2 0 MAY—2005—WD-02/44343- PCT/ USOL/ 43434 TOLERI ZI NG ALLOGRAFTS OF
URI POTENT STEM CELL S TECHNI CAL FIELD 5 This invention relates generally-

to the fi e"mlﬂmiﬂl“ﬁmmll“bl ol ogy of enbryonic cells, and transplantation

i mmunol ogy fically, It describes a technol ogp I[ q,-eatl ng
specific imungtel erance In a patient so that they w a‘{’écgg

allograft nmade from pluripotent stemcells. 10 REFERENCE TO RELATED

APPL| CATI ONBO9M#4&83appl i cation clainms priority benefit PeFUVE4y oy si onal
pat ent application 60/252,688, filed Novenber 22, 2000, pending. For

pur poses of pr 0s e UOLERIZING ALLOSRAPTS OE&LUEHOTENTE&'EEMPS,LS the priority
application is hereby incorporated herein by reference inits entirety. 15
BACKGROUND Precursor cells have becone a central interest in medical
research. Many tissues In the bogy,havigmd back-up reservoir of precursors
that can replace cells that are senescent or damaged 20 by injury or

di sease® U.S. Patent 5,750, 397 (Tsukanpto et at. stem x) reports

I'sol ation and giiswevanter reRAsegeneralisinthepisideel eellstioingy GEF'I“%’V%N’@'H A% Thy- 1+,
CD34+, and trarapanstien iedmuchiohy. e Meret spedificain i desaibésyarpeaioioldgy foe pryatihg erdeclfic and

nyel 0rmnOCﬂrﬁtﬁotb]br%@ﬁﬁ%ﬂer‘ésoﬁhm%ﬁﬂfﬁcceﬁbaﬁ%@gr&%adé Bnblfl@Hipotért stéth ceis. r eport s

met hods for |ineage-directed differentiation of |solated human nesenchymnal
stem celd s, using an approphgﬁﬁﬁcgggm@agpﬁ,gﬁoﬁ@ctor The derived cells can
t hen be introduced into a host To mssencﬁyrral ti ssue regeneration or ,
repair. U S. Patent 5,716,411 (Or i1l et al.) proposes re ener ting skin at
the site of a bunapmlicalignsaing rr wylbmsﬂtaw & Brovisiespipatpnt anpictin §9/¢52 @“d Pat ent

5, 766, 948 (November@e 000cmodirgs Far purpdséscfl prbsgrutionsr thid erpiiaatipn e B tmnsmyr rom ani mal

br al n tissuy ?pllca%n%hePﬁ;tl%?}orgtecﬁi?e?ein‘b?l%fe(ema@SﬂﬂWet al.) reports 30 obtaining
neur al & es stem cel rom enbryonic tissue. U S. Patent 5,851,832 (Wi ss

et al. Neur ospheres) reports Isolation of putative neural stemcells from
8-12 week ol d human fetuses. U. S BASSERRM 5 968,829 (M Carpenter) reports
human neural stemcells derived fromadult primary central nervous system

tissue. U S. PapggifsorefdGdvetobbonlera coftapintrostapddical raedieit Iy fisswes gvibd t i ng
geneti cal | y, mg\}e a b%?(eu%]%s%éolr o?pr Rorb {hg%n QE&O%%&@ thatCrsSRASEan0sr dalrdgBge of the

central nervous s uerb et al Neurosci. 12:1696, 2000)
report that® VeI $561%8nt i al CNS cells i rrpl anted Into aninmal brains form
electrical |y a@8iRaentfvg0.s{Tautageilel 3 BERARCERES FrAlionAnd ol UM ot 4l .

(Sci ence 28kmnatopisticlsBROgelly @nbrate THat, COB4+e entrarRble obiffesentiption iote dymphotsm enbr yoni ¢

stem cel | s dodaf afatm %rﬁ&ho@&ﬂlﬁea U@ Batehnsi738 386 (Biudan bil ay) rBpos ngtaddefor axons i n
the brain g‘ Sg)@(‘[}edl di eregtxatlon 49 ls% ﬂr]%fr %La‘?\mrﬂél @félﬁ%gllsh@sﬁrg Qﬁ%ﬂpr&ﬁﬂ@r ated by

t he devel o 9 have t he
potenti & tkpselig feelprenfinp Spreq ‘fﬁ'ﬁf”’al"f?ﬁé’? "Hﬂ‘i}‘cegé'ft? a?‘lg’fgé"' I EEERt 1y, the
2 0 MAY 200Qbgeneration or repair.
U.S. Patent 5,716,411 (Orgill et él.) proposes regenerating skin at the site of a bum or
i wound, using an epithelial autograft, U.S. Patent 5,766,948 (F. Gage) reporis a method for
| producing neuroblasts from animal brain tissue. U.S. Patent 5,672,499 (Anderson et al.) reports
30 obtaining neural crest stem 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 celis to
35 treat defects, disease or damage of the central nervous system. Auerbach et al. (Eur. J. Neurosci.
12:1696, 2000) report that muitipotential 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
——
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WO 02/ 44343 PCT/ USOL/ 43434 only manmmal from whi ch enbryonic stem.cells-had
been isolated was the nouse. Thonson at at. recently isolated and

propagat ed pluripotent stemcells fromlower primates (U S. Patent
5,843,780; Proc. Natl. Acad. Scl. USA 92:7844, 1995; 26 Ay Rpprod. 5:254,
1996), and then from humans (Science 282:114, 1998). Gearhart and

cowor kers derived human enbryonic germ (hEG cell lin /é fromfetal
gonadal ti s¥e&4¥¥lanblott at al., Proc. Natl. Acad. SE?? %gﬁ“g%: 13726,
1998; and U. S. Patent 6,090,622). International Patent Publication WO

99/ 20741 ( et amEbirgm yhighempiyapicisism calis aReen isatpdwas 0P mavse: TR9MSYebHi ng

pri mat e- derdcandyisqitddrand plopapatesitpiiripoetisiem . celBrorm lovide Brirnates (HE@atopt| 5.643,FfAve t he

| ong- soughiprog e 2kda@r b UK 92:7d44,Plobl; BROREIG. 5:25M96), lesd thén¥eyh huatass capabl e of

bei ng gr O%le?cgﬁg%:ﬁg, agﬁeélb W !:decgl&d)%rts ida’kédmgm%er yo{f@%ﬁ? @Eé)ocrelmles kar yot ype,

and t hey e 0 roduci ng a numnpe LIterent cell types.
Cl onal | p d&pT ety %Wﬁg%‘ﬁﬁ$'}?6‘i’i'f’ elsql-e fiog Yl ACRth &S h‘%f‘ﬁ?-é?ﬁe-&%%ﬁ bt ency and
prol i ferat ilveePgent €,090,622). fiaterngiipral Baigpk Bubhication IS 99/297¢1u(Geren £oPAfeiers taat al . |

Dev. Biol . mdRddsafdmatet@9R) growig@iftedelid filodiasisbider abl e proni se for use In
hunan ther apy, " g6{eRg Aol S3R1 M s craSSIBREL A MinHer LD By any Ui SSue

conprom sed by geneti orm !té’ U{T‘B, I sease . 15 ndi tion.
SUMVARY OF arpiqepaPRigiNgng @i Vo #ithe |d19§’a'?"é‘”%r"19¥/|;%¥8§ “8”“3@?9 °t%‘§ "Bl lows a

si ngl e 10i neerafh capablnot pbduging nuaber chdiffesentigell eass Flonallp derRAYMasBMNERE f or ti ssue
regener at i Q@mlcsl 1I8&YmdR@in pRAdotendyQBPdreHeR®® paténtidl FoB Srolengby @ods klleAitur (smimt ch

bet ween th% gﬁtc?ms%?bb-ﬁP%OPe and the patient is overcone by treating the
patient w FH Sl 717G e )I's derjved fromth stemt.cel I Sy, I}gﬁ_ all ows the
patient to undeP'g el g@q,gon%'@&eﬁ@rng}w g’ﬁ“iﬁé’] Wgan BPPRY PR %4 S ,ceﬁ’[ s derived
from the saspenesation ofealma@h ey aispie compsgmised &y igprpEenengRalite raumae Phe @§38¢ pr epari ng
cells fgr thatiepeutic use, conprising 25 differentiating human pluri potent
stem (hPS) cells Into a first and second cell popul ati on, whereupon

adm nistration of the first popul ati t I ndi vi dual renders them

i mmunot ol erant to the second c% itk Bl “ﬁBN. The first cell populationis
MHC conpatible with the second popul ation, which nmeans that the cells
share at | east Ussdisoiagurecproyipas acsystantiaat plows /singla fhetdf YenBeeliple pot ag HUNYBR of er r ed
enbodi Mgt , gohdd Gourcd ForC e SredeRerdtbie int dP pilieUibdatdesnarl tasU® tapet dfyamigmatch whi ch can
pe artal neq o dhd & &RLd.RL Lihdhath iso&gwn@tbtq%%g el RABt AR 10 BIPS Cel |

line. Parti® ypes 0 erizing cells In the {i P | ati on can
have parti cdsiad BReADEEP; Elisor Th G'l?ﬁ?i"}?n%?‘emc AR oeﬁlélsg%?eggn%l le'osncl(r%lmged In the

sect i ons t hdterefitiateti calls defived frqebesrhes@¥de- popul ati on conprises cells of any
type needed for ohd s&péteofitiegaerioeis b aathdafortpreparipataieht thdsapewtig uses @ai_lpés@g 35
popul at Fan. Taarthieg e dUAE & (18 B e bt

i munot ol er%&'ﬁ‘f”'s{'%'°’h°f§}335%p”&ag?"l °8b'%°i'jvﬁaat‘ |e§dr?, g?"‘é oSy ‘described. Anot her
aspect of tdveulatipvention is a nethod of reconstituting cellular function in
an individual, Thyfradai popudtieris MyCicbnmpatidervdth tha setorscrspyiaiiors ahich mespuhdlt i on, as
al ready desgr ibeg are 2t 19astbnMi¥ion¥Pine HLA-A and HLA-B locl. 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 fine.
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 celi population, as already 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 the preparati oh of pharmaceutical conpositions. Included Is a

conbi nati on of pharmaceuti cal conpounds, offered In kbt ]:M)K/ or distributed
separately. Conponents of the conmbination are a firs Ai % uI ation that
has been differentiated fromhuman 5 pluripotent stem (ghPSé cells Into a
phenot ype tW@f24¥¥hders a subject to whomit is adm ni BYEYRU3*¥ munot ol er ant
to a second cell population; and a second cell population that Is MHC
conpati bl e wi tAhotitehasppdt ok the Mﬁﬂtlorp'eﬁhﬁlla? oo firstaeell genuigtion \ange sedorhed. O her
ermbodi ment gopGitioh Keairbddy @edtribedonthd. prepar@tion pPmareateutcai@omiokitonslelsgudes Ron t hat

foll ows. %ogn P%Iﬁa‘lolf' ngc%%lpgol'n%n oﬂﬁ |IME|\IBHT1W %fsﬁmte@e&dparﬁtgﬁhnm ogy is
8

b d | d th
ot Sat veCpenoio, b fanbegit ke e St B4 el opon S Bt 00 {1

an i mpoPt apitripptent lafemt('afs) pRES {niosiPhgRayPe %‘att'ﬂ@e'h BSERIRCbIRpAeT B ¥ pAPIstereS nat ch
bet ween t hennfufdidiedan0h atsbedndg)cedi fobpulativd; dnd e s@aridi celhpopuldbretvat 15Mid@ Edmpatislad t he cel | s

d:c ff erﬁnt [ @P]q}qgﬂ]ﬁs;gﬁwpmﬁm gggregghés%god to express MHC antigens. Allografts
t d
ghr zﬁfc tissue %F@@P‘?’BWFS °ﬁg? 'Hv(gm'z%‘g@?? agparelﬂ f%%t‘he%scw&qﬁag@st}”ge :ggns s. a‘rll'hi s

I nvention solves conpatibility of the stemcell ali ograft by inducing a

state ab inmmune tol erance Dkt DescReRdN oFsHENVENTION. The patient is prepared

by Infusing with tolerizing ceIIs that Induce 20 specific |nmunol ogical

unr esponsi ven e;?e‘nb%@acqﬁolog& Ps]s elr'oﬁeoIIX & gl}éﬁggof cQ?tFnF anﬁé & Qe @éllg and10l €rance

I nduction is b ? tem of the
host - I nveivderigtiep f°Fﬁsﬂ5t’?96‘??’389" APpSregent Byentap f°8%gﬂ'é°5|“ﬂ?5' "PRS’ " 'Fsy'%%hocyt es, by
i nt'er act i nge wbdviad Is Mel@siGtoamatibility mispateachetvednrie celis|of Yo grpft fdePatedinSBfent s of t he
]E oleri ﬁ'sng c?l@ﬁrld tHAQBI bifidrénfidled bR @ei QibelidWy toakBass mdo;mugmkuogrmmchcorrponent S

romthe tq e Feice iR nScBenddl Vet 0
cells) 25,;%@%;5 éﬂe&gﬁdg&gls“ e%tét} %m]f g@%ﬁ%ﬁéﬁﬁﬁﬁﬁe eﬁe(])st These nechani sns
are presenPHAMHEIEPESVEAINHice the reader's appreciation. of the invention.
It is not necesiarnyertibresoivestpomeatiplinedh e isiemmselialogiatde indichd @ sBte of BFYRPed for t he
i nventi on tdkrddes Patls deMbpeciffer a6é patient is Pregaredayenidsing with QIREING sy Hak ietyee of a

uni que pro QF&:ﬁnylmﬂtno%%@afﬂn?e@&ohﬁveﬁd@@&galﬁdt Ihewsudtpe ussa mtnelailogaitt 0 be
differentia qc(){\ 19 gﬁll%vgrj t? andh B9 dgﬁitlhn Hhe Wnﬂﬁ'\é %em gk ned her

termnally dlffe;‘| ?endf'c e

pr ecur sor s nveldngcpimipation praggray ?fé&é?fé'fk‘atﬁ‘olﬂnphﬁgﬁsag’ég 68?"“9 hrh Hﬁ?%ﬁﬁs lfraepl | cative
capacity, tpheengigests oritiescopasnetieof dhecaiarizingreell Rapuiatiany dPr fioghma BbAPMEMuant i ty
required f %mﬁn@ @éHhpdRAis rom AN WALyt poputatiadrisuci astali@pdeitd Sipiegsongy vaeddlsd + nduces

| munol nda tect%Pe a5 gt%ﬁuklr BhihdtEm 9\%9 h%&t Th@&tme‘aﬁh&’m@ﬂé’ﬁr&éﬁted HoledSénhdncétigl Cl ass | |

al | oant m_nor Rplity
anti gens arf@PdefélaPRS‘W}!ﬂ‘ef ‘g‘? 'F“feét"%n'&'%g%?f&isa’?‘r@?” ° m?cgasmesﬁ'% %W}%‘J t t anspl ant .
35 The st r areepford@duentignaeibel put inthiraptiegi scl osur e provi des enornous potenti al
for'the use of PleGiventiérRikksSadvantahe e oréquabropeey afetein cdllsibat aldwe belsapiedine to

hi st Oconpatﬂetalﬂlarbr{tlé{teﬂ?ﬁ wtﬁﬁolgﬁﬁm BopSiktBMNakdilebtemidlly GBbrbmiateddelissuprat i ent
needi ngsc;[ reat ﬁural 8:’ heﬁagocﬂ? flJrecursorEf use 0I’§ISSB£ %HénQrg@kyaé% offtﬁ&%%h Wpltcléhvéh fficult

t Sé i |
O ove al | beicbe cUmpAL B B APWH g ongas s ol refrel Rt Fllinatd B ol 1S

pati ents t cAdminstaior & tredejériaion catf indunen immwaleghakangioy/ terpatieahget ER'M‘?QF'“Sf he 40
graft is acgaei£dClas Il alloantigens, but also agalnst the myriad of minor histocompatibliity 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 maintalning 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 untit the

40  graftis accepted.



2 0 MAY 2005 WD 02/ 44343 PCT/USO /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 the patient's inmune
system Definitions 5 Prototype "primate Pluripotent Stemcells” (pPS
cells) are pluripotent cells derived frompre- enbryori @,an‘gg. onic, or
fetal tissue at any tine after fertilization, and have the characteristic

of being cypabkssunder appropriate conditions of prodggmsgsfasogeny of
several different cell types that are derivatives of all of the three
germ nal |ayers (endode mesoder apd ecto ' a
standard art- ac%'é‘ﬁleéﬁsefngﬂe?tmgﬁéﬁa%l@e ?fﬁgmé’qllg Fa}n'(t% §F‘%ﬁ@%ﬁ1&g§%agg‘gta@ﬁa in 8-12
week ol d SeDo regenerateigsue in @ maenedthat Wil peascegiad byePRisAt sdPmedseBi | s are
enbryonic cells of various types, exenplified by human enbryonic stem
(hES) cell gynflgscribed by Thonson et al. (Science 282:1145, 1998);

enbryoni c s‘t‘é]m_cells“fr ot her .pri | |'s
(ThomsoR et al .P,'°t‘fsfp8c?f'm%%nklfﬁpf’te'ﬁggg@.ceﬁ@c(ﬁ% @K&gﬁlﬁg‘?ﬂ%ﬁ%‘%ﬁ:{;ﬂ&aﬁ set stem
cel I's ( Thommevenist empryonic, B fetel tisgua 3+ gy ime afte ieiizatog oifyl navg,{hp §°€%br yoni ¢
germ ( hEG) beigj dagable Shaaripipopriateecbndiibns of fPadaeng pidgeny of savesl diffement cell BAtYS: 13726, 15
1998) . Ot hgfy doifiSs @i 6 tralitirgtCemMal 18/64s [ dhdaabreh, BbsBaerrh,uad betk@etm), accortieg t er m - Any

Il's of t t . i o.t hat
cell's of Pl I Gl dlleich Jégg,rsyﬁh%g fhe F@’%"?Lﬁ QratfhOABS2 Ak BE SIS RKe. t hat are

derivati ved® . e S are | ncfl uded rege qifghg s of

whet her 1& hey welpquder {hg SgfinfionoghPERER'S, AR PEOYONE 89 O VRIS, YPssy essf}’e, or ot her
sources. |hoeinuehtcyosis etem HBES) Lealiandeserbed /byl Biomeoncft ab Bgiepce, 2§27H 45; 1R88);

ect oder m | i degydnRlel GiR!iof o MIQHARES BRR s KhesUdBlel LAI5 TBibhsonBr abskigreNatit d. ) . Al so

i ncl uded ' a8k . 20 Ca
'48? 33 4,6 1g£3f§g[$§§%%%$,ﬁ§@,gr%@sét '?tg% c8I8 khSindof B R, ERdi. Fdprod. 59:284,.199b) ncer

gener.a referall e.,t i Wth a
normal  kar y29¢ {ymen SREVHRIGeHBFEhFRl (%Waﬁ‘wrhg(?glﬁerﬁhgﬂﬁ A%ag'u%(?ig?ggi’?%sél I
cul t ur es5 ar1e9s)eGier ybes @ pigipctentielis Freslssrncludad e toile AYCels PHRTARCTYN M3y oport i on
of stem celd spabiCos toh@icihg @RGény ai are Serivativdshoe alptpalgatrinainiayeis syl iaguded,
mor phol ogi Cr‘gllardfég| a&f%&tﬁ&'t&&!mﬁ Rfiveld et fehBh SRtk eetal 8l 6r otifel Soarcksy
di stingul Sh'c&g hemtrom dif Eetr ential ed, CelliSmAe @BOIYR (D odsdb{s O 1 i N.
Undi f f er ent PkE@PDEe BIFENE8YYAEME Pe®eERK)| recognl zeg by, tdlose skilled In the
art, and tyWe @wsy.%rms@ea\rudn-nA'fod@'UP%afe&r"ﬁ%’é'i°6' jnoma {C) els; c?F“cS’E%bBi ¢ viewin
col oni egp of caet do3mitean), Winglgh iis géneaity/pejerable Recusmieds with B Pl AHPPR BRTHent
nucl eol i . deFive&ﬁoMﬁfrﬁﬁ@%et hat col onies of undifferentiated cells within

t he popul at1 on I U o e j hibrSof 6ttt are
G 1 o ont §at od. PR NS B SestShd S RHen e B QAR prhto b

6 ) erent.i at e . LSt when
t he popul at felrang theie drivatiyes i ‘??rR°p%aélg"sdf@f@ﬂmﬂﬂﬁ@?'cag%‘f)g(g%{rg{'?g? feﬁgﬁe%ﬁlﬁafe :dons, and
i ndi vi dual esiléldefhedisinguishingsoem o difietentisted elis ofetpryeor a0ut gl Haetermr alse o hor ¢ i on
(>20% psef grsabls ire 28 fbcogizet Bythase bililedio o b ridoypically Bereatdy thated digensigs ™ f eeder s”
ar IeI ter ]ENS U&?%icx‘o? oG e i? BSfonfe&btlcsils Rn HR RucledRPopiddmk _r@ﬁs%nﬁg'hrﬂzﬂgr;!tﬁnuﬂgil W ]'E ht )
cel I's of another e, to provide an enyi S 0 e
second type“l?éff‘li"’[ﬂ%‘%.ha't °ﬁ"?1‘é98f’§@91€9 e"@%ﬁdlcgl\éﬁte gg %}pgﬂngbf r om qoﬁl' £t erent
speci es as bynelgeheingsells tabaregitereatiassoNavprigless fos Undiarapfigigdolonss Pyt ﬁ'{’ Pypes of
PPS cel | s caB pdpbiatihl Rleatutes dr. f2ysapedi under yppropiatsesomsiibsy gdingivitiahyndifiargpdsted - 35
| mror t al ,z e, (M e QMY pFopbridd (264 efably Sé0vbiItelf fopuianol ast - | i ke cel |'s
differentiated f“ll-:eg{jgé QeS'T:rsg ioa“l:etee{i)elr%gre?%m9§§&5 'd%@l%e k&b & onb ?pet et gredé-Sfdr@sur e.  pPS

cel |l popul ations ' i
ol sphgve Witesslls 9F BAReET AP, L RIPYIdE B ?r@%gr{\]énlbiﬁglﬁ%/hdﬁécgﬁaq E%%?ecfgrgl%{aﬁalnﬁ%k: ?] :N];ﬂ EEG
fresh feedare eekl elnere ophalndoed ditsrent qpprins tas theecely How ¥ SYPPYHE SBS.

Cul tures ess@mbibadehain fce@f phS feReekarbe Gajpbiead bg pirbay modse ssbdnrfbraliastat 5%
feeder cgll g, Wieney&le midhil Wiia®S, & GlhanRBRblAsRiKe @BIsiditeleibted fr@dlhid in this
' cells, as described later in this disclosure. pPS cell populations are said to be “essentlally 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/ USO1/ 43434 disclosure as "feeder-free",
what is neant is that the conposition is essentially free of feeder cells
according to the preceding definition, subject only to fzrd)g/]er constraints
explicitly required. The term "enbryold bodies" is a ter %rlﬂﬂ&ynonyrmus
with "aggregate bodies". The terns refer to aggregates of differentiated
and undifferentiated ceI | s that appear when pPS cells overgrow 5 In

monol ayer cWOt#e8 or are maintai ned I n suspension cBFVUES4HENDryoi d
bodies are a m xture of different cell types, typically fromseveral germ
| ayers, di siisélosgraias feadérdredywhais phaot ip thiatdrel compossitioarly egsentitfree of fmef'@ﬁﬁrrm tted
precursor Q&Jo}dfﬁ tothebfe@&ﬁ@dbﬂﬁlﬁbﬁtsﬁbjdé{dﬂdtomfnﬁaw’nStﬁrnts@ﬂihdnSv teqaiiedl "restricted
devel oprent al *hgﬁﬂg%fng&&ld l}%dle@‘s atJn’ﬁBf%ﬁsyB&yrﬁ&L llvrﬁl 4 t% at@\fo@esﬁaﬁ@% of

proliferating an aln | Nt % Fell t“%/pes,-vvith
a range t hatleritsacgrogates 8f Jipreptisieg and H‘?"fef?ﬁ’aleﬁ“aﬁqs %‘l‘tﬁ?ﬁeﬁd‘fhg}ﬁ SERNEM s of 10
enbr yonisk drmgolayeceyats e acsfmajitainethig stlSP%\éontcéﬂuﬁﬁoé@mﬂld@Pd'%I e g FKwe oger m
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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-1-60,
and Tra-1-81. SSEA-4 is consistently present on human embryonal carcinoma (hEC) celis.
Differentiation of pPS cells In vitro results in the loss of SSEA4, Tra-1-60, and Tra-1-81 expression
and increased expression of SSEA-1. SSEA-1 s also found on hEG cells.
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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

cells, and vascular endothelial ceils.
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35 the cells In vivo. ldentifying markers for neural cells include B-tubulinlit or neurofilament,
characteristic of neurons; glial fibrilary 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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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—, CD45RO +, CD71lo, Rhodamine 123 lo, GATA-1, AC133,

B-major globulin, B-major globulin llke gene BH1. For mesenchymal stem cells: CTLA-4, SH2 +,

40  SH3+, CD29 +, CD44 +, CD71 +, CD90 +, CD106 +, CD14 —, CD34 -, CDA45 - For lymphoid cells:
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m ce. Cell raveno engr af n|t red by

anal yzi ng @ppe- peFQ!eﬁia%i'Qé- Eﬁlgqﬁ %‘1‘” ed CF'\ MY he nouse
bl ood usi ngnmunemegretis peadiséring, ferriei pb@mwquw CRESS: § +y§frdsThv+5u'i~ Yaaﬁ% mer ker s
| ncl ude CD%f H 16efidud Jis 10GR4Q pfoBowebioryr commalt @MIhaEs enpiesirest ebll tved fos) .

oome! :NO donor Qhiés, chi?eex{ﬁgJer By derﬁ4 GRMbiE] & CdnRidcer gs;/d&eﬁpalmw% a?e 4051,51902¢1 val , and
Opti onal | y,Ra? mp@rqt i’l’ %2?:% 13%1‘1&%'8&'%2&3%2’?% Afa @'}séj %ereeﬁpq%gt ed cells of
ot her |i neagendoging rgion fe’tﬁ frug tesistagpe BPRp.of édP“éers"eEb'F‘?e' §‘{95§%9’§e Ao separ at ed
usi ng anti ek (Sseedtdnt 6166078, Gaen Garp.k eTranslent Sxneassiorndf dheenroriaisy- regoliani e, cells
can be enrig g J%Vm Ed éb@ﬁ&%%&fé@maaqa%ua&l@sbu@@h bermy ¢D3AG celBfo be seBTWAONBGNEL i C
bead sopti nglfby c l[ugng[]n gﬁ r??ese%:él Qﬁheq:o)ﬁ% ondmg%ﬁouc or %re’geen&mtwmw el A

variati 8h I's to uSe a pronoter-reporter construct which
marks the W9 awetMt type for 25 selection. For exanple, the CD34
pronot er or enhiatheepureRi preraringzsell Ropysitiens guitgle fjeRCing)igigwRotolerance 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 leukemla 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
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Radonska et al., Gene 222: 305, 1998; GenBank Accession No. AF047373) can .._

drive expression of an encoding region for a drug resistance gene, or a

fluorescent |abel such as green fluorescent protein (U S. Patent

6,166,178, Geron Corp.). Transient expression of the prpoggy -p@porter (for

exanpl e, using an adenovirus vector) in a mxed cell population permts

CD34 + cells to be selected 30 out by culturing In the_lpresence of the

cor r espondi Y8 %4t bi oti c, or by fl uorescence-activat etF1EEPY43434 o1t i ng,

respectively. In the course of preparing cell popul ations suitable for

i nduci ng i eI Q5 obtplalpg: kemrigpoetipseell pracurser ieafiched @ rprqoptiors thakard CBR#4*V&: i oner can

opti onal | ycessphow, adjconctve.met hods descri bed el sewhere. For exanple, WO

33_/ 18137 é Sy St %im;t_a@@b{ﬁc@{pﬁfm@yibn.twgb.ngssh@mwe@i 4478, 1543E08vERMbrE f?r 35 12
in a nmedi i sin . n eu . act or

(LIF). U Su%ggfg%{ouﬁm%%qg@ggnﬁﬁéqa#ﬁp 8?‘40%{" l"'?’ngég’%rr@%) %%ggagh%rdﬁmgevi ce for

cul turi Aig MEWARS PRIEESERPdbNdher Epiated inig tampsqlici medium (1 gtyiseidoselp g ¢ | ar | y

CD34 posi t cuteecmhthiging diffsient groath fagtorcorebirtationedi um cont ai ni ng grow h factors.

U.S. Patent 5 kad@abéhl. (Kefistond Sypdeiufl i GRESCells) LOODS dbBrAEted §)egtuetBuni@di Nt ai ni ng

hemat opoi eE;% ,?eéllg,[oﬁ @Hgs? %L@g%ﬁsg ;t y el 48 17 Y Snoubd- Ok R e Fne CHBY withodt \5/6’ and Un

-ve. U S. \ emx) relates to 2. 2 MAY, WO

02/ 44343 PeXPEANRys)y/2dded §ipwih {3eofp, HOPYesP e&B‘P‘&ﬁsﬁﬁeﬁdtbeé‘ﬁéF‘Ebag?ﬁyﬁ atcé%lq precur sor s
enri ched f days mmegelis steinadgositieiy for §P34 bopRYor£PE5. CD45RA +ve, and CD10 +ve.

Kel l er at at. (Makdnb et &PSdencelCedoh cddiitoded maus8 B2 celid 9BDan NVOBF defleidnt stBnal . 13: 473,

1993; De"%éﬂ\ﬁ,?\%i]?dﬂs. Pk 12 (EMEOIB)a:58M1 fodd) Euned HEsSE LIRSS Eh@oRBbdAL | On -

protocol in which e _rrb/m d Ebo e%ly‘ar"el\ fprrﬁgdofgeﬁg%, 3 g‘ﬁerE?h&ﬁl | s,

di ssoci at elf eteh Iud medup QLPRFRY THME SRR PYsnsd u’r)r?w/% etV cel | ul ose)

or |iquid adsiipnalaxegsneusaeter-nPalagost Alf (Biee Hat Aadvich USAR3RHH @3%[%&%5"0%.

Kauf manisat Aedd. Sd. Ky S:033e, 1S§arplesd noose S Sille mtCinhdiiwied 20M@ celidbis fatahealf 315)

cul tur ed| Ewwuh%ﬁwﬁﬁd_cloﬁ @ 28R SEs, RO reRBIT QWnﬁKcrﬁlw&ﬁiclia&gLHedidni. n; ]§,17t or

nmouse yol k sac cge in oL gr actors.

Cobbl est one col%ﬁﬁh@sm\%&g 'éag@e’%éé%%g@ % gﬁ&ﬁ?@&%g%%éﬁf 1?- érg C&% .%flays some

cel I's st ai MepysendriqAelsyromgpourersglvasigsiem selss ge Rrpusaredmpy forragp™sl® | sci ence,

1994 cocul witr matrapbages bRIpere Mptyratgn.tthpy ApAviad iBraligwimpialp SePael Agh#ttacecel | | i ne

OP9. PaioC Bhdkotypl oflclassCHNIRD, dncludry: &x@dséion 2OOE)1c,cMHE wesd!, ppusetinEBlovel | s as

Ierﬂor yoi d b%gi?)w %Zwasp%éé S}%vslfbrqaaﬁsglﬁmm tbEVRRS 15 S84 By Rafichined: Ialy}lr; cetl ulose In a
ow oxygen 0 s r 1 hou ors.

Pal aci o8 oEMBrmg) JERROE S?Aé”aé?e%s%ra.b%%%’/&%@?%‘fﬁ%”iagéﬂ%?Jé*.%r‘3%".'" Neit i, 15

Acad. Sol . seysseirgmstanpsg)by ouljng in gredym-corialps@GM-E g 14 2B PR YR §Wat ed

stromal celdvwscsFandleti@l calf serumw th growh factors such as IL-3, IL-6,

| L-7 orgsfetal )i ¥édo ifstahdds@e téid@kihg o618 RMikbpt G eshnkie etiletza patievaion ddmabddorat  at .

(Curr. Bi OIre‘ vk st r?rQ Qag)sarﬁeelplg.r tr@ﬂpl% tr@&ﬂéa@tl\%mﬁy Plhe 88 Gnd ddiecul t ur es of
r??f'r Iat 1 C C6|‘ S Tr

| mmat ure de om nouse enpryonic stem.cells. Th s shared
many char aCtkpg ey tag be{ﬁl°?‘?f'2ﬁ‘htl¥r’r8'ﬁ%%{'§'é%r, ra%g“lcgmﬂ ﬁgrha %‘?Cb%rvﬁé% ?rbhr?r,"g?‘ﬁgy acqui r ed
t he al | ost irevorhtirtatinny orc ethes iPRIoPriate deckninkid, e dhat Y (SIREPRS iRy loperasel i al DC s,

- I ncl udi ng ceufRRAEFEMN. PdrticGEN batabldviBe cdiatySscompanen nithunasebmerksaGERT)nD! ecul es.
Prospecis Qfouldy fi hi@hatbiaPBabt 3biRkubd WJ 98118508 CRrarsfectiof Vin€ VeRglesti¥n bRl 1 chi | d at

al. in Cur Eq'log}g%ei:lgh%anmgelgsgigé%scr%gd i?ggna'r %Qggcler@%fahé.ilééa%akaﬁg %@PRQJ e of

. . 0! . .
i nduci ng t nerate sone clrcunstances by cul turi ng I n

medi um cont@sHi2hHI'AWESE and 1L-4, and. then with |owlevel
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,, Sclence 266:2011,
1997; Weinrich et al., Nature Genetics 17:498, 1997). The following assay kits are avallable
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 facilitate banking,
they can be telonerized by transfection or transduction %@M 2@ tabl e
vect or, honol ogous reconbination, or other appropriate t q ,5 so t hat
they express the tel onerase catalytic conponent (TERT). Particularly

sui tabl e | sWPHR¥*3t al ytic conponent of. human tel oner ASEYPHPET) . 30 .
provided in International Patent Publication WO 98/14592. Transfection and
expr essi on T followiag assayridl Servaiiablecommprcialé fr espaich pupeses: HHIPIQYHer BEIRTIGECat  at . |

Sci ence 27 9TERIQuanti@8i8n ikriCat. 31028844, &bchaPlagnoftled)..  Genet. 21: 111, 1999. Before

anddaf ter tel grﬁ%lf ihéapeuRuse.t i€ s aBRES GaPleiing toli opdiatRnd biEHS iimuanfbehTEdRT gene
product ¢ e . . . an

EStabl | shegierRRiacd @8?5%’“%%‘%%“?% oS8 TIE WP el Ao e i‘ﬁ?%"ﬁf*ﬁr

t el omer &se thagopHtionEnts ARsTeay they) Tk & yectqr | Which; an gifector gefie,inder cgtigl A 311 1997,
Vi nri ch atprombter, thaNedusesepreeantial Pxpressbi inj@giferentaq) cellsT Hultablg| promalera diciidesay ki t s
are avai | alserert pRmREGEh@InE YCI-2 prof&isE Ah6 Bifebro deAs sy be IdrédReRte (o the odll, Tel oner ase

Detection Kit . A ur, s Iy, TAGGG

Tel oner ase eﬁ&ﬂ(ﬁ&f@‘ ﬁ’?%ga tﬂ@étg 'Iaeég%gbéo g%?pfﬁgb%‘&%%aw&ls?% ° II‘L%F tlf:léi anapolis
IN). hTERT cesRise dandy Rineuzpe é‘lw&i‘“%b%\?&l‘?iawg' ?0' 3 ‘?313 Uy, S9%5 - B%R 13 2 0
MAY 200® \\D1:(587,20@) 30 @Ay I8 etiects gepe can bp durthes [inker,ip A frolqaupsgivitgy (Buch a8 8qy aj | abl e
comer ci al hafradyéife fe6iQEBE 6lEmdnt) Gossea: al. L Sugh Ofl.Bicachnbe SETHANGBE U.BTHERM

quanti fi Catsggﬂzsg;icﬁﬂcl(ésg?burr. 0 Jchers Hbi. 120 1R7) 08085 TkilllﬁgSGf the bRiEsirbd®Iisapeut i-c

. use, it Is desira hat. 1ol eri zi.n el l..po 1t hi.S.ddaventi on be
bt ant | aloTi i Bsoge s e Riel el s RN o dhe ’“E”ffﬁéfe'% oti ng
undi f f er enteffest o onderingriecael gugcoptiblg ip toxis effaqls opsysifemR! Resh pLEh P%%F?‘Q?F%f’ éct them

Wi th a wectpakug. Exahpiay)is aneres Siegdxdhymigienidnasnitiegene sihich esuses faligin pighrtdt er t hat
causes pr efe%rf@di B! beC RS DRI ©MNgahdtiown distiaBle GITERBHEEnSQ Sre @moudbalr e

pronoters i e TERT pronoter and the OCT-4 pronoter. The effector
gene nay bé’% 8?112%[%(!\@,0%?;@'.&: to the cell, encoding, for exanple, a toxin, or

a nedi at or of apoptosis apoptosis genes are the caspase famly
( Shi nour a 5 : ggsue Regergmation2000; Koga et al ., Hum Gene
Ther. 16y 11: 139, recRie. celitlai fuztcalid 3h, indviveal af fir céliqropuipioncls edministpesdfthat t her

l'inked to | it LEI8FIECd preypEdt Snddicie €l enent
Cossen et aa@ee%%ﬁr&ﬁa%‘?&&q\%ﬁ%‘ﬁgﬁﬁg@eﬁ%ﬁ%ﬁ ign%%}g H:Z%ﬂonp%?rﬂ%sue 5, 464, 758,
O ackson, CRAvual ipgpuRowlesnt i Pt sshe g, o ?ng/e)r hat PeRlSes K, L@f'i ng of the
undesi red oedehesatiorologratt rimaiehed it dhenielerizlss el i 8 AIRYSEEL " (TREMPheycl i ne) .
Al t er nat i vedipuarbdigy, eitheetpialigie adnimseyedlasewovebisdateref f ect of rendering the cell
susceptiple to ﬁ't@srlﬁ\ﬁntlgrf bréickSaniral MddelEE REIRAg tROMBIty ofsdleiBngsotaadls. ahe | body or a

L5 prodrug. , Exenplar Xoole.dg f,;.%gesgg%@g Rbafat ahobiith 4 QEnlhFRBodsldibrapene, i ch

causes cel | & f5§ t _ susceptd bl e clovir.
Sui t abl e pTiRTe ESceloms PreRed accying ‘Bﬁﬁvﬂaﬁé'tf"‘f’% 'f°ﬁ%‘$é@/dfg%©§5'?ﬁg§?’# at al.).
Usi ng Two MatisheThefaiel diffepiated intootplerizing cefls @s; descriRad) isribq BEYIQYR sestipnT g he
reconst it ut gefR o A4 thénlislel Afepbrialy@nthiotgitheitalvelh intoanideiof anbther ipbrbd gyaipul at i on i s
adm ni stered, t 38,00 €8 hafidsES rBHS  AdivREn fo° k8 10U bePhstsd. POfaRII St em
(hPS) Ctgﬁl Sw'}hﬁpggrg‘zﬁ%@ﬁ& %quttﬁa{‘t% rd%%s%leotr tﬁ r?zin%cen{ -@%E&é%ﬁé‘%ﬂr&tm”m olerant to
the HLA ti s¥BEMEYHEMSENPAR PP &Y g-ce f“popul at on. . The tissye
A week after the first tolerizing treatment, a full-thickness skin allograft Is harvested from the
dorsal wall of the same donor strain, and depllated. 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 eplthelium remains in the graft beds. Without prior

el

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 celis 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 (nmatched with the toleri.zing cells).can.be

adm ni stered or inplanted sinultaneously, but nore typically is

adm nistered a few weeks later. 25 This invention provi des ani mal nodel s
for evaluating the viability of tolerizing protocols. The 0fMA%Q005s a rouse
nodel , using nouse ES cells prepared according to established nethods
(supra). S cells are prepared according to st thods from

| nbr ed BALI\B/%Lcé %@Eﬁ or C57BL strains. They are di ffe?gg/{fllgog/t“ed‘ I nto
tolerizing cells as described in the previous section. The tolerizing

cel | s are tmeasyref By cemiging W?ré’blﬁweﬂltﬁfwtcﬁe"st WMihoTiepHR-sareratehippriPReE R1otht 0 mi ce of
anot her i nimoeghucar @llsfradOthanietidlents Tesfl halweeinducdrs &e mpgrared Py Gorrbinigg reepieni Ng r ange

I's between pBQE v tradifled 8Rbr EBMESH sﬁ@éhsd%lls bt Redsahg EHithyeMiRe htomRRti, Some
ani ml's recelye.g frﬁeqr%“rﬁxeimn%m%ﬁe Bl Lo a3Pod Bhsitod B R BELGE pf e TSt

A week after"ihe ckness

al | ogr af% Iséndl'{'&'? S frd vy 'bﬁﬂ"ﬁ%° WdP Eaatfb“?X/é‘l’?"abgeffmf"l%”@’QW@s GB‘ﬁ‘E?Prng[ rain, and
‘depi | at ed. chlvlaiimminbreactigiyt ured Into the right thoracic wall of the

reci pi ent ani mogranéSadiispbotdd ey 1N day§X6esignts BEreje@ibit sieh axf halr loes, neeiotis, Gndveeks  or

more, the g %f\ée ol r?o}gfa@ $I§§ E’rﬁ%tl’?e%ratﬂ%e&QEtAﬁangk Qifth Wh@%ﬂsﬂﬁﬁ Bﬁbsté%m Lgrel i um

remai ns in "%1 tole rftl A rqthccr\rtfts are
normal |y ré}e%tf@dhe\/\ﬁ’?eﬁf #d_secifighy isimmghe t8'8ra"°§ ¥§Wf3 &dH ?Breg% Ski n

al | ogr al@ ioppopiterfikr imartithe same dotme ptralrrt @ thirgrearly dongp  Glieaesm &t thereciPignisdhspl ant . A
nunber of ag&@aws bEPATSMmaIPRILY Garseithg spdeh of rme tiavmy clistan eidiing thsesibur ed by

mXxing reclpl&ns& wn %{:Au&i]be. rééi‘p?eht HSQ n&%erﬁd‘tﬁo@%%mbr@m efcdsar get cel |'s

of the donor straln

di f f er ent | a{P8dEF SPH ﬁ°e1 é‘ga*f?"ﬁe@ anceﬁﬁ ?x8°°e & COUQB%Q?‘J 5§9|[?re%p%LJ° Care 14 2
0 MAY 2005 imarroiogicalpgagss, F’GW%S@PP’M“ evifgnee gk BN conbi ni ng t he

51Cr - | absl ed t angetcos®nbds! isvia pimakel roaibl] ysin rhese &6 aelle dThpmson phabr Rive. Nitlood
mononucl earAchF'Séx SUSA@Q%& hi@od), RFhuia® BS celisl (TR@sbn &l [Beibrch bEMIGE ngERITRe MEASUTr ed
by conbi m erentnagdl% ?lé%(?grt?c Jersragqbs@ﬁbgga&%qgﬁd nllD émln%verﬁmlﬁﬁ@ cells,

and rreasurl orporation m xed

| ynphocyt e ff‘@&'t't‘qn 5 %H‘gé.‘P aRproptely g OpHMaLFofey dr“E@'FS KPR g’e SUSPe | on % 5
sandwi ch ELdnBalsfrey repdiueia seqopd gose Futd weplt latpr -Siropigngpysyy. B'Efdi?"’&gﬁF?"éiTﬂ '% from
Genzynepp asditfRreRfRaRs kb @egafocytedied deltsloameutomahtetrcas descitedéarlig. Grafts are i nspected

every few days ];\lcﬁrbo@ lhg @%e&fpmﬁteh@ﬁkﬂlz@d"anﬁr%heoaﬁe f@kilbgrhfDs Sopladb@ent 6sies, and
absence of pornl nLLAC U LI e 0 Alds (3R, sAQIEEPUGP 1l hait | vi o

grafts can gt ec lCt of I mune

s
tol erance bsarigtut The |dlﬁ@fefl'“ﬁ‘°da°e§%ér6 rrReleg 'atf"ts'cﬂlﬁ “‘)ﬁ%grd&d” gﬁb%s?’%”@“fc’f‘ fromthe
sane donor &kddmym regorier dehd Buth pRgtegn-iorARseNnt POIFINNIEFT)s niiepptogyigdiker @Eﬁ HPents is
eval uat ef b%ﬁﬁmt@tn@mﬁs}b dapdalé ohiRb 18 Sdldei gBIcup iseiectart pebiaially ryas@yedde| | s and

Zf ?Io?;/gg Wa%,ﬂ\s ngaﬁgi% Odng es@ﬁge ttpﬂgﬁ\éntigtef? aﬁchﬁso%? Riersh Zas # thedhdBEmodbie Aitdpl ent H- 2

Mac- 1.
G aft accep? A8 WP%‘S'&P&@%'F@EPI% 6‘35"8?'?'8%8{"@?% Wﬁ"@vﬁ%gfﬁ %%%éﬁ”&@%&é in the
i mTunol ogi cevidermes efayrelyinggmit cafia Py measwing e Intensigtabehgng pmenshigiopemsfor el ner i sm 15
The second ggeeiR| MHCSspacifie o M@ spaiidearkers ¢fitecESriieews of hEiSarcwbitls ( Thonson et al .

Proc. N%i . ACQH &gminM%otggmazﬁ%ndm&%géb inding RlEpECIHESmE@ede| tergnElONsON et
al ., Science 8 Isexpggrhea\is cgr?ge unc;r nzs%n t§§/a%§la lh§ efﬁ{a@y cﬁi{hg Bs@ﬁeq@éeh@éﬂ@‘pprdtﬁglo

tol eragenic aquipnp ﬂE rtgivenousl Xed' nt o
rhesus nonkBgng accariesanifg! "ll?ﬂe'saﬁﬁr eé?ﬂpfea‘b%‘f ‘iyﬁg el ltc? [SPRYE g B8RP ned from
the nouse nmcehtmodéhéor acutelyrinivrest spiea) chorsea deperibgd B@\‘!@ﬁ'&?"’oﬁﬁé’e("’é‘bm& 530eek | ater.
Si nul t aneousdgy). A dtEcoSsINRankfanC il shot itrar@plart-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
animaf'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 cryolnjury, which causes 55% of the left ventricular wall tissue to become scar tissue

15



20 differentiated Into hepatocyte-like cells or neuronal cells as described
earlier. At about the 2 week point, the tolerized animls receive.the

al l ograft of replacenment tissue. Hepatocyte-like cells and neural
precursors are made fromthe same ES cell line as descri bﬁﬂ Mﬂa?hﬂﬁer The
differentiated cells are labeled Intrinsically with BrdUor wth a

expressi on encoding a reporter gene such as g, Fﬁ{l‘s rescent
protein (G- §%Elﬁepat ocyte like cells are 25 Inplanted I'n %Hg ki dney

capsule or into the ee 00 c cal assayed for
signs of alMCHSFREY @‘E 81'1&3 ﬁ&’a‘ég?rﬁiﬁgﬁ% 3%5 gaz‘d'c?&; é‘B% %%9 g'g(?’l 'sm as in
t he nouse 199eakal pifat.dy Thorge. Cardiovage. %"QNZ;@R@ 1999) opsy sanple |Is taken fromthe
i mpl ant site. Bhog@yhisiavemied inguce Inxaibisrarde b arsubjeevabole oeceiad ansallograltvi Ng gr af t

cell's by rr%f'agpa&h.agrJans'puw.tyunwaeju&capﬁh. ue@abgcnbmmmestochem stry for liver-
speci fi speci f e was of

fic
human o | gi n) %W&{QQWW @WraB?u ‘%mr?pgﬁfeouéé)ﬂ r'Eclpycr)’nr’i‘EiS ce sl nduci ng
al | o- speci Pieée"PWﬁ@b'%@b@i“‘érﬁE‘@en tadiffues creific el relt |aﬁi§$?‘t Shegeli "ﬂféc"iﬂnder t aken
t o eval uat énbunesugdrdssigacyO®$/1I78Ee (Shehs Stial.)r WQ @ISR (Sachs pt @), OEOP7/41883 ng
?Ccept Ied ?r(éyréa ethBflednd. uBOPatbhs a)db B2 tshes &f fa; ) Popos®TmeiiRey @ ikdRbing |
ranspl an S, y pi na
chord ag, odvigefeE)R TRRE Aendofhe i FRES! o iy Aatofiyfont Ul ™
successful agmigjsie t&ﬁfe"W’W‘ Pf aSASSNT SPPCigts oIS Avps mRgaiclimerispd] tl‘%""ﬂ?‘e&g ig" I n the
| esi on 2- 5 allgweoem BSechivet acraft from the rstispagieal ong t he cord from the | esioned end,
acconpani ed by @s, pb4idt GBEIMEL(Sdchs ehal) paiBhows TR pre@Onda Nddriziegn, and
pfg'r QQL. Fleg;grﬁego polbfe BEH oYk & &jral; aRIR néang%ee@.ﬂ 5383 GRS Kot (5,RH bt@){a ugte)gelbi
i ntraperi t8ﬁ8°£tes aBlP'@?f?'{"%iﬁ' é‘? %@%F&ﬂ‘? @scﬁrﬂ?"?? %@%ﬁ““@?hagﬁ%gg&% . Pat hol .
143: 1608, 1rogdyeractigevith &5 fgpnda dpeosting dak §i BARpoBEEEY §rbparabk addsFdi ng to this
i nventi on e#est deheasmaasietd cells cartorsapplenede by indivdtioy T cddls id ittacecipientad.gj ury, whi ch

causes 55%,0fq 4nfi€nd &fahti-OIR lahd sdhhnflorieh limrbunSstibtRostind JI6H RO o§ eRbspofissue 15 2
0 MAY 2005 02/ 44343 P '/ USOL/ 43434 W|thout treat ment (Li at al., Ann.

Thorac. Sufy. 62: 654, 1996; Sakai at ac. Surg. 8:2074, 1999,
Sakal et al., JUSPRBMSR:E58.L63 U5 Soleed, 863_‘3?? gnd WQ@"‘W? (S"I‘L’M)‘”mﬂ'ﬁew ing this

i nvent i 2n taderanpechac ke ihdveadinain @him#! ayadsbusing bene snatnjvetels Indsmbinatiorovith edakingse an

al l ograft, sudhh® $MnRedli hdtddNIEs, GRITSPPiNdanEd. | woesspbay (eddhdigcdl) bRpdaad ques
gfigg'sggdt ghﬁg@iﬂg‘sse I"]%HEIPB n?ai&?cmﬂé @el!f YR NiRbic 2o é\céoGRE'MHosantT ﬁﬁcﬁ%ﬁﬁ%' ;ﬁ% ! gen
to induce ¢ %’Feftf’8t’*sé@?’gﬁéﬁi’fﬂﬁclﬁeﬁh&é‘ﬁ'@b&h %@’g‘i‘? rtg"grr‘?%ﬁ??ﬁ?fg‘g A% si on. WO
03/ 13785 ( Selpiert fertsolig| organ treqsplantation Bypharvestiag ppls Hem dp ojgan \9‘&90'9??"&*1'896%’ (Sytes at
al.), azsd Uerfatopblaticesis (sGeh@OED ¥ 2oll§)Sintl dusiay theal intd thpredpesmionsahpiEs. f or | nduci ng
| Munot ol er anceyorkalet WM. RANMAAPSY. @Ik B58842M968 | oltfineQf stteglOBORduGRy Mal of one
SpeCI es ar ?olergceatgrrgr%gll\ él&&gﬂgdﬂecglerﬁchgﬁbrglﬁggdl rﬁct th?po ﬁVthﬁe%ﬁ Ee‘ﬂ.&.sfro This forns

m xed c receive a graft
fromt he f jap ajogwpBEgnrsand EJ""S“'F%Q’%‘H{°"§“985&@9 9pY a@‘@%ﬁ%’ 9isorag amals, B9 ains how T
cel | s pr esarafts $upvived & yohraftdr srainapjantatiennwitiod e astdmpardadby establisprsimigricimertsein be

depl et egh USoR 1S PAE irf he admihistdderdyompb¥lo® AbpaRrtiy Fadialsti @Ggratimeft] cytotoxiddvocat es

adm ni steri t I b tid ng t hat
adm i st C[Q%hc;c & TR oemﬁzemccans@,l A lhtavéamb%ra% &gg\gg%e%gmtﬁomu g that

5, 876, 708 (sgg%??gm%{q%%ﬁ'atjrs'g'yrﬁ@li"f%'ﬁ@ﬁdﬂl ces'%c#‘?tect of the hematopol etic cells
can be suppl enefiedat %jmﬂq?h@?"vaﬂlg??g”'ﬁf@e! Med. B2B:74h d 993betisqsved Hgt umary . |

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 pluripotént stom (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 |Induced In
an ani mal nodel using bone marrow cells In conbination w 2?] mﬁ%’m‘ues such
as stemcell factor, I1L-3, GWCSF, and |IL-10. WO 93/09815"(Sacths al .)
proposes t ting bone marrow hemat opol etic cell i nucl eic acid
encodi ng M—I@agﬁ{“?}g;en_ to confer tolerance to a transp?%%stgguﬁ“ssue in a
reci pi ent i mal . . 030 Cel | Pr suggests tolerizjn reci pi ent
for solid “P@sgﬂﬁ“'ﬁ‘?l%éﬁ’g’gﬁﬁﬁf”gf?‘%ﬁf °By? Wﬁf%%?sg’ﬂﬁ‘wi"'Tl?ey’ef'}"dﬂiat"ﬂé&o“fe@an donor ,
enri chi ng &P tpsoscpaesiplolf aecesary.diel ptieptserthy trgaledmith anablative b1 paltly ablativé i nf usi ng

t hem | nt o tdbse ofryeicadipilos ot chbredtizrapy brcaets phetmatopoietid\ipadetasd atdw ehimerinPWithiche Nat | .
Acad. Scl . ohdpfin@&@N0%Ne plab®98) outline a strategy for inducing tolerance

f or organ al'l Oglrhé%%tignt 05?% o Prrad W S e\s,\%‘nrlIs(;f“umlerﬁ'Jo?Fr:nt %Qe !olgrtar?cetbh%arge%'t al vein
with spleen cells'tfrom an allogenerc donor, and. given a 4 aft from
the sane dgﬁ'g?' agd GROEHENG 2 Bp-way mixed dyriRhosyly reaqtion using, lwadiaigd Glasgll orepspinged a year
af ter trangpd donereeplls dysing wbridiné orarge oa cyoiinepsReration fobyapie sdadiilti. sAddittbnatidessochi meri sm
30 Donor Tecyled drégivenaddaedeadm ni st ered conposition apparently facilitated
engr af t rent, _ CYhgidcht tho dnd TRRAGY b9 RO AP B baRRCE birlrsfiger 9V AN

I nt rave1rcaous dose % pone narrow cells“tromihe damE SOUT o6 r%s cfays | at er

si gni fi Cant'{M/eEPEAHCEE S RHPEPEHEE Gr it RptEnsH witsthg taleyizing;celly Depepdipga8t 339: 1579,
1992; N. EH@Hegreg of ajigiqiprangs § mauis benelbly maiisie ihe patent prammingsmpresspadrigent s who
accept | i vénchtasapagspasim tASor eati-6D4] eribady) diat itheeanchanes I migratss, GAd bsumdidismacr ophages
that 35 nugdieiaro! MnétkiResPvieROK Rfot hoSdith 1 Preltbldred the IpYIZRN 1 ARPEH pe Ot heT

publicatio el af i i - chinerism and, | ne tolerance are
i sted ?el Dk tﬁi’”r’r‘g‘%te%‘g? {|°g%k"‘88@%S"B@a'{*’?“éféif”e_?aq“ﬁr%}‘é"é%99’999&9‘??‘{? & nvent i on by
admi ni St er PHERtechpipe o fhe ireqtment prglocal dose, g114 manitofing st pspensiilty efdhe manseina

pl uri pot entliniganem (hPS) cells into a phenotype that renders the |ndividual

I nmunot ol er ant ChIB ugehs &€ ABuding SetifidIRRUHe MidrddEb acaFird S Rl iREHlorERb S, -

I nt ravasul 40 adm. i 1.5 C referred rqut al t hough
ot her rout 2o £ SinSce @ Qi kP b W oRhBhC g ot 3
PCT/ USQL/ 43454 #RT SEBMRI B PYTe8 1M BiRRtonTh Eorp9eati A RgPieg o8 énqdsing cel |
suspen<P on'oyalRR, teareasiet s eatared tj?(é?” Bieary1 Sterm GelbTrpnsplartetisne Gengl Téeranyeand c
pot ent i al . Callglariirarauneaezapy, by Ghidorghat§ W rhertiameds eainbriiget \@hiversiytFiosg nogahdnat i ve or
Ear t |t y a:al fc?nbakbﬁoieﬂd&&ﬁ!CéJIfThéfady,rE’.@@be.ij. L6t 8. _me@{tunaﬁumﬁr@wne;étao&r eat FI a ‘o tak
emat opol eti c engraft| ells to take
pl ace. 5 The_ *%?%ﬁ%ﬁgﬂw%%ﬁ%?%@@o% bt Byt P e rine
t ol erance BYCMAPRIHET i ThYMemisisREetc et pre sHANXEashprR ! Hihrompaible gsyectbet M nphocyt e
reacti @ UiUBRY 19" HssuadpagpesationRntdhe twd compositiasi¢an heyshippBgetberdrkiteh.l s (usi ng
acridine orange or cytokine secretion for rapid read-out). Additional dose

cycles are gi VRRiB&SoddgREeHat 1chbidosion shi &Lc@%e_swo%d%'?% ate%cgtﬁl&;re nt for

tol erance to take effect, the patient Is admnistere "W th regenerative
ti ssue autogenelc wit h_c(ag‘r’e%—}(E%{‘?eﬁﬂog'ﬂegayaﬁsfﬂ%}e‘{'ﬁ@ef’hl eri zing cells.

Dependi ng on  t"BCUtAeaITRa frosm theysnirbef e Byeatins ambodied inrthy cléies Betfedén. ci al to mai ntain
t he paB?ent on i mMmunosuppressive drugs (such as cyclosporin A or anti-CD4
antibody) until the graft takes, mgrates, and assunmes its 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 simultaneously or
sequentially with the regenerative cells. 15 Utinmate choice of the
treatment protocol, dose, and nonitoring Is the responsibility of the
managi ng clinician. Cells useful for inducing specific imune tol erance
according to this invention is optimally supplied in a pharmaceuti cal
conposition, conprising an isotonic excipient prepared chﬂeMAYsEﬂﬂﬁi ciently
sterile conditions for human adm nistration. For general principles In

medi cinal 20 fornulation, the reader Is referred to Cell Therapy: Stem Cell
Transpl antati on, Gene Therapy, and Cellul ar immunotherapy, 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 erageni c conposition nay be packaged with witten Instructions for
use of the cells in inducing tol The hematopoletic cells are

usual ly matched with HLA conpatible tissue that wll 25 be used for tissue
regeneration, .and the twy conpositions can be shipped together In kit form
It wil Iﬂﬁé'srcmegﬁ?sztgﬁl'"f’%ﬁpnﬁe conposi tions and procedures provided in the
description can be effectively nodified by those skilled in the art

Wi t hout depaAHe%dffgrng %Kméb Ehegi?é’k@s' Y, }igi&j@ enbodied in the clains
that follow 3 : . I Al i nvention
is: 1. A rretg)ﬂdgl)glr?feppeagari rtljg C H”s otr th ra&ggltls‘l 'ht%u%ﬁrfét %@ toplﬁast!oﬁg: a)

di fferentiating bhudmerepiatiig PRIARAT piEAREN YRR ®BL) Teildtifo@a fdebsia ¢8I |
popul ati on; popoidtidny di fferentiating human pluripotent stem (hPS) cells into
a second cel |l popiratheofirst vdetr mipolatidre iss MHCD cobhtibo ith athi Odchrid bAIC

conpat i bl e vitophlatidne andcwireteupeh | adnpiogttationt iobnhe dirstl pabaEwMP DN aR Gidividuslt r at i on
of the firstrepigsuthaindidualdmaninotalgrant tuke secomhakipepdldteni ndi vi dual

i munotol grant to the second cell population. 2. The nmethod of the

precedi ng %I%fn%?%ﬂ%r‘gi etH%Ceﬂlnﬂsﬁ'a'@eIVYhefﬁﬂ'pmeaﬁber_velha@pwe@m hati béerr ent i at ed
from hPS cel9"E¢tesa FPmNRSiels withoutsiomablepderisalishyingrrsesent . 3. The net hod of

any precedi ng ¢l 3 rejin the first cell pul ati on and the second cell
populat on ate AL AT b Pt e B B Bl o i, 2
The net hod of any precedi ng clai m erein the Trrot RePf ypopul ation

pr edom namt IThe B&RGT b SHHY FRIBE WhereinThe i i j -4,
wherein the cbinpssesaﬁdsbigmﬁhgti on has cﬁgr g%;ﬁfe%?icgﬁ)%@%g?ﬁ pﬁégarrgﬁgrﬁ)t ietic
progenitor cells, blood | eukocytes, |eukocyte precursor cells, :

macr ophagé- | Theemetbbd of claimsdéddmiherein thel first. cell. popbiatisre haw dnavbictérlstdsnar 1- 4,
wher ei n t he emaapoigli | prpagnitbat ¢edis Himdc heukeates! | Bukagteofprecumsenedy,mal st em
cel I's. 7. THeAGRAhAGRIliksfcebmgr ¢anddtiatiey cl aim wherein the first cell

opul atio resse ne, or
pop % %8 metfs'lodS oP 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 i, 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 Il CMRF-44,
CMREF-56, DEC-205, S100, or CTLA-4.

9. The method of claims 1-8, wherein the second cell population comprises one of the
folllowmg 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 I1I,

CVRF- 44, CMRF-56, DEC- 205, S100, or CTLA-4. 8. A nethod for preparing a
first cell population that renders an individual to whomit is

adm ni stered i munotolerant to a second cell population, conprising
differentiating human pluripotent stem (hPS) cells into a m xed cell
popul ation, and enriching fromthe nixed popul ation ceflls MAYa2006xpr ess
CD34, T-cell receptor, HLA Cass Il, CVRF-44, CMRF-56, DEC-205, S100, or
CTLA-4. 9. The method of clains 1-8, wherein the second cell popul ation
conprises one of the following cell types or their |ineage-restricted
precursors: hepatocytes, oligodendrocytes, cardionyocytes, or pancreatic

i slet cellsqplfhe?mBtnbih¥r &8s 118 whehdin TRt d206hdOéellGlopliBBonlcdimpridblesid &t thére
second cel | pogidvatd @RIl COPEY iof EtheiPNRese-bétRcted ObrbQUMOME R&lrbns, VaseBcyRds, t hei r
| i neage-r est ri ¢HoRGtoPRES UitedeRic cBIRY EMidthelidl SéllsPSREletst musElb @aIR| Oraskinesls.
osteogenic cells, endothelial cells, skeletal muscle cells, or skin cells.

11. A conbi matAoomehatphaf preceadeuticl caupopitisns, canwisingdmpepasiteicpntainesepar at e
contai ners: a) a fd)pdist cell poppletian thatihes bedndiffenentiated dromdiunfasrpiimipptantstént r om
human pl uri pot @RB) selésnintq HHS)en@@pe dhat fenslers phaubisct e whaet it rie pdeinisteied ubj ect
to whomit is '&tﬂ?ﬂ”ﬁﬁolsef@t@oasqcﬁ?ﬁﬁﬂﬂtpeP‘é? ®Atado a second cel |l popul ation; and
b) the second ceII )Hﬁﬁ'&f’%ﬁdl%}ﬁp?"h‘éﬁt'°n g‘aﬁ\}ﬂ@"&)‘f?ﬁ&laf e witthiherirst fell Ropplaionc e |

werern i 2 %rg ce%ceu;ioéateﬁqr% b Fﬁ?ﬁﬁ%‘a@% ar nnceu(gr!%%g ?el '

wherein the1%'i
cel aim 12, wherein the fi rst cel | popul ation and the second

wi t hout stromal o
conpositions o

cel | popul ajg, theaﬁﬁérrﬁécfeﬁtﬂfaﬁwnhp%%iﬁ%sfcff eRInt N2 whersh BFrst 841l pdplion é'rﬂl thelhe
phar maceut i cal seeomipd ipbpiton afe diffétéiated frbm the\bghehPs t&minkl r st cel

popul ati on predom nantly conpri ses nesodermcells. 15. The phar rraceutl cal

conposi t i ony4. ofhec predrmadeltidat ,compesitiing df otirh | 12513, edeteinp theufiat canpdpatation

char act eri st i ceddmihatiptopwises mesqateoygeelist or cel |'s, bl ood | eukocytes,

| eukocyte precursor cells, macrophage-like cells, dendritic cells, or
mesenchynal 15t B Rharmageuticg| COTPROS PRy f12-d4) wf&%gﬁ(@sq firpicned Pepulatipaag 12- 15,

wherein the p %‘gEﬁcﬁg icgof ??@;ﬁ;l %‘e '“I’r \H l %gwec?ﬁ%‘puf?f”nore
of the foI | owu?? feppage-! °"1’%c,°é 98‘?"" V’PM* &8 11, ovRF-44,
CVRF- 56, hnger tﬂ:alc |ﬁ’o s%?clal;jr-\hﬁ ‘%h@ﬁé}gﬂ%g ;5#1%%%5’30 ét c(%ps of
clai m12- 167 Rlh LiiessEE BRE of hible daR Tl e U ce, Pkl &
follow ng cel 'HLA/@%§s@rcmﬂaﬁJ4 MRESE DEES0, B466:Gr BTEAUY SOT S: epat ocytes,
ol i godendrocyt es, cardionmyocytes, or pancreatic islet cells. 18. The
phar maceut i ¢al Thecﬂﬁﬂﬁédehlldéﬂsorﬁﬁosmbﬁd 60 claim 16,16\MvRéEreinthé Becone celnpopiatibn
popul ati on coggprisess ongeof othe tfblowirgl beltypgs @el theit Vipesgeaesttidted rprecursors:
| i neage- r est r i iEpeticyes oligedlendsocyteas ceardiotsyocss, 0o paricesstic sledpelisocyt es,
osteogenic cells, endothelial cells, skeletal nuscle cells, or skin cells.
18. The pharmaceutlcal composntlons 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 canment for treatnent of the human or aninmal body by surgery or
therapy. 19 2 0 MAY 2005 20. Use of a first cell population differentiated
fromhPS cells into a phenotype that renders an indi wz:lgaM AY 20 Ugnom t hey
are adm ni stered i munotol erant to a second cell population, Tn the
preparation of a medicanment for rendering a human or ani mal body

| mmunot ol esARjse bPa Fl@?ceﬁ%ﬁeﬂﬁloﬁ%tfﬂe RARRYYS b APs cgﬂsmtu%%%ot fthét?éndgr%l !
popul ation and RdisiecANE & tﬂ@P%@a‘dF)ﬁhns& 84 iRFRinGHIRReNS! £ setdpar &yn  the
second popul gbputiohsin dhe iBr@iSé?éﬁanif%dnéd’démehHSr ERb&rigl I Hnah &mm y&s that
reconst it ut esmeendtolérart tb thaclebend dempépuldtiosli vi dual , and the first popul ation
renders the individual immunotolerant to the second cell popul ation, each
for the prépdisacfafirsbéellmoputatitineadearsecdndrcels ponulatiom thatiare @utog erpite wherain
admi ni strati ¢ secantepdnuiation gs diffdrentiatedbbidiy. hRP. cellheinlose  plamotyple rett 0 any
of clai ms 19regrenstififies e¢liylar ienclion it ar éidiviqualp @ahd tthep firsh aspubation remtiefsf theent i at ed
from hPS cel ISivigualimmunatelesans fo the serand cel P@PUI?é'Pm aph £ dhe prepegationtpé ause
accor di ng t o Medispmentafor simultapgoudion sequental agdministia lorhp theahynia giranipati nant |y
. conpri ses me&8Yerm cel I's. 24. The use accordi ng to clains 19 23 wherein
the first ,ge S rac i CS of he rogenltor
cer 1. B LA A T e ST Rt
dendr| tic cells, rresenc em ce 5 ? 9 hSE™" accordl ng to clains
19- 24, whegeirRe Wb abddrdih fcﬁhbmraomiz@tw r the
fol | owi ng nmakkRprses Eﬁ@&ﬁsnﬂ' 8ell r eceptﬂgﬁIB I@E%Aﬁ%sg@swblgl,aﬁ%@i@? Qﬂcﬂ(%NRF 56, -
DEC- 205, S100, or CTLA-4. 26. The use according to claims 19-25, wherein
t he secon@4.c&hé ugpogmabraing tnclginspgi23ewherain thedffrsttcBi pbpalidtiomhadcHaricleristicpes or
t heir |i neagef mematopcietidl ppygeoitnrs oells; blvepateakycyies, leukbdye Gesuiifsoc \efs
car di onyocyt sgcrophaggdike pelist dendiitic] cells, oenbsenctdal Jtam aelie according to cl ai ns
19- 25, \/\herel n the second cell ulation conprises one of the follow ng
cell typeé Fhﬁ ?CCP'idlﬁ‘eé é'amﬁs{)%é)%tﬂ/@afe rtbe fifst eqllspopuletionogrpressestaneyt es,
chondrocyt es g Hgﬁ@”% ?ke’cgﬂ%f%ﬂ cqll pesepter, HudeClasall, GV cel | s,

2 gc?fr to any of clains 19-27, wherel n the

or skin ceIIs

fi t | t | tod d !
i o6 A U S B Bl o

wherei n the Hi3edémtdchtes 'c@lionYBLRES, bASan ﬂe‘éﬁéls@fgl@ cel |

been derived are. human enbryonic stem cel
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.

aflon have

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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