organ having 15 a desired genone,
wherein the cell, tissue or organ is differentiated froma pluripotent
stemcel | . 46.42A: el engemt a¢cerdinat henitem @?ophyéaain bheaodgaﬂaie or

di sorder due t&efeded&rdn the g#}yuﬁgééﬁyfsgi%gicgﬁﬁro%ﬁ 1?1%9.1 &8ka

conprisin a pluri potent stemc In sane genone as
that of the suMpakt. lHVGFQrKQQRﬁYJ(ﬁTqmﬁﬁmrnamiagﬁlpﬁophmﬂapaacaéaa di sease
or disorder due to a defect in a cell, tissue or organ of a 25 subject,

conprising the steps of: preparing a pIurlpotent stem cel |l having
subst ant i al | y 43re & &% lgehdAEUgsOFHe¥Ian adnondisjedio, i3emdBPt evkaredni ng

the cell, tissie @elqQr gatrisfsru@notrh%rgahuﬁlsp%%at roemaak 1aﬁEQtlon.
adnlnlsterlng the cell, tissue or organ into the subject. A et hod for

~treatnment or prophylaxrs of a disease or - 17 - 25 January 2006 di sor der
due to dodefect.i A aeddl| tisba8UGr BrofATVDrdngs b 8€bm SONPNhSEEN t he

step of : the desired genome is substantially the same as the genome

o of a host to whi_ch the cell, tissue or organ is transplanted.

45. A medicament, comprising a cell, tissue or organ having
15 a desired genome, wherein the cell, tissue or organ is

differentiated from a pluripotent stem cell.

46. A medicament for treatment or prophylaxis of a disease
or disorder due to a defect in a cell, tissue or organ of
20 - a subject, comprising a pluripotent stem cell having

substantially the same genome as that of the subject.

47. A method for treatment or prophylaxis of a disease or

disorder due to a defect in a cell, tissue or organ of a

S

25 subject, comprising the steps of:
preparing a pluripotent stem cell  having
‘substantially the same genome as that of the subject:
differentiating the cell, tissue or organ from the
pluripotent stem cell; and
30 administering the cell, tissue or organ into the"

subject.

48. A method for treatment or prophylaxis of a disease or




adm nistering a pluripotent stemcell having substantially the same genone
as that of the subject, into 5 the subject. 49. A nmethod for treatnent or
prophyl axis of a disease or disorder due to.a defect in a cell, tissue or

organ of a subject, conprising the step of 10 admi ni st efd i the
subj ect, a nedicanent conprising a celT, %ISSUE or orga?édrﬁ%“@rﬁ’gqﬁpat ed
froma pluripotent stemcell having subst antially the sane genone as that

of the subject. 15 50. Use of a pluripotent stemcell for producing a
medi cament  f ofiserderedite oko & opfdcixiin & celdi,sedssuer ot sogder ofua to a

defect in a CefhbiddfSUsorr N La0 ‘]q{%gsw l#)j gGt, wherein the nedi cament

conprises the pl ur| potent “stem cel substantially the same genone
as that of the subjectrtdigistenisg of apb!llmmtpb@@ht siteam cell f bavpngduci ng

a medi canent  &@dstdfRtdER the QEQQWAMG? a%f thatl S V\ﬁaﬁfé Uapdeee” d%ﬁtgue

a defect gn a ceII tissue or organ of a subject, erein he “rfredi cament
conpri ses’t he he |suiiectre or organ 25 differentiated fromthe pluripotent
stem cel |l havi ng substantial |y the sane genone as that of the subject. 52.

Use of a pluri el | co rising a desired genone _for producing a
nedi canent cond% Gﬁ‘ﬁ’g %PErFﬁ% N ImPraphydiaxis of psdigpage or

pl uripotent stdimordelr daei ng a deFecedigeaose1lf 0f1§§QQU6anr€aﬁrec§lf canment
conprising a G i ssue_or, January 2006 differentiated

fromthe pluri pl(l))t:'ent 'st@ H’PE&FPng ZiheAS?EBrB fanmmi ng agent, which is
sel ect ed0f rom t he groagminbatesinag dfntan ehaynibrhidty) aki ngedhicdmne:

H3' Lys4 or ancoﬁB?EEihBVQ' }‘lzggll, nt_rilg&ggl g‘}:l (%?gglfl &:&.E%grngn{j[.)’é%géélfroam cell
. pluripotent stem cell having substantially the same genome

‘as that of the subject.

15 50. Use of apluripotent stemcell for producing a medicament
for treatment or prophylaxis of a disease or disorder due
to a defect 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.

20
51. Use of a pluripotent stemcell for producing a medicament
for treatment or prophylaxis of a disease or disorder due
to a defect in a cell, tissue or organ of a subject, wherein
the medicament comprises the cell, tissue or organ

25 differentiated from the pluripotent stem cell having

substantially the same genome as that of the subject.

™

52. Useof apluripotent stemcell comprisingadesired genome
for producing a medicament comprising the pluripotent stem
3G cell.

53. Use of a pluripotent stem cell having a desired genome

for producing a medicament comprising a cell, tissue or organ




cycle agent, DNA helicase, a histone acetylating agent, and a
transcription agent. 55. A reprogranm ng agent according to item 54,
wherein the 10 agent is a transcription agent Spl or Sp3, or a cofactor

t hereof. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 Figure 1 sg% ict hEs
showing the result of PCR analysis denbns%rating DNA re \rNJ}HE W@#P of
Tcrt, Tcr8, Tcry and IgH genes derived fromthynocyte in ES fusion cells.
Pictures (a) to (d) respectively show the results of PCR analysis using
primer sets spééfférenbpiated fiidnving phgiignster) tm Relllr.egi on of Tcrf 3;
(b) DJ region of IgH, (c) V-J region of Tcrb; and (d) V-J region of Tcry.
DNA sanpl es used are as follows: T, derived fromthynocytes froma
(Rosa26xCct 4- . TFP)A Feprogsammisy agentvedhifchois E®lesitles] frdvh thmpgkenp

b O i redtdde O 3 0 8 1 000L BAYRLe BN s S0 503 v oplveg] 1 om

. > 'h
ES hybrid_cl ones. Figure shows ctures” show ng reacti vat

chr ormson@ der39RRE fjrfﬁ’Pﬁlt"lﬂP(rﬁdyt"@ﬁhYllészQ%iO@n hdsttoge {3y LyRdsuht sedft R
differential gy BgeAdalDipl hedtichbe td 'ﬂ!isQ;fon%O?éSP%%&@ihg%ﬁné,hﬁné

chronosone in ES fusion cells. In ES fusion cel ree onosones
(two X chr omo$bdaNSFHPLdRe Bgedite derived thynocyte, and one X chronpsone

fromthe mnale derived ES cell) are detected to be red and green, and are

shown to be a%tSLv .In éﬁ? t hree X chronosones r_e]?l icated at the sane

tinme, and are “SHown™ &t %ﬁfﬂ'”r’hg PP Y AFTOREINg kocht eRosdmyhereineihe

somat i c 1®el | s agehdwisby tamnewkiplibh) hgeABdSY1CHE08PSONEr (&NcéhectbAdl e of

(a)) are 5 unitkgg__g%%.stai ned red, and shown to be inactive. (d) Xist RNA
0

I's detected as spots of red signals on active X chromosome of male ES
cell, while inactive X chronosone of female thynocyte is stained entirely

giving a large red signalgprpr DESCRIPTION OF THE DRAWINGS

15 Figure 1 shows pictures showing the result of PCR
analysis demonstrating DNA rearrangement of Tcrf, Tcrd, Tcry
and IgH genes derived from thymocyte in ES fusion cells.
Pictures (a) to (d) respectively show the results of PCR

analysisusing primer sets specific to the following regions:

20 (a) D-J region of Tcrf; (b) D-J region of IgH; (¢) V-J region
of Tcrd: and (d) V-J region of Tcry. DNA samples used are
as follows: T; derived from thymocytes from a

(Rosa26x0ct4-GFP) F1 mouse, ES; derived from ES cells , M;
marker mixture of A/HindIII DNA and an 100bp ladder DNA,
25 1 to 7; derived from ES hybrid clones.

,\\
Y

#
{

Figure 2 shows pictures showing reactivation of the

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

30 -replication of the X chromosome in ES fusion cells. In ES
fusion cells, three X chromosomes (two X chromosomes from

the female derived thymocyte, and one X chromosome from the

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




In two ES hybrid cell lines(ESX Ti and ESX T2) exam ned, 10 three spot red
signals were detected for each nucleus. Figure 3 shows photom crographs
showi ng reactivation of ES fusion cells. GFP fluorescence i nages and

bright field i mages are shown of thynus (a, b) , and ovar 5 (c, of
(Rosa26 x Oct4-GFP) FI nouse used for problction of ES f%s‘ﬂaGngé(@losé. (e)
Bright field images of colonies two days after fusion with the arrow

i ndicating a GFP-positive colony as shown in (f) . (f) GFP fluorescence

i mage two daysaref tshowhust@nbe Thetinvel.! GEP- gagi,t itterexd! RNE-hAvRIdEGine20
non- expr essed col qny, The pigcture of. the positive colony i s shown
enl arged in an %g‘lfé%%é)ta&o%.he( a?mgBYCJr'Eﬁn L PEe; g’ﬁ@@“o‘?n%‘?ﬁge%ﬁ)“ Bt ur e
of a GFP-posit{asrows]!| é&xphndedsémes imhdemllengombtet celBet(ishownbA18.

25 Figure 4 shows, Ia and, i [ how n he . el opnment

capability of ES fﬁggngézms | nwvgé%l?ﬁ?g?mggéﬂgr%ﬁ Igl\aﬁéﬁ/ %ﬁc‘\ﬂr}r?gagerret hod
of pr oducgng B ¥feumly sélalinedandde hime showmttoybe . ifddtRret ur(d)sHbnikng
results of 4- i | WA f .E7 L ery s 30
naving ES fusion oo e 22 PPEtaH LRl M et o sERA TR Enclb LGRS

bl ue. (c) Pictfr datpvFfgceddul Whide Hinecshive dalchromdscens of fematei on of

a E7.5 chi merithyaidome Wi Ghaliseds el 2eed %!i@@ﬂgaal %Eb&u%a%i Lg. (d,
e) pictures sr}ovvltn 20 25 January 2006 chinmeric enbryo sections at
hi gher magni f i ®ath nESE(’?EY,brlécFS&érifnﬁﬁéjﬁsﬁegédé?ﬁ] ESRdTENdexenipedr m

Fi gure 3.0showsthteagspat tebakednhlsapakbysastebte@ FBEh¥LaLI RACPELELY genes
and 1 gf2r genes in ES hybrid and ES x EG fusion cells and pictures show ng

anal ysis results. (a): Analysis results for H19 gene. (b) and (c):
‘Analysis results forFighRe geBe. Ahowss | nshcrineidRigpdied DNMowing

reactivation of ES fusion cells. GFP fluorescence images
and bright field images are shown of thymus (a, b), and ovary
15 (c, d) of (Rosa26 x Oct4-GFP) F1 mouse used for production
of ES fusion cells. (e) Bright field images of colonies two
days after fusion with the arrow indicating a GFP-positive
colony as shown in (£). (£) GFP fluorescence image two days
-after fusion. The small GFP-positive colony amongst
20 non-expressed ES cell colony. The picture of the positive
colony 1is shown enlarged in an upper portion. (g)
Bright-field image of (h). (h) Picture of a GFP-positive
cell expanded from the colony after selection in G418.

25 Figure 4 shows a diagram and pictures showing the
development capability of ES fusion cells in vivo. (a)

Schematic view showing a method of producing ES fusion cells

and chimeric embryos. (b) Picture showing results of
P-galactosidase active staining of E7.5 chimeric embryos
30. ‘having ES fusion cells. The cells derived from fusion cells

are shown blue. (c) Picture showing results of histological
analysis of a section of a E7.5 chimeric embryo which is

sectionedalongalongitudinal axis. (d, e) pictures showing




fragments, and O represent unnethylated DNA fragnents. A 10 summary of
experinentation nethods is illustrated in (c). Abbreviations are as
follows: T; thynocyte, ES/T, mxture of ES and thynocyte DNA at 1:1,

ES'EG m xture of ES and EG DNA at 1:1, ESX T; ES hybri,\%é:‘]l one go EBS cel |
and Rosa 26 thynocyte. 15 Figure 6 shows?2%chenatic vie ottt 8
formation and production of chineric enbryos and phot om crographs of
chinmeric enbryos and teratonma. 20 Figure 7 is a diagram show ng

characteri zat i chiméri¢ueimbnyoekkstlhohsean BIgheld snamnd fadaltti ony npEedyt es,
and their plugj y. ) er | nment al hene. o roduction and v
differentiati o%&ggagﬁ@érgé%bsﬁé%#éf%m‘f uasrf%ﬁr?nc(g’l | Qé%ﬁf\‘kfen donesticus (dom
ES cells and nol ossinus (mol) 25 thynocytes; (B) a representative netaphase
spread of a tetrapl oig; | O cl J-18; enoni ¢ PCR

anal ysis of the D-J Dﬁ%#ﬁrﬂngg%ﬁt éﬂg rtaﬁ% #:e?"]at(ae% 1%bgl-?ﬂ‘]f}fccé se%? gt’r:'l5 (D)
expressi on of WeEetabit i Hl9%: gedesnandakdf 2e gy el BS bybeidpenidf i c

mar ker pr ot ei ngs k@Sfudidn 301/Ps Tad | , e :

Al bum n (Al b) (a d Desmn (Des) Siﬁp&é)?g]&]}i#%sg%%ﬁé alo uslig(\)/!ﬁgggfl%deri ved
terat omas. The &t ANGHY sihér EeeBLES ek #di%ngengi-t h(bhanst d»yI:i Anadsassi n
(HE). - 21 - 2eslamsar§or?0D$e Ik ggéke 8 SAOMEwS OIREL Sa BE REBRPPEELE | SNRT- PCR
products in tr}e ect oder mal , ﬁsodermal and endodermal derivatives of
fusion cells. CATER SterRE “PrERTeseRt IUBEER LRt /Y VA Graoments -Del i n
and enddder malsubintanyl bf arfenimeh et Déeink tibddea sindiikerarbiaatgd(and
differentiate b Ebé%—.%%i%rﬁds 118__ f usi SHCI on.eg(,_ An el8.5 enpryo is_control.
(B) Ectoderna B3 SRS A Bt 2% T B PELr ogr & C¥Sftat f6/ T mixture

L of ES and thymocyte DNA at 1:1, ES/EG; mixture of ES and

EG DNA at 1:1, ESX T; ES hybrid clone of ES cell and Rosa

26 thymocyte.

15
Figure 6 shows schematic views of teratoma formation
and production of chimeric embryos and photomicrographs of
chimeric embryos and teratoma.
20 Figure 7 is a diagram showing characterization of

fusion cells between ES cells and adult lymphocytes, and

their pluripotency. (A) experimental scheme of production

and differentiation of inter-subspecific fusion cells
between domesticus (dom) ES cells and molossinus (mol)

25 thymocytes; (B) a representative metaphase spread of a
tetraploid fusion cell clone, HxJ-18; (C) genomic PCR
analysis of the D-J DNA rearrangements of the Tcrf and IgH
~genes; an (D) expression of the ectodermal, mesodermal and

s

endodermal tissue-specific marker proteins, Class III
30 B-Tublin (TuJ), Neurofilament-M (NF-M), Albumin (Alb) and
Desmin (Des) in paraffin sections of fusion cell-derived
teratomas. The sections were counter-stained with

hemotoxylin and eosin (HE).




genones. The guanine residue of NnRNA in the donmesticus (don) 10 ES genones
Is replaced to the adenine residue in the nolossinus (nol) somatic
genonmes. (C) Endodermal Al bumin transcripts fromreprogramed somatic
genonmes. The domesticus type RT-PCR products have a si ng%qe Ncol 2(8 gestion
site, while the nmolos sinus type productd! have two Ncol < {aagary 200

(D) Mesodernmal 15 MyoD transcripts fromreprogrammed sonati c genones. The
donesticus type RT-PCR products is sensitive to the BssH digestion,
whereas the nol ossinus type products is BssH -insensitive. 20 Figure 9

shows neural di fferentpiaguz.@ d NEUBIEONs Shat {8SI th ikl | shedid £146 k@e%k cells
VP4

invitro. (A uclial cells dlfferentlated from host nol ossi nus

celI's as cont rfoUSEH dpedihe aepbedernabt i desodesmadpeand | @nﬁﬁﬂﬁﬂﬂaﬂ)r otein

and Ecad (gr eedte)rnzaisixesm COlfl - specohi dmlkel . (@) Naldtdaedmade! bstx3,

differentiated fro M<R—3 fMu?' n cells. Mbst _colonies are gosmlvely
i mmnoreact ed V\ﬁ% 1’B’c?dy Ydsec Afde DF&"FﬁeaHQSQHQEBﬁEWFE fbpYMiRer gi c

E]?]lcjro?s (red) arahd- m&@f?r@m%?whba{hdltsﬁmﬁtéﬁ&%&ﬁfrfffenéﬁted
ectl ve I, e | ere latl o n 0 (0]
(o PO 1" silsir E3ppEs odm PlYgungEbFRe haUpartEett o

neur ons.
di fferenti at ed B)nEgtedernabmifuxs bnanetrdpté fxiaysce@fmgn:ammducémmtlélest in

(neur oepi t heli em  &6kly f St~ 10 - 22 -
25 January 2006 neur on- spLé [ F{gﬁ%allr 1@é§§)€r“§@g¥§§ 0 oestécrﬁcrlllesrgéom)
neur on- s"ﬂ)e/:cu f £6 Ipomassis RaplacaditartheRdasing vesidns dnitiemolossiminn cel |

derivatives af(ien )nesmat ididchenaati a SHEUSE |&?@A EIF$ trol
PAG. (E) Expr ssugn of 51P|gIex3 (trants%?:k&dlona Ela:ﬁgtﬂl'l\i/)E{lgtﬂ(:;lrgl 0 ’p'.'fépél

keprogrammed *SBREEPEOGERBIES SR IeRAMRT - The dgRasitACUFdYPART iBCR he
donesti cus (dprpdgensnbavied 4 heiagesi MR JTESAYEsiibd NSite, while the

molossinus type products have twoNcol sites. (D) Mesodermal
15 MyoD transcripts from reprogrammed somatic genomes. The
domesticus type RT-PCR products is sensitive to the BssHI
digestion, whereas the molossinus type products is

BssHI-insensitive.

20 Figure 9 shows neural differentiation induction of
fusion célls on PA6 feeder cells in vitro. (A) Neural cells
differentiated from host molossinus MP4 ES cells as control.
TuJ (red): a post-mitotic neuron-specific marker protein

éja and Ecad (green); a stem cell-specific maker. (B) Neural

25 cells differentiated from the MxR-3 fusion cells. Most
colonies are positively immunoreacted with TH antibody
specific to the mesencephalic dopaminergic neurons (red)
and NF-M (green) which is aneural cell marker. (C) Effective
and reproducible differentiation induction to TH-positive

30 neurons. (D) Expression of neural cell-specific genes in
neural cells differentiated in vitro from fusion cells 11
days after induction: Nestin (neuroepithelial stem
cell-specific marker) and NF-M (post-mitotic




nmol ossi nus (nol) genonmes. 10 Figure 10 shows a graft of fusion cell-derived
TH-positive neurons in nouse brain. (A) Transplantation of the MR-3
fusion cell-derived neural cells characterized in Figures 3B, C, D and E
into the striatum of nouse brain. (B) Fusjon cell-deriv u

expressing TH in nouse brain. 15 MKR-3 1 % on cell deri vg% %éﬂ?@(%@& S
carrying the lacZ/neo reporter gene are positively detected by LacZ

ant i body (green Doubl e, staining with lacZ and TH anti bodi es shows that
the fusion cel FEUEPRvERF Onst@&HteLs TERPFesfionn of nderpeBingigdc | acz

and TH doubl e qnmﬁanmelfﬂ: RaekePs y Nabralli, Z8ang piaid0a & ebhfisctEheli gh

magnlflcatlon | rea (C LacZ- posi tive fusion

cell -derivati ves %’gr egh) © Qﬁ ‘gggl‘f%-ft%'f%%)g?%ue{:hBePﬁF‘écfifLSﬁergPFéatFﬁn

mer ged i mage, i tbivesh .THNdo shlgmaosint iceateelll PAsar E(EDSEﬁbré§§1aﬁ_ yel | ow
shows a_sihemars 2 Gariecli gAY, fobt 9940l GRFPH Erpredranndd © 2

shows a schemat I ¢ diragram of- pro
cel | -somati ¢ c&AMatfigsgenomek|. s. CéHvpirsidiB ofhbhe gua;nimaa:telsamﬁeaghamef

production ofgffnqR.def i font l £ S0 1. cells. - 23 25
January 2006 F ure 14 sh(lows“ﬁg %tru@%urtc‘ééofn'rﬁ{E %g'tlére- S&%élreaslen PI]
pr onot er - GFP- MPssindg {med Jugeaomast he schemat ic diagram of Figure 13.

BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Herei naf ter, the present

invention will be described. It should be understood throughout the
present eci fi cat i onFiguraalOashowises fgrast ngdil dusiemscdBlgleriwdd "an",
| t he TH-positive neurons in mouse brain. (A) Transplantation of

the MxR-3 fusion cell-derived neural cells characterized
in Figures 3B,'C, D and E into the striatum of mouse brain.
(B) Fusion cell-derived neurons expressing TH in mouse brain.
15 MxR-3 fusion cell derived neural cells carrying the lac%/neo
reporter gene are positively detected by Lac% antibody
(green). Double staining with lacZ and TH antibodies shows
that the fusion cell derived neurons express TH (red). In
a merged image, lacZ and TH double positive cells are
20 visualized as yellow cells. (C) High magnification images
in the area (C) in (B). LacZ-positive fusion
cell-derivatives (green) express TH (red) in the injection
site. In a merged image, LacZ and TH double positive cells
( are visualized as yellow cells.
) 25 |
Figure 11 shows a schematic diagram of

reprogramming.

Figure 12 shows a schematic diagram of production

30 of MHC deficient ES cell-somatic cell fusion cells.

Figure 13 shows a schematic diagram of production

of genome deficient ES cell-somatic cell fusion cells.




etc. in English; "ein", "der", "das", "die", etc. and their inflections in
Ger man; "un", "une", "le", "la", etc. in French; "un","una","el","la",
etc. in Spanish, and articles, adjectives, etc. in other |anguages)

i ncl ude plural referents 15 unl ess the context cl early dle%]jat es Oﬁo%%rw se.
It should be also understood that the tetdrs as used her 24
definitions typically used in the art unless otherwi se nentioned. 20
(Description of ternms) Ternms used herein are defined as follows. The term
"cell" is herein used in its broadest sense in the art and refers to a

living body which is g.s r 25 u tls e o nmulticel | ul ar
organism is surroundZF é"{)ru ek n%‘?%ﬁesncé"-tur%&rlﬁ &HFE a??EFgPEXm?FaF?omthe
outside, has Imr%paﬂrGWPﬂoxHInsMnmuseg inare detsemenid dtagram
information angk g4 nismfor expressing it. Cells used herein may be

naturally-occurring cells or artificially 30 nodified.cells (e.g., fusion
cells, ge'-:netlcally nodified cells, etc.). As used herein, the term"stem

cell" refers to a cel |BES'I'2ﬁODE2§'O§aEHFF¥IﬁeoéUﬁ'agﬁEl lt\l%ms;fbltl repl ication

and pluripotency. Typically, stemcells can regenerate an Injured tissue.
Stemcells used herein may be, but are not Ilmted to, enbryonlc stem (ES)

celI's or tissue stenueekhfafabs? t%'ﬂﬁéiséﬂtsﬂé@eﬁef&%ﬁﬁ}ee&% %ffﬂ)éd or

somatic stem ég%ﬁﬁ ﬁ% art|f|C| aIIy produced cel can have the

above-describ 1574 Pedndergtood fhiapghqyty the prgsegtaspeeifiFationr the

| i ke usd@® her éhat aﬁ‘yleesachi-@ﬂr@ilar ES%@ I(e.ar.¢ phuri pghent-giem cells
An.ES cell wag first establlshed in 1981 10

deri ved frome grllyn )_(Lozl
whi ch has al s6 Geer &NATEE 0=HPodu q’bn oflefneckdift” mete - apAcdieigng. | n
1998, a hunaniESleetiomasimsGabhashetiun Whi tline”, "le”, "la”, etc. in

French; "un”, "una”, "el”, "la” ,etc.1nSpanlsh,andarticles,
adjectives,etc.inotherlanguages)includepluralreferents
15 unless the context clearly dictates otherwise. It should
be also understood that the terms as used herein have
definitions typically used in the art unless otherwise

mentioned.

20 (Description of terms)

Terms used herein are defined as foilows.

The term "cell” is herein used in its broadest sense
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 membrane structure Which isolates it from the outside,
has the capablity of self replicating, and has genetic
information and a mechanism for expressing it. Cells used
herein may be naturally-occurring cells or artificially
30 modified cells (e.g., fusion cells, genetically modified

cells, etc.).

As used herein, the term "stem cell” refers to a cell




Is currently becom ng avail abl e for regenerative nedicine. Tissue stem
cells have a limted |level of differentiation wunlike ES cells. Tissue stem
cells are present at particular 15 locations in tissues and have an

undi fferentiated intracellular structure. Therefore, the éaja%LgR/CgO%ECy of
tissue stemcells is low Tissue stemceld% have a hi gher
nucl eus/ cytoplasmrati o and have few intracellular organelles. Mst tissue

stemcells have pluripotency, a long 20 cell cycle, and proliferative
ability beyondcaBrble faf elft hepligdavicnaand Al wsiab temasi.n, Typéraddyls may

be preferably sfem 68115 canhuigdhd+H58n SHEMLH ié’@é’ als3Qmi AP QX8

dependi ng on the ci rcunstance. 25 Tissue Stemcells are separated Into
categori es of D&FYLMEFoREWPER 8T ned| Limiteddee i \amtbryoude sfeméEddr nal

system the digasts ¥e SRS téhechare s ewlixatﬁrgsdél%pewﬁ@&éﬁfst em
and the Iike. Tissue stemcells in the dernal ¥stem|nc ude epi der nmal

st em cel Iés h&G&5oPF SOMaticest e redl) 30 A arkdtirkellyinkadicadaett| s in

t he digestive vﬂg&sﬁheaanlMadelepaﬁsveaaé%fﬂﬁamﬁlﬁtﬁ@él?la| g. | Fugiogtem
he. bone rrarrow system | ncl ude

cells, and t I|ke Ti ssue st IS|n
henat opoi et i cr‘]%tlem -cEPPECT ﬁ%‘&'&ﬁ% S 5 O&mt &‘EI 1ike usad hezeiy) mayyPe006

and the like a $rtsmuee$1lemlzfeldeﬁ]jmatrteepnampusesys*seawdaéludede:ﬂﬂmal stem

cells, retina As usged her t.term somatic
cell" refers Er%}ng{?y ?%rﬁbr et ?haélé ég%%wcae S ﬁaﬁ% ﬁﬂegd‘é‘ Pag:i'per m
or the Rdke, Whiieh Rveakan bstlemecppitledatrsflmocittcst:lDNAotEoknobkouExuce

generation. Typhealidso Soﬁtiﬁtga 'ﬁurﬁéflgﬁ Lo i 66 Qétgﬂlﬁéﬂéhp% g{lﬁ-}’

Sonatic ntells used herein nat ur y-occurril genefic
modi fied. 10 #ﬁé"b‘f’?‘?ﬂ‘h‘-%b%%épg a‘saﬂaleeteb%rfozceaegmeratsvemez@qlne.

Tissue stem cells have a limited level of differentiation
unlike ES cells. Tissuestemcells are present at particular
15 locations in tissues and have an undifferentiated
intracellular structure. Therefore, the pluripotency of
tissue stem cells is low. Tissue stem cells have a higher
nucleus/cytoplasm ratio and have few intracellular
organelles. Most tissue stemcellshave pluripotency, along
20 cell cycle, and proliferative ability beyond the life of
the individual. As used herein, stemcells may be preferably
ES cells, though tissue stem cells may also be employed

depending on the circumstance.

25 Tissue stem cells are separated into categories of
sites from which the cells are derived, such as the dermal
system, the digestive system, the bone marrow system, the
nervous system, and the 1ike. Tissuestemcells in the dermal
systemincludeepidermalstemcells,hairfolliclestemcells,

30 and the like. Tissue stem cells in the digestive system
include pancreatic (common) stem cells, liver stem cells,
and the like. Tissue stem cells in the bone marrow system

include hematopoietic stem cells, mesenchymal stem cells,




,derived fromthe ectoderm endoderm or nmesoderm Stemcells of
ectodermal origin are nostly present in brain, including neural stem
cells. Stemcells of endodermal origin are nostly 15 present in bone
marrow, including blood vessel stemcells, henmatopoietic stemcells,
nesenchynal stemcells, and the |ike. StZm<cells of nes BYigOR are
nostly present in organs, including liver stemcells, pancreatic stem
cells, and the like. Somatic cells nay be herein derived fromany 20 germ

| ayer. Preferadhd thedniid C Tekkfe stéfcabld YARMMRDE B ous SPLLER 1581 u8eor
used. As used herein, the term"isol ated"

testis-derived | ls, b
N§ansst h:'zl vﬁa?%lglr% ssﬂ%ﬁ%%? FEOREhATRR i9p S nm@nd itheutdiences 25 are

at | east reduced, or preferably substantially conpletely elim nated.

Therefore, the term"isolated. cell"” refers to,a cell suhstantially free
from ot her accorrpanyi'r{%S iu%eﬁaPﬁFSfm'cﬁ%uﬁ%’f’&nfé’é“%d&tc sTEESYS 8t her
cells, prdtei mny oril etheacitdsn etern) cellle,t aueh' Bsobat edy,i & spkahion to
30 nucleic acigls g lybepkides ng that., f exanpl th | eic
acids or the pol ypeepﬁ)id%egf g?‘éq%ul‘ofs;%%n |°21tl %;LrFFEEeLY Fg}r#%ﬁ ﬁ%gr B}sdgbg?ances
or cul ture medite RREA ge@radrion .pr Bundedlby . revatbinael 1 Haveetimi teds; or
precursory - 26 % 251dA0HGEan P00 ShATLLA! nsURTLANGES Mo e ahep] cal
substances when they are chem'cally synthesized. |solated nuclelrc acids
are pref er abMPHITEd y-9fcyegdsgces agnatirpyly| malifgedhe nucleic acid

W thin ao organi smfromwhich the nucleic acid is derived (i.e., sequences

positioned at the 5 m;_rerm' nus, and the 3' termnus of the nucleic acid). As
used herein, the ternmRERHIILAEPL et ¢ fategonigedeintoaréen ¢olh state

of ‘a cell in deirdkea faad tisdle8toderm, endoderm, or mesoderm. Stemcells
of ectodermal origin are mostly present in brain, including
neuralstemcells. Stemcellsof endodermaloriginare mostly

15 present in bone marrow, including blood vessel stem cells,
hematopoietic stem cells, mesenchymal stem cells, and the

like. Stem cells of mesoderm origin are mostly present in

organs, including liver stem cells, pancreatic stem cells,

and the like. Somatic cells may be herein derived from any

20 germ layer. Preferably, somaticcells, suchas lymphocytes,

spleen cells or testis-derived cells, may be used.

As used herein, the term "isolated” means that

materials naturally accompanying in normal circumstances

25 are at least reducedv, or preferably substantially completely
eliminated. Therefore, the term "isolated cell” refers to

a cell substantially free from other accompanying in natural
circumstances substances (e.g., other cells, proteins,
nucleic acids, etc.). The term "isolated” in relation to

30 nucleic acids or polypeptides means that, for example, the
nucleic acids or the polypeptides are substantially free

from cellular substances or culture media when they are

produced by recombinant DNA techniques; or precursory




10 property (e.g., pluripotency) of the cell is maintained and the cel
undergoes stable proliferation under culture conditions. Therefore,
established stemcells naintain pluripotency. In the present invention,

the use of established stemcells is preferable since tgf i$ p of 15
coIIectlng stemcells froma host can be 2&ofded. As used®h Fquﬁe term

"non-enbryonic" refers to not being directly derived fromearly enbryos.
Therefore, the term"non-enbryonic" refers to cells derived fromparts 20

of the body ot bbemibah szydtarerdy msotméﬁmhdmcbafl 8dbEBafBbl Suhdif they
cel,l are_ enconpassed by

R E
genetical ly an£%|8Heﬁécﬁgng%¥P ﬁSlFﬁg teiﬁ%lﬁF?@ePgﬁ%? Feécégﬁlarﬁefers

non- enbryoni ¢ ce
25 to a cell hB¥¢ﬁgr@bkpéceaEmvm&ehmmﬂnayhaﬂutélmyﬁIéhmhngﬂh@ﬁﬁb&éac

ol ur pot epcy. > Eaawit anar ortifam e b il L Rieifag Saliits ibetrem o) ©

pancreatie par€Ehchymeasnass p@ﬁartegmled ducthee$1 sl;eme:pais @ndD thel BS,

bl ood Ce||S,(%gfﬁfﬂhQMﬂ@M&ﬁ§mﬁ%} ocytes, osteoblasts, skeletal
nyobl asts, neurons, vascul ar ella ceIIs, pi gment ceIIs, snmoot h

nyocytes, fat cells, bone cells, chondrocytes, and the like. - Therefore, in

one - 27 25 JanuarYA%OQQeQrM'r’fpmtthtéPﬁ ‘pé&?aedltléﬂ)evc?“%ogelét%}{
e use as or

differentiate cell. which can be conferred pluripotency may
instead of a SEhEErEScERFers tee sitadenefi avestl o whish asparhiéeelar the

terms "diof f er @ﬁdp@l‘rit@nfeog. ., (ﬂdrlﬂtfeﬁ‘@i&qnéf AHDBe1 iefsefnﬁlh‘ﬂaangﬁeé}?&mnon
that two or gﬁfs of. cells having qualitative differences in form

and/ or functloﬁ oc HdﬁrgaﬁﬁmﬁiaQﬁﬂIPEBbﬁFQF?Bh°HePPﬂ§§f¢¥#ﬁure

VVVVV conditions. Therefore, established stem cells maintain
pluripotency. In the present invention, the use of
established stem cells is preferable since the step of

15 collecting stem cells from a host can be avoided.

As used herein, the term "non-embryonic” refers to
not being directly derived from early embryos. Therefore,
the term "non-embryonic” refers to cells derived from parts

20 of the body other than early embryos. Also, modifiedEScells
(e.g., genetically modified or fusion ES cells, etc.) are

encompassed by non-embryonic cells.

{“‘ Asusedherein, the term "differentiatedcell” refers
25 to a cell having a specialized function and form (e.qg.,
myocytes, neurons, etc.). Unlike stem cells,
differentiated cells have no or little pluripotency.
Examples of differentiated cells include epidermic cells,
pancreaticparenchymalcells,pancreaticductcells,hepatic
30 cells, blood cells, cardiac myocytes, skeletal myocytes,
osteoblaéts, skeletal myoblasts, neurons, vascular
endothelialcells,pigmentcells,smoothmyocytes,fatcells,

. bone cells, chondrocytes, and the like. Therefore, in one




the division of a single cell. Therefore, "differentiation” 10 includes a
process during which a population (famly tree) of cells, which do not
originally have a specific detectable feature, acquire a feature, such as

production of a specific protein, or the like. At prese 5JceII 6
differentiation is generally considered 2% be a state of LR 4990uhi ch a

specific 15 group of genes in the genone are expressed. CeII
differentiation can be identified by searching for intracellular or
extracel lul ar qglecmmemt «xfnﬂhé ipmnsewlti thiveretien f at@fv@bﬂ\iﬁfde_&ﬁltﬁheddst ate

of gene expres e s.are stable in _principle.
Particularly, %Pfarﬁhn;a %%hl EL“ ﬁelﬁr 4 polélé'ﬁpc?ﬁ(?é"cgl ?‘FXP%%tqsaeFAeGSaPE
rarely differimteadkdd m csqmdrterc togdds iof thel presEndr dhoeatibhe acquired

pluripotent cells of the present invention are considerably useful. 25 As

used herein, the term"pluripotency" refers to a nature of a cell, i.e. ,
an ability to differedsi@sed ﬁtf@lnortéleotenlwedlrfrfefrené:bbylpw)cm celd,

tissues or or ga¥rereMEH 1Y e rkCREE 5 Ehgﬁ g}‘xgﬂ th@%%wo or more

"undi fferentiated" are herein used interc ess ot herw se
ment i oned. 30 TRRSiScaf Gpllsnkaving apaddteyive fcfémeﬂ@ﬂ inifioasn ard{oe cel |

i s devel oped, faindtidnabBcady! tn £eldfgnstddiut baguqatthéﬁuﬁer%eérﬁ%}nrar ely
cells ere t.he gl uri potency is_usually |ost.

| t to diff
gartelrcuf)ar: Y, %‘5 ci%e’ﬁ’:ffno seinglegell, y fang s ?%%f%lfe‘aﬁ%‘?%?fg to

ot her types ofinepiutibel & Pramids durSughwhier ra':ltplo@lihlfa‘stﬂlo@xak E¥mote Ulfﬁeéh n
nmesenc,

hol | 1) ed
pat hol ogi ca Sgnéie_{ On%nagsg(g hé;;%:ag\eﬁnf Ygaveaﬁ‘FBFcfl‘SlStq'Fe'q’e%tablg

cells tend to easiTy
mesenchymal cékature) tdequelm avidatwiapbachtdspkbductheneidaespateisEine hy mal

cells have a BighelfVelr Phe 1ike. at present, cell differentiation is

generally consideredtobeastate of acell inwhicha specific

15 group of genes in the denome are expressed. Cell
differentiation can be identified by sear'ching for
intracellular or extracellular agents or conditions which
elicit the above-described state of gene expression.
Differentiated cells are stable in principle. Particularly,

20 animal cells which have been once differentiated are rarely
differentiated into other types of cells. Therefore, the

acquired pluripotent cells of the present invention are

mal

considerably useful.

ﬁw«\,\

25 As used herein, the term "pluripotency” refers to
a nature of a cell, i.e., an ability 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
is developed, and in an adult, cells constituting a tissue
or organ rarely alter to different cells, where the

pluripotency is usually lost. Particularly, epithelial




pl uripotency. ES cells have pluripotency. Tissue stem cells have
pl uri potency. As used herein, the term "totipotency" refers to the
pluripotency of a cell, such 10 as a fertilized egg, to differentiate into

all cells constituting an organism Thus, the term"plu tenc
i ncl ude the concept of totipotency. An-exXd@nple of an in \/ﬁ)‘? s%oggafor
determ ning whether or not a cell has pluripotency, includes, but is not
limted to, culture under conditions 15 for inducing the formation and

differentiati areldfs aedaiyei d1tbedhgsto E:(ﬂ{ﬁlF asypfs a»& Epi¥h¥0iassayiier
| ur.i pot include, but are not

determ ning t ence. or abse
linited to, |rrr‘l‘§ﬁc§§7'§€ TH-AR YREF? ﬁﬁf’Sc hs PR ‘39{:’1 Gk congitiPSo as to
formteratom amdn;Leod:abIed)ine&a@&Iablhnt CHewedeb| aﬁmyﬁiyrmueenmsf@ém a
chinmeric enbr t of a .cell |ntoat|ssue organi sm

e ggkggcfﬁ T IS5y ad s unﬁ%?ﬁﬁ k3l |‘$§F%’fi on,

(e.g., injection o

and thedi kemegsnceymgluse@mn theuptthesezulahmityl orsmm;r]lajdest:siuﬁ
derived 110M 3R%:BEP0) STheb@ndnymaly WLI1EC AUYE" 2T GLSTE A O o
animal s (e.g., vertebrates, TAvVer T non oty ons,

di cotyl edons, PéPElPPFeHPYef eE&bbyllsh@a%nlmrmP@i@wtelih@tsele( esigen}

Myxi ni f or mes, céQlEetﬂ%Z%Jrl‘Horf%%’cymonqé Cl{'lts@éeshegﬁ h%r}ﬂé(esl:erm

anphi bian,  reptilian, avian, manmal ifan, etc.), nore pre éra manmal i an
(e.g., nonotre LAPORRRSYipi BPFRLS bR rithe @ LURRIKARRET OF chigedpk ersich
carnivore, insectd vpeetitiZda &gglantsr ¥is@ReeRtohesCidRd ReL LRadactyl a,

arti odactyl a tubfj tdent at a, holidota, sirenia, cetacean, prinates,
rodentia, WBFHHAT 19 En)orQ%B‘rJ@mpr eFBPSpILRe WF’W&P%E’:&B%encY may

:anlude the concept of totipotency. Anexampleof aninvitro
assay for determining whether or not a cell has pluripotency,
includes, but is not limited to, culture under conditions
15 for inducing the formation and differentiation of embryoid
bodies. Examples of an in vivo assay for determining the
Presence or absence of pluripotency, include, but are not
limited to, implantation of a cell into an immunodeficient
mouse so as to form teratoma, injection of a cell into a
20 blastocyst so as to form a chimeric embryo, implantation
of a cell into a tissue of an organism (e.g., injection of
a cell into ascites) so as to undergo proliferation, and

the like.

£

25 Cells used in the present invention include cells
derived fromanyorganisms (e.g., anymulticellular organisms
(e.g., animals (e.g., vertebrates, invertebrate), plants
(monocotyledons, dicotyledons, etd.))). Preferably, the
animal is a vertebrate (e.g.,' Myxiniformes,

30 Petronyzoniformés,Chondrichthyes,Osteichthyes,amphibian,
reptilian, avian, mammalian, etc.), more preferably
mammalian (e.g., monotremata, marsupialia, edentate,

dermoptera, chiroptera, carnivore, insectivore,




chi npanzee, Japanese nacaque, human, etc.) are used. Most preferably, a
human is used. Any organ may be targeted by the present invention. A
tissue or cell targeted by the present invention may be derived from any

organ. As used herein, the term"organ"” 10 refers to a notphol ogically
i ndependent structure localized at a par4%cular portion é#h§ﬂ¥aﬂﬁﬁﬁ@idual
organismin which a certain function is perforned. In multicellular

organisnms (e.g., animals, plants), an organ consists of several tissues

spatial |y arrapgebbsaidepapeirissadadrinar, , acelddddissue, kabagibentawposed of
an includes an organ rel ating

a nunber of c:éﬂésli@ exanpl.e of, _such %g or g

to the vascul & VeI | n S3FEMBirbodPREAFEIDr gaF MtGst-ed BYICRELIRr esent

i nventi on i ncllaggmotpitaar eteot) .l i nMoed tprefdiably) ordivRaR! , (60ghea

ki dney, heart | umil ical cord, intestine, nerye, lung,. 20, pl acenta,
ehpilzcd " Ipbpfigse e and: TR REST ) e ek uBsE cel | s

pancreas, brain, perip
di f f er ent? at edPHefnnadily,i potwman del luseidncl ude epidernic cells, pancreatic

parenchymal cells, pancreatic duct cells, hepatic cells, blood cells,
cardiac myocytes, skeletal nyocytes, osteoblasts, skeletal 25 nyobl asts,
neurons, vascul ar enddéPHe?¥gan &y be trngatad byethe presestthinyenties, f at

cells, bone cal kSssBOBE! GEVI CPargdfilly P tdk BroflntSeflvBREELA, nbipL el M
"tissue" refers to an_ 30 aggregé%e of cells having su stantlal?y t he sane
function and/ GPTASEMH ERCH ARY (9XAR ul &S egdhhereinTi thacterm “oxgamal |y an

aggr egatl® of egelfkgsafo NI YNy PhdePEYdeRe s3PuReerRIBsE Pz &gl | s of

di fferent origins as‘épn as - 30 25 Janqa%éé%OOG the cells have the sanme
function and/ 8F FHHM "ﬁi’glrae‘? BPEtiopnhef ar dhdigtiduads organdsisintwhiRkent i on

are used to regendradinefunction is performed. Inmulticellular organisms
' (e.g., animals, plants), an organ consists of several tissues
spatially arranged in a particular manner, each tissue being

15 composed of a number of cells. An example of such an organ
includes an organ relating to the vascular system. In one
embodiment, organs targetedby the present invention include,

but are not limited to, skin, blood vessel, cornea, kidney,
heart, 1liver, umbilical cord, intestine, nerve, Jlung,

20 placenta, pancreas, brain, peripheral limbs, retina, and
the 1like. Examples of cells differentiated from pluripotent

cells include epidermiccells, pancreaticparenchymal cells,
pancreatic duct cells, hepatic cells, blood cells, cardiac’
myocytes, skeletal myocytes, osteoblasts, skeletal

25 myoblasts, neurons, vascular endothelial cells, pigment
_cells,smoothmyocytes,fatcells,bonecells,chondrocytes,

and the like.

N
SN
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As used herein, the term "tissue” refers to an

30 aggregate of cells having substantially the same function
and/or form in a multicellular organism. "Tissue” is
typically an aggregate of cells of the same origin, but may

be an aggregate of cells of different origins as long as




tissue, the tissue may be conposed of an aggregate of cells of two or nore
different origins. Typically, a tissue 5 constitutes a part of an organ.
Animal tissues are separated into epithelial tissue, connective tissue,

nmuscul ar tissue, nervous tissue, and the |like, on a norphol ogic s
functional, or devel opmental basis. Plant0tissues are r %ﬁ'@’a RPat ed
into nmeristematic tissue and permanent tissue according to 10 the '

devel opnental stage of the cells constituting the tissue. Alternatively,

ti ssues nmay betlsepaémedaavﬁ @hel Bghe FufigHesn And/SPNRNSH ! eTheseESe,

according to thh pe of I constituting the tissue. Thus, tissues are
separ at ed into Sﬂge& gftsﬁl?eegreﬁ%méén ntign ar&uFefl to Regerprate

"protein", " pottys;mpau dde tassué pept bdedompesed et aﬂt@g@i“@g@e@fafycammsref er
to a rracrorml u cQns in rles of am . As ed hereln
the term "ani n%é:a%‘s%" 8 hrl%?':ef %rl%{fc?re n&UrEMS - o %‘;1 “Bis
non- nat ur%l | y- mﬁmu@mnmtamﬁ an or,ganuseunheabrttlssube amee atratedaci d
derivative" ory, @41k Wolo | am noQ aci
‘different from a ngfﬁrrla +€l gg%ﬁ?‘% néoei-{anédrgltol aec?gsgﬁﬁ ﬁ“élsscéﬂra tﬁ% Esimlar
25 to that of eV bimeanﬁﬂ(th@clxkechlamptmlacmxbah.efunatlmland

am no acid an@rqgévé[@pﬂ@‘lﬂa]kﬁgws'. n lil%t '@{ésu{QSrE%ngl}ly separated
"naturally-occurring amno acid" refers
natural | y- occ&PFPn’@e’éh?ﬁ%‘“%‘éJr‘él tigsae ﬁaﬂwm@ne@%mmqﬁegampndlam s are

gl yci nelal ani naevidvdlopmeit d1C8€ANE o £ IR E&E] HBonSCH It AL 1 n FRHY UG .

t hr eoni ne, gg gl al ani ne, tyrosine, tryptophan, cysteine; proline,
hi sti di ne, terpa &VB1Yas%’aﬁsé’gﬁsr1@aygtf%fs&ﬁ\a€a5€fi&nt©IS&PQ Helssues

y- car boxygl ut antic amiphsitfedi tDfles Olaiddtidieg a6l thdl type of cells
- constituting the tissue. Thus, tissues are separated into
various categories.
15
As used herein, the term “protein”, "polypeptide”
and "peptide” are used interchangeably and refer to a

macromolecule consisting of a series of amino acids.

20 As used herein, the term "amino acid” may refer to
anaturally-occurring or non-naturally-occurring amino acid.

As used herein, the term "amino acid derivative” or “amino

acid analog” refers to an amino acid which is different from

' a naturally-occurring amino acid and has a function similar
25 to that of the original amino acid. Such amino acid
derivatives and amino acid analogs are well known in fhe

art. The term “naturally-occurring amino acid” refers to

an L-isomer of a naturally-occurring amino acid. The
naturally—occurringaminoacidsareglycine,alanine,valine,

30 leucine, isoleucine, serine, methionine, threonine,
phenylalanine, tyrosine, tryptophan, cysteine, proline,
histidine, aspartic acid, aspéragine, glutamic acid,

glutamine, y-carboxyglutamic acid, arginine, ornithine, and




25 January 2006 |ysine. Unless otherw se indicated, all amno acids as used
herein are L-isonmers. The term "non-naturally-occurring amno acid" refers
to an amno acid which is ordinarily not found in nature. Exanples of

non-natural | y-occurring amno 5 acids include norl eucine,
par a- ni trophenyl al ani ne, honophenyl al ani¥e,- para- f | uor ofreRPFEY 23Pfe,

3-am no- 2- benzyl propionic acid, D or L- hom)argi ni ne, and
D phenyl al ani ne. As used herein, the term"am no acid analog" refers to a

mol ecul e havi nysimphys mabsar@lnﬁiﬁvvlﬁlﬂﬁeicéﬁeéu%@ll £Ridb Bchas dHPukbat of
am ng_aci d anal ogs

am no acids, hut_is not Eiﬂ an no g Ies o]
for St 2%t Jogrﬂ"f?é'"scang gnit ﬁE‘“Z " RePAPRGERAAY ARCEHETERE | ke.

i ncl ude,

An ami no aci caminy acidf’ereféos atocammmeb wldﬂwhmahalgtdmm&qudh&ter ent
o aci ds, but which

f that of t h
romthat o ito%rgffr? %.tug: em IP%%réJ% ?{%?WQHWCW%QWWH%Q ds.

functions in a manner “Sim Far
Mol ecul ar5 bi olastidsal tJe@Iinidques polileckénecal paeahnn.qnepheawjamwim@r gani sm

t echni ques as re 20 well known in th art used,
and are descri h%% gragéxgr’rpl e, ManiatisPeT e ugfola)%i@%% CU| ar
Cdoning: A La@oﬁﬂl@wzwhﬁuayl Dot pi @pid nglﬁarlberozamdhomsaraudlﬁd a(ri&ﬂ)Ol)

Ausubel, F. M p(C328 t Prat | e ar, ol Pub.
Associ ates and %) \F/%’lg%flr%?grsm gn?%%dzxu% e:’f\ﬁ) EHE (tfggb) éhort rotocol s
in Ml ecul ar BP8L8gy r%%ﬁm%wﬂewﬁmaphwweaﬂmemmm:s in

Mol ecul ap Bi OEQﬁbﬁtl&eﬁﬂﬁﬂkb toPEREE I BR1ADheidd ¥t €M 8AGEnino
Sanbr ook, J. ﬁ 5Eg1989 I\/bI ecular Cdoning: A Laboratory Manual, Cold
Spring Har boracfL ni nof ambry acpdrarr ipge dncludeq fat e%mkehods and

Applications, ethadeihe, Ranavanineybine thyd g (uhi@rine SBAAithe L OEOCOIA:, I N
Mol ecul ar B %999{6 aézlc&)%?ngg Jl':Je g;:s ot Qogosmf;é&% which has a structure
different from that of the general chemical structure of
15 amino acids but which functions in a manner similar to that

of naturally-occurring amino acids.

Molecular biological techniques, biochemical

techniques, and microorganism techniques as used herein are

20 well known in the art and commonly used, and are described
in, for example, Maniatis, T. et al. (1989), Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor and its

3rd E4. (2001); Ausubel, F.M. (1987), Current Protocols in
Molecular Biology,  Greene Pub. Associates and

25 Wiley—interscience; Ausubel, F.M. (1989), Short Protocols
in Molecular Biology: A Compendium of Methods from Current
Protocols in Molecular Biology, Greene Pub. Associates and
Wiley-interscience; Sambrook, J. et al. (1989), Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor; Innis,

- 30 M.A. (1990), PCR Protocols: A Guide to Methods and
Applications, Academic Press; Ausubel, F.M. (1992), Short
Protocols in Molecular Biology: A Compendium of Methods from
Current Protocols in Molecular Biology, Greene Pub.

P




Current Protocols in Mlecular Biology, Geene Pub. - 32 25 January 2006
Associ ates; Ausubel, F.M (1995), Short Protocols in Ml ecular Biology: A
Conmpendi um of Met hods from Current Protocols in Ml ecul ar Biol ogy, Greene

Pub. Associates; Innis, MA. et al. (1995), PCR Strat egigfJ Aca ]
Press; Ausubel, 5 F.M (1999), Short Prot¥cals in Ml ecular’'BH8Yagy" A
Conmpendi um of Met hods from Current Protocols in Mlecular Biology, WIey,
and annual updates; Sninsky, J.J. et al. (1999), PCR Applicat ions:
Protocol s for Xssetiaied; Gansobed,, Mdem1@9lr)esssh§@ecimloﬂm@, dhkken

I gaku [ Experi "I enshi nyu e kals Ji kkenho
[ Experi ment al %%’l dl%qro% e&?ntro ’5??'6‘?11‘&“ E‘S’({)gig‘l‘s_g‘ %g £8¥'y PEfe“t Yodo-
sha, 199 7; arRratmedlsdn MREeevdar BiodbpggnSrepne NUsshdsycidteentnnesy) of
each of these VL] i 0 e [po geference.

used herein, the t%‘re%tl" blp:g 9§5 Pt&‘{ #Paﬂ%l' D g'%gem%% acti Vi §SB%%§Essed

by an ageht (&4 élﬁ%ﬂ/nucﬂ ﬁ dBrotactplfb)t emn Melecylaurt i lagyoer glani sm

i ncludi ng act |06n¢p|e@1$11uﬁtxbfqdétﬁgd¥aff&{r' égar%%ttlaggg\.!/:otcg&tsh{ﬁm fecwen a

certain 20 agent .is an_enzyme, greol Tncludes
its enzyne actreAegyY - Widhey . céPﬁa?ﬁnEQénFPﬂétQSr e%m@gﬂmﬁm Hgd. agernl. t he

bi ol ogi cal act(ileioby, tﬁmrzqqflléan@ié&d@spi:é@océ;ﬁ&EBQrﬁJHBﬂ}Qanaaﬁhd;é’ﬂéxﬂ’lcs% AS
used herein, éhe term”variant" refers to a substance, such as a

pol ypepti de, ACBOPPAETERTT dPasiiathd ssuei-kdikiapchoake f BFxperaimamdialy from

the ori gpnal Malistaned. "Edenphes D&nﬁwcmawﬁéﬁénkéﬂé&@'ﬁ a7 A4lsHd ution
| etion variant, a truncated variant, 30

LTS PR SR BB e e Bt L

an allelic va
Analysis]”, Yodo-sha, 1997; and the 1ike. Relevant portions

(or poss:Lbly the entirety) of each of these publications
~are herein incorporated by reference.
15
Asusedherein, the term "biological activity” refers
to activity possessed by an agent (e.g., a polynucleotide,
a protein, etc.) within an organism, including activities
exhibiting various functions. For example, when a certain
20 agent is an enzyme, the biological activity thereof includes
its enzyme activity. When acertain agent is a reprogramming
agent, the biological activity thereof includes its

reprogramming activity.

25 As used herein, the term "variant” refers to a
substance, such as a polypeptide, a polynucleotide, or the
like, which differs partially from the original substance.
Examples of such a variant include a substitution variant,
an additionvariant, adeletionvariant , a truncatedvariant,

30 r.an allelic variant, and the like. The term “allele” as used

" hereinrefers toa gehetic variant locatedat a locus identical
toacorresponding gene, where the two genes are distinguished

from each other. Therefore, the term "allelic variant” as




herein refers to a genetic variant |ocated at a locus identical to a
correspondi ng gene, where the two genes are distinguished fromeach other.
Therefore, the term"allelic variant” as - 33 25 January 2006 used herein

refers to a variant which has an allelic relationship W|2{5 %u Ijé(\é%aﬁgene
The term "speci es homol og" as used hereid® refers to one Hal s an am no

acid or nucleotide honology with a given gene in a given species 5
(preferably at |east 60 % honol ogy, nore preferably at |east 80% at |east
85% at |east @984 hedeadh Ilrefeirsd5eo harm}a:g;a)nt wwmmet ha¢ fai ablaiineng

such a speci es, fpnml ¢ rly._understoo oem t he descripti o o} the
present speci f cat oﬁghdé %%ﬁsaeﬁli"ﬁnt%%n?)'r eg' ‘Fmerﬁﬁeﬁeﬁaﬁ‘“&% ?hin a
modi fied 10 mAglesed deexein pefepeptodeneAthatehlasd droramitis caketbd ngr DNA

t |1 t ti t hod | udi f
cxampl o, 11 ansagane PonloUEriain' B GIUHE bePeCEh dnarbR Phrdtes

(e.g., ar® el e tRR?p‘?@tf@lbllfx’natréﬁm 5&/ﬁmolﬂgar,gmnregarmfwt)ly mtth@al$t and
the |i ke). Wheypsea Q@rleedsst geatignad herehs, tn{ziea{:q ggt, omol%

"reconbi nant vect or" refers to a vector capa e of ran errirn
pol ynucl eot i d& F&dHefcéosf obhipénésg sych at apgeiegchomoBrghis cﬂe@moly. s

capabl e of sehfndbealtbeatflr@mtqredé\g@fi??fﬁéﬁeﬁth@q}e%eqﬁéﬁ@éff?? i host
an ani mal cel a plan ce an

cell (e.qg., ggoka%%/(gtlccell .

insect cell, SAAAPSFGID thAi HﬁFseﬁﬁdl%YFFFﬁRWWaPOEFQﬁP ampdified and
cont ai nd0a pronolleicakcsd SotepSUyp8pteqéor transcription of a

pol ynucl eoti de of the present invention. Exarrpl es of a "reconbi nant vector"”

for prokaryotic cells include pBTrp2, pBTacl, pBTac2 (all comercially 30
avai | abl e from Roche Ay methad firothenbaatsig DNKI@BB: 2ells can be used

as an vector introduction method, including, for example,
transfection, transduction, transformation, and the like

15 (e.g., an electroporation method, a particle gun (gene gun)
method, and the like).

When a gene is mentioned herein, the term “vector”

or "recombinant vector” refers to a vector capable of

20 transferring a polynucleotide sequence of interest to a
target cell. Such a vector is capable of self-replication

or incorporation into a chromosome in a host cell (e.g.,

a prokaryotic celi, yeast, an animal cell, a plant cell,

an insect cell, anindividual animal, and an individual plant,

T,
Y

25 etc.), and contains a promoter at a site suitable for

transcription of a polynucleotide of the present invention.

Examples of a “"recombinant vector” for prokaryotic

cells include pBTrp2, pBTacl, pBTac2 (all commercially

30 ° available from Roche Molecular Biochemicals), pKK233—2
(Pharmacia), pSE280 (Invitrogen), pGEMEX-1 [Promega], pOE-8
(QIAGEN), pPKYP10 (Japanese Laid-Open Publication

No. 58-110600), pKYP200 [Agric. Biol. Chem., 48, 669(1984)],




(Phar maci a), pSE280( | nvi tr ogen), pGEMEX- 1[ Pronega] , pQE-8 (Q AGEN), pKYP10
(Japanese Lai d-Open Publication No. 58-110600), pKYP200 [Agric. Biol.

Chem, 48, 669(1984)], - 34 - 25 January 2006 pLSA1[Agric.Biol. Chem , 53,
277(1989) ], pGEL1[ Proc. Natl. Acad. Sci. USA, 82, 4306(198 Bl %C“ pt
|l SK+ (Stratagene), pBluescript I'l SK{(-34(Stratagene), %‘L’é‘ 8

BP-5407), pTrs32 (FERM BP-5408), pGHA2 (FERM BP-400), 5 pGKA2( FERM
B-6798),. pTernk (Japanese Lai d-Open Publication No. 3-22979, US4686191,
US4939094, USSEBSHBIRGrpEGRI®L.JChemBactBl i2017.(19883,] , 33F2(11 POy ¢ . NREEX

Ph

gmsgggﬁl) a)pSupex pUB%d‘ pTEgApC18924’ pTPRRELeRRV Ty r RBHYeserimE - &F (REW
Engl and Bi ol ab6Strastamene Ge reBlEs;criias( 1EB5YK ( - )lO(sBﬂ:éfﬁagéﬂ'ekarﬁTrspUC%w
Tak PAL( =g quQ%& t he
I(lﬁeargarrgl eé&of ag??géga ant veg)tor C@;olrsqlr})e s’tpgéﬁzs(%%ﬁ@? éaggp
(ATCC371135), BFAZ (RERMBrEIPB) . \FHon2 1gapam@s:sms'a) omeblpesﬁs«;nand
the like. Examy.es-0f2939"rg8288EnaMt ﬁ@ﬁféogi orU n#;ﬁcmbE L

pcDNAI / Anp, conmerci a ava| una

PAGE107 [Japaﬁ?@é’é:elf&l"& Q)é%ZZOZ%“r%%leﬂPI@X 3P229m€lpma|)brm§;'§$iystgu\GE103

[J. Biochem, (Nb@h,geiﬁQZ:{SLﬁ)%@]pUE’fi\@; pPPYDRchd4, %'IQ:leugq?fﬂerzlﬁggen

22782- 22787 19 reSS| on vect or s “based mur i ne stem
cel | wruseg %%évf Qﬁ] %abf 'r BUFSYi FrCEE“Q/eét?‘@rlf’%é%%iBfPh]:the

pr esent 1i0nvenpS@W28i G'Itdikmiﬂa) fp]ICJﬂ)Garmlakar‘éll)t @Filkué?)éﬂééémai@dﬁéﬂ ral
Stom ol | vi 1 e B REREien 8- (R Y0 B Ec e T econbi nbnt vect o~
for plant cells - include T| pl asm d, tobacco nosai c virus vector, and the
i k,e Exanpl es of a ﬁ%&%@ av‘ezpégémb:{rg)arn% rxlrsée%torc'elfor yeast cells
include YEpl3 (ATCC37115), YEp24 (ATCC37051), YCp50
15 - (ATCC37419), pHS19, pHS15, and the like.

| Examples of a "recombinant vector” for animal cells
»include PcDNAI/Amp, pcDNAI, pCDM8 (all commercially

A available from Funakoshi), PAGE107 [Japanese Laid-Open
20 Publication No. 3-229 (Invitrogen), pAGE103 [J. Biochem.,
101, 1307(1987)], pAMo, pAMoA [J. Biol. Chem., 268,
22782-22787(1993)1, retroviral expression vectors based on

- murine stem cell viruses (MSCV), and the like.

25 | A "retrovirus vector” used in the present invention
includes, for example, without 1limitation, retroviral
expression vectors based on Moloney Murine Leukemia Virus
(MMLV) or Murine Stem Cell Virus (MSCV), and the like.

30 Examples of a "recombinant vector” for plant cells

include Tiplasmid, tobaccomosaic virus vector, and the like.

Examples of a “"recombinant vector” for insect cells




- 35 25 January 2006 include pVL1392, pVL1393, pBlueBaclll| (all avail able
from Invitrogen), and the like. As used herein, the term"transformant"

refers to 5 the whole or a part of an organism such as a cell, which is
produced by transformation. Exanples of a transformant i ude a.
prokaryotic cell, yeast, an aninal cell; ¥ ptant cell, aé]‘isc‘sar%’@@’tazoggl |, and

the like. Transformants may be referred to as transforned cells,
transforned tissue, 10 transformed hosts, or the |like, depending on the
subject. A cefhclséed ik 92 "pyYLle9ad,t pBDGERASEDE . (AVE mva iladlar ¥ebc cel |

I's used herein | c _operations or the like, the prokaryotic cell
I . .
may be of, for '&gig%gﬁ%{‘% %%#:ﬁcsheE St chi a, genus Serratia, genus
Baci |l us, genus Brevibacterium genus Corynebacterium genus

M crobact eri um genus ._or Lkey, Including,. » for. exanpl e,
Escherichia coil XLI _E‘;ﬁg‘%%%ggﬁg?%gmgﬁ%&%mxﬁ Suféc’,m\?g’c oFEERES &8 |
DH1, Escheri chile cdialavioro@opazt &€ caverdxdrminl isuCrB286aEseht i whiahcol |
WL485, Escheri cid @ roeRided) liGhja cali S L] | i
No. 49, Escherjc 8 col | %%%Oa, Esc grtl(i?ﬁll'a E%F{nyﬁégéof Esg g{l%’gﬁ#@aﬁgoil
BL21(DE3), EscHetitdf & espkaprotiornidly ysastzsaheanimah aedil. BMS1IAEDE3) ,

Escherichi a cald1125 aiVBhE4CPES: LY Saha SBHd atdide f i §dbhasopRhheki AafopLi col a,

Serratia |iquefaciens, Serratia marcescens, Bacillus subtilis, Bacillus
amyl ol i quef aciFSFET %\ FDasfertiafstammashi Ggdnes, Banmioames;  tissue,
| mmar i ol | uUMtARGEE4RER2d hBeeyi, DEEt EHd UMKEAC depedladrihicC B HEEHSEct .

Corynebact eri ym 3Q.gl ut am cum, ATCC13032, Corynebacterium gl utam cum
A SReBalrsr :

ATCC14067, Coryneba gl 37Y B ATEE?3869™™@BFynebact eri um

acet oaci dophi | um.ATCC13870, M crobact eri um amoni aphi | um
When a prokaryotic cell is used herein for genetic
operations or the like, the prokaryotic cell may be of, for
15 - example, genus Escherichia, genus Serratia, genus Bacillus,
genus Brevibacterium, genus Corynebacterium, genus
Microbacterium, genus Pseudomonas, or the like, including,
for example, Escherichia coli XL1-Blue, Escherichia coli
; XL2—Blue, Escherichia coli DH1l, Escherichia coli MC1000,
20 - EscherichiacoliK¥3276, EscherichiacoliW1485, Escherichia
coli JM109, Escherichia coli HB101, Escherichia coli No. 49,
Escherichia coli W3110, Escherichia coli NY49, Escherichia
) coli BL21(DE3), Escherichia coli BL21(DE3)pLysS,
(Y ‘ Escherichia coli HMS174(DE3), Escherichia coli
25 ~ HMS174(DE3)pLysS, Serratia ficaria, Serratia fonticola,

e

Serratia liquefaciens, Serratia marcescens, Bacillus
subtilis, .Bacillus amyloliquefaciens, Brevibacterium
ammmoniagenes, Brevibacterium immariophilum ATCC14068,
Brevibacterium saccharolyticum ATCC14066, Corynebacterium
30 glutamicumATCC13032,CoryhebacteriumglutamicumATCC14067,
Coryneba¢terium glutamicum ATCC13869, Corynebacterium
acetoacidophilum ATCC13870, Microbacterium ammoniaphilum

ATCC15354, Pseudomonas sp. D-0110, and the 1like.




ATCC15354, Pseudononas sp. D-0110, and the like. - 36 25 January 2006
Exanpl es of an aninal cell as used herein include a nouse nyeloma cell, a
rat myel oma cell, a nouse hybridonma cell, a Chinese hanster overy (CHO

cell, a BHK cell, an African green nonkey kidney cell, g1 erri c
cel |, HBT5637 (Japanese Lai d- Open Publ+i ¢t ion No. 63-29% nHﬁ coI on
cancer cell line, and the |like. The nouse nyeloma cell includes ps20, NSO,
and the like. The rat nmyelonma cell includes YB2/0 and the Iike. A human
enbryo kidney cell 10 includes HEK293 (ATCC. CRL-1573) and the like. The

human | eukem ¢ ceII cludes BALL-1 apd the ljke. The African_ green
nonkey ki dney cel | éj’iﬁfg)gl é‘ nd%l'?ai £ 1A ysied bereinniRehuds| on

cancer cell | immoiulsel nglei:ohlﬁi'lééﬂ antat heydlidema cédlbxampues Ribpiashacel |'s
as used herei |nclu eIIs Iants S at o, bac nai ze,
el Moo g‘é’éﬁ\‘ 5:a|978f':y Kﬁg‘ﬁ cgg ref, B‘utf“g :gn?f affa,

rice, crucifer,
flax, amd t hé‘—ﬂrﬂw@n Hneemmmmewamanegt ocelilnt aoﬂum&nomeukérhzbd cahlch can

trod DNA 4 0] |
Agr obact or | U el (RS0 AR PEB L KR E 00 KB - 92871 e
Japanese Lai dFodeR FfeE geildnling. and-the0Bbke W) IHODOTFS myellemarapbt at i on

(Japanese Laijgd-Ppaer sPpibigCakisen 2 7), particle
gun (gene gun)l (Japar?ege Pat ent Q‘degg%g%ﬁé ZST@%paneg'g’%aten&lefol

2517813), and iPfdUfPReYBRYAnprasthe 1ikeet Adiumamenbyse kddsey icedlude

ovary aells shchpadepiekaskr pgheer CtﬁaL-ONS’#:V) %ﬁld %n@f 1Ii<lech0ﬂw%ﬁnar{“
cul tured celli %Erlved from S|Ikvvormovary I 30 Exanpl es of

ovary cells o BHs B et UG gsSRALL n"ci‘ﬁééh‘%f’é‘e -Sf ?Eeﬁg&'é&laﬁ\ﬂ%
Expr essi on Vembnksy lﬁd:ﬁi;oeallmrjmcld&y&ued)éhlaﬂibst—f'ﬂe dhd @hebxaid! esrHd ovary

cells of human colon cancer cell line includes HCT-15, and the like.

15 Examples of plant cells as used herein, include cells

of plants, such as potato, tobacco, maize, rice, crucifer,

‘sqy bean, tomato, carrot, wheat, barley, rye, alfalfa, flax,

and the like. Any recombinant vector introduction method

which can introduce DNA into plant cells can be used, for

20 example, an Agrobacterium method (Japanese Laid-Open

Publication No. 59-140885, Japanese Laid-Open Publication

No. 60-70080, W094/00977), electroporation (Japanese

. Laid-Open Publication No. 60-251887), a method using a

éwf . particle gun (gene gun) (Japanese Patent No. 2606856,
25 Japanese Patent No. 2517813), and the like. ‘

Examples of insect cells as used herein include ovary

cells of Spodoptera frugiperda, ovary cells of Trichoplusia

~.ni, culturedcells derived from silkworm ovary, and the like.

30  Examples of ovary cells of Spodoptera frugiperda include
Sfo, »Sf21 (Baculovirus Expression Vectors: A Laboratory -
'Manual), and the 1like. Examples of ovary cells of
Trichoplusia ni include High 5, BTI-TN-5B1-4 (Invitrogen),




Trichoplusia ni include H gh 5 BTI-TN-5B1-4 (lnvitrogen), - 37 25 January
2006 and the |ike. Exanples of silkwrmovary-derived cultured cells
i ncl ude Bonmbyx nori N4, and the like. Any nethod for introduction of DNA

can be used herein 5 as a nethod for introduction of a r nbi n?% vect or,
i ncludi ng, for exanple, a calcium chlori & method, an anP%ﬁéf Bi on

nmet hod (Methods. Enzynol., 194, 182 (1990)), a |ipof ect | on net hod, a
spheropl ast nethod (Proc.Natl.Acad. Sci.USA, 84,1929(1978)), a lithium

acetate 10 netdued the Bakéer | Exampbel 583619830 dm cydmtld-idescehbedrbs
Proc. Natl. Ac SCJ ‘ﬁée 75,. 1929 1978) and the |like. Aretrovirus
i nfecti on met ho LY IR BIPYR MY N4nRd ithet Hék8rt as descri bed in,

for exanpl e, Current 15 Protocols in Ml ecul ar Biology (supra)
(particularly, Units A 9..14 an.dth | ike. frcaly, f.or exarrple
ES cells are trypsini g'gdmet %agosrlﬁ'dﬁré) i °§‘u%€§ Fd{%e&,\}é ke
co-cul tur® witas tdemetthodr & mupkn trodunttofn vof us- pr@cﬁtumi‘rganmeVéetor

(packagi ng celsl, dji fo 2 t her obt ai_nin 20 a _sufficient
anount of inf éLélt eéllaq%ﬁ)gl S. fgﬁ ? zf’én{; e(g%‘?cels%nrlo HLOLPgbd ﬁsﬂ?g
mappi ng on aeér%m@mtwqmd {Mesthavks .cﬂnaymorlrsed%er]eim(lsma) ) et hod

for renoving a geng | o ik |1 in the
ﬂﬁofécg%ﬁ gﬁ%tar a’ and%Hl rogﬁhagog?igﬁwe nlé(%ﬁg]odrs

~art, as described in Kenichi
Sai bo- Kogaku [(BEPF-Nehdi- A ﬁS]l USPeBfal 92861278)) kieeAiPbiomoartatshi ri zu

[ Experi ment Pmetheal (fSHd@sdrior! SH3lid l@ﬁsrl%é;)t 0K QidrHdd ﬁesgfﬂ?g% #pi seki

eri nent Protoco rom Human

kar a Senshoku#al | dens %ﬂ’shl ndan made % 30
HPAgnb3i 5319'2 $F78n0- sard Tk ybhke .and t he

Genonme Anal ys
Mke.

A retrovirus infection method as u.sed herein is well

known in the art as described in, for example, Current

15 Protocols in Molecular Biology (supra) (particularly, Units
9.9-9.14), and thelike. Specifically, for example, EScells

are trypsinized into a single-cell suspension, followed by
co-culture with the culture supernatant of virus-producing

cells (packagingcell lines) for 1-2hours, therebyobtaining

20 a sufficient amount of infected cells.

The transient expression of Cre enzyme, DNA mapping

‘‘‘‘‘‘‘ on a chromosome, and the like, which are used herein in a
{ method for removing a genome, a gene locus, or. the like,
25 are well known in the art, as described in Kenichi Matsubara

and Hiroshi Yoshikawa, editbrs, Saibo-Kogaku [Cell
Engineering], special issue, Jikken Purotokoru Shirizu

[Experiment Protocol Series], "FISH Jikken Purotokoru Hito

» * Genomu Kaiseki kara Senshokutai : Idenshishindan made [FISH

30 Experiment Protocol From Human Genome Analysis to

- Chrmosome/Gene dlagn051s] Shujun-sha (Tokyo), and the

like.




- 38 25 January 2006 CGene expression (e.g., nRNA expression, polypeptide
expression) may be "detected" or "quantified" by an appropriate nethod,
i ncl udi ng MRNA neasurenent and i nmunol ogi cal neasurenent nethod. Exanpl es

of the 5 nol ecul ar bi ol ogi cal neasurenent method incl udeof5 4\Iort he)"grge3
blotting nethod, a dot blotting nethod,- 38PCR net hod, an S

Exanpl es of the imunol ogi cal neasurenent nethod include an ELI SAnet hod,
an RI A nmethod, a fluorescent antibody nethod, a Western blotting mnethod,

an i munohi st ol ogi cal G&ééiﬁbfbé@ldﬁatgpg; , MAté}q):}ééﬁorv\hﬁéﬁyﬁeﬁifdé’t i ter
uantifigation prethod | nclude an ELI SA

“plate may be _used. .Exanpl e % |
met hod, an RI A3R&ETSE° m?ﬁe IP? ke deAectESd nBFei R Hel #45dm " BXpra’si on
| evel " refers apb&dpcrltalte anmttod)f ainydlugieR) | GRNA A s@X@Hi@ssedand a

subj ect cell. on | evel includes_ th expr SSIO | eve t the
protein |evel %é‘%g% ;?/L%e%pt i J&GHERE™ 5reg'8ﬁ%‘ nvent Lﬁt‘lt dab? any
appropri dte nﬂpﬂwua@rnglahoMabmwpsuh:entem lpeEBedtlncmmm acmbrtihmhudi ng

i munol ogi cal br."[%%%'i nﬁgtchégbr’rgt@%]{oqﬁghﬁ %{1 {TE%.E m%%t?gd RIA Jret hod,

a fluorescent ant| stern
i mmunohi st ol o§healika ai Fxagrheshot th&m;tnmmeomskeqabmealseremepltewlmﬁ | evel

at the nRNA Ienehueéa@amgzpﬁgthga ah Hf¥€me 8&995 Ogl\';;%%-tae% Svdd d by

any appropriate nethod, 25 includi hg no ecu neasurenme
met hods (e. g. methoflor & Hesternt blofkit g Herthed doan birgrunohisteaingical PCR

met hod, 18nd t Seaihkey meliod ChRd’ £ANGR NWRXPE &5 M1 Jtatel 'p1h PeinfRt €S
that an mcregse or. decrease in_the expreSS| on |evel at the protein or

NA | evel of PRUSSAy pifPtRLST of pausR rfdsationmethedineludeandd ISR an
appropri ate ne¢tiosd, | el RTA Nge tihed pAbowe-desaried | munol ogi cal nmeasur enent

As used herein, the term "expression level” refers

15 to the amount of a polypeptide or mRNA expressed in a subject

cell. The expression level includes the expression level

at the protein level of a polypeptide of the present invention

evaluated by any appropriate method using an antibody of

‘ thepresentinvention,includingimmunologicalmeasurement

20 methods (e.g., an ELISA method, an RIA method, a fluorescent
antibody method, a Western blotting method, an
immunohistological staining method, and the like, or the

A expression level at the mRNA level of a polypeptide of the
gwf ‘ present invention evaluated by any appropriate method,
25 including molecular biological measurement methods (e.q.,

a Northern blotting method, a dot blotting method, a PCR

method, and the 1like). 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 method
including the above-described immunological measurement

method or molecular biological measurement method.




met hod or nol ecul ar bi ol ogi cal neasurenent nethod. - 39 25 January 2006 As
used herein, the term"transplantation antigen" refers to an antigenic
substance which nay introduce transplantation imune into speci fic

i ndi vidual s when undifferentiated somatic cell fusion ceé#ds %ﬁél S,
tissues 5 or organs differentiated from t3e fusion cell "’EnH%ryI% are

I ntroduced into the specific individuals. Mdst transplantation antigens
are expressed as codom nant traits on cell nmenbranes. Transplantation

antigens can be roughlas udediiseceimf Ctrﬁe\/\@eﬁﬂt‘ﬁg.@riéiﬂaﬂ'ﬁtﬁfon antigen”
hi st oconpati bi 10, anti gens are antjgens esentin
Hbﬁé/ t8 aCI t PRE gﬂ%ﬁg ?‘g?%ﬁﬁrf‘i?n WégEPI d‘??sy éﬁﬁrﬁgﬁﬁ?

nol ecul es capabl e of "8l

hi st oconpat i blﬂﬂargsmlrﬂntm:a&rn/Wimmunél cirttchgpacLfivakindifjicliid1en wRaekt i ons.
Maj or hi st oconpatsifHdyel | ' are_al Logeni c | gens_whi ch
elicit strong rejlecte: ok%f%c&rggasg%aotﬁisg?%ﬂ;?}]g%?ﬁﬁsfiﬁgntoﬁ% ¥ - gi‘ﬁ%ﬁ‘ﬁ?

ti ssues ahd c&H ergamsndiffexkmbabed rfivms ttheofipaiohidell, amt 'rtgen]slke

e ey oo SFSUPLRY6RABES N1k E U SLpls 920°! bl Pduatill O G0
hi gh degree of polynorphism and 1s ca a8 0CO i bi 171
conpl ex ( MHC) trPRskdpRA3tipp@nkigetriann @@ﬂqﬁﬁﬂm?md@nmng@rt '(JHLZIN)S on the

hor t f
short armo QHVéEmEQEﬁb@aneEn r‘l‘f@ms%fﬁf&h Eknzlggﬂgamle%f%}ﬂ%d

chronmosone 17. MHC is known to be present

birds. In 25 Q&Hﬁ?‘?gn I hutiRs GAERIREEES ¥ hBaderndrkekorempat ihjski r A,

rat RT11l0and sheibike qmcHHMcH-lLé’rélnthQPénéh téé&'ﬂ@)nl | %&é%d&é!sed 'HO
nucl ea ce S an ass

lass | ant d
Nt gens whi CHEBPBLE EA960 NG SFEPRBIF Il AGeCEAPES {oheR Mor

antigens whic aBp
‘mecr ophages, Bigtbtempatihilited dhitglens WeDERi @1aRJiS, chPYAUS GRidkhel | aI

cells, rejection reactions. Major histocompatibility complex
antigensareallogenicantigenswhichelicit strongrejection

15 reactionsin allotransplantaion of organs, tissuesandcells.

Genes coding major histocompatibility antigens constitute

a complex comprising a number of genetic loci, which has

a high degree of polymorphism, and is called major
histocompatibility complex (MHC). In humans, MHC is a human

20 | ‘lymphocyte antigen (HLA) on the short arm of chromosome 6.
Inmice, MHC is an H-2 gene complex on chromosome 17. A single

MHC is known to be present in all mammals and birds. 1In

addition to humans and mice, rhesus monkey RhL-A, dog DLA,
{:‘% : rat RT1, and the like are known. HLA antigens (human MHC)
25 are divided into class I antigens which are expressed in
allnucleatedcells; andClass IT antigens which are expressed

" in antigen presenting cells, such as macrophages, B cells,

activated T cells, dendric cells, thymus epithelial cells,

| and the 1like. Class I antigens present intracellular

30 antigens and are recognized by CD8 positive cytotoxic 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




and the like. Class | antigens present intracellular 30 antigens and are
recogni zed by CD8 positive cytotoxic T cell receptors (CD8+ TCR). Cass ||
antigens present foreign antigens and are recogni zed by CD4 positive

hel per T cell receptors (CD4+ TCR). On the other hand, t%re enet@ | oci -
40 - 25 January 2006 of minor histconpati#flity antigens ¥ YPNA genetic
|l oci (mnor histoconpatibility loci (MH)) and their polynorphism is |ow
5 1n the present invention, it is possible to produce pluripotent stem
cells suited tof mizaoesphistcomph tinimkd By hytidehetd i sanylangéneri@tlioen

antigen in ste . ... cel]ls) whi re used for producti on of
the pluri poten{%gf%%ﬁlég ‘Igcsn!lp %E%b%fﬁkéf’gﬁt(g{}i}@ﬂ ad’rﬁﬁ@"é?‘FPSRBE'OEB &f8d nay
include 10 a pb¥tlaw. t he whol e of the above-described maj or

hi stoconpati bility antigens and m nor histoconpatibility antigens. The
~degree of deletion is not particularly limted as |long as when a
pl uri pot ent stem cel | I Biedxeagsithgnvhatidel ettedsspessielée toepgoduEs

cell), or a cqllurigetase Q{:eﬂr@ﬁ.é—%ﬂtfefdeﬁgnffﬂsﬁﬁén{'@%&i@.%iﬁhﬁﬁispg%e.nt
stemcell, is used for transplantation, the degree of rejection reattions
in the recipidtetids adtianFRanriior@ntsd spmein retefeicstlilen (Bsg. prbvi ded.

Anong ot her t hielgs,) Wi @ aktieStA6@ TR pBbhd 1o Bl G609 1878 pRAehe’ S0LE
nt i s.to be_20 del'eted-in the present invention, and

transpl antati gn n . .
particul arly SF&?@ragﬁ’F trpgsplantatigasatigentare dadesedannireliide can be

del eted 10by, ®&or paxanpbe, drketwngla gefe €REOUAKEd NEeddSdl anhafdon
11131 ng honrS560anp kbt AT| BREEHARS GEPS B0t IEALaROmPRRIGHIEY -
, 336 3_48- 352 ( QQSSyﬁn&pmeM& pfddetimn/O: H6t phREIul1dAIFMimSteaand
??rSnOt ?I(ng,l) Nglélgf_sgﬁ%ﬂg a3 Ghen a]ﬂ‘i&éggég‘éﬁ)@ s(tle?ngjézeli pHggéggttadall:léihg '%}eur €,
deleted stemcell (e.g., ES cell), or a cell, tissue or organ
15 differentiated from the pluripotent stem cell, is used for
transplantation, the degree of rejection reactions in the
recipient is reduced as compared to when no deletion is
provided. Among other things, major histocompatibility
antigens are preferable transplantation antigens to be
- 20 deletedinthepresentinvention,andparticularlypreferably
class I antigens. A transplantation antigen can be deleted
by,forexample,deletingeageneencodingthetransplantation
antigen. A representative technique for deleting a gene is
{h/ gene targeting utilizing homologous recombination [Mansour
25 S.L. etal., Nature, 336:348-352 (1988); Capecchi M.R., TIG,
5:70-76 (1989); Valancius and Smithies, Mol. Cell. Biol.,
11:1402—1408(1991):Hastyetal.,Nature,350(6351)243—246

(1991)], and the 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 suited to a transplantation

individual is, for example, a cell in which at least one




(1991)], and the like. 30 Cass I and class Il MAC antigens are
het erodi mers each consisting of 2 subunits a and P. A pluripotent stem
cell of the present invention suited to a transplantation individual is,

for exanple, a cell in which at |east one - 41 10 25 Ja 200 opy,
preferably both copies, of the subunits oflanMHC anti gen%ﬁ@dﬁp om a

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 eopgpt preterbhblebogh copdlesESE€Ehe subinibSE 4MHE BhtAigeni S

inactivated, s fused_.with the somatjc cell. In other words, a subunit. in
which a transp‘?%ﬂjf‘é? oh* St Fgéiﬁ:e&brcf?/ie]d ??O%a apeftcetgll) hgve §ﬁeES
cell) is not ekmesbteted. t Resimsiiontoche inastivated s€laet €dat Ghenot

i nactivation gy, ' eleti a e. encoding a.gubuynit of a
stemcell (e.g., Igeﬁl %@ c‘ﬁ}il%% %egi%%rﬁap%ﬁfgﬁ_i%e ,Vegf Sb‘%ﬁ’@lﬁggﬁgfrhﬁvi ng
an influehce ditamnpebbieod. . oh EScald) inwhjeh thewmrmpinds 1 igeatdvhhedng an

i nfl uence 15 LSSk t] i nglu regul ating.
expressi on of qﬁ—%}ﬁ%ﬁ% 8%1%282%%?%5?&% %r%ﬂz‘x-arr%+ eofj&l%g%’%lgf,’ g‘l‘%ﬁi}{}gﬂpz and
LMP7 genes i nith¥h&rhsy trangpdentatiosi antbgen steniyedr xentatsitem dependi ng

on MHC anti gens.g@ndahhgs dd¥®© &0 X f US| e Lng a
A ga gn ESS céeljl'-:)) l-sdfel?'?vggpli\-ﬂglscsﬁﬁt%gr?ei s%h%?ggulgééhzﬁgégene 25

stemcell 20 (e.

targeting, a gﬁ&r %eoﬁe&e(j’éﬁé-encodi ng the stemcell (e.g., an ES cell)

-derivedoMHC antigen is subjected to honol ogous reconbination to construct
a .deletion or disruption. The resultant vector

fi tf'ir geting vector ha¥hgginact1vation may be achieved by deletin n
i's introduced 4 Y g a gene
e encoding a subunit of a stem cell (e.g., an ES cell)-derived
MHC antigen, or other genes having an influence on expression
of an MHC antigen. Examples of genes having an influence
15 on expression of MHC antigens include genes regulating
exXpression of MHC antigens, such as, for example, the TAPI1,
TAP2, LMP2 and LMP7 genes in the Class II genetic loci
regulating presentation depending on MHC antigens, and the
like. For example, when a fusion cell lacking a stem cell
20 (e.g., an ES cell)-derived MHC antigen is produced by gene
targeting, a part of a gene encoding the stem cell (e.g.,

an ES cell)-derived MHC antigen is subjected to homologous

44444 recombination to construct a targeting vector having a
ék deletion or disruption. The resultant vector is introduced
25 into fusion cells by an appropriate technique, such as
electroporation, calcium precipitation DNA, fusion,
transfection, lipofection, or the 1like. Techniques for
traﬁsforming mammalian cells 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,




into fusion cells by an appropriate techni que, such as el ectroporation,
cal cium precipitation DNA fusion, transfection, |ipofection, or the I|ike.
Techni ques for transform ng mammalian cells have been reported in, for

exanpl e, Keown et al. [Methods in Enzynol ogy 30 185:527-537(1990).] »
Screening for transformed cells can be ~ a‘bﬁi'éved by, for%é%?@’?ja%
I ntroduci ng a sel ectable marker, such as neo, puro, or the like, which is
typically used in gene targeting, into a deficient region of a gene of
interest, - 42an@5 eheatin@006nzpd gehect ittgrgadingenaliay gehsngg cehl s

using a phar ' nt cific to. the selectable ker. _Wien the
expr essi on of Ea se|%%%%f%ﬁrmariegﬁ gse‘?ﬁac,l%u%hg%sg’ﬁeﬁ,e?ﬁﬂ‘gaiﬁrm?ﬁ]éef: rke, is
consi der ed to Wher thereiimessions ofubuse lgetableamgskerogenki nsnah as

applications, f&f, I sgl e . Lker .gene _ma sandw ched
Lox-P sequences an tHegagﬁggnﬁé{aﬁ’sﬁfng%gggggggfinf% e gae éogﬁﬁrr“g;é?i ng
cell so that theugegene@naliysiseapsldnicaleappbisationThdioabgxanbie,

sel ectabl e MAIgRIL UENGEaBLRE1 L CHRYRA ®hby 18 CNAUDER] ep. Such
a technique is well known | n the artg, %ﬁ% _Jlnéydggcrl e deﬂr?%n e g%where
and in the doSGRFREesand died G egene The NFCTeduicgdn dindcexidreesgerie i n t he

di fferenti at edaggleltinbitad1ef 86 ehat thRMd@nEHe 1S REHTRHTEA y Daseds Odat he
absence of th target C antigen_on the surface 15 of the transforned

cell. As a scrB88RFRY nERRSELersrbegdigFker aensrer henEemavedidds skl any
epi t opeléf a tapgeceMibganingen. cakhba tébhhigde Wd We@aMRhewBMn ik kil

L e i LN T T
be used to kikéntabhedhheragnt heThat MiEN. avbigen Sispbyprakiedi iy the
chromat ogr ap h&imrgﬁtféggd £215€ nni‘l?e:?ee%claée, screening can be performed
based on the absence of the target MHC antigen on the surface
15 of the transformedcell. As a screeningmethod, for example,
a monoclonal antibody for any epitope of a target MHC antigen
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 dell
Qf surface. When such a cell or a cell, tissue or organ induced
25 from the cell is introduced into organsms, the cell is less
likely to be irhmunologically rejected since there is less
stem cell (e.g., an ES cell)-derived MHC antigen as compared

to the original fusion cell.

30 As used herein, the term "reprogramming” means that
a cell (e.g., a somatic cell) is caused to be in the
undifferentiated state so that the cell increases or acquires

pluripote’ncy. Therefore, reprogramming activity may be




having a target antigen. For the resultant cells, at |east one ES
cell-derived MHC antigen is renoved fromthe cell surface. Wen such a
cell or a cell, tissue or organ induced 25 fromthe cell is introduced into

organsns, the cell is less likely to be i munol ogically ecte nce
there is less stemcell (e.g., an ES cel43 =derived M—lC%“r’ﬁ‘JHnb'g d%@b

conpared to the original fusion cell. 30 As used herein, the term
"reprogramm ng" neans that a cell (e.g., a somatic cell) is caused to be
in the undiffreeastrededsstalbows, (fod dhanprd] ANGiEFeeen@hatedUbked

pl uri potency. JTherefare, reprogr ' ctivity may be - 43 _ 25 January
2006 measur ed g “Fof 1HRE™ a%@p gigﬂg}%‘% dist Fﬁi;@ﬁﬁﬁaif%d‘ pEefetprmined,
somatic cell, @tl@unt) ofsa esepriweich dgent [FordatRrddatRdmitisd!pérobd D etiai n

t f f .t . q.
Thereafter. Lh i i PESEeRnEary . e -del | *Re rastey oo e UsThaFeRcli « n
the pluri 5'i!)ot ersy tl‘@f cehé :cfelmedseir@rdeaaﬂposmpare&wﬂm ahei pllogipbeehey or

not a signifigaged RS t r |Vit '
determ ned. There gl‘%é-\{lgrl ou? re {’8&996' ny d%Q gglamﬁmg%egt%ﬁréé’%ﬂakto t he
pl uri pot ency Iaeﬁﬂeﬂf%lﬁc%ll?é?pfwgmm@lswmd ﬂmeTmmgnamnWEa@cmv:LtY

reprogrami ng iad@dteARIAdEd ThePethrd OLiPOLE %P%Iggjg]aﬁﬁlali 48 Y hich he

repr ogr amm ng correspond to inparti ng]'; ot ency used herein,
term "reprogr éﬁ‘h’r‘;r fGPLGENtC tF%PéP§1PS?$eP§Y vieJehe £ ateprosmasmed eells to
cause the cel Mhetrefbeel,n vwlen URdi FdpF Stdmth Bty SRkt Afer Wi EaEeln nat he
exanpl es  bel W, ES.cel |l s, cannqgt. reprograminprints in the nuclei of

somatic cells, 5&8"5&%%’&?’6% L AR g SHFRH AT TSI GoPaY t FREFRRRUIA of
somatic cell steomban:tgﬁgntceibst@ﬁﬂybe devel oped.

, 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 cells, and can reprogram the epigenetic state of
thenucleiof somaticcells sothat germcells cah be developed.

20 Therefore, it is clear that ES cells have an agent capable

of reprogramming. Thereisalsoapossibilitythatstemcells

other than ES cells possess an agent capable of reprogramming

‘ somatic cells. Such a reptogramming agent is also
{\5 encompassed by the present invention. Examples of an ES
25 cell-derived component which is applied to somatic cells
include, but are not limited to, components contained in

~ES cells, including cytoplasmic components, nuclear
components, individual RNAs and proteins, and the 1ike. When.

| cytoplasmic or nuclear components including miscellaneoﬁs

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. Ifaspecific fraction isrevealedtocontain




20 Therefore, it is clear that ES cells have an agent capable 25 of
reprogramm ng. There is also a possibility that stemcells other than ES
cell's possess an agent capable of reprogrammng sonmatic cells. Such a
reprogramm ng agent is also enconpassed by the present ntio 0 anpl es
of an ES cell-derived conponent which Tst4pplied to somaé% "Y8M<"Pncl ude,
but are not limted to, conponents contained in ES cells, including
cytoplasm ¢ conponents, nuclear conponents, individual RNAs and proteins,
and tlhle | i ke. ¥mEprograppliagnagent, mﬁﬁﬁﬁcﬁﬂaﬁmbé Fuet Rkt @fgrlfled g

m scel | aneous u the c ents np ractlone to
sone degree vmt%gﬁ) {ﬁﬁ%%ﬁ?iuse?‘? ]ﬁ%llﬁugvfﬁggg,g?ycﬁ?%?fh{’o%‘f sughc.),
and each fractﬁmnlﬁaylb@aamﬂueeldt 0 Aldmmmiaitd vedll, afi-écalsp)eenftamniﬁgct i on

i's revealed toy q:%@,t:%; n 2 o ramm ng.
fraction can be furtr?er}r pur | fggﬁﬂ@éﬂ%aetggggﬁb Iaé‘gupgglgg t?'l?ﬁal ly
speci fi ed® and &uFEPRe FRATR cifma tiian ded IssedItAnagr bat coabydeaeﬁr dbéatoa

apr or am somt ey it A A BB G 48" ° 1

reprogram somati c _cells
achi eves repr S§Yahd fPrshidesiedhitbad ¢ Plluraﬁrabeefcmnéﬁdgled ihteract

plurality of lecsnibeBet HLLBELr s@ﬂ%tiacﬁéﬂ’s §Rt8lRS uﬁ&ﬂ?&éfeﬁ@i!ﬂ? cﬁ nt 0

the undifferenti tate. Therefore, the "reprogramm agent he

t ed
present 10 i n\?éﬁt%l Son ?ﬁﬁFﬁﬁ‘éﬁeaﬁhggeﬁ?P’&%’éﬁ@H%agﬁné sq’#guéflhé m%%rute an

agent cdmsi st nngenftmnpiw:aidésyaﬁfag’@iteéblh@istﬁﬂg oF a GAMRAR hé DELEALTPr i si ng
the single m)Ligc%I r the plurali of _nol ecules. 15 A reprogramﬂ ng

agent of the pres ntn%l RS tﬁn@arf’iyb% BLYERLBEY 20FF MOLGRRILeSo medderft

deri ved from ESmpeklition comprising the single molecule or the plurality

of molecules.

15 A reprogramming agent of the present invention can
be selected as follows. Components derived from ES cells
are caused to act on somatic cells by means of contact,
injection, or the like. The action is 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

is selected.

A "reprogramming agent contained in an ES cell” of

‘N

25 ‘the present invention can be obtained by a screening 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., tissue stem

30 cells, etc.) other than ES cells. 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




are caused to act on somatic cells by nmeans of contact, injection, or the
| i ke. The action is detected based on the expression of the Oct4-G-P
mar ker gene, the activation of 20 the X chronpbsone, or the like, as an

i ndi cator for reprogramm ng. A conponent having reprogr ing activity 1is
sel ected. A "reprogranm ng agent contaimné® i-n an ES cel | ?5%3?3”%59’ ZEQQE
present invention can be obtained by a screening nethod as descri bed above.

The reprogramm ng agent may be an enzynme for methylation of histone
H3-Lys4 or an abentifdddh n@rdgtmma@ | agkhe. net mgat iegdmplilereies &
possibility t such a co IS con%’alned in cells (e.g., tissue stem

t
30 cells, etc.) ot e THAY & 68 I‘?t%tawﬁﬂe he, above-dessrdbedme Hipdgent
is identified s RNAgn tE® ®NA dayn blee segbevieedeaiai RRd Hei hAg, tﬁelCQa:ae

' bt ained. duced th | s based
on e - a5 BT Gal e P EHPES 1 B Rt PainG < SBRR RO @il o,

if a reprogr hterpaddaetiyobtif ned Heprogeaahdne- degait bed lmtﬂm@ddteirs RNA,
the RNA can b%n%:‘i%‘éﬁ@.%%dfg ﬂ\l@g&h 1@19a5:hgp13§1 Beed a\é%}?} sgélgy of

synt hesi zed usin er nati
reprogr ammi ng Qﬁeﬁ{lt%@)@lw d-’(Qal‘the Pa@téemd:a@sbéautilmqsd dtoebhtaie fireoduced

and the abi| i k¥pebgrhlifiiAB'dRaM e2ohtd s R GhichAbiE: 1l 'tiuézaeé’er}to obtain

the reprogramm g ent from mater | contain
Al ternati vel yA1tRENE ﬁ% ¥ei hecfiine cagid t $rUirRR| O |‘§1qcp1mh€tmaliﬂw

determ ned; aparobellyleitdifahld ; PpoBERGHERA9ILBIe {d'E gRALIdRloBMgN0 acid
sequence is phqduced ai:gd cDNA and genomi ¢ DNA encoding the protelin can be

obtained by a “RyR?T tiThAbNe &HG a&gueeeehla pEPducad: bandy aRNA pad by
PCR, though aggméomie DNAd®rdbdithgdrEpss potéigeBanefeddbPeained by a

hybridization technique. Such a gene can be amplified by
PCR, though a primer needs to be prepared. A gene encoding
15 a reprogramming agent obtained by any of the above-described
methods can be used to produce the reprogramming agent by
a well-known gene recombinant technique. Therefore, a
"reprogramming agent contained in an ES cell” of the present
invention is not necessarily obtained from ES cells and can
20 be obtained from cells having pluripotency (e.g., tissue
stem cells, etc.). Therefore, the reprogramming agent

includes all agents capable of reprogramming a somatic cell.

>>>>>>>> Areprogramming agentmaybe obtainedby the following
25 screenihg method. Embryonic stem cell-derived components
are caused to act on an appropriate somaticcell. A component
having an activity to reprogram the somatic cell is selected
by detecting the activity. Illustrative examples 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 stably grown, and can be altered by action

of areprogramming agent into an undifferentiated cell having




15 a reprogranm ng agent obtai ned by any of the above-described nethods
can be used to produce the reprogramm ng agent by a well-known gene
reconbi nant techni que. Therefore, a "reprogranm ng agent contained in an
ES cell" of the present invention is not necessarily obt 'Hled fré)dB‘ ES
cells and can 20 be obtained fromcells H&ing pluripoten ay < Bi ssue
stemcells, etc.). Therefore, the reprogramm ng agent includes all agents
capabl e of reprogramm ng a somatic cell. A reprogramm ng agent nmaybe

obt ai nedby t heplatipwiernry 25 Pacteenilag1fEtitods pEalbeyanie 11 sembhtderi ved

conponents are sed to.act _on an appropriate somatic cell. A conponent
havi ng an act |c\’/(|g'?$ ‘?Soeér ST FARTHESE iatder ad (%irgms h&ccage 59eggﬁécti ng
the activity. a¢|tst afi ae BSaoplisfodm avh schricmponentsuaed BeLgestéac! ude,
but are not ligted i W sple ells esti.s-deriyved._cells,
and the 1i ke.(gAnQ; 's%?r%lt“% g gé?ﬁ?@@astno aetlucg% ?P\WEFE‘W%E\\%S‘% &r’h%gerlved
chronpsones, da@Pthehyran)y drswiousid estabkishedcell Binastdaorbe oéed.
reprogramm ng agent into an undifferentiated cell having - 46 25 January
2006 pluripotency. Particularly, it is preferable that a somatic cell used

for screening is deri¥8dafrekhedefenmredecing a gelihae tisaneESorett from
whi ch conponewirgad €refl hesbRetié el , a %M@ﬂer(ugd,,sgﬂﬂgsccﬁi* when
ed ce

an ES cell is derived 5 froma human) . Previously establi sl cel i nes
can be used. PRYYCOTeBnBAUFdPOSeBYUELRE gedél P Bhe|REeRenbrimyentien from

a somat 10 cel lthea G4 EIN g6l la{fEdrenttihitedl CBY )a AREKBE avHHdH | POt &t Stem
cell 1s differentiated by a nethod

cell of the present iLnventjon, 10 th : f
which is not ® Sgﬁtlfzghf‘ﬁiy Jr'f”rﬁef‘gd?sagopgnﬁs dq Reldetf dxtiprendiatiadt ed
into a cell, antbssueebl, an toisgare oshiahe oirgankawyol¥pehofkaiferEsd lod S
SUbStantiallytﬁgtQkﬂ§9'igogﬁ§g¥g§f%af¥§ retained. For example, by
introducing a cell into a blastocyst, subcutaneously
15 injecting a cell into an animal (e.g., a mouse, etc.) to
form a teratoma, or the like, the cell can be differentiated
into a cell, a tissue, and an organ. A desired cell, tissue,
or organ can be isolated from the differentiated blastocyst
or teratoma. A desiredcell, tissue, or 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 4induction of blood vessel, neuron, muscle cell,
572 hematopoieticcell,skin,bone,1iver,pancreas,orthelike
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
presentinvention(e.g.,Kaufman,D.S.,Hanson,E.T.,Lewis,
» R.L., Auerbach, R., and Thomson, J.A. (2001), Proc.,Nati.
30 Acad. Sci. USA. , 98, 10716-21; Boheler, K.R., Czyz, J. ,V
Tweedie, D., Yang, H.T., Anisimov, S.V., and WoBus, A.M.
(2002), Circ.Res., 91, 189-201). Inaddition, inthepresent

invention, when a tissue stem cell is used as a'stem cell




I ntroducing a cell into a blastocyst, subcutaneously 15 injecting a cell
into an aninmal (e.g., a nouse, etc.) to forma teratonma, or the like, the

cell can be differentiated into a cell, a tissue, and an organ. A desired
cell, tissue, or organ can be isolated fromthe dlffereﬂéégated b%c%gt ocyst
or teratoma. A desired cell, tissue, or- &t'gan may be i ndute v itro
froma cell by adding a ceII gromh factor, a growh factor, or the |ike
which is required for obtaining a cell of the type of interest. To date

t here have beeto pepdutes a fusridmoeiLt j bthe dishbaedvasschavapuueipotufsl e
cel l hemat o I ' Liver th L ke 25 from
POl n?éu%ise gghg%ggappﬁ(é{?\é\fﬁgﬁ%§%%ﬁe OIEJr%’ﬂ?gL, L?L)?SB‘? gan

ES ceI | s. These tec

correspondi ng Femredldpl ant ati on recipient is produced froma pluripotent
stemcell according to the present invention (e.g., Kaufman, D.S., Hanson,
ET., Lews R L., Auerbach, R, and Thonson, J.A (2001), Proc. Natl. 30

Acad. Sci® USA., 98, Wbpmsarstemopelbr(etgR arCEfcell, eTaeddie,uskd Yang

H T., AnisinmVn & ﬁéth&f‘@o\@bpi"édu@i% £€992)a +9s'ste,R65 an Blyallfe In
addltlon in the present _invention, when a’tissue st'em ch Ps use as a,
stemcel | - 47 Cff}lJéﬁ&&FeroGOt &her BEasent iueewhicrl | the hetemstahl cel |

may have pl uricant BO@%tabi1Aishad oo abyfbﬁﬁsaeylrrmﬁfcﬁﬁads@xmtml
original tlss? stemc When a_stem cel | EY an ES cell, etc.) is

used in a netfod- fo?“p%dﬁﬁiﬁg gt€elt, o TP’F%‘&%“S eFtah bkhed gihem cel |
accordi Ag to bbélpr(es.e_m EBV@eElll@ﬂ,etTchQ 8éeivée!frontaarh8usdapldisdhd from

o220 BT UAA B EE e (58 bl Ehhen LS bttt o

previously es
vari ous or ganftem ce@lrlelpcéﬁéeatﬂwt atel nredimEtedekaplten exalpl(@s qf, such a

ES cells, etc.) of mouse, hamster, pig, sheep, bovine, mink,
rabbit, primate (e.g., rhesusmonkey, marmoset, human, etc.),
15 and the 1ike. Preferably, stemcells (e.g., ES cells, etc.)
derived from the sample species as that of somatic cells

of interest are employed.

Examples of somatic cells used in the method of the

20 present invention for producing cells, tissues or organs
from pluripotent stem cells, include, but are not
particularly limited to, lymphocytes, spleen cells,
testis-derived cells, and the like. Such somatic cells also

_include any somatic cell having a normal chromosome, which

e

L7

25 can be stably grown as a fusion cell and can be altered into
anundifferentiated cell havingpluripotency when it is fused
with a stem cell (e.g., an ES cell). When cells, tissues
or organs prdduced-by the method are intended to be used
for implantation, somatic cells obtained from

30 transplantation individuals are preferably used.

As used herein, the term “fusion cell” refers to an

undifferentiated cell which is produced by fusing a stem




stemcell include, but are not limted to, stemcells (e.g. , ES cells,
etc.) of nouse, hanster, pig, sheep, bovine, mnk, rabbit, primate (e.g.,
rhesus nonkey, narnoset, human, etc.), 15 and the like. Preferably, stem

cells (e. g. , EScells, etc. ) derived fromthe sanple cies t hat of
somatic cells of interest are enpl oyed: 4anpl es of somaﬁ)g né’«?ry%ﬁjﬁsed I n
the nmethod of the 20 present invention for producing cells, tissues or
organs from pluripotent stemcells, include, but are not particularly
linmted to, |yephbcisas,, sl & wall)s withest issmﬁeubvedmelalss degbdibba | i ke.

Such somatic al | ncI somat lc.C nor mal
chr onosone, vm?t(L: ‘%2'5 %agnn ?g%l éF a8"g Sﬁgl ra'ruEéLgP%ﬁﬁﬁycanWB%n
altered into <hrammdnfesr éﬁrl‘aeécfmﬁ b bawi sgepl celpdieency ahas célly fused

with a stem celle tf Qessﬁal 25ld gdtwgrﬂ Cﬁhdféxf_l ei?l.uefheq{ o ans:lo

produced by the rret are 1hten antatron
cel | s obtai neay B‘P{FOIB@ at¢Iem]s<p1@mm§tlrf6nr|endllatddadeslhwhlphéfaer a@hqt:used As

used her el n, a1l alumiels! efir6Rblonkl e S i) 2desndeher ephhated cgll

which is produced by fusing a stem - (e 0.,
cell) with a SGitderebleidonnr ﬁ@%&lpmekﬁeaelbbv‘eatmt b warisius gteewsesind has

pl uri pot ency. EWhAapleeiOIBSRAESuES 'f'o\iepenﬁcﬁpirﬂg'icﬁf‘éﬁlo§5ﬁgb Rl i vier :lgrom an ES

cell) are suce essqu.¥ enoved from.a fusion cell, the fusion cell can
becone a dipl §i-§™ufigd ee'rﬁ'l'at":-'e%l cedils )MP€ﬁuﬁ§sl§’6ﬁﬁ%?'él°EelCFh‘%i‘@rqaxﬂed

chronosdmes. threatmsntl alastth@ﬁld u$£n@geﬁé€ﬁ.@ﬁrﬂiﬂ1§)ﬂ@ﬂroﬁ O4ndRhe 11deal :

treat nent of ¥"3£' ous di e of techni ques f'or renovi

chronosones dertvea 17 ?r‘i a%"’f f}rﬁe rLHD(g ef ceddscferdy . Re| erfLT ) r"ﬁ'gﬁhat i on,

chem cal 10 tivzadiatiomethotemisialg hefeté EumEinpwiahi somatidd ddiad,i ke.
it is possible to destroy only chromosomes derived from the
stemcell after fusion. Anexemplarychemicalusedinremoval

15 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 cells.

By irradiation, only chromosomes derived from the stem cell

20 (e.g., anEScell) treatedwithBrdU are removed. A technique
for removing chromosomes derived from a stem cell ( e.qg.,
an ES cell) from a fusion cell by genetic manipulation may
be conceived as follows. Initially, a LoxP sequence is
randomly introduced into the genome of a stem cell (e.g.,

25 an ES cell). After fusing the stem cell with a somatic cell,
the Creprotein is forcedly expressedso that only chromosomes
derived from the stem cell (e.g., an ES cell) are removed.
Therefore, the above-described techniques can be used to
remove a part or the whole of the genome derived from a stem

30 cell (e.g., an ES cell).

N

As used herein, the term "fusion” or “cell fusion"”

in relation to a cell are used interchangeably and refers




For exanple, by treating stemcells (e.g., ES cells) with irradiation or
chem cals before fusion with somatic cells, it is possible to destroy only
chronosones derived fromthe stemcell after fusion. An exenplary chem cal
used in renoval 15 of chronpsones may be bronodeoxyuridin Brd
Chronpsones are treated with BrdU as fol 48w initially, ey 2008, ¢
treated with this chemcal; and W/ irradiation is perfornmed after fusing
the ES cells with somatic cells. By irradiation, only chronosones derived

fromthe stemtela pRéndifenom thatad paSrealilty &f ealiad Wt Fdd«dtagethepoved.
A techni que ffr{ rerr“g_}\f}itggj1 cllrﬁg?rtmz’?éres derived froma stemcell ﬁ_z;. ., an
ES cell) froma¥Ugi 4C &R mEMSHONRF HEHEY OFEUESHdki ¥8H as
follows. Initietdmplen EexPilggaencs of gerandemnly, idaHd adueeddid @ £Be1genone
of a stemcell e n_ES cell After fusing the st cell with a
somatic cell, er{gﬁ'é% Srré% r% R gll‘% %Fgéﬁyfi ’Je‘ifp‘r%’s's dEEReS ﬁg%b%?ren%
chronosorfes d@lihsedré ahentivaldiyear gdits iaaldly, faseBSmd cu)l taredr estved.

Theretore. the sbotec s IS LESHAVER S A SETL ol SIS S0 O

t he whol e of e genone derive roma s . 4., e
used herein, €Hampdem celdibreion camebe fndiced by msdgigahi vhrtus whesd| are

used int er chaggeableiondy! eher s 1A 25rdANUBLY 20 aA oA phenpurepon ¢ hat
mu

a plurality of cells are fused together "into a multinucleéated cell’’ Fusion
nat ural | y occBREAMYXOVEFUSER afich asciY{ | (Samdagnvruger maraintlvgngd s used

as a cellb engiipasr NegcaRRNS ik ALY EMEs [ 458 9Re 1%1&%96%9%%&?@5 5
cells are chenjcally. or physically fused and cultured using a“selective
medi um i n whi € e'BﬁF%lf 5% 8f¥'|aEEFFs eshlgfdfioporcangpampehiedqd- f (dh can
be i nduced bychsifigaB Vi r ussyh@tsncedf ecti ofiddde | nactiysdrEdhin,

ultraviolet (g,9ethy1eneglycol (PEG) 6000, glycerololeate, andthe like.
As a physical technique, for example, cell fusion (electric

‘15 fusion)withelectricstimuliisperformed. Cellfusionwith
chemical substances is preferably independent and

non-specific to viruses.

In the present invention, a method of fusing a stem

20 cell (e.g., anEScell) with a somatic cell is not particularly
limited as long as the stem cell (e.g., an ES cell) is fused

with the somatic cell to produce a fusion cell. For example,

as described in the examples, ES cells and somatic cells

£ . are mixed in a certain ratio, for example, in the case of
, 25 producing fusion cells of ES cells and thymocyte, at 1:5,
and then washed. The cells are suspended in an appropriate
buffer such as mannitol buffer, and electrically fused.
Besides such a high-voltage pulse cell fusion methods
utilizing structural changes in cell membrane by electrical

30 stimulation (electroporation) ' [for example, EMBO J. 1:
841-845 (1982)1, a cell fusion method using a chemical cell
fusion acceleration substance such as Sendai virus,

lysolecithin, glycerol, oleic  acid ester,




par anmyxovi ruses, such as HVJ (Sendai virus), parainfluenza 10 virus,
Newcast| e di sease virus, and the like). Al so,by using chem cal substances,
cell fusion can be achieved. Such chem caI subst ances i ncl ude

| ysol ecithin, polyethyleneglycol (PEG 6 0 0 0, glycerol §I eat e %0% d the

like. As a physical technique, for exanp?®,-cell fusion
fusion) with electric stimuli is perfornmed. Cell fusion vmth cheni cal

substances is preferably independent and non-specific to viruses. In the
present inventPehyebhyiderrmilyteraling thesleke i20aked knpwn. g.Any &nsEdncel | )

with a somati Cm&@l'ﬂ;d' éamose R?ééd cltﬂ afﬂdadaeﬂane%fasch oe,aui»ggmsn%t glpeﬁlel !

fused the somatic cel fusi

(e.g., an ES celjlel
celI. For exanp? of stlé%sit’?qst%{f |1ﬁ1"te|i’e*-1®@anﬁlne§7hlEQ @ébl sedhd §9F¥m&'dc

cells are m qualanWEﬁbEllgta'n%sérﬁ’étf&‘@gﬁ!hg1ca!n”s££'l?l§ﬁ§819ffe12.§te
pr oduci ngsfu5| on cells of ES cells and thynocyte, at 1:5,” “and then washed.
The cells”are &% G eTiyPPe Erelc FORBtAGNAPLAE BEffer,

and el ectri calﬂqpﬁdminmedfiesisdeﬁ Slm{hta hitgB- vol-d s\giEt 4 se ceghls f ugign

met hods utili truct.ural es in cell nmenbrane by electrical 30
stinulation (e "ﬁ‘digfrfgﬁorn g ﬁeg?‘%eiléﬁﬁﬂ‘g, PENBEPLERCY - 841-845 (1982) |
fusion accel erati on substance

a cell fusion nethod using a chem cal cel
cerol, oleic acid ester, - 50 25

such as Sendai virus, _ lysol ecithin, lﬁ
January 2006 pol yet hyFBnﬁ@?ﬁaeﬁf‘oP' s%6 the ¢ekis; stﬂzﬁsé-k?slqne\?\'/n"rﬂﬂysf%%l on

met hod d#@n be thegurésent Drveih t Don afetdde PEoF tﬁahe?laﬁtﬁﬁi?ﬁ E'é:'heQ:lﬁ?iI@ g
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present i nventtllggu(al n Wq:i cq: the cell sbfol.li rr%g Eg
somatic cells can stably FFeAFele PAsUFedi BNOREI PE HAY REcUHe%el? ved
from somatic GetHbsnaslonapi:tigrmmir@dmuhabupbeebesuhtm@m@&é | sswdfie
as immunosuppressants, surgical operations, or irradiation.
Major immunosuppressants are adrenocorticosteroid,

15 cyclosporine, FK506 and the like. Surgical operations may
be, for example, extraction of lymph node, extraction of
spleen, extraction_of thymus, thoracic duct drainage, and
the like. Irradiation may be total body irradiation and
transplantation graft irradiation. By combining these

20 methods appropriately, the rejection reaction in the
recipient against the transplantation graft can be more

efficiently suppressed.

{T} ' Therefore, in one embodiment of the method of the
- 25 present invention, the treatment method of the present
invention may comprise avoiding a rejection reaction.

Procedures for avoiding rejection reactions are known in

the art (see, for example, "Shin Gekagaku Taikei, Zoki Ishoku

[New Whole Surgery, Organ Transplantation] (1992).

- 30 Examples of such methods include, but are not limited to,

a method using immunosuppressants or steroidal drugs, and

the like. For example, there are currently the following

immunosuppressants for preventing rejection reactions:




undi fferentiated cells having pluripotency. In the case where the cells,
ti ssues, or organs of 10 the present invention are used for
transpl antation, the cells, tissues, or organs may be used al one or may be

used in conbination with existing inmunosuppression nethggé, such_ _as
| Mmunosuppr essants, surgical operations; ®¥ 4rradiation. ?QHmV2006

| mmunosuppressants are adrenocorticosteroid, 15 cyclosporine, FK506 and
the like. Surgical operations nmay be, for exanple, extraction of |ynph

node, extractivgy@fosptasr ext rEeeANMAINE/METRAL t.hor acing 4dieh 1flhaknage,
and the like. lrradiation may be total bod% i rradiration and .
transpl ant at i of FRFGRAF ) i  a@28EhdRPTRPEC onbTHVRYN] hes & tEF st hbagmone

appropri at el y, (piednBjeCib @Ryl peelih@ie) 0 drfee " TL 8L DI AY1 AR (bRke3,
transplantathgb ra%t an be ggrg efficiently suppressed. Therefore, in
one enbodi ment™of" ERE- ket HoBSbRoL pRicksiy Usedyor § 88,2 PREVERELY fent
met hod of5 t he jmmeserstuppresationn thgrapyprirsemangi diagi Bitpéect iien £racti on.
Procedures for. avoj.di ‘rejection reactions _are known in_ the art (see, for
ool o -~ sy PR (b e Rt R e "2 BB S S
Transpl ant ati @wd (sitBg)id Ipimanp! edn ofmmuodsuEitedsrincisidées buabBye not
R hor Ooxa adiBiat e sungohIIURARIRD" G38ANASDAL-RAELOL 0oL CLaRy 80 1
| ike. For exanple, there are current € foIPomnng I MUNOosUu pre§% nts
for preventindbedprresnhipvantions: Th&pregsndgimwent i2008s hojcl bepbed ne”

( SANDI MYIgNE/ NEEGRRhY & . tAE iRl BbS nggng%n " BEaLBhoRE LPSred!
"steroid hornone" %Bredniﬁé, netﬁ%Fgfe ni ne ??égé éq@%gi%ggﬂ?ébo I gs
(OKT3, ATG 8Fcafter B madrreratian/ithemapeuida awithedast atipe avesnene
L invention as long as an immunosuppression effect can be

S

achieved.

15 The term “derived from a desired individual" refers
to derived from an individual for which a treatment, such
as therapy, prophylaxis, or the like, isdesired. Therefore,
when a certain target individual is determined, possession
of substantially the same information, such as genetic

20 information or the like (e.g., genome information), trait
(phenotype traits, etc.) or function as the individual is

said to be derived from the desired individual.

éﬂf The term “"not directly derived” in relation to an
25 origin means "not derived from the origin” or “derived from
the origin via at least one artificial manipulation (e.g.,
cell 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 somatic cell” refers to
possession of substantially the same information, such as

genetic information or the like (e.g., genome information),




5 i munosuppression therapy in many facilities, is the concurrent use of
three drugs: cycl osporine, azathioprine, and steroid hornone. An
i mmunosuppressant is desirably admnistered concurrently with a

phar maceuti cal agent of the present invention. The prese?é inven%(g%n IS
not limted 10 to this. An i nmunosuppresseht™ may be adnin o laCid ore or

after a regeneration/ therapeutic nethod of the present invention as |ong
as an i mmunosuppressi on effect can be achieved. 15 The term "derived from

a desired indivraiml (‘pheaictype ttaradesi,vedct ) 06 apun&eion Halthkosowhitel a

treat ment, succ@elf\s t herapy, prophylaxis, or the like, is desired.
Therefore, whén a certain target individual is determ ned, possession of

substantially the same information, such as genetic 20 information or the

li ke (e.qg., genone infQr | OR) . trait henptype traits tc. ) O
function as the indivi l?g?é#lg célé)lgl&at%c%éef%eri \%%effo\?ﬁ PG élsll(iuéadhr
i ndi vi dua?. Theradugingwt clipnelt iy ederm gedticnl s ddenhical andi@sdoalgi n

means "not denjasgf {4 Q0dihe n%rdlghﬂ 1%, derived fromthe origin via at
| east one artificial™ mani pul ation (ae. ., cell -fusion). Therefore, stem

cells "not directly derived front ES cells may include all cells other
than ES cells thensehyessed0nihgiher the ILINCH:1 b 90hR" SOHA Lfe COLims T ef 'S

to possession of substantially the same information, such as genetic
i nformation or FREY kdnfe." tgssueyeabAEt | nfaffeatised) interchapgeablyiary
2006 traiot (phegeriagtfahbfol8h6ul ¥ hbH8ebilogods Lt PR IeA1 §8bhp The
term “clone t%%?@hq%g'£§§é¥f2&(ﬁé%§eghgéﬂgfcﬂfér site of a body and
é;? thereafter forms a portion of the body. Examples of
conventional grafts include, but are not limited to, organs
or portions of organs, blood vessels, blood vessel-like
15 tissue, skinsegments, cardiacvalves, pericardia, duramater,
corneas, bone segments, teeth, bones, brain or a portion
. of brain, and the like. Therefore, grafts encompass any one
of these which is inserted into a deficient portion so as
to compensate for the deficiency. Grafts include, but are
20 not limited to, autografts, allografts, and heterografts,
which depend on the type of their donor. Organs, tissues
and cells are typically used as autografts in the present
‘ invention, or alternatively, may be used as allografts and
Qj? heterografts.
25
As used herein, the term "autograft” refers toagraft
which is implanted into the same individual from which the
graft is derived. As used herein, the term "autograft” may
encompass a graft from a genetically identical individual
30 }(e.g. an identical twin) in a broad sense. Cells, tissues
or organs differentiated froma cell of the present inventj.on
to be implanted are encompassed within the concept of

autograft.




producing a"clone",i.e., a genetically identical individual wusing genetic
mani pul ati on. As used herein, the term"inplant” and the terns "graft" and
"tissue graft" are used interchangeably, 10 referring to honol ogous or

‘het erol ogous tissue or cell group which is inserted into articylar site
of a body and thereafter forns a porti-obdf- the body. Ex%ﬁﬁgﬁgnﬁﬁ%6
conventional grafts include, but are not limted to, organs or portions of
organs, bl ood vessels, blood vessel-like 15 tissue, skin segnents, cardiac
val ves, pericardia, duramater, corneas, bone segnents, teeth, bones, brain
or a portion of brain, and the |like. Therefore, grafts enconpass any one
of these which is insdrikeedheseinddbedieam "pblegbatorgéeredopapahtat e

for the defi ciwitgh i&iablianitealivd® abitia i £addl RRLchii® tiRdsdme spategeafts,
e of their donor.

allografts, a d,$etero%r€fts whi ch depend on the ty ,
Organs, tissuedt dfaIeeFicalty @idt fxen 1%’(?%51’:88%‘&%%“ ither gEapEesent
i nventiony or id derbeddyelsinceyn AR10§L8E B stfdmegriafd1d yediE fdyedret Pgomf ts.

25 As used herein, ,the.te "autograft" refer 0o agraft which js
“ool ant g i nt o ApaaRTabB1t p SRR | rd RhErR FRe Yy Setmpfonta. ac
used herein, thhe geafit haytedgirciftt 4n tapunethogipadsreacgriain. f sacdha geaetical ly

i dentical indiyyiqual. 3 <. I l,Gal LN, .in br oad .sense. I'ls,
ti ssues or orlgansldlzél isf'%égr}t%i%(?g&&ﬁrgg%ﬂldg%c’e%? (%xat"fPe ep'r% en fsci %%/léln %n to
be inpl anted &remeAcoApeated within the concept of autograft. - 53 25

January 18006 As used herein, the term"allograft” refers to a graft which

Is inplanted into an individual which is the sanme species
As used herein, the term "heterograft” refers to a

; : graftwhichis implanted froma different species. Therefore,

for example, when a human is a recipient, a porcine-derived
, graft is called a heterograft.
15

The individual tailor-made technique of the present
invention can be used to produce grafts which elicit
substantially no rejection reaction. This is because the
grafts (e.g., tissues, organs, etc.) produced by the method
20 of the present invention are fitted to therapeutical purposes
and side effects, such as immune reaction responses or the
like, are significantly suppressed. Therefore,
transplantation therapy can be carried out in the situation
5 : that only conventional autografts areusedbut it isdifficult
25 to obtain autografts, which is a significant effect of the
present invention which cannot be achieved by conventional
techniques. 1In addition, pluripotent cells obtained by the
individual tailor-made technique of the present invention
can be applied to patients, from which the genome of the
30 pluripotent cell is derived, but also other patients. 1In

this case, the above-described method for avoiding rejection -

reactions may be preferably used.




but is genetically different fromthat fromwhich the graft is derived.
Since an allograft is genetically different from an individual (recipient)
to which the graft is inplanted, the graft may elicit an i mrunol ogi caI
reaction. Such a graft includes, but is not limted to,n% r exa

graft derived froma parent. 10 As used Serein, the ternf® fRUEF t"
refers to a graft which is inplanted froma different species. Therefore,
for exanple, when a human is a recipient, a porcine-derived graft is

called a heterograft. At uba iHadiedindUdhet Rekehr ~gndgeEeenBLOuepabihbR”
present invention can be used to produce grafts elicit

substanti al |y TRF§%] b2 i 80 PEgRpish. WhAck s eweniad t he- 9 gr afherpryy.

tissues, organscopiylaxily,0gH66Hobyitha-dmiart )20 Af sdbifedF @3e8hbebiMERt i ON
are fltted to thegapeu i cal _purposes, and side effects, such_ as_ i nmupe

reaction respliife8Sotetfered 1'kc?a""SaFe RRHHETY canth ypéﬁﬁﬁfl@ssedsu‘ﬁrﬂl‘é‘?’%f ore,
transpl arfi at i @ thgreapiymexen ey Ché I AR aubahmshhétosmﬂuﬂih Othe theés@it y

conventi onal s agre sed bu i fficult 25 to pbtaj "
autografts, \Mail'llﬁé’%gﬁtg 22 sPghi fitaiP? TéLF*Fgc g”:t’i’ﬁ:J WFsent i n‘?/%ﬁ%‘?% whi ch
cannot be achi"subdeoy” conrvéspeommbn t ¢shai huesn. | n addltlon, pl uri pot ent

cells obtained by the individual tailor-mde technique of the present
i nvention can be applied to patients, fromwhich the genone of the 30
pluripotent cell is déhenecal strm cdlso (et-lger, pat EEncelllnetech) sigaseedt he

above- degcri beg ﬂﬁém}f&sfe% a\&%ﬂlt% reLhgt i c rably
used - 54 25 January 2006 As usedn e*r:lgmlgné Jetqg'r %hﬁﬁ%g%%%ﬂrg(f
speC|nen from a "transplantation individual, or a previously

established stem cell derived from various organisms is
preferably utilized. For example, examples of such a stem
cell include, but are not limited to, stem cells of mouse,
15 hamster, pig, sheep, bovine, mink, rabbit, primate (e.g.,
rhesus monkey, marmoset, etc.), and a human. Preferably,
stem cells derived from the sample species as that of somatic

cells to be used are employed.

20 Examples of somatic cells used in the present
invention include any cell, particularly, lymphocytes,
spleen cells, testis-derived cells, and the like. Somatic
cells derived from mammals (including humans) and various

species can be used. The present invention is not

Py
A

- 25 particularly limited to this. Any somatic cell which has
normal chromosomes and can be stably growh as a fusion cell
when fused with a stem cell, such as an ES cell, and can
be altered into an undifferentiated cell having pluripotency
can be used. Somatic cells obtained from transplantation

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

reduced level of rejection reaction in recipients.




“refers to an organismwhich is treated (e.g., therapy, prophylaxis,
prognostic treatnent). A subject or specinen nmay be referred to as a

"patient”. A "patient", "subject"” 5 or "specinen" my be any organismto
whi ch the present invention can be applied. Preferably, atient"
"subj ect" or "specinen" is a human. When ¥ stemcell (e.g %H‘aﬁqpél I

etc.) is used 10 in the present invention, the stem ceII can be
established froma transplantation individual, or a previously established
stemcel | derived fr ormhaﬁnaﬂsf@fgﬁﬂiaf@d somaRiefi1ablys Ubh ldezatb £ ERE

exanpl e, exanpl es of su em_ cel] include, but. .are not |im.ted

stem cel | s of ot f@vﬁéﬁs’t" 1S53 PLuHRGE e’b%vﬂ’?éh%rf\eﬁl?n a6 ceﬂ)ﬁ‘l nat e

(e.g., rhesuswinixtkdy, pradaoséthy €ieihg @kdem bel]mn sudreher ablBs cemem
e used

cells derived { | e ecies_as_t.ha somat i C
are enpl oyed. %ﬁg(a s Ime%grr%f c?%%a?sc %%‘I’?ng%secabove't F?é' Ft?é’et? | nv Ation
i ncl ude ahy ceJl’rqwrpart icularly, lynphocytes, spleen ceI | s, testis-derived

cells, and the like. Somatic cells derived from nmamal s (i ncl udi ng hunmans)

and various species can be used. The present invention is _not 25
particularly linmted t& FHFspr%ﬁ?"Eoﬂh‘f‘?I&tﬁH fiethodast fgFipg stem

chr onosones amémm(ebfgs,taslc)elg@qmmoraa{wb@mlwhbnpmﬁméuﬁgeeem§ h a

stem cel |, su%h as an ES cel a and can e al tter to an Leindl ffere1|__"|t|at ed
cel | having plaripetency 85% b2 &&&h. R4 ?ﬂ)t §PHh&S From©
transpl d# at i par3Gcuidriydidhited eaprieiner abl §S u:ﬂdLs andr sdmationcells

undifferent | bgd $AUBNI by LUl 00 el MOl RKEE ~letietkifye! Of

rejection reaction antar
undi fferenti ated eé@'ﬂiltleo étﬁaﬂewnsb@ﬂloéihe exfanmies pE%seﬂtlsmmbmm@hw s a

pluripotent, updhtferentihabesn bbrtain ratio, for example, in the case
of producing fusion cells of ES cells and thymocyte, at 1:5,

15 and then washed. The cells are suspended in an appropriate
buffer such as mannitol buffér, and electrically fused.
Besides such a high-voltage pulse cell fusion methods
utilizing structural changes in cell membrane by electrical
stimulation (electroporation) [for example, EMBO J. 1:

20 841-845 (1982)], a cell fusion method using a chemical cell
fusion acceleration substance such as Sendai virus,
lysolecithin, glycerol, oleic acid ester,
polyethyleneglycerol and the like is 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 can stably proliferate
as fusion cells and nuclei derived from somatic cells is
reprogrammed such that the resulting cells are

undifferentiated cells having pluripotency.

o,
y

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




which is produced by fusing a stemcell, such as an ES cell, wth a
somatic cell as described above, and can be stably grown. In the present
invention, a nethod of fusing stem cells (e. g. , ES cells) and somatic
cells mhen producing cells, tissues, or organs fromplu t ent mcells
is not 10 particularly limted as |ong asS&S cell's and sdﬁﬂffwa éﬁ are
fused by contacting each other and formfusion cells. For exanple, as
described in the exanples, ES cells and somatic cells are mxed in a
certain ratio,cédl wmferethu&t@i @gs&me%oarmdﬂ@ﬂ; ng despamrteeuharef, ES

| dth ' 5, 15 Th I ded
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Besi des such ea htigsweldngem mdem, c&iﬂlllfeusmm klmtyhﬁ@@e ol lthai Bg1gt liuc'E ;Jral
h [ I t t i mul n (electroporatio or
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[ysol eci thin, luger oL, o0! o fiodShd A3t o ¢o Ay el angal yoeral. sagthe

like is al so known. f 1s1 on e an usion bng as
the cells for ke Z8lgy cla@sbgnd@ffEsen'eiate@anrmtqedlceIal $iganest ahfly
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reprogramed such that _the resulthq%@ |'s are erentiated ce
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t ranspl ant at | nuary 2006

&é 'gen der| ved from an ES cel
cell is diffe é’nf1 129 HFedl ke ﬂ??@ﬁr'sarﬂﬁ"“ﬂ'é‘r fPEE?’ér I‘%F tPPn‘P.]‘é%l
long as the cehlichsi gliréfeiead faredbtditndniy £eklll of the type of interest.

To date there have been reports for induction of blood vessel,

Jd

as

neuron, muscle cell, hematopoietic cell, skin, bone, liver,
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 from a pluripotent

stem cell according to the present invention.

20 (Description of Preferred Embodiments)
In one aspect, the present invention provides an
isolated pluripotent stem cell having a desired genome.
Preferably, the pluripotent stem cell may be a non-ES cell.

With non-ES pluripotent stem cells having a desired genome,

I ;N'«\

25 various regenerative therapies canbeperformedwithout 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 deficient 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 andhavinga reduced level of immune rejection




a tissue or an organ, while the karyotype of the cell is substantially

retained. For exanple, by introducing a cell 5 into a blastocyst,

subcut aneously injecting a cell into an animal (e.g., a nouse, etc.) to

forma teratoma, or the like, the cell can be differenti d int cell,
P und Do

a tissue, and an organ. A desired cell %7 ssue, or orga at ed
fromthe differentiated bl astocyst or teratonma. A desired 10 cell, tissue,
or organ may be induced in vitro froma cell by adding a cell growh

factor, a growtd &adbet,. OoPreferhbly, Widilspianteaiionehitigen atdi Bg a

cell of the tyc1;[>eelec>11:c éer.\t eIrLeat. To d@te there have been reports for

i nduction of blooo VesB&lrudefh 1e3st Madorel 1R comRAfd o PRELEPPS - sk n,

bone, liver, Moymnprederablyt hetHd kmafjoemHiss tcddnipa theisie tyechntgyes can

be applied whe ,flssue, or.organ cqrrespondi o _a. s
'%J},&L{éféél d?J%+g$sprgaﬁgg St r oReA SHHaF ;?dq?e'ft‘ﬁes%tﬁﬁ?gﬁﬁw

transpl antation 1'ndiv

accordi ng t o tdnd igresseneduces amagivor 1RO € Des of | jutmume 10f jertefar redction,
Enbodi ment's) I3 L4} ect ] lon.provi.des_an _.isol ated

pl uri potent stem cgﬁasc%a\% r’?é’t’%ﬁé‘%s%?‘?’gg é—g%l?rzggch?‘gf g}r(ggl %fg?ﬁggpl uri pot ent
stemcell may be a non-ES cell. Wth non-ES pluripotent stemcells having

a desired genome, 25 wgEiQie-{ A NE LRS! PR ﬂBsQﬁtpﬂ%’ﬂf@&
wi thout newly establishing ES cells or collecting e cells.: The
pluri potent sP@nREaferadblyhave ageprogriaamedigenanat Lagpne embediment g

transpl aot at i @heaplzgepotent FER R P ¢habbyedehitCifPbnt foh NRa e

transpl antation ﬁ{r_}t i gen. As a transplantation antigen is reduced, the
pluripotent BFEMHIEER PHFaRReIFAIERNI PROEREFoFEhh SR SYPRLY SAUTRRi ng a

desi red genonthancthew iced Iamagdbe &l sbfiath cobe L ITUNSd goaktiienNceld may?5
January 2006 {9,3.0030 515" Gt HAN O 1nd APRLANL 2L Q0 20L! 98NS % DG e
a bone marrow cell, or the like.
15
In another embodiment, the pluripotent stem cell of
the present invention may be produced by fusing a stem cell
with a somatic cell, where stem cells and somatic cells are
used as supply sources. Stem cells as a supply source may
20 be either ES cells or tissue stem cells, preferablf ES cells.
This is because the totipotency of an ES cell is transferred

into the pluripotent stem cell of the present invention.

” The pluripotent stem cell of the present invention
25 preferably has a genome derived from a desired individual
~(in need of therapy, prophylaxis, treatment, etc.), and is

not an ES cell or egg cell of the desired individual. Since

there is no need for an ES cell or egg 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 invention has chromosomes derived from a somatic

cell of the desired individual.




del eted include at |east major histoconpatibility antigens. Mre
preferably, the nmajor hi stocorrpati bility antigen includes class |
antigens. Deletion of these 'specific antigens reduces a major portion of

i mmune rejection reaction, |leading to a considerable red%njlon [ i de
effects. The pluripotent stemcell of thedresent inventi 2@Péferabl y
have a reprogranmed genone. In one enbodi nent, 10 the pluripotent stem cell
of the present invention nay be produced by reprogranm' ng anot her cell as
a supply source. The other- cell may be a somatic cell. The somatic cell

may be preferably, w hout It n,.at te,a.l bone
marrow cel |, or the |i¥ed PFEEPRTY oet dﬂ?ﬁ%rﬁﬁ%piufﬁg\éﬂ}ﬁﬂg% "iaﬁ?ilét em
cell of the mi'ei«;hﬂtprlelseamtmrmemunonbs pobdicedthy datsivedl Brat embegbk. W th

a somatic cel 'T oerétfpl%gg}ésssﬂ?e %8”‘%}01%108 lels%car ‘ily‘é}e f.‘ﬁlég?.?' Y sue

sources. Stemce Source na S or
stem cel |5, prléicéﬂ@m%tlES aet| of é'xrtlsacpisub@caaseemmq ofrpwt enclost.an ES

cell ist ranSfﬁrerf%Q:aHl@;t 0 thie Ehyi*)?'gél?@tiéérﬁ BRI b‘éhﬁegigégn%rom

i nvention. The pluri potent st m ce resent Inventron
preferably has g°fefiéfeceleli védneeokhrea mmqwsvﬁumu iy derived

therapy, proplHoaXiaSsohs€8tNE&1 Hif has ia'i%ﬂl%ot@ﬁ'&:]yantﬁ\g %ﬁh}.l 61:@199 cell
of the desired. individual. Since there is no need for an egg

cell of the d§&eMeccetharards , eamdlyr e@é‘?ﬂlﬂq‘ﬂ'eﬁpi‘iont%sb§e§%ﬁl fq’%ant

effect 30 of aypldeHitignet ﬂsc&hfﬂﬁﬂ’eéeﬁﬁ in this enbodinent. In a
preferred enbodi nent, the pluripotent stemcell of the present invention.

has chronosones derived froma somatic cell of the desired individual. -
58 - 25 January 2006 Inagppsfdmreddmbolianienentthd prupipstaot etemdean cel |

of the present inventionhas reduced transplantationantigens
other than those of the desired individual. More preferably,
15 the pluripotent stem cell of the present invention has no
transplantation antigen other than those of the desired
individual. 1In one embodiment, the pluripotent stem cell
of the present 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 preferably a nonnaturally-occurring
» cell. Preferably, inthepluripotentstemcellof thepresent

invention, the desired genome is of an individual other than

_ﬂm
A

25 early embryos. The tailor-made pluripotent stem cell has
the same genome as that of a somatic cell of an individual
of interest, and has pluripotency (preferably totipotency).
The cell having both of such properties 'cannot be said to
be naturally-occurring. ES cells’ are derived f£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 embfyo exists, the tailor-made pluripotent stem cell




of the present invention is not directly derived fromenbryos. Therefore,
it is possible to avoid the socially and ethically 5 problematic act of
extracting an enbryo froma host. Preferably, the pIuripotent stem cel

may be derived from a somatic cell. Since the pluripotent stemc I S
derived froma somatic cell and has pluri%otency, the plarriepBR¥ stem
cell can be easily obtained and the breadth of 10 applications is
infinite. In a preferred enbodi nent, the pluripotent stemcell of the

present i nventomnbaprée@hueedwtemaeal canmdt M 28hi868a bPtBavehB@Bnhose of
t he desired 'QV% | dual . Nbre preferably, 15 the pluripotent stemcell of
the present in %xs no transplantation antigen other than those of

t he desired |nd|V|duaI I n one enbodi nent, the pl uri potent stemcell of
t han_t cell of

t he present invention_may be_deri ed frqn1c | s, ot .
the desired individua® L BeEfCEhed SMBS MR SR - ‘ES‘hf‘ePBPEFPBBFBﬁt q?t"b%‘g{:%ll of
the present iofvtin¢ paesemt bevenefer dblan anddafifairanalihyedcomatirgce el | .

LT POLESPLAAPEL SR B by 8 FL5080 o RhD

desired genone 1s of anin
tail or- made plutrpbsphantasiopesnthgen iSudeiatedyenmmeaasomhaicoéeblsonatic

cel | of an 'nﬁb)éladﬂﬂéfei?ébwte{ % O%Jh\?ﬁf%cg%eé}]tp's%%P%ﬁﬂ%f(Pﬁgfﬁ%‘%@és%tl dto

toti potency). The cell havi ng properties cannot
be naturally- dB¥8RELAY. 1E§%e4nfdslfa‘i€é?ed’éir1@t@@ sooatic gadiffestericaldd cells

of earlyoenbryewn ﬁb@:’é@flor.ﬁa whi chHdWh1 & o fFo 18kl 1%%3%09%@@}9%94 | shed
froma host in tates ., adult) other than ear 0. Since no
adult early eﬁbaﬁﬁeE??stgndtﬂes?%? BF - Fede- mHHQﬁﬁﬁ%g#Yst cell - 59 25
January 2006 transplantation antigen may be a major histocompatibility
antigen. Preferably, the major histocompatibility antigen
' may be a class I antigen. In a preferred embodiment, the
15 somatic cell may be, without limitation, a transplantation
individual-derived lymphocyte, spleen cell or
testis-derivedcell. Preferably, at least one of the ES cell
andthesomaticcellmaybeajummn-derivedcell. The somatic
cell is preferably of the same species (preferably, a line)
20 as that of a host of interest. Therefore, for example, when
a human is a target of therapy, the somatic cell is preferably
a human cell, and more preferably a somatic cell of the human
individual targeted by the therapy. The ES cell may be
f”} , preferably of the same species (preferably the same line)
25 as that of the somatic cell. Therefore, when a human is
targeted by therapy and the somatic cell is a human cell,
the ES cell is also preferably a human cell. Note that, in
this case, the ES cell may be of any line. Preferably,
previously established ES cells (or other pluripotent stem
30 cells) can be used. Therefore, the pluripotent stem cell
of the present invention may also be used as a stem cell

as a supply source.




of the present invention cannot be achieved by conventional techniques. In

a preferred enbodi nent, the pluripotent stemcell 5. of the present
invention is an undifferentiated somatic cell fusion cell of an ES cell, in
which a part or the whole of a transplantation antigen is deleted, and a
somatic cell. More preferably, the plurigfotent stem cel I250*a“t‘ﬁ'é(2|9 Bsent

I nvention is an undifferentiated somatic cell fusion cell 10 of an ES cell,
in which the whole of a transplantation antigen is deleted, and a somatic
cell. Preferably, the In &awiadm ahbodinsht geit N8y¥sPOn2 6RjiMe somatic

hi st oconpati bi | i | gen. Preferably, the, pgj hi st.oconpat i biljt

anti gen may b%efa]ygf‘grs};hﬁgsgﬁ?'ic .m?ﬁl%% 5?8?5??%@1%%’361% ., ?ﬁ’éeﬁ:‘jg
somati c cel | mepdidd catiitdmoutayl ibed tpetrifomrmed tsadepbanbadi harein.

i ndi vi dual - dergV, Vi) leen.cell or. .t i s-derived cel].

Pref erably, at'ﬂqeg%s#t odgﬂg";f%?ﬁ]éiﬁgggléfz IS%eé“ncae ]tlh%gizic?ﬁ'&ﬁecse@eﬁ }mﬁ%?/bb%na
human- der? ved maést be U$ed dongoinbingtioniwith geseathgrapyt héd waidd spoam es
(preferably, &dheng@hesd a0 : My S oLe, r
exanpl e, when% élehur_rgn Pgslga a%SetgngQP%?g%%/? ﬁﬁé&s%%%%{?‘gigél%gigﬁg '
preferably aceadditical pf apathend pacteted|yy dhexyapyi or efophiflastis human
I ndi vidual targeted by the therapy. The ES cell nay be preferably of the
sanme species (preferably the same Iine) 25 as that of the somatic cell.
Therefore, when a hunbfeneme  EeRERFAPHYLR ARt hnd the somatic cell is a

hunan cabl, the ES cehla pEefbshedlaftRiBIMh o WHRNpEEELn t Nah e dtin, I N
this case, the _ES cell. may line.. Preferably, previously

e of .an I
est abl i shed ES"&eT9eY st cstlﬁelramﬁ ?éﬁs%ﬁfi 1 EhnageRAPe HORERPHAINING
Therefore, thagehtiti (Heprestam Dietdntdfs rboepnledaivw ithecsbhnabisdwelad so be

used as a st eg@ﬁ&hé i Sepa'J.gSel’ll'Pé%li%a%gL%rr ?n%di_fi(se% Byzgeff nyl?éyog Ov?:i?th the
, ES cell and obtained a reprogramming agent and a clue to

15 analysis of the mechanism thereof. Eventually, by forceing

the somaticcell to express areprogramming agent, the somatic

cell can be altered directly into a pluripotent stem cell.

The present inventors expected that cell fusion with

20 ES cells causes a dramatic change in the chromatin structure
of somatic cell genomes, and analyzed the histone acetylation

of somatic cell nuclei in inter-subspecific fusion cells

(domesticusxmolossinus).

25 An anti-acetylated histone H3 antibody, an
anti-acetylated histone H4 antibody, an anti-methylated
histone H3—Lys4 antibody, and an anti-methylated histone
H3-Lys9 antibody were used to investigate modification of
the nuclear histone of somatic cells, ES cells, and fusion

30 cell. Next, these four antibodies were used to perform
chromatin immunoprecipitation in order to analyze the
interaction between histone and DNA. DNA-histone protein

complexes were recovered by reaction with the respective




In a certain enbodi nent, at |east one of the somatic cell and the stem
cell may be genetically nodified. Genetic nodification my be perforned as
descri bed herein. Therefore, the pluripotent stemcell of the present

i nvention 5 nmay be used in combination with gene therapy, wel | %gomn
gene therapy may be appropriately used dePénding on the 0 H?W&W f a
patient targeted by therapy or prophylaxis. (Genone reprogramm ng agent) 10
In a preferred enbodi nrent of the present invention, the somatic cell may

be treated w t undiBRAQRE .M By OBCRIERPICE Agdilon diieDNAesentaimed@nirorthe
reveal ed how the somatic_ce enone i.s _ep 1 £ |1

I i genetically nodif
fusion with th&ecEyersd D%ﬂhﬁﬁg%%&f%%#gﬂpiﬂ%ﬁ ??d: g'&&n é‘éér’]%:g%géo eto
15 anal ysi s of nileofechad sdiriedfin Byeat uBNAY refyofior cBargd e Wwmtic
cell to express reprogrami a t, the somatic . cel stared
directly i IEl)t 0 E°§Vﬂ‘f’%ﬁ8’gﬁﬂt Oggw%gg?éaﬁnggggntﬁi ni\?‘érﬁr%%rsh%%ﬁg%ttfg t hat
cel | fusian w genoR@cHNKplilts 16 ausest el e tand¢ t ermivem g etherhbhe denoms n
structure of sqmatic.cell geno , | ne igon  of
somatic cel n§8Féri"°fi$e’W gr”-@%‘%@ﬁe@?ﬁ gﬂ? ééﬁgg%eﬁ?g’b’ﬂ& R R
(donest i cusxnohéssimiss) ex@fipla, artttie azensytie edehilstannoned dat ispddyrelah

anti - acetyl at eg b ntd bogyy a0k ef A edoohhS dpemdtily s4
anti body, and gﬁggﬁgg?‘%ﬁﬁat‘ﬁe@ ﬁ?"stoné1 H3- LX%Q ant i body wer.e .us to
i nvestigate nogtrhetvren ofmparfaniill odrlstianeo ks $adods specafisa
Cﬁ' I's, ang fushophpPatel! 1n NeKb  rbPESGramked apddiRsl] e thaze knvad thhater f orm
chromatin i munopreci pitation in order. to analyze the, intera t ween
hi stone and DNA® Wﬁ@ﬁ*%’?ﬁﬁ@iﬁ '}ﬂ"I@(ﬁ%pf%?%éoﬁé?ge?g%gvgrcg%y&%qrig’glct i on
W th the respest higtonells. 2Melbiyuany o2 adks rdditds eBYgROR tep(thincat i on
of DNA contal n‘ﬁgaénay]eaaetylation. Therefore, it is inferred that
methylation of histone H3-Lys4 1s a characteristic
15 modification of the reprogrammed genome. An enzyme
methylating histone H3-Lys4 or an agent invoelved in
methylation 1s considered to be one of the the reprogramming

agents (Figure 11).

20 An esxemplarj,'r technique for confirming a

reprogramming agent will be described below.

1. To distinguish the genome of an ES cell from the

. genome of a somaticcell, anEScellisestablishedas desoribed
{;}; 25 in Example 1 from subspecies M. m. molossinus (mol) which
has a DNA base sequence having a higher degree of polymorphism

as compared to Mus musculus domesticus(dom) mouse. An
inter-subspecific fusion ¢ell of an ES cell (dom) x & somatic

cell (mol) or an ES cell (mol) x a gomatic cell (dom) 1is

30 produced.

2. The somaticcell, EScell and fusionocell are £ixed
with 1% formaldehyde solution for 10 minutes to cross-link




recovered DNA-histone protein conplex, it was reveal ed how histone was
nodi fied In what. DNA region. Based on the polynorphi smof the base
sequence of inter- sub specific 5 genonmic DNA, it is possible to determ ne
whet her the genone derived froma somatic cell nucleus is nodified. As a
result of this exanple, the somatic cell6enome I's entir&l ynuaeetdiPat ed
due to cell fusion to have | oose chromatin structure. Inportantly, histone
13-Lys4 is specifically 10 nethylated in the reprogramred genone. It is

known that methy| afiahn@df BreteRRll3itySDHNA S (RISAOnAL BN Eama_@ek?(l. ation
of histone H3. Methylation has nore stable epigenetios than that o :
acetyl ation. THMESDFEer i tthesnppiepreprehain HeeRhracted af fAeseshbeds- Lyss
is a characterdaisdve. 15 il f i gak1&4r Of ptBeeifPr QG ARG IIRNONR: tH\N gAZYME
met hyl ati ng histone H3-Lys4 or. an agent_involved in nethylation_is

consi dered t o BEoifediated il st dtinth o dgents ?FF%D?EeEX}‘?t?@ An
exenpl arys t ectmispond A4 cifibodyg #n AP ofsBiFlage@dedtonée | HDeLgescri bed

bel ow. 1. To dist.i.ngui sh_the genome oil an cell fr he eno. of a
somatic cell, aé'?lt | PPE 3%t 1[‘%ﬂ’%ﬁaﬁmsﬁé’&%gg}hYﬁﬁa‘%ﬁpkg‘gﬂ¥r om
subspeci es M avenmilghtsiasugegnmdbednwkbeokre .has a DNA base sequence having a

hi gher degree of pol ynorphism as conpared to Miug nmuscul us donesticus (dom
mouse. An Inter- subspecific fusion cell of an ES cell (dam) x a somatic
cell (mol) or an ES céll Thewlepctimnseotittor dblpgstmy thooudh apoeiveid. 2.
The somgii ¢ C8l bo1E5nCeb! s8P9-bYS! PR CRYLLBHE ik Sy hyde
solution for 10 r?i nu'?es tg grgsgél?n ﬁkéaaﬁ%él}gn%%l?%&%go%éaé% L

the antibody as described above. DNA is extracted from the

histone-DNA complex réacted with each antibody as described

above.

i5 | 4. The extracted DNA is blotted and adsorbed onto
amembrane. TheDNA, the repeat sequence B2 repeat scattered
on the genome, IAP, and mouse genomic DNA are used as probes
to perform hybridization. As aresult, all of the probe DNAs
used reacted with acetylated histone H3-Lys9 on the genomes‘
20 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
25 PCR-primer sets respectively specific to the Oct4 gene which
is expressed in undifferentiated cells, but not in somatic
cells, the Neurofilament-M and -L genes which are not
expressed in somatic cells or undifferentiated cells, the
Thy-1 gene which is expressed in somatic cells, but not in
30 undifferentiated cells. The difference in recognition of
restriction enzymes for polymorphic sites of DNA base
sequences was utilized to determine wheter DNA amplified

in a fusion cell was derived from an ES cell genome or a




the histone protein with DNA (hi stone-DNA conplex). Thereafter, the

nucl ear protein is extracted as descri bed above. The nuclear protein is
reacted with an anti-acetylated histone H3 anti body, an anti-acetyl ated

hi stone H4 anti body, an anti-nethylated hi stone H3-Lys4 éggiibod nd an
anti-methyl ated histone H3-Lys9 antibody 6bverni ght as d a]“H@By%%) .
The reaction solution is passed through a protein 10 A colum to separate
- the histone-DNA conplex reacts with the anti body as descri bed above. DNA is
extracted fronzémetidi eépneg%sorrmexelr easted, \Nsbmaeaehcem.h.Laeéyvea
descri bed above. 15 4. The extracted is blotted and adsorbed onto a

menbr ane. The FRC™¢He YPEFe FeAEHFTentit liE‘BZ acgtydetedathtierpe o3 rhEsgenone,
| AP, and nouseacgﬂ;omt:ed)msabaeuned @l ploeltgdated RestonaHy hni ghgabhon.

a result, all f robe QNAS ¥s§ﬁi reacted with cetr%l at gd hi st ope
H3- Lys9 on the genorres 68t EPERTSCRET | Y ¢ Ealted*RFEN "
acetyl at €d hi stametidBelyssr m%pmtedrmosmelﬂ&e @ﬂdbaeﬂbyldﬁ gendEst one

H4  on the geny S i.Qn eI I extracted. DNA was
amplified usi ngﬁggﬁgg’nn::%% ISZ;I? (ﬁi‘pgoﬁgg agle f esp%%tuls\? 95 SPRFFIRITHY ¢ he
Cct 4 gene whi ¢items celdr essehle|¢bmlﬁémmtmredacebpspgbBang agesbnatic

cell's, the Newxof hbapentiMadd r Lnge somat iC
cells or undifferentiat e:(Lj &F r ng Q@%‘Qﬁl& gee%égv\zlgé'ﬁgeéﬂéﬁ%éesse
somatic cells, but not in 30 und| fferent| ated cells. The difference | n

recogni tigon of  restraebtPhaf8d WS I 1 BUNITRI EB'foﬁﬁ hsssefc%%%
sequences was gtl lized to determ ne wheter DNA anpli in a fusion cell
was derived fF FHSHUES - cel PR g&hSmer Bhen hapd. ZBtJ&ﬁudF‘}P"EDOGhat the

methylation of histone H3-Lys4 and histone H3-Lys9 are
complementary modifications, and that histone H3-Lys9 is

As

methylated in tight chromatin, while histone H3-Lys4 is
15 methylated in loose chromatin. Analysisofrepeatsequenees
scattered throughout the genome and each gene in fusion cells
suggests that the reprogrammed somatic cell genome forms
loose chromatin structure. Particularly, it seems that
methylation of histone H3-Lys4 plays an important role in

20 reprogramming.

Therefore, in another aspect of the present invention,
the present invention provides a method for producing a
pluripotent stem cell having a desired genome, comprising

25 the steps of: 1) providing a cell having the desired genome;

£,

and 2) exposing the cell to a reprogramming agent.
Preferably, thecellmaybe asomaticcell. Thereprogramming
agent may be prepared as an intranuclear agent Within the
cytoplasm of the pluripotent stem cell. Examples of the
30 reprogramming agent include, but arenot limited to, anenzyme
methylating histone H3-Lys4 or an agent invoived in
methylation of histone H3-Lys4, a cell cycle agent, DNA

helicase, a histone acetylating agent, and a transcription




somatic cell genone. As a result, somatic cell-derived genones were
reacted with acetyl ated hi stone H3-Lys4, acetylated histone H3, and
acetylated histone H4 in fusion cells irrespective of the presence or

absence of genes in 5 somatic cells or irrespective of prf;os‘ﬁance or..absence
of genes in fusion cells. Although an E®%el|l is used as“a né')%@'rﬁﬁugry

stemcell in the above description, a reprogramm ng agent can be confirnmed
in any stemcell exhibiting pluripotency. 10 Acetyl ated histone is known to

form| oose chragent andtthetlilke. On the other hand, it is known that the
met hyl ati on of histone H3-Lys4 and hi stone H3-Lys9 are conplenentary

nodi fications, and that histone H3-Lys9 is nethylated in tight chromatin,
whi | e hi stone H3-Lys4 (Fusionmeteiyll affedrianspbaastachibamahitngeAnabygi s of

r epeat sequenGlse) - ier oughout. .t he gengne and.each gene in fusion
cell's suggests t)hz(%@étlhcg"eﬁlgptréc%rcae%#e 1§:t8rmstf’?‘8 &l Feagﬁone forms |oose
chromati r® structure. Parohedspdaat ofttlsepmresendt invethidms ithe pfetéstone

H3-Lys4 pl ays {Rddf 28ta ko AT e 1 e g, gnot her
aspect of the present | nyearlﬁrféon?d fﬁﬁ%ﬁiogdg{ecﬁt%qa%&e%l Jl%rnggngggrs“ éég%r'eft hod
for produci ng PViRa s Apsicad genemes etamirising theedepsdiehbndslebimpgi si ng
25 the steps of padt fOMidlivibia 6l L @@gﬂmgxb@agfé.&r 108 o St 2)
exposing the cell to a reprogranm ng agent, Preferably, “the ce?l maybe a
somatic cell. Cerld i @pE Fgr dMHRG thedhemagl berigitepar et bk grlimawing| ear
agent wibhi n the deyioplasdfidile ! herpFuEbBOyeNths @Bt ebl1 Rl 85 @8 the
30 reprogramﬂ'cntgk ager% I ncl udef but_are not limted to, an enz%me
met hyl ating hi°§ 3ne IR MOFSPTTE e e At PFRVLPYSLY v tahkispes ES PO hi st one
H3-Lys4, a cell cycle agent, DNA helicase, a histone acetylating agent,
and a transcrlptlon'Il§4a preferred embodiment, the transplantation
antigen may be a major histocompatibility antigen. More
15 preferably, the major histocompatibility antigen may be a
class I antigen. The somatic cell may be a transplantation
individual-derived lymphocyte, spleen cell, or

testis-derived cell.

20 Inthemethodforproducingthepluripotehtstemcell

of the present invention, an undifferentiated somatic cell

fusion cell of a stem cell (e.g., an ES cell), in which a

part or the whole of a transplantation antigen is deleted,

{“g | with a somatic cell may be used as a supply source. More
) 25 preferably, an undifferentiated somatic cell fusion cell
of a stem cell (e.g., an ES cell), in which the whole of

a transplantation antigen is deleted, with a somatic cell

may be used as a supply source.

30 In a preferred embodiment, the somatic cell may be,‘
without limitation, a transplantation individual—dérived
lymphocyte, spleen cell or testis-derived cell. Preferably,
at least one of the ES cell and the somatic cell may be a




agent and the |ike. 25 January 2006 (Fusion cell of transplantation antigen

(e.g., MO -deficient ES cell with somatic cell) 5 In one aspect of the
present invention, the present invention is a nmethod for producing a

pluri potent stemcell having a desired genonme, conprising the steps of

1) deleting a part or the whole of a ttd&fsplantation ant ugfy 2008t em
cell; and 2) fusing the stemcell with a somatic cell having 10 the desired
genonme. Preferably, the stemcell may be an-ES cell, and.nore preferably a

previ ousl y estmhﬁarsrwétii&cpeielll | NTRe @&Kaﬁff&@e@.ﬁbﬂg'ﬁ@é‘ferém of the
hi st oconpati bility antigen. Mre 15

transpl antati on ant |g ?E% %rﬁ maj or
preferably, thEHafBrChrS{BES ’éf‘P{SYP prinenag b haf afwest ofiatsrestnt i gen.
The somatic cefhersfiprie, Hok'atmp B! shean hhﬂldhviﬁllaataﬂgét\éﬂﬁthaﬂﬁﬁfcyt e,

spleen cell, ar testc_l1 derl d cell. ‘120 I.n, the pet hod produci ng the
pluri potent stem cerl prlgsé?ﬁe ¥ o, Hﬂaﬂnd’leﬁﬂere?ﬁ 3

somati ¢ c®l | Hmemabdeyl Ia sxbmatisd: eraldeblt (ke humean indiedldupl tarybied a
part or the f spl@ant ntigen is d hasonatlc
cell may be us d%ag gﬁg'%%%?y s'%g‘??eé cl%LfaL g ¥ & erﬁ?jﬁ Aok "ehd

undi f f er ent i ats®¢desal preferbbiiystbe sand Liofe )a ast dimateblf the gsomatni ES

oo ol GRIANE ¥OHE:OEe, AL P RANALLOGSRRLART L S AEL g dndl 10 B

somatic cell nmay be used as a supply source. erre
the somatic céhesARpte celd iFahunameedl she BS Whhspl%lrﬁtcamrcjﬁerably

i ndi vi dual - deai Heflan | YAPHOCYiRe TRLEENi AL cdES! 19l R XF?lCﬁ%}
Preferably, a% lar?{?StJ.:?Qe grc—::[fg?:ably(ielpregggutsgg 22E§£igsﬁgd ES cel?l.es &
(or other pluripotent stem cells) can be used. Therefore,
the pluripotent stem cell of the present invention may also
be used as a stem cell as a supply source.
15
In a preferred embodiment, the method for producing
the pluripotent stem cell of the present inventidn may
comprise deleting the whole of the transplantation antigen.
A technique for deleting the whole of the transplantation
20 antigen includes irradiation, chemical treatment, a method
using genetic manipulation, and the like. For example, by
treating stem cells (e.g., ES cells) with irradiation or
chemicals before fusion with somatic cells, it is possible

to destroy o}nly chromosomes derived from the stem cell after

m
P

25 fusion. Anexemplarychemicalused inremoval 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 cells. 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‘ f:lerived from a stem cell (e.g., an ES cell) from

a fusion cell by genetic manipulation may be conceived as




25 January 2006 human-derived cell. The somatic cell is preferably of the
sane species (preferably, a line) as that of a host of interest.
Therefore, for exanple, when a human is a target of therapy, the somatic
~cell is preferably a human cell, and nore 5 preferably a sonmatic ceII of
the human individual targeted by the theétapy. The ES cel4? yal\alyet006
preferably of the sane species (preferably the sane |ine) as that of the

somatic cell. Therefore, when a human is targeted by therapy and the
somatic cell igoridwdBnaethaltife £§o§@|4e¢1§erﬁ4éﬁsmﬁ£&@i& YniLodubsgan
cell. Note that, in_this case, the ES cell of any line. Preferably,

previously estHbiq ity 9egomer o€ a sitept fetl p1%r9pot@htE%t‘"é?¥|lc)el | 35t@En be

used. Ther ef orfusiddahe ghiepotent ﬁiem geddmfid ke 1ar.eseRt cirevgpbt&in My
as a rce. 15 1n a preferre

al so be used as.a.stem cell sup, SO

Srbodi ment LS ABEREET S Srmira AR ik OB SRR ons e Herd VR Tom o

pr esent i51vent11hzsn sn:&yn ceddp(esqy.deartESdlle) wWiel echioviddde tThaspferd ation
del t.he. whol e of, the tr ant ation 20

anti gen. gue fQr ti I

anti gen incl ug:es i r?gal é??%ﬁ?g%ﬁen%cégflc{urefafjﬁgrﬂe ugeﬁle? o’ge MUt AP Yehet i ¢
mani pul ati on, canhehehdl&ef Fidre geaopkeedebived rixxim rig stteance2l| e (€. g., ES
cells) wth |rragba5| 98 )or chenicals before fusion with somatic cells, it
is possible to destroy onIy chronosones derived fromthe stemcell after
25 fusion. An exenplary chem cal used in renoval of chronpbsones may be

bronodeqeyuri di ne (B gh)a pERERERSAER QY thddtC8E Athe Weggﬁft Fnd Gl ove:

initially, ES cells are treated w his ¢ en1ca ation is
per f or med af t &t ¥ inhended domyredugaafustonsint} ef @ ES cedy) defigdiant on,

only 30 chrompsosmta fiar hisdobbpphitn8i3k e sehp14:€. (Muc) A thSa Rinarid reat ed
w th BrdU are rfvaeTgLe ﬁat_']%?:hl’q.'ll. %gcgglr)atr:flr)r:r?]\./::.tig complex (MHC) is known
as a molecule involved in a rejection reaction of tissue
15 transplanted into other individuals of the same species.
Mouse MHC corresponds to the H-2 antigen. MHC is divided
into three clusters: class I, class II, and class III. It
isknown that class I genes whichundergo antigen presentation
to CD4 T cells, and class II genes, which undergo antigen
20 presentation to CD8 T cells, are involved in rejection
reactions to non-self transplanted cells. The present
inventors produced an ES cell from which MHC class I and
class II 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 class

II antigens on the cell surface, so that the fusion cell

s

is no longer recognized as non-self. The somatic cell-ES
(MHC-) fusion cell, which inherits antigens for self
30 recogniztion from the somatic cell genome and the
reprogramming activity from the ES (MHC-) cell, can be said
to be an MHC tailor-made fusion cell. Since the somatic

cell-derived MHC is expressed in the MHC tailor-made ES cell,




chronosones derived froma stemcell (e.g., an ES cell) from a fusion cel
by genetic mani pul ati on may be conceived as - 66 25 January 2006 foll ows.
Initially, a LoxP sequence is randomy introduced into the genone of a
stemcell (e.g., an EScell). After fusing the stemcell with a somatic
cell, the Cre protein is induced to expr&ks so that onl y2BiRDseHH0s
derived from5 the stemcell (e.g., an ES cell) are renoved. Therefore,

t he above-descri bed techni ques can be used to remove a part or the whole

of the genome thesicead f¢ @mtaaﬁt@eks@lﬂy f&t@ral AN 1Y 668hhy. Mud Bidss
preferred enbo I pvention, it is intended to produce a

nt .of t
fusi on cel ofpgﬁm% EEignt Imcfeqp?ﬁfslmc ciass Theiefifier badFpha s P|1F9aé8rrpl ex
(k MHC) with a shmat Ipmodmeb:d gm apsadt S)E‘:‘Opﬁdi@ﬁ&ibgm}t(%/ ARl exc{dkE) is
nown as a C 1.nvaql ved. | .ection reaction_o l,ssue 15
transpl anted i céé) %ﬁe|r1 i g'glq#nﬂhé €5feMdF8ci 8R4 hbguggaﬁﬁc;l
correspords t deffiecidnt monseederM ES cliMistheslre esttabllisbedclamst elasscl ass

antgen pr esery 3¢ 68 Werel datdbed b AR IO £E0BRB LhaBFORT MY bllat0f 0000
antigen 20 pr &sddisaarebtaingd anddused with |smtaltu@dcehl$@afediffwa:ent

eactions o Rssehintt s pramied 6ohkeio LI RINRRIC- | BUSIHA! S P oduced

an ES cell fraom which ass and genes mere renove
geneti c mani pB¥atFepsphantingdhe tfélSEsncéﬁllw i@ té@rrﬁﬁl@el—:la’rdle@bt%d ned

from an ziondi vindeal andd thle sroﬁt%@ﬂé‘@elslo-@r’l%eﬁe'rdlclés (tHC-Prddsian &el |

presents onl %Bgomatlc cel | genome derived self MAC'class | and class ||

antigens on t ABSEBPP 8fr Fedectignt RaRcthens usppnbeer¥aminedo | onger

recognl zed as non-self. The somatic cell-ES (MHC-) fusion cell, which

inherits antigens for sel fbove described method will be, for example,
described below (Figure 12).

15

' 1. H-2 class I deficient mice and H-2 class II
deficient mice are used to produce H-2class I and II deficient
mice. Three approaches are considered for production.
1) H-2 class I deficient mice are mated with H-2 class II

20 deficient mice to produce mice deficient in both class I
class II. 2) H-2 class II (-/-) ES cells are produced from
H-2classIIdeficientmiceandH-2class I is removed therefrom
by homologous recombination. From the resultant ES cells,
mice deficient in both class I and class II are produced.

25 3) H-2 class I is removed from H-2 class II deficient mice

N
i}

somatic cell-derived cultured cells by homologous
recombination. By somatic cell nuclear transplantation,

mice deficient in both class I and class II are produced.

30 2. The H-2 class I (-/-) class II (-/-) ES cell is
fused with a somatic cell or a tissue stem cell to produce
an MHC tailor-made ES cell.




NN

30 recogni ztion fromthe somatic cell genome and the, reprogranm ng
activity fromthe ES (MHCG) cell, can be said to be an IHC tail or-nade
fusion cell. Since the somatic «cell.-derived MHC is expressed in the MHC

tailor-made ES cell, - 67 - 25 January 2006 the cell is 29% attac.,lg%% by
natural killer cells. MHC class | defici&ht- mice and MACTIHE@Y ¢V

deficient mce have already been produced. An approach of produci ng MHC
class I/class |1 deficient mce by nmating these mce, and MHC class Il 5

deficient nouse-derived bR MHcs taRNISeHbAR EEhedi1apd &l 88Ssuk g6Mgs were

del eted by hop];gﬁo%eous reconbination. ES (MHC-) <cells are obtained and
fused with so reRyiated fhegetaom igsodoplppted iatpr apuirdividnad

cel | - ES(VHG) vfhmcmnasehb@heamid Soapt 880eng. .t hend psarneeldSabséActhe ES
cel |l -derived 10 m ce an cel | -%erl ved m ce, the presence or

absence of rej%ctd FFIEAS “oﬁ?ag’zﬁoﬂeléxgﬁ fE8L¢fe above- descri bed rret hod
wi Il be, For exanple, described below (Figure 12). 15 1. H 2 cl ass

deficient mce and H2 c efi cigf r sed duce H- 2
class | and |1 defici ént bg?necaema g?’éece& %858%’(%&; (‘?(’fr?si ge 3 :g
production. I H-7-dl E§scbldeﬁscobha1uede aneMH@t tailbt md® ESassll| 20

Gel1 €T ent, ol ol o 8alel Ll p Ba 0oL PLASighpatiiiodligd) 2

class Il (-/ ES ce are produce I'clen
andH 2 cl ass Fe|1§ tenbeegomhérefl om by honol ogous reconbi nation. Fromthe

resultanp ES cells, mce def|C|ent in both class | and class Il ,are
produced. 25 3) H-2 cl ass Is renoved fromH 2 class Il deficient mce

somatic cell-derived ﬁ%?’F%Y%HOEEISI%eWW 65en somagigwsildaiiSds imn
somatic cel|l ssthgar transplantation, mice deficient in both class | and

class 11 are prOdUCEdIt is more preferably to completely avoid agents
inducing rejection reactions. To completely avoid

15 rejection reactions, it is necessary to produce a tailor—made
stem cell derived from a somatic cell of an individual of
interest. Insomatic cell—stemcel'l (e.g.,anEScell) fusion

cells, the genome of the reprogrammed somatic cell has
differentiation ability similar to that of the genome of
20  the original stem cell (e.g., an ES cell). Therefore, by
removing the genome of the stem cell (e.g., an ES cell) from
the fusion cell using genetic manipulation, a tailor-made
ES cell can be obtained. According to the present inventors’
/ experiment of reactivating the somatic cell-derived Oct4
25 gene in cell fusion (Tada et al., Curr. Biol., 2001), it
has been revealed that it takes about 2 days for the somatic
cell genome to be reprogrammed. Therefore, it is necessary

to selectively remove the ES cell genome after cell fusion.

30 The present inventors 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 promoter-GFP-LoxP-Insulator was




30 2. The H2 class I (-/-) class Il (-/-) ES cell is fused wwth a somatic
cell or atissue stemcell to produce an MHC tailor-made ES cell. - 68 25

January 2006 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 o9 absence of a ?%]Jaé‘t':'?fy eact i on
Is determned. 5 4. Once a naster cell for the H2 class | (-/-) class Il
(-/-) ES cell is obtained, an MHC tail or-made ES cell suited to an

10

i ndi vi dual Canpbed@@@duﬂﬁﬁubyt&ﬁ%&gVﬂ%ubheeéﬁﬂﬁt(Flgﬁﬁé'lip bescerhiiaed.

(Renmoval of ES, cell r somatic cell-ES tusion cell) It is _nore
preferably to corrpllne%ec{]ffriv tgnéb%rﬁestrqvﬂdﬂ’(ﬁ'nﬁolléf’geglwﬁ sodFdfgGnd thto
conpl etely avoa celll |sep:¢eh:| 081NngaGHP GI3S a mhrkSrl:leﬁceSﬁin the aégdmean%

tail or-nmade roma sonmm an_indi |ola
interest. In :Eomatl ﬁdﬁé egfnlsc:gﬂa ‘f%n%en{ﬁ?lt‘;ég cé['?ﬂe) 1pgerbn d's %S t he
genome of3t he ¢€eiiﬁQigar<hhn§UAm i cApdlalsmigs wh:lidrf eransiait Dnerpresbgs

simlar to that,df me . Qf | 11 cell 9.
cell). Theref g;rhe Crteh%ng%@g’ 18 ﬁggréé%g?r%& :?A{] %sc%éalnl %’gl 9? gﬁeES
cell) from t ﬁé—‘aF\EQ%CCESIC@hl @gldgéhetswnarm p@llau i obye atd &heoactrhde ES

cell can be OQIialt@l%dCréC%Wz?h@gettﬂet SxPr %é%lenh@!eﬂﬁﬁéf‘?? t?us‘?%‘%]g?%

reactivating the somatic ce rive éne in ce
al ., Curr. Bidlecomp3gafion, Sﬁa§h9§eﬁnﬂ-¥véhﬁeéhifﬁ'a@s@mes a@%sl\a@b@r@ndays

for thelgomatithe &8l ked2NgBRohE APelRBELPIBATRH. aTBEHEEOE Cor i dcdPregesSSary
A chromosomes, and are removed by cell division over the cell
- cycle. Only diploid genome derived from the reprogrammed
somatic cell remains. Thus, the individual somatic
cell-derived tailor-made pluripotent stem cell is produced.
15 Once a transgenic ES cell is established, it is possible
to easily establish a tailor-made ES cell by fusion using
a somatic cell derived individual patients. Therefore, if
tailor-made ES cells are successfully established in the
mouse model experimental system, an attempt will be made
ZQ to apply the present invention to human ES cellé to produce
human tailor-made ES cells derived from somatic cells of
individuals. Unlike nuclear transplantation clones,
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 technique which provides a

maximum effect on regenerative medicine while minimizing

ethical problems.
30 : Such a technique will be described below.

1. In order to introduction efficiency of genes, a

retrovirus is used for gene introduction. A construct of




to selectively renove the ES cell genone after cell fusion. 30 The present

I nventors produced a transgenic ES cell in which at | east one LoxP
sequence was introduced into each chronosone thereof (Figure 13). A
construct of Insulator-Polynmerase |l pronoter-G-P-LoxP-Insul ator was - 69

25 January 2006 produced using a retrovirifs vector (Fi gurd danpuaryg2908e| | s
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

concentrat ed. TheulaiseriPslwidmades Idet@edmsih y-ENA Fd:8H 1rAWllaasH diwhi ch
Is introduced_into the fusion cell

transiently e e s, the Cre enzyne, .

of the trans%ﬁ%‘f c8PFEnd t ﬁg¥§8¥ﬁlrf1§ cEPFtopyud FigurRe 142 ti onTh8f t he
Cre enzyne, thndwhdtereguenasseduhdesgpatat® | IogerR SEifat alel AaFlaBncéOofhat
only the chromQsqiRs | f.rom the ES cel | none are nodified to

di centric or acentric c[#%%ggﬁe%?d;t% g?éy?“gﬁﬂ\?gdggf%oéﬂated:i VPEi BRBver
the cell >cyclt® canbg HhelGIPdtgdreoproderilyekirassddeorepodhamnmmedbesomat i ¢
cel | remains. gkdisne LRG0 M ; i Jd - ' tail0L- e

pl uri pot ent stoem ce?l_ ?éégfgo uggg.hn%gg&é(eaeélcﬁ%r?gg‘éﬁlﬁgE§aeclej1 %ogggr,

est abl i shed, @Fi.swhdehi Bre the temesty testiahitsinta preiskot- mhdeugsiced| by

fusion using sarsemucrsebdl lenavadyl el Y ftabapals . THALS GG
tailor-nmade ES_cells are successfully established rn"the npuse model
experinental SFsLeXF SRTUERERECRIST ise cpaaeladedowaphl Yhe rxprestinn

I nventi alo to hutran 6 gebl.s to produce human tailor-made ES cells derived
fromsomatic cells of individuals. Unlike nuclear transplantation clones,
reprogramming of somatic cell genonmes by cell fusion w thout use of human
unfertilized eggs is 2ithha thelseoonetcd-kSAheraid appil cat iptontdr

, conpl i es With—@f"ﬁgfg':ﬁgfns&-fé%o:irsg%rr]xe is introduced into ES cells.
' Thereafter, transgenic ES cells are collected using the cell
15 sorter where the expression level of the GFP gene is used

as a reference. This manipulation is performed several

times.

3. EScells, forwhichgene introduction is performed

20 several times, are cloned. Insulator—Polymerase II
promoter-GFP-LoxP-Insulator is used as a probe and mapped

onto chromosomes. Transgenic ES cells, which have at least

one gene per chromosome, are selected.

&

25 4. Aplasmid ekpressing the Cre enzyme is introduced
into the fusion cell obtained by fusing the transgenicb ES
cell with the somatic cell, causing the Cre enzyme to be
temporarily expressed. Due to the action of the Cre enzyme,
the LoxP sequences undergo homologous recombination, so that

30 - only the chromosomes derived from the ES cell genome are

| modified to dicentric or acentric chromosomes, and are

removed by cell division.




I nnovati ve genone engi neering techni que which provides a maxinmum effect on
regenerative nedicine while mnimzing ethical problens. 30 Such a
technique will be described below. 1. In order to introduction efficiency
of genes, a retrovirus is used.for gene introduction. A construct of - 70
- 25 January 2006 | nsul at or - Pol ymer ase -l 171pronot er - GFP- LePaNHYI129P%r i s

produced using a retrovirus vector (Figure 14). The Insulator was used to
separate LoxP fromthe influence of surrounding genes, and the Pol ynerase

Il pronoter was used 3.t argause §deedP t el PrapeisyoRXpr en3dgd Send hat
the nunber of gene copies can be linearly identified using a cell sorter.

GFP, whi ch hadSHFeIGEed | Sematie afept etgitome s NN  §€r eBAENR ES

cel I's having tiwe liox-meduced gena. izhaoan‘eeéd.of LoxP sequence copies is
correlated with the expression 10 level of GFP. 2. The

| nsul at or - Pol ynerase Il pronoter -GFP-LoxP-Insulator gene is introduced
into ES cells. Theredntthe casmuperectEs cells, drisuwd coredrasnagef he

cel | 15 sort ernuhiFessdi¥e: YRR ES5h AR £OF +iHR sFTBnY8RE0hS ﬂl..%e&eﬁfs a
reference. This nanipulation is per?orrred severaf times. 3. ES cells, for
whi ch gene i nfA6GHEEI 0T L{IRFOMAH Posed epdpne| aEs mayy dec unasy. in

| nsul at or - Pol ¥BRbARE thbnPk LPR S Tst hBnbaapbakatibs HeEHods, asd¥pbe and
mapped onto chr.onosones. Transgeni ¢ ES cells, which have at | east one
gene per chr oftBSTOFPRES + S gical QPeEat {oBR prEsTTRlda e W e

enzyne 19 i ntMagdoeed immtfostipprésisants celdrobt aidweshdyodticddrdheid,
cau the Cre enzyne to be
Z

e Eeyf hkait oL WA B SE e TSR, G SPAUTE o
L be, for example, extraction of lymph node, extraction of
spleen, extraction of thymus, thoracic duct drainage, and

the like. Irradiation may be total body irradiation and

15 transplantation graft irradiation. By combining these
methods appropriately, the rejection reaction in the

recipient against the transplantation graft can be more

efficiently suppressed.

20 In another aspect, the present invention provides
cells, tissues or organs differentiated from a pluripotent
stemcell havingadesired genome. The cellsmay be epidermic
cells, pancreatic parenchymal cells, pancreatic duct cells,

g{ hepatic cells, blood cells, cardiac muscle cells, skeletal

25 muscle cells, osteoblasts, skeletal myoblasts, neurons,
vascular endothelial cells, pigment. cells, smooth muscle
cells, fat cells, bone cells, and chondrocytes. Preferably,
the cells may be myocytes, chondrocytes, epithelial cells,
or neurons. Techniques 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,




t he LoxP sequences undergo honol ogous reconbi nation, so that 30 only the
chronosones derived fromthe ES cell genonme are nodified to dicentric or
acentric chronosones, and are renoved by cell division. - 71 5 25 January
2006 5. After several cell division, only the reprogranned somat j ¢ _cel
genone renmmins, so hat a tailor-mde ES el is conpl et &P JAHaO0B ase
where the cells, tissues, or organs of the present invention are used for
transplantation, the cells, tissues, or organs may be used al one or nay be

used in conbiwithan mmhteu«sm mgdn@r@éﬂ@ﬂ@él @Bl'ﬁﬂbﬁ!@d&orsﬂéf‘ve as

| Munosuppr essant s grg g geratlons i rradiation. 10 Nh%

|nnunosuppressantsp§F FEngl ???B%EFertﬁ?i°rQ3ﬂﬂ1§SESQFﬁ§edF 88 the the

| i ke. Surgi Calgnmlira@ms)istimg/ofbﬂ:aﬂmrslﬁﬁﬁmberdehbb&@ | Divedf, kyandy node,
and

extraction of . n tlon of t t horaci c dr ai nag

the like. Irradia ?%rf may’ C‘ct |??’3‘8’f%aﬁ on anﬂ“ﬁ%“’f?‘é‘?‘%pl%f‘i‘fat i on
graft irradi atdltfrfeIBptgartbpm of tntms aetihocgarep prepwe il dingwit He tieg ection
reaction in thgt LEGI rapsplant atl raf. n_be. nore
efficiently suppr esg ag‘leeg%lﬁﬁ@%%g% ]Be‘?&\é@ ecfg % 158 pr esag%‘l Y T’%enln

provi des ceII§ndtt§§ué@cgmeotgamsn@ubhedeherai&d fron1a pIurlpotent stem

cell having a desired genone. The cells nmaybe epidermc cells, pancreatic

parenchymal cells, pancreatic duct cells, hepatic cells, bl ood cel |'s,
cardi ac nuscle cel | s, IR @ePEeserped pndoaddnealt, stha seddh| tigsue skalwgal

nyobl asti®, nevEOHse préagﬁulﬁ{véﬂﬂﬁrh@s' Gbed ¥IdrStrRhOpRAhtSELbR. MRY D
nmuscl e ceIIs fgt cei bone cells, and chondrocytes. Preferably,
erably, 'the desired genome is substantially the same
,,,,,, as that of a transplanted host. When the cell, tissue or
organ of the present invention is used for transplantation,
adesiredeffectcanbeachievedbecauseofthedesiredgenome.
15 In addition, there is advantageously a reduced level of or

no immune rejection reaction.

(Medicament, and therapy, prophylaxis, and the like
»using the same)

20 In another aspect, the present invention provides

a medicament comprising a cell, tissue or organ
differentiated from a pluripotent stem cell having a desired
genome. The medicament can be used for patients having a

A? disease, disorder or condition in need of such a cell

' 25 (preferably, a differentiated cell), tissue or organ. Such

a disease, disorder or condition includes defects/injuries

AT
i
H

in cells, tissues or organs.

In another aspect, the present invention provides

30 a medicament for treatment or prophylaxis of a disease or

disorder due to a defect in a cell, tissue or organ of a
subject, comprising a pluripotent stem cell having

substantially the same genome as that of the subject. In




the cells may be nyocytes, chondrocytes, epithelial cells, or neurons.
Techniques for differentiation are well known 30 in the art and are well
described in the exanpl es described herein and the docunents nentloned
herein. In another preferred enbodi nent, the tissue nmaybe - %anuary
2006 without limtation, nuscle, cartiragé3-eplthellun1cwzﬁﬂ9PU Op a
preferred enbodi nent, the organ is selected fromthe group conS|sting of
brain, spinal cord, heart, liver, kidney, stomach, intestine, and

pancreas. Tec hﬂhmletfaé‘epr thedpifetgotint @:gbnofceullSﬂgéle% YL S s2ERe Vel |
known in the éland re well described in the exanpl es described herein

and the docuneht ﬁBG He aprineteny stemrerl bisodifEgrenthated| | |
ti ssue or orgas db@mfedt, heepeRdEig drntaBt { fandSlatsesh ok iroaehitant & i on.

Mor e preferabuy Eéred enong IS subst ntlaII% t he sa as that of a
transpl ant ed host MY PpsREnQted oy JAnobReT He? Frebdene Fgenti on
is used for tr@a;tp:leahﬂaffenentmaﬂﬁenrm thlef €£anSpTabBe @l toy cdnbegantse of

t he desired ggql%vaqu%hndfpgé]g% {IiaE her ﬁ:;ﬁ* 32%@&561 eqysl ry}éj%?peducbed | evel

of or no imune rejection reaction.

pr ophyl axi s, éﬁ@VuW@SHYker asmngtaheosaﬁg)aﬂmlamstheedaspect t he present

I nvention provides a nedicanment conprising a cell, tissue or organ

differentiated froma pluripotent stemcell having a desired genone. The
medi canent can be use8h¢ @boyaridestcsibed nrficantindonsy fuditbenrteomprise

condi tiao in meedrefesushaathé! hiRd £Qr&é§éﬁ£’$<¥d gefiiferentiated cell),

ti ssue or organ. Such a disease, disorder or condition includes
defects/injuries in cells, tissues or organs.
R In another aspect, the present invention provides

amethod for treatment or prophylaxis of a disease or disorder
due to a defect in a cell, tissue or organ of a subject,
15 comprising the steps of: preparing a pluripotent stem cell
having substantially the same genome as that of the subject;
differentiating the pluripotent stem cell into the cell,
tissue or organ; and administering the cell, tissue or organ
into the subject. The disease or disorder may be any one
20 that requires a fresh differentiated cell, tissue or organ.
Specific examples of the disease or disorder will be described
below. Substantially the same genome refers to a genome
having a level of homology which does not impair identity
(i.e., does not elicit an immune response). Note that when
25 a step of avoiding a rejection reaction is used, the genome

may not be necessarily 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 into the subject. Toadminister the pluripotent stem




I n anot her aspect, the'present I nvention provides 30 a nedicanent for
treatnent or prophylaxis of a disease or disorder due to a defect in a

cell, tissue or organ of a subject, conprising a pluripotent stem cell

having substantially the sanme genone as that of the subject. In - 73 25
Csel f oaepyed 298 he

January 2006 this case, the pluripotent- stemcell itself
nmedi canent and the pluripotent stemcell is differentiated as desired,
depending on the transplanted environnment. As a result, therapy may be

pronoted. |n ogdler, t or At Bytfed Nere1dESiKiRAdi fifer @Rkl aTaErQn atel NGsed.

transplanted site, an agent involved in differentiation (e.g., SCF) or the
like may be PRrEHBIEIRAGON| Rethedeomalyy RRinharsisr cekalinepabevteraicri bed

medi cament mayadmideiraaGHEH | Se(e 1P, 2 CaihtBivaGud he | hh%raﬁugeni%i:bed
herein. In anot er aspect, the resent invention provides a nethod fo

treatnent or Qusyrintradermal nEofucosdarintkaregtal qeaginral n a
cell, tissue (ﬁ’omrcgﬂn b ausuaf:e@&teaS sAFRI | Bb NGhkhesisigps e, )RrepAari ng a

pl uri potent s ceI J . .havj stgntia e sane enorre s.that of the
subj ect; differ er?trlz?t #‘ﬁ’g ?g'af‘léﬁfl%?t?ﬁ%é'}aly t%r‘?‘Fl’é%?:%llP anyi ssue
or organ; and f@dmnu:naiu@nu ﬁgrmhe SiedH a fd;smuﬂaabiomrfgmm :Lnethdtabelsqxbi@ct

The di sease o, %@? Y4 e th.at uires.a fre
differentiat e§ b nsgﬁelgfegpyor?g %PStaJTne xgﬁ'ﬁrgéclgfls’ %ng Elé%se or
di sorder w || 13&5edescr| bed bel ow. Substant ially the sanme genone refers to

a genomgg having a | evel of honol ogy which does not inpair identity (i.e
, does not elicit an immune response). Note that when 25 a step of avoiding
a.rejection reaction In apefkher psnpstondhennyeaent binverbisarnfovidas same

@s rthat of thanethcCtor kReaRREARLIASASSAY 1406 BEGSEN A Y B ULRILYI des
due to a defect in a cell, tissue or organ 6f a subject,
comprising the steps of: administering a medicament

15 comprising a cell, tissue or organ differentiated from a
pluripotent 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
oral, parenteral administration (e.g., intravenous,

20 intramuscular, subcutaneous, intradermal, to mucosa,
intrarectal, vaginal, topical to an affected site, to the
skin, etc.). A prescription for such administration may be
provided in any formulation form. Such a formulation form

Q: includes 1liquid formulations, injections, sustained

25 - preparations, and the 1like. Alternatively, when the

medicament is an organ itself, administration 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




a nethod for treatment or prophylaxis of a disease or disorder 30 due to a
defect in a cell, tissue or organ of a subject, conprising the steps of:
adm nistering a pluripotent stem cell having substantially the same genone
as that of the subject into the subject. To adm nister the pl urifotent
stem- 74 25 January 2006 cell, techniques well known i % ¥fuam<08Fe used.

Adm ni stration nethods nay be herein oral, parenteral admnistration
(e.g., intravenous, intranuscular, subcutaneous, intradermal, to

mucosa, i ntr ar enbelingagivitlantd AR €8é ddhePHeRbhEGCEhSE b thO suldG e N,
etc.). A prescription for such adm nistration may be provided in any
formulation form Such a formulation formincludes liquid fornulations,

i njections, sustained mepwtderoaspeand the pléként lihvdh Bt e RFPECL,
thod for treatnent or prophylaxis of a

t he present in]\éfntg_og%%régvitdes

di sease or di sorder? 1O - ectCIPHE AT 2 desdFedhIedogen T6F a

subj ect, 5conppiedugingerstiepingfd madiitansh €dongrd sTRg €repiuriboten®pr i Si ng

a cell, tissue n di.fferentiated froma. pluripotent stemcell having
Thom S CHECER Qe St BrOlhE ol e art 6r b -t he

substantially t

medi canent, tkkdtrechreslogt formolmt iongd heramelarkmaweetiin ahd arty. behbeeei n
oral , parentergl; plUd RLSEEQUNLE- | e 20 intranuscyl ar

" subcut aneous, i_nltraderma , :agc_tnﬁcgs%om%% Etg‘\réelg%a]af?a"\‘/%%é Al ?098533%:%0 an
af fected siteWitd tthe nggudatdon pf Aher esthoptityn for such administration
may be jwovided in any formulation form Such a formulation form includes

liquid formul ati ons, i.njections, sustained 25 preparations, and the I|ike.
Al ternatively, when t k& another aspect, the present invention use of a

1 pluripotent stem cell having a desired genome for producing
a medicament comprising a «cell, tissue or organ
differentiated 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
pPresent invention. ‘
20 |
In one embodiment, the above-described
differentiated cells, tissues, or organs may be of the
circulatory system (blood cells, etc.). Examples of the

( o diseases or disorders include, but are not limited to, anemia

25 (e.g., aplastic anemia (particularly, severe aplastic
-anemia), renal anemia, cancerous anemia, secondary anemia,
;:efractory anemia‘, etc.), cancer or tumors (e.g., leukemia):;
and after chemotherapy therefor, hematopoietic failure,
thrombocytopenia, acute myelocytic leukemia (particularly,

30 ‘a first remission (h‘igh-—risk*gr‘oup) ., @ second remission and

' thereafter), acute lymphocytic leukemia (particularly, a
first remission, a second :_cemission ‘and' thereafter), chronic

myelocytic leukemia (particularly, chronic period,




medi canent is an organ itself, adm nistration is achieved by

transpl antation. In another aspect, the present invention provides 30 use
of a pluripotent stemcell for treatnent or prophylaxis of a disease or

di sorder due to a defect in a cell, tissue or organ of a subject. The

medi canent conprises a cell, tissue or-cfgan differenti aA%efHRrYHIQ0
pluripotent stemcell - 75 25 January 2006 having substantially the sane
genonme as that of the subject. In another aspect, the present invention use

of a pluripoterinsheg&elidn GRMGEY, NHadigRehE SRR (bR t2cRhadEG! Ng
produci ng a nedicament conprising the pluripotent ™ stemcell. Techni ques
for produci ng ¥ fdTstaFemherton d bgah- sk SEPED) o @/ SeEPRE I CaMiGsdiemaeRdyel |

known in the athierddmier) sithltgshd nybhemar a@:%ﬂ.cﬁfl.@ﬂ"l?g atzrt(;&é f béﬁﬂ@ta':] in
n anot ner

accordance wth the requlation of.  the authority. 10

aspect, the praegteerﬁ ﬁl'fﬁ/g?ﬂﬁedﬂ ud@Ghithe tkﬁ‘r'i potent stemcell having a
desired d¢genone for producing a nedicanent conprising a cell, tissue or
organ differentiated fromth luripotent stemcell. D seases or,

di sorders, which may B& t rE B by Fﬁ'&%f“&&%m i%nt%ﬂ‘,’e' §SpEibed
associ at ed w tdiffefreatdatedosd 1155, t1sssees oaromraganaibé odrttd hateocus r om
the stem cel | tﬁihf | v lan.. | n hodinent., th
above-descri bes%fs | T f e?ge(%'tﬁﬁg%segr}c%ﬁ’%,%gtsieggﬁgsofar §£f88]r:%%ﬁ§ 1rrrltcfylu(t;aee ’ol?mf he
circul atory sypdeehrtblénitedte, damentifxmeplebradf stheke and sequela

10 thereof, cerebral tumor, spinal injury, and the 1like.

() In another embodiment, the above-described
differentiated cells, tissues, or organs may be of the immune
system. Examples of such diseases or disorders include, but

‘15 are not limited to, T-cell deficiency syndrome, leukemia,

and the like.

In another embodiment, the above-described

differentiated cells, 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,
osteoporosis, luxation of joints, subluxation, sprain,

ligament injury, osteoarthritis, osteosarcoma, Ewing's

£:§ ' sarcoma, osteogenesis imperfecta, osteochondrodysplasia,

25 and the like.

In another  embodiment, the above-described
differentiated.cells, tissues, or organs may be of the skin
system. Examples of such diseases or disorders include, but

30 are not limited to, atrichia, melanoma, cutis matignant
| lympoma, hemangiosarcoma, - histiocytosis, - hydroa,

pustulosis, dermatitis, eczema, and the like.




di seases or disorders include, but are not limted to, anema (e.g.,

apl astic anem a (particularly, severe aplastic .anem a), renal anem a
cancerous anem a, secondary anem a, refractory anem a, etc.), cancer
tunors (e. g. , leukema) and after chenotherapy theref herrat 8I etlc
failure, thronbocytopenia, acute nyel otyt% c | eukem a (p 9 30 a
first remssion (high-risk group), a second rem ssion and thereafter)

acute lLynphocytic | eukem a (particularly, a first rem ssion, a second
remi ssion and ther eaf thr) ancbheni C enibpalitexii,C | enkenadovRabkkeniBehy,
chronic period ratlon perlod) mal i gnant

lyi £ er tlaJa& %/ 02? transm
| ynphora (partlcu AriRttated icetlse %§?‘6‘?\S(h §hOm98RSyMAYp)be 0% e EBRA
rem ssi on and eltdmneraf& ay)s temul tExhnpnyelmmsL(qmrd:Jsfddswd wr amseﬁdéysperi od

after the ons d t li.ke. Ln r.enb t he .above- descri bed
differentiate eJllde tP%sutesé net %?ga%?ﬁnﬁybeg n%ﬁglﬁg'}l%ﬁ ¥PORDYF LM
Exanpl es of s sHisafisasas dbyopidi gbanérdisendane adunessoaye thytrolifinglandt o,

derentiia, cer oiflachly: i 380U8l 20h0 DS 8L BORERLFY o L HIDLACED! "2

injury, and the I'n anot her esCri
di ff erenti at efacehagomeitabgedd smor oﬁﬂgmlmmhym of tHeidmuneetalyeslitsm

Exanpl es of Sﬁ%ﬁo&h&%@.&%% Bf.‘ogé§ﬂrn?@ﬂ'asod r%#%?qo%lal&%frﬁua El!:'éne'b igd to,

T-cell deficienc eukem a, anot odi nent ,

ndr one
the above- desBfit %‘Pﬁyuéf“ffé’;bé'ﬁﬁ“étlé&Yeel Habogns s pagroryr @ff gdmataksldam of t he

mot or 2Qoor ganpaedyttRetskakehal §H§£8€bs§ﬂiﬁ£}3| eRoRbePsEin Gt ££aSGRap
di sorders include but are not limted to, fracture, o0osteoporosis,

| uxation of j SYRPR UEing L?)i'zfﬁ'aﬁﬁ) spRatRumipemide ntach of 9scoEPie Akt i ti s,

DSt eosar comm, sgsthgtscability, hyperbilirubinemia, hyperbilirubinuria,
kallikrein deficiency, mast cell deficiency, diabetes
insipidus, vasopressin secretion abnormality, dwarfism,

15 Wolman's disease (acid lipase deficiency)),

mucopolysaccharidosis VI, and the like.

In another embodiment, the above-described

, differentiated cells, 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.qg.,
pneumonia, lung cancer, etc.), bronchial diseases, and the

like.

I - 25 In another embodiment, the above-described
differentiated cells, tissues, or organs may be of the
digestive system. Examples of such diseases or disorders
include, but are not limited to, esophagial diseases (e.g.,
esophagial cancer, etc.), stomach/duodenum diseases (e.g.,

30 stomach cancer, duodenum cancer, etc.), small intestine
diseases/largeintestinediseases (e.g., polypsof thecolon,
colon cancer, rectal cancer, etc.), bile duct diseases, liver

diseases (e.g.; liver cirrhosis, hepatitis (A, B, C, D, E,




sarconmm, osteogenesis inperfecta, osteochondrodysplasia, 25 and the |ike.
I n anot her enbodi nent, the above-described differentiated cells, tissues,
or organs may be of the skin .system Exanples of such di seases or

di sorders include, but 30 are not |imted to, atrichia, nelanoma, cutis
mat i gnant | ynpoma, henangi osarconm, hi-sti®cytosis, hydro%'l5 ”Hﬁ%’t%.?p@m s,
dermatitis, eczemn, and the like. - 77 25 January 2006 In anot her

enbodi ment, the above-described differentiated cells, tissues, or organs

may be of the e@@dpcmmﬁlﬁxﬁﬁ%almﬁe' %5&%1 %%%f@féegrgrﬁap%iﬂrggrs

I nclude, but are not limted hypot hal anus/ hypophysi’s ses
t hyroi d gl and %%%esalﬁebéééﬁryhﬂ@}?r oltserdems . ( gauat hindiend dideeses,

adrenal cort exdi@sktid s de&easespanciagéﬂw auetabaki @4@@@9@%&5&&&& p' d

nmet abol i sm ab orn&lltz Eﬁotel met abol i sm abnormal ity, "nucleic acid
met abol i sm ab anebeR il e1F or PBRCREREDLSANGRATL0 FYHEHS | RBRGFERS a,

gal act osesn a, m:gmsseest i nugta., ) napberlﬁaﬁémnmw&nﬂméﬁasaﬂlﬁa@apuﬂa@ﬁm a,

| ack of ascor c aC|d heti ¢  abi X
hyper bi | i r ubi éi%ﬁﬂ%ﬁub?ﬁ&rﬂa HigsrhsRFEPH defliepafty, ahdstheel |

deficiency,.duabmies i nsi pi dus, vasopressin secretion abnormality,
dwarfism 15 Wl nman's di sease (acid |ipase deficiency)),

mucopol ysaccharidosis VI, and the like. In another enbodi nent, the
above-descri bed diffé&nentardtdeece| ésbodimsentes, dheor ganm/@a;{eim:xﬁed he 20
P oer . SugeeEie i aIRLA%Ah £ Ul AlArSE -Gl il E0E el IGy 1!

are not limted to nonary §eases | ung

“etc.), br onchF&FtGWsea@é@“Phﬁloﬂwch flkgeases or disorders :anlude but

L 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 systemic diseases, kidney cancer,
‘etc.), bladder diseases (e.g., cystitis, bladder cancer,

etc.), and the 1like.

In another embodiment, the above-described

20 differentiatedcells, tissues, or organs may be of the genital

system. Examples of such diseases or disorders include, but

are not limited to, male genital organ diseases (e.g., male

sterility, prostatomegaly, prostate cancer, testicular

é : cancer, etc.), female genital organ diseases (e.g., female
25 sterility, ovary function disorders, hysteromyoma,
adenomyosis uteri, uterine cancer, endometriosis, ovarian

cancer, villosity diseases, etc.), and the like.

In another embodiment, the above-described

30 differentiated cells, tissues, or organs may be of the
circulatory system. Examples of such diseases or disorders
include, but are not limited to, heart failure, angina

bpectoris, myocardial infarct, arrhyi:hmia, valvulitis,




25 I'n anot her enbodi nent, the above-described differentiated cells,

ti ssues, or organs may be of the digestive system Exanples of such

di seases or disorders include, but are not limted to, esophagial di seases
(e.g., esophagial cancer, etc.), stomach/ duodenum di sease ... 30
stomach cancer, duodenum cancer, etc.),-stal4 intestine %%ngaégéﬁpgrge

I ntestine diseases (e.g., polyps of the colon, colon cancer, rectal cancer,

etc. ),bile duct diseases, liver diseases (e.g., Iiver cirrhosis,

hepatitis (A caBiide Qus%le/p@:.o%@d&%ﬂpaaisggggs et Ct.': ig ry['{gclnamgart

hepatitis, chronic hepatitis, primary liver cancer, | 1ver
di sorders, dr UE-FeRRRBHC Iveptrdnd sepdad defect),, a¥kﬁﬁ#%hﬂaeaapgéa§§¥ (acut e

pancreat|t|s tERFOIb gy PHICT aaliilldtS, RARLNEAS 63Re9F . ad%ehisesPaner §as
di seases, etc. rltoneuniabdonlnal mall/dlaphragn1 di seases (herni a,
etc.), Hirschs WH OIS . an@PENEYSM ke, Yimnotdidieasfsodi k&nf; -t he

above- desgr i bathleieulivisher vt 3f edmgdduct 885888es Ale f JANgmPAEdEAaOf the

urinary systen1 anm h di seases or disorders include, but are
not |imted tot4?ﬁdn§§%§t§€é§&% €e.g., renal failure, prinary glonerul us
di seases, renovascul ar disorders, tubular function abnormality,

interstitial ki dney dj S 15 kidn sorders due,to_ s em c di seases,
ki dney cancer, .etc.y?%§I§§8e§%SPsgggés % gée pE?i??F %nvéPﬁaa%r fcer,
etc.), and t h@bovieedesgrihetihdisenbedi menld bhetmbatveddebtiebadoi@ing

di f1ereng at edoildntaohbisUdne YeAlA e ™he Q1 NG OIN Lpho Rt B8

Exanpl es of such di seases or |sor ers incl are no
mal e genital &P§HFadlycaseyrrang. steml seldserdn ididf fquremtiabimyatells

prostate cancepart@ehi&¥hg! caused by foreignmatter or heterogenous cells,
(e.g., infection, graft-versus-host diseases, etc.)). This

effect isefficientlyachievedonlyafter amethod is provided

15 which can maintain the pluripotency and self-replication

of astemcell. The effect cannot be conventionally achieved

or is difficlut.

In another embodiment, the pluripotent stem cell of

20 the present invention may be genetically modified, or
alternatively, may be used in combination with gene therapy

when a cell, tissue or organ derived from the pluripotent

stem cell of the present invention is used. Gene therapy
is well known in the art as described in, for example, review .

25 articles in Curr. Gene Ther., 2002 May, 2(2). Examples of
such gene therapy include, but are not limited to, those'

using adeno-associated virus, Sendai virus, Epstein-Barr
virus (EBV), herpes simplexv virus (HSV), Alpha virus,
Lentivirus, and the like.
30
In anothei‘ embodiment, the treatment method of the
- present invention may further comprise administering other

medicament(s). Suchamedicamentmaybe anymedicament known




cancer, etc.), female genital organ diseases (e.g., female 25 sterility,
ovary function disorders, hysteronyoma, adenomyosis uteri, uterine cancer,
endonetriosis, ovarian. cancer, villosity diseases, etc.), and the |ike.

I n anot her enbodi nent, the above- described 30 differentiated cells
tissues, or organs may be of the circul at®yy- system Exar E&ugh 00 2906n

di seases or disorders include, but are not limted to, heart failure,
angi na pectoris, nyocardial infarct, arrhythnia valvulitis, - 79 25

January 2006 C§ﬁd&ﬁg QE%C|GF/§ qggggrfﬁf canal JﬁgﬁﬂtﬁéyPg rapggy of

di seases (e.g.,atrial septa ency,
Fallot, etc. ) ma@%@alyerdt Seawes-n('@@flelérqf@hmlﬂcar ()SLS, . an@uby-grmcsvel n

di seases (e.g.et@, phl %%UEX“\% EB% %ethx QPdH?é ?j:lle]%%q#ﬁze (ention may

| ynphedena, etc.), and t e stem e present
i nvention, the°°%®6V#3d@§tPFb@§rél§§b§§smeéa¢@ka¢$reé@@@PWWﬁI@faﬁﬁpblng 10

convent i ogal Shetei St 5 1Qi‘c1td<ﬁan~<ﬁ@io@3 YRibRAr 30y ebr example, the
nat ural |l y-occ s or differentiation celis (par |cularly

ring stem cel
caused by for:i %%atIP@PnSFehEP%F’BQEHB%aceW% 1at(e§thS Pheepareneia,
graft-versus- hasd 1diteedspbarfiopeiad N ot@blresbuntredd | Alichy aghkeved
only after a t hod .i.s i ded_15 whi ch_can maintajn t he pl uri pot ency and
self-replicati mgfllgag' ﬁ]"&aéf have,anceffeqt ngﬁcﬂlﬁ?eastﬁ)ﬁfeﬁ{:?gﬁ'ﬁﬁ
achi eved or icf difffeardsdt,. dm neyothere edvb oslf fati , ot hetipdtir dpoteseés sbem cel |
of 20 e prgsent |n%%nt|on may be genetically nDdlfled or alternatively,

may be used i N conmbl nati-on with gene therapy when a ceII ti ssue or organ
derived fromthe pluripotent stemcell of the present |nvention i s used.
Gene therapy In another embodiment, the present invention may

comprise two or more types of somatic cells. When two or
more types of cells are used, the cells may have similar
15 properties or may be derived from similar cells, or may have

different properties or may be derived from different cells.

The amount of cells used in the treatment method of
the present invention can be easily determined by those
20 skilled in the art with reference to the purpose of use,
a target disease (type, severity, and the 1like), the patient’'s
age, weight, sex, and case history, the form or type of the
cell, and the like.

25 - The frequency of the treatment method of the present
invention applied to a subject (or a patient) can also be
easily determined by those skilled in the art with reference
to the purpose of use, ‘a target disease (type, severity,
and the 1like), thepatient’'sage, weight, sex, andcasehistory,

30 the form or type of the cell, and the like. Examples of the
frequency include once per day to several months (e.g., once
per week to once per month). Preferably, administration is

performed once per week to month with reference to the




Is well known in the art as described in, for exanple, review 25 articles
in Curr. Gene Ther., 2002 May, 2(2). Exanples of such gene therapy
i nclude, but are not limted to, those using adeno-associated virus,

Sendai virus, Epstein-Barr virus (EBV), herpes sinplex vi rus (HSV),. Al pha
virus, Lentivirus, and the like. 30 |In abther enbodi ment? JaNa7¥5t nent

nmet hod of the present invention nmay further conprise adm nistering other
medi canment (s). Such a nedi canent nmaybe any nedi cament known - 80 25

January 2006 ipréfeedsionFor exanple, such a nedicanment nay be any
medi canment known 1n the field of pharmacy (e. g. , antibiotics, etc.). The
treatment nmethod of the present invention may conprise two or nore other

medi caments. Exanpl es gfy § H&ﬁnécé@@ic?ﬂ?{'&écéﬁ%ﬁﬂé cﬁih.e&@r@lﬁwn! Pednkn, for
exanple, the | atest Japanese Phar macopei a | at est har macopei a,
the |atest phdtadG¥ePgsased d't“hEPed'tﬁﬂ?tcrar"Eesnt é’ﬁdtlﬁﬁé’qqﬁ%‘t inyenkdancanment

may have.®n effect on a disease or treatnent of interest, or may have an

ef fect on other di seaggaii osl B LoALIRALY. kB-AI9LDE, cghediEntortfe

present invention may CcO &t Wo I'C Cé
two or nore tBhRsEnasewid|dad ageepiahile agenteﬂﬂcsluﬂaa/ bray areingt é:—mlsed

properties or ggy B%té%&h&ﬁﬂtfsro%féégf@étf@éés c%rlo )‘;tgaveflg?é

properties or may be derived fromdifferent cel | The amdount s used
i n the treat Mg HoHLl@gntg hemplaiEhers nﬁ%@%ﬁl@ar@&%‘t@asw%v%'ﬁ%r n ned

by thosao20 sleiliiegdd nbhmﬁyaééeﬂ\té h i N C @G viehe PEhPESEs Ofal‘ﬂé}%r a
S

target di sease everi t and the_li ke) t he patient ag
wei ght, sex, H%%%ﬁ? SRR IRR sy nFSPrFﬁﬁEaBFV?%é amedicament ot
e - the present invention is administered in the form of a
composition comprising an isolated pluripotent stem cell,
or a variant or derivative thereof, with at least one
15 physiologically acceptable carrier, exipient or diluent.
For example, an appropriate vehicle may be injection solution,
-physiological solution, or artificial cerebrospinal f£luid,
which can be supplemented with other substances which are
commonly used for compositions for parenteral delivery.
20
Examples of appropriate carriers include neutral
buffered saline or saline mixed with serum albumin.
A Preferably, the product is formulated as a lyophilizate using
( o appropriate excipients (e.g., sucrose). Other standard
25 carriers, diluents, and excipients may be included aé desired.
Other exemplary compositions comprise Tris buffer of about
PH 7.0 to 8.5, or acetate buffer of about pH 4.0 to 5.5,
which may further include sorbitol or a suitable substitute
therefor.
30
The medicament of the present invention may be
administered orally or parenterally. Alternatively, the

medicament of the present invention may be administered




cell, and the like. 25 The frequency of the treatnment nethod of the present

I nvention applied to a subject (or a patient) can also be easily
determ ned by those skilled in the art with reference to the purpose of

use, a target disease (type, severity, and the like) , ;ﬂggfatle s age,
wei ght, sex, and case history, 30 the for88 or type of th ¥5t he
| i ke. Exanples of the frequency include once per day to several nonths
(e.g., once per week to once per nonth). Preferably, admnistration is

per f or ned Oncﬁmﬁfaw%ué_?ymh éﬁﬂéhﬂaﬁfé&fsﬂﬁﬁ to yWhen §}steﬁ&ea§§§l On

25 January 2006 I%;Egharnaceutlcall accgﬁiable carrier known in
maybe used in 3R eEREntPe medieapens r?ﬁ%éﬁﬁhﬂpre§ﬁﬂtERXﬁﬁFé@nof a

suitabl e formuatibe HAt @hedlfodin df PapPREgUhl eake ACpRALAALEUBIEAL 1Y
i ncl ude, but are n tiQxi dants, preservatives, colorants,
flavoring ageftsr qﬁqftﬁen?gue%ﬁl §Pﬁf“§?‘§n sus'ﬁlé?\dpﬁﬁpﬁﬁéﬁ?gn af vBHER, 10
fillers, Bul k)ptm;macauﬁmﬁa‘lmysacdebtablg N@hp@d;fsloﬁlﬁ/vﬁrth abar regeudi cal
adjuvants Re nt of the pre an ntion is

RSP Yrtivin oF BEENS0 Fibasi oo SF oBng iy ERFORLETEYS

adm nistered in
pl uri potent stsdmbidliity amd Zheadiket &5 wdéithiat the tkel2obf whéehant.| east

one is physiologically acceptable carrier, exipient or diluent. For
exanpl e, an appropriate vehicle may be injection solution, physiological
solution, or artifici@hecaedicompsnialof | tirel, pregenh davebdionpplagmdme ed

with ot her suP%ga%a %Ecgtafﬁgecmﬂifn&sgdsﬁ ércm'éar%@ iQon
par ent er al |very 20 Exanpl eS of " appropfriate Tarriers inc de neut ral

having the desired degree of purity with optional

e physiologically acceptable carriers, excipients, or

stabilizers (Japanese Pharmacopeia ver. 14, or a supplement

thereto or the latest version; Remington’s Pharmaceutical

15 Sciences, 18th Edition, A. R. Gennaro, ed., Mack Publishing

Company, 1990: and the like), in the form of lyophilized

cake or aqueous solutions.

Acceptable carriers, excipients or stabilizers used

20 herein preferably are nontoxic to recipients and are
preferably inert at the dosages and concentrations employed,

and preferably include phosphate, citrate, or other organic
acids; antioxidants, such as ascorbic acid:; lowr molecular
weight polypeptides; proteins (e.g., serumalbumin, gelatin,

25 or immunoglobulins); hydrophilic polymers (e.q.,
polyvinylpyrrolidone):; amino acids (e.g.., glycine,

'/4“"‘\.\

glutamine, asparagine, arginine or lysine); monosaccharides,
disaccharides, and other carbohydrates (glucose, mannose,
or dextrins); chelating agents (e.g., EDTA); sugar alcohols
30 (e.g., mannitolorsorbitol); salt-formingcounterions (e.g.,
sodium) ; and/ornonionic surfactants (e.g., Tween, pluronics

or polyethylene glycol (PEG)).




“buffered saline or saline mxed with serumal bunmin. Preferably, the
product is fornmulated as a | yophilizate using appropriate excipients

(e.g., sucrose). O her standard 25 carriers, diluents, and excipients may
be included as desired. Qher exenplary conpositions conprise Trj % buf fer
of about pH 7.0 to 8.5, or acetate buff@3 of about pH 4.4 {@UgYE00Byhi ch
may further include sorbitol or a suitable substitute therefor. 30 The
medi canent of the present invention may be adm nistered orally or
parenteral ly. AlternatiyVglyreddlSed Bih L3861 LN may
be adm nistered - 82 _ZSQ%rfuaryeZOOG ?%ﬁéa%/%%gugﬁg%% subcﬁ?gﬁggﬂglﬁy When
systenical |y R¥®®Cosiaged cehk (rﬂecﬂ-oaﬁeﬁpmﬁéicm{lh haveng aséasiredenti on

may be in the dehidiedf(ed gy 9888thh8Ea] PPFNBCRIUd Grlohe AGCERhRDLE Agueous
solution. The preparation of such 5 pharmaceutically acceptable _

conposi ti ons, MGy IH@L £gzegtedoby Hr kAR L dio 6f TERFPETramMiBgeRINt or gans,
pH, isot dnicitan aquikali plbyiperbrithe tek8ellShavikd RtHh@eskirkl §éndihe art.
The nedi cament__of .t he_present invention nmay be 10 prepared for storage by
m xi ng a sugar@h&en b r?ﬁé‘?lgt'i on having the desired degree of purity with
optional = physiologically acceptable carriers, excipients, or stabilizers
(Japanese Phar macopei g, ver.. 14 .or._a_suppl nt theretq.,or the | atest
version; Rem ngton's an%%eel‘f fiéLg efgngglaggge?mi ‘ﬁcﬁgﬂt %gﬁfoﬁ.c?ﬁ
CGennaro, ed., andctherdibisiiohi erjll-Conpiarad c&390;tizshd heott pkgan abtdired or m of

| yophi lijged  gokepl AQURBHS 0! HHLONS.o AGGEPL AOLEGBR | £1S  oSEG! -AENtS o
A, t ’
stabilizers usgd 1-% ﬁerel n preferablrb?/:eare non?‘om C ?o ect pFen?s and are
_ transplantation, the rejection reaction of the recipient
- : is reduced as convetional ES cell only-derivedcells, tissues

or organs since a part or the whole of an ES cell-derived

-~

transplantation antigen is deleted. Therefore, the present

15 invention can infinitely supply materials for
transplantation for anumber of diseases includingmyocardiac

infarct, Parkinson’s diseasé, diabetes, and leukemia. 1In

addition, since the infinite proliferative ability and
pluripotency of the ES cell are maintained, the cell, tissue

20 or organ of i:he present invention can be used for examination

and production of pharmaceutical products, cosmetic products,

and the like, and are useful for functional analyéis of genes

B whose sequences are revealed by the Genome Project or the
L like. In addition, the pluripotent stem cell of the present
25 invention can be used for screening for cell growth factors,
growth factors, and the 1like required for inducing

differentiation of specific cells, tissues or organs.

Further, the present dinvention provides an

30 - experimental system which can manipulate and study a
molecular mechanism associated with reprogramming. In such
an experimental system, the ability of an ES cell to reprogram

at least a portion of the nucleus of a somatic cell, which




preferably inert at the dosages and concentrations enpl oyed, and

preferably include phosphate, citrate, or other organic acids;
anti oxi dants, such as ascorbic acid; |ow nolecular weight pol ypept i des;

proteins (e.g., serumalbumn, gelatin, 25 or inmunogl obuI | ns dr oph| lic
polymers (e.g., polyvinylpyrrolidone);-a® no acids (e. g » {:ﬂ‘{? r‘%)

gl utam ne, asparagi ne, arginine or |ysine); nonosacchari des,

di sacchari des, and ot her carbohydrates (glucose, nmannose, or dextrins);
chel ating agenﬁas(&cglev&DTeﬁily Salgedr ad Cﬂhﬁ.cﬁl He10e oF WY t@l110kith

sorbitol);salt_-for g, Il ons(e. sodi um ; and/or, noni oni ¢ surf
actants(e. g., TW8&R2 ?Ilﬁ 6%1%7: E?PeB(H fAderks YEiLiredprgitra. gafter
January 2006 : athypoefeewad ﬂiﬂxﬂjw:nﬂjlﬂ)hncmt ddueL ,ptfl%@pécﬁﬂie ﬁlblthﬁhlatb}én
exposing a ce mat i.c. ¢ avi ng re

oy Rakfeth of MR §84s lo SpnatiR CEPIE s dRISPOsLERY:

substantially

t herapy) ®o a Tepkemklanni fhisgemtlebian ganei r epeeific pmteﬂMst:ttﬁmmei‘s
having the desjtfe: encthe, pndiffere tlate

somatic cell fuagsl on cei | urﬁga (E&%)Péﬁ)%eégg#\gﬁefr?ﬁ d'J(| 10?1 S Q
organ obt ai nedEGNsy threderee hepmeit wifegpresmitls rweambd\ayaﬁtwuﬁdalor

transpl ant at i %tdx@e daRieACt,i 9 4 3@3%1'3(('199%)1“%&8%&9' RNl ol §17 €dHERY as

convetional ES cell only-derive I's, "fissues organs sinte a part or

the whol e of I§§“c7él(ll—9§ér) lved Int faedp| dheatgametin | gohl i seteybakion

Ther ef orim, t h‘ibaﬂrt%&ﬁnbfléeir@:\!@ﬂtirﬁﬁt%d felnfst mcawa&u; FRESE) aord Or
transpl antatiqn for of di seases including nyocardiac infarct,

r
Par ki nson' s dﬁ§§§§EuP&F§béPe§heaFiEf thymReryhe f‘HSl%dﬁ’ﬂ-%n and yaene Hef
infinite prol bfleaeakkvewabe! i hytiylatéed urimdLney, obtt hglE$ CElMBoare. ,

mai nt ai ned, t?%.%?hb-G%hﬁ?ESQ?)]. According to this f£inding, it is
considered that both ES cells and EG cells retain similar

15 - cellular agents which can reprogram the epigenetic state
of the somatic cell nucleus capable of the development of

germ cells. However, unlike EG cells, imprinting is not
reprogrammed in ES cells. Methylation analysis of Igf2r in

ESxEG fusion cells suggested that EG cells have an additional

20 dominant agent involved in more potent reprogramming of
epigenetics. In fact, it seems that ES cells and EG cells
exhibit characteristics of the respective origins thereof.

Thus, both ES cells and EG cells are useful materials for

(M

reprogramming epigenetics and identifying agents involved

25 in demethylation in early germ cells and gonad PGC.

In the case of production of clones using somatic
cell nuclei, the proportion of clones which survive to become
adults is very low. The loss of embryos before

30 transplantation may be caused in part by lack of
nucleus-cytoplasm interaction [Kato Y.et al., Science
282:2095-2098 (1998); Wakayama T. et al., Nature
394:369-374(1998). Further, many cloned fetuses are lost




20 or organ of the present invention can be used for exam nation and
producti on of pharmaceutical products, cosnetic products, and the |ike,
and are useful for functional analysis of genes whose sequences are
reveal ed by the Genone Project or the Ilike. In addition,_the pluripotent
stemcell of the present 25 invention car8%e- used for screefAnHgYidocel |
gromh factors, growh factors, and the |like required for inducing
differentiation of specific ceIIs ti ssues or organs. Further, the present

i nvention provigesn@hhrafhARe laeﬁlﬁ.ﬁladﬂ%%ﬁ?‘ ybigh t?ff‘tﬂra”bﬂ\él %ﬁsaﬂd

study a nol ecul ar rrechanl sm associated wt eprogramm ng. In suc
experimental sy&¥ &fllure dpringythe devebpmen tsiaf?c,ﬁprl(ﬁgpaﬁﬁlé?r?éa!;f’ a

portion of thedyHLuacriof é@@ﬂﬁecgbbmw,%ﬁmmg%f e S3aany: 098 was
achieved only after a fusion cell of ES c th a somatic cell had

been produced ™St 1 i F8daiRoFt 2 bt E}ﬁ t@br’ai ﬂ%@ﬁ@é"y?iia%yfius%ﬁaw-?h an
EsI f:el |, 8 het %pqmés%digngdpn wa8 owﬁﬁﬁd\l le.fnldliikata_ﬁg 1194 2 Hafs §9§Eé1|th
cells was not .alfere i ca is alleljc gene speci ation
is maintai ne&acﬁjﬁoﬁ&a&e€8¥g ﬁ?‘x‘éf‘?e?ff‘é‘?‘?]rﬂza&l oWaSbEFVﬁBieHEE{;%Fg t he
devel oprment ofprgerondiell sefhytabioy ¥mprihts eirdh .the NomatecGasel. are
9:407-413(199 r t 73 6 993)]1. In_fac t he
somatic cell ﬁ')elhyl al?ﬁ%(;%n lTOEgaﬂ?{%’Find%f%%% %%&%feggbgﬁesa?gnﬁi%di ng
1 gf2r) were iepigeneftcd pnofhéeEth:q'lmw:reaf asmlamebpgacaad ane mét

all el es re e Lol 9 :
Accor di r}\geto t kg&#?’ﬁd?’ﬁ’[ -E%‘EE’L ¥u consi g&elggqtshaaflsb % %qu}i %‘@E]
cells retain $ipdiag qf@feéhbmwahmwpélm@hveémnmw Xrehremegomenet i c

state of t he“ﬁ@ﬁ@k&ﬁe?ﬁ'ﬂhé%&@!ﬁ Gl £a0h £§1ﬁoﬂe¥ﬁhﬁBH§9tsé)iecigé‘d m

cells. However, unlike EG cel nBrlntln I S not
by inactivation :Ln trop ectodermal cells of cloned embryos

[Eggan K. et al., Science, 290.1578 -1581(2000)1.
15 '

The mechanism of somatic cell nuclei involved in
reprogramming of epigenetics, which leads to the ability
of normal embryonic development, has yet to be fully
investigated. Recently, it has been indicated that the

20 mutation of the ATRX gene, which is a member of the SWI2/SNF2
helicase/ATPase family, alters the methylation profile of
a sequence, which is repeated many times in mammals [Gibbons
R.J. et al., Nat. Genet., 24:368—371(2000)]. As a result,
the possibility that demethylation takes place as a result

N
{ %
\

25 -of reconstruction of chromosomes, was suggested. Ithasbeen
reported that the activity of maternal ISWI, which is an

- ATPase-dependent DNA helicase, may function as a chromosome
remodeler during reprogramming of the nuclei of cloned frog
somatic cells [Kikyo N. et al., Science, 289:2360-2362

30 (2000)1. Nuclei, which are extracted from Xenpus XTC-2
epithelial cells and are incubated in Xenopus eggs for a

short time, are reconstructed and lose component TBP which

is a key component in the basic transcription complex.




reprogrammed in ES cells. Methylation analysis of Igf2r in ESXEG fusion
cells suggested that EG cells have an additional 20 dom nant agent invol ved
in nore potent reprogramming of epigenetics. In fact, it seens that ES
cells and EG cells exhibit characteristics of the respect i ve origins
thereof. Thus, both ES cells and EG cell&s are useful rrat%'-:r*‘ad]uéryf%}%

repr ogranmm ng epi genetics and identifying agents involved 25 in
denethylation in early germcells and gonad PGC. In the case of production

of clones usiNBhsABL+E, 168 keﬁysgemagﬁ el Og%%&t ngé &é Ore%g

survive to become _adults is very |ow. ryos
transpl ant at i ofAFR}L tte atkbed f?lr’b%\?%mby qfathQPmOﬁGIW@uﬁlaMﬂtncml 3gnse

i nteraction [ Kagrickete dhhichod R 0 9 et
al ., Nature 394: 369- 3674(h119098) Furtﬁ%r%% %QQ{?? (%%gg}?etgﬁses ggxgq%g% - 85

25 January 2008 ERTHGDreghtficy HhdthemBRiiiEeyentiatedi sematimecedlson

for fail e dunisig:d beld%ﬂlmm&teséhiﬂgﬁmbént?:D&SI demRd ilOce Pe- 881 Lagk of
effective repr; nucl eus. In alnost all ES

é& rlr}'rg % t he sqmatic ceI
hybrid cl ones TS Jpr0ta et oSO Ghast neEpalaEeBERSFIBNLNG niF cat i ng
that this systp@mfdmmorkalcon@aﬁ:&grﬂfmhé@ E¢fcdllitd e ukkdVathd p¥eséee t hat

prinordi al net; I opl nts fromthe somatic cell. are malntajnedln ES
hybrids for H S.We% l?%: gde‘flaensta%%o&l% Ret 8 §ejrfét3r(?éiu5}td‘lonl gEA Mt s in a

certain speci edoaes hut aDsafireqimlilhytmi Ioff ceilds., Thssues atsergampport ed
by t he |nd| t cell i C hy onpbsone
1o hor %nénﬁf%er eo0 &, %t h4EHa orr?cg%%ﬁ?e&act bgg a}lﬁﬁccfﬁ vation

"menori zes" the ori and’is non ran
i'n_trophect odéhﬁa?-n%‘éﬁb%lbtymﬁ)mm OEEEgguﬁrKl genas . J,mr_ﬁmmlmﬂa

290: 1578- 158130Q0hke BS cells, the state of the epigenetics has to be
evaluated before clinically applying human ES cells
[Humpherys D. et al., Science, 293:95-97(2000)]. When
15 chromosomes of a host ES cell can be successfully removed,
ES fusion cells can be a particularly useful therapeutic
means. It is considered that once reprogramming agents are
identified, epigenetics can be manipulated using these
reprogramming agents. Identification of suchan agent makes
20 . it possible to produce clones from adult somatic cells or
tissue specific stem cells without mammalian embryos. Such
a technique is expected to make it possible to produce donor
cells for a number of clinical applications, where cell or
%N} tissue transplantation is required.
25
Hereinafter, the 'present inventionwill be described
by way of examples. Examples described below are provided
only for illust:ative purposes. Accordingly, the scope of
the present invention is not limited except as by the appended

30 claims.




The mechani sm of somatic cell nuclei involved in reprogramm ng of

epi genetics, which leads to the ability of normal enbryonic devel opnent,
has yet to be fully investigated. Recently, it has been indicated that the
20 nutation of the ATRX gene, which is a nmenber of the SW 2/ SNF2

hel i case/ ATPase fam |y, alters the nethyl &% on profile of2° #nsagydiee,

which is repeated many tines in mammals [G bbons R J. et al., Nat. Genet.,
24:368-371(2000)]. As aresult, the possibility that denethylation takes
place as a result 25 of reconstructiong@hmehfarosones, was suggested. It
has been reported that the activity of maternal ISW, which is an

ATPase- dependent DNA helicase, may function as a chronosone renodel er

during reprogrann1ng Ofjexteh ﬁa@@&kmtﬂg ﬁéﬁ@ﬁﬂiﬁﬁéﬂtiéﬂaﬂnn%dw%ééri&&&yo N.
et al., Scienc 289: 2360- 2362 30 % Nucl ei, which are ex % from
Xenpus XTC- 2 RS PA) e¥RTPiesng *‘eEl?fcﬁPd’att daveRt k@ﬂoﬁaﬁs" E]qg“i' e

short tinmg aread qu%t;@m@u_gd and | ose conponent TBP which is a key
conmponent in the basic transcription conplex. - 86 25 January 2006
Therefore, the reprogramm ng activity of ES cells seenms to facilitate the
formation of chronosongExhapied J Paedarsttieet of efwdlich ceddzest | axgsatofc t he

menory of epiggpﬁﬁigs in somatic cells. In the undifferentiated somatic
cell 5 fusion f the present invention, somatic cell-derived inprints

are maintai ned, so thal. nbrqn&rab$mmgmﬁnuhi@pr$u gbryresed. As conpared to
when EG gglls are used hESS‘P% eﬁé‘\é‘%rﬁé: ggliﬁﬁ%@fﬁ%a&.@lﬂélﬁ!%in@y y in

producti on of ani mal c}one SO In uction o tissues or

organs 10 for transpl af® HS (ﬂ1=114 tliﬁl@sﬁ bE'e’ncFﬂFaéll Thre A S Ue’é?él}é’é: g, the
(hjstabl lity of captasaet i gagof M&ﬁ!?ﬁithSHeso!E”p"eknBE:?@nibn mrese 2108 | s,
e state of t?e Epl e_neétl))cs in "Ma.n:!.pulating the mouse embryo: A
Laboratory Manual 2nd Edition” edited by Hogan, Beddington,
15 Casgtantini and Lacy (Cold Spring Harbor Laboratory Press,
USA)(1994)1, and G418-resistant ES cell line NR-2 carrying
a neo/lacZ reporter gene, which was dexived from_Rosazé6
blastocyst [Friedrich G. and Soriano P., Genes Dev.
5 :¢1513-1523 (1991)], which were established £rom E3 .5 male
20 129/Sv blastocysts, were used. As EG cell lines, EG cell
line TMA-58G [Tada M, et al., EMBO J., 16:6510-6520 (1997)1,
which as established from E12.5 female PGC [Tada T. et al.,
Dev. Gene. Evol. 207:551-561 (1998)], and blstoydine
-, hydrochloride (BS)-resistant EGcell line (TMA-58G"*"), which
O 25 was produced by transfecting a drug-resistant gene Psvzbﬁ
into TMA-58G cells, were used. These cells were maintained
on mouse G4lB-resistant primordial embryonic fibroblast
(PEF) feeder cells (prepared using a typical technique from
primary cultured fibroblasts in 12.5 day-old embryos of

30 Roga26), which were ilnactiveted with mitomycin C€ in
ulb ‘sModifisdEagle‘smedium (DMEM) ) suppiementedwith

[~Yalaly)
Ll L s s ot Lt ANS L e e who hr L uu:(

ES medium (15% fetal bovine serum, 10°* M2-mercaptoethanol,
and 1000 units /mL recombinant leukemia inhibiting agent




eval uated before clinically apbi ying human ES cells [Hunpherys D. et al.,
Sci ence, 293:95-97(2000)]. Wen 15 chronosones of a host ES cell can be
successfully renmoved, ES fusion cells can be a particularly useful

therapeutic means. It is considered that ggance reprogramyn agent are
I dentified, epigenetics can be mani pul at eg usi ng these r?épjrga&{:j A ﬁg
agents. ldentification of such an agent nakes 20 it possible to produce

clones fromadult somatic cells or tissue specific stemcells w thout

mammal i an enbr YJEEF iSESFROY )t e A RAS | s Celdscyene it kgieed LnpBt sredtamg

produce donor ceRitaSrialg 8 tlabes /Wi Bel.i NES Ve 1aPPid SRbhANEG cWherBLESk| OF
ti ssue transpl ant a%loon I's reguired. 25 Hereinaf ter, the gresent I nvention

will be descri B&FChHYeRay8Fd it fhrese L HEHHIUY cHBSCLMBBEE pRELIN arrre

provi ded onlywiehin lpasetat vampeeposes. Accordingly, the scope of the
present inpvention is not limted except as by the appended 30 clains. - 87

EXAMPLES 25 January 2006 hereinafter, the present invention wll be
descri bed by way of exanpPespafheimi esfriybriderdiones bynatelll fidsddn 5 to

t he exanpl es. (Exanple '.ﬁgr ratipn of _.{ sion cells of somatic cells) 1.
Preparation of chineri éié r%@ %B%Lr} p=s j;%l i shment of ES cell Iines and
EG cell lines As ES c®hymig muslls8erdwied £frnem MWeSLollowdhgt B ciypesldH ur e,
and Mani pul atignegf geFREX¥ 9L & ’ﬁi‘fﬁ? cells (pp. 254-290), in "Mnipul ating
t he nmouse _enbryo: A Laborat org/ nual 2nd Edition" edited by Hogan,
Beddi ngt%?l, (A) 129/8v-TgR (Rosa26) 26Sor (referred to as
Rosa26) [Friedrich G. and Soriano F., Genes Dey..j 5:1513-1523
;} (1991)], which expresges a neo/lac¢Z reporter gene in cells
~ of the whole the body:
(B) GOF-18/GFP (referred to as Oct4-GFP) [Yoshimizu
15 T. et al., Develp. Growth Differ., 41:675-684 (1999) 1, whose
‘ totipotent and pluripotent cells specifically expxess GFP;
and
(C) (Rosa26x0ct4-GFP) F1 transgenic mouse (hybrid
mouse obtained by mating a female Rosa26é moucse with a male
20 Oct4-GFP transgenic¢ mouse [Yoshimizu T. et al., Develop.
Growth Differ., 41:675-684 (1999)]), which contains both

2 neo/lacZ gene and an 0c¢t4-GFP gene.

The Roga26 mouse was identified by X-gal staining

25 the tip of the tails thereof. The O0c¢t4d-GFP mouse was
confirmed by PCR analysig of DNA from the tail thereof using

the following primer: OCGOFU35, 5'-CTAGGTGAGCCGTCTTTCCA-3'

(SEQ ID NO.: 1), and EGFPUS23, 5'-TTCAGGGTCAGCTTGCC GTA-3"’

(SEQ IDNO.: 2). A thymus obtained fromthe transgenicmouse

30 was passed through a 18-gauge neadle geveral times to obtain
a guspengion of single celle. As an ES cell, a TMAS-5 cell

was used and mixed with the above-fescribed 3 types of
thymocytes at a ratio of 1:5 (ES cell: thymocyte), followed

& “'3
. 2
p——




15 Castantini and Lacy (Cold Spring Harbor Laboratory Press, USA) (1994)],
and (418-resistant ES cell line NH-2 carrying a neo/lacZ reporter gene,
whi ch was derived frorcUtosa26 blastocyst [Friedrich G and Soriano P.,

Genes Dev,. 5 :1513-1523 (3.991) ] , which were establi Zzpﬁ_eji frOQOE%/AS mal e
20 129/ Sv bl astocysts, were used. As EG & |- | ines, EG cetlvapY -58G

[Tada M at al. , EMBO J. , 16:6510-6520 (1997) ] , which as established
fromEl2. 5 female PGC [Tada. T. at al. , bev. Gene. Evol. 207:551-561

(1998)], and bbpweptiing ihyEBOahree €emé8S) THLekiayERE eldddedtiedl V- S8C0
transfecting a drug-resistant gene, pSVZ2bi

'r), which 25 roduce ]

into TMA-58G cel &"?’“i‘r&é’?%’f%’sg’éff?ﬁéées%‘iﬂﬁsOWea rAnRe et Logno

23418-resid st antceprlsyouIdi a:A gﬂhﬁ)&-p@ilﬁ.d;ai haobhgsh 1émﬁFl}gt1faeeele?¢E§5iB|San? _
prepared usi i chni que fr pr ry cultured fibroblasts in
12.5 day-old e e%y%%éé%%%&&f?&fio\ﬁn%? Omébgﬁi)nHEFFvHFE Pt foRf¥Shycin C
in Dul bab-cc” eNsd rife fisien tE%2.6dta 310 KU/NmY! §o prepipe Mrmredwd14l i Eag
Ve mer capt o et penaitiol SRR R (ORERAE a8 ke BB AoE AT 1 i ng

M2- mer capt o et hanol
agent - 88 23nagid¥efed0B4lstiesiFSBROPEFs wEkA- S8Gkbeted cln ESwesdiwml t ur ed

|0 ES medi um c6arhahBhabeh Y ArEits IS cFodls | | BES1BAGEG Chlded | NES,
whi ch were used in the call f'usion experinents eﬁow, Wwere W't hin passage
nunber 10. 5 Feyeprepieatedrend IptnRdd (Passegeppuader lisinnES (dium ES

fusion gel | s Fappuemertba wWerh @i d | amat B8k okl PMLAYa JrdY RE$ 004 days.
ES hybrid clones 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-58G"" 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/mL. ESxEG fusion cells
were selected in ES medium containing 250 pg/mL G418 and
20 3 to 4 ug/mL BS in 7 to 10 days.

ES hybrid clones could be maintained at a proportion

(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 were
' similar to that of the parent ES cell, and no morphological
change was found. Cytogenefic analysis using G-banding

demonstrated a complete set of chromosomes including three

+
¢

X chromosomes and one Y chromosome in all of the 13 ES fusion
30 +cells and 2 ESxEG hybrid clones which were used in
experimentation. Further, ES hybrid and ESxEG hybrid cell

lines at passage number 2 to 4 were used in molecular analysis.




6 to 8 week-old mce: 10 (A) 129/ Sv-TgR (Rosa26) 26Sor (referred to as
Rosa2 6) [Friedrich G and Soriano P. , 'Genes Dev, 5 -1523 (1991)], which
expresses a neo/lacZ reporter gene in cells of the whole the body; (B)

GOF- 18/ G-P (referred to as Cct4-GFP) [Yoshimzu 15 T. et_al. , D% gl p.
Gowh Differ. , 41:675-684 (1999) ] , wwse totipotent ”HPWr%é t ent
cells specifically express GFP; and (C) (Rosa26xCet4-GFP) F1 transgenic
nouse (hybrid nouse obtained by mating a femal e Rosa26 nouse with a nale

20 Cct 4- GFP transgem (‘(59‘50 A1 Yo b el Fugliogl -+ Develop.  Gowth
Differ. 75-684 (1999)]), which contains both a neo/lacZ gene and an
Qct 4- GFP gene The RoddRBTABHSkS wesfildanthe fusinn RegurestBs meg@s ardt he

tip of the taldﬁfﬁéﬁxﬂ@ateﬁﬂeeﬁg4-4Cfﬁ.ﬁ@ﬂ§%t\y6§pé@ﬁié nﬁelsgac’é’ﬁ’eégal ysis

of DNA fromthe all t hereof using _the follow n prlrrer

- CTAGGTGA Techregionses) ¥ Selilé reﬁ?Pt%d Bsothe H-J region
- TTCAGGGEAGCBEG&&:@BAgaobu(lShE@IbD :40) ana)thé\ v-hy ntsg i sAiore @b cam d he
trans genic myuse 30 was $ g thro g_;rh a% auge _needl e several ti nmes to
obtain a suspeRdi NPTt STRGI EOcATEOR BN EAMPIEICaTIRRS IR I0g | PR e
used and m xecéxhrtalmtteﬂefadmmﬂewudsedna Ets/paglah céhysacyt@spbitéesrati o
of I : 5 (ES I C ) oII d Januar 2006 hi ng
in PBS three ??’r#egekgﬁggcéﬁss(e\eé spreon“r('jeadl i rqzi(} %R rinfEof b‘fu%l\f]zred
sol uti on at aasdnaBrES dyiboridoflon&06PCR einpslifiicat iprasmsspedEobmednigp a 1- nm
el ectrodg gap t tQr ( onduct
5 el ect r?c fuglég%cfetﬁg fga%élhg%&lép%fg%ﬁr%%ggg gé% \r,:ﬁég #%V%Jﬁme&f usi on

cel | s were cuPt&med FALES medium for a day.

(A) DB2-JB2 rearrangement of Tcxrf gene:
DB2, 5" -GTAGGCACCTGTGGGGAAGAAACT-3"' (SEQ ID NO.: 3):
15 JB2,5" -TGAGAGCTGTCTCCTACTATCGATT-3" (SEQ IDNO.: 4) [Levin

S.D. et al., EMBO J. 12:1671-1680(1993)1;

(B) D-J rearrangement of IgH gene:
D u,5'-ACAAGCTTCAAAGCACAATGCCTGGCT-3’' (SEQ ID NO.: 5):
20 J 1,5 -GGGTCTAGACTCTCAGCCGGCTCCCTCAGG-3' (SEQ ID NO.: 6)

[Gu H. et al., Cell 65:47-54(1991)1];

(C) vwy7-ay1 rearrangement of Tcry dene:
Vy7,5" -CTCGGATCCTACTTCTAGCTTTCT-3 " (SEQ ID NO.: 7):

25 Jyl,5' -AAATACCTTGTGAAAACCTG-3" (SEQ ID NO.: 8) [Livak F. et
al., J. Immunol. 162:2575-2580(1999)]; and

o

(D) VO5-J61 rearrangement of Tcrd gene:
V85,5’ -CAGATCCTTGCAGTTCATCC-3 "' (SEQ ID NO.: 9);:

30 Jd1, 5" -TCCACAGTCACTTGGGTTCC-3 "’ (SEQ IDNO.: 10) [Wilson A.
et al., Immunity 4:37-45(1996)].

PCR products were subjected to electrophoresis on




I nacti vated (418-resistant PEFs were selected in ES nedium containing 250
[tg/m. (418 in 7 to 10 days. Fusion cell clones were collected and spread
(passage nunber 1) in ES nedium 10 suppl enented with G418, and were
cultured for 3 to 4 days. ES hybrid clones were subcultu&gg inn&g} medi um
every two days. (2)-2, ESXEG fusion cefl9115 ESXEG f usi on<tefTué

produced as follows. NR2 ES cells and TMA-58G bsr EG cells were m xed at a
ratio of 1:1, and were suspended in 0.3 Mmannitol buffered solution at a

concentration pfz;éégﬁoeelg'ei/ %1%{;%%9&9&'&&11 é\@ﬁfd:?@ljntggbﬁlgd%n ES

nmedi um cont ai ni n % A18 and 20" 3 In
hybrid cl ones 'E%IS@eSé H‘ﬁFﬁYa‘?fnéBeaRC%PEPéBQﬁtWQﬁ\00(12185@9bﬁﬁsﬁ'Pﬁhfiﬁh to

that of EG hytlﬁywrﬁﬁbﬂﬁcm QY 6ed BYoti 1&@&@23 sgié‘iﬁﬁrcsolﬂ Bf)%beus
research [Tadag$a fﬁﬁ 25 E 510- 6520 97) pes of
fusion cells 3 qﬂq@ﬁCqQ9ﬁqﬁﬁ qgc 9@9 3pak R TR el 111 ahkPYkP
nor phol ogs cal emhmge; wgrBbougd. Oyt pgenetdso @l ys] uesamg-xerpﬁndaﬁa

chr onpsones

denonstrated a c et of chronosones_jncluding three
and one Y. chrgﬁ%ggﬁgsﬁﬁ §I of the 13 ES ¥iion 30 cells anﬂfégﬁg&%??hybrld
cl ones whi ch WE?eOmmaAGGmGAEEHHGmmEmmﬁGmwuCTEGFBher(sE@ hybrlnoandlfﬁxEG

avalysie: - od MR RL A Hh0e PaT odar Br el FAR EPST a0 BRE, REl Gr 1o

anal ysis. -
confirmthe fusion between ES cells and differentiated cells, 4 priner

sets s jfic, respec cr) 3,
t he E>§q$tg|on 5 o? |%%%§L gﬁ %ehQﬁlgé?ﬁfgggﬂeﬁké&{éaiﬁﬁﬁﬁégé§%ﬁ4§g ;nd
Tcry wer e useG ha% EthBWﬁPPER bapl difterenbiatedgimid a lymphoid cell

[Fowlkes, B.J. and Pardoll D.M. Adv. Immunol.
44:207-264(1989)1]. Rearrangementspe01f1c1x>TchD—J62.1,
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 in the D-J region of IgH
(Figure 1b), and the V-J regions of Tcrd and Tcry (Figures lc
and 1d, respectively). Of the 31 ES hybrid clones studied,
a total of 17 clones (55%) underwent rearrangement, which
20 was, at least, researched. 1In these cases, it is considered

that the ES cell were fused after differentiation of a

thymocyte nucleus into a lymphoid cell.

éwf (4) X chromosome activity
25 In female somatic cells, one of the two X chromosomes
is 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 S phase, epigenetic changes
.30 including hypermethylation of DNA and low acetylation of
histone H4 are khown to occur. In cloned embryos obtained
by nuclear transplantation of a somatic cell nucleus into

an oocyte, the inactivated X chromosome of female somatic




extracted fromthynocytes and ES fusion cells as tenplates. For genomc
DNA (0.5 fig) froman adult thynmus, an ES cell and an ES hybrid clone, PCR
anplification was performed to 10 detect the rearrangenent of each gene
using the following primer sets: (A) Df32-JP2 rearrangenent of TcrP gene:

DI 2, 5' - GTAGGCACCTGTGGGGAAGAAACT-3' (SEQ ld2 NO.: 3); 15 29 January 2006
JP2, 5" - TGAGAGCTGTCTCCTACTATCGATT-3" (SEQ ID NO.: 4) [Levin S.D. et al.
EMBO J. 12:1671-1680(1993)]; (B) D-J rearrangenent of I gH gene: D

., 5' - ACAAGCT TGANAGCAGAATGLLT, : 5) : : .
R 5 - CIIETCTAGACTCTCA%CBCTCE&C!%—A@C?G g%?gécg%\lo RS, aJG %&wﬂceetzga Focell
65: 47- 54(1991)1578-G58A(20PA) Ir-ear r Fhgoatareof aretyvgbmn of both X

W7, 5" - CTCCRATEH Mok bmbACGE ek 3is %ﬁEQAcﬁMor 9% ¥Re occurrence of
Jy1.5' - AAMATACCTTGTGAAACCTG 3 (SEQ 1D [ vak ECet al g
| munol . 162: FSRFCSERMENT a nicdqus) vEB OJBQPrr*‘e%FP&ﬂg’éﬁéﬁe aFtiei By gene:

V?gbi&%&_cgﬁw@ﬂi’fmggm@s , (3 |ﬂé\§ént 9inv§9téi¢s EStud:Led u51ng
4: 37- 45(1996) T=° 23 gﬂggﬁé%%aﬂj 5&?@3% @?EE??obﬁBﬂ%‘g%aoﬁ’\ 6‘91 25

January 2006 B12% a:garbﬁs»eogal paf:aBBowed (y8sy §i pFDguirkt Papt hi di um br omi de.
The specificity of the PCR product was confirmed by Southern hybridization
usi ng: biotinylated J32-specific oligoprobe (5 -TTTCCCTCCCGGAGATTCCCTAA- 3’

(SEQ DNO.: 11) [Levin(®)Bl. Bimahg, oEMBEPDicdRidib 7dE 168 AR dne f or Tcrf;
L o g AL ol oR e SRR I (S50
PN usion cells described in the above-described sectlon (2)

e were produced by culturing the cells along with 150 ug/mL
5-bromo-2-deoxy uridine (BrdU) for 7 hours, where the cells
were cultured for the last hour in the presence of 0.3 ug/mL

15 colcemide. The cells were then subjected to hyposmotic
treatment with 0.075M KC1 at room temperature for 8 minutes.
Thereafter, the cells were fixed by dimmersing in
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

fluorescence micrbscope 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.

A

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 cell clones of an XY female ES
cell and an XX female thymocyte carried three X chromosomes

30 which were simultaneously replicated (Figure 2c).

(4)-2. Xist RNA FISH
Probes prepared by nick translation of a mixture of




10 The rearrangenent of DNA is clear evidence indicating that a thynocyte
has differentiated into a Iynphoid cell [Fow kes, B.J. and Pardoll D. M,
Adv. |nmunol. 44:207-264(1989)]. Rearrangenent specific to TcrP D Jf32. 1,
2.2, 2.3, 2.4, 2.5 or 2.6 was observed in 45%of the hybrid 15 cl gnes
(Figure 1a). Further, in several clones; Simlar rearra HEYR80
observed in the DJ region of IgH (Figure 1b) , and the V- J regions of
Tcr8 and Tcry (Figures 1c and 1d, respectively). O the 31 ES hybrid

clones studi edgis® ¢oNAlcXInek’, Cir}lﬁ.r&ﬁls Jo?&%:.n‘é@ﬁ%r Wertl ekl aRgREERt toWhi ch
20 was, at |east, researched. I'n these cases, it is considered that the ES

cel| were fusefr af$HI9 F¥3HETR | AmeFsham Pharyaeis) ol $ak9 elis ¢htdla-

| ynphoi d cel | De(xﬁle)ldﬁn(&?ftomselmwcllzﬁls"(!oai)h%éﬁ@ﬁis@@%ﬁiﬁth{jbﬁfbi§ed0ne of
the two X chro i s random mac}g-'l vat ed due to _dosage corrpensatlon
of an X-1inkéed 3% %ﬁ‘?'\'ﬁatlB eBRTRHECBE chPBEBiBRE o@Sursitn 4ehriy

cell divi%sion Hyd)mru:imaetﬂohne el ayubdeduenti vasRing wolé rﬁﬁﬂd&:&tdd)naé nt o
of DNA

the late S ph Sy ; o
0 1 ow acel yaeaTHtY e Ter I8 “Traanie 15 Bucar Thecl SRad enbiyos

and | ow acetyl/ati on o
obtai ned by r93-682 (L9879 }I. anThe¢ resudft vaas;mnedgzreemaldt with ebhe reﬁ@lt an

oocyte, the inRgaghiiyaied song of f Ie 9 uary
2006 cells is rgtgé%ll?&at eg Eigglﬁ Krg_a *13 nce %ége %57%) J((‘2000)]
Theref ore, actFeascsAPE) %W%no@rﬂ‘t@himum@lw@@d dspahtediiopatloresf t he

gceurr enge of x ERGREGHEE B8 Blo ESHELEYS o1 9448L %é@é‘&%é%ﬁnﬂ?xéf?t ity

5 of X chronosones, the present invenhtors studied using | 1 cation
differential $EAPATASCRREROAN[ Sddandivbrddigatian) (FiBms@d . Xist

88: 133- 138( 1983 hm1FagU6€ w8 -also instable on active X chromosomes of
male ES cells, and was stable on inactive X chromosomes of
female thymocytes (colored signal). Somatic cell

- 15 nucleus-derived inactive X chromosomes acquired several
properties of active X chromosomes after hybridization and
hadreplication and Xist expression patterns similar to those
observed in undifferentiated cells. Changes inreplication
timing and Xist RNA accumulation of X chromosomes of somatic

20 cells in ES fusion cells shown in the above-described (4)-1
and (4)-2 suggest that somatic cell nuclei were reprogrammed

after cell fusion.

(5) Reprogramming of somatic cell nucleus
25 A mouse line having an Oct4-GFP transgene was used

PN

to visualize the reprogramming of somatic cell nuclei
(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 Oct4 can be used as an ideal marker for
identification of totipotency and/or pluripotent cells.
The expression pattern of Oct4-GFP is known to be comparable

to the expression pattern of endogenous Oct4 [Yoshimizu T.




(4)-1. Timng of replication of X chronosone 10 Chronosone preparations of
ES fusion cells and ESXEG fusion cells described in the above-descri bed
section (2) were produced by culturing the cells along with 150 N. g/ nL
5- bronp- 2-deoxy uridine (BrdU) for 7 hours, where the cells were cultured
for the last hour in the presence of 0.3 sgzlm_ 15 col cem d& Jawenc#00s wer e

then subjected to hyposnotic treatnent with 0. 075M KC1 at room
tenperature for 8 mnutes. Thereafter, the cells were fixed by inmersing

in nethanol: agetixg aci hdydiabp sod;i.g‘bﬂF t BE PRl MBS, ,f6<;)l I 219%&3' r

drying. The cells were stai ned by fres prepareéd 20 ‘acri ora
sol uti on. The EXPRRSHHRN §8seVATHhHas f:%amirmﬁ é@@emthmnéﬁf@emh a

standard B filé£0ctAlEeP t:e0MgeMRIiACOT R4 SR PEBEAY it d B%okﬁhg Stage
of the S peri od and acri di ne orange stainin active X chronoSones

aut osones wer ° HE J©% i dhe ghyanshdFdeese B £0 83 -1 nact i ve X

chronoson®s were unifornly dark-red stained in female somatic cells due to

the delay of replicati Fi Ampng all 32 cells (4n=80) whose
karyotypes were dete YH@% %ﬂ%§% %"E‘éT@F 1RSI isnmise wekg Euged cel |

and Fm XX felrmw:'etn h;srwejldm( cafslbswddIriee Sulbtping OREShodd %téﬁn!ﬂﬁée g
si nul t aneous e ure 2¢ 4 S FI SH, Pr obes repare
&;{‘ﬁ%és%%% delErs urWeal Sf* %’méé &; %Vﬁ’é%uéﬁ ?\%56 %’é’fr%m 2l ones,

by nick translation 6f a mX
whi ch cont ai nef SRReriresliviexolS fusbon7celidsn@nc\aB-cllIfRideAnk stawvas

Phar macig) [S@qulq,e‘g.t +alg: und@vg'&?%% 'g)rﬁcfmji%@ 5%2%6(%2 LL%\Nerghused and

hybridi zed wth chr NDSONMe prepara aine
Hybri di zat i on G{Rdesebbitpgeoungesandq GEPf pbténr ndd tes 49 horimus hyGFP

descri bed [Lapbeneevd. &l@ﬁy%onsﬁ.ﬂ!:.ngszf 16 cells was observed at the
periphery of a larger non-expressing colony (Figures 3e,
f). Subsequently, several other GFP positive colonies were
15 observed on the same culture plate before reaching confluency.
No GFP positive cells were observed among non-fusion
thymocytes cultured under the éame conditions. In order to
investigate whether or not somatic cell nuclei can be
reprogrammed in all ES fusion cells, thymocytes of G418
20 selection-resistant (Rosa26xOct4-GFP) F1 mouse were used.
After screening, 36 of the resultant 37 clones expressed
GFP (97%). The expression was stably maintained even after
| subculturing over some passages (Figures 3g, h), indicating
E that the thymocyte nucleus was reprogrammed in most of the
25 ES fusion cells. The Oct4-GFP transgene, which was
suppressed in thymocytes before cell fusion, was reactivated
in the ES fusion cells. This further supports the result
of (4) that after cell fusion, somatic cell nuclei were
reprogrammed.
30 _
(6) Introduction into blastocysts
Normal diploid blastocysts were used to produce

chimeric embryos with ES fusion cells. Diploid blastocysts




493-502(1989)]. The result was in agreenent with the result obtained in
(4)-1, i.e., Xist (inactive X specific transcript) RNA was not stably
accurul ated (spotted) on three 10 X chronpbsones in two ES hybrid cell lines

tested by RNA FISH (fluorescence in situ hybridization) éFi ure Zd(?@. Xi st
accunul ati on was al so instabl e on active 96 chronosones of 51%%1”@“@@ el |'s,
and was stable on inactive X chronosones of fenmale thynocytes (colored
signal). Somatic cell 15 nucleus-derived inactive X chronbsones acquired

several propeyLi-gs V. s after |zat|on an had
replication ang X?s?géeifl?%gsfﬁgn& pﬂg %%%erﬁ Ioatre %ai% é’reglﬁ?&g\}’eg
undi f f erent i at Egmades smacnéngels:h nL¢Rphatesi on Hybindidng-lore SXi i tiRNAhe

accunul ation o;bgggh&gé@ls% of % (Efflﬂs)s | BqES H&E'F%nd(éﬁ- ;L gshown

in the above-described (4) suggest that somatic cel nucl ei
wer e reprogranﬁ%%ﬁf%??féﬁl%@@ f@é’i’@ﬁ’yt% asyl l%br@@rtaknneﬂgmfthslinaa% cel

nucl eus As mus@oﬁgélaiémwtﬁ%%f’eﬁ&éh@@&%t’%i&f@fuéﬁoﬂ bé?dgls' ze
the reprogramyng of somatjc cell nuclei (Figure 3. {)resm on o
was specifi cal18F obebrartriqd nfgwion ceells ‘é%?yEECE@%BB%C o®| antat tha, and

ectobl asts ofbEftocRIIY Yose HIEONEL] BR aaaaalmsfrcw@tf@(@lgﬁbs 39)
activity of 4 ca[}7 e used as an i dea mar ker I dentifrcation

toti pot ency andlorc TS TS, raﬂ%fee’?ﬂs‘r%s’s‘f% %t%FW%*e&Pﬁ GFP

|[$ kRovvn to b@srm:qmqmatyrmntt mckfzfgeoxﬁqw6 saSSCﬁﬂmaﬁﬁlbeélﬁbﬁjo@%%@e?QM(Sv&t4
oshi m uar vel o 0 er

41: 675- 6@2( 1958 thE%piZ%ﬁS%“&FSOC 91“?%‘@‘3&3’ EehviL P gPet’R%l‘Eh?ﬁEs and

ovary of Cct memb?anlleansag@iﬁ)-gdmtda%ﬂam sl dacitrayl and t s tjo bow Dgal

e analysis.

(6)-1. PB-galactosidase active staining
15 By B-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 1l mMMgCl,, at4°C for 5 minutes. The same fixingsolution

20 was used to fix embryos and mouse tails at 4°C for 3 to 4
hours. The sampleswere washedwith PBS, followedby staining
‘'with a reaction mixture containing 1 mg/mL

4-Cl-5-Br-indolyl-f-galactosidase (X-gal) with dimethyl
formamide, 5 mM potassium ferricyanide, 5 mM potassium
25 ferricyanide, 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 sections
(2-4 pm thick) were negative stained with 0.25% eosin Y.

Four week old teratoma fixed and embedded in paraffin were




ovary, but not in the thynus (Figures 3a to d). Thynus cells of Oct4-G-P
transgenic mce were fused wth ES cells, followed by culturing w thout
screening. Expression of GFP was exam ned every 12 hours. Expression of

G-P in living ES fusion cells on a culture dish was 10 inyesti gat under a
di ssecting mcroscope (Leica) with a GFFP@xciting sourceéliiﬂu N i | ter.
After 48 hours, a GFP positive colony consisting of 16 cells was observed
at the periphery of a | arger non-expressing colony (Figures 3e, f).
Subsequent |y, seveistooshgn EhPcROSEEt¥6nE0! OPMhESs¥Rigl1 156056n¥edepl t he

sanme culture plate before reachi ng confluency. No GFP positive cells were
obser ved am)ngs%'ojf‘fl‘?‘ﬁs"f:'otﬁ'l IT%MJ@? @4 §OFd™under the sanme conditi ons.
In order to investigate whether or not somatic cell nuclei can be

reprogrammed in all ES_fusion lls, th tes of (418 20 e
sel ection-resistant ( gségfégt& & Pf%Fﬁgnngés REPEYGEcHC e APPEF EL¥P eeni ng,
36 of thedresdindimatiha|dreslimptedsedntEEPut 230) ofTHehee xPusiani ote WAS

stably maintaldagueen @1 ). SHREULLLG! 0, PY8E s SRUPRASTAGE R SLL AL ES 30,
h), indicating that the th))rmcy € nucl euUs S reprogranmed TNn nos ¥f the
25 ES fusion &&loms thghfuegen- @GPl timridye embryiondle wetodeupprembeyonic

t hynocyt es befRisedest, i : CLi | : i cell s.
This further supports t%ig&rfe}g%ll?ﬁ%g?%§4if ﬁgféhadf%de%ﬁgefgg%%g?o%?'s%inhtic

cell nuclei wifederepibgdakeve. 3o EF fusion rellbomadnacieyvetemesistal Nor mal

di pl oi d 1ol ast eapabs1weye BgedqliOrOrOAHESLikE NBALS CFRFYOS MW idbLds {11si on
cells. Diploid blastogysts - 95 25 January 2006 were obtained fromthe

ut eruses of Dgﬁrg;.gaﬁfl. Snéﬁgﬁrgchectoderm, mesoderm, and endoderm) in
early embryos before implantation.

(7) Methylation of DNA

15 Next, DNA of thymocytes, ES cells and prepared hybrid
clones was 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
intofractionsusing0.8%agarose, tranéferring the fractions
onto a Hybond N+membrane (Amersham) by alkali blotting, and
hybridizing DNA with a *?P-dCTP-labeled probe.

25 (7)-1. H19 genetic locus
It is 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 K.D. et al., Nature Genet.
30 9:407-413(1995)]. DNA samples of thymocytes, ES cells, and
prepared hybrid clones were digested with BamHI and a
methylation sensitive restriction enzyme HhaI. A 3.8-kb
SacI probe and a 2.7-kb BamHI probe were used to detect 10-kb




females mated with ICR males. Hybrid clones with the above-described
(Rosa26xCct 4- G-FP) F1 nouse-derived (differentiated) thynocytes and hybrid
clones with Rosa26 5 nouse-derived thynocytes were used as tetraploid
fusion cells. The tetraploid fusion cells were m croinj ected | ntszg)the

bl ast ocoel e pores of well expanded bl ast @¥sts (Figure 4a3° JanHgg:
bl ast ocysts were transferred into the uteruses of pseudopregnant |ICR
femal es. Chineric enbryos were renoved 10 fromthe E7.5 uteruses, followed

by removal of dde RejORE! batSBAPT ARErnFM:Sa Uk é’ﬂgaéﬁds%ab“ii@g fgd
hi stol ogi cal analysis. (6)-1. P- 05| dase acCtive stalinin %
3- gal act osi dase &dtd \f‘!—?fset%ar% r\’@‘met J1aélf=‘fe§31t ifFagmesisr ibuPNaA 61-“0131 bqfshon

cel| to each eﬂhemh@nmyt%oaﬁarﬂﬁ‘él ES @é'lhure'ﬂhéeééﬁe t@:e‘ﬁsaﬁg Pbhfla PBS,
ut ar al dehyde, 0.02%

and fixed usin ont ai ni ng 1% f or mal dehyde gl
NP40  and 1 me%g%?%h ArifCioRe s Mhrrecms vﬁéils%ﬁﬁeremqﬁ 48 e relohive was
used to f5x eniwtpnsiagd dmlmdsalH@tvaserleH@rm&tﬁﬂéltedwm:@:o Jde) san@! es

reaction m xture

hed with fol b h &
wer e washe W|t P%y}a&% q%foﬁslﬂal m‘b‘g} g%mPtﬁgﬂgérg@rFXs@a') SHPHL R net hyl

contalnlng 1
formanm de, 5 mlspdttasweum 6bserng@rusdfng &aﬂm@&@&&bq%ﬂ%ﬁﬂﬁh@%lﬁe and

2 MM MC12 in r turef 8 6) -2.
Hi st ol ogi cal gr'é)l1 %/:gil%% r%%rpg}lageed’ <SPSt ﬁ%anéﬁ[ 803{&)9 8&5%&{ % with
30 an ascendi ﬁgmaltbwﬂtalteéefr@gmelatm veehee cicieoh Hirf a4 Ebasal:t sam;sllem

negat tve ot a) pedoiiEReg b s 68 Sl BRCLLOAS (el BT bt e R

negative stained Wwth
enbedded i n pataiiaflviedetecbed OBigereafad) 2006

(7)-2. Igf2r genetic locus
Probes for analysis 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 in the above-described
section (7)-1, each DNA sample was digested with PvulIl and
a methylation sensitive restriction enzyme MluI. With the
330-bp Igf2r CpG island 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 cell
(Figure 5b). The same pattern was also found in the hybrid
clone. There was no difference in relative intensity (RI)

between methylated (RI=0.55) and unmethylated (RI=0.45)

s
& N

30 bands (Figure 5a).

According to sections (7)-1 and (7)-2, it was
demonstrated that the primordial methylation of the H19




cut into 8-mthick sections. The serial sections were stained with
hemat oxylin and eosin. As a result, 8 of 20 E7.5 enbryos were positive, 5
indicating the limted contribution of the fusion cell (Figures 4b, c).

Det ai |l ed anal ysis reveal ed derivatives fromthe fusion C%olaﬁl n tgﬂg
enbryoni ¢ ectoderm enmbryonic nesoderm 9and the internal?o3gHAY | Bderm

(Figures 4d, e). As described above, the ES fusion cell had a
devel opnmental 10 capability of differentiating into three prinordi al

germ native | S r . d i o o £€

bef ore i npl an?ﬁ orf‘a%%%)%%%et hy t?g% %%f%%%e? O @H% %D%%H'
cel I's and prept édthyberute ciionaw thad fiertedt byatesidry VGdllt laar BShtotl.
hybri di zati on@s s LRsWheLhels @%&rh?resﬂaelr@s%ﬁga@io@o UMREYL L3

nucl eus has an influence on the nethylfation of an 1 nprinted genetic

| ocus. Sout heStoBeopE 1y BhvaesItrorndd BEreothderdyedofsepa germgcethoni c

DNA di gest ed Wdch @ r at rHICLIDmORSY M n IWHCH F 8AE1 Gl 49aN0 &Jg&g@r ose,
transferring the fractions_ onto a Hybond Ntnenbrane (Amersha aI kal i

blotting, and™efPEledispngt M%t%%ﬁ@ﬁa@@#q%%deﬁréﬁe' «1. HL9
genetic | ocusibt: 65160652019l | hat mepﬁa%ﬂahaﬁeéfwf ahedsbRgt 28 céﬂ

I ncorporated u am.of t ter H19 c | ocus expressed,
so that pri m)'rng%élYg f‘ﬂ?lpﬁrﬁet(ﬁf E:%nﬁ‘fsh’go F§ rﬂrﬁlstﬂgﬁeﬁ&? WE%I%‘{I){]I’@D et
al ., Nature CGandtEG aelmsmadﬁf%ﬂt colﬁl%osatﬁﬂ:mﬁm £ by Ny st 1. S
cells, d pg | ones .wer e ested w

nmet hyI a'?lﬂon seﬁgﬁ@é“#g&’?gr‘% |on§en §5'.r:'ﬁ!e1 A K 3 gﬁﬁ‘g n@é%lma%reoronajand a
2. 7 kb BanH plidtewpeeifdedathydettdon dDIgH2r wvas ot%mwanﬁsm&s

s it was not observed in EG cells and a control 1:1 mixture
of ES cell 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 5c¢),
indicating that demethylation activity in EG cells is

dominant over the maintenance of methylation imprinting in

ES cells.

20 2. Production of teratoma
Fusion cells of TMAS-5ES cells and Rosa26-derived
thymocytes, which were produced with a method similar to
that for production of chimeric embryos in section 1, were

used as tetraploid fusion cells. About 100 million to 500

¢ B

25 -million tetraploidfusioncells were subcutaneously injected
into the posterior limb inguinal region of a SCID mouse (CLEA
Japan KK). Four weeks after subcutaneous injection,
teratomawas collected. BY X-gal staining, it was determined
that the teratoma was derived from the fusion cell.
30 Thereafter, the teratoma was fixed in Bouin's fixative,
followed by Haematoxyline-Eosin (HE) staining to stain both
the nucleus and cytoplasm. As a result of HE staining,

muscles, cartilages, epithelial cells, and neurons were




and 2.7-kb paternal nethylated fragments and 7.0-kb and 1.8-kb maternal
unnet hyl ated fragnments in DNAs from both the thynocyte and the ES cell.
The sane pattern was found in the hybrid clone. There was no difference in
the relative 5 intensity of bands between the nethyl ated (R =0. 60 and

unnet hyl at edf ragment (Rl =0. 40) bands (Fi-g@% -5a). Sinilar hHeY
observed using BanH probes, in which 2.7-kb paternal nethylated fragrrents
and 1.8-kb and 0.8-kb maternal unnethylated fragnents were identified. For

al | sanples, 1&d@mijnd tﬁ%u(r@ '6() 55) and unnet hyl ated (RI =0.45) bands were
simlarly det ected (Figure 5a). (7)-2. lgf2r genetic |locus Probes for
anal ysis of nethylation of 1gf2r region 15 2 were produced by PCR u5| ng

the follow ng prinmers:gxampAa CCEALE AMACEETOREMChde 35 £5RD J};z 13)
and 5 - TAGCACAAGTGGAATTOTRLTGG 3 (SE0 1D RO o3y 04 ooar .
Cell 73:61-71@88%H). A cpGisland, which is an intron of the Ingr gene

and is kriown to be |nmpua§aﬁ welih)20 nethylatlon Is nmethylated only on an
in the above-descri bed

aIIeIe[Stoger R et Cel | 73 61- 71(1993
eachE%ﬁﬁtgéﬁﬁI"él\R@s N S 2 CEATUUNER 1) et ati on

section M1, -1,
sensitive r esamﬂcanaﬂryﬁbzwﬂetﬁ\é throMbtmé b are rd3foiidud td @ i nGéz b Bdaisk pr obe,

a 2.9-kb mate ed 25 fragne nd _a 2.0-kb pate
unnet hyl at ed Fq?'génegg Weré %’é?%%‘?‘&-]e %\]A}"PWMBOFE t%’é‘t' L@?ﬁ‘%%yt’% and t he
ES cell (Figlrda5bT., Oékelsane, [jatt Gartwas 8.0 &osudanh, tMeA hy BMBED

| 4 . ti : :
clone, Toore g5 B OeEiGLeacy | hoof| st ugoLnbeneify, (R )eoblygen
According to sections (7)-1 and (7)-2, it was denonstrated that the

pri nor di al met hyl ati of, OfakB€ tHh9 typed of fusion cells, the present
inventors used two types of ES cell lines, the domesticus

XY ES cell line deficient for the Hprt gene on the X chro’mosome

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,RosaBeddington,FrankCastantiniandElizabethLacy,

Pp 253-290, Cold Spring Harbor (USA).‘ Specifically,

20 blastocysts were washéd away from the uterus of a 3.5 day
old female mouse after mating. The resultant blastocysts

were cultured on mouse primary fibroblasts (PEF) inactivated

with mitomycin C. ES culture medium was used, which was

5 } MEM+F12 medium (Sigma) supplemented with 15% fetal bovine
25 serum,antibiotics,L—glutamine,sodiumbicarbonate,sodium
pyruvate,mercaptoethanol,leukemiainhibitoryfactor(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 from the internal cell mass of blastocysts were
separated by trypsin treatment, and were cultured on new

PEF, thereby purifying ES cells.




25 January 2006 upstreamregion and the 1gf2r intron region of the genone
of a thynocyte are not affected by fusion with an ES cell. This results
differs from previous observation of a hybrid clone of a thynocyte and an

EG cell derived froma germcell 5 PGC of an E12.5 nouse '{ﬂzwhl ch. t he
maternal specific nethylation of |gf2r-di@&&appeared [Tadaé anganyA400% epvgo
J. 16: 6510-6520(1997)]. The mai ntenance of the somatic cell nethylation
pattern in ES fusion cells suggests that ES cells and EG cells have
different control mechanismfor regulating 10 the DNA net hyl ati on of

inprinted genes. \Wileg the mat er nal aIIeIe specific _nethylation of |gf2r
was observed in ES cel1R€ fusiofasehdt lyer Hisd 117 rrdchs wers,gbtadaad of

g_ 1 hm i(t ure /Olf)y l:éﬂe(tﬁiﬂld:)lﬁﬁsabd E@tv}i&#ﬂl t@[&“\d@'fmle%trlﬁ:hlsglgﬂié S@éé‘g%lés agd

met nyl at1 on atl n n the X rids

met hyl ati on b?n%’%“%‘:%%epsp °3#ﬂ5 ‘%;]r Rdfe 25 Tyt - dgﬁ\éf‘ﬁﬁ’ét i on
activity %n E®uifdrs (|053 d!ﬁmsuapten@ﬁ.eh bbﬁtﬁlﬁhlﬂhgnﬂm&:sﬁceﬂﬂlshﬁhdt tha

i mprinting in 0 Producti.on of teratone Fusion cells of
TMAS- 5ES cel | s cgrnél osa %dgrélsvgﬁep?ﬁyﬂbc %, SRR AR &35 8888% fPth a
met hod si ni | ara f¥siphaslifds hpvibdgan eheotrofe yap OmemHyOSAILtIeSEatiﬂg 1,

nere used as el phdlabysian GoLLS oSO 00 LT LU 09 500cgRa | on

tetraploid fusion cel & subcut aneou y In he pos
linb inguinal feddiosedof by S@mpIwimee (umet Jasparrm Four2ecks Bbrer

subcut angous i10) ﬁﬁblx%ecoha%aw%e\e@ﬁf%gk' eGtnRd.p Ry ce)ése(balmﬁffﬁhrg Nas!t Was

‘determined that the teratoma was derived from the fusion

Thereafter, tRELEETE0onBRWaREY | xR der Boiallss AmxaESyecultvre ovieedbhym
Haemat oxyl i ne{ Ewakﬂn(aHE)lsa'fLBbrl'id"@a&@u%b@hﬂaﬁﬁkakatsgélnU.l?rl gYRkaAd gahiopl asm

As a result 011(3 %tsgll‘p quEogenomuJJ.da:L 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 (Tokyo), etc.).

The above-described ES culture medium was supplemented with
hypoxanthine, aminopterin, and thymidine (HAT) selective

20 reagents to obtain HAT selective culture medium. The
above-described fusion cell was obtained after 8 days of

HAT selective culture.

Other fusion cell lines, MxR-2 and Mxr-3, were

25 obtained by electric fusion of molossinus MP4 ES cells and

thymocytes from domesticus 129/Sv-Rosa26 transgenic mice
(lacZ/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

300 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 microseconds. Thereafter, the processed mixture was




nmuscl es, cartilages, epithelial cells, and neurons were - 99 observed
(Figure 6). 25 January 2006 (Exanple 2: Identification and use of
reprogramming agent) 5 (Fusion cell) Electric fusion, culture of ES cells

and fusion cells, and analysis of the chronbsones were c%)o.n uct ec&opﬁ
accordance with standard procedures wel [13nown in the ar 18

Tada, T., Lefebvre, L., Barton, S.C. & Surani, MA, EMBO 10 J., 16,
6510- 6520 (1997)), specifically, as follows. To nmake two types of fusion

cells, the preatifurddVeii OPEFUSEdedi¥P tYPESs OfilES el buhitaes, HB&ium
ne,_deficient for the Hprt gene on the X chrormsorre

dorrest I cus cell 1Ii

15 and the ml(o‘%]?ﬁf%ows&% boopp SaiprreguramihakagsepsIn gkden fga

establ i shed i rBeamaﬂsdaBoeut\bghn >iviaid @at. ol Nkt ekdrIge KdEa W - Buron
Laborat ory MR Edi.tion" ited by Bri Ho 0, Bedd

Frank. Cast ant Korryth btk TRepEoaghmband, bt TBIRE of PREFERTLARE (s
Speci ficd |y, Stemp| &efldcysis vmcmemmmrh]avm;adfnrdmnet hespteiad ofssus, 5 day
old femal e m) r t bl ast ocy tured on
'rmuse pri rrary ?:f %élg:t%; %E’g | nac %%anom?hern?'to eI i é‘,i CWiture
medi um was usBGS@MP@hPmi:OGNEMFm rﬂédlmﬂrﬁq,Sngﬂw)-SQ@ppTehem) ecetEth 15%

fetal bovine Bf-Sgkida- n&%‘téﬁbie%d &S cthﬁhgél ?‘?93% sodig ?PPE&QBFQ& £pn s0di um

pyruvat e, mercaptoetha ema In act or ni puI ating
t he Mouse Erer‘?BetAcEalfo?rW)ysmhiV?ﬁéagEdlttﬂQ)ﬁbtééﬁlﬁééalﬁ/eléﬁquﬂtﬁ Hogan,

Rosa Beddi ngt ef1tfirankedGast ant Ivmlcamh@ ceahst Rekacyn PRreS 3R Ubedo! d

Spri ng Har bor g {@USA Af t er 5 days of culture, proI I ferative cells
derived from #hte éi‘%i’afl of &t 18 gedest iBp L4 Hyra s thgrabove-described

p—- fusion cell was obtained (Tada, M., Takahama, Y., Abe, K.,
- Nakatsuji, N., and Tada, T. (2001), Curr. Biol., 11,

1553-1558).

15
' (Immunohistochemistry)

X-gal staining of cells and tissues was conducted
by standard procedures (Tada, M., Tada, T., Lefebvre, L.,
Barton, S.C. & Surani, M.A., EMBO J., 16, 6510-6520 (1997)),

20 specifically, as follows.

To formteratomas fromfour fusioncellclones (HxJ-17,
HxJ-18, MxJ-2, and MxJ-3), about 1x10% cells of each clone
were subcutaneously injected into the inguinal region of

25 the immunodeficient SCIDmice. Teratoma formation was found

O
. !f

in all sites 4-5 weeks after injection. Teratomas, culture
cells and graft tissues of mouse brains fixed with 4% PFA

were used for the following immunoreaction with antibodies:
rabbit anti-TuJ (Babco), mouse anti-Nestin (BD PharMingen),

30 rabbit anti-TH (CHEMICON), mouse anti-NF-M (CHEMICON), rat

anti-Ecad (TAKARA), goat anti-f -Gal (Biogenesis) and mouse
anti-Desmin (DACO). X-gal stainingof cells and tissues was

performed by standard procedures.




separated by trypsin treatnent, and were cultured on new PEF, thereby
purifying ES cells. - 100 25 January 2006 The fusion cell lines, HxJ-17
and 18 were obtained by electric fusion between the domesticus Hnl ES

cells and thynocytes fromthe nolos sinus JFl mce as f itol

buffer (0.3 M suspension containing the 03 cells and the ‘%\é\'ﬁ%@l%ﬂgel S

was prepared. The suspension was placed on a fusion slide having an

el ectrode 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 m croseconds. Q reaf ter he grgﬁ ssed m xture_wa cul tured on PEF
feeder cells in ES cul't P@mﬂﬁdfpﬁ RITEkFnBRANESABE AERI
Sai pur ogur anmukakassei Tol de fédk @+ J DHRUredesstdenerios vifogenpratd dgi 1o

Ji kkenkoza 4; i 4ron Kenkyu P tokoru Re ng, ActLvity of
Pluripotent 1 %% éﬁ b L %%r%?re#@ F WEGF c%ﬂ‘éﬂl%fa At | E@% byi¢
Experi merft al @@@te@rleng ltnmpesagenenéosrm Stadrasc elfl PCRCb:eaetléaesem:ttth

Protocol ] " pﬁhqe%rlﬂgr 3049 d%(}acx(:lt-li%ﬁl%lo@:t C-dne G ARQVGGRSCT b?? ES

cul ture msdl um was suppl enent oxant hi ne;* am nop Ster| n,
t hynmi di ne (HAfPrséIOeéﬁpoedgo(deagénrsng(b 0bbeg nEcb%B@eet@mndrse it inge

medi um The ahﬁ\éaléﬁﬁwléﬁé §sied %:C%lol s\é/égnagt géﬂgggﬁ/kigﬁ &ﬂfﬂgf&‘wﬁs HAT

sel ective culture f usi on cel [ nes, , were
obt ai ned by ePBE¥FRE-f udindrtar %%%%u ﬁﬁsmm %@cé!“@éléﬂﬁattﬂyﬁodiﬂ% from

donesti aos 1286MaubBesal6 transgenic mce (lacZ/neo is globally expressed
in the nouse) as follows. Mannitol (0.3 M buffer suspension contai ning
the ES cells and the somatic cells was prepared. The suspension was pl aced

30 on a fusi oficspj O@2hes/i +arxeecd crcTats@AGAAA CT )NTSEQ ID NO. : 15) and
JB2 (5'-TGAGAGCTGTCTCCTACTATCGATT) (SEQ ID NO.: 16);:

15 IgH, Du (5'-ACAAGCTTCAAAGCACAATGCCTGGCT) (SEQ ID NO.: 17)
and Ju (5'-GGGTCTAGACTCTCAGCCGGCTCCCTCAGGG) (SEQ ID NO.:
18).

Toanalyze gene expression, cDNAwas synthesized £rom

20 total RNA with oligo-dT primers. In the case of Pitx and
Nestin cDNA detection, LA Taq polymerase in GC buffer 2
(TAKARA) was used to counter the high GC content. Primer
sequences, the annealing temperature for 30 cycles of PCR
reactions and the length of amplified products were as

25 follows:

P

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'-TTGGGGTCGCTGCGGTCTAGCC (SEQ ID




Alternating current was applied to the suspension at 10 V for 60 seconds,
foll owed by applying direct current at 250 V for 10 m croseconds.
Thereafter, the processed m xture was - 101 25 January 2006 cul tured on

PEF feeder cells in ES culture nedium ("Takinokansai bo g%) 00
Sai pur ogur anukakassei, In Jikken I gaku - BéSsat su Posut ogemolATMPYA%0
Ji kkenkoza 4; Kansai boKuron Kenkyu Purot okoru [ Reprogranm ng Activity of

Pluripotent 5 Stem Cell, In Experinmental Medicine, Special Issue,

Experi ment al LN@turas ¥, iy JAESIOETOTAT CAGE T TRrencee l(sEQCIonRo . Regaak ch
Protocol]", pp 191-198, Yodo-sha (Tokyo), etc.). The above-described ES
cul ture nedi um was supplenented with Geneticin (Sigma) selective reagent
to obtain A18HKepBEE. ¥d 210p c Bl " t-NGT OASAGGAGCCCGABGED ($EB0 a® NS. wez®) j n turn

cultured. Aftgr. &A%@Aﬁéﬁ%¥€§£%c%§]* gbﬁﬁaiﬁl hére i%Ze aboveNgEngL]bled N

fusi on ceI | was obtal ne
and Tada,® T. (2001), Curr. Biol., 1553-1558). 15

(1 munoh st ochieigeghly)s59¢ 0aba gt eug;lang ocRlFedtirddAsRs "sehonic! ed

by standard procedures Ta a,
Surani, MA. , N@wBO23), %6- TGQ&@%@WMQQ‘?H—GC OBEQpBRi NP cal 2§) : as foI I ovvs

To formteratomas fromf our f usion cell clones (HxJ- 17, HxJ-18, MJ-2,

and MJ-3), a out 1x ?’6 cells of each cl one were subcut aneousl i njected
o the 1 nguRRAELY sabaf. of5355Phe 3 THGHOGSEALCHEACAEGRAOATEe | S8l Ao

formati 88 wasNOownd9) i n5 al TCBEERSTHARCARRKSGEAGEKG | mmtmmo.ﬂerﬁdmas,
culture cells and graft tissues of nouse brains fixed with 4% PFA were

used for the foll ow ng i mmunor eaction with antibodies :
L 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 (SEQ IDNO. : 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);

Myf-5, 60°C, 353 bp, 5°-TGCCATCCGCTACATTGAGAG (SEQ ID
25 NO.: 39), 5'-CCGGGTAGCAGGCTGTGAGTTG (SEQ ID NO.: 40).

For the direct cloning of PCR products into a plasmid
vector, the TA cloning Kit (Invitrogen) was used. The cDNA
sequence of a single plasmid clone was independently analyzed

30 by using M13 reverse and forward primers.

(Neural differentiation and cell graft)

To produce'TH—positive neuron at high efficiency,




rabbit anti-TuJ(Babco), nouse anti-Nestin (BD PharM ngen), 30 rabbit
anti-TH (CHEM CON), nouse anti-NF-M (CHEM CON), rat anti-Ecad (TAKARA),
goat anti-f -Gl (Biogenesis) and nouse anti-Desmn (DACO. X-gal st ai ni ng

of cells and tissues was perforned by standard procedur Ce%%%Geno%}g
RT- PCR and sequencing) To detect D-J DNA IGslar+ angenent s PR 2008 1 gH in

fusion clones, genomc DNAs were anplified at the 65C 5 annealing
tenperature for 30 cycles of PCR reactions with the prinmer sets described

bel ow. One cychk® dmiflsdadn aisf Qéréocﬁffﬁflgé SRR 1R Hay856n  PAe 30
seconds (priner_ annealing); and 72C for 30 seconds (el ongation using Taq

enzynme). ThirtS W@Jeé’edflstaPeRahﬁplﬁ‘f i At Fwrkier &- lldlébﬁﬁé&’f"eds

Terl, DP2(5' - GIALACECT W&ACT&AMAIQN@ Wi@lﬂﬁ{avkl?»% I.

5' - TGAGAGCTGICTOGTAGTATCGATT) ( SEQ |
Es' ACAAGCT TCARRE N Téé@f‘éé)m eclgee /| BENSL 495/) ‘Rurgaiger the cells

(5' - GGGTGTAGAGEZECAEEREEIK, LT CAGES) wi BEQHDMNQium 18)remksregalrymeagene

T e case off Bt Shd TRECHIAEANA RSP AH T SRR R rRRet e

buffer 2 (TAIé@R/é;)mms BAGdféede:buIﬁﬁErtvhis hJs@IlaEB@dbet enéatﬂénmlth
tions and

sequences, aI| e for f rea
the |l ength of %a%p gptrtggfuctg gecgggf RS 8 Phe,&f'%lﬁ?ﬁans -Be7 bp,
5' - AAGGAGTCGCT @&OAS’JE(EET @EADbISEO- deeﬁOZGGll%mlstorCG?AGGEETOIEMT (H(.SEQ | D

NO : 20hp 30 pbGLERsoten, RyCHsR i
NO. : 21), 5'- C%CTCTTCCTTCT'GGA%&% ?éﬁ Eg%gg’cgﬁ: @ 3 1 bp
5 TTGGGGTCGCWGEESGF@WAG@G:(EE?#’@W&&SSI and Sasai, Y. ( 2000) Neuron,
: 28,31-40). About 5x10° fusioncell-derived TH-positive cell
suspensionwas graftedtoeachinjectedsite. Twoweeks later,

the whole brains were frozen for making frozen sections after

15 4% PFA fixation.

(Results)
The acquired capability of reprogramming a somatic
cellnucleus bycell fusionisasignificant feature possessed
20 by pluripotent ES cells (Tada, M., Takahama, Y., Abe, K.,
Nakatsuji, N., and Tada, T. (2001), "Nuclear reprogramming
of somatic cells by in vitro hybridization with ES cells”,
Curr. Biol., 11, 1553-1558). Similarly, nerve spherocytes
and bone marrow cells spontaneously undergo cell fusion with
25 ES cells by culturing together, so that the nuclei thereof
are reprogrammed. The pluripotent dell-specific marker
gene Oct4-GFP and the reactivation of an inactive X chromosome
are indicators at least partially showing that the somatic

cellof afusioncell is reprogrammedinto anundifferentiated

30 state.

The result that teratomas and chimeras were

successfully formed demonstrated that the fusion cells have




25 January 2006 NO.: 23), 5'-GGTCGTCTATCAGGTTGTCACG (SEQ ID NO.: 24); TH,
60C, 412 bp, 5 - TGTCAGAGGAGCCCGAGGTC (SEQ ID NO. : 25),
5' - CCAAGAGCAGCCCATCAAAG (SEQ ID NO.: 26): Nestin, 55C, 327 bp,

5' - GGAGTGTCGCTTAGAGGTGC (SEQ ID NO.: 27) '_-TCCAGAAAGCC%S%@A@% éSEQID
NO. : 28); Nurrl, 55C 253 bp, 5'- TGAAGAGA CAAGGAGATC 7252998 NO -
29), 5'-TCTGGAGITAAGAAATCGGACGCTG (SEQ ID NO.: 30); NF-M 55C, 186 bp,

5' - GCCGAGCAGACCAAGGAGGCCATT (SEQ ID NO. @ 31), 5 -CIGGATGGTIGICCTGGTAGCTGCT
(SEQ I D NO : 3P}uripobeRsy; sRersrasismpedieonatbocTor b @onemgsSmayDhRve:  33) ,
) 'TT@m&r%@%f@ngE&lﬁsgcﬁé S%Hétmly ¥ marIBIPRhe course

5 - TGAAGGT GAACGCGATTTGEC (SEQ | NO. : 35), 5'- CATGTAGGCCATGAGGICCAC
(SEQ I D NO.: 385 rediffersntbrtionns pp, 5' - GOCCGCGCTCCAACTGCTCTGAT (SEQ | D
NO.: 37), 5'-CCTACGGTGGTGCGCCCTCTGC (SEQ ID NO.: 38); Myf-5, 60C, 353 bp,

5' - TGCCAT, ACATTGAGAG (SEQ ID 25 NO. : 39%R5' - CCGEGTAGCAGCCTGIGAGI TG
(SEQ ID NO.: 40). For tthe Y8ProSrampshi ngoBetHeER Hbbudedamas, FOBPALR d
vect f)r, ]the Tﬁpl}.impdlgadﬁy gd tE!E)gﬁl)ll \ga]mdn%d ;Eh.%oe:DNA_ desggueatgsof a
single plasm d, cl.0 i ndependent analyze sin reverse
and forward prﬁur?léi}%.e"'é(,\@ctﬁ afmg’re‘f’?cg'}ae]r%i%’} eaﬁ‘at%'g’ll?xg ¥t Fglﬂﬁwg‘aﬁce

TH posi tive nedrtdoudt Hhueglapyf fdlondmgy, - 104 25 January 2006 ES and fusion
cells were cultured for 8 to 11 days on PA6 stromal cells (Kawasaki, H. ,

M zuseki, K., Ni shikawa, S., Kaneko, S., Kuwana, Y., Nakanishi, S.,
Ni shi ka®® S.1., and ISiexsubspeedddy, fMedoon ceddB3lofi0Yys thveadnbus t he

cells 5 were wWawlaed1ciEeAmt | BESodd 1 MAVMTRAMdTol@ 1580 ¥#1SEAYRO Pl s
(H%J), and also of molossinus MP4 ES cells and domesticus
Rosa26 thymooytes (MxR) were made for the following
experiments (Figure 7A). The reporter gene, lacZ/neo in

15 somatic genomes derived from the Roga26 transgenic mouse
is ubiquitously expressed (Friedrich, G. & Soriano, P., GenES
& Dev., 5, 1513-1523(1991)). The Hml ES cells deficient for
the X chromosome-linked Hprt gene and the MP4 ES calls w::re‘
newly established from molossinus blastocysts. DNA

20 gequence polymorphism was easily found in the molossinug
genomes when comparedwith the domesticus genomes.  Full gets
of domesticus and molossinus-derived chromogsomesg weare
maintained in the fusion clones the present inventors
examined (Figure 7B). To test differentiation capability

25 of the ES fusion cells with adult thymocytes, the HxJ and
MxR fusion cells were subcutaneously injected into the
inguinal region of immunodeficient SCID mice. A half piece
of teratomas 4 to 5 weeks after injection of the MxR-2 and
3 fusion cell lines, in whic¢h the fusion protein of lacZ/neo

30 was ublgquitously expressed, was positive for X-gal staining.

Thug, tisgues containing the teratomas were derivatives of

~aa LS ==

-
Vz\‘/)

.

the fusion cells. Immunochemical analysis of the sectilons
ravealed expregsion of the Class III f-Tublin (Tud),




LIF. For transplantation of the differentiated TH-positive colonies, PA6
feeder | ayer was isolated by treatnent with papain, and then slowy
injected into the nouse striatum by using a blunt-ended 26G Ham | ton

syringe (Kawasaki, H., 10 M zuseki, K., N shikawa, S., Kaneko, S. guwana,
Y., Nakanishi, S., Nishikawa, S. I., andl®sai, Y. (20009 JaWaNAPO
28, 31-40). About 5x 105 fusion cell-derived TH positive cell suspension

was grafted to each injected site. Two weeks later, the whole brains were

frozen for rmakNegrbeezsemesecti opsrais & pdémAYe Riifs f indhid®: Retdihy) The
acqui red capabi %'i'té of léfp(rjjgsnlgrarrrn' ng a somatic cel|l nucleus by cell fusion
is a significant tFREEUTR) potiEieRtingothat pihg iputian 3 lsemetaimadhe M
Takahama, Y., ébpabislil:y Fﬂakcailfﬁéz%enﬂ\iat@tmdtaﬁébgqu}m{at&g%ésqétiﬁésfahfil
reprogranmn e, .cells In vitro bridization w cells",
Culror . gBi ol ., glﬁ’?&a@%ﬂﬁ%éﬁfea@eﬁ ¥3r‘f’y‘f°'n&?’?é‘y’s,f)ﬁéﬁeoﬁwéglcd?f‘ducﬁ)i’?érﬁar r ow
cel'l s spoht anevestdexmaiepgogenlyl. fRNA aeawirhhgdhenBscet Pscdyl eekeptbig
ent

together, so t D& &l reof, are reprogramed. The pluyri
cell-specific gn&gé/k%llrnel geneod&:cftbg" G é;r?dleﬁg%re@g‘gﬁcv i &Hm&h%éﬁ Fﬁgéﬁi ve X
chronosone ark® ikl citsgon atldnegsttheaprieslent dhoentgrshasetiheeseahtic

cel I of a fusiamielind s Soihay alaad ol nig,an Hadihheranti ghed, 30 sLate.
The result that teratonas ang chi meras were successtully Torme
denmonst rated tHEIWSe 7Clsi on Faathethay ehisti@bpgi@sl Janmaly2096 Swith

pl uri potiency. HmRRe&yATHREdo3aMBt bEaSREhgIBlRSa _'mc?la*{a"%hep! Eéwﬁuﬁ&&y or
may be genetical |y dormant in the course of redifferentiation.
Feprogr amed §’8ﬁd:>l‘;11€e€1el PtRRMotdSsHegui +ocluding cartilage, ciliated

epithelium and gland. This multi-lineage differentiation
of the fusion cells was confirmed by the tissue-specific
mRNA of the paired-like homeodomain transcription factor
15 3 (Pitx3), Albumin, a-fetoprotein, MyoD, Myf-5 and desmin
' genes (Figure 8A). The lack of expression of these genes
in undifferentiated ES cells 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 cells and their
25 inter-subspecific fusion cell-derived teratoma cDNAs were
sequenced and compared. InPitx3, a single 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 (accession nio. 008852). Outof 12clones
30 sequenced, 5 and 7 were domesticus and molossinus type
sequences, respectively. Aroughlyequal amount of products
was amplified from the somatic genome RNAs (Figure 8B). A

similar pattern was detected in transcription of the




pluripotency as in ES cell genones, tailor-nmade ES cells suitable for
I ndi vi dual s can be obtained by cell fusion wthout therapy cloning. 10
Inter- subspecific fusion cells of Mius nusueulus donestious Hm ES cells

and M m nol oeei nus JF1 thynocytes (RxJ), and al so of m)l%ffi nus ES
celIs and donesticus Rosa26 thynocytes (MR- were made fOr"AHBYiHMP owi ng
experinments (Figure 7A). The reporter gene, lacZ/neo in i5 somatic genones
derived fromthe Roea26 transgenic nouse s ubiquitously expressed

(Friedrich, GersdcidinlOcel &5865F1i&qa%, A1tumitP 13 RTLPER drictfibts at The
for the X chrc?lr%glsorre-l i nked Hprt gene andst?\e MP4

Hxl ES cells | ci en

ES Cel | e V\éredf#evmgl %§‘P’5bFP§hQ&mPF6FrFHEI HEYA Rens Argrsiad wilp bee

Sequencg pol Kmmﬁdréamﬂms _e&&?thNﬁemndancli%ﬁ@cf@i %?@hsmlﬁ pr%ﬂ@”E§dB‘§|,eln

conpared wt 0 t s_genonmes. Fullsets of donmesticus _and nol os

sinus -derive (:el'n(?'ﬂre'c‘-?1 %ﬁé%%?goaﬁngﬁt aﬁj':rr‘i’é‘H the t BRLlPESiBHS c MEs Weee

present iMventdertectexdaas ridoeeFbande atB}81 Ta 78esid disf be adterod i ges€apabi | ity
RxJ .and MR fusion

25 of the ES | I i th ult, thynocytee,. t

cells were su%ﬁ?‘ﬁ%‘gﬁéﬁg njeegggd i ng‘lﬁg fqu?g]u?ﬁéllbr“é’ﬂi“o‘ﬁx%’?esm'on

i munodefi ci e#TO8CED genemes dred fsquadcies genomesawvasasedoynibedésk stiad t er

| njection of LimWER Zodlfes f (diSHAAACEL) {88y ot Bl el il el OO
protein of |aeZ/ neo 30 was ubl qui tously expresseg, was pOSI%I Ve for c])(-gal
stai ning. Thfi§om: the JisT @ad: MKRi Hatehespesif berdisdmme céddi Lanéves Iof  t he
fusion gel|s. thamyeakeri edl ' ;8RS i ssion
of the Oass Lpr L R e Ry 80 e R B 2l =
(‘NF-M, Desmi hS aggnaresntRd psoiat #3 g¢remes avery disfgingnished hat thee
fusion cel I's segaéicé hpolgmpaphishysbAsdti{ar ept ke Hedind GlgRdeHFR! .,

mesoder mal arllgT--PCR products at 395 bp from the domesticus mRNA was
separated to two bands at 293 and 102 bp, whereas that from

15 the molossinus mRNA was resistant 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 transcripts were found to be similar

to ES genome-derived transcripts. These data indicated that

20 similarly to ES genomes, reprogrammed somatic genomes gained
nuclear competency capable of transcribing tissue-specific

mRNAs_in teratomas differentiated in wvivo.

The next question is whether the somatic genomes in

25 the fusion cells could differentiate to a specific cell type

LS

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)). HostMP4EScells andMxR-3 fusion cell clones
.were cultured to promote neural differentiation for 8 to

11 days (Figures 9A, B). By this induction, most colonies

from the fusion cells and the host ES cells were positively




endodermal |ineages in vivo, even if the somatic cells were 5 nesoder nal
progeny. DNA rearrangenents of T cell receptors and/or |munoglobulin H
genes specific to lynmphoid cells in all fusion clones the present

i nventors used revealed that the somatic cells were neso mal derlvatlves
(Figure 7C). Further histological analysiksyvth 10 henot q”Ha@6¥)ﬁ

stai ning showed that the teratomas contained other tissues including
cartilage, ciliated epitheliumand gland. This rulti-I|ineage

differentiati offum@{otdicd Ml 0%0@' héu%@égf?ﬂéiiﬁd Hert h%]e_%ls §?%c§.@§8' fic

MRNA of the paired-|ike honeodormai n transcription factor
Al bunin, a-feti¥pitriand ppsbmipptis aﬁﬂr@l’ésﬁl)ﬁ01§éﬂe'%u{ Fi §ireeceApnighe | ack

of expression gisiNBELrGLIEEM cel 1Bkt 8 e IclAR 158 wbld Sa Al %%Hﬁh&n cells

suggests that _their_expression was induced by cell type-speci

di fferentiati oSS 984 drdicase thabdeileste Ferofithe spsipasgeldpecific
genes vass 1 aner rdoatiftuaatblicahapERs! ARRSh ST Gred@neBRErbI1bACt o

ti ssues, oduct.,s .of Pitx3, Albumn and D anpllfled with the
domest i cus an?’ﬁ%r &FEE c@iEiE§°5f‘rHetlﬁe+‘i‘t‘?5uP%t ddoeegec { tRyen

cel | -derived wmmv@mﬁmroaemepeeduaﬂdgwwﬁbrdm fbliXsns 2
singl e base r Ia n f.the guani dine residye_in . done us_genones
to the adeni %21 (%ggﬁgéi ﬁell?gnu LS uI(gee r\ﬁg‘é’n?&gng aﬁt

position 322 EhemRMmqiﬂxmﬁsbdﬂmwnrdmwﬁﬁmgvelystaﬁnéawﬂtﬁmmmimbaﬁqmenced

5 and 7y4ere g%&ﬁ%kc P! “”Eeiigefmﬁ.gﬁ?;%%%% LOSRECLINEL Yy A
roughly equal anount o pro uct's ron1t ®somat 1 genone
RNAs (Fi gure BBjroxglasgnTH}. pehich mmmhen:@d &ori thrm@mc’pmmmf)f t he

L.107 25 Jandag¥cR898mine neurotransmitters, were mainly detected in
the inside of all surviving colonies. 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.
This effective neuronal differentiation succeeded in 5
repeated experiments. Production of the mesencephalic
dopaminergic neurons in vitro was reconfirmed by
transcription 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
somatic genomes was similar to the ES genomes, sequencing

was performed with RT-PCR products of Pitx3, which is a

25 transcriptional activator of TH. In a single base
replacement of the domesticus guanidine (G) residue to the
molossinus adenine (A) residue of Pitx3 mRNA, out of 12 clones
sequenced, 8 clones were found as the molossinus type while
4 clones were the domesticus type in the dopaminergic neurons

30 differentiated from the MxR inter-subspecific fusion clone
(Figure 9E). Siinilar results were obtained with the
dopaminergic neurons differentiated from HxJ fusion clones.

Thus, somatic genomes, which were reprogrammed in the fusion




endodernmal cell-specific gene, Albumn. RT-PCR products at 567 bp fromthe
donesticus nRNA were digested with the restriction enzyne Ncol and
detected at 554 bp and 13 bp, whereas RT-PCR products fromthe nol ossi nus
NMRNA were 5 detected as three bands at 381, 173 and 13 bp_after digestion
with Ncol (Figure 8C). An equal |evel of JAduwrn expressi%ﬁ"a'?qaﬁh?(%@’
genones and somatic genones was recogni zed by the simlar intensity of
bands in the teratomas differentiated fromthe HxJ and MKR inter-specific

fusion cell liggpigln . mu x | fic,requl ator WoD,
transcripts f romsESa;c%ﬁlg%g a %h’g% Bflgiéug‘%%orr%gné\l%ﬁoee%&% s{%l%%’%tr?ﬁgheafby t he
sequence pol yrnfREs S dits mesencephlad iBs depanigesyiocnneuRdn PERepibilact s at

395 bp Trom & herfiimsly iy Mase $3R3EAEAT L bR bands at 293 and 102

bp, whereas that from15 the nol ossi nus was resistant to the digestion
and was detected as an intact 395 bp band (Figure 8D). In the HxJ-17 and

18 and MaR-2 and 3 inrge PR HinkditSN el didifthed SRR the .
genone-derived transcripts were found to be simlar to ES genone-derive
transcripts. HESSO LR 19 ddoraminero ks ReREPRG - WhHiEh wastokduced

reprogranmed tendle difeeeensigdencdn GEJEL-BafoEOﬂDe&fE?QYh&?@a?&gelﬁ’fial
erentl ate In VvIvo.

transcri bing ttiossue- S%C{f I G rrRNA% I n teratonmas _di

The next questiCon FECHHRther™Re LGRS EIGHBheSti MOUsS « RE2fRsi el | s
coul d differentraasplantatipaci fixtheklexipepd mendert hdM¥Rt BEFusion cells

di fferenty ati Qn-i cin onditigns. Jo do .this he present. inventors
used t hgbsyst g%tgg gﬁe{ﬂ?g?gsﬁ?’fl? egén??ﬁf? oA n%?f%%#’o‘il‘l%os-?ﬂﬁft]tﬁ o PA6
stromal cel | sobtaigedufrdm Rosa@tdchrogsngKiaes Akeo . HARIuta5x10° Neslrlen, 28,

cul tured {6 promore pent of "l crebt AR S Sl 1 SR LS
B). By this i|fbBEéatwR, abdst+ld om.ed=+2.OnmmheVEnsi 6 nmm ey sthendbxtdgmahost |
ES cells Werea@ﬁ%iéfie‘i‘%ln)éeinthetwomousebrains(Figure 10aA). Survival
15 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
20 cells were expressing a dopaminergic neuron-specific TH
protein at the injection of site ‘( Figures 10B and C). Thus,
the somatic genomes were capable of expressing
) neuron-specific genes even after the fusion cells were
f ; induced to be differentiated in vitro to the specific type
25 ofcells. Thesedataindicatethepossibilitythatthefusion

cells could be used for producing replacement tissues in

P

therapeutic applications for diseases and aging.

ES cells are self-renewal and pluripotential cells,

30 which are capable of differentiating to é variety of tissues
including germ cells following their introduction to
recipients. Thus, their pluripotential property is

suitable as a cell source for making many types of replacement




- 108 25 January 2006 imunoreactive for neuroepithelial stem
cell-specific Nestin and postmtotic neuron-specific TuJ. The col oni es
positive for stemcell-specific E-Cadherin were rarely found. These data

i ndicate that pluripotency of the fusion cells 5 was reca jstul ateg d the
fusion cells were controllied to differentl@te effectivelg PAREY A% eur al
| i neage.. Thus, to inprove the efficiency of produci ng dopam nergic
neurons, the period of induction culture was prolonged to 11 days. The’
majority of ceklissuesebposntvittry &iffeaeehtddbiomtibddeeson) #pwieretr,Tul

and NF-M  Cel | ;] tJ V. tvrasin - hydroxyl ase. (T, whi ch i
required for tﬁég%%%:]fosgir#eo fkglgtaye%%%l gﬁ%ﬂes eof”?&ﬂiérﬁl-% ?"éf ag‘\ﬁé’ﬁ?
mai nly det ect etioi rthet hmajjositle of atécipientsng resudtiiey. Rougbhys20ft o 50%

of cells per gplo lgﬁﬁﬁgﬁgggggrggn:rl—kmg ’t‘jiy{%#%ssq_t%&egﬁgraﬁgu%i%i m | ar

pattern was found en ) S were used. ctrverneuronal
di ff erent? at i chrapeebankation sis haye dice dedinser iimownoe logigdlc redactfionhe

nmesencephal i c l NeE Gl Go PEYEPNSqd Ltro r L e
transcription E:) TH, Nﬁ%glé?and Pc?t x%fgl@frr#i fi eﬁy E&%gg%%éZOQ\lfl\n!e%s%oﬁ%ﬁi
extracted frontfaRIRIONPeTEPNddysadiosed BF feekbhtampessoraduadnadt

(Figure 9D). Toisudsaem\WeatiBeire bppRUFr sRLE I £ cAENQDUNRIL EXREESHET DY
t he reprograme sqomati c genones. was simlar to the ES genones, sequencing

was perf or ned 3 RESEER PFEARALIDATS BxItrong Grrdidpates ceddnserFEei onal
activat aro of THiadny.a Ysi,nghahagasdary,epl. ACeMRBEnAEraRe HONESt S6MGagbani di ne

(9 e e L3 e IBET B Bfepinsolelyten e ol TR B o 12

clones were tfe.dbnmedti Tus Blgukstad,hM.dopapm ey gilelmiein,08s , Aisberg,
differentiateg from tRec MR L GLELHIURSAEG [ Snd Var80:15590% ¢ M. (2002),
"Pluripotency of mesenchymal stem cells derived from adult

15  marrow”, Nature, 418, 41-49). Persénal tailored ES cells

may be made with cloned blastocysts produced.by nuclear
transplantation of somatic cells to enucleated unfertilized

eggs (Rideout, W.M., 3rd, Hochedlinger, XK., Kyba, M., Daley,

G.Q. & Jaenisch, R., Cell, 109, 17-27 (2002)). However, human

20 therapeutic cloning encounters social issues of biomedical

ethics (Weissman, 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
Qw ‘possibilities: 1) fusion cells having personal somatic
25 genomes and ES genomes deficient for MHC class I and class

IT could be semi-matched to dindividual patients:;

2) genetically tailored ES-like cells (pluripotent cells)

may bemade by targetedelimination of the ES genomes following

cell fusion with peréonal somatic cells; and 3) personal

30 somatic cells can be reprogrammed by genetic manipulations

of reprogramming agents identified from ES cells. - The cell

fusion technolbgy might have potential to make an important

contribution in personal therapeutic applications without




(Figure 9E). Simlar results were obtained with the dopam nergic neurons
differentiated from HxJ fusion clones. Thus, somatic genones, which were
reprogrammed in the fusion - 109 25 January 2006 cells, acquired

pluripotential conpetency capable of exp i ng the nmesen halic, .
dopam nergi ¢ neuron-specific ‘transcript sf]§§ Tnvitro di fggﬁ%%%?g%n. 5

The present inventors next exam ned whether the fusion cell-derived

dopam nergi ¢ neurons, which were induced to be differentiated in vitro for
11 days have pbRéftrdithe go¢hakprabdemstwhidhehssracumest wiblusdopriaign aft er
transplantation. In this experinent, the MKR-3 fusion cells 10 between

mol ossi nus ES cells and donesticus somatic cells obtained from Rosa26
carrying | acz/ neo. Abdfixappss3edideatificasipa of repsponameing doentsdi ves

were injected to the ufEkahpmeal, HrtprlsEHt iﬁ@%&mnw&;&%ﬁaﬁx the
‘bregma as a reference in the two nouse brains (Figure 10A). Survi \{afﬂ 15 of
celI's in The gidfaLic JgLoFEE T2 GPEgeReGaradiyinedifind whehdynnd wikk cel | s
15 days after ES)|eelLisn. admm&@chégir@gkaﬂﬂ!ﬂhbe aYeditdi NEh@Nghy¥sks of
frozen sectiones hof i he gﬁ,gfts wi th antibodli es against TH and LacZ clearly
denonstrated that ¥hetusioff RETTeHetPVeRtAta siPesfekthet gold EXpledsing a
dopami ner gi ¢ nEthtoES pecits ccdibePprat didamaatid h€hangecin 0Bhef cBibéRatbhgur es

| OB dOo. T | .G . I '

neur on- spect f LLpstiEe 58 AR PRIT aelitnto CoRRd SpelvEsdabechifions
differ erdid at e@cetWiation @f mees fdell ypecbi oincehtsr-sibeseciitia
indicate the pasSbh LbuYs! Palmibie: fushdliofelda. poUl B Be Vaed: ] oo produci ng

replacement tissues in therapeutic app ons’ Tor Seases and agl ng. ES
cel s are sel Fereneqpiugtedpinr ppepsdanae wéthsForsberg et al., Proc.

Natl. Acad. Sci. USA, 97, 14494-99 (2000). Actual protocols
were in accordance with Upstate biotechnology, Chromatin
15 immunoprecipitation protocol, from which antibodies were

obtained.

(Modification assay for nuclear histone)
An anti-acetylated histone H3 antibody, an
20 anti-acetylated histone 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 chromatin
25 immunoprecipitation in order to analyze the interaction

between histone and DNA.

DNA-histone protein complexes were recovered by

reaction 'with the respective antibodies. By PCR

30  amplification of DNA contained in the recovered DNA-histone
protein complexes, it was revealed how histone was modified

in what DNA region.




30 which are capable of differentiating to a variety of tissues including
germcells followng their introduction to recipients. Thus, their
pluripotential property is suitable as a cell source for maki ng many types

of replacenent - 110 - 25 January 2006 tﬁﬁ. es by in V|tr? glffer |at|on
i nduction. However, tissues provided from“an ES cell sou edd
m smatched to the majority of recipients, resulting in non-self

transplantation rejection. Thus, a key issue of therapeutic 5

transpl antation is howdd® r kauda’ ‘?ﬁhﬁ;‘olwg-‘l%@u]rfé]r@ﬁ iDeF ag§avnst
ES-derived grafts. To produce autol ogous transplants, personal tailored ES
cells or personal adult tissue stemcells are appropriate as a cel

source. Personal adult tissue stemcells are a strong candi date cel

sour ce 10 (Jl ang, Y., ohabagi ndazm Bu:N of B@'/"‘E@E:ﬂltazldgh[yde $§B\ﬂ@i£é¢t1ﬁ E.,
enV|

Keene, , 0 Gbnz ,

B ackst dﬁf% per R ’ré# °§1tuEFs’B‘éﬁibu'“ wa Ifd%alVV@’ceEEFQE%%‘bada

D. A, andVerfa:fI lise, Q‘Mré&ﬁﬂ&) thEI mnxﬁﬁkenwsofsﬁmmcénww%stmcel l's
derlved from adu narromf 41-49). Personal tailored ES
cells may beq%ahanu'Fﬁ @FoﬁeﬁaﬁFagfoé grBFSEZﬂéﬂ by nucl ear
transplantation of somatic cells to enucleated unfertilized eggs (Rldeout,
WM, 3rd, Hochedling

Jaent seh R | ol |- 100 6xb7 ik i ad Bt 2 B4 poncentration o ng
encount &0 s08i-aR5i Mstestafp khenetpsst Lbnking I(e\mfsmmngnﬂ allowedBmygl . J.
Med., 346, 15Z§axlé790r(QOHZ%):teIOaEVPbéntP&n;géPéE@{e! ssues, the

Iurlpotency of reprogranmed somati ¢ genones opens up at | east three
poessibilities: 1) fusion cells having personal somatic 25 genones and ES

genomes deficient forrddieankassitednd, @%didmﬁ@b‘!rgm@@eae%d'ﬁ.tacﬂ&d to

i ndi vi dual patients; & wgenetl caliy tailored ES-I]ke ce fl Ul’lpot ent
cell's) were rinse th ice-cold PBS (containing 8 g Na

15  KCl, 1.44 g Na,HPO, and 0.24 g KH,PO, /liter (pH 7.4), and
1 mMPMSF). TwomLof trypsinwas addedperdish. Thereafter,
trypsin was aspirated from the dish. The dish was incubated
at 37°C for 10 minutes. Trypsinaization was stopped by
adding 1% FCS-PBS. The cells were centrifuged and the
20 resultant cell pellet was w.ashed with ice-cold PBS twice.
For suspension cells, the cells were centrifuged and the

resultant cell pellet was washed with ice-cold PBS twice.

{; , ‘ Next, the cell pellet was resuspended in 10mL of cell
25 | lysis buffer (10 mM Tris-HCl1 (pH8.0), 10 mM NaCl, 0.2%
Nonidet P-40, 10 mM sodium lactate (to avoid deacetylation)

and protease inhibitor (1 tablet of complete protease

inhibitor '(Rot:he; Cat No. 1697498) was dissolved in . 1 mL

of sterilized water, diluted 1/100 for use)). No clump of

30 | cells was gonfirmed, followed by incubation on ice for

10 minutes. 'i'he suspension was centrifuged at 5000 rpm at

4°C for 5 minutes.




may be made by targeted elimnation of the ES genones follow ng cell
fusion wth personal somatic cells; and 3) personal 30 somatic cells can be
reprogramed by genetic nanipul ations of reprogranm ng agents identified

fromES cells. The cell fusion technolo ght have pot lal t ke an
i mportant contribution in personal ther%@ut i c applicat |%‘iﬂr\wﬁ'ﬁy@8ga
rai sing the social problens which has occurred with cloning. (Exanple 3:

I dentification of reprogramm ng agents) In Exanple 3, the present
i nventors investigat ed'hquﬂsbuﬁmhwlg&mseau@e:pdg@uatﬂmﬂldqs hystisi ed

when fused t nt nd I I
mechan:Jsm %mheﬁhpﬁ%?eggbl nven %??‘%(p@q{j ?6%@%@?& g\]/)mgl' hl(%gﬂ(l:el | s
causes a dran#ddduwhiagtate atmiepchtgﬂaellnhléxm (letailsbobt¢empkdte
genones, and %ﬂé«'ﬁ%@ EH&B&%FE“% SL A R, 0'16@]:74%%%%5 &fldodyig el in

I nter-subspecific fusion cel onesti cusxnol 0sSi n erinents bel ow
were conduct edih ®cedrignddigedivatersdiltiad /100 F5P§dlse)|\latf°l¥@'é§ﬂ Sci .

USA, 97, 144944994008kt 166t Bal 1BEOEGEOh s mYRhEesN accordance with Upstate
~bi ot echnol ogy, Chromatin 15 i nmunoprecipitation protocol, from which

anti bodi es were obtained. (Mdification assay for nucl ear histone) An

anti-acetyl ated hi st onextl ad | 0fle das d0ndbhiteaCObYLRAEULKY SIOTFHH
anti body, an anti.-net Iated hi st one. H3- L antlb

,_and a
“anti-met hyl at 8§ HH= n yas 3veragad b8 RP Pe LEbH é %#eé’s'ptgrﬁcﬁ‘?"fedsat i on
of the laucl eaasrmostornesa)ﬁfmtﬁmmn LCebl sectvdsddrss tAmed.usTha semigle Next,

these four anhiRodREpIRLESZ], LGRS LN PIRech 2 AT e 2t om
‘protei n conpl enperamtant ebZﬁ/QarLeIi) lwas reactsiferreid Antbear repetibee At
anti bodi es. BynPCR,0int, sonicated chromatin was optionally stored at
-70°C.
15
The resultant sample was diluted in 10 fold of ChIP
dilutionbufferedsolution (16.7 mMTris-HCl(pH8.1), 167 mM
NaCl, 1.2 mMEDTA, 0.01% SDS, 1.1% Triton X-100, 10 mM sodium
lactate, and protease inhibitor (1 tablet of complete
20 protease inhibitor (Roche; Cat No. 1697498) was dissolved
in 1 mL of sterilized water, diluted 1/100 for use)).

To reduce non-specific background, the chromatin

g:} sample was cleared by adding 80 pl of Sarmon spermDNA/protein
25 A agarose. The sample was incubated at 4°C for 1 hour while
rotating. Thereafter, the sample was centrifuged.vat

1000 rpmat 4°C for 1 minute. The resultant supernatant was

transferred to a new tube.

30 | Next, various antibodies were added to the resultant
supernatant (anti-acetylated histone H3 antibody (K9&14,
Upstate biotechnology, New York, USA; Cat No. #06-599) 10 pl
(5 pl of antibody solution was used for 2 mL of reaction




30 anplification of DNA contained in the recovered DNA-histone protein
conpl exes, it was reveal ed how histone was nodified in what DNA region. -
112 - 25 January 2006 2x107 to 108 cells were cultured per assay. On Day 1,

270 gl of 37% fornal dehyde was directly. dded per 10 f culture
mediumto a final concentration of 1% Thlglrgafter, t he ni ”??r”é'aWa@%@haked

at 37C for 10 mnutes at a rate of 60 strokes/mn. Next, glycine was added
to a final concentration of 10 0.125 Mto stop the cross-1inking reaction,
and al | owed t cSOXEEIRP ¥ oramthigegeslated dohstempei4t antibedy 4sUnstate

cells, the medhidhedsnd BRIRY CHew?RErR! 288 . I nsad sddyh 5 ¢8- ¢8l 1 PBS
NenPLock, 4R, CELAJ, WAL M) S PRSP | ter

(containing 8 NaCl, 0.2 ) Na . /

(pH 7. 4), and gﬁ%ﬁbﬂ%ﬁfﬁ%%ﬁ%fﬂ?#y‘%&% PhoLaRrRA J0t sAlykion):

Thereafter, tanpsidindhyastidan Botdionsi(ka b 8Y) 5TEQ (@ 3 yeantDBYERt ed
y . addi ng 1% FCS- PBS.

at 37C fogr 10 Srg' nt{{.es. Trypsi aajf_zation was st opped ]
The cel | s~ wer & el Y§&8qa1 SRe ThE 207k é%ﬁjl"'t%‘i{t @ Fopatiep)wAiPasaked with
i ce-col d PBS thdictechnlediogyysNewsvork caiss; ddte neel o7wese eengovizged and

col 1 pol et vae Peetilenfls TR O cofre “S8TRIERE BuPREE (o0 AEn
Tris-HO (pH3amtibodyasNaChg.0.29mkgaitdet dond(;o1l0saibiediwithoattaie (to
avoi d deacet yl gt p e inhibitor (1 tablet of conplete protease
I nhi bi tor (Roghe;l%%)gy %qelgggggé) was dissolved in 1 nL of sterilized
water, @ uted 1/100 for use)). No clump of 30 cells was confirned,

R R e T e L L e
OnDay 2, 60 ulof Sarmbn sperma DNA/protein A‘a'garose

(Upstate biotechnology (Cat No. 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 was stored as “total input chromatin”.

Next, the pellet was washed twice with 1 mL of low
salt wash buffer (20 mM Tris-HC1 (pH 8.1), 150 mM NaCl, 2 mM

(; » EDTA, 0.1% SDS, 1% Triton X-100), followed by rotation at
25 room temperature for 5 minutes. Next, the peilet was washed

with 1 mL of high salt wash buffer (20 mM Tris-HC1 (pH 8.1),
500 mMNaCl, 2 mMEDTA, 0.1% SDS, 1% Triton X-100), followed
by rotation at room temperature for 5 minutes. Next, the
pellet waswashedwithl mLof LiClwashbuffer (10 mMTris-HC1
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 minutes. Fi‘nally, the pellet was washed twice with
IxTE (10 mM Tris-HC1 (pH 8.0), 1 mM EDTA), followed by




The pellet of nuclei was resuspended in nucleus lysis buffer (50 mM
Tris-HC1L (pH 8.1), 10 mM EDTA, 1% SDS, 10 mM sodium | actate and protease
inhibitor (1 tablet of conplete protease inhibitor (Roche; Cat No.
1697498) was dissolved 5 in | nLof steriljzed water, d| |l u eji 1/100 for
use)), followed by incubation on ice fortdd Tinutes. IWHEYHOBI e was
sonicated so that the length of chromatin was averaged to 500 bp. In this
step, the power 10 was 10 to 15% of naxi mum 40 seconds for 8 tinmes. The
sanpl e was ceRotatigedattrd&dOtempawaitureC far 5 mimittess. The super nat ant
(200 I') was transferred into a new tube. At this point, sonicated
chromatin was optionally stored at -70C. 15 The resultant sanple was
diluted in 10 fol d of N&#iR tdiel antdhofufprobedin PR i comyllek Wasieluted

Tris-HCL( pH8. 1y; 416 g5My1Ng € eldt:?or[”i{h'%ﬁ% gri)lM%ag&%e 3L 1191 SBsh ikl,9BeX- 100,

10 mM sodi um | act at e, and protease in corrpl ete 20
pr ot ease ? nhi le%%Fa(“RéeréaS @Ft%edlm@&ﬁ fa lqwgédmebakitngﬁtrmoem

sterilized V\/atﬂm%éﬁ'awleéj 1£4P0 h8r myagtls. TO I aglice QP SPECddt C was
background, the chronmatin anpl e was cl eared by adding 80 | of Sarnon

sper m DNA/ pr otEqPSf)e%%PgaPﬁé‘eWrﬁHb%nﬁ% thes Painbatide dotad velumenour

while rotatirgg tHereaiglesy washagovappl.e was centrifuged at 1000 rpm at 4C
for 1 ni nute. The resultant supernatant was transferred to a new tube. 30

Next, various antibodies were added to the resultant supernatant
(anti - acex yl at ed hi st dhenki318nil hﬂdys (M(ﬁ&ﬂ:sl. an@pstiat @£l ot aglhimbl REyse New

York, USA; Caty 0 10 J f i bod t d f 2
rﬂ?r;of reacti on - % gdggg\]aﬁuatrrile 286§a‘s'§ruta ?{SW %Sgnfq%ogfcse]t%&]étvanfﬁjuﬁgitoﬁre

M4 ant i body ([glgsgtf@p:gled by heating at 65°C for 4 to 5 hours.

Next, 6 pl of 0.5 M EDTA, 12 pl of 1 M Tris-HC1l (pH
15 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 pug) was
20 added. The sample was stored at -20°C overnight.

On Day 3, the stored sample was centrifuged to recover
the DNA. The pellet was washed with 1 mL of 70% ethanol.
g;/ The DNA was dried, and then resuspended in 30 pl of 1xTE.
25 The "total input” sample was further diluted by adding 870 pl
of 1IxTE. Next, 2 to 3 pul of the sample was used for PCR -

reaction.
(Identification of reprogramming agent)
30 As a method for confirming a reprogramming agent,

the following procedure was performed.

1. To distinguish the genome of an ES cell from the




bi ot echnol ogy, New York, USA; Cat No. #06-598) 51 (5 gl of antibody

solution was used for 2 nL of reaction solution) ; anti -dinethylated his
tone H3 (K4 or K9) 5tl (51 of antibody 5 solution vvas used for 2 mL of
reaction solution) (Upstate biotechnol og%1 New Yor k, t%at 07-030
or #07-212, respectively). Typically, th ?eqw red armu 5

anti body wasl g. As negative control, sanples without any anti body wer e
tested. 10 On Day 2, 60 t,|l of Sarnon sperrma DNA/ protein A agarose
(Upst at e bi ot e@W%gyf(QasomtiQGc;t_SI) ap68sMcedil sasrrelstab,lispedmas

DNA/ prot ei n A@g@é F_H‘%grg)fo ded to
the sanple. The saﬁp %d"\%gs ro z%te ig{)fggé%ﬁour H’égf%uﬁgﬁloaq
centrifugati oriich Oas r nPNAt bage f éﬁqgeWﬁuhéVlﬁgeasbpehﬁat degregs of
transferred ing yn?oﬂﬁ’llérﬁ“&% chhEaﬁé@%W RAk rﬂiﬁé&ﬁi&kﬁ‘d HQs@EEhQ?ﬁ}S ysanpl e

20 was stsored as "total ut chromatin”. Next pell et was was ed tw ce
with 1 mof IRPS%al tA"w’a% lblﬁqléﬁpe(%%ﬁvfwsi@nml]( pE B EF celbhdam NaCl ,

2 MM EDTA, 0.x1% SBiRat1déil qimoX)180) an i lcawad (Ry1hok &t Is%a%t;wZ:éemom
tenperature fo éfo nut es. Next, the pellet was _washed w't of high
salt wash buf f@emhBaiM=agucsdey '(‘-‘Bﬁ f1sdon ceddg Wﬂaﬁma’élweéémndo 1

SDS, 1 % Tri t(am XE$00t)ellles| owdtrby rcdIdld ONwakrel 09IH jadal attyr ether 5
m nut es. Next eII she wash buffer (10 mM
Trs SheL 50 PR s bt et tas hikers RosdtdrplionpanBaY« deoxy
sodi um difol at e) foI | owed by rotation at roomtenperature for 5 mnutes.

Finally, the pellet S h e h xT (10 I.s- HCL. ( H80) 1
M. EDTA), fol | oned bWa § E%%%%n%%ﬂf%’ eli fig%ﬂua T o6h C}‘%‘ Per at ur e
for 5 m nut esfiKedt WJﬂﬂe ant Ffb@“aytﬂpiebyélen/mmm;)l Earwd® elinuges to

cross- -link thehistone proteinwithDNA (histone-DNAcomplex).
Thereafter, 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-Lys4
‘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 sequence B2 repeat scattered
on the genome, IAP, and mouse genomic DNA were used as probes

30 to perform hybridiz.ation. The sequences of the probes are

described below:

B2 repeét:




with 150 gl of elution buffer (0.1 M NaHCG3, 1% SDS) tw ce. The sanple was
vortexed briefly, followed by shaking at room tenperature for 15 m nutes.
The supernatant was transferred to a new tube. At this point, the total
volune of the sanple was 300 |. 10 Then,_ 18 R of 5 M Nad and 1 of 10
my/ ML RNase A were added to the el uate "Ke{etse crossli 4&?%%%@006
performed by heating at 65C for 4 to 5 hours . Next, 6 | of 0.5 MEDTA, 12
| of 1 MTris-HCL (pH 15 6.5) and 2 p.1 of IOng/nlL protenase K were added
to the sanpl e, GCAAAG@N@GGTWC¢TEE&EEGTECGAAHEATTWTCRTKIETTﬂ!!&A&%EAﬂHﬂDvered
by phenol: chlg . i A Q. \

A ycogen (20 gr—was —20—=atet ' ght. On
Day 3, the st WMHGWGMQWTWMGWM | et
was washed wi ticdcdbeRicTHtde AGTCEEETAU AR AR eaRtd

resuspended i m— 301 of —IxXT

diluted by addﬂﬁﬂZﬂ?TﬁﬁTTFATﬂTTEFNBAﬂW%@TA??ﬂﬁﬁT?ﬂTﬂﬂTﬂﬂ&¥C§éﬁﬁﬁéGﬁ§§ used

for PCR reaCPTﬁ&TcﬁddkﬁKddeﬁﬁAT@@ToWs&@ﬁﬁﬁﬁ&ﬁﬁ“‘QQ )308Rk 30 As a method
for confirmng a reprogramm ng agent e follow ng procedure was

performed. 1. To distinguish the genonme of an ES cell fromthe - 116 - 25
January 2006 garene of a somatic cell, an ES cell was established as

descri bed in ecies, M m__nmolossi nus I whi ch has a
doscribed 11 XS el AR 0SGL S5 Nyl TR, 033 INS LD\ cillegh P @
Mis nmusddl us GAGECGCOTCCATATITEGIUGTTACARGATGECGCTEhcpTcCIrcrcTreTADGTel | Of

o Caom | nePranhcAaddiRncharEeaTeHicka bR IARCrER oA CHR A Tén Bt | ©

6e| | (dom . \4 MuUoTrJurrT ol T “Uurmra A G UTTAA mo A
GCCTTCCCCGTGACGTCAACTCGGCCGATGGGCTGCAGCCAATCAGGGAGTGACA

CGTCCGAGGCGAAGGAGAATGCTCCTTAAGAGGGACGGGGTTTCGTTCTCTCTCT
CTCTTGCTTTTCTCTCTCTCTTGCTTTTCTCTCTCTCTTGCTTCTTGCTCTCTTG

15 CTTCTTGCACTCTGTTCCTGAAGATGTAAGAATAAAGCTTTGTCGAATCACTAGT
GAATTC (SEQ ID NO.: 42)

(repeat sequences are underlined).

. As a result, all of the probe DNAs used reacted with

20 acetylated histone H3-Lys9 on the genomes of somatic cells,
while they reacted with acetylated histone H3-Lysd4,
acetylated histone H3, and acetylated histone H4 on the

genomes of ES cells and fusion cells.

£

25 5. The extracted DNA was amplified using genomic
PCR-primer sets, respectively, specific to the Oct4 gene
which is expressed in undifferentiated cells, but not in
somatic cells, the Neurofilament-M and -L genes which are
not expressed in somatic cells or undifferentiated cells,

30 the Thy-1 gene which is expressed in somatic cells, and but
not in undifferentiated cells. The primer sequences used

are described below.




an ES cell as control cells, were subjected to the above-described nucl ear
hi st one nodi fication assay. 10 2. The somatic cell, ES cell and fusion cel
were fixed with 1o formal dehyde solution for 10 minutes to <cross-link the
hi stone protein with DNA (histone-DNA conplex). Thereaft t he | ear
protein was extracted as described 15 ébgag.“The. nucleaﬁﬁgFﬁWépﬁﬂggs
reacted wwth an anti-acetylated histone H3 anti body, an anti-acetyl ated

hi stone H4 antibody, an anti-nethylated histone H3-Lys4 antibody, and an
anti - met hyl at &@Ftf st ofermandy €FAGACLGEEHGGCERIAGAAZN( SEQ @BsHPi bed3 hbove. 20
3. The reaction sol utiQRMA3 RPAEERECERTREARTH tekRo fHCRbUIM, L P Separate
t he hi st one- DNA conpl ex F%acte% \MgthE t%g antFEégy?ngdescr#béd above. DNA
was extracted fromthe histone-DNA conplex reacted with each antibody as
described 25cg#havepid. Th@rﬁékaaéé@é'r@&@'r%@éi'@b@iééd%§E‘§ Polsigs bedgonto  a
menbrane._ The DNA, the repeat sequence B2 reéeat scattered on the genone,

| AP, and “house genonic eferee REECTECAFOPeTCEeCt ol PER f B? HPybrd®l zat i on.

The sequences of the probes are described below. B2 repeat: - 117 - 25

January 2006 GCCAGGTTCCTICCTTCTTCCAAATATTTTCATATTTITTTTAAAGATTT
ATTTATTCATTAT ﬁh@ﬁ&ﬁﬁ%@%ﬁﬁ%ﬁ%@%D NG ¥VEY) |
GOGTCAGATCTTGT TACGTATEER 3 £3 EAGCRAC AT GBI GCENSIGAD NO.: 48)

ACTCCTGACCT TCCGAAGAGCAGT CGEGTGCTCTTATCCACTGAGCCATCTCACC 5
AGCCCCTGGTTTATTTTTTTAATTATTATTTGCTTTTTGI TTATCAAGACAGSEGT

TTCTCTGTATAGOYETMAT T ot &&CH | GECITBACAAGAGGICIGGER (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 As a result, somatic cell-derived genomes were reacted with
- acetylated histone H3-Lys4, acetylated histone H3, and
acetylated histone H4 in fusion cells irrespective of the
bPresence or absence of genes in somatic cells or irrespective
(" of presence or absence of genes in fusion cells.
25
Acetylated histone is known to form loose chromatin
structure. On the other hand, it is known that the
methylation of histone H3-Lys4 and histone H3-Lys9 are
complementary modifications, and that histone H3-Lys9 is
30 methylated in tight chromatin, while histone H3-Lys4 is
methylated in loose chromatin. Analysis of repeat sequences
scattered throughout the genome and each gene in fusion cells

éuggested that the reprogrammed somatic cell genome forms




GAATTCGATTGGTGEOCTATTTGCTCTTATTAAAAGAAAAAGGGGGAGATGTTGG 10
GAGCOGOCCOCACAT TCGOOGT TACAAGAT GGOGCTGACATCCTGTGTTCTATGT

GGTAAACAAATAAT CTGCGCAT GTGCCAAGGGTATCTTATGACTACTTGTGCTCT

GOCTTCCOCCGTGACGT CAACT CGGOCGATGGGCTGCA TCAGGGAGTGACA

CGT COGAGGCGAAGGAGAAT GCTCCT TAAGAGGGACGEE STTCTCTCTCT 29 January 2006
CTCTTGCTTTTCTCTCTCTCTTGCTTTTCTCTCTCTCTTGCTTCTTGCTCTCTTG 15
CTTCTTGCACTCTGT TCCTGAAGAT GTAAGAATAAAGCT TTGTCGAATCACTAGT  GAATTC (SEQ I D
NO : 42) (repehfosedthramatin &towgdurienedParpicalantyl tit atlds akeviehdegr obe

DNAs used reactgsl Wethy12Q 1366b¥ Hatad U g4 ¢ 'aéﬁs‘? i of
somatic cells, while tﬁrey rl_eact ed wt r? acete??i{r‘}dl i st'—ignnlelh}j@S ys4§p€ﬁe
acetyl at ed hi stHneCRRCIHYHEL y| at ed hi stone H4 on the genones of ES

cells and fusion cells. 25 5. The extracted DNA was anplified using genomc

PCR-priner sets, respeﬁ%i Vﬁ|%, specific to the Oct4 gene which is
expressed’in undi f f er WSS )cells, but not in somatic cells, the

Neur of i | ament - M and - [Bagede&nWbhé hp &I PmoAeH i & I IR bakeS eRRllbRcEebES OF
undi fferenti ati%q:e e_I‘SIursEj 30 j.tﬁe Th%{-- 1 goene which is expressed in somatic
cell's, and but™ ot G andrfrer ERPPELEP e At 19 RP$7FHIMS toefatRtBINGsEd
are descri bedvibelther theél8enod denired 26 Ociockiatiiey wald nucleus is :
CTAGACGEGET (SEQ.ID- .43 verse TCATITT SEQ I D
NO.: 44) Oct4 @p:: i'jgr'wa%i %&él%ﬁ&%ﬁ%@l giﬁld.s?mﬂgic gtbverse
AGCCTTGAGCTCTGencme( $EGnipinNgy at@tyllatett, Huewso &IC
(SEQ I D NO.: 48bhse Wt %‘;@%{%&IEI %%% - A8 NF- M
forward GGGT GACAEEAGGT CT G(:B%A:; S NOcﬂ;5 Lé@&?régsg‘g%&%& Xé%‘IﬁTCT TGG
(‘SEQ I D NO.: §Bfchficallip mekhy BiEthinCIANGISIRCINSEQenOmQ, | I151)s

known that methylation of histone H3-Lys4 is associated with

acetylation of histone H3. Methylation has more stable

15 epigenetics than that of acetylation. Therefore, it is
inferred that methylation of histone H3-Lys4 1is a

characteristic modification of the reprogrammed genome. An

enzyme methylating histone H3-Lys4 or an agent involved in
methylation is considered to be one of the reprogramming

20 agents (see Figure 11).

(Example 4: Production of fusioncellof MHCdeficient
ES cell-somatic cell)
é:} In Example 4, an MHC (H-2) class I deficient mouse
25 and an MHC (H-2)class II deficient mouse were used to produce
an MHC (H-2) class I and IT deficient mouse. H-2 class i(',-/-)
class II(-/-) EScells, whichwere obtained from the resultant
mouse, were used to produce fusion cells. A specific
procedure is described below (see Figure 12).
30
MHC class I KbDb-/- mice were kindly provided by
Vugmeyster Y. et al. (Vugmeyster Y., et al., Proc. Natl.
Acad. Sci. USA, 95, 12492-12497 (1998)).




reverse AGAAGAACGGEGCGGAGAAGAG (SEQ ID NO @ 52) 15 Next, the difference in
recognition of restriction enzynmes for polynorphic sites of DNA base
sequences was utilized to determ ne whether DNA anplified in a fusion cel

was derived froman ES cell genonme or a s tic cell genome, 20 As
result, somatic cell-derived genones meréﬂggacted with d%%#?Wﬁ@%ﬁmﬁistone
H3- Lys4, acetylated histone H3, and acetylated histone H4.in fusion cells
irrespective of the presence or absence of genes in somatic cells or

i rrespective of presence or absence of genes in fusion cells. 25 Acetyl ated

histone is known to f oo 0888 eRNENEtkdsut ShldeCHEE kNaiPHrUhedppd. it
met hyl atj on _of_ hi stone H3-Lys4 and hi stone H3-Lys9 are

I's known that th
conpl enent ary %‘gﬁ?? &at PORL- dppdses Ly sebfd -H3PEgS9 NatBo ARadyyFated in

ti ght chromatiusawdd e 1u3gs0343 Lubd)y . methyl ated in [ oose chromatin.
Anal ysi s gf repeat sequences scattered throughout the genone and each gene

in fusion cells suggested that the reprogrammed somatic cell genone forns

- 119 - 25 January 200Gelseos@ochianeet bff sticectveie. £8dar hhaumatky, uhieras
role in

reveal ed that t hyl ation.of hisiqone H3-Lys4 plays, an inpart.ant
r epr ogr ammi ng.t@f%)eisg{c?gglﬁgsceodiélgt]t%‘es 'po@ﬁo&ﬁ%%iﬂ%fmgﬁé‘tﬂ‘%lg ¥&htence
of inter-subspeci fccogdancec DNAL i t the possqulreemenitet efoime amivedher the

genome derive I.C |le I ' [ £ As of
PPl s oxanl 6. Ths anentalionia foe ies BV kyole WEYGH Sty O B BRELNA. D)
cel | fudifon, €eukdecknpgboutchiceawere reduced. Capsst Anang, Chass ohk

H3-Lys4 is speekkl Gald dEitnd alfdihd LHE1HSPyO8EAFTReMIGO MEhe | Larhs
{ chromosome. Therefore, the probability that a mouse
deficient in both genes is obtained is 3 in 1,000 mice. PCR

primers or probes specific to the deficient regions (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 500-0dd mice obtained by mating.

20 MHC class II KO mice were deficient in about 80-kb
region including 5 genes. From the embryo of on such mouse,

ES cells were established. The established ES cell was used

to knock out MHC class I KbDb. The knockout method was
performed in accordance with Vugmeyster et al. (supra). The
25 » resultant double knockout ES cell was injected into
blastocysts to produce chimeric mice. Production of
.chimericmice was performed 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 chimeric mice.

Next, the double knockout ES cell was fused with a




“known that nethylation of histone H3-Lys4 is associated with acetylation
of histone H3. Methylation has nore stable 15 epigenetics than that of
acetylation. Therefore, it is inferred that nethylation of histone H3-Lys4

is a characteristic nodification of the jgprogramed gen . An og)nzyms
met hyl ati ng hi stone H3-Lys4 or an agent involved in net nugfy 4000
considered to be one of the reprogramm ng 20 agents (see Figure 11). 25 30
(Exanmpl e 4: Production of fusion cell of MHC deficient ES cell-somatic

cel 1) In ExanpFRYHBOCHRe MaPTeduse @ fusion geflilei Methpds £oramalhfusdon 1 2)
class Il deficvend paREcemeait MSEsk-dahdy RIHE Tadal MHCr4{d&h 21 . clrageplvrand ||
defi ci ent nousge. g—z claiﬁsné é‘rﬁj % ¢l ass || é-/-) ES cells, which were
obt ai ned from ¥ he S PESaPy - §5yTan LML EBMBO J - prifiubalP TP 3f (L0979, A
specific procasludescsiiadcin ®ehnisleoowe (see Figure 12). MHC class | KbDb-/ -
m ce wereczkindly provided by WVugneyster Y. et al. (Vugneyster Y., et al.,

Proc. NatlT. Acad. Sci. USA, 95, 12492-12497 (1998)). - 120 - 25 January
2006 MHC cl ass || knodhheugemome ofictlee Kindlby qeldvobitaibyd bVeesksEnfiisieh al .

(Madsen L . , &f¢ 3l I . cad. .Sci.. A, 96, . 10338- 10343
(1999)). 5 These tk‘o‘felsi%rﬁggt%fi'\?hi%% 068 et B destR1ndd 1o B ;Lb". Zo
br eedi ng condiddtsninehehethed prqaohie siomad iweresl 1 ganawe dmdtine Eusiioh t he

requirements tdi1aBaithe LPRIIIRNT AL LS delphofely JUA Qo1 URhSELY. BY
mating, 10 doubl e knockout mce were produced. ass an Ss genes
are | ocadtled i AtHEtRe diffeyentiat semigduciagegnditions. The assay was

performed in accordance with the method described in

Example 2. The assay method is described below.

Diploid cells have 2 genetic loci (paternal and

15 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

I and Class II genes, the neo gene was used for a genetic
lbcus 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 typical knockout twice

¢ using different selectable markers.

25
In this example, fusion cell clones were cultured
for 8 to 11 days to promote differentiation into neurons.
By this induction, most colonies from the fusion cells and
the host ES cells were positively immunoreactive for
30 neuroepithelial stem cell-specific Nestin and postmitotic

neuron-specific Tud. The colonies positive for stem
cell-specific E-Cadherin were rarely found. These data

indicate that pluripotency of the fusion cells was




chronosone. Therefore, the probability that a nouse deficient in both
genes is obtained is 3 in 1, 000 mce. PCR priners or probes specific to

the deficient regions (because 15 of physical deficiency in Class | and

Class Il genes, the gene genome was used;ss a probe) \Aeafﬁ sedWDé)qQBerform
screening by genonme PCR or Southern blot analysis. Actu bjja
KO

were obtained anobng 500-odd m ce obt ai ned by mating. 20 MHC class I
on including 5 genes. Fromthe

nmce were deflgéegt S‘PO 8 gl
embryo of on. suhiRb %Je CESTRE | Ei/ve SEQR aGPildfe Ve TrheceREERt 18R §OES

cel :c wasdu_sed diffdmem:'klmtﬁ d‘ﬂ:ﬂ@dﬂzaﬁaiyl 1Klt9b|thér?ﬁetkf@];kﬂﬁ_i%ed’§2€5h0d'hﬁ|§ts t
erformed in st er .. (sypra e resul t an
; a,fc&gég %88? vva(?se]l\E n %IYf’ﬁtporo‘ﬁ']c&ﬂ%‘g‘gg?%l‘?%r%}%ﬂﬁeﬁ%ﬁ|'rrer| c

doubl e knockou cel
m ce. Productidre aferigd odr uuductéowasuptuferwml ﬁn‘b]&ﬁfgﬁ’cﬂa:l’tlﬁﬂl\/\ﬂh?s .

" Ma | " d.. Ho . t
A GO Pr oo BBk ey RS Bt BB Tt hned ey BB R BP0
doubl e knocko @93ty Burh| andbNE-Med @;elhmtmmlglmmﬁjwaﬁt@ tiessint he

doubl e knockoyydz9:8Ald sy USE Wht 1?:3.]: a ynpcyte
to produce a fu5| or}l&?e Stawal\/lat)hog 1% Psaﬁq |do?r$%r\‘3\g?% ¥°§8%18H oF
accordance wi RtPsRlamine ngygotransmistebg, evere maipiyt datest &l :&1

‘Surani, MA thEVBRsdde.ofl 611654005520y (éo‘?ﬁ?ﬂlesas feaghhbesly iy, Byanpte 2. 5

The genqne of t tig fusion cell obtai ned %3 fusion™ was I nvestigated
Wi th the net hE§1dEsBFFHERLPRY E¥eHD| e tegipd cPeEt &Hrbee iki&eher Aosimbiar he
somatic cell gamaeeni washefdusd oRhefiehostaEdecdiiseqgpbi alkd i Nty fg
specific cell E¥get1u_‘r}ger§el}lporlar1 \clll %:rfo di 1;:f erentiation inducing conditions.
The assay was erentiation 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 11 days after differentiation induction. To
examine whether tissue-specific genes were expressed from
the reprogrammed somatic genomes as similar to the ES genomes,
sequencing was performed with RT-PCR products obtained from
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 dopaminergic neurons
differentiated from HxJ fusion clones. Thus, for the fusion
cell of an MHC deficient ES cell and a somatic cell, it is
25 not necessary to determine whether the MHC product is derived
from the somatic cell or the ES cell. This is because the

MHC gene is physically removed from the ES cell and as such

- p——

the gene cannot be expressed.

30 ' The present inventors next examined whether the
fusioncell-derived dopaminergicneurons, whichwere induced
to differentiate in vitro for 11 days are capable of

integrating into the striatum of mouse brain after




performed in accordance with the nmethod described in Exanple 2. The assay
nmet hod i s described below. Diploid cells have 2 genetic |oci (paternal and
15 maternal) for 1 gene. Each | ocus was renoved by honol ogous '

recombi nation. This procedure was perfor mpg, usi ng renoved ~?enese%m% drug
sel ectable markers. In order to renove Cass | and C as t he neo

gene was used for a genetic locus initially renoved and the puro gene was
used as another 20 sel ectable marker for renoval of the allelic gene.

Thereby, O askrtspiprfation, agelr Exa8mle Be cBapItariyvalepdvaal kmder
cul ture condi tt@sgrdhes wad d/@csedt@@aiyedcldaqt st ad U by (blmac edlitg9a be

produced by perfﬁn} Eg |CE knockout twi ce using ferent_ sel ectabl e
markers. 25 | ST zﬁ%{)sea ¥exigdecdiprne OHE‘EUQ\%IP%SE‘EFFI?‘%W%‘EP figrbget o 11
days to pronotetaiiffey enidBidion dntHroesn o&@ctlﬁystdﬂfs*ch@dyﬁafeg wirBat

col onies §rom f Jion cells . a e ho were veI
i munor eagct i veEI netﬁ%éﬂﬁstthgﬁ gln%st['(?ﬁl Iea§ é’c F‘BRRIEEP?ﬁ ahB2
postmtotic m:'hﬁ oﬁuspeul f¢e:1IFuiJarth&i cakamnhds cp@Jsml werleOr efp£8Esing

cell-specific I r und,...Thes di cate 1 hat
pl uri pot ency 'cﬁ% t%rm%ﬂglg\r,\\%gg \%E%Cl%ifzng 3§ﬁu3r 25%% ?"é%%f)ﬁ?ﬁ'at ed
and the fusiofide .| sThase hitmt:‘pmated genomp < Weu:emamlel@bffeexlmeégllmgmt o the

neur al ||neag@1euy&'1'15-'sperc‘ifhgprgfé\ﬁ%st h?evt-eqifa&gpcxh f el %C'éll%%g% erTﬁ'eC

neurons, ~the period I nduct’l on ¢ ure was pro onge
maj ori t y00f céMAYCREr §°p6§ff¢m’91%tgumdrwm ta’ntthbodpeslfagatm¢ o%1J and

NF-M Cell's i waunereaphéys &49td V193 fatdYEhOYbast {1y m\@htﬁé Mif@Ui T ed

fjg'[ et(::'[]gdplr (r)]dugltel gglth Cgtgsefc%)l acnc-;lnles n%%ru({[dr agsem nggs fc\;\ﬁr eprnc?cliti]cf/ng

replacement tissues in therapeutic applications for diseases
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 conditions. Diploid cells have 2 genetic loci (paternal and
maternal) for 1 gene. Each locus was removed by homologous
recombination. Specifically, 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 selectable 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 genetic locus initially removed and screening is
performed using high concentration G418, the allelic gene

can be replaced with the neo gene.




the inside of all surviving colonies. Roughly 20 to 50% of 10 cells per
colony were detected as TH positive. A simlar pattern was found when host
ES cells were used. This effective neuronal differentiation succeeded in 5

repeated experiments. Production of the ppsencephalic dogarri nergzic
neurons in vitro was reconfirmed by transcription of TH, 45/aW4AR208d Pitx3
anplified by RT-PCR with nRNA extracted from fusion clones 11 days after
differentiation induction. To exam ne whether tissue-specific genes were
expressed from the rePobrasmnebtabned reldarsusedto prafnge ESqderdves

genones, sequanci ngevasiprtf orRd o t ediirPCR preyluctgapbhai ngslelham 20
t he recovered . Qut of 12 clones sequenced, 7 clones were found to be

derived from t hESSUREIRSCHT 9gBRSEer SieHpres sedet P the rePEBIRAMEAAS r om
1 oo e emes e sty Shneges| sppmensiiy, [
the fusion cell of_an efi.cie ce nd. a somatic cell, it Is

not necesgs]ary ‘f%r%ePSFﬁ?ﬁ'ge&hé’fLﬁftﬁ' %%&%Cpﬁ?g'ﬂﬁﬁ Pg’tE&PF’\‘?eofr‘W okf*€he
"somatic cell areddweerdes RBlAl.. JhtsSof S1bheathoisss tsdheueMdedgernecisnpbysetal |y
renmoved fromt el.l and.as h the gene, cannot be expressed. 30 The
present i nvent%ﬁlsn%getcx% béaxar%q:r%é’(?d\?\#g:toﬁ‘efg’l‘tehgomﬁ%oﬁeé&l P%‘«?F‘F\?ed

dopam nergi ¢ neurons, which were induced to differentiatein vitro forlldays
arecapabl e of i ntegrati ' | at [ frer,- 1 = 25
January 2006 transpl aﬁ%ggfgggﬁggai ﬁﬁ@g%ﬁig&&%ﬁg@ %\F%\?éﬁ SSch%%'%Si n
the graftfs wa¥edetBeeddbprlimingralyi peridinyapdoisi deffexéntiatitonlays

after injecti @kperAmuneli st peher fahn&%@thét@éﬂd&agﬁﬁéa/%iﬁefw Fozen

sections of the grafts with 5 anti bodies against "THan acZ clearly
denonstrated ShifereRtiptedoninder | bdepdy P sRaksd BEIESNFer AEOGH®i ng

dopani ner gi ¢ Rewa@bpsReeiti Gelth proial N vi¥nd,heikBreChhABreas, and the
like.
15
(Example 5: Production of genome-removed
tailor-made ES cell for an individual)
To avoid rejection reactions completely, it is
necessary to produce tailor-made pluripotent stem cells
20 derived from somatic cells of individuals. Next, a fusion
cell from, which the whole ES cell-derived genome is

completely removed, was produced.

é In somatic cell-ES fusion cells, the reprogrammed
o 25 somatic cell genome has differentiation capability similar
to that of the ES cell genome. Therefore, by removing only

the ES cell genome from 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
somaticcellgenome tobe reprogrammedafter fusion. Inother

words, the ES cell genome must be selectively removed after




site. Thus, the somatic genones 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 data indicate the possibility t hat

the MHC deficient fusion cells could be wsed._for prOdUCIE% g§enent
tissues in therapeutic applications f or diseases and ag

(Application to hunans) When human cells are used, production of defi ci ent
cells using a MRN<R8;8 a_host will raise ethical problens. Therefore, al
mani pul ati ons mere per%orned under culture 20 conditions. Diploid cells

have 2 genetic | oci (paternal and maternal) for 1 gene. Each |ocus was
ecificall t his roce ure can be

removed by honol ogous ;
per formed usi ngrrem)ve genes xaéz—l di]ut S IREGSH e Wﬁ?&o ué’)‘?gnﬁ'i e, in
order to renov @%@%ﬂicmc@ldssnlwh:g@meﬂ; J%Sttheneebowmiemdﬁ%sf or a
O ot ol S o patdedudda T Egg?ﬁ”§¥ éﬁ%é) ¢ thdke W%heré%%n% g tg and

sel ect abl e marker for renpval I C gene.
Cdass Il geneE“%%&ﬂ?P%ﬁ?Qﬁﬁﬂﬂnﬁ%ﬁyJIepﬁvedtandéFPeDbxafEnsmhdtOrowas

Further, it wasrddusih taahVaePet RSy IEDs GRNS: d:S ofattrr%%%%q éggkgi;gﬁén

genetic | ocus |n|t|aII% renoved and screening Is rmed u
concent r at i on YGFPT baged ppdiolongyitringleukenpa é{éﬁusvﬁ%\&)m Meolgene -

124 - 25 JanuaEten?0861 THeushygscwps @Fﬁ@dr@ehh)V\’asl'lr!r@@ﬂsﬁ@agﬁg(m&eused
ES- deri MHC def|C|$nt fug n ce To exam ne whether tissue-specific
genes were expresSEFTAESFORR FERG %%“%Pﬁcsﬁéﬁeﬁﬁglag genefar to

t he ES genonesnds ddpec Poilymerasee Ifepiomsed rwivhb B’sre&’CPopéé?Gb'étﬁthéﬁPned
f rom the rec%\éefngdp%rgj'tex%crelszsed %ge%hagqt%g Cnei\:iqnber %lfoggrsle\/\gégles
can be linearly identified using a cell sorter. GFP (hGFP
(Clonetech)), which has the lowest toxicity at present, was
15 used to screening ES cells having the introduced gene. The
- number of LoxP sequence copies was correlated with the
expression level of GFP. Production was performed in
accordance with Chung, J.H. et al., Proc. Natl. Acad. Sci.
USA, 94, 575-580 (1997). The construct had a structure of
20 LTR-pol II promoter-hGFP-LoxP-LTR (Insulator) (Figure 14).

Initially, ES cells were produced as described in

the example above. The ES cells with retrovirus were
g trypsinized to prepare a single-cell suspension, followed
e 25 by co-culture with a culture supernatant of virus producing

cells (packagingcellline) for1l to 2hours, therebyinfecting
the ES cells with the retrovirus. GFP was used as a marker.
Transgenic ES cells were concentrated by sorting with a cell
sorter (FACS Vantage (BD Biosciences)). Sorting was
30 performed as follows. The Insulator-Polymerase II promoter
-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




found to be derived fromthe somatic cell genone. Reprogrammed
human- deri ved pluripotent stemcells 10 were used to prelimnarily perform
various differentiation experinents. It was found that the reprogranmed

cells were differentiated into blood vesggés, neurons, 501? te§y 6
hemat opoi etic cells, skin, bone, |iver, pancreas, and the K" ?1q§)

(Exanpl e 5: Production of genome- rem)ved t ai I or-made ES cell for an
i ndi vidual) To, cti on re t.i ons conpl et el i_S cessar
produce tai l or-gg(g p%%fpo AR sterhSdi Py %@%H#FBW%%E&VF’E&‘ el I s
of individual stimext, a fusion cell from which the whole ES cell-derived

genone is conpletely renoved, was produced. In somatic cell-ES fusion
cells, the reprogrammed 25 somatic cell genome has differentiation
capability simlar to insartgon sttESwealel dgermined bTNEFISH, b;NA EferHi ng

only thesES Gpld SERLIEmEA O %'c%%d%ﬁ' S eH e]a%gi%fﬁﬁg%’&é‘é i f0ent or s

tailor-made pluripotent stem cel can be ac resen
reactivation éi(‘pfé?ﬁl??eﬁ?shbka‘t’%eeééﬁm?ﬁe s:ammmom {/@@lll:)b‘nglgeﬁemg] cel |

fusion (Tada edpetdial Cdklue,Bi §ikker 0B rdIERNHE §l‘ﬂ% t[?!ﬁgérﬁpgﬁ'{: ?

days for the _somatic cell genorre to be reprogrammed a ter I on

other words, THEFES et ifshone FAH Hikker eBurotplorantise afferomu2s

cel | fusion. Zﬁlk&warxaﬁﬁo%éﬁbrwk@tdﬁgar G addih i eSRin | RWERt of i oduced
a tran g)enl C ES cell in t | east one LoxP sequence_was 5 I ntroduced

a
into eac chrongfﬁ'g'epﬁ&leo#mp‘%ﬁsﬁm otuman, s Gezoge. pArghEFise 19
pr onot er - GFP- CbxRosbneylGeaher ddagnosis]”, Shujun-sha (Tokyo).

ES cells, for which gene introduction was performed

several times, were cloned. Insulator-Polymerase 1II

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
similar to those of the above-described example. A plasmid

which temporarily expresses the Cre enzyme (circular plasmid

in which the Cre enzyme gene was linked in the control of

25 the Pgkl or CAG promoter) was introduced into the fuéion
cells by electroporation or lipofection. The plasmid
expressed the Cre enzyme temporarily (3 to 5 days after
introduction), and thereafter, was decomposed. Dﬁe to the
action of the Cre enzyme, the LoxP sequences underwent

30 homologous recombination, 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




produced using a retrovirus vector (retroviral expression vector based on
Mol oney Murine Leukema Virus (MWV) or Murine Stem Cell Virus (MSCV) )
(Figure 14). The Insulator was used 10 to separate LoxP fromthe influence

of surrounding genes, and the Polynerase;j} pronoter was % ed to_cause the
GFP to be properly expressed so that the nunber of gene € g?%@fy% be
linearly identified using a cell sorter. GFP (hGFP (d onetech)), which has

the | owest toxLCkt resent,. s 15 used.to screening ES cells having
the intr oducedéggr%r.’gﬁ"ﬁg Spr?fr%t?é"rc\,\%? q.%"%@ﬁtﬁ@&%ﬁﬁf’@% RV or PEEETed
with the expreeveosl lanidl ddfviGEBnshr odlgt dDpLoBE PeidmsNekdivedggomdance
with Chung, J 4p o] tl. d. Sci.. .USA . 94, 575-5

(1997). The cons?rﬁ%ﬁ %%I:da ngn&s) r%%?%lgjéco?égg feRapBpdy| Therefore, the

pr onot er - hGFP-E¥dRarFRndchsapmabiy (deldurgerde Irembiakldy, ESuce) | gheere
produced 95 desdidieihdin odife £3 3001 £-80P¥Seq T, ESLCRLLS %h%-gegéog' rus
were trypsinized to prepare a single-ce sSuspensron, ftol owedr25°H

co-cul ture wi tHel @alidumass predugeant of virus producing cells (packaging
cell Iine) for 1 to 2 hours, thereby infecting the ES cells with the

retrovirus. GFP was used as a marker. Transgenic ES cells were
concentrated by sorti R§CRi Bh tFag@denisoBSecqlinGs \omtalbigippl, it is

Bi osci ences) ) poSetibilagt svaas3WyPes £ 1Bsh astd 0l d PWeadd BS cell by fusion
I nsul at Qo Pol Y/ Ierase |1 - GFP- LoxP- I nsul at or gene wasS i ntroduced

ronot er , at Dl | H
into EScells. Sl’f'ﬁel’aea?‘?"gaft,l‘f r SRtYeAptiEsdce &mod bl visiyac iRt 183 ¥8) t he
cell sorter, Wherefbhe,expr eslsionekawpleqf #4160 SFFMLRNCERAS 115267012

Uiee | noert PagteBRefils ELERRT) ond8 on TR edbe DROdST PRoarBRAtAY 1 or med
i n accor danceswFtemKerfilcld teehauilgaeacante applied not only to mice but

also other organisms (particularly, mammals including
15 humans). Therefore, the technique can be applied to human
ES cells to produce human tailor-made pluripotent stem cells

derived from an individual human's somatic cells.

Unlike nuclear transplantation clones,

20 reprogramming of somatic cell genomes by cell fusion without
the use of human unfertilized eggs is within the scope of

ES cell application and complies with the guidelines. This

is an innovative genome engineering technique which provides

a maximum effect on regenerative medicine while minimizing

=
T

25 ethical problems. Therefore, this technique has a
significant effect which cannot be achieved by conventional

techniques.

(Example 6: Differentiation into hematopoietic cell,

30 tissue, and organ)
Next, it was confirmed that pluripotent stem cells
produced in the above-described example could be

differentiated or purified into hematopoietic stem cells.




Hi roshi Yoshi kawa, editors, Sai bo-Kogaku[Cell Engineering], special issue,
Ji kken Purot okoru Shirizu [ Experinment Protocol Series], "FISH Jikken
Purot okoru Hito Genonmu Kaiseki kara Senshokutai |denshishindan nade

[ FISH 10 Experinmental Protocol From Hunam {gnonme Anal ysis
Chr nosome/ Gene di agnosi s]", Shujun-sha (Tokyo). ES cells, 2# g?”% 24P8gene

I ntroducti on was perforned several times, were cloned.
er- GFP-LoxP-1nsul ator was used as a pr obe

Insulator-Pon eﬁ Erogo
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enzyme t enpor afidsbsh i R1a¥s 181  Ghed d¥dAUNGY GOL - AL IHPLRAL Be VS

deconposed. Due tq the action o e enzyne, Sequences

under went 30 ﬁﬂﬁﬁP@@G@@tré@&ﬁbpﬁéilQﬁlthﬁ)ﬂﬂﬁﬁendnnyvphélohrUﬁbemneé a

derived frOWlbh@aESlﬁQMoﬂ%ﬁEE@&éﬁ%fthHBih@ghkﬁagbﬁ%ﬁk&h sﬁam f'%h
e. e

e rempved by cell division. ovér th

chr onos r
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renoval
specific to eappldehktiassdescri bed above. After several cell divisions,

only diploid genones derived from the reprogrammed sonmatic cell r emai ned.
Therefore, the reprogramred somatic cell genone renai ned. Thus, the
(Example 7: Differentiation into myocyte, tissue,

and organ)

15 Next, it was confirmed that pluripotent stem cells
produced in the above-described example could be
differentiated or purified into myocytes. Similar

experiments were conducted in accordance with Boheler, K.R.,
Czyz,J.,Tweedie,D.,Yang,H.T.,Anisimov,S.V.,andWobus,
20 A.M.(2002),“Differentiationof;ﬂuripotentembryonicstem
cells into cardiomyocytes", Circ. Res., 91, 189-201. As a
result,:H:wasfoundthatcellsdifferentiatedintomyocytes'
exist among differentiated cells. Therefore, it was
revealed that the pluripotent stem cell of the present

25 invention retained a capability of differentiating into

P

myocytes. The myocyte is useful for actual clinical

applications.

Although certain preferred embodiments have been

30 described herein, it is not intended that such embodiments
be construed as limitations on the scope of the invention
except as set forth in the appended claims. All patents,
published patent applications and publications cited herein




i ndi vi dual somatic cell-derived tailor-made pluripotent stemcell was
produced. Once a transgenic ES cell is established, it is possible to
easily establish a tailor-made ES cell by fusion 10 using a sonatic cell
derived fromindividual patients. Therefgye,. in this exagple t%ﬁr- made
ES cel s were successfully established in the mouse nodef® SXPER 1%t al
system This technique can be applied not only to mce but also other
organi sms (particularly, s including 15 humans). Therefore, the

t echni que can be &SSPFé&rg%%rFef@é'e@é’lel asiif seodfREtR N Y BPF§iPmade
pluripotent stemcells derived froman individual human's somatic cells.
Unl i ke nucl ear transpl antati o nNehRQAeSarL, %9 ﬁeﬁggiilﬁi ng of somatic cell
genones by cell fusion without the use o ﬁuman unfertilized eggs is within
the scope of ES cell application and conplies with the guidelines. This
IS an innovative genore _engl [ I que. whi ¢ rovi des Xi mum
ef f ect onrprege_nerati vgﬁﬁeg?%lgﬁgvméﬁﬁo% ‘rii‘l‘lazsl ﬁﬁofg'g'fa iedl uﬁ?gﬁﬁﬁi?
Therefore, thil® tefhiigntlmsestablighinganeldéi edtiswiesh carhodrdmns

achi eved by cerywanfi I j . P fter i.ati i.ntf o
hemat opoi eti c cgl :B %O%%_Stﬁrégﬁlg? éi%’m O%Igsgﬁ?gﬁe%aﬁt%rg \%%ge%%tr? i'r%@’%lﬂgt

pl uri potent sEdACdELrg i Eederhionaeaisdiongeset tveut stamiiagooitl be
differentiatedggreduri f iTed ppbeeheBl ROl £34d t : = ,;12% anuary
2006 Si il ar eggeri TEnts \/\_/e?e conduct ed i% a%g(?rlglg%ggbé\na?hpkau. rr%gn%t] D.S.,
Hanson, € T. SEE%"?} g having the sape grnomgqs thahpsrdult ndivibigls,

" Hermat opoi et i ehitchosyular Abkg beeldchifiddy & domrBtuBHE ©MEMANE fued em
cells", Proc. t|l . Acad,. Sci

Theérefore, the present invention can avoid inherent and
ethical problems associated with conventional as well as
immune rejectionreactions andprovide tailor-made stemcells
15 for individuals in a simple manner. Thus, the present

invention is industrially significantly useful.

£
{




5 USA, 98, 10716-21. As a result, it was found that cells differentiated
into hematopoietic stemcells exist anong differentiated cells. Therefore,
it was revealed that the pluripotent stemcell of the present invention
retained a capability of differentiating into hematopoiejd¢ ste I'ls.
10, The henatopoietic stemcell is useful for actual cli %é‘gﬁnuary@(ﬁg
applications. 15 (Exanple 7: Differentiation into nyocyte, tissue, and
organ) Next, it was confirmed that p}wj potent stemcells produced in the
above-descri bed exanple could be differentiated or purified into nyocytes.
Simlar experinments were conggﬁéﬁﬁgaﬂigigﬁimance wi th Boheler, K R Czyz,
J., Tweedie, D., Yang, HT and Wbus, 20 A M (2002)
"Differentiation of pluripotent enbryonic stem cells into cardi onyocytes”
Crc. Res., 91, 189-201. As a result, it was found that cells

diffenrenti @lhﬁénddd) AnMyeIad %ﬁfunp%@n$ tsteﬁﬁEHI'lg c&hﬁﬁlﬁﬁg %ltsbﬁlfaﬁéi cE18rbsfon ddESES Or €,

it was eal e ot ent stem cel present, 25 invention

ret ai ?{‘8’8 C§ (?Eﬂéﬁf’]iniatt“ilc‘%ﬁ W&’F]feiﬂe"f‘ #t Patherglsein trWB]@WtaEQH anthgendg delsted 1 s

usef uthefstam edll, uad carhprivingd destpPlobrtoaiid. ons. Al t hough certain preferred

enbodi nrents have been 30 described herein, it is not intended that such

enbodj ment e.construed as tations on the scope of the |nvent|on
£ & b aeepplie

excep URRGETH sfem £ &ycleryipghergin at fegstep part of g fAsRIARALGRL ent
appl |ﬂaiglemm§daaeﬂ.publ ications cited herein - 129 5 25 January 2006 are
incorporated by reference as if set forth fully herein.

3. A pluripotent stem cell according to claim 1, wherein the whole of a transplantation

antigen is deleted.

4, (Amended) A pluripotent stem cell according to claim 1, wherein the transplantation

antigen comprises at least a major histocompatibility antigen.

5. (Amended) A pluripotent stem cell according to claim 4, wherein the major

histocompatibility antigen comprises a class I antigen.

6. A pluripotent stem cell according to claim 1, wherein the genome is reprogrammed.

7. A pluripotent stem cell according to claim 1, which is produced by reprogramming a cell.
8. (Amended) A pluripotent stem cell according to claim 1, wherein the stem cell is an ES
cell.

9. (Amended) A pluripotent stem cell according to claim 1, wherein the stem cell is a tissue
stem cell.

10. A pluripotent stem cell according to claim 1, which has a genome derived from a desired

individual and is not an ES cell or an egg cell of the desired individual.




| NDUSTRI AL APPLI CABI LI TY The present invention has epoch-maki ng useful ness
in efficiently establishing cells, tissues, and organs capable of serving
as donors for treating diseases, without eliciting innune rejection
reactions, without starting with egg cell. The present Ve ntio ﬁguld
provi de pluripotent 10 stemcells having the same genone SQPHQWQQ adul t

i ndi viduals, which could not be achieved by conventional techniques.
Therefore, the present invention can avoid inherent and ethical problens
associ ated with conventional as well agiJnmune rejection reactions
andprovide tailor-made stemcells 15 for individuals in a sinple manner.
Thus, the present invention is industrially significantly useful. 25
Janualy. 2086plufi3etedtMEMDICEIl GedNrifbg ko claiENd@ddh A & SBloaicRemB|defiv@DESHL 2 St em

ceII séﬁ%ﬁ%céﬁo@%d@my: &@ﬁgyﬁh0|fusion cell of a spen1ce|! and_a sonmati c

erein a par e of a transplantation antigen is deleted
in the stemcell, and conprising a desired genone. 2. A pluripotent stem

cell cor di ast art of.a transplantation
ool ! 2500 A Bisbigh i do WISKRAL (b8P RS P Bt ACRPARSAY
wher efibRe whol e of a transplantatlon antigen is deleted. 4. (Arended) A
pluripotent stemcell according to claim1, wherein the transplantation

anti gen conprlses at least a nmmjor histoconpatibility antigen. (Amended)

A pl utd-pot Aritluripasent stem cedlaseprdinggo clpim lawerein oirensplantation antigor other than

hi st og@ndad ddlirkd Indivailal B68dERgPri ses a class | antigen. 6. A pluripotent
stemcell according to claiml, wherein the genone is reprogramed. 7. A

pl uri potent stemcell according to claim1, which is produced by
repr ops. ammqgmapd:@itlstem &ell 4ABRAGER) clAnPl uwmaﬁtl@aém%heﬁﬂrﬁ @l delafR&QtHidgh t O

claim St cell is an ES cel . (Anended) A pluripotent
stem %é’ﬁﬁ YG’? éﬁﬁfqﬁlgmihéfldg‘n?al m 1, wherein the stem cell is a tissue

15. A pluripotent stem cell according to claim 1, wherein the desired genome is of an

individual in a state other than the early embryo.

16. A pluripotent stem cell according to claim 1, which is an undifferentiated somatic cell
fusion 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.

17. A pluripotent stem cell according to claim 1, which is an undifferentiated somatic cell
fusion cell of an ES cell and a somatic cell, wherein the whole of a transplantation antigen is
deleted in the ES cell.

18.  (Amended) A pluripotent stem cell according to claim 16, wherein the transplantation
antigen is a major histocompatibility antigen.

19.  (Amended) A pluripotent stem cell according to claim 18, wherein the major
histocompatibility antigen is a class I antigen.




stemcell. 10. A pluripotent stemcell according to claim1l1, which has a
genone derived froma desired individual and is not an ES cell or an egg
cell of the desired individual. 25 January 2006 - 131 11. A pluripotent
stemcell according to claim1, which has a chronosone dgg ed fr%gla
somatic cell of a desired individual. 12. A pluripotent stef¥a¥2%8cording
to claiml1l, which is not directly derived froman enbryo. 13. A

pl uri potent stemcell according to clijagm 1, wherein a transplantation
antigen other than that of a desired individual is reduced. 14. A

pl uri potent stemcell according to claim1, which is derived froma cel
other than an egg cell of a desired individual. 15. A pluripotent stem

cell cor ¢ | Ad i desi red nome i s..of an. individual
h o 20atcConpnddl o Bhifbdenlifh el ok aFalgab LR MR e BRie P
accor dimhocrtecs spleanicellvn adestis-dedveduetlidefiesdfomat tensglanatiorcindatidual.f usi on
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. 17. A pluripotent stem
cel | &tcor tmgnded) & pipripatentigkine pell accardingtdi ¢laisy Entwherein atlsasitane of ghd ES

Fusi oBelc&ld th@boratidFR1IGEh huRsl dgriw@mgjii ¢ cell, wherein the whol e of a

transplantation antigen is deleted in the ES cell. 18. (Anmended) A

pl uri potent stemcell according to claim 16, wherein the transplantation
anti gem i s(Amemed) AhbisHpGrenam bl hécord@ifk itd 8Rim 13, wherRNIRAbmAP M PPt ent
stem ﬁel I gccordl g to claim 18, wherein the major histoconpatibility
ant i g8WPEaeved Ll antigen. 25 January 2006 - 132 20. (Amended) A

pl uri potent stemcell according to claim 16, wherein the somatic cell is a

| ynph | N i s-derived cell derived f
1Y anotant @eREREEA wfBasieR o' Ehastotie KNG Lot BHEISH ORI ePe ofbor i ng

to cl sunmtit@ellwheé tlei stenatell Baghetivaby afodiffed. ES cell and the somatic cell is a

human- deri ved cell. 22. (Arended) A pluripotent stemcell according to
claim 16, wherein the somatic cell is a
24. A method for producing a pluripotent stem cell having a desired genome, comprising the
steps of:
1) deleting a part or the whole of a transplantation antigen in the stem cell; and
2) fusing the stem cell with a somatic cell having the desired genome.

25.  (Amended) A method according to claim 24, wherein the stem cell is an ES cell.

26.  (Amended) A method according to claim 25, wherein the ES cell is an established ES
cell.

27.  (Amended) A method according to claim 24, wherein the transplantation antigen is a
major histocompatibility antigen.




human- deri ved cell. 23. (Amended) A pluripotent stemcell according to
claim 16, wherein at |east one of the somatic cell and the stemcell is
genetically nodified. 24. A nethod for producing a pluripotent stemcell
having a desired genone, conprising the steps of: 1) del§tj ng az?@ét or
the whole of a transplantation antigen in the stemcell; ing the
stemcell with a somatic cell having the desired genone. 25. (Anended) A
met hod according to claim24, wherein the stemcell is an ES cell. 26.
(Amended) A nethod according to claim?25, wherein the ES cell is an
established ES cell. 27. (Anended) -13ret hod according to claim?24, wherein
the transplantation antigen is a mgjor histoconpatibility antigen. 25
Janua&gr 208%18-1 28. é n}\nded A met hod according to claim 27, wherein the
maj or 2Hi st 1 g Imethod gheqrdisg tosclamg | 2s swlver%mt‘ihselﬁawzénst?mabw

met hoantipen @y sltlags Itamtigédi m 24, wherein the somatic cell is a | ynphocyte, a
spleen cell or a testis-derived cell derived froma transplantation

i ndi vidual. 30. (Anended) A nethod according to claim 24, wherein at | east
one 029.t he(AhemdedpAlmethdd héverdisgtoatlaien 24 wherdin hdwomaitic dell iy € Ungtobyte 3d. .

(Arren%)r(ge)ndb\lrz;l;,%1 osgls%%ﬁ‘grddc&@qie ?Fh(?rlﬂ%lﬁ%lé@?nt r| Si %gd%gl eting the whol e of

t he ansp antation an produci ng a
pl uri potent stemcell having a desired genonme, conprising the steps of:

provi g 9 Qﬂﬁelﬁe A%{tﬁ&i a&%ﬁﬁﬂ%ctglcllan%%o% 5 quea‘%sk ghé%flth? @t%gg@eh il RRS! ng

t he ce ositron co nded) A
met ho@%}@@p@nmbﬂmmdmwggll V\/nerel n the reprogramﬂ ng agent is prepared
with at | east one agent selected fromthe group consisting of a cell cycle
regul atory agent, a DNA helicase, a histone acetylating agent, a

transehi pt (AsnendgdhA atiead: peeorting feliclaimt R4y comprising delefingrabyiheld of tlf

hi stot@ﬁlsbﬁndaﬁgﬁan@g@q a transcription agent Spl or Sp3, or a cofactor
thereof. 34. (Anended) A cell, tissue or organ, which is differentiated
fromthe pluripotent stem cel I

32. (Amended) A method for producing a pluripotent stem cell having a desired genome,

comprising the steps of:

1) providing the pluripotent stem cell according to claim 1; and
2) exposing the cell to a composition comprising a reprogramming agent.

33. (Amended) A method according to claim 32, wherein the reprogramming agent is
prepared with at least one agent selected from the group consisting of a cell cycle regulatory
agent, a DNA helicase, a histone acetylating agent, a transcription agent directly or indirectly
involved in methylation of histone H3 Lys4, and a transcription agent Spl or Sp3, or a cofactor
thereof.

34, (Amended) A cell, tissue or organ, which is differentiated from the pluripotent stem cell

according to claim 1.

35.  (Amended) A cell according to claim 34, wherein the cell is a myocyte, a chondrocyte, an

epithelial cell, or a neuron.

36. (Amended) A tissue according to claim 34, wherein the tissue is muscle, cartilage,

enpithelium, or nerve.




according to claim1. 35. (Amended) A cell according to claim 34, wherein
the cell is a nyocyte, a chondrocyte, an epithelial cell, or a neuron. 36.
(Amended) A tissue according to claim 34, wherein the tissue is nuscle,
cartilage, enpithelium or nerve. 25 January 2006 - 134 éﬁé I@qﬁ ged) An
organ according to claim34, wherein the organ is selecte PO tTe gr oup
consisting of brain, spinal cord, heart, l|iver, kidney, stomach, intestine,
and pancreas. 38. (Anended) A ceII, tissue or organ according to claim 34,
wherein the cell, tissue or organ ig34sed for transplantation. 39.
(Anmended) A cell, tissue or organ according to claim 34, wherein the
desired genone is substantially the sane as the genone of a host to which
the céll, (Amsn@db)Anmrgmadcerdirrgans:lﬂimr%ﬂe@hepéﬁm thé Ar@ndsacb)leoeednfemih tlen@otp
conpr nga n wherein the
cell bﬁsgbgl tl} Ogrﬁllaof 1%&1?&516?%' Ig’rlen ?I%arln ﬁtes?ﬁu%i% LRE%5st em cel |
according to claiml. 41. (Anended) A medi canent for treatnent or

pr ophyg axi S C e or
O gan 5t @SSRS ol bl AP Gafh 34 Bkn P RUTEiy of baBH
cIa|nﬁﬂ“e%HEP@Pﬁ’Wﬁ§“§¥en1ceII has substantially the same genone as that of
the subject. 42. (Amended) Use of a pluripotent stemcell for producing a
medi cggrent Arﬁén(feﬁfﬁgt&ﬁnﬁssﬂ@ or nggﬂ QX#O@ZHng tgfclaﬁp%uwﬁ/ﬂgl%mo{he eﬁpcrdd offi§s to a
defect in a cell,”tissue or or I camrent
conpr FubsEntiply the s3me at e Eerarene lrehast toowkiek th@g:etlotlssuapmman wﬁ@maﬂmtcme stem
cell. has substantially the sanme genone as that of the subject.

(Amrengied) i n for
{roat ot SreBeanh e RRLR o gL b OSE Moy TR ?d”%%%

cel |, whersigy e gellg lwﬁ Qforgars ispflislerentigisé riesinm the hlaripeignt atnmn@ellcmrdlwg) t he
cell,cmﬁ§§ue or organ differentiated fromthe pluripotent stem cel
according to claim1l, wherein the stemcell has substantially the sane
genone as that of the subject. 44. (Anended) Use of a pluripotent stem

cel | #bnpriAsnenged) Aanediesmeys forrfecatroent or ptRpbiyhgiszof adiskasenedisordenged img t he
Pl uri RatRnh aSdeAMissak lor AEEAT S DeutjQt CddhHsing e pl@POMY selPBell 3RBrding to

claim 1, wherein the stem cell has substantially the same genome as that of the subject.

42.  (Amended) Use of a pluripotent stem cell for producing a medicament for treatment or

prophylaxis of a disease or disorder due to a defect in a cell, tissue or organ of a subject, wherein

the medicament comprises the pluripotent stem cell according to claim 1, wherein the stem cell
- has substantially the same genome as that of the subject.

43. (Amended) Use of a pluripotent stem cell for producing a medicament for treatment or
prophylaxis of a disease or disorder due to a defect in a cell, tissue or organ of a subject, wherein
the medicament comprises the cell, tissue or organ differentiated from the pluripotent stem cell
according to claim 1, wherein the stem cell has substantially the same genome as that of the
subject.

44.  (Amended) Use of a pluripotent stem cell comprising a desired genome for producing a
medicament comprising the pluripotent stem cell according to claim 1. ‘




45. (Anended) Use of a pluripotent stemcell having a desired genone for
produci ng a nedi canent conprising a cell, tissue or organ differentiated
fromthe pluripotent stemcell according to claim1. 46. (New) An isol ated

pluripotent stemcell substantially as hereinbefore descg%ﬁgp mﬁ%@ 5
reference to the exanples. 47. (New) A nethod according t0 ‘GN4#h&%%or 32
substantially as hereinbefore descrihged with reference to the exanples.

45.  (Amended) Use of a pluripotent stem cell having a desired genome for producing a
medicament comprising a cell, tissue or organ differentiated from the pluripotent stem cell

according to claim 1.

46.  (New) An isolated pluripotent stem cell substantially as hereinbefore described with

reference to the examples.

47.  (New) A method according to claim 24 or 32 substantially as hereinbefore described with
reference to the examples.




