2 0 MA' 2005 WO 02/ 44343 PCTJUSOL/ 43434 TOLERI ZI NG ALLOGRAFTS OF PLURI POTENT
STEM CELLS TECHNICAL FIELD 5 This invention relates generally to the fields
of cell biology of enbryonic cells, and transplantatiof { fanhgjgioy. Mre
specifically, it describes a technology for creating specific

i mrunot ol e in a patient so that they will accept Wft made from
VBB i

pl uri poten I1s. 10 REFERENCE TO RELATED APPLI IS
application clains priority benefit of U S. provisional patent application
60/ 252,688, filed T EGrALLOGRAFIS OFp%HéﬁlﬁgTEMBSTmﬁEébﬁs of prosecution
of this application in the U S., the priority application is hereby

i ncorporated herein by ref erence inits entirety. 15 BACKGROUND Precursor
cell's have become a central interegh,\ bR fEsi cal research. Many tissues in
the body have a back-up reservoii of precursors that can replace cells that
are semescent or damaged 20 by injury or disease. U S. Patent 5,750, 397
(Tsukanoto at aiis inv@yist esrtos) ganerplyr osthé dielbati oall Riviady opf catbryomid céils e
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pat ent 5, 13uaRiRash aTBLES G e Wl a e el Rt o BRI ol cct od

differentiation of isolated human nesenchymal stemcells, using an
appropld ate 25 bioactive fa@ﬁéw%&%@w ENG & s can then be introduced
into a host for nesenchymal tissue regeneration or repair. U S. Patent

5,716,411 (O giphd ad%ﬁcaﬁ’c’n clain2 Qﬁﬂﬁb‘é%flf & Q%n Srﬁ\ﬁstldnéﬂatér% 'aﬁbh@attloﬁ ddssbdeeridf a burn

or wound, using.a aut o F. Gage)
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Pat ent 5, @mlcatlgrwstmﬁhmncsrmtateah%ﬁmquf@ﬁmmstsemretybt ai ni ng neural crest stem
cells fg omenbryonic tissue. U S. Patent 5,851,832 (Wiss at al.

Neur ospheres) reports isolation of B@%e neural stemcells from 8-12 week
old human fetuses. U.S. Patent 5, (M Carpenter) reports hunan
neural stemcells derived fromadult primary central nervous systemtissue.
U S. Patent 5, @&&r@?@«aué have Gage 4 &pwd inferét INRiddiogl rdsedrctgr iy itiegegiamet i cal |y

modi {1 ed %%{1;) avd b a&ﬁ %&\%r o?‘ﬁr@&%&é’thagga%erﬁ@a e Bdiis ﬂwgeng%grg%?%@gg%dr al
nervous SysS uer ur osci ) report
that ntf tlbéﬂﬁ‘t“é’r?f i882595NS cel |'s inpl anted into animal brains formelectrically
active and funutS Batedt by5039n (Esvkagthtoret alr, SpsemiBrapsts iglatién ald.growibeaf durgan 285: 754,
19?9) r ?p%ﬁ\aﬁ)m&c stéth @6ild'whizh a?ee'H S+ 834y, eéﬂd Eéﬂam %ﬂ@ﬁe\(éﬁﬁéﬂ@n %Eoel%;%‘h' E q
et et SRl e LS OBl o AURER o EXPRS b5, 2 20 20
of enbr yorineagetiteated diff¢rentiatiopief ishlatag bumanonepanchimal pier eelishesingoanezvpiopratet o
di f f er st ivagivé Rk©r. alrD&diveanglisC&h| thényHREntroklited nto” £ A& tdr Ynesérld®malltisdusd MAY 2505
regeneration or repair.
U.S. Patent 5,716,411 (Orgill et al.) proposes regenerating skin at the site of a bumn or
wound, using an epithelial autograft. U.S. Patent 5,766,948 (F. Gage) reports a method for
producing neuroblasts from animal brain tissue. U.S. Patent 5,672,499 (Anderson et al.) reports
30 obtaining neural crest siem cells from embryonic tissue. U.S. Patent 5,851,832 (Weiss et al,,
Neurospheres) reports isolation of putative neural stem cells from 8-12 week old human fetuses.
U.S. Patent 5,968,829 (M. Carpenter) reports human neural stem cells derived from adult primary
central nervous system tissue. '
U.S. Patent 5,082,670 (F. Gage) reports a method for grafting genetically modified cells to
35 treat defects, disease or damage of the central nervous system. Auerbach et al. (Eur. J. Neurosci.
12:1696, 2000) report that multipotential CNS cells implanted into animal brains form electrically
active and functionally connected neurons. Brustle et al. (Science 285:754, 1999) report that
precursor cells derived from embryonic stem cells interact with host neurons and efficiently myelinate
axons in the brain and spinal cord.
40 Considerable interest has been generated by the development of embryonic stem cells,
which are thought to have the potential to differentiate into almost any cell type. Until recently, the




WO 02/ 44343 PCT/ US01/ 43434 only mammal from whi ch enbr yoni c stemcells had
been isolated was the nouse. Thonson et al. recently |z% ted and
propagated pluripotent stemcells froml|ower primtes (4JVSH w@f‘al’%ﬁt
5,843,780; Proc. Natl. Aced. Sci. USA 92:7844, 1995; Biol. Reprod. 5:254,
1996), andwBnsds om humans  (Science 282:114, 1998). Geaifd|dssnd coworkers
deri ved human enbryonl c germ (hEG cell lines 5 fromfet all‘%go/nsa al tissue
(Shanbl ott et at USA 95: 13726, 1998; and U. S.
Patent 6, (8% M2 ff%?’éﬁ“r??‘?i”f}'ﬁ%?‘e"b&e’ﬂ'%%d ORI PR 28 Ao U PEPePD of Ber on
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pri mor di alprst SER. @ehd %m BeA mzhﬁﬁ «md @&Gaspaidl 525118\1@965 hed |t|@ﬁgro§10rﬂﬂﬁﬁs

characteri tlcs pQt ent elng gr own
Cnovier o S 20RO and GRS fetied i oirenf BBAN T30 BEL "D, O O
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deri ved huwsPa@nts,000/ER). Shiewatded! |Palehtn@Blicaih IV @be2q7h LNGHET EaE.Y rédisl to

proliferat r ' i ulture (Amt et al., Dev.
Bi ol . 227: @%dé)%% lng‘"lkfo %W'rg’ pﬁ'lngﬁg%@ "3’0{‘%’8 l§}ea el prom se for use in human
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conpr om seﬂa dapatgpesidieing g@bminrvivalwithop diffaremtinigg, they have ci rdeds aryolybe, @odtdest | on.
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patient with t@leﬁurdeﬁd R &ﬁd.de‘sabne%mlgée& dsé iarnuﬁqbfem@ﬂasyﬂaaﬁb L$a rkBivsr @i | ows the
patient to un r%r ssue re%lenera lated cells derived

Prom the. JEEEraB At aee gy EHB Ao BPmERL by iR, FOATRLY deEt B FEFor epar | ng
cel | s toor comfdiempeuti c use, conprising 25 differentiating human pluri potent

stem (hPS) cells into a first and second cell popul ation, whereupon

adm ni stration of the first po%pil\%#&nm%@v&go& ndi vi dual renders them

i mmunot ol erant to the second . The first cell populationis

IMHC conpatible with the second popul ati on, which neans that the cells share
at | east one hamb disojpere atovidds @ swm%thatams blkifgldink ofstem tefls @ aptrae haniveed!

enmbodi gent nct ceggrr Q&b Seg brﬂars}tlaﬁ %’i@ Wl'e@&rhlgﬂsofq{sﬁleq hO%JA' r‘ﬁlsmatx}h' ch can

be attaine erentlatlng]Je [ations. from ?cell
| i ne. Par tquf"ﬁ rotpe $iorp a8l sgee 3 HieipateRYy éTcP'Ee byfrepig "’felpﬁtﬁm ‘@@Itqle"ﬁ%?ﬂ fation can
have part ideddedrirophtacttgnpicelsor Thisf almys itieen pdtierd Hauruader@sr fisstié cagenkeddior iubegd i n t he

sections tm@;emfa@dIcgpg/der'mﬁroﬁﬁﬁ@@q,eg@jrde popul ation conprises cells of any
t ype needed for tiss ewrh?g ration treat ed.. 35 Anot her

b
aspect of the il ?/3???? Ve et ﬁ@&th?%ﬁ’r pmpaﬁ]grcf}lﬁ;gort %;apPQF F?mpﬂs'%l ation
t hat r&ndedifigrentigting WWP‘H@&*P“‘@I?WWF?“@ infocp g Adrfieeand eellpopyiatienm wheseusPant to a
second celddmpRpatio@bfi i Tirst épuldiion @Rghyindivided eshtidaetlem MttnbeleramIPRE becorid celhe
i nventi onsd é thod of reconstituting cellular function in an individual,
by adm ni steri n the first and second cell popul ation, as al read){ descri bed
2°2 0 MAY 2005T e first cell population is MHC compatible with the second populatnon which means that

the cells share at least one haplotype at the HLA-A and HLA-B loci. In a preferred embodiment, the

30 cells in the two populations are autogenic — which can be attained by differentiating both populations
from the same hPS cell line.

Particular types of tolerizing cells in the first cell population can have particular phenotypic or
functional characteristics described in the sections that follow. The second cell population comprises
cells of any type needed for tissue regeneration by the patient being treated.

35 Another aspect of the invention is a method for preparing a first cell population that renders
an individual to whom it is administered immunotolerant to a second cell population, as already
described.

Another aspect of the invention is a method of reconstituting cellular function in an individual,
by administering the first and second cell population, as aiready described.



WO 02/ 44343 PCT/ USQOL/ 43434 Anot her aspect of the invention is the use of a
first cell population and a second cell population as al ready descri bed for
t he preparation of pharmaceutical compositions. Includ gﬁ {@Snbi nation
of phar maceuti cal conpounds, offered in kit formor dis (it et“deparatel y.
Conponent sy éﬁ"P conbination are a first cell popul at IP%QIULS?I Lyshas been
differentiate rom human 5 pluripotent stem (hPS) cells in a phenot ype
that renders a subj ect to whomit is admnistered imunotolerant to a
second cel | poff9ingt 3589Ft cH G invertiar e ¢8a Pt pEEILTE PPRIRIIAR 7 secfdcdonpat i bl e
Wi th the boputioneslalreappgastrived fonthe aepadtivie efchharchesentidatmohpos@bine rincidadisla ment s - of
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"
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such cel | s ar@hesembedimests of he b@nmme""%mpé@ﬂtfrem theyperiiionthat folawut e, and
chronic tissue rejection in the absence i nmmunosuppressi ve agents. This

i nvent1|00n sol ves conpati bi ID% FA}( ooﬁesgmoﬁgfme'ﬁﬁ#r\!mﬂl | ograft by inducing a
state of inmune tolerance The patient is prepared by
infusing with tolerizing cells that induce 20 specific inmunol ogical

unr esponsi venestsm aglaschsdiogh s@eind dselgped npies direatioh of retting barkb oigiteaf dells ahol er ance

Ih QS{‘“ i Ontﬂgir? 3%&«,&\4%&12 rdgBetHGHe TR reééﬁtnﬁveﬁnbmc@hzés%t érﬁmdé}f%nﬁéé%] tg(rpyffe St he
ot er act | G = g R Py isBRGL hiyesh 5 celf PLSb b Erehs S oNERe 5 of 't he
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are pr eseﬁi'@'&’urﬁ)s res fance the reader's appreciation of the invention.
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ff tiated t
ngﬁetzhy Qeciid lﬁmuﬁcﬁ&glca ubr@@p%ns%)eﬁe@é"%aﬁu&%eé@é@ﬁbé dl;‘é% |E1me r??ﬁ%[ag;q di fe][ g?elr]?| St e:jn 0

e tolerliz 1 ON
colI's: (Such - oty eReadilen RIPIayEA PRIy S SHPBITOLHT BT IS aLR Gl It Fecne
r egener at ingeivingBéimietde oo anerdyaif rilospegific hceplymm’acweﬁebmlatpradmg with MhiE @asei’n cells can
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in this discl V, HuUs potential for the use of stem cells in
regener at |p\?% d(r?r‘zrg{e%vgﬁhgntllgggélﬁm? pﬁ? i stoconpati bili tétm smat ch between stem
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Administration of the tolenzmg cells induces immunological anergy in the patlent not only against
Class | and Class |l alloantigens, but aiso against the myriad of minor histocompatibility antigens and
allotypic differences that may be present in the transplant.

35 The strategy described in this disclosure provides enormous potential for the use of stem
cells in regenerative medicine. Faced with histocompatibility mismatch between stem cells and cells
of a patient needing treatment, the clinician has previously been faced with difficult options — such
as maintaining an enormous bank of pluripotent stem cells to have allotypes compatible with each
patient — or else, subjecting patients to a severe regimen of immunosuppressive therapy until the

40  graft is accepted.



2 0 MY 2005 WD 02/ 44343 PCT/ US01/ 43434 Wth the present invention, a
single line of stemcells can be used to tolerize any patient, and then to
regenerate tissue in a manner that will be accepted by {he atl ent's i mune
system Definitions 5 Prototype "prinmate Pluri potent @rr?\‘iz%l P35 (pPS
cells) are pluripotent cells derived frompre- enbryonic, enbryonic, or
fetal tisswo®u4npy tine after fertilization, and have I(hwsohanact eri stic of
bei ng capabl e under appropriate conditions of producing progeny of several

different cell Eﬁ’lﬂ%@regegﬁﬁvent%ﬁ & dsﬂglg 'hﬁég)ﬁ‘ ét%f §ell§)£an%l9 gse% 0 t%lgﬁetaw g}gt?entggr{dm nal
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SLID mce. 10 Included in the definition of pPS cells are enmbryonic cells of
various tyagsionsexenmplified by human enbryonic stem (hES) cells, described

by Thonson at al . L ence 282:1145, oni c e Is from ot her
p%/l mat €s, suchFraEw SBrg'ﬂ?ée r@ﬂﬁe’g grce S%a%?neﬂ'ﬁ ‘fp'%(?/ °te"tI§F'Eéje” f‘\?gtfqm P"Acad. Sci .
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55: 254, 198f) cap@dm'un'aéf oﬁ*aiarcmmbﬁ cgg.eancﬁ@&@enysﬂdeserﬁ Siﬁ@remlcgnttypeaﬁnatal , Proc.
Nat| . Acad. C{S "’;QE? ﬁ_. . [ %d P%ep ? gde r) aDor nnt cells
are al so |aF?c [JVGEVSS P f éeerﬂe m a’@és go efm (& BF P | Hato C'Hr e capabl e
of producﬂWmFi@@%%C@H@tte%ﬁéch@éﬁw%mtv@;f;'“ @fer%ﬂma in w%@ee@@hdﬁpmwcer ayers are

i ncluded, regngieHee Hxhobefimtiatdners &dmeyrewmb@orﬁtﬁcrehs/ad/aifdu@rvpésrrbfemmméocbyti ssue,

fetal t f I
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w | | Ofte'&erggdifowa[r%ﬁgﬂﬁfs Y neighboring cells that are differentiated.

Nevert hel ess rentiated col oni es persist when the population is
cul tured or. pefSseleuiesaredeserbndssryndifferertigipdwherbm subsiapiia! Rrepartion ‘HG M
undi f f er entlis abditleir GBvatiedslirsthe pmbtndesala;amerplmulembhadctqnstms)ofrmdnﬁumn(:m@lo%

prefer abl Y:elEQQeﬁly @Jtln%l@ﬁnd:ﬁ&h frbHe BH&-r@ﬁtnb@@ceﬂs 5%%@5 opf?c‘u!t §r|g|n0 UndteRPGRdcS” are

terns escCr | e co-cy with cells of
Lo PR Serf 3 SR Ereicc by Rbeer hlert P o, vt e B i mens oo

type can g:f@)wcroscvhev1¢veed@¢nle@@t delis \uﬂﬂ@gbmcle@rfmtbwlqsnﬁqremandjlrﬁﬂi"@n@ml%@peC| es as
the cell s tidi@erstb® thdl REIEHIds] o GhdifEr@Hhtiated ¥ S MMtien th@Fé’ﬁuﬁhdﬂ\ vtuvmﬁwéunaﬂ&dcel I's can
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enbryoni c t1"ated from
hES ~cel | dhe paRuiaiensis cillyeed of.Baseaged ndemapgropriateciopsiionse angyipdiyiqugl undifipsrstiatest i ons are
sai d t@ beelseastiré b albsinthrpReportiad (>2o‘=/eﬁrderab|9 86084 of the deh goptialions have been grown

through at | eagho@nbu Bhsledl R esl hédttb Bitofc) oDloPbre 3 orf EERCCL | © are

not added to sug cg tures ree of
feeder cel'ftgcely r?f‘%ﬁ‘% tyP%é Provifg an ﬁBVHEﬁmeB Jp VRighdRe celspfithe seqRped HeR 2p greS""t:uI ture or
cel | populTat ifeadericsiisr @¢ @ptiopally tiromi an diffévers species as the cells they are supporting. For

example, certain types of pPS cells can be supported by primary mouse embryonic fibroblasts,
35  immortalized mouse embryonic fibroblasts, or human fibroblast-like cells differentiated from hES
cells, as described iater in this disclosure. pPS cell populations are said to be “essentially free” of
feeder cells if the cells have been grown through at least one round after splitting in which fresh
feeder cells are not added to support the growth of the pPS. Cultures essentially free of feeder cells
contain less than about 5% feeder cells. Whenever a culture or cell population is referred to in this



4 2 0 MAY 2005 WO 02/ 44343 PCT/ US01/ 43434 disclosure as "feeder-free", what
is nmeant is that the conposition is essentially free of fepdepaspehdns
according to the preceding definition, subject only to further ¢o fraints
explicitly required. The term "enbryoid bodies” is a termof art synonynous
w th "aggr / dies". The terns refer to aggregate jf.ferentiated
and undi ffm&‘g‘?ed cells that appear when pPS cells ?\%&5&6&43@15 in
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35 Except were explicitly stated, there is no intention to limit the claimed invention to tolerizing
cells of a particular phenotype. What is meant by a “tolerizing cell” is simply a cell which (upon
administration to a subject) can induce specific immunological tolerance, as described above. There
are many cell populations differentiated from piuripotent stem cells that have the 'toleragenic
properties suitable for use in this invention, some of which will demonstrate morphological
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30  Embryonic Stem Cells
Embryonic stem cells can be isolated from blastocysts of members of the primate species
(Thomson et al., Proc. Natl. Acad. Sci. USA 92:7844, 1995). Human embryonic stem (hES) cells
can be prepared from human blastocyst cells using the techniques described by Thomson et al.
(U.S. Patent 5,843,780; Science 282:1145, 1998; Curr. Top. Dev. Biol. 38:133 ff.,, 1998) and
35  Reubinoff et al, Nature Biotech. 18:399,2000.
Briefly, human blastocysts are obtained from human in vivo preimplantation embryos.
Alternatively, in vitro fertilized (IVF) embryos can be used, or one-cell human embryos can be
expanded to the blastocyst stage (Bongso et al., Hum Reprod 4: 706, 1989). Embryos are cultured
to the blastocyst stage in G1.2 and G2.2 medium (Gardner et al., Fertil. Steril. 69:84, 1998). The
40  zona pellucida is removed from developed blastocysts by brief exposure to pronase (Sigma). The
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35 cells can be used as a positive control for SSEA-1, and as a negative control for SSEA-4, Tra-1-80,

and Tra-1-81. SSEA-4 is consistently present on human embryonal carcinoma (hEC) cells.
Differentiation of pPS cells in vitro results in the loss of SSEA-4, Tra-1-60, and Tra-1-81 expression
and increased expression of SSEA-1. SSEA-1 is also found on hEG cells.
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30 |nteret |né Ethefollownng For neural progenitors, neural
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144: 923, 19ra<,7rest M‘th&'t% i@!ﬁnwxﬁ% For :Peruﬁéﬁprodelﬂifos neﬁﬁéﬂr@strlcﬁ%'cells@%g%%ll sarsds0; and
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nuscl e and cardf
144:92, 1997; Wojcik et al Proc. Natl. Acad. Sci. USA 90:1305- 130 and U.S. Patents 5,851,832,

5,928,947, 5,766,948, and 5,849,553, For cardiac muscle and cardlomyocytes see Chen et al., Dev.
Dynamics 197:217, 1993 and Wobus et al., Differentiation 48:173, 1991. U.S. Patent 5,773,255
35 relates to glucose-responsive insulin secreting pancreatic beta cell lines. U.S. Patent 5,789,246

relates to hepatocyte precursor cells. Other progenitors of interest include but are not limited to
chondrocytes, osteoblasts, retinal pigment epithelial cells, fibroblasts, skin cells such as
keratinocytes, dendritic cells, hair follicle cells, renal duct epithelial cells, smooth and skeletal muscle
celis, and vascular endothelial cells.
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for a human TGbiieRntiaRe dht edn,be characterized by morphological features, detection or quantitation

of expressed cell markers and enzymatic activity, and determination of the functional properties of
35 the cells in vivo. Identifying markers for neural cells include f-tubulinlll or neurofilament,

characteristic of neurons; glial fibrillary acidic protein (GFAP), present in astrocytes;

galactocerebroside (GalC) or myelin basic protein (MBP); characteristic of oligodendrocytes; OCT-4,

characteristic of undifferentiated hES cells; nestin, characteristic of neural precursors and other cells.

Glutamic acid decarboxylase or GABA identify GABA-secreting neurons; dopa decarboxylase,
40  dopamine, or tyrosine hydroxylase identify dopaminergic neurons.
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or aligand for a human vitamn D receptor. Differentiated cells can be
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PAG, Ac6 Oc.rells cral’? §J‘ér¥wrf o?ﬂ:lnrrgfa(éellu ¥ucﬁ H%:ﬁ%ig%a Iamgn onB&R ;g&hagfrﬁ oF der c el I's

include fetal liver stro gd sac (e.0.,
C166), thyPFIFB‘%P’PQYﬁ%H by 8?qe§°e"%1c¥‘4't {fé o5 pile Bein Ré?%e%* s & Mgy Th8¥ cells.
Al t er nat i veedvide carhize repladel $y oging dwediipnalmedium @ry., expernaies| flool sromatecelfs). xTo such as
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provi d calﬁ; gé) erilte'& I'"§Uba8 rsbwdtﬁ ag\‘ le@’(‘}'ﬁ?ﬂ °t°|%8 eﬁ ﬁg%det? g a(ncu'argrowthﬁg W4t ant from

st ronal gep@ys p on the mechamcs of culture and the cell subpopulation that is desnred
The cells are cultured for sufficient time until colonies form with a cobblestone-like
appearance. The colonies can then be passaged and tested for phenotypic markers by flow
cytometry, immunohistochemistry, or enzyme-linked immunoassay. Expression can also be
35 detected at the mRNA level by reverse transcriptase-PCR using marker-specific primers (Moore,
Clin. Cancer Res. 1:3, 1995).
Relevant markers are as follows: For human hematopoietic precursors or stem cells:
CD34 +, CD38 -, Thy +, HLA-DR -, CD45R0O +, CD71 lo, Rhodamine 123 lo, GATA-1, AC133,
B-major globulin, B-major globulin like gene BH1. For mesenchymal stem cells: CTLA-4, SH2 +,
40  SH3+, CD29 +, CD44 +, CD71 +, CD90 +, CD106 +, CD14 ~, CD34 -, CD45 —. For lymphoid cells:
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pronot e hemat opoi esis, the cells may be cultured in nornoxic conditions (19%
02) or in | owoxygen 30 (5%02) e.g. in incubators with a%és_ ?I xygen
content. The choice of particular growth conditions depe E@ tfw on the
mechani cs of culture and the cell subpopulation that is desired. The cells
are cul tur ufficient time until colonies formw | estone-1i ke
appear anceﬁlgf%/gjscszl oni es can then be passaged and test ‘g/i}f'%r phenot ypi ¢
markers by flow cytonetry, immnohi stochem stry, or enzyne-linked
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(CFU-S) . Hm?ap gPerTﬁf, arﬁ? cEes (l:nelﬁ%rs a%gyésxs ﬁun@ ?g\ar&é/rs 8uéec6dy d? ?elp)r b?ﬁ) (% lis) P
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weeks. Thetyvnmaandtﬂdtmddwﬂr;ﬂ:ﬁn‘ﬂ&;ﬁ&&:ﬂed‘sﬂﬁgutshualbpthalbml-lctyﬁeto repopul ate the

hemat gpoi eti ¢ ok egymoqgrlzﬁgt%e% %F m@gé@\éraleﬁ ] 'd@&r@r%aljeé céﬂs(b?otﬁér llﬁé%gg figeue

lethally irradi ected | ntrav gr af t ment
is nonit BYE pypadiean el ﬂ’@settsn‘?"6’@F&F@Fﬂ“"gg‘@“‘@)P"tﬁi’ﬁi‘a“‘ﬁeWéP'dP%mﬁﬁkerF iﬁ‘ﬁ?hm d cells
in the noasee.bl dod exesipleg celtsurram tepewichiadc byaritieressenicesctivated ACE wriiad,yen S.

Sui tabl e Wdﬁ&ﬁa@nétﬁ%é&’&m%rﬁﬁg pﬁQJoiyﬁa cDR18p4sB, @@d:xhs)md ﬁpd aldbtick® (nyel oi d

cells). So
survival, ﬂﬁ'a t‘%ﬁ'éq'“‘[evxf) *%8??0? @g@g rlrgqoirt%r °s°n39r|”% Vbé]fcgt'?%'@futﬁ% E’%Scyg%nﬁtw&a}?r MHC type.
20 Cpt35ona¢'9°9°n t B e RPPIBhe PeEAteher ebpseratBem etr dmBived ﬁ@?@ﬁﬁt i¥eed cells
of other Rudv@ageet ki) Gehe222G08, t 898EGenBENkPREsiHNAAF®IEE73) SdnlkiE@texpresiian be

separ at ed ot g ARLHPRFY SRSE dﬁﬁagse {4 o AR ol L3h &6l roBPRbsceiO”

exanple uor escence-acti vated®ce or
i munomagR@EindUSeBae 8168 1§, Cerent rPré PRSIBk SYprasstens the, Prmrepoﬂewsm and
Thy +. A wamp@fuisby an adendvirussvettat inrintiee ceélipoputatiorspermaitsDDBAB tcells 10’ tepoiedtar

const rgdct om%ﬂtu%rnkihet B&eRlL sk E%Qoﬁ&bénd%? Qﬁhblﬁ@:r o?-Ey e e@é‘efnéeo.a[&twa!: 9 ceifxanpl e,

t he CD34 g ot er _or enhancer (Burn et 80: 3051,
orting, respectlvely

In the course of preparing cell populations suitable for inducing immunotolerance for use in

this invention, the practitioner can optionally employ adjunct methods described elsewhere.
For example, WO 93/18137 (SyStemix) advocates culturing hematopoietic stem cells for
35 12h in a medium comprising at least 10 ng/mL leukemia inhibitory factor (LIF). U.S. Patent
5,635,387 (CellPro) outlines methods and a device for culturing human hematopoietic cells and their
precursors, particularly CD34 positive cells, using a nutrient medium containing growth factors. U.S.
Patent 5,733,541 outlines a process for propagating and maintaining hematopoietic precursors that
are CD34 +ve, HLA-DR +ve, Thy-1 +ve, and Lin -ve. U.S. Patent 6,015,554 (SyStemix) relates to

12



Radonska et al., Gene 222: 305, 1998; GenBank Accession No. AF047373) can
drive expression of an encoding region for a drug resista é] ene, or a
fluorescent |abel such as green fluorescent protein (U F%%er&ﬁﬁ% 166, 178,
Geron Corp.). Transient expression of the pronoter-reporter (for exanple,
using an s vector) in a mxed cell population ¢D34 + cells
to be sel e%@%ygéyout by culturing in the pr esence of ?Eg/]btg:aolrrespondl ng

anti biotic, yor escence-acti vated cel sortin respectively. In the
course of ”EF‘B E’?/ﬂlﬁa"?f'@ ReM3BRA £5 PrRSUreqs ?'E'Br?eg f?roqmqemﬁ%ctf‘?ﬁ@rq ﬁ?ﬁiﬁ&% ol erance
for use i GD4gAA -weiangBtden, the practitioner can optionally enploy adjunct
net hods descri peg eﬁ'als ebg.n cEéan.oem@hs@s WC%?PBQ;B@Z?S(@Yﬁ%@oﬁwer@dVocat es

cul turing t ri sing at
enst 100 AgF TP (oBeholleS TR, R Gpreotehy e ool BB AT RR ML 31 08,

( Cel | P60) mougel ESrelts, @@P%@ﬁsa@ﬁ@”éﬁp @@In@éemlﬁphdcnﬂdvmm%@emm%bsﬁ@rﬂwépou etic
cel | s and ctifoek Eontaing @itfers G@wihPatot combihatibhsy CD34 positive cells, using a

nut i ent med! UR AR RLDIARAL 8 @%Jas.un%ﬁ 86 el §aoo SREEDS15Paufchds mikg OUL ! T NS 2

process far propagati ng tic precursors that are

CD34+ve, ﬁEAe'BF@“#T}%Jse *?‘PW “13"°‘<X/é"°'%€‘|'1EP“ I_‘Fer1317\/‘?§ m°E’ﬁeS)’°‘kF5&t’ é?i't lingy CO&siBe
( Sy St em x exagaetoashesddbd grodtR fadtofs. NFo¥hi&RAS clbied erk4BdSveREHérUB0ORYsA 34341 net hods

for obyai Qé}@gorhgaggﬁgémggbésqw rlcdgggmhgt%pé,g%enri ched for progenitors that are
CD34 +ve, CMH4 % Bi ol .

7:862, 1995 ika“°c%|al %IeP_ﬁe 51198 CQP?"S*”"“’ é%&%w %ﬁég%fﬁfgpe?‘?%m%ggs)
out | i ne aceMios @P% Potbicilf &l (AMBRtJ b2 wém#uredmm Ecalindsregrdiveld busiigs es ar e

fornmed frenaihe iGRMSEIRSorGehl-iid HétREaRIosH 6 d lovdéiglgeh e Of)edthabiash Withbu®
sem -sol i Ca’dcﬂn%g&l H)Egpén%%s(y&&% hlyala%%% Lt a’ @?o%%z\la(arAcab %J QSA M1k+j qg%blgrgp ggtl ni ng

di fferent yrrp05| um on
Stem C8l | §cad2§@dJS/*a%%15%df>95MBi)ed quelﬁsé&ll%mﬁa*nacﬂ\esdé&?m% ceilﬁ imgas@f bone
mar r ow st sg@umitrcg@dwth fattore subh ds 1043, IFBUISBor@dl kvess@mealekl cohditveed@idaim t hout

exogenously ad I ryed after
-7 days; at 149%%@%9%&0‘6“45%@%%%15%&@ rgpéﬁ%e taB%I;'?gHt Gfslor&q%@r&%%%ﬂbut not

for CD45. W&?ﬁ“&’ﬂ“"ﬁ?““ 8 ) OHIP ATV Ry | TG ?‘i‘ﬁ'ﬁgé‘aﬁ’ NRraTISrEicRi t h an
M CSF def wit eatrophtgesntlt up@ehaturbtioneth@REquirtd the catlpsimalator| capaciyMBO sdrfacd 3: 5274,

1994) 2@:“ an&Qpe”B%sléS pes!- kn&lu@r@ Sglaseai o d:m% aMHC icRssA, tah@rcoétlﬂnﬁlétbrﬁ medi um or
sem -sol i e

addi ti Onarno ecule gy P(r:os%ecg o?Pes for trﬁpﬁplant?tlor)]( %%{ancel is re(vlg};vgd g‘ r%g?srﬁd et&? in urr USA
89: 9171, Pglgzlm"m%dz 5RG 2P00. Psngiiiaeels exppble eidmiugny tpismpce m@/gﬂs)gepﬂraé%de'm mouse ES
cells ont eommmmmbascbysmmmyah meétlrh ontaming GivRCSFCaldfIL-4, @0 thah With Ibw-guadwt h
factors SE H;‘ IL-6, IL-7 or fetal Iliver stromal cell conditioned
medi um ai rchi at al é%;r Biol. 10: 151%1 2000) reported establishnent
of | ord-t er m cisPR BYanggs: th izfaselsarrdeptes @ batp ?'ef”recﬂﬂ' PEEeBIE Y oni ¢ stem
cell's. Thegberavestssredmntbanyaneshine.ate Bipros¢ repisativeiceiacityat thephisgred faciliete upon

mat ur at i 0Bankihé) %éy S4rllé! tél&ﬁian&é@l%y %hr{sféétfoh BttaRd Rkt Gﬁpé‘&htéb}é bk, fdtologsus 20
phenotype _of ¢ I ass |1,

and costi Fﬁﬁ?’&‘t"&?f% r%lokg F%’g’pr'ﬁ geé’bj“é“é’?s "("gt[i%eys e¥p6‘?5s t?ecﬁioﬂﬁe?ﬁ? 8%?'@% t ol erance
i's revi eneenpgpen-aEREhiPagicutarly gyitablg inthexgatalytic cappriopent efrfhgmarblielomarasedPEERTR000.
Dendr isbi C pe@RdiddsinCnemational Ofatdnh Fublicilign tvid ed/a1Bge NMahskRetiof &R I sxpreghioh Nof SONMe

\fv: [ ﬁ“l”it afé?o?ré aBYin filthdn8eils hieb PiodBRH AR COM! SRl 0.5, $086 afti bk braft naNd T hen

Genet. 21:111, 1999,

Before and after telomerization, telomerase activity and expression of hTERT gene product

can be determined using commercially available reagents and established methods. For example,

35  pPS cells are evaluated for telomerase using TRAP activity assay (Kim et al., Science 266:2011,

1997; Weinrich et al., Nature Genetics 17:498, 1997). The following assay kits are available

commercially for research purposes: TRAPeze® XL Telomerase Detection Kit (Cat. s7707; Intergen

Co., Purchase NY); and TeloTAGGG Telomerase PCR ELISAplus (Cat. 2,013,89; Roche

Diagnostics, Indianapolis IN). hTERT expression can also be evaluated at the mRNA by RT-PCR.
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GV CSF and 1L-10. 25 In sone instances, the tolerizing cells are kept as a
bank to tolerize patients on denmand for regenerative tissue fromthe sane
line. To inprove replicative capacity of the cells and famzl@tm,ﬁe zp%nkl ng,
t hey can be tel onerized by transfection or transduction with a sw

vector, horR)pgeids reconbination, or other appropriate Pé@%ﬁ so that
they express the telonerase catalytic conponent (TERT) ti cuI arI y .

sui tabl e i e cata LC C f. human tel oner T 0 provi ded
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0

encodi ng, r exanpl e toxin, or a nediator of apoptosis. Exenplary
apopt osi s genes are the caspase fam ly (Shinoura et al., Cancer CGene Ther.
7: 739, 20Q8jng Kegiateied igsee Hdvereratio) 11: 1397, 2000). Optionally, the

ef fectgy gene ¢@Fec$}emmyEéntaarfudchdﬂkre% ﬁq@v.@arrelnecw%cjpmﬂ gRahisisterbd Mg a

tetracycline resistanc Bi ot echnol .
5:516, 199%4° P{9" rSrpeg rom E”WM’”’?’%"F%"&ﬁ?g%e"é '{’:i&’rarp“e?ﬁ?’ﬁ < T o)

1: 210, 199mjvidudi dmminaieieest e the iHhdy tisple tiipe ofi thdelolelizing qelIppRylationn| Thej ssuehe
presence Qegehdigioh RllddfdftN natbhtd witrt el R@MArg Bel3). cafl beraamhistérl Yor ilmpignt@f f ect or

gene may *E%%’u‘ﬁ?nteaﬁg b%frﬁ&é?@%& ayé?&?n%“r‘sﬁé[&gafét‘ﬁee‘ﬁﬂale susceptible to toxic effects

of an ext prodrug. Exenplary is a
her pes2si npl exT'B'h'VY?PTdﬁ“ﬁ@V'Q‘PSr?Q“g‘é' madRl§ fop@va a'“”ﬂme(‘!ﬁb'@\é%fé‘?é%"z‘ﬂ%?r?tgc°isnTWn| chitis
expr essed firsdiskremaiss neqet, iukihgembuse 58 nells plepared acc@uing @lEs@blisAddRetttolis Gt r uct s are
provi ded iy, M &8 483 garédvgb%rﬁlngaﬁ) shdald méﬂ%d@gorﬂ- Wr%ﬁ@@%3%r lcshgpul at i ons

in Tissue Reggenfr ation To reco

el v dusISTase T8 Ao iR PR Sela i crrecbest B s HaYS ettt alhe
di f f er ent itelerigidg ¢atioare theminircterl intrapqriatyenthrosghethe tahed)inte aick of dnpthey inreg bteaifot ype t hat
render 8o t R aldiftetork iHUle. IPARBHAREIRL RhGd Tt bdtRechNE° dnki A0 defsSHdEmbuéR E1n Prallche

tolerizi n%xﬁeﬂnentso QM a@l“a%mece Q@se&:&nﬁ %bjseé of tolerizing cells ~5 days after the first.

A week after the first tolerizing treatment, a full-thickness skin allograft is harvested from the
dorsal wall of the same donor strain, and depilated. 1t is then sutured into the right thoracic wall of
the recipient animal using 6-0 nylon. Over the course of the next 6 weeks or more, the graft is

35  inspected to determine whether normal epithelium remains in the graft beds. Without prior
tolerization, skin grafts are normally rejected within ~2 weeks.

Blood is sampled before the skin allograft is performed, and then once every two weeks after
transplant. A number of assays can be performed. Alloreactive antibody is measured by mixing
recipient serum with fresh complement and °'Cr-labeled target cells of the donor strain (such as

40  cultured fibroblasts, or cells differentiated from the ES line). Alloreactive cytotoxic T cells are
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regeneration allograft (matched with the tolerizing cells) can be
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the 10 oppeasdiet eThi|dttelentiatad coelist dre labelereintiostmally sithr Bridth oo wittaart bipredsigmavettyr donor .
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Wi evi dence cO usi ng
hesus. £S SRt SAE e inetllepd 66 ARG (BAS fnd pnto ol B , 3 062,
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Sbout 1 a0 R Sh e b R8T Gy FLQue pl PRSP 09 Sosesss

in a rat model for acutely injured spinal chord as described by McDonaid et al. (Nat. Med. 5:1410,
1999). A successful transplant will show transplant-derived cells present in the lesion 2-5 weeks
35 later, migrating along the cord from the lesioned end, accompanied by an improvement in the
animal's gate, coordination, and weight-bearing. Hepatocyte replacement can be assessed in
animal models for ability to repair liver damage. One such example is damage caused by
intraperitoneal injection of D-galactosamine (Dabeva et al., Am. J. Pathol. 143:1606, 1993). The
efficacy of cardiomyocytes prepared according to this invention can be assessed in animal models
40  for cardiac cryoinjury, which causes 55% of the left ventricular wall tissue to become scar tissue
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20 differentiated into hepatocyte-like cells or neuronal cells as described
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int er act i Ngnphbdytas inkiScing i dgR hecif &fefglll G iftBvehbus.doddadf BbHe Mardv GelléABm(fmachs et
g' | ’nazt‘levtgﬁk%dr '5’&9)(5 Ia‘?JrLﬁn(ff[cF'rRIIl eéhhr%eﬁ%féfa%é) RPhuGhc cell's can be suppl enent ed
y %tarz( et al. (Lancet 339:1579, 1992; N Engl. J Medg 358:745, 1993) observed that human
patients who accept liver transplants have donor-derived dendritic cells and macrophages that
35 migrate from the allograft into recipient lymph nodes. Other publications relating to inducing
chimerism and immune tolerance are listed below.
A human patient can be treated according to this invention by administering a first cell
population differentiated from human pluripotent stem (hPS) cells into a phenotype that renders the
individual immunotolerant to a second cell population, as described earlier. Intravasular
40  administration is currently the preferred route, although other routes are contemplated (such as
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using anti-CD4 or anti-CD8), and adm nistering an inmunosuppressive agent
(such as cyclosporin A). U S. Patents 5,858,963, U S. Patent 5,863,528, and
WO 97/ 41863 (Sachs at al.) outline how 20 tolerance can be’ ﬂnwﬂ’&feﬂ}ﬂﬁn an
ani mal nodel using bone marrow cells in conbination with cytokines such as
stem cel | #acdk@izs | L-3, G CSF, and | L-10. WO 93/ 09815 pchashsael al .)
proposes transfecting bone marrow hemat opoietic cells with nucleic acid

encodi ng l\mp@aﬁ .rﬂ;g% ger)ng%égé d&?ﬂsgr %@G@eﬁsﬂmﬁn v&hfcﬁﬂ%ﬁéeﬂ“ﬁ(?‘%éio""sc% ina

reci pi ent aninma u erizin reci pient for
sol i d or gdiRva&iPle/AIep ARfenR Ht’?e???saﬁ’aﬁh?/%%"?'lt bgg’ﬁt%d Yith gpetiafue ?5% gRrRoEESor |

enri chi ng doser of P-bratietivn boghemetharapy tedréate o remetapoiesic @@:aaneallwlchnm}msnamu thenf usi ng

t hem | nt o dnigridgR6elisid Bt pidel ore transplant. Mrita et al. (Pr oc. Natl. Acad.
Sci. USA 95:69 8 r .inducin rance for organ
allografts. fep'i’ i?ﬂ? C%H g% %‘ éeda}ﬂr th i%g%ﬁ'?@ o Wgnugg;q*eg?nce,gyﬁ f’W spl een
cells fr orﬁBN@naf&I qoe@@m@or@rw)mlxeehmp@meewa@orsq@na ingpdigtet Qaswﬁptemtl@arre donor
a week | athes.dofoR c&lS (Ring Atk Drangd 6 cygtirf desretBhl for irapRiCtead-dug A ndd@fich& dose

t ranspl ant s acconpani ed by established nicrochimerism 30
Donor T ce?ﬁtlésggr?w%&%d&gm stered conposition apparently facilitated

engraft ment, ciiepfiiigiest ime andispipienttierdolqrange o g effertdhe RAYRR T 3dMiNisiREadgy . An
i nt r avenouwsh cigaeratife tiiarautvgentio witic @F HEA hatched it thedelerging oelis.Cc Befendiays | at er
si gni fi cangd %gr@é‘é?%fb@cﬁ‘eﬁ’an(:é"n%%&ﬁenbff& )g&&bl%‘in th§bﬁ’e@t'on ﬁ’&mxﬁ&su &é@ﬁ)&@ﬁ;” 1579,

1992; N. atients who

accept |i 5@‘?“ & &W?Bﬁ%l?af“s”h%ﬂ)g: 303'?%1" é'Pti \V‘&ogfﬁbﬁﬁ‘?su f“i'gﬁa?‘??ela‘" B cr ophages

that 35 rfingtionaleolé.r dninstarses Whergritad$ notj passibler ie dirgtpletive they pasENtnid dhey stillteher

EUPI i cat | aBgefidig trddinBtet Pe tobeLey dads surﬂlﬂariamw%meamtnaumme re@heramBess.are |isted
el ow.

adm ni ssfep# ﬁ%{é CP‘?}&G O?[% trgeﬁrﬂer*?g OIOEC??%%’ anﬁgncoﬁ ogﬁrgggtthE Faéts %Hé ?thy &Yfﬁ%én%&ﬁl uri pot ent

stem (hPS)C'"t',“@N s into a phenotype that renders the individual

i nmunot ol er ant célie u@ﬂsmmubmgeipbcwpmmudnatalmme asordies Drihid poknéaris bgimally

| nt ravasul a ur it € d e,nqal t hough
other T Outsgﬁs I%&?g Q'HH%H(;%E:{JU@M 9 dsoﬁlgcﬁﬁ cSrﬁﬂl Jé_c}’ ah h&td% éx@igl&ﬁ ré&%4und%3

PCT/ US01/ £4Heiently F‘ﬁ‘c"? &8 Eﬁdfaﬂﬁ"a“%e |8‘r éﬁﬂe ognpEs |’§edéf'“8'e| |
suspen oriorinplatinhi tashredyist meerredlo)gelaﬁzémm@ ‘Steaieldl JranspigvigtionoGened@erapyc apot ent i al .

| f necessaéeyu/arvmnaaér&@my & AMdrshA 3w SshbrRieh abis,tcthn@ndgal%ﬁér&wréaé 196%; bddy abl ative
dose of y-irrad o:e %tgmn F%’F Tneggymré‘gpﬁaua%stee&&"L%ewabﬁ il L.v{fgtté?\g%ﬁi' ¢ space and

al | ow chi merrem The patient
can be noni torE't?t?lﬁﬁgwlh@wﬁlﬂﬂﬂlm%ﬁmkagwW'ihMﬁ*Eﬁﬁ'énsth“é\Séﬂ*ié%ﬁ %Veﬁ%llﬁv‘estl ng
PBMC, and @m@u@éranag Fhe BBRathILtiddel e lhsyilfphl%béﬂ Qith elaCdompdtibl issng@ihatrwiladi at ed

d ass- 4 ﬁs%‘é‘t'!}rhé%% re@D %aﬁ!)ﬂr?ﬁ th%ﬁ:ll(ﬂc%migdéﬁ Liﬂdeﬁf‘og&ﬁé@%f% cyt oki ne

secretion or rapl out tlona ose cycl es are gliven as needed.
After sufficient tine and treatnment for tolerance to take effect, the
patient is adnkwil &4 recoguizedlitat the tdmposiipesead alocedered provbiaeingnetapgmsiplonc Wi th (or HLA

mitched with) the tol er b RGr&AldySodRes Wl d be_degr ee of
al | ot ol er ance, o_Tai ntain
i munosuppr eSS|W%oug?%ﬂgng%gﬂg%s"étgwwe tbﬂd'%'" the%{%f’s g %nti body) unti |

the gr#ft takes, migrates, and assunes |ts functional role. In instances
where it is not possible to pre-tolerize the patient, it may still be
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beneficial to adm nister the tolerizing cells sinultaneously or sequentially
with the regenerative cells. 15 Utinmate choice of the treatnent protocol
dose, and nonitoring is the responsibility of the managing clinician. Cells
useful for inducing specific inmune tolerance according t @Wﬁ iﬁmfntion is
optimally supplied In a pharmaceutical conposition, conprtsi @fg sotonic
exci pi ent prepared under sufficiently sterile conditions for human

adm ni stration. For general principles in nmedicinal 20 fornulation, the
reader is referred to Cell Therapy: Stem Cell Transplantation, Gene Therapy,
and Cel |l ul arl nmunot herapy, by G Mrstyn & W Sheridan eds, Canbridge
University Press, 1996; and Hematopoietic Stem Cell Therapy, E.D. Ball, J.
Lister & P. Law, Churchill Livingstone, 2000. The tol eragenic conposition

may be packaged with witten instr s for use of the cells in inducing
tol erance. The hematopoietic cells are usually matched with HLA conpatibl e
tissue that will 25 be used for tissue regeneration, and the two

conpodVhatelaiggd apéhesinventied i oget her in kit form it will be recognized that
the conpositions and procedures provided in the description can be
effectlvely nodi fied by those skilled in the art w thout departing fromthe
spirit of 1t Renethedior pisRadngesdls dor therapeidic ts&i GPBPIRIAY: fol low. 30 17 2 0 MAY
6005 CLAI VB vma)td'ﬁgfeeﬁlaéinﬁéwl%?@ R'W@OFG(WéWm BS) pelly intona figst 116l PPRIatiPPEpar i ng
cells for tRe4a eutlc use, npri sing % di fferentiating human pl uri pot ent
stem (hPS) cel | dr‘ffeée’ﬁ'a¥'”9r ﬁ“”taé‘l Ip'%'BBtﬁP tstegh; (WP acedls tﬂ‘?q‘ feers8fNdacfhg human
pl uri pot ent PERYAHO hPS I s into a second ceI I popul ation; wherein the
first cell B?fﬁ’;% ?rPB'n Wes I\ﬂticf’etl,' lationelis glpg Hilg ity dhg se celt i on,

and wher eup (‘%ﬂ r‘?)‘r'POGfa 'H'é"sfrﬁ‘? E :@ﬁ; %? i RAPUIAYOR, O] FYiRAVIHYS
renders the el“ﬁﬁrs %IWQ\V' "ot erfa?hom serRseRlpopulaten- popul ation. 2. The
nmet hod of t cI al Whe e| éVihhe f| rst el I” B ‘F‘@ tatl on Bas been

di fferent? gg l r é efellc BppUation; Bas B8elkent . 3.
The net hod 8 egﬂﬁa F&f 8?@ i ﬂéﬁ %9985?? populatlon and the

second C%”r %t(ljf 1 gcedlffgal%ntla ed frfgS epo%a hPS eII o their
Donul ati céjﬁ%gﬂ% 8'9 re J'ffqu%' ﬁl %ﬁgor% E% rSﬁat hod of clains

popul ation p rlses neso ermtce

1-4, whergi *ﬂ’?‘etﬁ Q&?@Q’ loirh ORndIaR tﬁQ%{r&Céeﬂrd ghl‘aﬁa? ﬁedo#ﬁ%ﬁﬁyppo' etic
progenltor ? 1 eukoc recurs

macr ophage- e ce endrltlc cells. 6. The nmet hod of clains 1-4,

wherein_tdierhy ridy 8@'#0%%9'1&&'@ BRASthERsAElIEpbsidtoR 1M 59?5&&%&1 t stem
cel I's. 7. TRamBBbBRth OfraiBNtRT Sl ibog %Jﬁbﬂf@%%&ﬁ@s hdclsof i
popul ati on GERFPREGSIKERIO or dendritic cells.

6. The method of claims 1-4, wherein the first cell population has characteristics of
mesenchymal stem cells.

7. The method of any preceding claim, wherein the first cell population expresses one or
more of the following markers: CD34, T-cell receptor, HLA Class |l, CMRF-44,
CMRF-56, DEC-205, S100, or CTLA-4.

8. A method for preparing a first cell population that renders an individual to whom it is
administered immunotolerant to a second cell population, comprising differentiating
human pluripotent stem (hPS) cells into a mixed cell population, and enriching from the
mixed population cells that express CD34, T-cell receptor, HLA Class I, CMRF-44,
CMRF-56, DEC-205, S100, or CTLA-4.

9. The method of claims 1-8, wherein the second cell population comprises one of the

following cell types or their lineage-restricted precursors: =~ hepatocytes,
oligodendrocytes, cardiomyocytes, or pancreatic islet cells.
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nore of the follow ng markers: CD34, T-cell receptor, HLA Cass I, CVRF-44,
CVRF- 56, DEC- 205, S100, or CTLA-4. 8. A nethod for preparing a first cell
popul ation that renders an individual to whomit is adninistered

i mmunot ol erant to a second cell popul ation, conprising dif %eﬁ,@p @I ng
human pl uri potent stem (hPS) cells into a m xed cell popdl

enriching fromthe m xed population cells that express CD34, T-cel I
receptor, HLA Cass Il, CVRF-44, CMRF-56, DEC- 205, S100, or CTLA-4. 9. The
nmet hod of clainms 1-8, wherein the second cell popul ation conprises one of
the following cell types or their |lineage-restricted precursors:

hepat ocyt egg. Tid h@@aNsITMaimk €S8, \arirélh AN/ 9636h8 STell PopPaiSH Bsthprisek DnBlof &R | S.
88 2 0 MAY 20QBodifg ddne typeshed thkir Clndhges rebtribte MpRsirdbré:NBesRAONdstidyles,
popul ation coghdhtieefted Rtedgehibeellsi BhdcivliBcels skefeidp BfusBle cbile bF skin cells.

| i neage-restricted precursors: neurons, astrocytes, chondr ocyt es,

ost eogeni c11cehkembipatis sigdhamhadeatids corﬁ&féﬁltbhﬁboi’ﬂ{ﬁ@ing i€ SdpaBate @bntakibis: cel | s.
11. A conbi nat i ona)effirpthe!l pap@stionctaat (e Bers Hiffe Antated GIEAT huihargpluipote steAt €
cont ai ners: ahP8) fdelistintoed |phpaptypatthapirehdiat asabjeeeto dinbireiteint admigidtetddom
hurman pl uri poieminotdleramt t6 BRSrorektdiipopulbtioraapienot ype that renders a subj ect
to whomit is adm)hessenad cell poputativeo that BMMHC eompatidewilh el firstpep pbmtaton, and
b) the second cell population that is MHC conpatible with the first cell
popul ati onl2. T phaengueaticahc@atposiiibns ofipbs i grecetingofcldirhe wheesire dhadirstl eelim
wher ei n t he fpapstatioelhis bpep ulifieréentinted deonb&BR w@hil$ fndtheult stained fdedencéiBDeirg | s
W t hout stronekesdndeder cells being present. 13. The pharnaceuti cal
conpositions of claim 12, wherein the first cell population and the second
cel | popul & i Bre pheemdidifiealntripasitiohsf of sraim e, whereintPS ficstlce!l pomuation 4nd Tree
phar maceut i casecoothpriigiaputatign afe differemtiated- fidn theteames hP$ hell liner st cel |

popul ation predom nantly conprises nesodermcells. 15. The pharnmaceuti cal
conposi ti olfs Bie ehamaceygtical compesiting afndaim A 213c heregothe fist ¢all papulation
characteristi Qf@d@ﬂ'nﬁ@mmﬁ%% mesqslesyealis or cel |'s, bl ood | eukocyt es,

| eukocyt e recursor cells, macrophage-like cells, dendritic cells, or
mesenchymald sthenphasmpeeutied compesifions ofeain 121, Whergib & iirshesll gopulptigniasy - 15,
wher ei n" t he pHEmRstSFisEcHI hematanojedie peqgenitor G‘ﬂﬁJIb!?P%Wkéﬁ %é%‘@@cméfeﬁws%re of
the foll ow ngc%rm%qupha@%he Cﬁ“%%ﬁ’ﬂ"”P"éE@Bt %’rmesqqewr@'é Fells. CIVRF 44

CVRF- 56, DEC-205, S100, or CTLA-4. 17. ? qhar mace | caI corrpfo ns of
clai m12- 16 [TRa¢aydc cepResitians|of gl g Ul er?} tyBﬁl@

i gzz“ezarzs;wmﬁm%wm I ﬁ?*:ﬁ

h

il
t t

ost sogeni L ﬁ%ﬁ? R LR LN é‘&ie’ét'cbse‘?tnc%'§ Tt ookin cells.

18. The pharmaceutical compositions of claim 12-16, wherein the second cell population
comprises one of the following cell types or their lineage-restricted precursors:
neurons, astrocytes, chondrocytes, osteogenic cells, endothelial cells, skeletal muscle
cells, or skin cells.

19. Use of a first cell population differentiated from hPS cells into a phenotype that renders
an individual to whom they are administered immunotolerant to a second cell
population, in the preparation of a medicament for treatment of the human or animal
body by surgery or therapy.
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19. Use of a first cell population differentiated fromhPS cells into a
phenotype that renders an individual to whomthey are adm ni stered

i mmunotol erant to a second cell population, in the preparation of a

medi canent for treatnment of the human or animal body by surgery or therapy.
19 2 0 MAY 2005 20. Use of a first cell population differZe&t?gAY@ﬁﬂﬁrom hPS
cells into a phenotype that renders an individual to whomthey are

adm ni stered i nmunotol erant to a second cell population, in the preparation

of a medi gamesé of Hfirst EMNARHURBCAJIFEIERNatEd fréminta cdl9iho aiphBRBIRIGh& réftferd O t he
second cel | popRdiaHUANo HhomUstityObred affimiridtereg! imm@idiaho o andedorkeeond cel |
popul ati on t paiulaios, iaUhd gripaiation \Whe heddicaniehefos esrtfaeing aMinitinl @ aininsal body
di fferenti at peniricwsrelaRSoaied $scohattal gopukgioet ype that reconstitutes cellul ar
function in an individual, and the first popul ation renders the individual
i munot ol 21.abte bia fikecaiguparhticebhd peptindtded popia@iin thatrark Betopésdia ivetein of a
medi canent fthe sécondt pogdationols skffgueibical frashmnfPiSs tceld iitd b ophdretypentat or
ani mal  bodyrecaastituldre celdarafanctiofli ingart indaviduahfandl e nfiystl PeRilgtionhrendsrs tiidre
first cell pindividagliiomunaldrestrio tiok éwnd el pp@datfanp sadiPSr te prepavatidnoofta
stromal feedmedicahbst foeisimuifanesentr s@&Rienfldl eadnsigistaatoor @i thg Hunasl ai asimbd- 22,
wherein the bédyst cell popul ation predom nantly conprises nesoderm cells.
24. The use according to clains 19-23, wherein the first cell population has
char act er 23t Thss useoficdoediag tpanyetfli daimsolei, tvderaire Hesfirsbtalogbputtiko bgs eegn
| eukocyt e pr diffeneptiatect EoMNPS criie mithtid gtronakfeedaricklls belegpresentc cel |'s, or
mesenchymal stemcells. 25. The use according to clains 19-24, wherein the
first cel?3.poiriluse iaeerrding rte sbaims ohPe22y rwhenein dhefirst reell fpobletigm gredamienty  CD34,
T-cel | recepeunpriseis mespbdarm aells. CVRF- 44, CMVRF-56; DEC- 205, S100, or CTLA-4.
26. The use according to clains 19-25, wherein the second cell popul ation
conpr i ses2%néhe uge agearding tpoldimg 18eB| whsrpiaghefirst eril populatien jes ehasagteristied
precursors: ®lepamgtopeieic propenyion eeriisodiaads leukapydeonipabgayiss presurspaneslieat i ¢
i sl et cel | s. magrophage-lifgcelis depditisgelis cEmasershymabstem\gBls-ei n t he second cel |
popul ati on conprises one of the following cell types or their
| i neage- r &t T ¥JAGEPEE ,@&'@msﬂ@cﬁ%ﬂ@er%?‘ﬁdﬁﬁﬁtc@ﬁPOP%'FIE‘H’{H‘P% g% one or
_osteogeni ¢ c@pfes of Sieidellouinda magkary:s, CRR4| Erall Rerpire HidY [Classdh QRR4del | s.
28. The use MBS REG R0 08rorGTdis 19-27, wherein the first cell
popul ation is fornmulated  for admnistration intg the circulation. 29. The
Conposi t sfheggﬁe?%fg@d&gta "Bisq%’g aEbi gl U Ao 1
from which ¢h e?f:'g Ngh oL YRS OF el '?Bﬁag%' SYIF1e0a PEE YA de PPRAIFYSPe human
enbr yoni ¢ S?l@mj r9c§¢e526ar iomyocytes, or pancreatic islet cells.

27. The use according to claims 19-25, wherein the second cell population comprises one
of the following cell types or their lineage-restricted precursors: neurons, astrocytes,
chondrocytes, osteogenic cells, endothelial cells, skeletal muscle cells, or skin cells.

28. The use according to any of claims 19-27, wherein the first cell population is formulated
for administration into the circulation.

29. The compositions, method, or use of any preceding claim, wherein the hPS cells from

which the first and second cell population have been derived are human embryonic
stem cells.
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