; e3eK(6K% | *6T6RqW O 112/ 057.129 PCT/I1SU2/11U 107 A Method For Produci @D
A Popul ation O Honbzygous Stem ' A Pre-Sel ected | mmunot ype e
And/ Or CW@0%/§E429Cel | s Sui t abl e %MWW@EW‘%W Deri ved Thec&fusengotsnd

Mat erial s And Met hods Usi ng Sane application clains the benefit
of U S. Provisional Application Seriahsomy. 60/ 258,881, filed, January 2,

2001. Fiel Qﬁetﬁ&?ﬁF&WF&MclﬁHﬁm Papu P‘{:ﬁ)ﬁe(ﬂbeﬂl ﬁigédlﬁe"sté .%1%311{;{{11%? hods of

produci ng a ‘honogenous pop onozygo m

pre-sel ect eBbef-SnrlectadrimnmmmymAiﬁdMO@@mtype, CelSuitabie FooToamsphing
post-neiosis | d’é? ceIIs ]Xirhe inventjon further relates to nethods
|

of using such h ?"e "é“SI-fPS’Q: ateripls Angd Methnds Using, 8amseut i ¢ and

,cosnetic transplantation, cell replacenent and/or gene therapy, and the

treatment of various genetic di seases, neurodegenerative di seases,
traumatic injuries, and cancer. The invention further relates to nethods

for usi ng hi stTegreehi fiptickioncadiibs the Beredit 6£US] Previsiandl Qpplicae@se genot ype
for prophylactic and therapeut ic intervention including, but not linmted

to, di agreErkNoteEedhells filcdafpmaysh@0Pt transpl axitati on {including, but

not limted to, skin grafts for wound and burn reﬁlalr repl acenent bone,

cartilage and tendon for use in reconstruction of MNWWIHWE and repair
of ears, Inosedicldiofthe lanentamal p), cell repl acene t herapy, and

the treatnment of various genetic diseases including, sbtbonot limted to,
neur odegener ative di seases, traumatic injuries, and cancer. Furthernore the
i nvention rel ag 1Eéénfr§ﬁ/91ﬂﬂ§1 reBfesdh Heﬁ{oﬁgbfgfddﬁgiflg%qﬂﬁb%% Lﬁnd/ or HLA-typed
("immunotyped”) HS cells to create progenit cell's, an

differ entpioauledov; ef hemozyzosesemf(HS bd:lls mﬂ—sellesisdléortiypmmotﬁiemﬂloy, t he

I nvention rel at s ods for OVIdIn cat.al ogue tr | ant depository
for HS c&lhOYPH 8“%‘?%%@19%3@0858 6’??031%391??? 8‘2‘? pells; Eeﬁ'ﬂ “Ronmpzygous
for a unIfaﬁ@elHé}ﬁtela@@h@moagofaﬁ%grmcﬁwwmsawleqmc&ﬂm ﬁ?ﬁ1aﬂgﬁ@d1é” dual
carrying the WO (12/ OS7~29 PCT/ US112/11111117

therapeutic and cosmetic transplantation, cell replacement and/or gene therapy, and the

treatment of various genetic diseases, neurodegenerative diseases, traumatic injuries,
and cancer.

The invention further relates to methods for using histocompatible HS cells
pre-selected for a non-disease genotype for prophylactic and therapeutic intervention
including, but not limited to, diagnosis, therapeutic and cosmetic transplantation
(including, but not limited to, skin grafts for wound and burn repair, replacement bone,
cartilage and tendon for use in reconstruction of broken limbs, and repair of ears,
noses, lips, and scalp), cell replacement and/or gene therapy, and the treatment of
various genetic diseases including, but not limited to, neurodegenerative diseases,
traumatic injuries, and cancer.

Furthermore, the invention relates to methods for differentiating genotyped
and/or HLA-typed (“immunotyped”) HS cells to create progenitor cells, and other
differentiated cells, masses of cells or tissue types.

Finally, the invention relates to methods for providing catalogued transplant
depository for HS cell lines from multiple donors, each HS cell line being homozygous

for a unique HLA haploytpe, and histocompatible with any individual carrying the



HLA conmponents of such hapl otype for the purpose of having a constant,
reliabl e, conprehensive supply of cells for diagnosis, treatnent and/or
transpl aNW@n2/eti429\br eover, the net hods described in the pPETAISH2/GIPT i cati on
are useful in conbination with materials and net hods di sclosed in U S.

Pat ent Application Serial No. 09/997,240, entitled "Isol ated Honbzygous

Stem Cel | i I } of Malting
and Usi ng A iiShARL b REH LiBlor e Bt b GmbRLEAART o BIRIESRER ' "L S
Provi si onimpinkieakugply 5€ célRl foNdiagiisdls? trdatBat arididrechnbfilusatier. 30, 2000,
both of which are incorporated by reference herein. 11. Background of the
| nvent i on Ti sseraovsi & metheds desgribddnithpprescat applicatigmeferseiubie at ri sk of
-rejectio ’bomﬂ?ﬁat%%%ﬁ?m‘a{eﬁ%lsf{%d I fethRSRRACIdsedH Uls0 Pﬁéﬁ%ﬂgﬁlﬁ&ﬁoﬁﬁeﬁéﬁ parity
bet ween certain genetic products, antigens, expresse the surface of
donor andNo.cV/P76240, extitlesl. “ISodated Homezy gvms St €Hs,dbiffrdntiated flellnt , donor
‘tissue t.be i ohi stql ogi cal |y conpatible with recipient tjssue, that
s donor v ueHedshintaGas had bhied Stimey et eRbeihol | shed
when dongyogli fataeiethe BeRtit 0869 Froﬁﬁbhﬂ%ﬁplicli‘i&ﬁiééﬁal NooBbLESoh£CI pi ent
wi |l then recognize donor tissue as "self ', and wll not forman i mune

r esponse fagdiNeyember. 301 200Q, 14othwmifimhidhzane Bgerposedbyitifednca meein. i s a single
genetic locus that encodes the strongest transplantation antigens. This is
known as the major histoconpatibility conplex (MHC). Human | eukocyte
antigen (fLA) B& ndTeld Gvefingnati on for the human counterpart to the
MHC. HLA restricts, a e ore regul ates, the inmune response in a

hi ghly specific way. Ml ecul es encoded by HLA bind and present foreign

m crobi al antigens n individual:s own T-cells. ij fact,. foreign
antigens can on §/u t@%@é‘&%%"%&“%?’%%%“ R erg% aéﬁ“i‘ﬁﬁf"@?d&‘ﬁ& [[ﬁ? they are
pr esent edidgiect dfeisk 9 pysbrtivhal toehé Ashrat GRiBspasityoyatwebs cailieginets. Therefore,
HLA nol ecul es participate in a tri-nolecular conplex conprised of the

T-cel | r a¥educy, antigensi epeesged o thesnifage afidongeand rapipienheclise o qupenpl ecul e.

In the ¢ f r@zﬂé I #EIQFP i on-sel.f, HLA

ant i gensqﬂégf}%ﬁ%a%lay |Haggh§§or§§%gét’%§%@% -ce féﬁ&’?‘?ﬁga&@ g%@? lﬂf%lecan be

rej ect ed with tdeépib@sissue thatlisAdomdrend krespitmalssl kb belmaah sk MatthiAg iol ecul es
by as little af oge amnpo acid. It is 2 WD 02/07-t29 PCT/US02/00107

bel i eved ARAMPEHEINEIGH QoL HIFuF S¥PIEtsEn Sol] aptigeas ilscellp fonhihs recpipnty A

ol ecul esy{1EGeY M B EniBE Hoh @ HELGOPLE¥C Sndski] kA8 ecogni zed by
sel f HLA rrgﬁglcul ecé.ng- ccenﬁcﬁsﬁgre i ﬁ?gl’g?%mggpﬁaﬁgggmnon- Eéﬁ%ﬁ%\_ pepti de
conpl exesggamstlitpossi bly bind to distinctive features of the non-self HLA
nol ecul e. Thergf ore, mat.chi ng. donot d recipient ti.ssue for HLA reduces
the. chances of ILLpRBIGUAR eviss arocheds Je & Hstheif eeneiE Mba it eagode pus

rai ses thae ﬁiﬂ&l‘%‘e@ﬁtr;ﬁfs RHfa¥ibN ahti@ns AThisaORIvADAs thElaugaistotoigafibNBy i t sel f
presents a prob emfolr) transpl agrﬁ ation. First, there are t\/\pﬁcl as}ées of HLA
nol ecul escomplers MHGIN dluman lgdeasite, antipen @ilad bisdles/gangtic desigrptippfordheh HLA

PR i A o e R S R L T SRR

r esponse, rekponB@ kS highBnspetidiatvady. Qolktwlsl eredédisy MLAUsh ad reédier a
difficult task hecause it nmakes donor-recipient matching difficult to

achi eve. fopeighRueebial ptigens focan ipdividugEp ewnflogells) du dact, fPreighatigens @8, HLA- A,
HLA- B, an = ] f.Of: S I -DR, -DP,
and b Uy PRisEnRRe by WL R GRRhhART ey LA EEH BEcoip, T
HLA- A al | &ff the inddkddatilfsf @vieHL A- idokkctles. €Bherfosk, HIeX emleculey patticilagsin aand 18
different - al]eles. Adding to the copnplexity of matching, an.individual
has two o -DRkeﬁqu,r o@Enpley compEsigroLihe Erog ,rew@rethsffg%@tmlaw%}sel aEigB\y, and DR
- (a hapl ot yR&he kQr e Hoigdid r om each parent, therefore individuals may be
honobzygyous or heterozygous for the A, B, Cw, and DR hapl otypes. Currently,
t ranspl ant at i oln ths cogfeid of-tvansplits.-donpr Gssde eBRessatgaimcselidbAantgerdonor
»tissue nmak en us deman i.ssue typing resources. .This.is largely
due Lo t HETRUPFRIFEN Rt ogh S TrERTHERE e e A tisadee PERLA oh

st ri ngencyoRbuRE iah tifker FOnsdM-HL2ACMbRESIES bPRs BIMIE a8 6HE SmeHcdchd. VIBis host

di sease. On average, due to HLA pol ynorphism the chance of finding a
donor-recipient match for HLA-A -B, Cw, and -DR would range fromone in
1,000 to one in several mllion depending on the frequency of the patient's
tissue type in the general popul ation.“See also, Hansen, J.A., Anasetti,

C., Peterdorf, E., dift, RA and Martin, P.J., "Marrow transplant from
unrel ated donors,"” Transplant Proc., 1994 Jun; 26:1719-1712 (Review).




The present invention provides a reliable source of cells or tissue
carrying two sets of identical HLA haplotypes, that significantly increases
t he possivbdbi/eyg4f a 3 WO 02/ 057-129 PCT/ US02/ QU107 hi sPETAGIeN10Tat ch
bet ween a donor and recipient, and hence, nay be used for diagnosis,

transpl ant and/or treatnent. HS cells are honbzygous and express only one
HLA hapl %ﬁ&dﬁﬁﬁ%e PRI/ P! rbieBidch RPha¥ nBAREITA A fRIQLee t0 be

mat ched wth the reciplent Instea oJf two, as I n heterozygous stemcells.
HS cel | s recugnize and Kerm tomplereneibinmchan pestidet nouletoglizddyrselfelbAes t o provi de

a depositor r nk_of HS cell ulatio hat i.nununohi st ol pgi cal |
ot ch at T AEoH BB e ALGeR MR Lot U RRCKOp A on &t
-large. T!lﬁgsﬁﬁﬁﬁﬁa ih&wdasﬂmi%f@d@.]--.rxsspﬂagﬁbﬁtsa?m}A&%cmefferent HS cel | lines,

each hav stinct HLA haplotype, to service nost of the general
popul ati on (i .Eherefprepuiattdhingdnnoo hnd tesipoenp fissuelfer HEA redwaes thexhenéasrof

‘t | ant) . Fu. th inh - aj t hi . A
G ot 1 hot 1oy e JaSH! PSS BB §Enatd BUREHp NSNS e S5 hve oni y
somati ¢ GeinkSlaN dHERE| GRUAichRPSitselTdesaRY aipwmémqroﬂ@%rg})raﬁ{ak@n. Bogatic

mani pul ati ons are generaII{ al'l oned as they affect y the patient,
wher eas gbenmmaretwo dtassepof Hi-Aonelegyles, dlass] arshidd Seepndhibpreadre eeveral igengsat i ent ' s

pr ogeny. re esear.ch .i ransgeni ¢ ani nal as de strated that
gene def etjé/%) gacgéﬁi%8{aé?’faélgtef%hegvhﬁsgrgreg%s[qéaﬁ n(l)ﬁ‘ly%?sgléenéﬁflg? Jrlani pul ati ons of
enbryos. jiayphic).! WikileDAQReVIdésSanialivi®abwhh éhd @paitineofthéivapy i n humans
for practical reasons, for exanple the |evel of insertional nutagenesis
caused byimmpne rpipegsa it pkesfrapsnlpetionafromoae drdividueldo enpthen adifftelt nay be
unaccept gl il W4 eI S RN ShAR; AeBQUPLTLRGS S1gni ficant advances
in gene-rep acerrenii erapy. reentty, fhere are many obstacles to gene

t herapy. ConcelmburBaithtirse b dirbe gerdes dorsedas @ HIsSA solécaldseHT ArAgHDA-Be

i ntervention, whether the gene for the disorder has heen identified and

cl oned, vifstileA-Geand theee ganestfor elagsil Hi) mofechies, BEAPRg TP .g88ePRnt 0 cel I s,

or wheth ol j I fihected
tissue tgﬁ%iﬂégrpﬁﬁgggﬁg%bsrg §3| gn:iﬁ?i’?ﬂ‘ﬁ yPr h}a#};c;azgg%l ﬁ?gﬁﬁ?ﬁ%%ﬁmﬁy of gene
t her apy. diffasent {Bhalleded, 9 differant Cvaalidexiand18 Giffeaarit -DRrallales.c Aiddimgdo sleur ce of
hi stoconpati hle cells or tissuye, jch may b sed_for nsp] ant and/ or
treat ment ‘fon?lﬁﬁ’PWd? ARAGRe, E_E‘HQH’XW%%N’Q)% ﬁi‘)‘ﬁb& ﬁﬁcﬁ’eﬁ_‘q@g@fje&r e

hi st 0cOMpghirblfe ¥ o A8 BRLY Gl IRId Ripkdighd) 1OME AR CaclipaRige can be
genetical |y mani pul ated before being diTférentiated into a particular cell
type for themfgpindividuals magde(bopiozySyous 29 hetemzyiBae/ folthe oy, B, (0w, agddfary of

t he Invenltgg g%l’he present invention relates to isolated honbzygous stem
(HS) cell P Phe di scovery that these cells may be selected for

i mmunot ype andcgieaflyy BensplidtRinQlstha 2L ACA UBSL O, 4 -DR aQRdsd anrelated
transpl antation and/or treatnment. The present invention also provides a
deposi t or §oner tiprug kakss en@mosp dempriscon aserityping regonrges. This is lkgelydie - DR by
serol ogi cal I ; I . on tissue
t ypi ng re{s%otgé)é%lg}.?1 Oﬁjﬁg% ﬁ%tgﬁggﬁ}ﬁgﬁ%\ggﬁl%gsa\ep@% efj%é\?ggﬁlgﬁﬂ [Q)l‘r?1 89?@s%qcel S

sel ect ed iatchimgtto jisimizerajetion pad abute gafisa, estdisgame. Oremveeage] duepibovi des a
met hod for _treating genetic disorders faor exanple by cell_transpl ants,
where HS H&Y ROIPIPhE: thethangy 0%3 P8 aﬂe%%fsrsmgbeﬁbwwﬁ fﬂ’hlilliﬁéAt %dﬁspl ant ed
to the affpectefd area. Thus, effectively providing gene therapy w thout
actual genefic intervention. Furthernore, the invention disclosed herein
provi des R hodkl fange froodereiing,000 to one in several million depending on the

frequency of the patient’s tissue type in the general population. See also, Hansen, J.A.,
Anasetti, C., Peterdorf, E., Clift, R.A. and Martin, P.J., “Marrow tranplants firom
unrelated donors,” Transplant Proc., 1994 Jun; 26:1719-1712 (Review).

The present invention provides a reliable source of cells or tissue carrying two

sets of identical HLA haplotypes, that significantly increases the possibility of a



HLA-typed HS cells, and progenitor cells and differentiated cells derived
therefrom Hence, the present invention, is useful in conbination with the
t eachi ngv@2/05789 Pat ent Application Serial No. 09/997, 24@CTAI02/0418H

"l sol ated Honozygous Stem Cells, Differentiated Cells Derived Therefrom
and Methods of Malting and Using Same,"” filed Novenber 30 2001, and U. S

nomvzygodt- e PRl S BB E ephmd Bri ik pnal Fly S B B

met hods f@sgrdkisf @arRplantdidier théaufalt! $1S e apy IRgedryE6iis ﬁﬁl éx@r&é ofilylme desired
differentiated cells, groups of cells or tissues in vivo or ifs vitro. HS

cel I's ar dllpdaplotynspdiusct daner Figreelihap enlyrenetlLA haplopmeto bemsishsd | di pl oi d

. |
Porther obitbIRTRbRIPERET ol af LARBLANCES seft Q18 b KU B ety S0
Wi t hi n sédkan sdrelopl damrs 6f muBipknahifieiticoty @ovidefa depesitony enbardooftHS gelbvi de

- met hods of selectln the cells to_be isolated fromsaid st | asm The HS
cel |'s of RoRd aa%%@ﬁ&nmﬁ%thttelﬁglga%yma i3 aéfrﬁnelﬁlnli’t}‘%ﬁ@é” %t hi cal

concerns ;agvidiak i "tl?e é]cgﬁ hafoRd | a"r rggpﬁﬁ&ﬁﬁﬁeédé e;%cﬁltaﬂﬁ%&ﬁrzbb' i zed and
i ncapabl e of eve opl Into V|a yos. "~ Mor eov
i mMmunohi sdlffemanwall Ihm.Eg; eaett bdviingga dlstmhtﬁ-ﬂut hbplotype Aocervpdd mbst\oli e

het er OzngU nes ar e ed I N t| ue,. or .c trans nt atl On
her ooy e ol o Y FStQPQBB’éPg%rCPQ%S‘“ lefor EapRBafoe &

O 112/ Ua7- 12" | p kL lé%gg/t%]iﬁ?mﬁﬁﬁs Fet Bttlical bA&ms! e hEhAHnHABEen
devel oped by Advanced echnol ogy and ot her organi zations, are derived
fromfer tdrhwnbdtwmbrgymalwnarhpdmmtsdhﬁanvcﬂvamsl&epmatmh¢tlsqa;uds usi ng adul t

di fferenti at.ed cel and. ar n al etero ou e.d., MO
01 Babo0AEming e B AR REs 50 sl mRtAS R it B oot ent st em
cell's of eIlibWeHragﬂ%}'taffdat/&ﬂyltﬁﬁbat@ﬁt %eﬂs% g¥edcdlr MehipeRtion®mesi S | germ

cells, or stenplasns, are '%gnom cally honbzygous (with mnimal
het er ozygcbsalkoyvedras theyafost m@hgnjesqrege)lyoMtaﬁevegenem@wnftmnsm

naptor o gl By o tfafeBRER, dhe bkt UL BEC AR B CRRR AR 1 10

i munohi sgdae@érmhipbldnbhyopérﬁbﬂyeﬂsﬂt)%@a 1DYys AppEdRAd NotRyaidlaMreene
transplantation, cell replacenent, and gene ther apf;?t echni ques enpl oyi ng ES

cel | | i neerapy invhymans far practics] gaasons, M@X@aﬁ]@sth%t}ﬁ# figegsdenalori es. During
ganet oge t e gpat ernal
and. ot or oy ey LA LB MRS Botindl v BTG PN BBl b0 o
(mei osi s udaccdptabdy bigghus chr onosones separate to formtwo honbzygous
daughter cells_that contaip either paterna gﬂat ernal chronosones with

sone het er ozygb] PESSL{VSBUNLHSH RIoqSSs sggnt ‘F‘?é‘t KGR GTGTEPAE e hg- over .

Further, ¢lefabPdCaResnehee aFélﬁatﬁMHsth%le@@o géné)tﬁé‘ragﬁu%fl@ém&ﬁich athe primary
pol ar body) I's observéd. The other daughtér cell 1s arrested at netaphase

1. Such whetthqn‘raaheeam ischughlbolie dorgenytiemteregntion, whetttelt the gemnd fo theodisrderous st em

cells w on pet .agtivati.on ne hase 11
oocyt e cai?flsggre %Bu{] 5@5?,%‘%8?6@@%@8 ﬁ‘f edgatlﬁggcé?ﬁmi (;Jr]lntb?d“(?% acgﬁ?Smatl d
(i.e. theniPeMeda whdidérahe aﬁychn@e@x eysedrm fiSsub®omeNMih MafERtdd tisSueh

mei osi s- conpl et ed hapl oi d ooc te sel | i cates wi thout cytokinesis,

r ender i ngtoite effigAciiug, mﬁgmttydmﬂe?e ﬁ@rmwlg@b}élty ofigene therepsi s- conpl et ed
N S F s R R T
M H., Robgiil 96 fsdue)whichiandyisd wbed :foﬂ'ﬂranslﬁ‘dﬁﬂﬁleril eatmdiﬁ t1ﬁh1h'tlﬁl@ rgend Of

pl urlpotentlal cell lines_from hapl oid nouse enbr . Enbryal

Mor phol . , thepy4 §opexampg3YS C‘Eltséh@t@éﬂi histogampgtéhje p eqtléﬁbffuatéeﬁeg drom ved from
. post-neio f ]%laggr/

hormzygosiéFéhehgta Eesr?ta%e sb g eﬁ%t%%gﬁﬁgrﬁ% i’df']éd/l?%fgf‘eo &t elgfrgﬁt‘:ﬁ;El gratlsf er of two
hapl oi d gearticuded dedl thpofor imansplahitvi dual can have a Iarger degree of
. heterozygosity, neverthel ess those honozygous for MHC can be sel ected and
used in cell based therapeutic applications. 6 WO 02/ 057a29
PCTI US112/ 00107 Both HS cells with m ninmal heterozygosity and uniform
honozygosity are superior to stemcells with heterozygous ES cells (such as
those derived fromusing fertilized enbryos, nuclear transfer, therapeutic
cloning enbryos, and adult stemcells) in that honbzygous stemcells can
contain two sets of identical Major ngtocorrpatl bility Conplex (MC)
hapl ot ypes. Therefore, i nmunohi stoconpatibility matching between a donor
arid an individual in need of transplantation therapy is easier to achieve
with HS cells. Such stemcells hompzygous for one MHC hapl otype are
toI er at ed not onI y by reC| p| ents carryl ng the |dent| cal hapl otype but al so

o v o o o o M Y b1 S



. popul ation of Henwresensinyentiemelates te istiaied hemozygons stew (Hsy cphnmindd:

WO 02/117-129 PCT/ US02/ 110107 adult stemcells, or therapeutic cloning stem
cells. For exanple, for every 200 hapl otypes there are nore than 20, 000
het er ozyyoois2/qas®i bilities (Figure 1). The present invent POW/UMZNIOEed i n
conmbi nation with the invention described in U S Patent Application Serial
No. 09/997, 240, and U.S. Provisional Application Serial No. 60/253, 943,
supra is useful for, including, but not limted to, the diagnosis and
treatment of various di seases, such as genetic di seases, neurodegenerative
di seases,Illendosurhmery ¢flth¢ Bolegdii@or ders and cancer, traumatic injuries,
cosnmetic and therapeutic transplantation, and gene therapy and cell
repl acenent therapy. The present invention provides a nethod of Br oduci ng a
Ype and/ or

erol vgi Sy b AT HPI YRR o R il gt PRE P "

further seligchedlifordigemsisy pendpfnngiofRheoutragtirieat hni ques known in the art.

. hi st oconpéRCceINS an HhayAye iselpted Gom cellimassesd

Such HS cells may be then be used to derive progenitor cells, and/ or other
di fferenti at ed i resenygpiongisaproyides » depesiiory ergsek fordis gelhdingsods

di scl osed., at ent _ | 1C Ayl b uU. S

Provi si oﬁgkéhAt)AﬁﬁIé[g?%’oﬁ’ Sc?r? [ zﬁd %%3&%3@?4%?@%%%%?@?%6 “%5@1 ref erence
her ei n. Aslchltlireduek lthyg ddnirndpmmetissnd typmganasduoces p Aaditteallysshéipaserftor  usi ng

pre- HLA typed. HSder.i ved differ(ﬁ tiated cells and/or tissues f(H t herapeutic
or cosmeti¥eTioRRIRYidet calls sRlectad £Hraiot USLIRTHIRRIYRS DYLHeR pwolyg. Hence, 1t

neur odeg Al ' i 08 GrdbrRi i & EANG S splahls. Whe@n Obj ect
o T he T B e By, B D foplant e
honozygoudsS stlspreesklestefirfona nod-diseasalgeyotypt inapbe trahsplatsdioube pifsttedrei osi s |

di ploid germcel I s_havi a target imunotype such that the e suitable
for tyansﬁfF%mfh‘f%?ge&Werﬁﬁrgﬁ'&g@g gengithnrany wilout eghal geagie H’ée%ﬂgfopmmnot ype,
that is, the hpIRLAABES (R inh&Rh HLARES héfeih frawiled Metodofortphiucigended
recipient to determine the target i m*runotyf{c)ed (b) producing mtotically

act i vat eddpastypedHosiels,]andippogsindoneal imapeé diffeseratagscelly defiivasl thersGome rmul ti pl e

bl ast ocyst,-1 i kg masses. .each of i ch cantajns. . i . cel ss {ICM

honozygo RS pﬁ%?FPflelgtPnH}_S&S\éﬂ%%?Oygb ?aq 8)ngtgg§3?a%n ntcggé’klur%unot ype of
each sai det&M,ﬂg;H%ﬁtiérQS&@ilwd. 091997, 240, &nitifled tR6lated PerhoddgbubsehoCyile, and
(d) culturing cells isolated fromthe selected | CMto create pernanent

HS cel | | PifésteniintasGelisidervad Theeelrom.gad MethodsaiMakipg and Using Samyeyr t her

obj ect of i ! ravicd S I ] . i fended
et pi ent e oyel ek a0;00g, RU S BraBigRt Ap ol R B GBI TIC

i nt ended whichprendesoslufipstemrhonivizeg@isattni (HS hells nhethdédandematptigiatforcar r yi ng
at | east one HLA hapl otype commn to. the_jntended recipient. Known

t echni que®aking Sa@e&rﬂd}letgg%f;?r HGP%?{HMH% ]v‘llés‘te 15 fiygrosgniier ¢ ?Pwtﬁ&r t he
target HL ; SSaY ) j i Ui 1 Nt ended reci pi ent
and donor&Sg\g@ggg%??baé%%ﬁﬂéﬁgéqu‘iCtﬁhﬁéllsﬁg%éak?g)r??% £617?)}gati on Serial No.
09/ 997, 240, anHSueBs aferaedted wpwml acipatiorceftrionfeSdized podtioncieds P&iplOd3, whi ch
are incorporated by reference . herein,. HS cells are derived.fr,oma

bl ast ocy BT SA0 iy SERBIASMS SheB enpIYed 19 » By pirls TR HBE OBt vo
sper mat i dfgy jsélte 1S EMEBbMdhd VRioR klapsd GMicPélopientSeRIIA daill GteriplaslyTigeir i ng
oogenesis; (c) allow ng the extrusion of the second pol ar body and

spont aneotlgsebidct oSk finveappn exprovideimethgisrad gelpeting thegelixtodagsolyed (d)
transf en-"ﬁ_nlg1 tvg) tha oi gi d egg or spermnuclei into an enucl eated oocyte,
wher e et HOESAST BRE™PY) require the additional for screening for

honbzygous st eThé BIY &llbYf gRiElenl ingentldn dré pREipbleat, adbiAet nodthichle present
invention to provide a nmethod of isolati n%ta popul ati on of .recipient

Hep-Satilizedangdinapalic ohe

process d i | [ ! e I L oA aSer No.

09/ 997, 24@%&@@@%@@5@5@6@7 %ﬁ"?@’ta1%n“f%%{ez%t%’g(ﬁ{‘k@ﬂ§8/“ﬁ%’,“£?, whi ch

ar e i ncor giffiadletd deyompfigr whaehdianeygous BSakelldinpommel eatployeddh tiseeigpicelht

hi st oconpati ble, HS cells woul d be ¢reated by, .(a), assayjng. the i munotype
and genot Ypespéntation tﬁ?f?%d’édn%‘@é‘inﬁil ghbankg aB‘@P’é‘li‘?gﬂoﬁ\ém?%e)ﬁ’éﬁ%@ gf’cquﬁ‘i“m not ype
and genotype; (b) mtotically activating donor honbzygous post-neiosis |
diploid germcells to develop multiple blastocystlike masses, each of which
contains an inner cell mass (ICM that .is honmbzygous for a particul ar
allele; (c) isolating HS cells fromthe sel ected ICM and culturing said HS
cells to create cell lines; (d) assaying the genotype of each said HS cell

| ine, and selecting one that is honozygous for the target genotype. Said HS
cells may be identified fromthe stenplasmcreated after inplantation

t hrough hi stol ogi cal neans and assayed for proper HLA hapl otype and

oy - o Y b1 oy - - T N 1




WO 02/ 05p29 PCT/ US02/ 00107 activating donor honbzygous post-neiosis |
diploid germcells to develop nultiple blastocyst-1like nasses, each of

whi ch com@izies7aa® i nner cell mass (ICM that is honbzygougCrarsozoyparti cul ar
allele, and a particular HLA haplotype; (c) isolating HS cells fromthe
said ICM and culturing said HS cells to create cell lines; and (d)

assayi ng . l. e and_ genot of ,.each id HS cell line and
sel ecti ngtﬁégﬁg lEI(%:I:;rhrﬂg%2 ﬁ‘g&%{ 168 o[saggve]?_ﬁ_ﬁ'éﬁﬁ)é/ﬁ{%\{ta?%eed §?§h?6%’ﬁ‘8f°%é¥ldf’ s a
further ahggtiatiohs,tdnedéervedttdng fertiBzddr nbriles 5ISr6a Inuslegekinéaa tdc the

i ntended recipjent_ carrying one functional allele, or a close relative of
the i nt el§8® adalidsfferentiaed crllssal aip eenantisally beteeaysons éngedV Peci pi ent

.carrying ﬁaq i ipl.ent, and
at | east @tr/]ge@?g%?amg?ﬁ% e gﬁ&/o% ﬁie) %‘ér (\f]AEe];3 %ﬁ%ﬂsgtﬂm%(g%&ﬁggﬁes are
used for caisafihegpresent insention] beigg Hived ftan pastayéiogs I Bant eslgesr HLA hapl ot ype

-and the target genotype, .and assaying the i nmunaotype and genotype of the
i nt ended SRR BTRH AregrdogusAdly homozygous{withaningpaldicteregy gosity ?rmm%rrpon to

provi de : Rl .t i : I tissue type
whi ch co%ﬁ@ggo%‘?? 8{gfgl!|ensggtgtﬁgf i ?‘é‘f@%‘?%ﬁf’%ﬁr@? E)ﬂafr?lifeicgo ao? g%%lsltﬁ{rlmnotyped,
and/ or gemdiypled: tréfSfaralfitwo hagleid genitcalit)esiwwhrdlls map e usédig dvarcbars in vi vo
or iii. vitro,,so as t rrive at the desired cel],. group of .cells, or

tissue typemeRs ngbﬁ%er@@w PERIY Bigen y Eveilblq tF?r?iSlE]éHtaPB‘}’ %P t hel i al
L1 ssues, reRRaghi hd'dehs Uiera SQfqueb SRigfoyRe BS LY lfed, bﬁ%%!ﬁltah'xi'n% gRtrative

types of epithelial cells include, but ar Imted to, keralininzing

epi t hel i alelldimelbenksyatd/ertdepodiforiesi barrier epithelia; |ining epithelial

cells; exocrinesecreting epitheljal cells: endocrine-secret. pi thelial

celI's; extr aceﬁ%“&rg%?q?gegl%%ﬁlgtem@ggﬁ g4 Gelp, e PFE] Cej%%ﬂg‘??tﬁe _

epi t hel | YatciRdllafid nsdieriaPehré IO R] uﬁdélﬁgcﬁ%ios@xQPﬂie!Iﬁst%@raﬁosdivﬁs'i% ur ogeni tal
S

tract; and contractile epithelial cells. Illustrative types of connective
ti ssue cdmeiosisiy) hoaeologens chramesomes iserarate ta rmgworhevwizy gousrdaughter

matri x-s | $3..c€l speci.al i for nmetaholis nd_st orage; and
Ot cul at S i P! e rertal R A b ok o AR R ST S of
muscl e cdhirsdiced beshise bfithe phénomdnohioficigsing @vel Mirthet tdutigg 66dresiand

ciliated cells with pro%l sive function. Illustrative types of nervous or
sensory dBf pTysien ofne dayghtgr eell{gte primary delar bodwdp ebseyvady ds @il s;

aut onom ¥ i i, pher al

meur ons: SUEHERT e SHARGK W A afRee L ST AR M B e BlecP Byt

| 11 ust r atuse@ td dgvvs hoinozgpousdiarh caiés wieh henintad hetdozygosityare not linmted to,
germcells and nurse cells. . 10 wo 02~(:I)s~~2~ rcTi usoZi ooimlt is another
obj ect of the 'PR}’ePfPPBrrﬁcluéfatﬁ?‘bQinheéalﬁlaﬁeaI( SPEYE & Prog &anp&eé‘i)B?Nsﬁry or
bank contgi it BRrRAHbPSARBPorRA P &: tHbAedonBRY JoRr bRl Saideily ek hrom mul tiple
donors, each popul ati on honozygous for at |éast one 'HLA hapl otype, so as to
have a r diapknd esll. cSunhtraeiosiscompietdichmploid ogeyip belf-odplicataswithowt oconpat i bl e

cells for_di.agnosi s .t ranspl ant.ati.on. an r treatnent.. It.is another object
of the | MYIERBR: 1B R AwTa R RSB o e SF b Beinsh- SRR E  ace
state i n RpIdidebsitély Abndey ma ARS bRGk&Dio dréhtd tHethoRiozl Sousisten® cQlsi draun e
replacement cells, groups of cells, tissues or organs fromisol ated HS

cel | s t haresgpemyveRHAONItE Do helgrazaesitye Grep alspbKaufpmantMdhi Robargpy Edual .

|11 ustraty sqrgens, K> .states pnclude  buf,.are nof Limted to,
traunat | CHHE N ASIALNLE SRRFH T PR G R B b

r epl acemanduse epibmals,”c BinbriglUEYp. Noipusl., ZBzho-6ie(1985e) Stamdells dédvedef ect s;
pat hol ogi cal and_mal i gnant conditions_ of the cells, tissues, and organs
(e.g., cdHEBsiemplasm R from rast-mseosisorydheer cdls edsq<agy dhe aiwaecel I's and

.tissues g [JF gy [ I , cardiac
condi 11 onastReTHERbEredkfly Syenf ¥ deriy b i e SN B0V ER AR
scl er osi o hapldid gérimicellsefran an dividod san avk aipegeatibgree af heteesykedigsi s and
.ot her stenotic vascul ar conditions nzyme deficiencies such as Crohn's

di sease, ENERAesTARRSC O&V%ﬂﬁif%’[s]]\’g{fgﬁm‘a]%e eghrc andyuse Wocegl&%@f:ti ve tissues
(e.g., ingagekRMPblitAdnsand anem a}. HS-derived cells and tissues may be
grafted or transplfanted to a subject in need, preferably using the
subject's own donor material. These and further objects of the invention
are fully described by the bel ow detai] ed description, exanples, and
clainms, although none is a limtation f the scope of the invention. IV.
Brief Description of the Figures Figure 1. G aph depicting the difference
in the quantity of cells needed for a nonHS cell bank versus a HS cell

bank. Figure 2: Schematic diagramillustrating the derivation of HS cells
frompostneiosis | oocytes. Figure 3: Schematic representation of

e o - o o o



WO 02/ US7~29 PCT/ LI S02/001 U7 Figure 4B: Oficially recogni zed HLA-DR and
HLA-DQ Specificities Figure 5. Alist of exenplary restriction

endonucl| sasexs7i9r genotyping of HLA class Il alleles Fi gpe®uso2/ontéi st of
exenpl ary SSO probes for HLA class Il typing Figure 7: A list of exenplary
sequences of priners used for mcrosatellite typing and sequencing Figure

B: oVaP 0T FLASYASHS deltshlin iliinbt o 851005 SO Mg BBl 002t T on of

the twel ve m crosat e Ites Figure nouse
Super ovulsape&ibrao stptrmelld vithviesterotyapioES stls (sukleasm&xssee@rﬁleg irofn Ging
Representative. co gure 9D. Representativ co! onﬁ I Fi gure 9E:

Resul t s ‘é‘é%?‘? & WE@F frARshRr, ThFEj'BP‘é“CQ‘F*omRé§m e EeS) per i ment
-Figure 1 1%at?9ﬁ59y%gsgfeéﬂ cé%%%&r?godtﬁiﬂggo%@tgof%ﬁ caQ!Nf fig on feeder layers

derived from nouse . Frgure 1 hot o depi c I'ng the devel opnent
of a rmr&Elatobomlaatrtahisf@tmplezed%ﬂ(&)rhaplmﬂmeshﬁhmgogqus post nmeiosis | diploid

~ t F 0C. Pho f t d df
Puman hor B ERE B AHaH BpetcRRg TRt ABEYT G AU BIRoRRGt o of o
bl ast OCY&lekaKﬂaﬁf&?ﬁnefa%‘ﬁ@éa{sM td Adhidvangitn HS'c'ellémﬁféh deid %M HbhdgY dhan

honpzygous post - mei osi S di pl oi d oocytes. Figure 11: An exenplary list of
PCR pri n§0501i@ﬁmm¢plcbuypaanedale@fcedm¢\onl)els}srelciplqits eiresngthe Dégnéicaled

Descri pti Onlo'%‘}pp% Erteglseé‘)rt;yer%m%@l S WRF Hle satne Mﬁ% c!orr]l\llp%rlllents in either of their
parental haplotypes.

Human MHC loci are within 4 Mb on chromosome 6, and MHC alleles are
usually inherited en bloc, Some MHC allelic combinations are shared in a
considerably higher frequency in the population, for example the 15 most common
HLA-A, -B, -Cw,

-DR haplotypes are shared by 21.3% Caucasian Americans, and similar observations
of haplotype frequency are seen in other ethnical backgrounds. Furthermore, common
HLA haplotypes in one racial group are shared significantly by other groups. For
example, 156 haplotypes of the 184 common haplotypes in Caucasian Americans are
shared at least once by African Americans, Asian Americans, Latin Americans, or
Native Americans. The number of common haplotypes of other racial groups and the
corresponding number of shared haplotypes are: African Americans (198/63); Asian
Americans (210/100); Latin Americans (194/147); and Native Americans (194/173).
Mori, M., et al., “HLA gene and haplotype frequencies in the North American
population: the National Marrow Donor Program Donor Registry,” Transplantation,
64(7):1017-27 (1997). Considering such evidence supporting such linkage
disequilibrium, the use of non-fertilized post-meiosis I diploid gamete derived HS cells
can reduce the number of immunologically different cell lines needed to be maintained
in a stem cell bank or depository for tissue or cell transplantation.

Hence, potentially, a few hundred stem cell lines that are homozygous for
different haplotypes will be sufficient to match a majority of the population. This
number is tremendously smaller in contrast to the number of haplotypes needed to

maintain a bank or depository for stem cell lines derived from embryonic stem cells,



Al'l references cited herein are hereby incorporated by reference in their
entirety. Nothing herein is to be construed as an adm ssion that the

i nventi onwoe2emos29entitl ed to antedate such disclosure by PCTUSE2/GM0Dri or

i nvention. Throughout this description, the preferred enbodi nents and
exanpl es shown shoul d be consi dered as exerrpl ars, rather than as
limtations,on th ent |nv nt.i o 9 P JS02/ QU107 A
et o) BIB9S PRI 02 O

refers tchépl®ypesahdrs atembietlad 20,000 hgteldl u@wsshbﬂlmke(ﬂmae 1y.hat results
fromthe mtotic activation of an unfertiljzed honozygous post-neiosis |

di pl oi d ger m cEhq preggnt fnpvspiiomwhen usedrin G?mhﬁ’éIl%WltIlrﬂa%Wéml%’fquVIEI’eﬁIapI oi d
. [ I

OFcouee AP SoPabaASRIlon St S oDy 380 MR 1k, PRAMSA Arp G AbAOTTC
Pat ent Ap$driat Mol 60V258,043 | sulan, i Tor? 4¢]udang] buk 5ot 1fAtited te] ihadiaghadient

- Application Serial No. 60/253,943, incorporated by reference herein. HS

cel I's i soAmskieeatmeny,oif Meyiels diseayes: siek ag genglic fiseasrse ATUrodapanerAdvs appropriate
conditio tor cells,
Comat i ¢ cafony e SRR R s o d Rl ool FRY

"Differ enﬁhempeunc transphnhngn,l apdr@gerﬂmtaqad apd ek sepladententletapyunder go as t hey

mature i nto no, functi onal BI . %ﬁ%fentl at.ed cell s hav di stinctive
characteristic B‘@P‘I‘EF‘III@B%’%P’W eﬁﬁr’i‘%ettI] RIpducinga pRRYaYIQ v t o di vi de.
Conver sel B[omé'i}%bﬁg Qe iRfacblested 6 1&@19&%9&%%@ 'g@ﬂot&rﬁé‘atm Bells€Nbryoni c

or primtive cells having a nonspecific appearance with nultiple
nonspeci f ére lmmmotypcéﬁmdﬁblAfAm& r@wsandA@Rrs&mlg perologival anddontmolaeulat em cel | "

f I I di ly .divid d
Cyclos,  geamu e iRm0 el f R eiet SR forbeatyBe Ut o,

differ entin@le@dlar fc@ﬁﬁf&lhéyléIo“ﬁﬁhItﬁe arl.NSudhEMS BEIOMRY 8P eHehitRused toadesityem cel |
include: (a) it is not itself termnally differentiated; (b) it can divide

wi t hout | pwg@mfom cellsh end/of ethendifigfentinted gallsrgroupaod cqllﬁ)or\mélrﬁ typesdisiigdes, each
daught er

that | oadborpRaGaRess) 'y S PR A Rator Sl Nos B ok PR BUBE el

are initiPpdovisioH apblictioaderial Nbed07253paidcbigoested by esferefogiahtia. of gi vi ng
rise to several types of differentiated cell) are, called "pluripotent”

Cur r ent sédrilélegalbr ﬂeﬂ Mﬁreeér@ﬁmlwwldﬁﬁmemes &rssingrire-Hlesfyned ceI I's,
enbryoni cy i I
For & ommet gt SR ed A anor GRS AHTRERTNEE of PATMARTRIpafali 09,
pr oduci ngamdi tseatmn emh af igenaic etnldmeurmrdegngmtwe dispedess, tianmatit ngurésscdader m
rresoder m and ectoderm are referred to in the present application as

"mul ti-pof®HE". while each progenitor cell line is not terninally .
di fferentiat edygagh g@@ct%mﬁé et Bip¥oA&e & Hettiddrot plodhbiig a%@aﬁw mal, it
is considered 13 02/ 057-129 PCT/USO2/ 110107 to be commtted to
di f f er ent of hagsemygous stemldells froormioticallyaetivajgbhahozygbny post-gndiceysk .
Therefore articul ro tor.cell lines iff. iated into
bone, carII'ipI)aIejgen%ﬁ%I)st}I‘I‘ I‘I%S Iagget Lpmpetype ﬂ{f@gf % tgﬁoarﬁéwg?biep%)lr etic cells
(mesoder rrirandplamernto Bh rﬁtbﬁdeueeaprent tgn@a)ra@@@r he indn@Rbiype) thatiy, tendoder m) ;
or, neurons, glial cells, hair follicles and tooth buds (ectodern). The

term " pr o@@lﬁPW&OU%@I hejerogpgrye Hiey hiplotypecrfdhmimigndsd ssojpigntita detgiiping - pot ent
stem cel | r I are
ohom oo bircHeeL FPRSHRRE b BinPIRARS pSR ol bt
term"iiicell smipleswol givessetofmeltipletl atdogst-lilkduases, kyclesfowpish baithing asai d HS
cells in an i m"runoconerom sed aninal to generate stenplasns from such

encapsul atgr ed} mass ¢M)hogogygous dga WI%??H&AMIQIW% (rassmgdhe er manent

.cell line gg nany
Cypes of et BLORR seldChI S APEARNPOE R et ERE R RAODRED ol &

| ayers, sod(d@sultwireg HRwshs mplater frorh dgeselaveadE€M tma‘ehtemednanegt HRdallar
.epitheliu nd so forfh, mxed |d|ffere st ceII t hat
cont 1 nual Peshemor eaiios bioriseeHa Pt 1 bt edai s tonoaues. A
"teratoc ?‘E&éﬂ&@fﬁ% HS SelRGRANEREYnT Be thbiled riBient] 6f ALREBRIANR Jrfgel y beni gn;
however if they become nmalignant, a teratocarcinona devel ops and can be
deadly to the host. Conpared to other tunors, teratomas exhibit unique

hi st ol ogi cal features. They axe conposed of various differentiated tissues,
i ncluding tissues such as epiderms, céntral nervous systemtissue, or
mature cartilage. They al so contain nonspecific tissue types, e.g.,

| ynphoid tissue or fibrous stroma. A "stenplasnt is a newy derived teen

used to describe a mass that devel ops upon the transplantation of HS cells
| nto a host unl i ke teratomas, a sterrpl asm exhr b| ts control I ed grovvth

o . T ] oA oA " B o o o
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fertilized post-neiosis | diploid germcell. Preferably, it is fornmed by
preventing the extrusion of the second polar body during oogenesis (or
"acti vat maniygs7e9 al | owi ng the extrusion of the second poPar/usexipiemnd
spont aneous genonm c self replication of the haploid oocyte in appropriate
condi tions. Honbzygous stem (HS) cells are isolated cells generated from

the i . =L J 4 WO
1) 21 057- 435 ERREP bp 391 Alppled b e ROTER el SRR HRRBIEG ger
cell's, WHEA mphtiye @eaooptd theadetied réapicht) Janovrt wohiQesstesused oo

spermatids; (b) preventi ngist he extrusion of the second pol ar body during

oogenesi sASS3Y8YE 1A Raryssing BB eskls carsying th tapget Hed e banlotypg. apd pesaying e

. spont aneQHﬁn&ﬁﬁﬁ:LE‘&ftﬁ@glfterfd@@Hcﬁﬁéﬁt%ﬂflidﬂn&ﬁjp_rOPri ate conditions; or, (d)

transfernng two hapl ol d egg or 'spernl nuclei into an enucl eated oocyte. In
manmal i an deveAsgesenbed ml dedaibipel St BatantespichtiomSevid] Ned 0946007 w0, mplder e, t he

- "bl astocyst".. wi.th e enbryo, proper i represented by a mass of cells
at one si@g; Pavﬁ%?wﬁg@pﬁﬁ Sﬁ“’f ﬁ@' 6&%1’23‘%@‘&1“%%“"9%@% #stocyst is
formed befiéce MRl LAR a@@éeﬁmef]gwh X%ha%ﬂ)tcy;‘.tmﬁehflﬁaéé%aﬁ#gh?gd py:ne wal | of

the thin-walled holl'ow sphere is referred to"as the "trop ast™, which is
t he ext r dapfismgdwiomacgige or bfo speithhteds; (Mhprémentifg thesextmsion df thesesmdnal i an

bl ast t tt.ach t h . to th t I1.. The t hobl ast
For s ¢ hereb ey e Oggerns: Ehaidns e tusbBialdhe Sroit Rl R seue
wi |1 f or gpbhiRinedReRAdMIc del¥-recatiol Lt ¥tprOpridtd o 8SRN br, (d)‘(&%%feﬂ‘ihc% t?Vr? he

"bl astocyst-like mass" is different froma "blastocyst” "(as use

art) in thaploid egg er snsommuolgtinto arf enucitatedtdocyle) wherctmetbadsdanand-@prti | i zed
post-neiosis. l.genn.cells. As use erein the term"mtaotically activated"
reans acdihrrrgERdBRe Bt o eintee PaOisut ARt EFou B TURE 1« ot callv.
Mtotic acti valftiis:aholtlw‘rabﬁct@fth@ﬁrea@ﬁtiiﬂ@htieﬂt&ﬁrogﬁlremxﬁﬁhb@oﬁi@oﬁa alei 0si s
Il is either, (1) resuned and the haploid ganete cells, after self

repl i cat i PRPUiatien of moimen histeeaspatible hsmarygous ster epllyufien stpmplesnst i ¢
di vi si on, | Qi t L. ted f
Ot i saPlied B oRSPUORd golithed AP S BABR Aol §hBRIEYened [ron

" honozy g 0BIPHB40- ariel VS, Brdvisionl dippligtionSeeial N6.'60/253, vsedhigraen, means germ
cells that are the stage of ganefogenesis at which the cells contain two
copi es of ngprpardtedibyarefarenceherein r Syalt apqpailationpd respigat lispenmarasibies HSand

hapl oi d ggfieeld 5e &8 |« ¥ ' 1.08{.§ and
carry only one copeS/ O?t@? Rge%ﬂé%%}slg H%Js]%n%ﬁ 3§1e:agﬁc§§r?éétbg§‘§fejtrh ng%t?r\?/deeﬁf ornms of
a geneti aetipensto detanmingd theddrged emmanotgpe fnd genotypes (b) nii@tichliddactiwptingt el y
fromeach, parent. In the context of .the present invention, cell is
cl assi 11 CUFPRE RoQTXERy BELSrIPSr | SR BPRLCtJo sk SR T Tk BBSERE al | ol c.
Conver sel e Bassbe bSSHOFBAIRUR cotink aff HiHeRLAEMaMAIOM) tRi WhorAblyRbESioph t he
sanme genetic |ocus. 15 _

particular allele; (c) isolating HS cells from the selected ICM, and culturing said HS

cells to create cell lines; (d) assaying the genotype of each said HS cell line, and

selecting one that is homozygous for the target genotype. Said HS cells may be

identified from the stemplasm created after implantation through histological means

and assayed for proper HLA haplotype and genotype.

It is another object of the present invention to provide a method for producing a

population of recipient histocompatible, homozygous stem cells from mitotically

activated homozygous post-meiosis I diploid germ cells having a target genotype, that

is, the non-disease allele of the target gene, such that they are suitable for transplant

into an intended recipient by: (a) assaying the genotype and HLA-haplotype of the

intended recipient to determine the target immunotype and genotype; (b) mitotically



WO U21US7. 129 PCT/US02/ 0 U7 In the context of the present invention, an

i ndividual's "imunotype" is characterized by the unique array of proteins,
| cnown awo amdsoeonpati bility antigens, disposed on the suPCE®S80G01e7 cel | .

I n hurmans, these histoconpatibility antigens are referred to as hunman

| eukocyte antigens or HLAs, a conplex famly of genetically inherited
proteins 0 . . [ mary

Get er i naishanedibnbp fiodbh REE RS- beiSt Tk LethitF dRidh e

fi nger pritlasteuyswtikd @ases edclc 6f Whichrentaing ag ligtes celt pIARNEENI)ahatps ot ei ns t hat
play a critical role in activating the body' s imune systemto respond to

bod
forei gn driRe7YEeNs. forp particular a@lérmﬂwaﬂwl%ﬂ% h%?%égﬁchﬁolaﬁf’é Reed host
-and a pot i FRst es. 1L Qn HLA anti gens
are tho piis Rt SER8H IR hARERAN o ASRRHE (e EAT AT O 00 P e e
from t he asedyivey thadil A heplbiphand gemeyper cfifvaclasdid HSacellimegndatlesingadignce of

-having the sane HLA tﬁ)e is between siblings (e.g., 1 in 4). Foreign cells

havi ng t HEYEehe taeet STl Baplptine A gefatyRe. as those of a host's native cells
Wil be acceptrq biirihBEol)edlordS indlion to BRSNS bels Rkl e host's

i mmune system HLA antf% ns are 1tnhe gPo%lgcté 0 Sr(%u Stl ple, fl?}lno%gl y linked
genes on iatepiertpteeipidnt oammgogene fuatibnal alitles ortaedossehtive of thetintemdetl. Thi s

bi st tibilit | HL j , . al t ai i tant t
ool onarECRiF RS Tt R e iRenOel ROisdl SEiF aetl afERTR L eacr
four | ocinasayse @bt the jﬁende(%ﬁ’ecﬁfﬂ%?%ﬁﬂéat- lg%sggi_i%l}vﬁfgiséé’@ afligesas of HLA

anti gens. ass | is conprised . There are 22 different
HLA- A anttrigehgened Krivfif teclaniques Breawsed denrassaydngiatfdf lregsting 88 colls cgeyisg and 18
different, - igens. . HLA-A, -B, _and -C antjgens are.expressed on nearly
21 humrfng Bred HLR Bafionbe g mesfiaeLiop iy M ARS8 7 RRSF B8 6l o

determ ne%&lb@pgggﬂ@qngéﬁdm@wnbhﬁd donoRr genetic rel ationship between

i ndi vidual's, such as potential donors and recipients in transplantation of
ki dneys, bone lrisranower ebject ofithe inyientien tofprovide sletiods fr malunpedessred or f or
geneal ogi cal ' I.gens ' I fid V..Serpl ogi c

nmet hods. Cf%gr g@kg%ﬁéls é:ltnﬁlélssﬁ% }Xﬂ%g’i‘}g goné}g%ég Qﬁe#_tﬁ%’%{: gifffe?eelﬁ%%;g/n %gindet erm ned
by i ncubatélagdsiamphtipeiphayit @hoWpbd HE dedl] tukfey swifabfdondRions Ggigng known
specificities for certain A-, B-, or Claocus antigens. Positive cell/serum
i nt er act i BABTTRAPLArdR V2R, s as 19 aarign el the Aesited celherewn phcellsaor tisgys 112/ US7~29
PCTI US02/ 0 Y r A G . e 18

i 1 erent R Aoy ieseS AR bk S ittt GflondfHsal ioindifig

| ynphocyttesue, musoleytisess ommeevaphiages, dendritic cells and endothelial cells,

t hough they are induced on other. cel]s i ne stinuli. ass. ]| antigens
(et he Drig T aypebr santiaat sl Tuclis, BES 5 ngehiblsd foa reBinaiizect ed by
ser ol 0gi CorRelifceliR vRG hrath i@ Sl &pitRblid Hnifa pithNthl cbifis; @Rbofindl d- r esol uti on
typing is required, one may utilize Sequence Specific Q' gonucl eot i de
Probes ( S8OR}ing epithelinl eadlyi embocofic-sévectpgrepith¢lial hellgh exteacellulai matrixal | el i c

l evel ) is reguired, .a.cqubi,nation of est i ng..and sequenci ng can be
used. i girerEati Pethesfi FET Hg AR il Coflsy Fish AR RS oL G SRS s T ow

reci pi ent gla@iidaidi@operifd GREE bhd/CorHQBEIE SpHGiabcdls Itk ugfi eatypes degr ee of
matching 1s essential. Cells expressing one or nore of the HLA proteins

expr esseCocqtiE tisg cedls incdudey Butase sef liaiiedyip, execpliter mairikrieeicingy st em as
"self e . L0g: ot her ) I.NS..are [ as

o o VBRSNS By A SRS IR GRREBRIGLSS
the "f or ede@rimniune sgsense [Husiraivotypesf raindtdddlls snadide, blcaré actdigited fossue. | f

the foreign tissue is a h~ansplanted organ, thjs response is called

rej ect i onfonfractilg gelisypndusitiated cellsavith proppisiviefyagiiono Alusyaive Pes ol ar e
.character,j " Sy i A may be
tably grrrs EHPLR fl i e R ERb1ibRePlD, SahGRARRC RSt buohdit

t r anspl ameurcisnsaupportirgscetin of sdnge dipand aniooffirtiphérel nanrdrs; addendundrsraddd host ,
i.e., HLA 'matched'. If the HLA are bstantial |l y matched, t i Mmune

Syst em 1 RLCHT Gk pontial Yorais o soh A RANA S R RE R SHERY PaBei ne 11 orm
thei r pargpfude Gt bRS R ihitd 46 RIAMRIs MdIRRsCMIsIet S two chromosonme 6s
(normally, one fromthe nother” and one fromthe father), half of one's HLA
proteins will match each of our parents. The nore HLA proteins that match,
the less likely a grafted organ wll aﬁ rejected by the recipient. An .
i ndi vidual has two of each A, B, Cw, d DR all el es, where one set of A B,
Cw, and DR (a "haplotype") is inherited fromeach parent. Further,

i ndi vi dual s may be honobzygous or heterozygous for the A, B, Cw, and DR
hapl otypes. In the context of the present invention, a donor cell is
considered to be HLA "matched"” or "histoconpatible” to an intended

o . " " o




wi Il match a recipient having a heterozygous HLA profile with both HLA-Al,
-Cw7, B8, and HLA- A29, -Cw8, -B65 haplotypes. As used herein, the term

"genot yp®&o0 026¢4® t o the genetic constitution of an organP€miusn2/¢ 11 oup of
organisms. In the context of the present invention, the "target" genotype

will be the normal or wild type sequence, i.e., that genetic sequence is
not associ at ed i 4nBiidr E&‘cﬁgﬂ@ﬁlv&ﬁ}&% Gidd o ERRRLLEPRanspiaah Pt hol ogi cal
conditions are often re err to as etlc drsorders", aning they are

| i nked tcdepbmtoey(prrlmrklcontauﬁngpoplﬂamnsgép&-HLAg@rpe&HS(&eﬂeﬂemedu fsmnders often
arise from ?Bgc'fic g atl ns. In t ntext ﬁi‘h resent

i nvent i orftulft BEt IR ‘Prinﬂ@i&?“f rp"é ﬂl%@ﬁ% Er SRS tPnheri t ed
(e.g., he}fa@@hfrélfalﬁle%&%ftdrﬁ éﬂ;&xﬁﬁé}%éﬁé s@iply Bflh'ﬁ‘ﬁ%éc(lﬁstgcomfﬁ’g?es%ﬁl@ £6,0

carci nogens). Exenplary inherited genetl c disorders Inc t are not
linmted tdagiosisiansplargatitinsaeién redinzdnet es, Graves di sease, henophili a,

. Hunt i ngt di d Par ki di | cl | |
por a2 ondval e HE e bRt g {a@?EoVrzrpv 5 D0 8 G AGHTAS cuch as
Phenyl ket®risehst stfkid arpindiviILe b§ b f%edl $ITOHR vi?ed, isGit & YeplacbinBly) -

Exenpl ary i nduced genetic disor ders i ncl ude but are not Ilmted to cancer
and mul t ioglle sseupsodselds, tlﬁSl@aDabltggn&)ﬂOIgem{ttﬁ@PE@ﬂsdmtgreand t he human genes
| i nked thereto.is,avai,] abl e eChI| Ven eI| n lLnheritance in Man
(Ol ne. NERGRPisT PR RafA bl VRl B A T R Pt RE e T st 1 ¢ ut e
for Genetdigadddited ﬁ@ludé%m%rmllﬂm toNtk AR FictingutyBed. 8.1 poRt-GaudyPleand

National Center for Biotechnol ogy Information, Nati onal Li brary of Medicine
(Bet hesd amd monstggm@n \n@b reployesentyyspingigord injury, burns, and the like) and birth

http:// r eal at abase of
geneti C“ﬁi@fé&ﬁsﬁéa@h@g@g?g%%aﬂ@ﬂﬁ(% dﬂ\qsnléﬂé)%gl tacﬁachal?rt%g %1‘ er e&?Q (n%f ’est ati ons
nai nt ai nedndyy); tahé déjgdnenitist aﬁ‘&l(bng’enl‘tﬂl’dlﬁaﬁdseﬁ'ﬂ[wddﬂgmdi ffswesef then (NCBI ) .
OM M is avai able on the world wi de web. B. Creation O Honpbzygous Stem
Cell's or TS ePr(%geﬁYStllcrfe%ﬁﬁlf dﬁuswaa%%ﬁopbbcfarmafd@mms}a neyrves (@gpl i cat i on
Seri al tf b i ke mass
t hat dev o%%ﬁ%?gnﬁat %nsaps’laﬁflgﬁgcltﬂ:eégﬂf ll%girfiloﬁ ﬂg&ﬁgﬁ@l@t’&%@? post - nmei osi s
| di pl oi dngsrathyc eﬂhbrosﬂleglsfsemﬂ ofiten giedetsc easthlamcatditidns, ahgmenigﬁaleﬁﬁes WO

02/ US7. 429 PCT/LI Sp2 I11107 preferred. nethod of devel oping HS cells froma
non- f er t i PFE &% FR08:s. 4iRgageian IhOHP?ﬂeo({ °5’§F‘Ff? gqhyas Fﬁ%é‘m"&@’&@\?@?’%p into
non- f er tiygkfde, Eo%xﬂﬁ%b‘éémﬁnbnsddnﬁ'a% ?{? &‘ﬁ—ldea cEPél.% nd 8 ékrﬁ&} pyation,
produce bl astocyst-liice nasses from whicC HS ce s 0 € present

i nvent i orgraftes! etdranvgldntedi® & elbject imnekdppre@iraly memgithe sbjectlslown dpinot he
present i nvtentll on find utility in the diagnosis and/or treahnent of

di seases,#'{¢f'ude, but are not limited to i npl antation or transplantation
to an affect edTHeRelinyd Hhitehler bbjedts 86the inverfibn hReRBP MescYbed B%mwous
post-neiosis | diploid germcells may be obtained fromthe same indivi dual
or from detailefdatsciphipat sxemplesomsyclaimy, dlthopgh norg isudimisationsefithe groper s are
preferredcj @)% ft[dn in cases where the affect ed individual selected for

t her apy suft ers froma genetic disease (i.e., a disease characterized by a
| ack of a crucial gene, either due to nutation or inproper expression), it
may be preferable to utilize a non-self donor. Alternatively, one skilled
in the arltV of Baefddasprption oftbafisveesmy choose those self germcells that

di splay the desired genotype (e.g., cells lacking a flawed or nutated
gene), those cells capable of expressing the deficient gene. Such selection
t echni ques F'Bguralsd}taphtdspﬂting)tmmm:tem inrtheiquentitycof qedls nbéded denohgrpe or
phenot yp sue tr plant. HS cells honozygous for a HLA hapl ot ype
and a tar lbé W&Wstﬁ‘gﬁgé?ﬁB@H‘ and selected from (a) fusing two oocytes
-or two sper Fvguw@ S dheniafi6 MR kdnd dlustetifpdhe ek edtiodl o fiHIecIRGRME pogl ar  body
during oogenesis; (c) allow ng the extrusion of the second poFar body and
spont anecmgogéhom}ée$el f replication in approprl ate conditions; or, (d)
‘transfernng.t into. an .enucl eat ed oocyte

Haure 3 pr BATed Sdimafarntiseafiolat ity tuile ERER coi o and

oogepesils share 04: Tde sidwWifg 6P gical fRBERHiRHf MIIOKs and nmeiosis in males
an enal es.
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Qocytes useful in the context of the present invention nmay be obtai ned

usi ng any suitable nethod known in the art, or yet to be discovered. Human
oocytes av@ovypiwal |y harvested fromthe ovarian follicl eeCofuse/ennmr

i ndi vi dual and isolated from surroundi ng or adhering cells. To maxi m ze
yi el d, superovulation is induced in the donor individual. Superovul ation

Gonadot r opi FretFEA BN EA e e QA R ABR HETRSR) SpeRBAor hac s on wi th
cl om phene pidta4.e A Baf HEesxe iar?kestridﬁ%ﬁ;en&’érﬁfcleasé%?%ﬁoy B h990) ,

i ncorporated by reference herein). In mce, an exenp met hod i nvol ves
t he admi rilast [kalletas of pregnant mare's serum (PMS) to nimic

follicle-stinulating. hornione, (F an chorionic 19 WO 02/0S7-t29
PCT/ US02/ ooﬁtﬁ?‘f‘?ﬁma/gé’ﬁ\?%"g?xﬁ“tpﬂ?&ﬁgbopfﬂg?ﬁ%%? ﬁ?sz[?ﬁ'é’“}ﬁ)r mone (LH). See
Hogan et al FjguMami PAlRE bfGkehipda nEFRITYHmefs 13T LREYsaldANE Y ping " @ ed.
-Col d Spring } ur bor Labor at gry 5?22@% I 994}5. Efficient inducti o?’pofg?

super ovulaagisequedeingnds on several variables including, but not limted to,

the age and \gﬁl'rggt ﬁ%ﬂtg?gﬂéﬁﬁﬁésﬁ IIt Q&Eﬂf)ﬁa io(?lf sﬂc?\pglgc%eg Peﬁ)zitﬂz'el &?10}1 io?E of

adm ni st rat|F

n used. perinducti ovul-ation and
har vest i nge efelpOeydresatéllicesknown in the art. For exenplary detail ed nouse
protocols, see Hogan et al., sup~~a, pp. 130-132, the entire contents of

whi ch are hEEI/ESTHIBALEPUSY ref erence. For exanpl e, Hogan descri bes

the intrapegj J )04 Stat af . :,gtgﬁ_ esuspended from
| yophi | i zedk%]\?\%gg' isﬁgégoglrﬁl%fegao%?g@/g ﬁlé%{g@l%@(?c ucekegg%gerscr)vul ation. Both PMS
and hCG shouigirbeCaReprisettaiedcqdeiyol to the rel ease of endogenous LH The

Hogan protocols, directed to the harvesting of oocytes frommce, can be
routinely aliyedDt Serrssptadveralo®itl undue experimentation. Pol yet hyl ene

gl ycol has e I Hsk.an of ovul ated oocytes (see, e.g.,
Seki rina, GF@?G %16"[ gggﬁi%;&gfg?%?ﬁggegp%ﬂ%@%) and @ulyas, B.J., Dev. Biol.
101( 1) : 246- BRutd 9BA Resultsdampnorofipenk éxperiefeat ence herein). Al ternatively,
Nogues et al,, Zygote, 2 :15-28 {1994), (i,ncorporated ef erence

her ei n) desgfg%%ig‘ghe i né%‘gf?iogﬁn EP{%%@F%‘@ C%héﬁ“ﬁﬁ Wlf‘ﬁ&&%ﬁf{ﬁf I?éfergendai
Virus, regivbd "ol mbike mpE educt i on of "zygotes" or "oocyte fusion products
(OFP)" that are able to undergo the first stages of enbryonic devel opnent.
For a revi eWigie bdByt e f Phap dapictinhhieqiseelopment afial meryla-Bigymasspisvivedi ol . |
4:5780 (1986 i ncorporated by reference. herein. Alternatively, preventing
the extr ?‘8&‘W&‘HB’R’E&Q}}?&’05%1“5}036&%1%?@0%"8%83/t es can generate HS cells.
A detail ed pigiotot: f or PEétb\Whh eiPblaiBEHE1iRE SekEserived dRmE hivbesl i N Hogan
et al. supra, pp. 148-150, wherein harvested eggs with their cunulus cells
at t ached homozygpys pastrarpiosts bdiploid eeeyitesof 7% et hanol in Dul becco's PBS for 5
m nut es, wagk hih medi ' . : e cunul us
cells are s%@ga&%tly riéfé%'f\l}é)%ﬂ%}l{&&%é%? h@ﬂ{a%ﬁ%%%fhﬁ?gﬁ?%@é@%n nat ur e,
f ol | owi ngddrived fiorshur®n hémozybous posineiods Béiplridboonesof the first pol ar
body, oocytes are_arrested at netaphase Il and cap.only ergo the second
mei oti ¢ di viFagws L ivheAnsexemplagy dat PR BpmeH fg¥ F@p{;ﬁ?"‘}“@? #E’&Jé&aﬁﬁﬁati on
fromthe gpgim can be m mcked by exposing oocytes to agents such as Ca++

i onophor e %A53187) or ethanol to trigger the continuation of neiosis II.
Before the extrusion of the second pol ar body, karyolcinesis (separation of
chrom)sonﬁs) and cytokinesis (djiyision. of 20 WO /IU57~.29 PCT/ USU2/ U( 1107
cel I s) cah be ¥HAEE 1 srLt PR SARIPSIMEE ORHE MVGIMORY t o,

6- di met hyl am nopurine (6DVAP), or c5~tochalasin D, resulting in the
activation J i £ :

bl ast ocyst - Pk readts el HeRRri BEreBp o oR AN O b CRRET B Bl 11

. anot her eNbthihgientin iatd aeongtrtdicasemtadusssoon thht thhénveetons o katitldddady can be

i shed, b i t .Cat++ | 187 |
o oret Byt oo IR M8 ol Prigrpr B PO BL RS Hr e B e ¢ el
-replicatigRraMelRpiBoddth¥its hitdexAkfled éﬁ%wh%ﬁ%l]@ib@&oﬂéi@ér@& ds oeeyjIas, rhep

i ncubat ed under appropriate conditions can form bl astocyst |'i ke nasses and
may be ustdnaslickiations ¢ibtheeirésent iBeentioniayl or, A.S., et al., Hum Reprod.,
9(12):2389-97 (1994); and Kaufinan, MH et al., J. Ernbryol. Exp.

Mor phol ., 73:249-61 (1983). Spermatids useful in the context of the present
i nvention can be obtained using any suitable nethod known in the art or yet
to be discovered, particularly those c@nventional in the field of i~a vitro
fertilization. To create HS cells for use in a nale, spermatids (neiosis ||
conpl eted) are harvested and then induced to fuse. Spermatid fusion can be
achi eved using well-established standard techni ques. For exanple, Asalcura
S, et al., Exp. Cell. Res., 181(2):566-73 (1989), incorporated by reference

o o " e




usi ng conventional technol ogy, particularly those techniques comonly used
inthe field of in vitro fertilization. See, for exanple, Jones et al.,
Fertil. St@0ii5742937(1):2G 29 ( 1982), describing techni queeTUSH2/@3W r at | ng
oocytes from human ovarian follicles; Lisek et al., Tech. Uol., 3(2):81-85
(1997), describing techniques for collecting spern fromthe epididyms and
testicle; Stice et al., Ml. Reprod. Dev., 38(1):6l-8 {1994), and Tal ceuchi
et al., Hum Reprod., 14(5):1312-7 (1999), describing tecluiiques for
transpl anti ng nucl ear ma]t)ﬁmabnsof one donor to an enucl eated oocyte of

another. The entire contents of these references are hereby inc rporated by
ref erence her dfdh emﬁ%ﬁnogtheages?af@aﬂgmaﬁ& qygtgmaqegea ngﬁl"iﬂscan be

.created f I | eat ed
ooyt o, SSBiTd BRANHE BRGNSy AR Bh OURIGE oG e 0107

hapl oi d agljertlhzédehommygbns pds&nmimshﬂpiom gerarcetinocfremttbelfistmydre to create a
~nonferti|iz§g dlﬁs£ earlngthe nucle%ﬁ gﬂgﬁ_tlc nf rmation of the
donor nalTRICHAT TG |tW° Hﬁﬁm’e" §ti8 steas sl fee r material

can be hacrc\e e ARG dsafés%&@o é’c&h%l@&@rﬂ%rﬁhﬁ %ﬁiﬁlsﬁﬁﬁ%sﬁ@é&lfiﬁ@d' onal in
the art. ewse, the transfer step can be perforned using techniques

convent i cmaU Si ]Patmttekmwlm:aﬁndn Berial Noa69/9%7 ﬂi’e(l) |azldtU SrProsswngl Biteiat ent  No.

5, 94S, 577 78 al so d Takeuchi uss above,
as wel | o8P Qﬁ\&%a g?néjNo %@15?:9%% lélg?f?g e“f%’g ereén(gg(fﬁ SPR gerdpor at ed
by ref er efaGR HIPER fYstelRNRs PEm'iSEQhI 'aﬁ@hh&@%pﬁ%}énbl@ condifiofdefthel Nt o HS cel |'s
by pol ynucl eoti de transfec ion techniques, including but not limted to,

vi ral vecxh&prentl@tn@tceprodb@ﬁ:meki-mtelwtexr@gmltw eallsf somatigregll pyaeutsets, endrect or
transfer Vi sm.d i posones and col |l oi d conpl exes). Methods for
i sol ati ng tE%QXE?S ﬁ’f& Waﬁ%&?'ﬂﬁer cell mass of fertilized blastocysts are
known in the afrmlffe&mau@fet1b@dﬁgmyegaﬁtaﬂm@mdtﬁmeussmidafgm thiy eutes from
the inner cell mass of blastocyst-like masses. For ex see Gardner et

al . " Cur rintegprmabBmctioal celis; : Qlé&r@i@teéfgb‘gl)lave@l@ncwﬁ @maqtﬁflstlss 843, 780
(Thonson etrfo%!n %eﬁﬂg rﬁH}cﬁ ng%&crﬁﬁ%: 188 hkél’y%g Aividel (lé—éwcgﬁ% )’ghggﬁk‘f@% entihfd§ contents

of mhlch re i ncorpora erence”herein. e produced

from any eolis BB rapidhpdivitih@indbtues) dmbsgshid or friyitisn icald haygs enonspadific human
and non-human HS cells are contenpl ated by the present invention. Suitable
veteri nar%PPSHﬁP‘Fec‘éﬂthGﬁgtlli’lﬁélpﬁ%l’é"‘lf%é‘cﬁj‘é‘ﬁﬁ %Rq BRCHNSHS celI's from and use in

.o LS Y B AT g Bl 1

| mmunot ype Harv nbzygous pos germ ce pr oduced
by the rreiﬂmbmd:tmdyehlwdm cyates, gising riso updm mapeﬂ—mrmdhm(m t@mjl;meage ofmat el vy,

HS- deri ved |tor cells th f.erenti ted cel | resent
ot ormetie Aot S Rmtio R et P S B PPLoRss o1 £ Sor vl Ty o
genot ype @? itds h@tﬁ&@rft&%nﬁalwkfeiéﬂﬁatea heyitway diedewREoit lintibRriieat ment  of
di seases, for exanple, by i'nplantation or transplantation to an affected

i ndi vi duahfeilmercéél@b ofimgliehd (¢)arhemshdividesrragly uightqydes a phoieeps | di pl oi d
germcells roocured from.an,af.fected in which

case ther ‘@%ﬁ{% ag Inﬁ%elﬂ%e%ntf afking of BrONG® Yt leads fTever 51b19 o ¥Atal

differentiation. Those stem cells that are initially unrestricted in their capabilities (i.e.,

capable of giving rise to several types of differentiated cell) are called “pluripotent”.
Current sources of pluripotent cells include embryonic (ES) stem cells, embryonic
carcinoma (EC) cells, cells generated from somatic cloning, teratomas and
teratocarcinomas.

Progenitor cell lines, each capable of producing cells from one of the three
germ layers, i.e. the endoderm, mesoderm and ectoderm, are referred to in the present
application as “multi-potent”. While each progenitor cell line is not terminally

differentiated and can continue to divide for the lifetime of an animal, it is considered
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WO 02/ 0S7. 129 PCT/ US02/ 00107 i nmunot ype. However, in the case where such
germcells are taken froma donor who is related, or unrelated to the

reci pi enwobvhes7e9i s a need for selecting for immunotype. PFATAUSE/002E, it isS
an object of the present invention to create a bank for stemcells that
have been previously inmunohi stol ogical hy typed. In certain situations, a
self donqr.,is preferre However, | S Lhdi vi dual
suffers 3?8&03%613{%% {OCCHf Frsegﬁgséu‘fsi c.)recg!lg%&gll %n\gggé‘?téﬁgf) g%]{ngﬁozedlhg%' t he | ack
of a crucTtrtefoRpparticilachrogeiidr ecllihed haybediffergtiapdineXpnesaitidnage, it may be
preferable to utilize a non-self donor. Alternatively, it is another object
of this ismasth mysclershiatethmusyle ppdbemaopqiglicyalls gmesqdeln);lyst. BFBEEYur es may
.choose t e : al | | {.splay. the j e.g.,

ol 51 adbiyR feor B (Rl entl S0 b R BLAC R BRI EG B g
t he defi abeihtbude(eetodstn) Fled teah iprogesith oeligldsenomyagbs asdbsynsrymowslavoi d an
-1 muno-inconpat i bl e genotype or phenotype fo issue,tra | ant.. .The net hod
for produithgmateetesh s eciso 0Ll %rteF‘HﬁorcPFﬁEelé@hﬁ?gﬁﬁpéc?q&?ﬂmp?’mﬂ} ant as
cont enpl HYenPERSEY dikfANhiATof S B SR Akt We bl hATMBOL yPE
("ti ssueagtrggrleﬁbgéd) 921? thiﬁéuecl;fp?/ent ancf t hen Sszel (lacti ng | nﬁnunoéorrpati bl e
st em cel lingloged differentiatichhiadecedivy enoapstiethgsajd &S edledn emrrent |y for tissue

t ypi ng, | ogi cal (the |ynph t ot oxi Ci t est d I I DNA
babed) " SEHRILREPrORSS A Bocunett paolabt bl ineRBefPRuBHA EpAs as
wel |, and;, a2, 488 66 hbstaigh Beuidire SeSRnagdEabn Fgg&hni ques For serol ogi cal

typing of the recipient, in the present invention, tw sanples of
appr oxi mat el y A&0ftetatomaZng a disorgauized mdsstifeells eandainimgunanydypesarh t he reci pi ent

for a full. .class | .and class, Il ti.ssu e. JFor class | typin one sanpl e
of bl ood ‘i&lg%‘feilgﬁtf:é&s%et Hssé“c’ﬁj‘i'l%%ea f&ophﬁlaﬁ%%hﬂn?rﬁgwc Mf%??ﬂg{%é’&gg’o as to
remove plah&li@teartidseel @Y BYthiREY dlaridilak 3pFRs1as ahd Y€ forBRalik@nwith The sanpl e
is then layer 'ed onto a density gradi ent nediumand centrifuged so as to
separ at e wulifferentirted sibm cgHsl thas penvinpplhsdividsrant weptiaiepbmorapidhesed cel | and
pol ynor ph edi.nent. and a band of |ynphocytes is renoved to anot her tube
and vvashe%ﬁ%rfzﬁlgg%}hﬁ%%%yt es are then counted and adjusted to a standardi zed

cel | count, sughtestodardbmdnfd”id deboriare®ld iergerna. nTerafontasard jangedpbattigi;oxi ci ty
test. The counted cells and typing sera are incubated in wells of a test

€ ! g
pl ate, sukdvevenif theyebaapmesnalignanss a tasptacpreigomg devslops andi qanhedsadinee ¢ ar get
anti gens e (o) : B Ok ol ogi cal
apeci 11 o fo oo RGP U i TRRRGKR SR G O GMd MaoiL ) 0O
added t o Thseart bempededof viHeusdiffbentiatbd tibspss indudiyg vikawes 8&h asWO 02/ 07-~2' |

PCT/ US02/ 00107 there .is an anti body-antigen conpl ex_ forned on.the cell
menbr an e;cns@eqm% CERLFA) MEEYPUE SYSISHR F‘E%et q’féﬂg‘&ﬁet‘ia\‘}tgg%es K@Eﬂ’pﬂ%’r@’i‘fé‘? eading to
cell |ys'ﬁons#aé’cﬁﬁ@tié‘s%le|tfpe@,r§g.?fﬁitrﬁﬂfoh RbtidRYe Inhﬁ}ln%ﬁg §tYorRf. @ stain into the dead

cells- a positive reaction. there is no lysis, cells do not stain
i ndi cating a nddatenydasngsis rinewly daivediterssused to describe antass Sutderglapsnpl e of

blood is treated with EDTA e .sanpl e i n . ncubated w

i i ui oma atﬁlg %B%s&’g@taﬁtoé\ﬂfﬁ%%lgﬁﬁn%ﬁgﬁsﬁ %hlﬁf)egﬁe’éﬁg%?%eaﬁtoeﬂ})%}}n particles
coated Wi ghibei@mtrenad grRith ROkl cvnthinthgeeltk o allTRgsembéyonicdedm As cl ass
Il antigens are expressed on B cells, the irninunomagnetic beads are coated
with a nolwelsomtiangherefoselhe wiedis 4 mgsas farithe iayviradifigrengptien ofthe S cel 1 s and
t he beads e tured. by the magnetic field, washed, and counted using
standard f%%ﬁrﬁi%% ?enﬁl V%é%%‘ghérd vol une, such as 60al, is then used for a

| ynphocyt ot oxi @i ‘hynicesiorstaheseribad uadidferntiGee sfehgeslaribihg Homaatoal ogi cal
specifications of class Il alleles. The |yphocytofoxicity assay is further
descr i bedfestjlizadipostmgiosisiipleuhecem call AP1sfErahly, tFdxiopmsd ypreventing @ (1993) .
. The | ynph 0Xd . £ ] «ShSRidn S UrlafoRmovgt | - A
panel of ?’%ﬁ&r\s‘génno Jgé.‘ %:égloflgﬁ\é\}eapp%{%ﬁ%ﬂg%?gﬁ&%gwgﬁteﬁlggt}dan Z’ré aagldeg to a
sanpl e of esttusiorce] ths secbnd polar bedyadreldspontaneous Igah@dicdeifaeplictidn phthebat ed.

-Rabbit serum.a source of conplepgnt, js then added the m.xture, which
e act | vaPARDKHOOLHE 1R APPOBERE RGBT cHPEAZGE GRS AL s RSeS|
surfaces. (LRARNEGHIVRIh Wb inhSTAISHRE bf Wlabtocyst-HiRe MiRs s thdtHedtlbpUpaY them to
absorb a standard stalin, and be detected. Because it is unclear whether HS
cells mght not have carried the proper HLA nol ecules, at this early stage
of devel opnent, nolecular testing (see section 2 i~afia) should al so be

used. In an alternative enbodi nent, a m xed | eukocyte culture test (MO
may al so



be used for recipient and stemcell class Il nolecules. This test,
described in Bach et al. (1964), Lytplaocyte Itateractio~7: A Pote~ati al

H st ocoamed 0bod7u19y Test h7 Tlitro, Science 143:813-8l 4, meassexoaihe
response of a potential recipient's T-cells to alloantigens present on the
cells of a potential donor, and is incorporated by reference herein. 2.

Mol ecul ar._T: i f I ETpll . ReCL.NI ent, or

stem cel | é‘“?"gmé’gﬂaﬁf"élg% ? g&{f %@%ﬁ%@ﬁn@%ﬁé@ﬁ abgnom %ccgﬁ\]xﬁlglgedfb??ga? anplified

usi ng a poasingerasecytéxortwdbpermiidOAb) preveritiiy tRETKHBIR AThe Fecordpdiaon ( PCR)

procedure known to one skjlled in the ai-t. The PC%a [i{d'[ed bl ood DNA can
ﬁQ}ﬁ‘G B

then be tBAS¥AIEE AGESIRSIS (E)P g dhe trision;of thefecon Vi enzymes
.restricti SEHTRa ¥ ' i . Vi h.;,% tw@) With
mul tiple Sggaﬁgnce s%%%ﬁ%g %ﬂgﬁ?‘! Sgﬁﬁﬁ?&? %rga@%%%?é@n(ssgd@ 'II}%e RFLP anal ysi s
i s pref erliaptbidsggor spleimmbelenintb aremiciratedeocert nmet hod as it does not

-require radi oactive |labeling. It incorporates enzynes, t.hat, recoqgni ze
spgci fic si te_glni%a'@’iﬁ'ﬁga%ﬂ‘?‘@?@g}enf’ﬁ 8?%1505;\“05582’?2%%51592@8& SBE%Bg may be
det ect ed Ry «5lHBLC %ﬁ%h@gm\gg%?ggéertﬂéﬁlg%%%%téﬁ Bes hihsd HEcATR brid €d DNAs.

Figure 5 lists restriction e eases that may 'be used for class I
t ypi ng. Dedgiothedwisekhosolasthe ‘iner bell mlassdi Tdd blastney$iis famedibefaridbook, at 9.

The SSOP anal ysis requires .t Lified, t O, be,. hi 1. a nyl on
nenbr ane, mﬁﬁﬂ%?tw&‘?”ﬁaﬁ Fﬂ‘ﬂ?’%@gﬁ\?\ﬁ% blaéhg%t' eD@!‘Aer‘g@} 8§%‘F it%"‘%?flleégﬁﬂgﬁeot i de
probes di gBete8 rdffraPR%slths tiphoBlabe] Which i @b kRirf eAlb@yWhidlaybrsdf of SSOPs
that nmay be used for class Il ‘typing. A nodification of this technique, the

sequence epitbeliridhatfommsraroynsi thg mapsemjan bigsjocysis and attaphegitheigaibeyo tohe

oF T gonucl b Wittt P By BOHE ekl Rhherthy BT ui R B b gt vigh

conpl et el yafEPiat fieshe RYill TBIS th placehr. nore efficiently used in the PCR
reaction and may then be detected using agarose ggl el ectwhoresi s and
¥ 1

transi | | um nat Inghe contretrofitrpresant Byentiofs i - Rlastocysidikemasst isflifgreny Pcr

fingerprigt]i = ~a. ; . m e Zat:| of
pol ynor phﬂéﬁlnnalg? rl%sjgggy gtl I(i?gtllese{i@:?legip 9&!{%& ?&r@?ﬁldgdﬁaa - 1?%‘%&?8%%%% Cs
47: 131- 13%on-{ctRA2RNH postrdeidkisd geantelipl at ed by the present invention.
Characterization of_ polynmorphic mcrosatellite loci of HLA.I referred

(13 g S ‘

techni que t hat Apmagh herein the teqma misgiically gelrsteds meaus gruiring fg agﬁ’éig?ﬂ)r, and

i s especi 0 b g [y a¥W=Yat rigl 1 scri bed
by Marti n@ﬁ%ﬁgﬁg&&j@g&ﬁgg@%&%ﬁg@Igm@fl ¢ r?leﬂ(l:‘redgltgg? giﬁlrsi tt8 eﬂ%r %ﬁlgg@ gife f ound
i nt er sper garh ¢ells 56 ¢han ureiosigl noeither, Thessumed ambthe dhploidkganete céllsghftsr

i 11ty o Rt eshrik ernomioryifopd cobiraes: et FRenmikiH Coear Phe 1A
ver e typegsaigd IRAHRMHBIPYarlYBE kbl £t pAdventod Fromt RBatyRinésik ahd Bekkipediger s used
to sequence mcrosatellites. Further, alleles were designated according to
si ze. Li nkatrhenusdayge hiilotic divitienween these microsatellites and certain HLA

al |l el es sugges hat..t hese m crosat.el.| i . reqdic | ng, and may
be used as nar Eﬁ? qnnFihamo&y%ouﬁgost-%o 1ﬂﬁ§f§°}%§£ﬁ% ULSS‘F%%@P%%W shows a
map of thgehhdpdrm dells 8028 atel the k@G ONMEanasickenbss nelhich it qiis icontain tado 12

m crosatellites. .
copies of either the paternal or maternal homologous chromosomes. And haploid

germ cells means germ cells that have accomplished meiosis and carry only one copy
of the chromosomes.

“Alleles” are alternative forms of a genetic locus. A single allele for each locus
is inherited separately from each parent. In the context of the present invention, a cell
is classified as “homozygous” if it contains two copies. of the same allele. Conversely,

a “heterozygous” cell contains two different alleles of the same genetic locus.
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D. Method For Selecting Genotype In certain instances, it is necessary to
select for the presence of a target genotype. As noted above, the "target"
genot ypeWooyidieg4wont ext of the present invention will be PEEAUSHENGEY pe t hat
is the non-nmutant or "normal"™ fonn, i.e., the genetic sequence that is not
| i nked to pathol ogy. Thus, in those instances wherein the germcell donor
is affected w or. I rri ] g E i ] |.s£ase or

di sorder, it ilé%}leeécoé%%ér%{/ﬁ}%d) r%s%é%@%lﬁgmg%gotd;\ggﬁ%% Jé%@h%ﬁ&ggéeﬁl system
arising fchamcreedd Bptheruniprozng @f prqeias, kipivasis histodnpatibilitgartigeng! | and

sel ect only those populations_carrying the desired target genotype. Those
popul at i cHpoged onihs sukinge oha el lnBHBanD dhesp Bistesopwatibilify 32608 #Fom f urt her
- devel op i i j 3 gous for a
par 1 oul el B R R Ay R S, 4t B R e T o
(i.e., theheritedpiotcimciouudbn dire oifaposef saite dhreighdut digadlyd germ cel | system

-and the stenpl asm system) wl | ho eneously carr e | ot ype or the

ot her, not bot“ﬁ.prl éet nﬁ‘ﬁr?éracgﬂ IP’é‘EWr‘?fé?é?hf%iﬁg%‘g@Fﬁgg%‘g Cgenetic
consti t utg t o $HRleYHRGod Qils ané Blakel AORIhRos &I of PYBRinsBRG ipTayd &rtticale
extracti oﬁnr%g%ﬁgl garrpl e of gengt?cﬁr?aﬁ% eri aIlTﬁJ(Oe. g. genonrsﬁ c or 1rrRNA) from
whi ch cDNélenmpctivatidg the/eatly’s inomuze sysEnemanspindie faeigh.orgdmsnsaibé e i s

typi cal | l.ified, .usin echni ques,_ s as PCR, .and.cloned to derive a
parti al cyﬁﬁggﬂf)tf”enﬁ“é‘eWH%E%EWQSP%F@“%Q‘QSFSWQP@QWI ﬁ%cﬁ e screened for
the presqpmgnght friGdufisMReadtionTib HNIA SAPROGR thé\Brimakeshuby @ﬁ/ﬁs@a@%ﬁﬁ those
popul ati ons containing the normal sequence are sel ected for further

devel oprenjestioth dHeA fapteraiaiainheritheé o tamatbenand dee fathes (onetfim eagh) 6t i s

associ at W t t hol o W Ll be iymnated. The .genetic tagtion may be
dot ect od 1y Eireta P d kit he stife BLA MR EmAdtRERR b Eal i D our not
limted tryreighleeltAsfthShe UaNe iMBunb9Pe SEHIPASO AisCHUBOR dTA hoddngineet i ¢
markers. The resulting sequence can be automatically scam ed for the

pr esence c§tls wild beragesnteddry thehewas (‘sel¥ and pet reigeredssgise hed’s ipgnuneyy O

112/ 05p29S 'sDtgH US02/ 1111107 1. Cel -Based Sequenci ng The nost common nucleic
aci d sequé’nm ng nethod involves the separation of the DNA fiagnents,

LYIOi cal | yl f rormmmmrgenmtmprlcmes @ﬁﬁhulbixales pbleéljrilmkled gatdeagﬁalsbrglesynt Ihesi zfed
y DNA pol ynerases, using a gel, such as a polyacrylam de gel. Exanples o
gel - baseFhE@yRwMmS Hyaly Fléﬁ%eaé AN ARPEIEL. Die histecampatipliiy gemples, or

Maxa~nQG | t..S; i : g 1 | t hod) and
Sanger e TSR o A RS hot)
Maxam G | bert BlegqdbAciang cOMplexrooatainsadt lgastHiooclocNatdwn #ddbA-ScB, -UBA 74: 560

564, 1977, . ted b f her e . cheni.cal | DNA
2t spect 1 Boe IReRagt g HBSER of ML AEHEE S CHRT F e FERP A A Tne
refinemeng 4 Lhe MaxemeGa hekeientBEROA HOBWR, 23 diTrrédt PB @Xtis@EUeNCi ng

enabl es investigators to anal yze about 40 clones on a single DNA sequenci ng
gel . Sangdffesatiuenci ng (Sanger et. al., Proc. Natl. Acad. Sci. USA 74

5463-5467,,.1977. i ncqr,posat ed refere herein),i l ves_using an
enzymat i C'CFW S‘Etégfaf"eanﬁ(}%s{'lﬁfrﬁgts'i% R i‘?l"s&’o'_ ’3Pédr ~¢lﬁl§1§e§%6¥h in four

di f f er entexpedsdd @NBearStAPRInMh dee. AMdivphdltadlasen FLA pagilé tarts wegupi ed by
one of the four bases, and then determning the resulting fragnent |engths.
Maxam G | teleterming the degrec ofieqrpatibity on genejicirplatiprshiplietypen ndiyidiglspna
fragnents . | el resis

br oduces WEPgs RPEREE spEHd rEEbRATo Hakb BRRRIRR Bflen G Ba bRROR Y0
t hat di f fee., infusorseofipfateldlsyordeikiongtes; onfier geatildgicalamdies. Césol meigendl nost al |

steps in these sequenci ng nethods are_now au{ﬁ(’)mat ed.. Certain own di sease
genes carmBy be identifed By fFrelpeicpthefs giasxawple, g indsyiduad s (ﬁéﬁill y and

.ul trat hi ' I . [ and use of
Fesonancd Lo Eat D e B e e p R b e el 2. o
Cel - BasedarfiizgradnavinggnNem spetifibities (breedaianci, Bg dréttnvot agfigess. Isittte aimt o
-increase efficiency by seyeral order f _magni tyde an al so be used. These
t echnol ogfeLSerHR i @cﬁgﬁs%\a C eﬂ?enﬁ{“gdmflg S ﬂ@%?ﬁiﬁced fl uorescence
detection of individual |abeled bases in flow cytonetry; (b) direct reading
of the base sequence on a DNA strand with the use of scanning tunneling or
atom c force mcroscopies; (c) enhanced nmass spectronetric anal ysis of DNA
sequence, and (d) sequencing by hybridization to short panels of

nucl eoti des of known sequence. 27 WO 112/05 p 29 PCT/ 11 S02/ 011107
Sequenci ng by hybridization (SBH) can be applied to the efficient
identification and sequenci ng one or nore DNA sanples in a short period of
time. The procedure has many applications in DNA diagnostics, forensics,
and gene mapping. It also may be used to identify nutations responsible for

e v o L




In SBH Format 2, probes are arrayed and a | abel ed DNA sanpl e &g~.nent is
hybri di zed to the arrayed probes. In this case, the conpl ete sequence of
one fragmamo2/ray2obe determined fi om sinmul taneous hybri di PATUSHMR/0EEICE | ONns
with the arrayed probes. For sequencing other DNA fragnments, the sane

ol i gonucl eotide array may be reused. In a variant of Format 2, DNA anchors

d | i ti i { t } | t at th
end of the t argars Béctmised SEL A DR TR o Tt RO RERUERIT I Cne et
may be i pfigend qrha@ecﬁnu%éﬂsaawnmlgmpmged d@%ﬁﬂl&‘?’éeshﬁoﬁdc?fe@d in

nultiwel | pfates. In this case, target DNA need not be |abeled. Target DNA

and. one |maEPRigps, sisadrificcelld and enctpﬂtleﬂv@l ealisathougl they gre pduerdon atherone
-attached b d CH |y .on the

t ar get D&ilggﬁé@glpggg gl @ﬁ?ﬁdﬂf‘?é%t zgghthg ucr Pé&é)’ sggﬁgﬁggit%l\ndce as | ong
to be scapedl gé'xﬁt%? parse&Geciéd @y\ﬁer&@glcsa@ammwmldrcan@lyablef ARGOPNS, e.g. a
.conpl ete bacteria enone, W thout DNA subcloning in snaller pieces. For
addi ti ondlf cabtmidrEsselntigBlypingds requied me maypuilizs SsaveygGpeafisss, 881, and

6 025, 13 et al.

O neor b EiBlBAaEhEReSIGIbEAE faltil B e € AR ERUIR i
B| ochem 1eilﬁ§hs 1&qtﬂﬁcd i@&&bm&&MﬁﬂESSONe@tmg bidi DINA sddjuehsiary candsk, usdd.3- 324
1986; and Lehrach, H., . et al Genone CQ a} ysis, 1, 39-71,.1990, the
contents Bk %utwrbte%tmg is Heusily PefpaRedQnly opdoas mareR teripiensgnd thas
(12/0S7-t Enl&%% rkers, short
sequencesI?r t8 ?@ftlggﬁdﬁ?ﬁegﬁl cwg‘%tsen eéegéﬁlggtglzzilfl??%ﬁslg%@aggne sequence, can
be used to det@cls ¢xpecspingvaaoemofe af thelI-H.rA pmteirmcxméssqiah;ethel‘ﬂmmlles of

genetic marl cers eful in the cont res i nvention. incl ude,

ot Car e 1BE DECEERY e hasbs raReEe il ad L SRR o R e g ces ¢ hat
are standgfa JH‘Efehfsra?e bOeinby 2 ‘%}elé}PQﬂ"‘HSn saPrd FRIHRES BImPRINARGE T ags
(ESTs), unique markers for identifying expressed genes. Thes€ markers

provi de agemsausa rispomspitathe “iokergn!” oy man- mbﬁtprh&cmmngkﬂéssz Meencigappl i cat i ons
of the EST a ach i ncl.ude. deter |ons of .genes al on

chr onosorbS GG GBrgH YiERG scamnglepieg e Tie SanuRe BT efeElR. cenet ¢

narkers have thangcRbRIr the prebdny ; 11Wéﬁtrb1{ faeﬁmadeuaaw dHatagtefiobd tsalthsle mul ti
allelic, and nunerous. I\/bstqégenetlc mar kers are highly heritabl e because

their allfor&snslantden ayinfand best titbesnmey betsiably ge&erbmte adiosiDrithouphi ch i s
thet r” al | BIUOR S Th bR Ee A7 AGhHAR udr ARG by AR bAGAIRL Sl

mul tipl e iakdndb@BoRECAUIEA ‘ln{htéH&&” eMfah¢ HLAN@® $ulpstatiall$ mateied, the
genetical|y-stable nutations in DNA sequences defi ng mar ker |oci arose
and were mgmﬁyﬁ%@fw myghdgssrikehetogesnonds flvmansinbery BEAPrejens floaki st i ng

A A T e e e

pr edi ct abbmee ﬁmd thh swdren andond franfthefather), helfof ype's HIDNprdt¢ingeilpmatehi ng is a

br oad tern sed to d nat t hods for as Si uenc i fferences
" DA | SEReLa PR aThedare pEISing gt mialgh, @tﬁ%ﬁ rlﬁ%?@%ﬁéﬁsff @8hce of
mar ker DN@jTi Be f5upRlesy @k réggibat ed DNA. Typically, DNA fingerprinting is
used to anal yze and conpare DNA fromdifferent species of organisns or DNA

f rom di f f er ent Annuodividyakies teb of bachsan, CyediddaR abslas.swepue eesepf Aeb, ences

or econce b 2 BRR GohGHbRaRAIR hHER iy SR i o Y v cat e

that the BeR@hbsygols 6t etz Dﬁﬁb f@hO AYBN Cahé DR Mﬁdit?ﬁés T @@ dohigexgenet i ¢
origin of organi sns whose does not have the hi sm Such

pol ymor phe&ths peesentrigsation, adepor cell isnenpideisdite bp! Idsef/ ” oind/ or nutation
. t o » t bl t
events in % Qﬁ:&&ﬁ) o Ot%(%g%tg e?l r'e :ﬁ?dw& ntElQ ﬁln%l’ C}%iﬁfo g{) ;ﬁ, gﬁetsg eto

fingerprinti restric ragne engt I'sm ( RFLP)

(Bostein Hua;brodudtmhaﬂ areHorgigr3enBé recﬁﬁerﬁmoﬁaaampléz&ﬁdnoﬁcelgha ist r and

.conformatjon pol ymor phi sm (SSCP) (Fischer et_al., 29 WO 02/ 057 129
homozygous for a haplotype such as HLA-AT, -Cw?7, -B8'or HLA= A29, -Cw7, -B
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PCT/ U S02/00. 107 Proc. Natl. Acad. Sci. USA 80:1579-1583,1983; Oita et

al ., Genom cs 5:8748791989); anplified fragnent-I|ength pol ynorphi sm ( AFLP)
(Vos et a0 2/0da¢d9ei c Aci ds Res. 23:4407-4414, 1995); m cr 86EUSDI/X167 or

si ngl e-sequence repeat (SSR) (Whber, J. L. et al., Am J. Hum GCenet.

44: 388-3961989); rapid-anplified polynorphic DNA (RAPD) (WIliazns et al.,

Al “sci Ems BB raciclt Ml iy dous Y BRe LARIER AN TR ¢ orov
et al., Nog|mdHASIADR, Rews, BE5Hplotpkdd, 1994); all el especific pol ymerase

chain reaction (ASPCR) (G bbs et al., Nucleic Acids Res. 17:2437-2448,
1 989;, Newt on &8 uggd hermcqhét@n {Genetypg sreferstothe genstipgonstijpiayn of an

<ni cl ct ran :Res

1 3761 oD R R Fofbrepl ALY T HcbnlexPBt (Bl pfent MGG IndVARITES
al ., Nucl génotyheiwidl bedhe ncﬁlﬁéﬂwﬂﬂﬁﬁ;e £qI@ice, ﬁhethatcgeneﬂc shuenc€lis mt Chem
-39(4):718-719 1 Each of ab ve ted,arti s .are i orated by
r ef er ence?EE a‘“ i3 Rarfcilar %&’r&a ﬂ?ﬂ‘ga%aﬁmclgﬁ%glﬁ% (5]1 %ﬁpefrﬁ

avai | abl eqfi&; ﬁferrefd'tQ%P n%h@dﬁbfﬂ%fs”%@ﬂuhﬁgth Bl ARyl lRo {H% REsibh bYa
Calif.). For example, the restriction fragment |ength poly r phi sm (RFLP)

t echni quemstapt gere argsnesi dfanenc élsm;dwes aftegemgise ﬁnnrﬂpeDlﬂA geh@hiutameds bln si ze

tiop of th DNA..b Lect bri di zat f
The o ze- Beghnies R gt i b Pl BROTeaE pRUeEYSH O 1 er oncos
[ n the Sigenceho ilRrild@bll, HelddRab! RABRI Sorers) b} ﬁﬁuéé&%%ﬁk&(ﬁé&ﬁie@l@t' de probe

bi nds refl ect sequenc ifferenCes in DNA sanpl es pol ynor phi sms.
See Tankstasgino@as).ech~aol ogy 7:257-264 (1988), incorporated by reference

herei n. PCR-baged f,i ngeprprintin th ds.r toin.t eperation of a

'ar ge nunber  obxomlpRaneRied brfhe Aol et it v bl B BE8E T con Be
separ at edAlhynéal disealy] d%leteel@@tvemb@ars@sfiemopﬁﬂﬁsauﬁtﬁ o8 dkedtee Vi sualized
to produce a flngerprlnt of the anplified DNA. _Visualjzation of the

si ze- sepamas@darfdysigonity Ealiksnsenﬁéh&ee%p, éllck]ﬁ’éﬁ“ Byeraiay end vagioyg aetabaliton, e. g.

w2 T eRRSEant. AR dLEA L RO APRIELAR g Probe. or by

Iabellng N pro urin ively “or

fluor esce@bhl%)nedflmlrﬂwm@hfhyendy(mm)@ rExeipldie induoed gehapic diboedess inohuidae gel .
These fingerprints have a Val‘lﬁ uses:, parentage anal ysis; |inkage

anal ysi s bt &pBeflmited togrpeer ag Q‘@tél?lgsﬂf’mﬁﬁe degree of generic relationship
between | ndi vi dughaogbf {tndi@dRBRERSHY ROGuARAEEE rely ABXIPEPRla

rel ati onshi ps betwe ecl es. as 30 OS? 29 PCT/ US02/ 00107

consi der atiirenghahe Onéine Mxndelsan linhelatgmemull\tiw Onfloe Mmdchan hdsrisheglinsel ecti on

ani il ) . MatcaMRg BT v i Riong PRty ERTIHBES Wsicte, s HoHRRILS) ana

the lili eUnE@Esn@qgh&in%i@IMmtaﬁa INGitiBHal TR if6r E‘i@fdéﬁlﬁcﬁoggnﬂlf&&?al%hques for
det ecting genes wi thout sequencing, see U.S. Pat Nos. 141, 657, 5, 683, 880,

and 6, 100Negonal éllbrﬂlrymfd\’lp@ﬁlaﬁéaetbysdaeﬁ@)e%@ Méard Wide Webl‘@Qthods For

D rected fferenti.ation.of HS Cel.l ceI s can_be

di fferent M&Q@E@M@ ﬁl\k_& gff sgea P?lﬁgi %%%%ﬁn?thcr ee germ
| ayers ( edidestes, Misor®ssdad Maitamel ﬂx@ir@@kﬁr@i)t mmfeuﬁna@s mbitaifisdibyl thei ted to,
skin, hair, nervous tissue, pancreatic islet cells, bone, bone marrow,

pi t ui t ar yNgtiamad Cepiey &, Bipieshrplogy bermstina (NCBL)s L@M%\?laﬁgﬂ%l%h%t ic or

t her apeut %118%1&% i n ani mal s, including humans as described in U S.

Pat ent Application 09/ 997, 240 and U. S. Provisional Application Serial
No. 60/ 253, 943, fuIIy |ncorporated by reference hereln One skilled in the
art of differentiation technj :)artlcu arI f.or
differentiation of ce&ﬁ@aﬁgﬁ ¥OLS B3 : BBHB)
cells, can i nduGeefribelid BT U@@hlbaﬁ&l serfai z%em/p@ﬁ $40, %Tisacéi'ﬁ%' red
type/ of ti ssue w thout undue experimentation. luri potent I sol ated HS
cell s of idotatql ﬁmmblasmﬂt-]ib&mamhueledelbpsumuhamatsbuc activation of a non-

fertilized post-meiosis I diploid germ cell. Figure 2 provides a flow chart, showing a
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into selected tissues for a variety of therapeutic uses including the iTZ
vitro culture of differentiated tissues for purposes of study, diagnostics,
or for i wbanedasion into an individual. Preferably, HS celPCZ¥/UMW2P0IHE used
t herapeutically in the individual that provided the donor material for HS
formation. In females, this may be achi eved by activation of post-neiosis |
diploid Olgt%YetrFéﬁ mé%ﬁocpé{f dd¥sld g{hgtMQ cBRPEGh G RRCKEATed bGstf@h%ﬁsIHﬁ’ﬂoidnﬁy be
acl ueved activation of secondary spermatocytes or fusion of “spernatids,
or by tragm‘recreﬂh ng spermnuclei to enucleated oocytes. VeIl |rnown rret hods

d f i sol d t b d f
ee e Eemp 2Pyge Ao e taraoiakh Sof e SR Lol bl by ™
1254-262, é’c@@aﬁ&?pr&:cﬁfce%l%@f&&ﬁdﬂéé%@d&eﬁﬁorﬁ'wln&?ﬁq%ﬁ—[@@elfshﬁt reddt cul ture
nedia as a /. 4 pH buffered bicarbonate nedia, such as | becco’ s

nmodi fi ed Eaglhtmlsarnddmm K% nells, adigr fé}ffgteugeteéndl$ oﬂtmmrwnw:mrélonffmdt her

- | h 12/ (1 S PCT/ U 1 (17
RO S e iy dh b 2o B ok adtient f iggeSest ntlog, R ARG TRALS g or

nonot hi Ogilﬂﬂ@ﬂit@ﬁoﬂ&ﬂﬁsﬁﬂﬂtatlgﬂfﬁ aEeofed(iB@ividifalMn need 2Peisr tefape- 9. fetal
bovine serun), and leukema ii~llibitory factor (LIF). A m xture of trypsin

and EDTA in Caﬂﬂwhmlqzwg@lsmmgmm@ Imlp&mns:& 5 may bgeblrinaddeam e det ach
cells fro Stem
Co1 1S o L AENTARYbL 56, LR A0R e S5i 6 DER S M E RS ot o
wth LIF pﬁf@’fddvl}ﬁﬁvévaﬁ,tlﬁ)b@seb Rberesthb affeged hﬂl\ﬁﬂ@il lsélecftad fanhéamsy sEfeps ai n the
undi fferentiated state of stein cells. Fibroblasts, particularly nouse
embryo fi BPBL geetic ANER (hadd dsersashaacteripedoy aleck of acmicial gens: cBheugd

f eeder ce | VAE r eat nent
wWth mt on(i/@}ltrz#:%?gﬁm%‘g%%x %3 {b é? %éllte?egé\ﬂalt dt‘;i/'tﬁgltg o] Ql AB?[I {:el | s may
used or aAflterdtvelly@e skilkidamtineyt of SBdBcben pmdduraeﬁmy Ich@bsprthns:ecsdlfgeﬂmr each

step in the p |_t'{aeparat|tglndand mai nt enance q{FIVI able stemcell cultures are
g

provi ded BSlsHigRfalisnday R desiesd BenotyRp -8 af9.ip, lacidnend faWeder mukyicd geng), those
ndi vi dua f er
e A e S R SR

to HS ce For
exanpl e, tdomgend &t inauno-scpmpatible gapotyﬁﬁ@r Iﬂ&hpty;iefcm'rtlsbme saresplankl | i sol ation

t echni ques inc di t he extr.act tra fer o rypsini.z | ony
Lo ol ngl e vel | ESHeTS hetPEYsAYs SichiThd B Top A gharect e e sahis Aok and
extracti ogejafed frBﬁan{SJ)‘fﬁang tvao B tds o Wb %béﬁr?aﬁds q8) RVerthgdh&bahRBAT Of
trypsin/ EDTA using a sterile, glass Pasteur pipette attached to a tubing

and a nouthegceens, poﬂméxoéyrdaungloomsm,am) pléowing the ¢)4t1@1cuoand ﬂ@@s:eawblpdgﬁ ng
rapid tec

s o B 6ot ecfGimfl U RE foiRS i A A8 sAREUME 8Dy as soon

as possi bt@nsfaﬂﬁ&lpm hbploidPEg@ spEinT Gecléingtoddtnatiested 8oofte.C Bguty Bprovidesvel |
known for ES cel and may be applied to HS cells. See, for exanple,

Hogan, et agfhemadigaepressuntiogpl SE‘@?W%@“%? a1 opggwtsis: hawipe dheodifiprengs in

freezing, {; endi ng sanples from cell

cul tures. pk/@%ﬁ%%@%%ggﬁ?@gsgsﬁtl at1on @Hﬁgrl potent cells are discussed

bel ow. These rrﬂohptés usafel idake gnmttotﬁtl‘haeprmnt Inlverstianahayw e ubmmaahuangau}stl ve,
i st of methods ifferentiating pluripotent | 1's includin

el 15 of | oyl g KnayB Ak Mo oheea BE SREOTRUE nhgRn BV BRErp A ed

usi ng di f heheftd AbhPie SHADAIRILTEN dohof ﬂﬁlﬁdﬁal ahd‘féblé@@d%ﬁa%ﬁﬁ&rﬂ!ﬁ?gsoﬂmt

recited here, or not yet discovered. For exanple, Hol I's Tissues
Or gans 165d11®mglc89$ TO a®xinizd ylethd;csnp@'pauletﬂmsm indugel W@neﬂgdlwdual

PCT/ US02/ Q0107 .refer nce he(;g % %gnscr thods ge;)r di,recti ng the
di fferent 3?#8?5“ fom Ay 8&(}05? MR "f”rs %PBFﬂPPa SAMRdAFIPINS F it r o
-that may lgsnmgbﬁ%ntarbgdesf fa@:hﬂﬂgtbl%ﬁ%nr@ A&d &-in CHMbhRfigRHEth dxehh&k™N et
al ., Enbryol. Exp. Mrp 1985, incorporated by reference

her ei n, saggé@(B@mmtet @lheRQM Pm; 40@9) 8689-23 KB x ingompdynted by refarenee (LI F)
f ES t
rom k. Cglg%lfn g O Qn%%éérﬁ@lﬁgoxgeﬁlgptgw Zves “&Eﬁmis aﬁ&? {T&fe bk QI @E Ccystic

enbryoi d |-V es and

macr ophagesuml(PM Y todhiedic @dilh@lfe-sﬁhﬁﬂitidgﬁiwﬁleﬂ@(RSH)Candelhir&n thﬁd)rudl ng
neutrophils, mast cells, macrophages and erythroid cells, fromstemcells
has al so been described (See, e.g., Wles and Kel her, Devel.

111: 259- 267, 1991; Keller et al, M. |. Biol. 13:473-48G 1993a; and

Li eschke and Dunn, Exp. Hematol. 23:323-334, 1995; each of which are hereby
i ncorporated by reference herein in their entirety). These nethods nay be
adapted for use with HS cells of the present invention w thout undue
experinmentation. The techni ques described by Cho et al., Proc. Natl. Acad.
Sci . USA 96 9797 9802, 1999, i ncorporated by reference herein, for

Y _I:.:.:_,__,_‘.:
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al so contenpl ated. See, for exanple, Nakano el ah., Science 265:1098-1101,
1994, (incorporated by reference herein) and Nal cayama el ah., Bl ood
91: 2283- ;962051998 33 WD 02/ US7- 429 PCTI USU2/ UA U7 (i ncB8€paisez/edoby
reference herein) that relate to erythroid, nyeloid and | ynphoid |ineages.
Techni ques for eliciting the differ entiation of HS cells of the invention

into fol |} : ; I -eni I C at ed.
see, for EHHBFFLICE) Bnlflc @R, iR (E0). Refhefi ot TR RTRIAEET,
r ef er encethbeaisapmbifjve Ak ghoesisiyomandal p2if td.cldld Spriag Hagioo Dypbgates Prasy, al so
be used to dir differentiation. See, for exanple, Hole et al_., Blood
90: 1266- 129%)-1§§f[efaéntawcsa{1 of ssoveiation depends 9p severalerarighlss incGuing, But

- (i ncor por : I i i het | .

Li Kowi o, Tt AT AHE LBOERI HEIRL O tho KNl (A4, JTESBAGRAPHL i, g6

i ncl udi ngadministration, iamil thkexsttain BRARs ( PPARB and PPARy) and C/ EBPB ( C/ EBP-,

- C/ EBPB and C/ ERPa). al so triggers of term nal differentiation of
or ad pocyt es. PHRSRSAT ISk tiieh ah RgvEuhe IBRRUST s eV IR I 4inFohe
cont ext Ofyehiiftaryidbfapie® Rdusd ?%dasgt_, bedgogin &t BE, pRS HRL 1300V ENhOhtirdependi ng
on the function needed, differentiation nmay be asséessed by detecting

expr essi oeonéntnofyenich epehxrélcintenpouitéd by refarendei doy ckampletleganndgscribes

ti - if i t] . by examini t] h b
det oot ngie B e Ach i ns G SN R R BhrhERD R PR iBEH 4y
means sui §Abd ih Serial ORINAY, tdiaddd upERPhlafbh. BbR PMESakEhE S shdRlBedS for

inducing differentiation of enbryonal carcinoma (EC) cells into a variety
of enbr yosdneinistetedpiiotiorhe yadedse ot endogeyque 4.1t abhewHogansprotogolsnditested to the

under go. crBeete ShePRarChh ae8 Vol o Ryt hehibts R peCC o7 s ° "

| azown t Oedpetig@fatiogl | commitnment and differentiation into a desired cell
type or tissue, Many ifz vitf~o differentiation schenes involve the renoval

of growth fact Belyethylsna elxsot basailsd baepishewn i ifucs fusien ohpyelpied ROCYIRLEet hese
Locponss ok ST AR, Tl 1554 1555} 60 €5l 58 b 4 DAL

suspensi on®w rs, own a3 enbryoi d bodi es,
Wi t hi n whi@i{1246:6mdad84), ticombdiatédiber:fativefiendin). gelterhitinety, Nogass dtalf ound.

The presence of certain. cell lineages within the emhryaqjd body can b
enhanced ?m%g%(fgtﬁyaﬁ SHH-dincgrostied he r#er&ileﬁﬁwmﬂgzsaab?ﬁ Tgﬁ a1du§ﬁlfm‘§
factors a j : I : i 1 ¢ tain an
i ncr easedg%lyg%%rg}toﬁyﬁ S?JQ/%?E?EQ% ﬁ%ﬁﬁ%@%@@ﬁ&k?kk&? ﬁ%ﬂnd J():fathE’%gk:gsje ectively

i sol at ed. “cseytcHuvsian gpsodeictsg[OFP)Y Mhdbarie aflegn aindergd (k) firstistages a6 @Mbhionor por at ed
by reference. herei for .a discussion of 34 WO |12/ 1157 PCT/ US02/ 00107
o1 ur £ pot oREvAEGHTE dior & TEHAM L 2PFIAG S0 cr NS e Uy s Prlaci e Biladpi s of
such di f f gy ErUSERtARIp SRR refeddiice hreidICl ude but are not limted to

cytoki nes, hornones, and cell-regulating factors such as LIF, GwW CSF, SCF,

| L-3, thyroid AdematzelyTpeyendingrihe exttusicacafdhe fesam polpt badybirem oogytestan

factor . vieEie R AVE: A arBlRdiRRoRudtt fuy AP bmb e doyt K Bieiahe, P ©
been showHogsh eradrsapfa, gpf 43 E3U, m%fdﬁﬂhiﬁ@@edé@hgb whith @kir dhimulvdRBls dteBéD! .

79(5):243-8, 2000 (incorporated by reference herein)), inhibitory factors
such as Lpte mgntagedan giseintion of dui sthaoh imBubecconnPid koS mimpesy mashedeyitls j n

the undif i i t ( t

o0 4) 12155 B4 SituBuh 681 RorB R, (AN MR o'y icourdiifhoveg, .,
shown to bYtwathenewithdydividredent Dmhatore, fflloshing thedirstateoiid dvissorf andoni t heir
putative progenitaors (van't Hof RJ, et al., FASEB J. 1997 r, | |

(4) : 287- 98°Pafaign ogﬂlepf&rﬁb?%i%@c{)fyo?‘é’ﬁ?raéﬁ%e_ aéimstggkpgg;ﬁ@na/ggn B%léén shown to
-play a rolgqded thelsBodnd helit Qfidide WAkl MRBuRtcdbs LPehARL L VHr&NHe SRhikA6D NI
Prolactin expression in inmortalized GHT cells, thereby suggesting a.
mechani s mibor the sperno¢ani regmihnicket bynexpmsingooytestosagents sheh as€o  dirfopbonent

.anteri Ly |I.s_(Lopez- Ferp t.al., J. Biol. Ch
375 oy 2bhe Y it o bRt FiaicBh AR IS L mstrisis Tt B Brmsi e veo
growt h f agé@hd pBREFodY karydRinesi dsepBRliof WPBIROADsARLY) @ﬂ@_hr%tdkfn%ﬁg EdHris R 7N

while ciliary neurotrophic factor and thyroid hornone generate cl ones of

astrocytes and ol i godendrocytes (Johe KK, et al., Genes Dev.
10(24):3129-40, 1996 incorporated by reference herein). HS cells can be
i nduced to differentiate by transplant@ation r."'~i vivo, preferably iiz

situ, where the cells undergo histologic and functional differentiation and
form appropriate com ections with host cells. Endogenous regul ation factors
| ocated in the transplant site can direct the differentiation of the stem
cell into a particular type of differentiated cell or tissue.
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great therapeutic inplications, including use for transplantation purposes,
or to enhance the HS cells can be uptake and processing of nutrients, or to
direct pawoerws78® WO |12/ 0OS7~29 PCT/ US112/ 00107 fornati @ar/useadooed to
differentiate into endodei-~nal progenitor cells by treatnent with high
doses of RA or by nenbers of the transform ng growmh factor (i superfamly
i ncl udi ng ; i i - ((Para a I . r od.
Fort . Dov a0 UL BEB9GREY necrll Rldhe, B irkieR (s PRIttt 0

di f f er ent DMAP), ar cytethabasin Dutesultiag sty e antivatioanf excdngiprid ocsyiesendal
differentiation cf%n be i nduced by hexanet hyl ene gi sacet am de ( HVBA)

( Andr ews, SURBRAUENY I9Ematiefpoly! 3“1@’@%31 KC BRESCD rerfedopiets thepreduets 9% cal |y
-trigger didfefgentiation into parietal, or visceral endoderm (Rogers et at.,
Ml . Bio. Cell. 3:189-196 1992). BMPs are nol ecul es that can induce

cartil age and bonethgr ewbodinmeny, allowingithe BiPusimssiiye seand palas bodxgandssed i n

: bony ti. i ncl udi ng devel,opi ng h ir folLicl d
Cont ral - nERBRLTE VPR RECRAIG G plRPRATE Lo el alosp Pr R Hent and
di f f er ent p@bh9Bin. FrheMaBRIY basidsCoan Fekiidy AhAREY kot iskirk bRk e wRibadi ment

of the present invention is a nethod of grow ng cells and tissues that nmay
be t r ans plixisiass anchths regiling diplaidiopetesorhengncublatediunder anpropriste di seases

or neur odssishE et £ SubsP RS BhER o ey BF NG G o BERRRL "M her
cosneti c BpAbi, 228, ealQ ik R dpERE,SU 2): 7BRONTI (2994)S arick K Bu fiaaf WEHT @ralhai r

repl acenment and/ or other such applications. HS cells can be induced to

di f f er ent Fabey/ol. Fxp. Marpbels 78y348010f1983)ssues originating fromall three

gei ~n | ayers ( el udi ut t. limted
to skin, hair, §%@§é@?@§ﬁgﬁ%ﬁ%&1 gg [ i‘%g&g%"%@‘ﬁpg ,g“ Egﬁgfamﬁggl@mﬁar row,
pi t ui t ar yaryl suftdble metkod kinvadiahe afod yeittbde discowded pagiculglydthagnostic or
therapeutic utili L}/ in aw’ | s, includi.ng humans as described in U S.

Pat ent ApfVERiqnehindbe figld ¢dgn visy tetilization. B greatedIS peldsfos nesiaie mpsl i cat i on
Ser i al Noﬁpeﬁﬁé@(ﬁ?(n%ﬁis i *&SmBLe?ég Qe RAVENI 20 IRHOKEEGS 6 fIER! @@%@Jﬁdt reating
a disorder or disease state by ¢generating, Irt situ or in vitro, suitable
r epl acenefusioneah be agriovmbusirig welldestablished stesdavd teohgigness. fRaarexampleat ed HS

B2k, TR ITSLEl OB b
precedi noh&Eint ielgéhes udelbf lé%yg%ﬁfbtm&ﬁ%itg Hdul yreshikigh b W% %f 997, 240, and

U.S. Provisional Application Serial No. 60/253,943. 36 12/ 057-429
PCT/ US02/ spemrodtids| andshe exdantual firsatide pfa singledicsame (syinatmesome)c| ude but are

not limt tQ traunmatic injur e. g. t-trau repair. and .

reconstr u%ﬂf’%lﬁt,eh{" SO sPg aé%%’r(‘r%’n@}d%sgﬁolﬁcﬂnp&%ﬁi}aﬁaﬂj%%Fﬁ{lvag?ff?ﬂl}g and t he

| i ke) andmbihbti$thdeihe&nswnpatiedrgi cal and nmal i gnant conditions of the
cells, tissues, and organs (e, g., cancer); and degenerative and congenital
di seases of t hHORGRYEOUsMAstmeiofsd dilowdigsThgeldy e bedagvestedyfiom & dpnasr osi s,
nmuscul ar : i f 1 ) S J 'S,
Par ki nsonlg%l?é g‘ﬁ’&gﬁ%ﬁ’r@%‘%ﬁ@% [bg{stli S), et%?%éﬁée(i\ﬁlﬁm(ﬁ%gmémﬁhé@% n@se s and
myopat hy, fieltl € imsitdocfextdizatiam dS et frerexamplepiones stad.c Hemil. Sterldi ¥7{ ORH-2%€nzy me
defi ci encj sych as Cralnis di sease, and hornone deficiencjes such as

di abet es){lgg%laﬁwm%gaﬁewcweé Rerspyraling oocy e ioE Ry 2126158 felhglegneni a) .
HS- der i veg; ] i : ; : bj ect
o nocd. 5oy or Tp T oh (S S FRES A NesHibink 1ochAIR S fkclfl del?]
gene t henfrapythé epididymis amhtesticle; Sticelebalg delaRyprdd sRes £38(ha61-8¢199ad nuch

success. T are many. reasons for thj t gi.gnifjcant being the

i nabi | i tya{ﬁif%ﬁe ¢h3 ch ol e TPy ﬁ“@g-l@%ﬁ%ﬁb%ﬁoé@ﬁq@lgwﬁ 1ugs fg{ is stably
-1 nt egr at eglyRPRnANP hEAAnateesli drioRB abhiot-to 98 BRIJIGIASRIRIYS dnbREAPYhdRY be too
targeted, for exanple, gene-corrected T-cell therapy, where T-cells wth
nor mal DNthigoentpris af theanrebéranges drd erebypacarperatediby refeserncederer.e combi ned

-1 nununodefi ci epgc isea SCI including, the ADA deficiency type. The
probl em f aced 1él%helg’i e eglta PH%IHE%}SP@%@;{% ﬁ‘g!:%qnl Cé?aéeﬁff’%taﬂﬂﬁ%e@% y one
type of afid Jg@ioid @8Hn aehigd]ei toan@AucléatedBasyte. ISHepFRaRy,aRBNPEmbEr deri ved
fromthem Yet another problem faced by cun~ent application of gene
therapy, is that the product or the exact function of the nutant gene may
not be known or the genetic disease n%%j i nvol ve an entire cascade of
factors untreatabl e by gene-repl acenent.




The present invention provides a neans to bypass these concerns. HS cells,
for exanple in the context of SCID nay be transplanted into the bone marrow
of the paoe2ies7¢29ch t hat | ocal endogenous factors derive BATAINI1/9080T ange of
T- and B-cells. Issues of HLA conpatibility, or graft vs. host disease
woul d not be an issue here as the cells would be inununol ogically
conpatible. .Simlarly, HS cell be useful for the treatnent of genetic
di seases ?@éqldgg%nggéls@&%gﬁt%{%gpnﬁﬁg ap ﬁg?cl?aé%%?qcy#entogr?ﬁ%%gW}b— gene product
or the abgeileRd@iplaid RIW Rarili©theolRR aneit [feMdtiontdiehd diat fRan orof

Phenyl ketonuria is elimnation of phenylalanine fromthe diet of the
patient, Bmania thapewfe ceplasmolhpderrrdwcleaemaisripheantbedigrvastediagdi@dnvert it

-to tyrosi i td : | r i e

pat i ent s, FoisRoEe PRt Bt SB35 e DL BRE Ik BB iE8E 00107
Si m | ar | ycanHie peefobmedraying itdttiniguencpivadtionapil the aitt iod nsvilro feltitieaimséd ke
-Haemophilia A wher ifferentiated HS cells may produce a_m_ssing gene

d
product, HaBaEnENer 8,948 SEAOIINITHAL aisenekoonissmidirkewh diveasoient | on
. h ¢ . Ol o . . .
vive, pr oRer Rty RS Ml o gt CbTEhid Ofe B0, Prdon IR REkAL LY o
cel | s undesfgendeiteteihogi ¢ and functional differentiation and form

appropriate connections with host cells. Endogenous regulatjon factors
| ocated in t heGeRetitappéificatiqns gnayhe IBV?@EFEEIH%?@ ¢olls by PODARESAUF t he stem

cell into 11 - gl 4 : i :

Al ternati t\fgffs?&&lé?géfﬁ)‘gfqé‘%gﬁ‘i}gélagR{“f’gﬂi ?Ig{regtr%?’idvéfaz8£Cé@{tr%18§’t}%8trenta } ssues
resul t froeotattemsfeeldnd synthasolendrachnsier (dig, Yigplabarids, siposdneespad icoldsidum and
the renal capsul e. These and ot her nethods are described in U S Patent
Appl i cat i &MY 8¥?Sgl No. 09/997,240, and U.S. Provisional Application Serial

No. 60/ 253, 943pelials BbiisbRAAERS cbBOH&hH: fHReC&l ﬁaé&qutfé}ﬁliEécﬁﬁﬁﬂécyjsﬁvem ion
can also be differentiated into selected tissues by i~z vivo

di f f er ent argtknowniin therart nSuchangthods mabeaadapted Hoisbliveg HYcells Gloat then of t he

said tissues for a varie of...t herapeutic uses. A he cglls.can al so
e oul t or Biteod i bRl TRASRY o BxtRER et irutiF oL fl bt s08.

di agnost i obst. Gyn DEP3H7131 Y1990 HIA. PYREIINSIS 863,780 (HRofiRbh &t &) @ndONPZygous
and carry_only one HLA hapl ot Thus, a donor cell has only one HLA

. pe. ( .
hapl of ypePHEIENO.MICHE (Rien et 11d, the epbeta ! NhishaaelinsprRoRyd b rafsrence
heterozygﬁ‘%instem cells. As discussed above, there are 22 different HLA A
anti gens, different B antigens, 9 different Cw antigens and 18 DR

antigens. Wt hHSuells aail b¢ gedacsiifesm ahy peimalrasidrimatbliad ahapbat ivipag, a
conpl ete match of twg hapl ot ypes between §§reci pient and a donor is quite

di fficul t 20mal systrpa+ Betdamared nog-humandly sellgrue conemplafed by, th pepsent

di sequi | i Rk LR o 21 fid h&Gatd b 18 he
chance of%i%lﬂgﬁl e{fat m%%%ﬁ@f@’ﬁe%%@gﬁh%%%g@é@%%% one |nk%¥%f8cgﬁta8&one in
several md inommidelsefigy, reptiles hieds andampkibeans.o, a one hapl ot ype match coul d
be achieved in less than 1 in 200 persons for the conmon hapl otypes (see
Martin et al., sup~~a., showing total disequilibriumof common hapl ot ype of

around 172 forcthe gfégﬁ&ﬁp@ggd@&ﬁﬁk%hﬁ%{:get he United States). Thus, HS
cells can be taken = / (157.129
Harvested homozygous post-meiosis I diploid germ cells, produced by the
method noted above, are used to obtain HS cells and, ultimately, HS-derived
progenitor cells, and other differentiated cells. The present invention encompasses
further selecting HS cells for the immunotype and genotype of a target gene such that
they may be used in the treatment of diseases, for example, by implantation or
transplantation to an affected individual in need of such treatment.
Homozygous post-meiosis I diploid germ cells may be initially procured from

an affected individual, in which case there would be no need for matching
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PCT/ U S02/ 00107 donors of multiple ethnicities to provide a depository or
bank of HS cell popul ations that inmunohistologically match at | east one
hapl ot ypav@e/e57€¢ by i ndi viduals in the popul ation at | ar §6T/UppE0M&EDosi t ory
needs only contain about 200 different HS cell |ines, each having a

di stinct HLA haplotype, to service nost of the general population (i.e.,
provi de i; w,ﬁg SWPﬁéri' I |

preferredmem 0 |né(r??, t he’ lﬁet%eoga':asltsIgﬁ?%(?gﬁtﬁgﬁﬁEgse&ré:gdtkgil??zgali}{e%fm]iogr\ﬂlgxanpl e
as a searichelbled, @ompelated ta thteabeipent, theré mci hdet doweselasting éor imnaysiotypscr eeni ng

For b odURTFTEO ol B PR IARRSESHH SETeOb 2, GEHS S DEUTY P GLRRett rom
-nul tiple garYeen bfé%?du'sb& inﬁﬁ'{ﬁm@%’fﬁ%@cﬂﬁy' Q&E&F BeleRaineStub@énsh a¥diRdobrié gh
probability of having w dely divergent A hapl otypes. The donors will then
be assayeprefepredt fowévar,impises yherceanchifpetedtipgividugirufferidreme gtaeticved from
-sai d donors by .mtot.ically activati opar. _hano ous...post - nei osi s |

G ol or d qupries Gre-o Pis e sl Bt e PR 8 e ST NSRRI L™ cach of

whi ch conin@iafidn dRirhProper &@rdssivhy St rahyohd plelfahble So heHERZYAMISelf donod parti cul ar
allele, isolatin cells fiomthe selected ICM and culturing said HS

cel |'s to Atempdvandhisgmothseobiscicad|tis invsaton Hyteng skilledia the@de{pe of each

aasoct at ot Ph PEoeefle OO RRT oLk A MBS AR WBRRRET o< e

illustrat ?erﬁmr(é.@ﬁl’d:éﬁs lbkiap alfhwedde mnstd géey, thestells oapdbte ¢fr acti ce and
utility of selected preferred enbodj nents of the present inventiagn,
al t hough e¥sssingdhe defidentapne, Puk selectiomteghnignes mavelse hgusad tap¥eidddyur e of

t he prese javent : t LI Exanpl e 1.
Hom)zygougﬁ@%ﬁ%éh%gggir%@ﬁ%ﬁg&dggg%@k r@0 ILJ]HF ?%%ﬁpiag?'i on Into Progenitor
Cel | s and Var i Themetlssifesptiuding a homeeydovs pypulatiorCef calls ayralde Bt hi n

St enpl asnms  Ex le 1 (a): rivation of HS Cells from Mouse, Post - Mei osi s |
CQocyt es BVa‘)ﬁB?qu%% ?%ﬁelﬁﬁlﬁieg%é{dh%yfeﬁﬁ"é%’ﬁﬂl% eI éSSEX’cnlgdg? BHOBROtY PR
Secondar y ¢ I 24 - . ﬁ]%% jice (Charl es
Ri ver Labgﬁgagtugrt@gy\?vf nﬁ%ﬁgﬁig%h&n%%ﬁ%%ﬂ%ﬁ%ﬁ%gﬁ% ed ?/tgéucualperi t oneal

i nj ect i onpomiflatidns. UThG@ate bfo Bohniq® wBed OBTertlyFoPEsshe MRy, 3edgiqal Ehmant

' { tr.opi PMS: P , t TX.(29- 00-1B d 5
" S00 ST ERR i)l iglcanr O Bispke R, 1%Ese i puseipy
(C8554)) w &Ecé&eﬁ%ﬂ?ﬁﬁﬁfﬁ)ﬂ%’[\»ﬁﬁ'ﬁn& bR dedtfsdivesw. Seventy-three oocytes

wer e harvested about ours after the HC Ginj ection, and the cunul us
was r enoved by i ncdibaldrpiggichkTéahaiguey obt ai ned oocytes in a drop (~300~1)

of hyal uroni dase L.ana,,.04272). di L uted i.n . M2 nedi a 6 | t final
concentration E?r %%’lgﬁlﬁflwpmigoq)f F%eﬁﬁ%gyt,én&géﬁ%%c%mﬁv%%é@ ES)"J qggr%fg \V/%
medi a bef ggokiviatdte 20MmABEhithgoagtitad Klsod@ricacduird fosth theakeeigiday for meall ment
with 5 ~ Mcal ciumigngophore (Signma, C7522) solution at roomtenperature for

five m nutless Fand cdassdl issuo tpgs Kok clips HYpiEersasgmpds olblRed isdifeied Wie oocyt es

were furthey i JeRLC: I i i 1 ine (6DVAP)
(S g DR g8 i icbEHARA kO IotemaIb bRl dRL e AR (O
5% CQOZ anfhlAeghtive ®adtoonss Thékirapletihihen tayeheaitdntomna dewsitytgeadiemmecdnashed t hr ee
times with 6 media acid i ncubat i dr of 6 dia ynder m neral

oi | until a@vc_%@e of s 0 shsei e dbive spband BoFwoP Gy | oytes.

bl ast ocystk kéﬁ%epga????l hi?édﬁﬁ@dt,' dhdhadsa o‘?'i'}trmﬁl:locty% iSHOREAM Ng zona

shell, and the b st-T1 ke masses were then ansfe(red to a
m t onyci na®therdubeahdwashed. dhb tynapticcytee extetherceduntédaandradiusteddalat ur ed for at

| east 15 da LN ES nmedi um (G bco, Life Techpol qgi e Raockville, ND,

1165- 065 HASATIRS08R1 B BOY P S98) BT PeCELTPe TR AOTUP LRI IOR o i of
LI F ( Chem&zpThededhahddtellh anid SpR1P el dre nddBatk@ iWEIIPHE a 1k A8 Adulch elay ,

I mmunosur gerﬁkwas perfornmed to renove trophoblast cells from

bl ast ocysthe kA antisssessbipd tosnecidigl cell mengbrane target paiégras opyhe svefaepf Bgi ng

- procedure t ched t <L es ¢ i i t it h

bt - mous e SpOFIARER r oty BEARRec il O Gl BHRE, a0 "ac i at e
Cheni cal , s3hésit btisampRiienAd BODddedas tysatid cdllsMThe byIEORDClyEE Snlyabldnt serum (
1:10 dilution in stemcell nedium Accurate Chem cal, CL8010) for one hour
at 37C. after washes three tines with M2 nmediumthe bl astocyst-1ike nmasses
were then incubated with guinea pig coig)l enment { 1:10 dilution in stem cell
medi um Accurate Chem cal, ACL4051 ) fOor 3 O mnutes at 37C . The
conplenent-treated cell nmasses were then washed 3 tines in the M2 nedi um
and tr ansferred to a mtonycin-C treated marine enbryoilic feeder cell

| ayer for further culturing in stemcell medium consisted of 80% Dul becco's
nodi fied Eagle's nmedi um (no pyruvate, high glucose formulation; G bco-BRL)

o . ~ NN g b — e — _ I



WO 112/ 11S7-t29 PCT/US112/0111(17 mercapt oet hanol (Sigma}, 1%

nonessenti al ~am no acid stock (G bco-BRL) and 1,400 Um LIF (Chem con,
ESGL106) wNbrer74w5 days, inner cell mass-derived out growt RETASHIZIDOEND wer e
di ssociated into clunps by nmechani cal dissociation with a m cropipette and
replated on nurine fibroblasts feeder in fresh stemcell medium Individual
col oni es di vidual |y

sel ected i{)\k}ér}lsglrlggﬁl%eﬂdﬁ%rgr%%ﬁ?%ggﬁ"?{&gmg@éggg er %feg%frﬁl%nps and

repl at ed. ly@iphecgss,atdlicls thed aetivhteqoamdanicnt ¢¢ddingrte$e1&\¢ys1sa Ipassegdurdy 5

m nut es exposu 0 i i >/ EDTA so i 0.05% 0. 5% bco-BRL) foll owed
by furt heﬁ)ﬁ’)%%?‘{ﬁ\‘ %lwgengg{ @@é&éﬁ‘ I f l}esc{eagti F%PSF %@Qﬂﬁg B EGACHEnR. ﬁ fihs®e 15RO Mur i ne
enbr yoni CIyélsbéérﬂald%%{o%stfaﬁﬁﬂefcaﬁ?gAﬁegaao@rd%ﬁ&hased from Stencel I, |ne.
(00308), and passaged 2-3 times fore use. To mtotically inhi b|t t he

f eeder cells, borclad- IhmMgsﬂlecﬁecmmirdahmmﬂd&mhmdmatddemﬂeEDﬂ‘ﬁl |Bhewas treated

-Wwth 5 mM of C DVEM 10% FBS di t
37C 1 ot tareade g MoyPued TG Buobmagiiti tiade REmAREEE G (b 5
DVEM 10% FBfodilsc@se pdliHaes paibleS &k #Y ntaylo&mms.ﬂnab&ﬁ&g) QRd Blacaffm d O S

m nutes, followed by neutralization wth FBS" medi um and
centrif ugmtagmtlcaﬁelcioAs CIaperIfaotlg@lsmrmmm@sed‘ QEBmeﬂ&rthczlrmmmmammel | pellet
obt ai ned was.then ended 0% F S on

Chr e 60- HAaPenal ERHTRE Bo8Geibhel on bbb Fap e cinaas seim bheA <hfs 57
over ni ght aiiethe beadiSe captai@Rbe tHd Mhgledicifed, vaished, ah@c&‘ﬁhé@u Z¥@gys For a
Speci fic Genotype and air |znnunotype From Fenal'e C57/ DBA2 brid Mce Five
femal e C5RCBAQUEsy bk sfdnéﬁrd@omeeswmcﬁogl ﬁs)ﬂlenusezd e adymphdoyoroxicity H- 2

bopul at 1 oft Hdsgtb Babpve e g? 4HGRF B pisalinpene et s R BRI Fur o
and then Tﬁél?@h@@ﬁét\éﬁﬁlty%akfs fdr@h@} @&Gﬁbéd REHBE et QUDNIPBARSATEL S Wer e

i mrunot yped | -Ebeta in | oci (sequences of PCR prinérs are: Ebl :CAG
AAC CTG A@DZEXZTGMZIL@&P £B4 (19935 AGA CCA GGA GGT TGT GG and genotyped for

gonom o DA oxt PELPRBIEY Bl ] BRE T e SEREIE onatly & Bt g

D2mi t 42 ninghoselbgichlly el@hk@tlriodd amilseea HiS aaeéd ® IRInHI1AST s eElld) Erobh
exanple 41 V\D (12/ OB7~29 PCT/ US02/ 00107 1 (f). I mrunotypin of H2

(I - E- bet a3 rekaigd Breldm@hﬁ?é’oﬂ%w F8p cabptgd Rekbipegup ré%@%o%@mlﬁ@lwtﬁsal | el es
using sin a MDE
gol | (P Bef S ne RRYBITRA t2&2?5“5%%%‘1@%%@aﬁﬁsﬁm%%hgf@%%ﬁéﬁé@%

repr esent tieistem &gl sml‘dceé |Iﬂpcm aktivati@r chbmpranien? WBRAZe ihyduselld alfowidgalien shown i n

Fi gures 9A n whi e (Figure 9A), and her superovul ated
oogyt esdeﬁ@éﬁ‘lbtﬂség‘% §tf“nl’ P@%%@S(ngu?e 9B) Zind t Wo repregent ative
col ony (Fi gur ege@fnsaftds gﬂ?)leefrrvﬂ{&ﬁewsddefﬂg%1gmno|f|§a<f§éahreléddt21§?rcﬁfe?fﬁb@"m The

genotype (Figure 9E) and | mmunot ype (FI gur nouse (Lane 1
), HS cel molqcnbs,lat(tlnlanalyzgtagembﬂemSopmleht mqh@ummsang (8P seatendl igfia)
denonstr at,ed %a 1(c): Devel opnent O Bl astocyst-Like Cell Masses From
Human Di pmﬂ’ bd %@?8@ dBy Activation Foll owed By The Prevention O The

Extrusion O Thean alternative embodiment, a mixed leukocyte culture test (MLC) may also

be used for recipient and stem cell class II molecules. This test, described in Bach et
al. (1964), Lymphocyte Interaction: A Potential Histocompatibility Test In Vitro,
Science 143:813-814, measures the response of a potential recipient’s T-cells to
alloantigens present on the cells of a potential donor, and is incorporated by reference
herein.

2. Molecular Techniques

Genomic DNA from a blood sample of the recipient, or stem cells is required

for these techniques. Genomic DNA is first amplified using a polymerase chain

24



Secondary Pol ar Body. Femal e ovum donors underwent down-regul ation with
| eur pol i de acetate (Lupron: TAP Pharnaceuticals, Deerfield, IL) and then
began COw@ @mer7swl | ed Ovari an hyper-stinul ation) by recei PCRYFSOIZINDTI e
stinmul ating hornmone (FSH) (Serono, Gona-F) treatnent at a dosage of 300
| U day to i nduce an appropriate nmultifollicular response. Wen

1 1. 250NOGLARN B kSIS WALy [RAYLHMEPCR: IFbmsd mbag! e 10,000

| U dose o r|on|c Serono

adm ni st eDBIA cantlet banpedabingliwd tdchhigubs digesidor with esxti@BnRarfeesTed
appr oxi mat eI .36 hours after hCG admnistration. Cunmulus fromretrieved

oocyt es rictin Faerasnt hepefbibolymarphismanglysis), or by bidiaatianoritlms e

. appr oxi f | d
ol st 2&?‘ 3R AER Eorlco UL froB (SSTY: e RHI IR bt edlast &

I nc., Sanrchaelgand Gire 202nsntim2thod)as 1t‘®eanatcm@durcsﬂadmatmte labelmgl wation, the
-currul us free mature M1 1 oocytes wer ]g. treat ed vm al ci um, onophore

(A23187, @P@Wﬁ}at?srPnHEﬁE%ﬂﬁ’fr’fch@AZﬁf FecHicHiRyneomea lehee t?*sqe BGAIPEYIS washes
wi t h HEPESy Wk 'b@%%{eﬁ%g sh{g.g} ch@clér&%%@thgﬂ 1B LAY Al BaRUENe

( 6- DVAP, Slgma) WO (I nVi for 3t05hours at 37C. The
activat edamphﬁd:(bENAsr digure ﬁﬂ'mtsedstnctldm@dmﬁclmds that by be nsaiCar eassAD06) f or

3d , d f bat.ed i VC TH Vi t f d f
cel 1t vi BPie: AhORIaIEregUbEy s of b e i i R ateideabins ) ™ Socyt es
were co- CU' tur ege Y5O andl9sRRLGAreb BRABRIARI INAGD bg%‘mﬁ')&hzeMQ1 5%910%157 129

PCT/ DS02/ 011107 6 assisted hatching was performed under a m croimani pul at or
under whi oiendrisieaandothgs hybriizedawish welected mdp@dtlw eligonhdeptadedirplespi pet t e

i t.hat..th d LI ith idified
Ly odes s SRGRIER PHanF Hy A1) i Aoae RECESSoRs bBRmAy b o or s ©
exposed t glatdme tﬁﬁﬁg VARSIt Jf s SRRRIGUS,The¥RAbndeBe@sE Biifiefping, odes

sol ution ggntly over a snall (30 microns) area by holding the nee e tip
very cl os&3F0, Mg alse g use Jders; the sprcifidiy ﬁdh@iypmecﬁyﬁymdaeertgﬁtmtﬂ% was

b1 ast ocysIAriwE QlidentiRBUAORTHER A b BeiR Bekfe Ui attich bt Lﬁi”eif tor
bl ast ocystorhpléglymafhe®baaleety il mhae@icieniied i gRBCRBACHET il ey t

renove trophobl ast cel]ls by incubating the mass with anti-human Thy-1 {1 10
di | ution rwn|bveetppurzéesm§@em0ﬁ@ eelelreﬁrpeeﬂreswed pepslumipatienp 41 S- CDY0) and

ti-h I i I
?:E8Z)105m1figr )(;n our a{n%g-%)ég'gﬁc?lt%%#gg hﬂelgc%%{g bglﬂt&ﬁ%e@slgﬁvag lltﬁlﬁltﬁ?g?/gg? amedi um
t he bl ast Aays8bodki dxte99|;rB§R diamctenieatiomafifadyraciphict thickdSuvellDX @i dNERADi g

conpl enen 10 .d tlon in I'VCTH CL40 fo 30 m nutes
at 37C. f’@ﬂ%‘bﬁ’pﬂle unpgenct %51:147CQ]| %&%@gmrﬂgﬁ?ﬁ%ewagﬁ y§ ¥ines in the
| VC- THREE plgglit Weaont r ansferred to a mtonycin-C treated STO (ATCC) feeder

cell | ayer and cultured in stemcell nedium consisted of 80% Dul becco's
nmodi fi ed Eagl eChanegrigatiqoef noyymuerahis, mﬂqrcghtegitebmsef HbAneaavmfetmed G bco- BRL)

| 9 f
oM per captee e fef Puishi fe HIN hifiaSBE A Kottt abT g oo PRAR Mot e
and 1, 400u§é/ﬁﬁfl1w1|}én|'_thé@bﬂdﬁaﬁlﬁ&ec1ﬁ§ﬁ1a¥gﬁélatec$eﬁs Gegwibed bOMarkix 8@, Supha( d) :

Devel opment O Bl astocyst-Li ke Cell Masses From Human Post Meiosis |

Di pl oi d ObEg] ewnipys pEpisrasatdhtcrepaatiwe (@pdAnteesppised ThBe Bumpy Senomer The
Secondary

oo TRR B0 A forSE e B SRR ASET R i,

were as deﬁergwjﬂglthem btilanak gerdetic arkdrs. AoebrphicAdsatellited withiaok nuaatth@n the
cumulus free mature MI1 oocytes were subjected to_shamintracytoplasmc

sperni i nfledt Were typesspnd s(egueﬁcmi by Meartin gt i*lo roep KigusRi 1 é&d’ (Y PEREFTHSES I owed by
A ncubatl 0Q, o utes at

33C. Qocyt e@ﬂeg% llﬁggt%g lﬁt%é E‘dghérrgﬁlgéggkgét%rd&%ﬁ&%a%cg (k:cgﬁr%?aor {}&Lo ég ody and

becone hapisedqullibiBumn tbehwqmlndh@kemcm’saisllntﬂraadlcaﬂmbéﬂeﬁ alleled Qt@géﬁtEthla‘edl um

-(InVitroCare, Inc. .or 3 days, 43 02/ 057- 129 PCT/ US02/ UOL1( 17

Fur her 1 HeG GG 1o er BBt Ty PIB Gy b el 49 Baf b HEWet vi <1 on
and bl astocyst-like cell nmasses formation. The subsequent mani pul ati ons of
the bl astocystlike mass were as described in Exanple 1 (b). Haploid oocytes
resulting fromactivation are able to self r eplicate their genone w thout
cytokinesis and give rise to diploid ﬁzegls {Taylor, A S., et al., Hum
Reprod. 9(12):2389-97 (1994); Kaufina MH et al., J. Enbryol. Exp.

Mor phol . 73:249-61 (1983). See Figures 10B-D. Exanple 1(e): Muse HS Cell
Gowth, Differentiation O Such HS Cells Under Muse Kidney Capsul e, And
Enbryoi d Body Formation OF Such Cells
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HS cells obtained fromblastocyst-1like masses as described in Exanplel (a)
wer e seeded on nouse feeder cells in 0.1%gelatin coated dishes (10 cn

wi th stew@ed/ds7smwdi um as described in Exanple 1(a) to col 8Gy/uUSe2/eme1 on. One
colony of HS cells was dissected into several pieces and inplanted in one
of the two kidney capsules of 26 hybrid mice to induce stenplasm fornation.

St enpl as S he

post i mpr BV EE sk 0fhe R XA5h3a Y rB@Oh d PSR SBRENT 1917, ¢ o oo
st enpl asmiemsatéilikdd i n fonnalin for norphol ogi cal studies, and the ot her
hal f was frozen in -80C for nol ecul ar characterization. Sterrpl asm started
to be foaned to a visible size around week three. By staggering the
harvesting of st er’rggaﬁga;lggygél&qﬁg één%ggg types that devel oped within the
stenpl asns were st : s identified herein were produced
within said sﬂﬁnmteaﬁmtanseseltpd; H&]’GBSJIE}’IMSPIR’( ﬁaShwmese‘nnedfb;algt(tR based
-allelic anal ysis, descri sectj.o create enbryoid

i ﬁo in a.
bodi es ( BEJOLYRES Aenetsd ghove, BiSnfaieel §ﬁn%éﬁ’eemftﬁ‘? EQmWéé’ﬁng RIFIRL PBS twice. | n
of Tryps G adged I t a
t enper at EI‘}VE&EEIQ %Bl? H{alt |&}/e mth%?gg Snﬂ%gﬁﬁpop?rrlgh?ﬂ?n@mh? hgk}\@added and
cells vvergenettwfstequhmy tlmt tsaidt liskedogratianiogys plims diothosetinst80es ivharefrothef i ve

m nutes. The c el |l et .t hus, obtai ned s then r ed in 5nl stem
cel | rredlgﬁm’\ﬁff A Ct%iﬂ‘ﬁﬁ}l‘ ﬂé’sc?e‘?alm?{ga%%ge li‘bﬁ‘ﬁ{) gdid 156838 s were then
seeded ORfQrderSiy %Hi%@%sﬁ’(@' td 'aﬁﬁ&fﬁé é’bﬂokﬁe%’i‘ dadtens cbiNay<Usn B Siag idheedcat | onal ,

171099, 35x10 nm) at x106/ 1 Ocm di sh lls were fed in stein cell nmedium
for 4 daylgnowmsz}’@w mﬁ-ms)swﬂadzglem g&r@rqﬁlltand Sd&ytsOIth/thOﬁ%m@ﬁlé?thnﬁg cells

into 15nl tube bout f|v mnut nt|I th to the
bot ¢ om o e S Eiteahlepd, P Bhaua erolsting Ry BEII | o' 44
WO 02/ 056h638 bBETiftihapiiPfrOf rthdratelfelopmee Ruchl] dash dendilzeandeNeise al | owed to
aggregate into enbryoid bodies for further dlfferentlatlon Exanple 1 (f):
Di f f er entdiplpidomddroniagieenstier apattiguloy hawletyme r Heausneach napulatipe ofeallst i ¢

Honozygosi| f t re
ot evedrpigerpSil Py e Rl R G R RS 46
Washi ngt aad thGterapiasin [9gsam) walh homf)geﬁ’&bimlﬂ/ ogyy oiNeapYatype dinthe etler,tnpt  New
Yorlc, NY {Dr. J. Liu). A variety of different kinds of exclusively
dlfferenth0 ‘ed tissue were found in twenty ovarian tunors fromfenale
patients. D ffﬂ{e?ééﬂeglhﬁf&&dﬁédﬁﬁl MRS Fdraudy ?/ngq el cBhdit@forc@nt 1 rmed by
FI SH anal ysis carried out In re esent at es usi ng net ods known in
the art, ‘ganbtylbqb’mfmﬂqiobu]laaomr Mme‘sbdgm withcblnmwmesomo%mshna)le BEgaetin 3 and

12 histoloicl areas of f t n ffer nt.i at dtlssuefound
in seven %ﬁéﬁgt%ﬁ?ﬁ%‘c M&) "gﬁaédlaﬁl fiﬁ%Y eﬁf”é’r tunor s
from mal gepatdneiitve cWRr enb dambitid @ﬁwany amplifed, 'u\éﬁ'llgﬁ:edﬂnﬂu@éj sscheRtpesR,f i om each

case for genetic analysis. I'n each case, differentiated tissue was found to
be genet iandiclonefl dordenjrpoansartialma comgieté genstic (‘library™t | Belibrapsan dwndbet o be

|1y he di d
O nes. S (<AL P8 AR i Bedourae syan et o pel RS om 100% 1 o

80% bri qﬁbsé@?alaﬂeﬂs Wit dining M8 Sorial FeqaBib RS bélectad fbr Mimtgepd i N 10% gl ycerol
in TE buffer i ssue m crodi ssection was perfornied under direct |ight

nm cr oscoplevelpprigal; those coainmedhe é&’é@t SeEnchdewdarh whidhig aisz)cﬁFeéd’%‘ﬂbf

di fferent ff [ r
genct | o ARAIEE b SHERAAL A R, RERARE ARSI RERER A
tissue waﬁethpdlmurzm‘g teElNﬂqlBStlllicﬂﬁde,rbut Rooldmitedito; gbll-lmswbsequemmmj nahel y
resuspended_ in 25 ~1, buffer caqntaini ng Tris- HCI pH 8.0; 1.0 mM

et hyl enediSARAsfcSCAusNCHIgs 8ad genghic markgrs.gT bereiu’qi%gé?guggce %ﬁ’i‘d’eo 5 nmg/ m
-protei nasﬁt&&at?é&ﬂ WEelfied RGURGHRERE of hetm@UBY oH idiabt (i %Ihﬁoﬂaﬁ%w Set@s boil ed
for 5 mnutes nactl vate the protelnase K an of thi's solution
was used for PCR anplification of the DNA Genetlc Anal ysis. In order to
-reliably identify honmobzygosity in the limted amounts of DNA that were
avai l abl e after m crodissection, nmultiple different m crodi ssected tissue
sanpl es were analyzed with up to 14 distinct highly polyrnorphic
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45 WD 02/ 057- @9 PCT/ U S02/ QU 107 microsatellite markers including

Dl S1646 and D15243 (I p), D352452 (3p), D55346 (Sq), D75 1822 (7q), Ank-1
(8p), DOwdiraes¢e), DO5303 (9q), Int-2 and PYGM (11 q), | PSINUS@s)010D 17S250
(17q), CYP2D (22q), and AR (Xq). Each PCR sanple contained 1.5 E~I of

tenpl ate DNA as descri bed above, 10 pnol of each priner, 20 nnol each of

dATP, dCTP, DGIP, apd DT PI 15dr§\/l Cl2, 0.1U Taq DNA pol yrnerase, 0.05 nl
[ 3ZP] dCTP (6000 Gi | nolé—gﬂiﬁ—l—eﬂag&—gl_?' 1810X buffer in a total volume of 10
~, 1. PCR was pejd m&m@nﬁh&hm?&eiexa@ih%équeﬂsmgh&gthwm%lv%thg sfé%é'r%iorﬁéf”’

annealing for 1 min (annealing tenperature between 55 and dependi ng
on-t he nethk &INA dngmertsetyrioaty dtony gengnfio DN o5 BN AT b ispedifiesleavegeon was

.continued_for..10 n.nu bel ed anplified was_m xed.w th an equal
Vo une. o SPIRALOY DR poSHFESts Bhes st snabes SEMRERIE 6050,

br onpphenBtankleof fMiasbddedhendlnecHnyq@ire includeabi! £ensafinf@l WeNmkamed for 5
-mn at 95% | oaded onto_a gel consisting of 6% acryl am de

(acryl ani @8bat sequenqingialse cadled the chepical degrpdasionimeeiber) and S3ugery for 90

m nut es. : r LS els ferred to 3 nm Wat nman
paper andﬁ‘%ééi&{gg% @&%Srgg |%1§?cg%ﬁytglggﬁg£§g 0|orer 8?@505‘@% Kodak X-OVAT film
(East man KodakMaklonHGiteer seqhbfjicingR@ganatiset. &N, Phéy. Vil Acedl SceMIBOMPBEs0L | ssue
show ng consi st ent hom)za osity of the _sane allele included m crodissected

sanpl es 0104 dAAMARROTRYSRICH BiTRisTenge herein) yaeschierii¢abe cleanaBNAat sHee#ichar ker s
Ankl (t 1. I ' [ +nel uded
cont rol . es@tesichain IRSfhohB Tty DR A RYRELEN O IRTHBAATGHRR TC°F Jind
t o have dnethod #taown hommityseuseqakbhahesnabisdhyeztgatodstit analyrecatout 40 - 2, DI5303,

D1S 164@, D352452, ﬁrﬁi‘%Ankl incl yded sanples of epiderms, sebaceous
gl and, r eSPREAG SR Isf"i}}?%mé‘ﬁ@e lia. Normal ovarian tissue was included

as a control . &esHeubihE Sanhr disalDPHoceXafl, Aba sel USA 94 BERsagy 90Si ty
results fi~omthe initiation of tunorigenesis before nelosis | I1ngerm

cel | s. Af1¥7, meorpatasefbby cefergnce hareih) involves aging an enamticprocedeedndent event s
then | ead t ro Itpr. cells with ost mei pti enotype. A ser] of
ovari an- LSPGO A RH S of vivile ghalhReEn Sl B Fprge i bR

differ entﬂeﬂﬁ@ﬂioﬁ@@péﬂi‘ﬂéﬁs&%’&%ﬂ%& () 8fle bi B8 YSu'RES, ShPRieR BBleMARthg the €ach
tunor, both undifferentiated and differentiated tissue el ements were

procur ed. repiliing frgsmsnideegthet er ozygous conponents were detected using

mar kers D352452. R 4Q... WO 02/ 0S7, 129 PCT/ U 01117 and
D17S250. Nonna a}égg'r%?@%ﬂa%é %559 e (gﬁhffeerup e ag%gsthw e ﬂlwn%efSgegéﬁaﬁr s controls.
Het er ozy gfasinaitd sle@sodied. Bisth eadtiestisiwork heédubepeardldotioplbresis produedsapnt s

i ncl udi nglai mrat ur e squanpus e&ig\t[hel i um1 neural tissue (sometinmes from

separ at e HERESOBIoRseRAptiqns of N Himleqitlesy evendrementithyt digfsr njsizedy,

gl andul ar AT | at i . el S

so at eq Ton i et ibiedtal HRBERCONEE. Alhdst 8 Fob Bl Bk R EnE LTS
honozygouarehow autmmatedreCemaik dnewn Miscaseepeabecanriesetwatced withdtobdeldgiesebaceous

gland tissye,, hajr folljcle, and.mature uamous epithelium (songtines from
separ at e ﬁﬁa&-vgﬁ%@ﬁamm@pﬁl TRiG e}m%n?ﬁrwsttﬂ@%%% @&’ﬁ’ﬁ?t)s.(el"f"ﬁtl%‘bne
tunors, diafd £1d8RELRI&En&IE rf@rﬁ&a'iioﬁfg?wf&sgcﬁg%'d%w%méys@ 1Ll es,

i ndi cating reconbi nati on or suggesting t various elenents arose
separately from di s&i nct Noogiakiased Sequehding Exanple 1 (g). Derivation O

Progeni tor Cel lLIcSm Eél%”&sﬁa' Eenq%re]:ncl_ilgg ech:llglogpiréls,n\n?l{igh Bn{ oeiglgrggsleaetfhglgncy by

several orders of magnitude, can also be used. These technologies include but are not

limited to (a) enhanced fluorescence detection of individual labeled bases in flow
cytometry; (b) direct reading of the base sequence on a DNA strand with the use of
scanning tunneling or atomic force microscopies; (¢) enhanced mass spectrometric
analysis of DNA sequence, and (d) sequencing by hybridization to short panels of

nucleotides of known sequence.
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HS cells grown on 60nun dish (Fal con, #353802) with primary enbryonic
fi broblast |ayer and/or 0.1 %gelatin coated dishes are trypsinized with
1.5ml Tr wedamésZDPA (I nvitrogen, # 25300-050) and transfer PET/USH/A01GH
ES-LIF nediumin a 15 rnl conical. tube. Cells ar a then spun down at
1200rpm and the supernatant is renoved. The cell pellet is resuspended

shspensi on col PaEHERE RS K Ra il B ok b BRI o BRCAHEB CX N0

17 |h09_9) ?Mel?tiﬁ@ﬁsh Wi edquénaafd eﬁn% 6191|n_b§3 ]%Né?dah@%é%h @@?@ﬁ biﬁ%d gfthﬁé.rmgfeoj. mded
B T & VORI A e oy DR SRSt foTRBAIEEENd GenGRANR ISl |
.tubes, an . he . 0 . rnat is renpved
and new E%§ (H}%p ibg hgfg‘(yj\@gd&&@ %g&rtllet%[ tsg%stp? ﬁ%ﬁg;@r 2 8@@%&3@%@ as0 gts&%ensi on

cul ture dirgits, tcHﬁs@seIw@iiwrgvmamstogﬁr&wemnb@dmmﬁ of asudepsdentan all the
-germcell_]ayers, ectodernmal, endodennal, and nesodernal. Ectodennal
Progeni t oPYA sgaugces- 6 days, EBs are trypsinized in 1nl of Trypsin/ EDTA,

washed in 4nl = L | i ; ied 1. I ension in

DVEM Knocl cout ﬁiﬁrr(:i'er iagemgé?lg}r?\g?ﬁtprlggbg‘ﬁ% F"z%@%@g‘ggé’?%ggﬁ%%%‘ﬁﬁﬁi)ﬁ‘f%§§0% Serum

Repl aceneRérn{at dyDNogpamplestare @a8yed @nddatigied probes are gebridi#ddrwiBjhe N2

e i T
S -

in fibron TPSE i L SHf% g IS 10 days,

w th nedi gﬁﬁﬂgr?g@?{gg%eﬁ&ﬁwf’ tg hs'rsee Jg@d&ﬂg{y egreﬁgﬁﬁggﬁgﬁd%ﬁ@ﬁ LI_%éssczfgrr e

cul tur ed amayingd Sadjeftaidizatioo af BNAlsshplenoEdelnyformmanbrantoare ive®l days, and

t hen the pedium,i hanged to serumfree medi um suppl enented. with I nsulin
(Sugr iy, TG FAeGAGY o (o eSOy ar Hiais FERTH (BBUGPLY CLIGIERAPbr onect i
(Sug/ M) (Gitel PrRkedsiig 1rpdadbeld 6F safiples. are trypsini zed, and single cell
suspensions are cultured in N2 medi um (serum &ee- DVEM F12 suppl enmented with

N2 (I nvitrogenln $BHZRgmap2grobag2ye yrayer ehdgdabeled DNAGamply fragiment bFGF

(1Ong/ M), Glnvitrogen, #13256-029)). Cell,s ar hen counted an eded at a
density 0P§}§1¥>3?fdﬁ%eeﬂagfﬁ?ﬁ%eﬁ'éﬁd%ls ﬁ@serrgl&icﬁﬂﬁile ° ¥ p&% eloff?lngl?rggm%ﬁte_ coat ed

Wi th pol ymlay & defefthiiRd (o ihitlfah &g MbridiPaent@)ctions ¢itthendafdippsbesi X days.
These progenl tors_are further differentiated into different neuronal cell

types by Beldieanencsg qher IPNA fragnyrenttigrsamerolgrppcleotideyartay énay begewi@int ai ned
in their i L ihOo i I pansi Qn. S al al
progent t okt "Epst sEEGEE 22 PR HRALA {Phrfte AN Bl EORIERAS . | |
DVEM Knoc kligtiseqgusiicesprasanp hicthe sh@ df the tdrgdt@BIBer um Repl acenent and bet a- NG-
as descri bed above are cultured for 10 dayégwith nmedi a change everi%/

n

two/ three days!™ gt 3¢ Hysqberd mrabesiaeussd; Pae é?ténefythe(iﬁél!‘e @@pltqj,agay
Activin @Bﬁt&?ﬁ%ﬂ@d 4096 in (1%119»0@1} F%&@%]thls(‘cg&‘,j 'tafr%é; 'Tﬁ?%r'ﬁ%% léca?ef or

anot her 10 days for heart progenitor ce ternative y and
Mul | er i anbellabtlepr DageetiDINA andl dns litieéedgebbsarardddduotthearrayel tsetradgprotresAct i vin A

suppl enent ed ona/,m ), (Sigma, #A4941 ondi 1 i.oned diumfor. 4-6 days

o TB Con Lipns e bt o el rahe R buGRE CottimatiTy R e atketi o and
the cell sparg tﬁw z_h’ércﬁdaléﬁly ﬁl@e_@éd} Pod%c&gg%%\éﬁuen’é@@l@fé@h@lcﬁq 16he8&NEd. Or S. For
endodermal progenitors, the single cell suspension in M Knockout nedi um

suppl emenilbelpudcess allowes Ser spqrenginglongdNA faemepisyg.g¢ @uetebaetaiMGE on

| am ni n- cQat . (Shapa,. #L2 ‘o Col | agen 1-coated
(1 Oug/ ﬁ%}%*ﬁ%@lﬁ%%@%‘?; S Bine n 305 M il days. HGF (20ng/m) and/ or
TGF- al pha (2ngfet dddiiénabdeatls b9 SBHE s¢wediSu P Blok.eRbEa;eR0:5, 688,88 ¢ adNG-, and

the cells are cultured for another 6-8 days. Alternatively, EBs are plated
onto Col | 8§2p.130.dBeerperataddycisieaense hgroin Seg alsp Bagst, V., gbafi . JnThegrets days. FGF

-(20ng/ ) i 39505h3246h 1918; RilhSwa e CH 4G B cHBRCHIR8Y 1.48, 1988;
Syvanen, A.C., Medical Biology, 64, 313-324 1986; and Lehrach, H., et al., Genome
Analysis, 1, 39-71, 1990, the contents of which are all incorporated by reference

herein.
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WO 02/ 0S7.129 PCT/US02/ 00107 3 days. After this period, HG (20ng/ m)

and/ or TG-al pha (2ng/ M) are added and cultured for another 6 days. EBs
are al sowo eE789%red to | am ni n-coated adherent di shes (| BAHURY004E gna,
#L2020) or 0.1 %agelatin coated 3 5 * 1 Om adherent dish, and cultur ed
1-2 days in ESLIF nedium The nmediumis renoved and serumfree DVEM F 12

(I'nvitrogen, # 1133p- 032 cN,[ 1%uppl enented with Insulin
(Sug/ m) (I nvitrogen, # IéMe, ni um chl ori de (0.015nM (Si gma, #S5261),
Transferrin ( SGugtioinark&s,ghest séhddd)thatadttefatdtoahepickdhck S8@hatibulabi g~. na) .

This mediumis designated as | TSFn nedium Cells are fed for 6 days in

| TSFn e d3cHfTCINERT% ChbBe BiRdite deleaithe aresense pl aitanyps nopnalgsne 1 (h):

» Devel op i i . pl ant ed
S Col o TP TRl Bikucts IR YR UG ERQHRAL bidherFiychil ARLIEAR.
derived faremvtniphitatie, skqmehastegeddrsitth €S TiSs), aharit Bejuichicds tieat facy @gaiand

-description, and. exanpl es ar.e transplanted into i Q-conprom sed m ce
under Ki dﬁﬁye@gﬁ%l;}wg@agmp%}}l& a&ﬁw&_ Se@éf‘@f’% faﬁg&lgrﬁs)f‘gpq‘i? PEKESweeks. The
cel | masspophieatifyfith emé&a@dwgéﬂee.wﬁedgraﬁﬁ@ Egiv?dée?ﬂnle&sad}*?alﬁﬁ#iﬂ&ﬁ P feeder
cell's for furtheér propagation and develophent into cell Tines. To assess
the |i neagestdﬂunnhtg&mstp Qﬂlﬁﬁ}ﬁjﬂp@tmgﬁb{ fhrediEn appﬁtpac:mhdﬁsdc) de;tgummnggpr eSfSI O'?h
assays, such. as - nort hern ot ,.J mmunohi stochem stry, and so forth,
e ber 1 APHRUSES PERerEN BRI hiREEmED B iR B SrLIE BTSRRI N H
keratin, B8lcas, H for the ectoderm enolase, CWMP, rennin, kallikerein, WI,

del ta- gl obi'n, beta-globin for the nmesoderm and al bum n, al pha-1-AT,
anyl ase, PDX- 1Gerietismhdrkers hhyhthe Ereatest utiliiy vded dlakyrare pighhehgritahle Imwlbages.

Exanpl e 2:. Sel ection of |1 s. Having a .T t . not f.r

PoptrJrIp ati oﬂlgﬁg’fanfi@ugbelrﬁ’%s‘ ﬁ?ﬁ%&%ﬁﬁ]ﬁ‘m{kﬂg%@r]?lg{ﬂ?'gi?ﬁtﬁ%g%beﬁﬁa@%@f %l?fe (e.qg,
Par ent  ofaré Bétetniined 8¢ tharkieohiad kedueiod SFDNASwARhAS ARl dongefvédfomeci pi ent” s
not her by super-ovul ation usllgini%gmt hods descri bed in the foregoing

exanpl es.onerfcEepEOR i the pepiup risteptaereofsbeir allgbeg s anaffeted by the natural
S o b SR LR BB RS Bchaid o G105

exanpl es, a sanpl e of eac roncan

di f f er ent geatiicallyfstablé hmtniohs EDNX§¥gasmed defifind A I RS dtote 0@ Fese

hemapoi eti.c | i neage), the HS-derived sanple cells from each ﬁogulation are
?48&3—’%}8 ig

then testgspenipat h the genpgations alswgivihotherexistiag aljelen e The highly

m cr ol yrm{é%é}&éd:ﬁ&tﬁ BY eA c&ﬂﬁ» ﬁe%%i(t)li the aﬁ%%%ﬁ%g% of ?ta@lg'n%lﬂﬁtioﬁg wel |

m cr ol ynphot oxI cI tyrep pénel anti sera, tal ne roma commerci al
sour ce, allbwsaeadicuiaked tpbepotlr gediotable andeligeatrsofdiffeaniedtypes.a - 40 or

-70C freezer. 1.p. |l of HS cell suspension (pr _epare suspendi ng HS
cells in RPM 81(\)1?‘ %ggfégﬁ"?tg’(? lﬁia?%b%aﬁ]tte gPSG?;}%BﬁSéEH% f?r’@gig%@ﬁseﬁél-’%eri ved
sanpl e cedel§erR8 différbhdek i BNA'?sbfbﬂedSﬁ&ﬁ%ﬁ&Jsts%ﬁ&@k,%?sﬁy ésmphrmgeRsed into
each wel | of the plate and incubated at 20-22C for thirty mnutes. 2- S ~. 1

of conpl erresence ef marker BiNfe ih samdescdf ismddted BDNAhEypicaliye DAWA fingepbiatiegl at

20-22C for sixty mnutes., Co t iscavalilabl e comrercial s pool ed
Fabbi t ser ] b e b5 coppilh SRR fom Gttt yoi o BERRSGsE A b1 T owe
by 1 ~. 1 ®émfdeffsrehtcdabivittialsSofitheinaiiesics. ODRACSqUBIJe difEsibicks ABtedie@HYPT | at e
m croscope, cell death in each well is established as determ ned by the
anount of figggeprintipgdrermfgredie as 4 polynsarplrigas.d The presenge of 808 s used, from
0to 8, ' 0 %: K ' Sir itive,: . 24s 20-40%
repr esentiigna Pl e SRR ERIAR h BB THURAR BAThE b Bt ® o

HLA- DR, -duach andrgabBnussi differeiRr&hlth gonetiy stigin dDNAgdnssneywhicwetDNIA fdsesn HS cel | s
usi ng stand%réd rocedures, la~own in the art. Extracted DNA 200- 300ng, is
then anplB4i; &?@‘9 WP Siclypatymarehisge cxbIcs b Ca TP ERCHMer s used
Dl T ot B o L b R e e added {0 a sol Ut on

cont ai ni n? a }M?ny Tg;:mdticmt;aﬂ{];zMHmMgimré adnptabﬂl?td iﬁlége;prmtiﬁ;%gimc?dmg. and an
~appropriate restriction buffer, and in ar rs. nt y- ni ne

P oF entTegs A Ggsn CEBE g maTp i) RELE) FEogih shel- el Gamb i

ampl i fi edsIAAE3%1 9a%ey sRild Rahl t6hbRRali ophBnd (&%@P@‘éﬁis@ﬁ‘e} 8calt 0

el ectrophoresis using a I2% polyacrylam de horizontal gél" in a

m ni apparatus (e.g. Mipid-2 obtained fromE-Y |aboratories Inc., San Mateo,
CA). RFLP fragnents are detected by s&gl ning with ethidium bronide. The

i mmunot ype of the recipient is determied using the serological and

nmol ecul ar net hodol ogy descri bed above. 20mL of venous bl ood is obtained

fromthe recipient (target) into sodiumcitrate anticoagulant (1nml of 3.3%
sodiumcitrate per 50




WO 112/ 1157-429 PCT/ US02/11U107 10nmL of blood.) The citrated blood is then
diluted with an equal volune of heparinized HBSS (1nml of 1000U/ m heparin
to 100niwg 024B38pY. A 10mlL vol une of diluted bl ood is | ayePEBUSH @I of
Ficoll-isopaque in 17-120mm screw top centrifuge tubes using a pipette. The
tubes are then centrifuged at 700 x g for fifteen to twenty mnutes. Red

bl ood Ce|I‘roé@%tpglcﬁm&r@gﬂ@o%ﬁ9ggkﬁ,~°t|9§3),r@§‘it§ eP8l | Gdnodlicd 51g74nd of the

tube, -and | ynphocytes forma discrete layer at the interface of
Fi col | - i S9P498R); armplkfi¢d fragroenttlengtiapelymiosphasp ( ARLEBY(V ost &b abn dlukkeic t ube,

topped off .with ) C ifuged ai n.at 250 x for, Ll m nut es.
e Tyt B e 7 2T o BRS) ouiite Rt vl sttt fronge SR
ccentrifugggeagai 0. étal 1 20mXT, WP Gdnle 2418888083989 NiapiBARPlIS&PAr at es nDst  of
the platelets, suspended in the supernatant, while pelleting the

| ynphocytredyraerphiedDNét (RoARIdf (Wikamsitiel., WheleiaB88ds Besli180uBdiedd3S 4R he

-lynphocyte pellet is re ed | BSS I I e last .tinme at 250
x g for f%%‘%‘ﬁ%?ﬁ%%ﬁ%‘i?“ermgégﬂlé {ﬁh ﬁleéif’%@‘gszgﬁ# P%#d) 1? %ﬁé& EVW%H’(?&/te pel | et
i s resuspeageld (GBARMikigsroR etlgls NuREicIALide Ries fX2:4 1674 173, 19949 MeldB and C

typi ng procedure described above with the sanple stemis repeated to

det er ni neSPeHEC palygrarasqchalmgprcion (A SPRRY{ Gibbs ot Nicldie dsidsRegenous bl ood is
obt ai ned .53 i. P f Ul tyRi s 4. Genomc
DNA extra1c7|t'2e Fy:‘ér%% E%’?”@I{I %mg&%%&eﬁﬁé@{dgﬁ% gﬁ%%z’s'lﬂr_@’ lctf gc UIIHIC%]-UES known
in the arttansitianPOR (eqs), TerjMigh. PR, (LA Rl Rualesd ¥&iis Ras 2d8561-366] above is

then perforned. The reci,ﬁi ent''s HLA ha%o%e may be _honbzygous or

het er 6zygdd3); 2ad allpls-spesifie hyluidizationASEh  Wallacello tyséeic dcgls Regat ernal 11)
will mat 2t n . | b1k Rt ef gV I not her' s
oocyt es. Cé)&’%‘g gSﬁHS?%?p?fgetqflgfeticag’ glé{t?'er m ﬁejg?{)?lﬁz}g ?%gg't%%é?ﬁllemnot ype,
it may t rebovéeowd faftiolesdre atcechdrated by wederence hareinvi t ro usi ng the techni ques

described in . . Pat i cati on Serial No. 09/997 240, and U.S.
Pr ovi i onal | AgGiT BEdHARD gal R Frisa Bt Secammerially 94 HGr obr BOBY by
ref er encepdgh@iifer A[%Bliéd Bﬂ%zit@rﬂ& @bsted Cyt b@lif)?%o?'eﬁ%?le%%ﬁct%h Sel ecti on

of HS Cells Having Target not ype SFrom Popul“ations of HS Cells Derived
f rom Mat efrigmenEldngticpaymbrpmsn (RIER)dechRapiepngioys(8stitti@oemaynel n t hose

i nst wh ' d ci pi ent. of .the.t t suyff f
goneti o dibgraget PRkdato s nkSEs Sreluiod or b ubhEAN v e cauence. 1 ¢
becones r&&ﬁrﬁ?ﬁ%ﬁfsi&?&nﬁ@lﬁﬁﬁizﬁﬁ&l SOR kL sephrbd BN AL §lithSa dpRaificar € honobzygous

for non-nut . WO U2/ Us7~29 PCTI USUZ/ 11111U7 hapl ot'ype (e. g: , the
"target" ngdyisrcleotijle fragmenie Mffercycep inthesise of dre ebisiction &egmenis fowhigbnot ype i s

as foll ows.: LS. exanml he i.ntended .recipient~iks a men |icted
o th i cianepbphIbRideiRoR, Sinf b AHERE o/ FRCREER I S B BNA,

attri but gsblyraoghivais, Sestltadkiley) Biarbiigeldgnq . 28726 (1088 imbridistedBnes encodi ng
henogl obi n_pol ypepti de chains, including sickle cell anem a, which results
froma pdefeEtStd®n in t he. hemogl obi n 13-chain. The genetic sequence of

the nmutant ge K 1 i i . ] i d and
extensively s[lfjtdlle ﬁgﬁsﬁé@%&}t&%@% eS , e%gﬂl lbitﬁﬂgéﬂaeﬁt@%ﬁgggsggg}lglp é‘gife 230,
1350- | 354epioducibleddHefilagyentedEpecitie size theit van Be separatad, ofpigadiytyagel ons of HS

cells are created fr oocytes harvested fromthe ,
electrophoresis. %[l?ese gglgments are VFsual?zed to produce a "fingerprint" of the

amplified DNA. Visualization of the size-separated fragments is effected either by
direct visualization, e.g., with a fluorescent dye, by hybridization with a
polynucleotide probe, or by labeling the amplification products during PCR
(radioactively or fluorescently), followed by detection of the labeled products in the
gel. These fingerprints have a variety of uses: parentage analysis; linkage analysis of
specific traits; analysis of the degree of generic relationship between individuals within

a species; and analysis of phylogenetic relationships between species. This has
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i ntended recipient according to the procedures descri bed above in Exanple
1. The popul ations are then assayed for genotype. Only those popul ati ons

t hat honwgee@asddy carry the target genotype (e.g., the nBERMISOBI01IKI | d type
gene rather than the nutant gene) are selected for further devel opnent. In
this exanple, the nutant gene associated with sickle cell anemia is

det ect ed : - i.f .l | y " ! | ogy is
based on Ciaﬁsela‘léljtaa el%gﬁ%%g%? :“\sr?gﬁ%%h ghéﬁ%?o??nasr?%rga]séggg P g%%ﬁeogl %tf%%gé(}%ucl eoti de
probe t o temitsisperife 8t paticidalr geantypbs (eug) @ictopsardndndly), idestifition apdi ri ng i s
conpl etely conpl enent.ary. The hybridizatjon can then be detected froma

r adi oact i%@p&}?ﬁﬁ%@&@%ﬁ@ﬂﬁ@l K‘gggg%ﬁthﬁgkﬁrobe (methods of |abeling
probes and ot fieg: sAfoRhcifilsth RAGICHER 4 bdhnilffoB idr SRAHY gorftSH mI ker's
axe used as dom nant markers ere the presence or absence of “only one

al | el e (ovithwapkefugpehng) e dbb RariNoedo, 14065 h WiH83cH8Naidos) 1 @0,030 ek of

~hybri di zati on 3¥d nlbly one 5robe. The alternative allele may be infers ed
from t he 1PHEROTBHC &9’ cfareselEH ASH markers have been devel oped to di agnose
susceptibility to human di seases caused by point nutations in DNA sequence.

An ASH mar ker useful in detecting the 13s -globin allele associated with
si ckl e-cel | arBm a Msthods Epi Badctbd Difemuetiation of[HS Célloc. Nat|. Acad. Sci .

USA 80: 278- 282,,1983 and .i d_ by ref hergjn. Cell. |
Cal con 1 om edt P S5t BB R eCaBi BERRCS Dalt LUl TlmgmE -
convent i Grgth all%kre et Wyersiehddioti dnbdhReh, 0ma GdfodsmPUhLaRG, Bt ngpnner et

al ., supra, the g(enom_c DNA is digested with restriction endonucl eases. The
resul ti ndimited tei ekindiadr, neEghetissye.draacigayt istet eells, by bpgRnewew, Ml | i s, K. B.

G SRUNETAT Y A G

ar e then ihhansdlgninddding hamaBaEy dderibedMin Ny S APdteddi Applisiedredo ol 0ogmrimioeot i de
probe specific for sickle cel] anem a bound thereto in a dot-blot format.
Hybri di za@ddhSdBroyisignal deplication Ssyiablie 1044 pUBapHly inggrpenaiastivel y, t he
anpl i cons, ﬁ?éhcﬁ%e}eﬁ?e' ed, and the probes nenbrane bound. Once a sanple is
det er mi ned to have the target i nmunotype and genotype, it nmay then be

di f f er enti at edOneshilleincthe aft@f differerniatius tsetnighes, petioniatly elsosd éseslogeeld i n

U S. Patent licatio er j al .. 09/997, 240, and U. S, Provisional
Appl i cat ifféhd@%ﬁ?néwaﬂﬂﬁ .O_P Egﬁﬁg%? ST RRC SBhCSRoB @%raﬁosﬁanea@vﬂ%r #™, and
transpl anhgshel dY18ripdtent 11§ e8d ﬁfeidih%fénﬂht%%to aF&%irS@iyge/%?ﬁés‘ab %ﬂ%ﬁ%uﬁﬁfhuéem| e

reci pient who are not suitab for self donors due to nedical conditions,
HS cel | s expeiimgntabom t he target i munotype and genotypes can be derived
fromfemale fap | y nmenber. dongr. ce.a sanple popul ation.is determned to
have the. t ar golhd NENBE SRR TLTB0) e Prrnh Ry SR DS VBN at ed i r o
Vivo or iifitoeletted tistiSdsTor Ab&iét%hmempgﬁtia@s%s ind@Hng thelh Sisr SRR of

Application Serial No. 09/997,240, and U.S. Provisional Application Serial
No. 60/ 23Bffeegtiatad Eger Zaraurpnses of Budsh diaghestissror faniannlandpisgn igitand i nto the

i nt ended .[eci ni 2 Select | of H Il s, Hauin Tar get

| t nmunot ;fﬁ@&%&%@f?@%{%@%ﬁg ISy ghl‘—er%sr%ggbeﬁ?ﬁegﬁ%r}'sm?f‘e 1vd%}a?§h rived from
Mat eri al poovide®thellonbr Marteridefor FESIfolrmation. dil fdm 4180 hiSelaly be MomieRal @t i ve Donor)
In certain instances, donor. material cannot_ be obtained fromthe intended
reci pi entacHvationgigesi-merosts Ldiplojdoasiytas, ryefysion iwergplpid epsyisssiiry to screen
the HS

males, this may be achieved by activation of secondary spermatocytes or fusion of
spermatids, or by transferring sperm nuclei to enucleated oocytes. |

Well known methods used for isolating and culturing ES cells can be adapted
for use with HS cells. Exemplary procedures are provided by Hogan et al., supra, pp.
254-262, 265-272. For example, Hogan et al. describe the optimal culture media as a
7.2-7.4 pH buffered bicarbonate media, such as Dulbecco’s modified Eagle’s medium,

containing glucose and sodium pyruvate, further supplemented with glutamine (2
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popul ati ons both for target inmmunotype and for target genotype. An

exenpl ary protocol for the selection for target inununotype and target
genot ypewa0nes7409l | ows. Popul ati ons of HS cells are deri veaTfuSeaecyt es
extracted fromthe donor individual using the protocol cited above in
Exanple 1. Once HS cell popul ati ons have devel oped, sanple cells are typed

for HLA- eci f.i.c sin otoxicity assay
descri be %(n%&%fltlgf%%%\%ds t-(lgi g@\([fgneg?ag&qeﬁt}afnﬁg p@@hort o HLA class I
anti gens msmmmogtyeeﬂac& M)@gmaayélﬁ (S(Dh@/nﬂ\; 18% m@mqe of fe@ilbblige cel I's
usi ng standard procedures known_ in the art. Extracted 200- 300ng, is

t hen anplSering agg/1 eptf:ﬂnw inhibgony farter (ItIH}e Agpigtugg of trygsiy and ED@#uzg
. PCT/ US(1

A, DRt oy e, - B BEGARE bR b WARLA SRR OB e 0L ()
ol i got ypmm@tuaarchsﬁesahémssmﬁemﬁnefr&m one. dnothet. Sﬂetrmullts are}frefeh&ly eaction

-m xture th 50p. 1 _NH4- acetate manyal | y applied on
afilter Ccliw’e &Nan%eﬁqléimhwr&l@eqlwm %WPGQCHE?dé’VlFM Ialf*‘r*@naowle é}rs bl ot t er
(Schl ei chggy éﬁh%‘iﬁ%])@llf&gﬁm haltam eer'mqg‘fﬁ’éﬂffa e@%teﬁé( oPliahidefds t hem in

0.4N NaOH, for ten nut es en neutralze mnutes in 1M
NH4- acet dﬁbxobmu pardiouldrly esbust eminym fibeotiesta(MEFRandPSEOtmmese dibrbbiasgat | ve

controls for, h i dization_are include each rTE ane. onucl eot i des
For hybr 1% Duelsten Saerr R BerdetiosliRahop By fot R P BB Gh U cot | de
ki nase, 'tfbaﬁné&&wﬁ?ﬁﬁbhﬁ@m dhg oh aﬁﬁ%ﬂa@ﬂtl&ﬁ’nt@dﬂ%ﬁpf@& Of feBfor céip- G ATP, 1

~1 ki nase buffer (0.5 Mtris-H rTMdlthIOthl’eItO|
(DTT), 1nveypsedrordi fﬂ@ler-ﬁwmsmmayeaisb IUmsed paeyanlad Ipewsodadefotieachsstep in

(Phairram reaction.is in ted for thirty mnute ndthe

| bl ed_ dF BisPREGRS AS mithieink? BRSPS sie et bttt Pieided by Hogt o O5o0) |
After | oad pgphhe colum, the oligo is washed with 10m washing buffer
(150mMv NaCl, 20mM Tri s- HCl , pH 7.8, 1 OrM EDTA), and then eluted with

0.2-m fi acti%mslagy, @lethpﬂ@fprmﬂartmg 1(1d111dw1\1an®n1es2fofrﬁxﬁcr¢ lsqangigkpanding7. 8, 1M
EDTA) . i d| e First, a
prehybri glﬁé}g&g gir%ﬁ@{&geﬁllt ;ﬁgﬁqt}gﬂog ofgﬁelao lztgorn %Mn Scfe)?% r?gta l\gX C?I?Eélggpﬁiefl

t et r anet Y$ sl rioiexefpll Hdgalmm;wpz@,tat pp A7DMAD), dbuetibestetrémM Ti -i s- HCl,

pH 8.0, 3M TMAC (Fl.uka), 2nmM EDTA, 5x Denhardt's, 0.1 %Na dodecyl
sul phat e lsqewgveﬁhma‘é%dpﬂp@agstap ﬁisﬁﬁacélﬁéraﬁﬁi brmster of & taypsinizadr oLy that man 3vM

paper) . Sh]g% a TMAC
hybri di za n bu ggélclzlg‘%tg glsﬁﬁlﬁmgéhghgdn%a% Jl%gr'r%o mQﬁ b ﬁ{%ﬂBﬁﬁ%&‘ﬁHﬁ e(%Ialrf\go at
54C. The zbrhmt—trymanm beldny wi a:mlcfroalrop@tﬁmypmumrmusmgarstdrﬁmgmat ur ain a
TIVACwas buffer, dthentvmceaal for fifteen m nutes at 59C

(19- rrers) “fﬂ’é’e’ét%ﬂ%ac ?ﬁluép bonEANe Puihpiers, Breferadiglones qar et al.,

Ha~ adboo‘ﬁdexﬁiﬁehja%djagéyeﬂ u&ing Péb’i@%e%ﬂnlﬁﬂesrﬁfdepélice herein. The target
i nununotype 1s determ ned uSing the serol ogical and nol ecul ar net hodol ogy
descri bed aboon nnnlﬂuaﬁrthheiaﬂgmbﬁa@mﬁlmtg‘@tchrmmmwencmagfhdSeVlhbr@ézygous or

git erozyaQsac sh ldq) Il:;'ozen anétilsJ e A s%ox%a 13 p(')s%1b?e MEIOH ol%%tr)cl)pex tﬂ%e%lgga t at least

and storage of cultures are well known for ES cells, and may be applied to HS cells.
See, for example, Hogan, et al., supra, pp.283, setting forth a detailed protocol for
freezing, trypsinizing, pelleting and resuspending samples from cell cultures. Methods
for differentiation of pluripotent cells are discussed below. These methods are
designed to be an illustrative not an exhaustive, list of methods for differentiating
pluripotent cells including the HS cells of the present invention. The present invention
can be practiced using differentiation methods known in the art, including techniques
not recited here, or not yet discovered.

For example, Hole (Cells Tissues Organs 165:181-189, 1999, and incorporated
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WO 02/ 057-429 PCT/ USf| 2/ 00107 one HLA hapl otype of the recipient wll match
the HLA of a sanple HS popul ation derived fromthe popul ations of cells
from unr sV@bBes7ecyt e donors of the same ethnicity as t hePCERISHYENO7 ( See
above). In this invention, unrelated wonen afflicted with genetic di seases
do not need to be excluded since HS cells with the absence of disease

enotype .can_be derived, FQr ex l e, the.forei donqr .g., the
8nr el leto edVi rﬁ&r‘?ﬂcag‘ﬁﬂn jdeseyt Hﬁﬂ‘% ?‘?rl dtd’feéﬂn%\,{hteﬁﬁ%%?’éga?wgl(o sgem' a.
Bet a- t halpagedPoeticefs E{éﬂﬁéﬂﬂf@{)ﬁi& sat QNRIN G- ARkaaky bdadiptaagh obi n

synthesis. There is an inability to manufacture sufficient quantities of
gl obi n chhffersntizte bifacedlsd Foghermoha Rostsehinan o diEnttuyiel. Bxe Mpwbel r el at ed

-di sord i |t fi i ' i f h ically b
det 1 cf ontS iy hnd SRS arorph@Rat bt ki et bl SR FlindeArbecs Y ™
synt hesi Se@fentib enh#bibay FAKRLIF) iR lE'grbe‘HEl ghdwn meRsgmided ablture Weakdir al | et

al ., The Thal assaem a Syndrones, 3rd ed., Oxford, Blackwell Scientific,
1981 and the &mmpien ofkystis exboydd Bodivheont@ning blepskisnds madeprohissoci ated with

13-t hal aszeggtrfﬁo%éf?g agg %%arc{ro%r?ng%e%y Tlﬁ'e rp?osd;uldtigﬁ of%ther Mt@ﬁ%}gc%lﬂgﬂ?%&jiggn text of

309: 284- I"NCorpor ated Dy ‘reterence hereirn.

t hi s exanmpugophile mabtdelietma@eptagypmadvirithrdie célhy frehsganeeld hishiso been
13-thal assem a allele, the nmutant hapl otype associated with ﬁat hol ogy. In
ab

assayi ng qeoPrits{Ses, 55 Wiley andibelterpBpval ok il es-44TatP hokel@ri skt carry the
tar get 9@513?@{9@1&%73936, 13821 oL o Dl Y8, AEMAGI] A1 dan ¢ he

mut ant gene) aré Sel ecte er devel oprient . e target genotype,
e.g., thel@hsenhefofhitthaeerby tmormsedty nefetencdipdreintih dichisawingty). i s
detected and sel ected hy procedure ogous. o that .described in Exanple
3 above wiisse metids maydes Rqeg%%rélsF Wém ﬁgﬁ) itRyPLERCIAELY eBP%‘b}émgﬁ‘étci fic for
bet a-t hal g@ﬁerﬁﬁ&ﬁa}%@t herall et al. and Piratsu et al., supra.). Once a
sanpl e population is (}eterm' ned to have the target iirununotype and

genot ype, it nile teblemqies ddsdrived bptGlmtet dl.j Prac.\MNath Agadi SciVMUBA®6:Q797ng t he

t echni que e ibed in U S. Patent | L catd on Ser.jal Ng. 997,240, acid
U S prov s S, Risprcraied B reiencs nauBh b6 Phisaylhenb BinediL e,

r ef er encejpfemeiufe 1389 rding B Rndhbefted fintldd W ddabRAGEuEOEIPInEMS cde WO
02/ (1S7.~29 PCT/US02/ 00107 VI. Clains 1. A nethod for produci ngghom)zygous

st em { HS) ofgh¢ breserdvnventian.t hikgeisegPaw (pls Tiseies (yganselS; 173480,0889 - nei osi s |

diploid gei~n cells, conpri.sing: et erm Nt ng. ; (b)
mtotical llnflmg(o,{ai???lalf}f Wgergllgcﬁ-hfeé?giqeé%g Bénset ﬁgﬁgﬁogg}fger%rﬂ{&ﬂ gé (])5‘:% ?gggeﬁeﬁ?cel ls to
devel op rradi}]md@zkdg. PoastMels thé trkamasSRsabresidboies whirciurgostigeiolshean i nner
cell mass & CM that is _hor_mzygous for the ta&?et .genotype; (c) i(zol ating
HS cel | s ditfsrantinion wih retinoicaiid (RAhEpr pishort peried eitimeaprsiarssiops ligkedid, Hs
cell [i negi céé%heﬁqft ei niining the genotype of each HS cell line; and (f)

sel ecting ‘{% cells that are honpbzygous for the target genotype.

Techniques for eliciting the differentiation of stem cells into a variety of
neuronal cells and neurons are described by Okabe et al., Mech. Dev. 59: 89-102,
1996, incorporated by reference herein. Likewise, stem cell-derived oligodendrocytes
and neurons having particular use in treating injured spinal cords are described by
McDonald et al., Nature Medicine 5:1410-1412, 1999 incorporated by reference
herein. These techniques can be adapted for use with HS cells of the present invention
without undue experimentation.

The use of accessory cell lines, such as OP9, to derive particular cell lineages is
also contemplated. See, for example, Nakano el al., Science 265:1098-1101, 1994,
(incorporated by reference herein) and Nakayama el al.,, Blood 91:2283-2295, 1998
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2. The nethod of claim1l1l, wherein the target genotype does not contain the
genetic nutation associated with a particular disease or disorder. 3. The
met hod oWw@bhzes19, wherein the target genotype contai ns tRETHSNERNI107

mut ati on associated with a particul ar di sease or disorder. 4. The nethod of
claim2 or 3, wherein the non-fertilized post neiosis | diploid germcells

wih a puREmerar By SEbEhOENAR T R s KR Ay SRR Bl e ©

all el e. Hinedgws. method of claim1l, wherein the non-fertilized post-neiosis |
diploid germcells are donated by a donor and the resultant HS cells axe

i ntended for alScBBiqpreir cliviting &y differcaiiationgf Heellsafierinyentiandnid 5, wherein
the. donorg, piagaf BOAP bRk 38 SpiliBhat BIFR: drBdi:Yi:GhiBhp 1P Glened RExgaOr and the
reci pient are related, or ereln the donor an e recipien re

unr el at edlaybds et aMy @21l 132: @57-36220BCTindSipatAA¢d BPreferends eihpdTlicor produci ng
-honmobzygous stem (HS) cells h% ng a targ%t | rmunot ype fromnon-fertilized
post - mei GEPESHORPHPHHGuigErogItary enes nprals byuseddy dueeteierantiaiion. t ar get

| MUNOT Y gkl R ethih el 118clef afOBI¥ V01196619574 £996a] arkPHaRORE CIR! Aindtol di p! of d
gernz cells to develop blastocysts-11ke nasses, each of which contains an

i nner cel3:46/483, (19K intdradratesl hynefergmpe hsrdimy; reldimgtta hgmbtoporeingengse; (c)

i solating .HS cells fromthe ICM (d l.tyri the.isalated HS cells t
bt ai n 1HEKBYIRE sisat e st i PTG g B0R BRSCel | 1 | ne:
and (1) Sghiet ot AREEISaid AR Ll CTRBSOREEETY, (/BBPS A@EIEBRRNUNOL Y pe.

may also be triggers of terminal differentiation of preadipocytes into adipocytes. Such

factors would find utility in the context of the differentiation methods of the present
invention,

Depending on the function needed, differentiation may be assessed by
detecting expression of a gene specific for differentiation, by detecting tissue-specific
antigens, by examining cell or tissue morphology, by detecting functional expression
such as ion channel function; or by any means suitable for detecting the differentiation
of HS cells.

Methods for inducing differentiation of embryonal carcinoma (EC) cells into a
variety of embryonic and extraembryonic cell types can be used to induce
differentiation of HS cells (Andrews, APMIS 106:158-168 1998). HS cells can
undergo directed differentiation in vitro by exposure to various factors known to
trigger cell commitment and differentiation into a desired cell type or tissue. Many in
vitro differentiation schemes involve the removal of growth factors known to favor
initiation of differentiation. Once these factors are removed from the medium, the
stem cells, growing in suspension without feeder cells, form clusters, known as
embryoid bodies, within which descendants of all three embryonic germ layers can be
found. The presence of certain cell lineages within the embryoid body can be
enhanced through supplementatibn of the medium with additional growth factors and
chemicals. The resulting cell population will then contain an increased proportion of a
desired cell type, which then can be selectively isolated. See Edwards et al., Modern

Trend., 74(1): 1-7, 2000 (incorporated by reference herein) for a discussion of
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8. The nmethod of claim7, wherein the target inmunotype does not contain
the genetic nutation associated with a particul ar di sease or disorder. 9.
The net hodoof/owhm m 7, wherein the target inununotype conParruso2/mgogenetic
mut ati on associated with a particul ar di sease or disorder. 10. The nethod
of claim8 or 9, wherein the non-fertilized post-neiosis | diploid germ

cells are_obt t.er ozygou onor carrying a nutant allele
associ ate‘?]1 W’(ﬁﬁﬂ geﬁé?@?cadﬁdqﬁelﬁll%eelég% (50“qd| sorder and the corresponding
wild-type all emastrakﬂve ekbmples ol eebhadi ffeteatiation contiel ictord inelude buf € hotl | zed
post-neiosis | pl oid germ cells are donated by a donor and the resultant

HS cel | s linied mm@@ﬁss ermpnep@ngicelrreguiatingdacteissuelp s LEz GMHeSHret hod of

.claim 11, h | N] dual ,
Sher o1 n 1 5EFLEL iR FRRRNs P, LG LATRLAECH Rubbfaafbh Ay T8+
]E he rECijDQEE}‘H Z)r';]lﬁ)ﬁltéléﬂ @n&%@?rovﬁﬁ lﬂasctMQPHIH?)gclhﬁ‘@ lﬁﬁﬂattdﬁﬂﬂ‘/ ﬁdIGﬂOW}illE:. A m;t hod
-for produc onozygous ste cells havin t t
genot ype ﬁtmﬂﬁtﬂfl{ﬁﬁﬁ‘égﬂ‘?ﬂ sugh@s ﬁ&#&?@ﬁ@r and | gP@ﬁ ]éP%r@g égr;rnggm p(rarp?insi ng:
(a) deter firelifafod REORE] i TN AP R AR 19@89 Ly3es. A0Bd élgﬁ@wa@ealﬂ

activating non- fert ﬁost melr osi S germ to dgvel op
bl ast ocy steferbndeherms)y emh1betar,§,hfa0tforsmwch las LHhhas brsnahowmtuemam&iim moass (| CM

that is hontl))r}y g(();ustsen]; 8‘*58) cells Enatr dlfgrré"lnrt]%%e%%?ur?p%?ent state (Zandstra PW, et
al., Blood 96(4):1215-22, 2000 incorporated by reference herein). While SCF has
been shown to stimulate the differentiation of chicken osteoclasts from their putative
progenitors (van't Hof RJ, et al., FASEB J. 1997 Mar;11(4):287-93, 1997 incorporated
by reference herein), FGF-2 has been shown to play a role both in initiating lactotrope
differentiation and maintaining Prolactin expression in immortalized GHFT cells,
thereby suggesting a mechanism for controlling differentiation of stem cells into
different anterior pituitary cells (Lopez-Fernandez J, et al., J. Biol. Chem.
275(28):21653-60, 2000 incorporated by reference herein). Platelet-derived growth
factor (PDGF-AA, -AB, and -BB) supports neuronal differentiation while ciliary
neurotrophic factor and thyroid hormone T3 generate clones of astrocytes and
oligodendrocytes (Johe KK, et al., Genes Dev. 10(24):3129-40, 1996 incorporated by
reference herein).

HS cells can be induced to differentiate by transplantation in vivo, preferably in
situ, where the cells undergo histologic and functional differentiation and form
appropriate connections with host cells. Endogenous regulation factors located in the
transplant site can direct the differentiation of the stem cell into a particular type of
differentiated cell or tissue, Alternatively, groups of divergent differentiated cells
and/or tissues result from stem cells transplanted to the hypodermis, the peritoneum,
and the renal capsule. See Hogan, supra, pp. 183 to 184, for a detailed description of
the kidney capsule implantation procedure.

Differentiation of pluripotent HS cells into various endodermal cell types has
great therapeutic implications, including use for transplantation purposes, or to

enhance the HS cells can be uptake and processing of nutrients, or to direct pattern

35



genotype; (c) isolating HS cells fromthe ICM (d) culturing the isolated
HS cells to obtain HS cell lines; (e) determ ning the genotype of each HS
cell indyoanes7¢29 sel ecting the cells that are honbzygousPLEUSPHeO1DAr get

i nnnunot ype and genotype. 14. The nethod of claim 13, wherein the target
genotype does not contain the genetic mut ati on associated with a particul ar
di sease d| 12 r he [

genot ype %?l hs%l:l %edltgedﬁ%%?m%tq%u g F@i}od%g@%l? rga-%emotgp&{ng bg t};eg&?élngu ar di sease

or di sor dggh ddsés oﬂ'RA dTEyAEmbBérs 6f theMahdfoahinkprowthefictet E stqb'@fahﬁnr fertilized
post-neiqgsis | diploid germcells are obtained froma het erozPygous donor
&

cauyi ng anfﬁmhaaboafr D’@H@‘O&%@M@t@ﬂl (BMP)-2 (Rrap endtUeerfeldi Repaad F6it di sorder
-and the JJ % §5§ %o%/eoﬁs%ﬁé%% aé?alsom%gﬁemgdﬁ% éﬂtﬁt 13, wherein

t he non- rt| 1 0S1's | ermc S “are donate by a donor
and the rdisinct aﬂturé-@s&&ild i"(ﬁreﬁampleﬁlﬁtdﬁﬁbﬁrairdlﬁelfeﬁ@dtmnwah belindweedlby her eof .

-18. The thod of claim 17, erein the dongr d the recipient _are the
sane | ndﬁ{;‘i&m}aﬁly lep wee%wﬂew) EHirg e ALdd g&oénﬁsail @983 MaP §r
wherein t todB i FiBA & fifidthe) R, 0 iscerdPeiRiOR] - 129
PCT/ USOZ/‘%%P%% f%ﬂ 'Ilge r‘?)et?i%gﬂj ff&re?é?hm 1 orﬁ]ﬂlg{,%l vx/ne%sgfn tel e genotype of
each HS qRokersiehat.,iMol. Bio. Cell. 3:189-196 1992). BMPs are molecules that can induce

cartilage and bone growth in vivo, but BMP messages are also expressed in many non-

bony tissues, including developing heart, hair follicles and central nervous system,

indicating a pivotal role in cell commitment and differentiation.

F. Prophylactic and Therapeutic Utilities

One embodiment of the present invention is a method of growing cells and
tissues that may be transplanted into an affected person for the treatment of diseases
including but not limited to hereditary, or genetic diseases, neurological or
neurodegenerative diseases, traumatic injuries and cancers. Another cosmetic
application of the present invention is skin grafts for hair replacement and/or other
such applications.

HS cells can be induced to differentiate into various types of tissues originating
from all three germ layers (endoderm, mesoderm, and ectoderm) including but not
limited to skin, hair, nervous tissue, pancreatic islet cells, bone, bone marrow, pituitary
gland, liver, bladder, and other tissues having diagnostic or therapeutic utility in
animals, including humans as described in U.S. Patent Application Serial No.
09/997,240, and U.S. Provisional Application Serial No. 60/253,943.

The present invention provides a method of treating a disorder or disease state
by generating, in situ or in vitro, suitable replacement cells, groups of cells, tissues or
organs from isolated HS cells with pre-selected immunotype and/or genotype.
Methods of directing differentiation of cells in situ or in vitro are described in the
preceding section, and in US Patent Application Serial No. 09/997,240, and U.S.
Provisional Application Serial No. 60/253,943.
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determ ned usi ng gel -based detection nethods, using non-gel -based detection
nmet hods or with genetic nmarkers. 20. The nethod of claim7 or 13, wherein

t he tar g&Y0 PHOST#0t ype i s determ ned using serol ogi cal or PEBIUSOUOEDT

met hods. 21. The nmethod of claim 20, wherein the target inrntlnotype is
determ ned by HLA tissue typing. 22. The nethod of claim1, 7, or 13,

wherein (d) f . rjses (di.fferentiati I sol at HS.cells to give
rise to g)r Lgegi{ltﬁ%ﬂlggﬁ@r Sy l%ﬁaﬁeesﬁaa? ’fnlch'\ﬁg RP?%{F 88?@@”?@ &htﬁﬂ“‘nf"?tkcs ue

types. 23njuith@.digidsptagha edpairiind 2econtiauction, @i fiﬁﬁ&@ﬁlﬁé@ﬁéx@fhfpir?al dhggect ed by

factors isa vitro. 24. The nethod of claim?22, wherein differentiation is
di r ect ed IHYPIY: 2By and; the likgloand birth defeets) patlelegital ang rrwgpants:r?@ltmm of pl e
opul at i f -1 HS cell _lines erein. each HS ¢ dine |

3 ePi ved fT oorﬁ?lg’ tgsﬂls &flsé%{lg‘ﬁ ‘e osngefg"acr?ac‘?rg aﬁg%g}l&aﬁlg © PB& c?&?ﬂﬁﬁlﬁsﬁ‘?& °

hapl ot ypehe &fls afd eissteb bf thepasscled (/g Otystic dibfosth musb@nedyaropey, ldrdeg) | 11 nes

*are obtained fromdonors of different ethnicities. 27. The cell depository

of cl ai mCOBHEPI)EICTYRTF &;-rit Irhrdmer hifealtinsasy s, pRd mydtinde peleroyishiepitealivan ogued.
20 TR B AL Skl EEB DY 002
WO 02/ OSEn2@ne deficiencies such as Crohn’s disease, and hormone deficiencies such as

diabetes), and connective tissues (e.g., immune conditions and anemia). HS-derived

cells and tissues may be grafted or transplanted to a subject in need, preferably using

the subject’s own donor material.

Currently, gene therapy for the treatment of hereditary diseases has not had
much success. There are many reasons for this, the most significant being the inability
to place normal DNA into a patient’s cells such that it is stably integrated and
expressed. Additionally, gene-replacement therapy may be too targeted, for example,
gene-corrected T-cell therapy, where T-cells with normal DNA have been transplanted
into patients to treat severe combined immunodeficiency disease (SCID), including the
ADA deficiency type. The problem faced here is that the corrected T-cells are primed
for only one type of antigen, and a whole range of immune response cannot be derived
from them. Yet another problem faced by current application of gene therapy, is that
the product or the exact function of the mutant gene may not be known or the genetic
disease may involve an entire cascade of factors untreatable by gene-replacement.

The present invention provides a means to bypass these concerns. HS cells, for
example in the context of SCID may be transplanted into the bone marrow of the
patient such that local endogenous factors derive an entire range of T- and B-cells.
Issues of HLA compatibility, or graft vs. host disease would not be an issue here as the
cells would be immunologically compatible. Similarly, HS cells may be useful for the
treatment of genetic diseases that are caused by mutations that result in a missing gene
product or the absence of an enzyme. For example, currently the treatment of
Phenylketonuria is elimination of phenylalanine from the diet of the patient, as the
patient does not produce the enzyme required to convert it to tyrosine. Differentiated

HS cells may be transplanted into these patients to produce the required enzyme.

37



-

*particular inlnmnotype; (d) isolating HS cells fiomt

(b) (c) (d) (e) (g) PCT/US02/ 00107 determ ning the genotype of each donor;
mtotically activating non-fertilized post-neiosis | diploid germcells
obt ai ned WoOMIE4Lh donor to develop nultiple blastocyst-| iPka/umss@s; each
of which contains an inner cell mass (ICM that is honbzygous for a
particul ar genotype; isolating HS cells fromthe I CM obtained from each

the_genotypae s B B2 B taripuitandicaBity b g BHS garmepBliook. cach s
cel | |i newkdit diffeehtiafed &} ceﬁﬁmaﬁag&hb@sjﬁi@ﬁngog&d%@ﬂt,@aiﬂﬁlw@iohi@eposi tory

of i mmunot yped honozygous stem (HS) cells fromnultiple donors conprising:
(a) sel edtdciy \dnor s; (b) determ ning the i munotype of each donor; (c)

mtotically ackj ' -fertilized. post-nei o0sSi di id rmcells
obt ai ned f?/om %gégﬁéﬂo%%%r @Sltltc?g&%q %15@(1 ntlisﬁlng&%qdz%tts%%v&ﬁ{&?gu sses, each
of w uch diffateatiats bgnransplaitaien in viRs prdferey i Bad, th&eb@ﬁ@iely%f\iﬂigsabz or ad f

e obt ai ne rom

each donctsmplaymoyipergin the cellsamndeigodiidelogis %ﬂélm@ti}oaaldﬁffanentiﬂgmﬁl : i nes;
1A [ f 0G0 tal ogi n
the | mmoriopd aBhobffe coHRMABHY R BosREY. Biudihbus elfuu Mokl b 8GR, 001 N9

pr oduci ngnahdHSarsplaht slepasidiecythe tifGeantayipedf (&m;%témirlﬁuhﬁﬂto' @pgﬁh@m@p(ggys stem
(HS) cells. frommultiip]e donors conprising: (a).selecting donors;

det er i ni%&l{f%ﬂf&éﬁiﬁ%@ PO o grmﬁatﬂ%% g5puns A Hiveeseat diffesgntigted sells alj | y
activati - bl s ek 0S| ' i cglls. | ne rom
ach donar s TRaRs Fical i RaRLcolle 1Riglared| R Oh R e cerBRbdl O}

cont ai ns ad thewresal aapkile nBbese(aAn@ither hzethads akodaszyiomiia W.8Pagenpart i cul ar

Jeon Yoe R0l SRia18F. oabhzg8) &ld 08, PRviSbnal AppliroR el ig> &' ned from
60/253,943.
The pluripotent isolated HS cells of the present invention can also be
differentiated into selected tissues by in vivo differentiation in immuno-compromised
animal followed by isolation of the said tissues for a variety of therapeutic uses. And

the HS cells can also be cultured and differentiated in vitro for purposes of study, or

diagnostics.

G. Depository of HLA typed HS cells

HS cells are homozygous and carry only one HLA haplotype. Thus, a donor
HS cell has only one HLA haplotype to be matched with the recipient instead of two,
as in heterozygous stem cells. As discussed above, there are 22 different HLA A
antigens, 42 different B antigens, 9 different Cw antigens and 18 DR antigens. With
such a large number of polymorphic HLA haplotypes, a complete match of two
haplotypes between a recipient and a donor is quite difficult. In a best case scenario,
such as when there is linkage disequilibrium and the presence of specific ethnic HLA
haplotypes, the chance of finding a two haplotype match ranges from one in 1,000 to
one in several million. However, in the same scenario, a one haplotype match could
be achieved in less than 1 in 200 persons for the common haplotypes (see Martin et
al., supra., showing total disequilibrium of common haplotype of around 172 for the

Caucasian population in the United States). Thus, HS cells can be taken from random
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present invention, although they are in no way a limitation of the teaching or

disclosure of the present invention as set forth herein.

H. Examples
Example 1. Homozygous Stem Cell Formation, And Their Differentiation Into

Progenitor Cells and Various Tissues Of The Three Embryonic Germ Layers Within

Stemplasms

Example 1(a): Derivation of HS Cells from Mouse Post-Meiosis I Qocytes By Activation

Followed by Prevention of the Extrusion of the Secondary Polar Body

Three eight-week old female C57/BDA2 F1 mice (Charles River Laboratories,
Wilmington, MA), were superovulated by sub-peritoneal injections of 5 IU/100ul of
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with M2 medium the blastocyst-like masses were then incubated with guinea pig

complement (1:10 dilution in stem cell medium, Accurate Chemical, ACL4051) for 30

minutes at 37°C . The complement-treated cell masses were then washed 3 times in

the M2 medium and transferred to a mitomycin-C treated murine embryonic feeder

cell layer for further culturing in stem cell medium consisted of 80% Dulbecco's

modified Eagle's medium (no pyruvate, high glucose formulation; Gibco-BRL)
supplemented with 20% fetal bovine serum (Gibco-BRL), 1 mM glutamine, 0.1 mM -
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mercaptoefhanol (Sigma), 1% nonessential amino acid stock (Gibco-BRL) and 1,400
U/ml LIF (Chemicon, ESG1106).

After 15 days, inner cell mass-derived outgrowths formed and were dissociated
into clumps by mechanical dissociation with a micropipette and replated on murine
fibroblasts feeder in fresh stem cell medium. Individual colonies with a uniform
undifferentiated morphology were individually selected by micropipette, mechanically
dissociated into clumps, and replated. Once established and expanded, cultures were
passaged by 5 minutes exposure to Trypsin/EDTA solution (0.05%/0.5%, Gibco-BRL)
followed by further culturing on feeder cells and fresh stem cell medium.

Murine embryonic fibroblasts feeder cells were purchased from Stemcell, Inc.
(00308), and passaged 2-3 times before use. To mitotically inhibit the feeder cells, one
60-mm dish of confluent-expanded feeder cells was treated with 5 ml of 10pg/ml
mitomycin-C (Sigma, M4287) in DMEM/10% FBS medium at 37°C for three hours.
Treated feeder cells were then washed with 5 ml DMEM/10% FBS three times, and
collected by trypsinization at 37°C for 5 minutes, followed by neutralization with 5 ml
DMEM/10% FBS medium and centrifugation at 1000 rpm for 5 minutes. The
mitomycin-treated cell pellet obtained was then resuspended in 15 ml DMEM/10%
FBS medium, plated on three 60-mm dishes (5 ml of cell suspension/dish), and

incubated at 37°C overnight before use.

Example 1(b) Derivation of HS Cells Homozygous For a Specific Genotype and an
Immunotype From Female C57/DBA2 Hybrid Mice
Five female C57DBA2 hybrid mice heterozygous for most genetic loci and H-2

(mouse MHC) were superovulated as described in example 1(a) for HS cells
population. Eleven cell lines were derived and were propagated in culture and then
cryopreserved. Cells from each line at around passage 5 were immunotyped for I-E-
beta in H-2 loci (sequences of PCR primers are: Eb1:CAG AAC CTG AGT CCT
GGG CG; Eb2: AGC
AGA CCA GGA GGT TGT GG) and genotyped for D2mit42 using microsatellite
markers (Research Genetics).

Methods for genomic DNA extraction, PCR amplification, and genetic analysis

(using D2mit42 microsatellite marker) of mouse HS cells were as describe in example
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on a MDE gel (FMC Bioproducts). Results of genotyping and immunotyping of two

representative HS cell lines derived from C57/DBA2 hybrid mice are shown in Figures

9A-F, in which a C57/DBA2 mouse (Figure 9A), and her superovulated oocytes-

derived blastocyst-like masses (Figure 9B) and two representative colony (Figures 9C

and 9D) from two different HS cell lines are shown. The genotype (Figure 9E) and

immunotype (Figure 9F) of the donor mouse (Lane 1), HS cell line-1 (Lane 2), and

HS-cell line-2 (Lane 3) are also demonstrated.

Example 1(c): Development Of Blastocyst-Like Cell Masses From Human Diploid
Oocytes By Activation Followed By The Prevention Of The Extrusion Of The

Secondary Polar Body.

Female ovum donors underwent down-regulation with leurpolide acetate
(Lupron: TAP Pharmaceuticals, Deerfield, IL) and then Began COH (Controlled
Ovarian hyper-stimulation) by receiving follicle stimulating hormone (FSH) (Serono,
Gona-F) treatment at a dosage of 300 IU/day to induce an appropriate multifollicular
response. When ultrasonographic criteria for follicular maturity were met, a single
10,000 IU dose of human chorionic gonadotropin (hCG) (Serono, Profasi) was
administered, and transvaginal follicular aspiration was performed approximately 36
hours after hCG administration. Cumulus from retrieved oocytes were removed by
exposing them to 80 IU/m1 hyaluronidase for approximately 30 seconds followed by
HEPES-buffered human tubal fluid supplemented with 10% humans serum albumin
(HEPES-HTF-HSA) (InVitroCare, Inc., San Diego, CA, 2002 and 2101).

To accomplish mitotic activation, the cumulus free mature M-II oocytes were
treated with 5 pM calcium ionophore (A23187, Sigma) in HEPES-HTF-HSA for 5
minutes at 33°C followed by 3 washes with HEPES-HTF-HSA and incubation in 1 to
5 mM 6-dimethylaminopurine (6-DMAP, Sigma) in IVC-TWO (InVitroCare, 2008)
for 3 to 5 hours at 37°C. The activated oocytes were incubated in IVC-ONE medium
(InVitroCare, 2006) for 3 days, and further incubated in IVC-THREE (InVitroCare)
for 2 days for cell division and blastocyst-like mass formation.

Alternatively, oocytes were co-cultured with STO mouse feeder cells. On day

42



10z 10z 10z 10z<10%& ()- & 10%& ()-sYURL0% & ()-- 10%& () -

109 & () - 92: <==BUC} *<YNC

10z! 1 1090 (3037429 109& ()-L! 1109 ()-L!!!1 9 1 109& ()-g 9PCTIGRA2/0010Y! 9 ! 10

%8 () - gJUCWCXCYCZChCXCCDbC 10z! 109%& () - 10%& () - " &10%& () - s910%&' ()- 10 10
0<5100/&' () - DaDEl | eMgMIMBB7C 10z 10S&<s109& ()- (& 109%& ()-- &L0%& ()-!S

o0 () PR Gl o WA MO RIS o L by O <
}8;2,10%'21(1165 (;gssm%%% ped. valgel/ng;gpmlﬂ@ﬁ@e(te) (sgMigeduclioisit@ 086 that the

109 () sentdie{ udnshndutimor e ivion okl 9000 o

0:/&. () - (o (filgcf'&&c/%f cfr? i 8%%&% ok effipty P&Jlfélﬁr&%@éeoto je%{é\l 186 hdiditkd

109%& () - ltym[des 810851 Perithy @R STl £30 injeror@ 2By (Holdihg AR Re(l: tip&eBE () - 10
*10

close to the zona. Expulsion of the acidified tyrodes solution was ceased immediately

when the inside of the zona is pierced or softened. The blastocyst-like cell mass would
then release from the weakened zona. After blastocyst-like mass detached from zona,
immunosurgery was performed to remove trophoblast cells by incubating the mass
with anti-human Thy-1 (1:10 dilution in IVC-THREE, Accurate Chemical, Westbury,
NY, CBL415-CD90) and anti-human lymphocytes (1:10 dilution in IVC-THREE,
Accurate Chemical, CL.8010) for one hour at 37°C. After washes three times with
IVC-THREE medium the blastocyst-like mass was then incubated with LOW-TOX
guinea pig complement (1:10 dilution in IVC-THREE, Cedarlane, CL4051) for 30
minutes at 37°C. The complement-treated cell masses were then washed 3 times in the
IVC-THREE medium and transferred to a mitomycin-C treated STO (ATCC) feeder
cell layer and cultured in stem cell medium consisted of 80% Dulbecco's modified
Eagle's medium (no pyruvate, high glucose formulation; Gibco-BRL) supplemented
with 20% fetal bovine serum (Gibco-BRL), 1 mM glutamine, 0.1 mM -
mercaptoethanol (Sigfna), 1% nonessential amino acici stock (Gibco-BRL) and 1,400
U/ml LIF (Chemicon, ESG1106). See Figure 10A.

Example 1(d): Development Of Blastocyst-Like Cell Masses From Human Post

Meiosis I Diploid Qocytes By Activation Followed By Allowing The Extrusion Of

The Secondary Polar Body And Genomic Self-Replication

Procedures for superovulation, oocyte retrieval, and the subsequent removal of
cumulus were as described in Example 1(b). To accomplish mitotic activation, the
cumulus free mature M-II oocytes were subjected to sham intracytoplasmic sperm
injection (ICST) to mimic activation introduced by sperm followed by incubation with
25 pM calcium iononphore (A23187, Sigma) for 5 minutes at 33°C. Oocytes activated
in this manner extrude the secondary polar body and become haploid. Such haploid
oocytes were incubated in IVC-ONE medium (InVitroCare, Inc.) for 3 days, and
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Example 1(e): Mouse HS Cell Growth, Differentiation Of Such HS Cells Under
Mouse Kidney Capsule, And Embryoid Body Formation Of Such Cells

HS cells obtained from blastocyst-like masses as described in Examplel(a)
were seeded on mouse feeder cells in 0.1% gelatin coated dishes (10 cm) with stem
cell medium as described in Example 1(a) to colony formation.

One colony of HS cells was dissected into several pieces and implanted in one
of the two kidney capsules of 26 hybrid mice to induce stemplasm formation.
Stemplasms were then harvested by sacrificing the mice in the post-implantation week
1,3,6,9.5,10.5,11, 12, and 14. Half of each stemplasm was fixed in formalin for
morphological studies, and the other half was frozen in —80°C for molecular
characterization. Stemplasm started to be formed to a visible size around week three.
By staggering the harvesting of stemplasms, various tissue types that developed within
the stemplasms were studied. All tissue types identified herein were produced within
said stemplasms. Stemplasm genotype was verified by PCR-based allelic analysis
described in section C.2., supra.

To create embryoid bodies (EB), HS cells on a 60mm dish were first washed
with PBS twice. 1ml of Trypsin/EDTA solution was then added, and cells were held
at a temperature of 37°C for five minutes. 5ml of ES medium was then added, and
cells were lifted by a cell scraper and spun down at 1000 rpm for five minutes. The
cell pellet thus obtained was then resuspended in 5ml stem cell medium without LIF,
and the cell number was counted. Cells were then seeded onto a suspension dish with
lid and vent (Nalge Nunc International, 171099, 35x10 mm) at 2 x10%10cm dish.
Cells were fed in stem cell medium for 4 days, where medium was changed every two
days by transferring cells into 15ml tubes, waiting about five minutes until the cells

settle to the bottom of the tube, then replacing medium. Cells were then transferred
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Example 1(f): Differentiation Of Human HS Cells Within Teratomas, And The
Genetic Homozygosity Of Such Differentiated Tissue.

Thirty-one teratomas were retrieved from the files of the Armed Forces
Institute of Pathology, Washington, DC, and Department of Pathology, New York
University. New York, NY (Dr. J. Liu). A vziriety of different kinds of exclusively
differentiated tissue were found in twenty ovarian tumors from female patients.
Differentiated tissue was found to be diploid as confirmed by FISH analysis carried
out in representative cases using methods known in the art, and alpha-satellite probes
to chromosomes 3 and 8. Between 3 and 12 histological areas of undifferentiated and
differentiated tissue found in seven ovarian tumors from female patients and four
testicular tumors from male patients were identified and selectively microdissected
from each case for genetic analysis. In each case, differentiated tissue was found to be
genetically homozygous, and undifferentiated tissue was found to be genetically
heterozygous.

Microdissection. Unstained 6-micron sections on glass slides were

deparaffinized with xylene, rinsed in ethanol from 100% to 80%, briefly stained with
hematoxylin and eosin, and rinsed in 10% glycerol in TE buffer. Tissue
microdissection was performed under direct light microscopic visualization. From
each case, between 6 and 12 areas of different tissue differentiation were separately
micro dissected for genetic analysis. In addition, several areas of normal, non-
neoplastic tissue were procured.

DNA Exfraction. Procured cells were immediately resuspended in 25 pl buffer

containing Tris-HCI, pH 8.0; 1.0 mM ethylenediamine tetraacetic acid, pH 8.0; 1%
Tween 20; and 0.5 mg/ml proteinase K, and were incubated at 37° C overnight. The
mixture was boiled for 5 minutes to inactivate the proteinase K and 1.5 pl of this
solution was used for PCR amplification of the DNA.

Genetic Analysis. In order to reliably identify homozygosity in the limited

amounts of DNA that were available after microdissection, multiple different

microdissected tissue samples were analyzed with up to 14 distinct highly polymorphic
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H(J%\IA (9p), D175250 (17q), CYP2D (22q), and AR (Xq). Each PCR sample contained
1.5 pl of template DNA as described above, 10 pmol of each primer, 20 nmol each of
dATP, dCTP, DGTP, and DTTP, 15 mM MgCl,, 0.1U Taq DNA polymerase, 0.05 ml
[**P]dCTP (6000 Ci/mmol), and 1 pl of 10X buffer in a total volume of 10 pl. PCR
was performed with 35 cycles: denaturing at 95° C for 1 min, annealing for 1 min
(annealing temperature between 55° and 60° C depending on-the marker) and
extending at 72° C for 60 sec. The final extension was continued for 10 minutes.
Labeled amplified DNA was mixed with an equal volume of formamide loading dye
(95% formamide, 20 mM EDTA, 0.05% bromophenol blue, and 0.05% xylene
cyanol).

Samples can be denatured for 5 min at 95%, loaded onto a gel consisting of 6%
acrylamide (acrylamide:bisacrylamide 49:1), and electrophoresed at 1800 V for 90
minutes. After electrophoresis, the gels can be transferred to 3 mm Whatman paper
and dried. Autoradiography can be performed with Kodak X-OMAT film (Eastman
Kodak, Rochester, NY).

Results. Differentiated teratomous tissue showing consistent homozygosity of
the same allele included microdissected samples of squamous epithelium, glia, and
cartilage (analyzed with markers Ankl (top) and D1S1646 (bottom)). Normal ovarian
tissue was included as control.

In a subset of teratomas, differentiated teratomous tissue found to have
discordant homozygous alleles (analyzed with markers Int-2, D9S303, D1S1646,
D3852452, and Ankl) included samples of epidermis, sebaceous gland, respiratory
epithelium, and glia. Normal ovarian tissue was included as a control. In such tumors,
it is believed that allelic heterozygosity results from the initiation of tumorigenesis
before meiosis I in germ cells. After teratogenic tumor cell initiation, random,
independent events then lead to progenitor cells with a postmeiotic genotype.

A series of ovarian teratomas and testicular germ cell tumors containing both
differentiated and undifferentiated tissue were also analyzed. In each tumor, both
undifferentiated and differentiated tissue elements were procured. Homozygous and

heterozygous components were detected using markers D3S2452, D3S303, CYP2D,
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immature squamous epithelium, neural tlssue (sometimes from separate areas § of neural

tissue within the same tumor), cartilage, glandular structures, and mesenchyme.

Differentiated tissue elements isolated from the same tumors by microdissection were

found to be homozygous for the same markers. Mature elements tested included:

sebaceous gland tissue, hair follicle, and mature squamous epithelium (sometimes

from separate areas of squamous epithelivm within the same tumor). In some tumors,

differentiated elements showed opposite homozygous alleles, indicating recombination

or suggesting that various elements arose separately from distinct postmeiotic cells.

Example 1(g). Derivation Of Progenitor Cells From Human HS Cells

Primary Differentiation

HS cells grown on 60mm dish (Falcon, #353802) with primary embryonic
fibroblast layer and/or 0.1% gelatin coated dishes are trypsinized with 1.5ml
Trypsin/EDTA (Invitrogen, # 25300-050) and transferred to 1.5ml ES-LIF medium in
a 15 ml conical tube. Cells are then spun down at 1200rpm, and the supernatant is
removed. The cell pellet is resuspended into single cell suspension in 2ml ES-LIF
medium, and cultured as suspension cells in suspension culture-35%10mm-dishes
(NalgeNunc, # 171099) at a density of 1-3X10° cells to allow stem cells to form
rounded spherical clusters, known as embryoid bodies (EBs) for 4-6 days. Forming
EBs are washed every two days by transferring the EBs to 15ml conical tubes, and
then allowed to settle to the bottom. The supernatant is removed and new ES-LIF is
added. EBs are then transferred back into suspension culture dish. HS cells grown as
embryoid bodies are comprised of all the germ cell layers, ectodermal, endodermal,
and mesodermal.

Ectodermal Progenitors. After 4-6 days, EBs are trypsinized in 1ml of

Trypsin/EDTA, washed in 4ml ES-LIF medium, and resuspended into single cell
suspension in DMEM/Knockout medium (Invitrogen, #10829-018) supplemented with
10% Serum Replacement (Invitrogen, #10828), and G5 (Invitrogen, #17503), N2
(Invitrogen, #17502-048) or beta NGF (100ng/ml) (R&D Systems, #256-GF). These
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(50ug/ml)(Sigma, #F-0895) for 10 days, with media changes every two-three days.

Alternatively, the EBs are cultured in 0.1% gelatin-coated dish in ES-LIF
medium for 1-2 days, and then the medium is changed to serum-free medium
supplemented with Insulin (Sug/ml), Selenium chloride (.015nM), Transferrin
(50ug/ml), and fibronectin (Sug/ml)(Sigma) for 6 days. The cells are trypsinized, and
single cell suspensions are cultured in N2 medium (serum free-DMEM/F12
supplemented with N2 (Invitrogen, # 17502-048), B27 (Invitrogen, # 17504-44), and
bFGF (10ng/mL) (Invitrogen, #13256-029)). Cells are then counted and seeded at a
density of 2-5X10* cells/well/400uL N2 medium in 24-well plates pre-coated with
poly-L-omithine (15ug/mi)(Sigma, #P36550), and expanded for six days.

These progenitors are further differentiated into different neuronal cell types by
adding G5, RA, FGF, NGF, GNDF, or BNDF. They are also maintained in their
presence conditioned media for cell expansion.

Mesodermal Progenitors. For mesodermal progenitors, the single cell

suspension in DMEM/Knockout medium supplemented with 10% Serum Replacement
and beta-NGF as described above are cultured for 10 days with media change every
two/three days. After this period, the cells are further cultured in Activin A

. supplemented (20ng/ml) (Sigma, #A4941) conditioned medium for another 10 days for
heart progenitor cells. Alternatively, for kidney and Mullerian duct progenitor cells
the cells are further cultured in Activin A supplemented (20ng/ml) (Sigma, #A4941)
conditioned medium for 4-6 days after which 2ng/ml of TGF-beta (R&D Systems, #)
is added to the medium, and the cells are cultured for another 4-6 days.

Endodermal Progenitors. For endodermal progenitors, the single cell

suspension in DMEM/Knockout medium supplemented with 10% Serum
Replacement, along with G5 or beta-NGF on laminin-coated (10ug/ml)(Sigma,
#1.2020), or Collagen I-coated (10ug/ml)(Sigma, #C-7661) is cultured for 10 days.
HGF (20ng/ml) and/or TGF-alpha (2ng/ml) are added to the medium to replace G5 or
beta-NGF, and the cells are cultured for another 6-8 days.

Alternatively, EBs are plated onto Collagen I-coated dishes and cultured in ES-
LIF medium for 4 days. FGF (20ng/ml) is added and the cells are cultured for another
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EBs are also transferred to laminin-coated adherent dishes (10ng/ml) (Sigma,

#1.2020) or 0.1% gelatin coated 35*10mm adherent dish, and cultured 1-2 days in ES-

LIF medium. The medium is removed and serum-free DMEM/F12 (Invitrogen, #

11330-0321) medium supplemented with Insulin (Sug/ml)(Invitrogen, # 11882),

Selenium chloride (0.015nM)(Sigma, #S5261), Transferrin (50ug/ml) (Sigma, #T-

2036), and Fibronectin (5ug/ml) (Sigma). This medium is designated as ITSFn

medium. Cells are fed for 6 days in ITSFn medium, where medium is changed every

two days.

Example 1(h): Development And Isolation of Homozygous Progenitor Cells From
Transplanted HS Cells

To obtain homozygous progenitor cells, pluripotent IS cells derived from
methods disclosed in the foregoing in the foregoing description and examples are
transplanted into immuno-compromised mice under kidney capsules and are allowed
to grow in vivo for 4 to 6 weeks. The cell mass obtained is then minced into single
cells and cultured on feeder cells for further propagation and development into cell
lines. ‘

To assess the lineage commitment (the types of progenitor cells ), gene
expression assays, such as RT-PCR, northern blot, immunohistochemistry, and so
forth, are performed for known lineage-specific markers, for example, NF-H, keratin,
D-beta-H for the ectoderm, enolase, CMP, rennin, kallikerein, WT1, delta-globin,
beta-globin for the mesoderm, and albumin, alpha-1-AT, amylase, PDX-1, insulin,

alpha-FP for the endoderm progenitor lineages.

Example 2: Selection of HS Cells Having a Target Immunotype from Populations of

HS cells Derived from Material Donated by a Relative (e.g, Parent of the Intended
Recipient)

Oocytes are obtained from the recipient’s mother by super-ovulation

using methods described in the foregoing examples. Once HS cell populations have
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HLA molecule (e.g., hemapoietic lineage), the HS-derived sample cells from each
population are then tested for HLA-A, -B, and -C specificities using the
microlymphotoxicity assay. The test is performed in a 60- or 72 well
microlymphotoxicity plate. A panel of antisera, obtained from a commercial source,
are selected and prepoured onto the plates and cooled in a -40° or -70°C freezer. 0.5-
1l of HS cell suspension (prepared by suspending HS cells in RPMI, or a desired
diluent for typing, to 1.5 x 10° HS-derived sample cells per milliliter using standard
techniques) is dispensed into each well of the plate and incubated at 20-22°C for thirty
minutes. 2- 5pl of complement is then added to each well of the plate and incubated at
20-22°C for sixty minutes. Complement is available commercially as pooled rabbit
serum in a freeze-dried form. 1 pl of 5% Eosin solution followed by 1ul of
formaldehyde is then added to each well. Using an appropriate microscope, cell death
in each well is established as determined by the amount of dye fixed onto the cells. A
standard scoring system is used, from O to 8, where 8 is 80-100% representing a strong
positive, and 2 is 20-40% representing a doubtful positive.

The sample cells are then tested for HLA-DR, -DQ and -DB using PCR-RFLP
analysis. DNA is extracted from HS cells using standard procedures known in the art.
Extracted DNA, 200- 300ng, is then amplified by PCR with 2.5 U of the Taq
polymerase. PCR primers used for amplification of HLA class II are listed in Figure
11. After amplification, 4-7pl of a reaction mixture are added to a solution containing
a restriction enzyme chosen from the list in Figure 5, and an appropriate restriction
buffer, and incubated for 3 hrs. Twenty-nine different enzymes are used for full class
II typing. Samples of the amplified DNAs cleaved by restriction enzymes are then
subjected to electrophoresis using a 12% polyacrylamide horizontal gel in a mini-
apparatus (e.g. Mupid-2 obtained from E-Y laboratories Inc., San Mateo, CA). RFLP
fragments are detected by staining with ethidium bromide.

The immunotype of the recipient is determined using the serological and
molecular methodology described above. 20ml of venous blood is obtained from the

recipient (target) into sodium citrate anticoagulant (1ml of 3.3% sodium citrate per
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minutes. Red blood cell and polymorphonuclear cells form a pellet at the end of the
tube, and lymphocytes form a discrete layer at the interface of Ficoll-isopaque. The
lymphocyte layer is aspirated into another tube, topped off with HBSS, and
centrifuged again at 250 x g for five minutes. The lymphocyte pellet is then
resuspended, washed with HBSS, and centrifuged again at 120 x g for five minutes.
This step separates most of the platelets, suspended in the supernatant, while pelleting
the lymphocytes at the bottom of the tube. The HBSS is discarded, and the
lymphocyte pellet is resuspended in HBSS, and spun for the last time at 250 x g for
five minutes. The HBSS is then discarded, and the lymphocyte pellet is resuspended
in RPMI or a desired diluent for typing. HLA-A, B and C typing procedure described
above with the sample stem is repeated to determine the target HLA-haplotype.

Another 20ml or less of venous blood is obtained from the recipient for
molecular typing of HLA class II. Genomic DNA extracted from the blood cell of the
recipient using techniques known in the art is amplified using PCR. An RFLP analysis
as described above is then performed.

The recipient's HLA haplotype may be homozygous or heterozygous, and in
either situation one HLA haplotype (e.g., maternal II) will match with one of the HS
cell populations derived from the mother’s oocytes. Once a HS population is
determined to have the target immunotype, it may then be differentiated in vivo, or in
vitro using the techniques described in U.S. Patent Application Serial No. 09/997,240,
and U.S. Provisional Application Serial No.60/253,943, fully incorporated by

reference herein, and transplanted into the recipient.

Example 3: Selection of HS Cells Having Target Genotype From Populations of HS
Cells Derived from Material Extracted from Intended Recipient (Self Donor)

In those instances where the intended recipient of the transplant suffers from a
genetic disorder linked to the expression of a mutant gene sequence, it becomes

necessary to select the population of HS cells that are homozygous for non-mutant
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anemia. A number of human disease states have been attributed to genetic mutations
effecting one or more of the genes encoding hemoglobin polypeptide chains, including
sickle cell anemia, which results from a point mutation in the hemoglobin B-chain.
The genetic sequence of the mutant gene associated with sickle cell anemia has been
disclosed and extensively studied. See, for example, Saiki et al., 1985, Science, 230,
1350-1354, incorporated by reference herein.

A series of populations of HS cells are created from oocytes harvested from the
intended recipient according to the procedures described above in Example 1. The
populations are then assayed for genotype. Only those populations that
homogeneously carry the target genotype (e.g., the normal or wild type gene rather
than the mutant gene) are selected for further development.

In this example, the mutant gene associated with sickle cell anemia is detected
by allele-specific hybridization, or "ASH." This technology is based on the stable
annealing of a short, single-stranded oligonucleotide probe to a single-stranded target
nucleic acid only when base pairing is completely complementary. The hybridization
can then be detected from a radioactive or non-radioactive label on the probe (methods
of labeling probes and other nucleic acids are set forth in detail below). ASH markers
are used as dominant markers where the presence or absence of only one allele (or
haplotype) is determined from hybridization or lack of hybridization by only one
probe. The alternative allele may be inferred from the lack of hybridization.

ASH markers have been developed to diagnose susceptibility to human
diseases caused by point mutations in DNA sequence. An ASH marker useful in
detecting the B° -globin allele associated with sickle-cell anemia is described by
Conner et al., Proc. Natl. Acad. Sci. USA 80:278-282, 1983 and incorporated by
reference herein.

Cell samples are taken from each HS population and genomic DNA is
extracted using conventional methodology. Following the procedures outlined by
Conner et al., supra, the genomic DNA is digested with restriction endonucleases. The

resulting nucleic acid fragments are amplified using PCR (see Mullis, K.B. et al.,
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amplicons. The amplicons are then transferred to a membrane having a radio-labeled
oligonucleotide probe specific for sickle cell anemia bound thereto in a dot-blot
format. Hybridization dots are detected by autoradiography. Alternatively, the
amplicons can be labeled, and the probes membrane bound.

Once a sample is determined to have the target immunotype and genotype, it
may then be differentiated in vivo or in vitro, using the techniques described in U.S.
Patent Application Serial No. 09/997,240, and U.S. Provisional Application Serial No.
60/253,943 incorporated by reference herein, and transplanted into the intended
recipient.

For male recipients and female recipient who are not suitable for self-donors
due to medical conditions, HS cells having both the target immunotype and genotypes
can be derived from female family member donors. Once a sample population is
determined to have the target immunotype and genotype, it may then be differentiated
in vivo or in vitro, using the techniques described in U.S. Patent Application Serial No.
09/997,240, and U.S. Provisional Application Serial No. 60/253,943 incorporated by

reference herein, and transplanted into the intended recipient.

Example 4: Selection of HS Cells Having a Target Immunotype and a Target Genotype
From Populations of HS Cells Derived from Material Donated by A Non-Related
Individual (Non-Self, Non-Relative Donor)

In certain instances, donor material cannot be obtained from the intended
recipient or a close relative. In such cases, it may be necessary to screen the HS
populations both for target immunotype and for target genotype. An exemplary
protocol for the selection for target immunotype and target genotype is as follows.

Populations of HS cells are derived from oocytes extracted from the donor
individual using the protocol cited above in Example 1. Once HS cell populations
have developed, sample cells are typed for HLA-A, -B, and —C specificities using the
microlyphotoxicity assay described in Example 2 above. _

HS cells are further typed to HLA class II antigens using the PCR-SSOP
procedure. DNA is extracted from the cells using standard procedures known in the
art. Extracted DNA, 200- 300ng, is then amplified by PCR with 2.5 U of the Tag
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2.5l aliquots of the reaction mixture are then mixed with 50ul NHg-acetate 1M, and

manually applied on a filter (Nytran, Schleicher & Schuell) using a Minifold II stot
blotter (Schleicher & Schuell). The membranes are denatured by placing them in 0.4N
NaOH, for ten minutes, then neutralized for 10 minutes in 1M NHjy-acetate, and then
dried at room temperature. Positive and negative controls for hybridization are
included on each membrane.

Oligonucleotides for hybridization are then labeled with [32P]y-ATP and
polynucleotide kinase, in a 10pl reaction. The reaction contains 6pmol oligo, 251Ci
ATP, 1pl kinase buffer (0.5 M tris-HCL, pH 7.6, 0.1 M MgCl,, 50mM dithiothreitol
(DTT), lmM spermidine, ImM EDTA), and 5UT4 polynucleotide kinase (Pharmacia).
The reaction is incubated for thirty minutes at 37°C, and the labeled oligo is purified
on a DES2 column (Whatman, Cat. No. 4057-050). After loading the column, the
oligo is washed with 10ml washing buffer (150mM NaCl, 20mM Tris-HCI, pH 7.8,
10mM EDTA), and then eluted with 0.2-ml fractions of elution buffer (1M NaCl,
20mM Tris-HCL, pH 7.8, I1mM EDTA).

Each membrane is then hybridized with radioactive oligos. First, a
prehybridization step is performed for thirty minutes at 54°C with
tetramethylammonium chloride hybridization (TMAC) buffer (50mM Tris-HCl, pH
8.0, 3M TMAC (Fluka), 2mM EDTA, pH 8.0, 5x Denhardt’s, 0.1% Na-dodecyl
sulphate, 100pg/ml denatured salmon sperm DNA, filtered through Whatman 3MM
paper). The membranes are then hybridized for one to three hours in a TMAC
hybridization buffer containing 0.5 x 10° cpm/ml of the labeled oligo at 54°C. The
blots are washed twice for ten minutes at room temperature in a TMAC washing
buffer, and then twice again for fifteen minutes at 59°C (19-mers) in the same. The
procedure is fully described in Hui et al., Handbook, at 119-123, incorporated by
reference herein.

The target immunotype is determined using the serological and molecular
methodology described above in Example 2 above. Target haplotype may be

homozygous or heterozygous. In either situation there is a high probability that at least
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derived from the populations of cells from unrelated oocyte donors of the same
ethnicity as the recipient (See above).

In this invention, unrelated women afflicted with genetic diseases do not need
to be excluded since HS cells with the absence of disease genotype can be derived. For
example, the foreign donor (e.g., the unrelated individual) is a women afflicted with
beta-thalassemia. Beta-thalassemia is a genetically determined defect in hemoglobin
synthesis. There is an inability to manufacture sufficient quantities of globin chains.
Alpha-and beta-thalassemia conditions are blood-related disorders which result from
genetic mutations manifested phenotypically by deficient synthesis of one type of
globin chain, resulting in excess synthesis of the other type of globin chain. See
generally Weatherall et al., The Thalassaemia Syndromes, 3rd ed., Oxford, Blackwell
Scientific, 1981 and U.S. Pat. No. 5,750,345. The #0-thalassemia allele associated with
-thalassemia is described by Pirastu et al., New England J. Med. 309:284-287, 1983

incorporated by reference herein. Thus, in the context of this example, the “target”
genotype will be the absence of the B’-thalassemia allele, the mutant haplotype
associated with pathology.

In assaying for genotype, only those populations that homogeneously carry the
target genotype (e.g., the normal or wild type gene rather than the mutant gene) are
selected for further development. The target genotype, e.g., the absence of the gene
corresponding to beta-thalassemia, is detected and selected by a procedure analogous
to that described in Example 3 above with respect to sickle cell anemia, using an ASH
probe specific for beta-thalassemia (see Weatherall et al. and Piratsu et al., supra.).

Once a sample population is determined to have the target immunotype and
genotype, it may then be differentiated in vivo or in vitro, using the techniques
described in U.S. Patent Application Serial No. 09/997,240, and U.S. Provisional
Application Serial No. 60/253,943 incorporated by reference herein, and transplanted

into the intended recipient.
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1. A method for producing homozygous stem (HS) cells having a target genotype
from non-fertilized post-meiosis I diploid germ cells, comprising:
(a) determining a target genotype;
(b) mitotically activating non-fertilized post-meiosis I diploid germ cells to
develop multiple blastocyst-like masses, each of which contains an
mnner cell mass (ICM) that is homozygous for the target genotype;
(c) isolating HS cells from the ICM;
(d) culturing the isolated HS cells to obtain HS cell lines;
(e) determining the genotype of each HS cell line; and

(f) selecting the cells that are homozygous for the target genotype.

2. The method of claim 1, wherein the target genotype does not contain the

genetic mutation associated with a particular disease or disorder.

3. The method of claim 1, wherein the target genotype contains the genetic

mutation associated with a particular disease or disorder.

4. The method of claim 2 or 3, wherein the non-fertilized post meiosis I diploid
germ cells are obtained from a heterozygous donor carrying a mutant allele
associated with a particular disease or disorder and the corresponding wild-

type allele.

5. The method of claim 1, wherein the non-fertilized post-meiosis I diploid germ
cells are donated by a donor and the resultant HS cells are intended for a

recipient in need thereof,
6. The method of claim 5, wherein the donor and recipient are the same

individual, wherein the donor and the recipient are related, or wherein the

donor and the recipient are unrelated.
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immunotype from non-fertilized post-meiosis I diploid germ cells, comprising:

(a) determining a target immunotype

(b) mitotically activating non-fertilized post-meiosis I diploid germ cells to
develop blastocysts-like masses, each of which contains an inner cell
mass (ICM) that is homozygous for the target immunotype;

(c) isolating HS cells from the ICM;

(d) culturing the isolated HS cells to obtain HS cell lines;

(e) determining the immunotype of each HS cell line; and

® selecting the cells that are homozygous for the target immunotype.

8. The method of claim 7, wherein the target immunotype does not contain the

genetic mutation associated with a particular disease or disorder.

9. The method of claim 7, wherein the target immunotype contains the genetic

mutation associated with a particular disease or disorder.

10. The method of claim 8 or 9, wherein the non-fertilized post-meiosis I diploid
germ cells are obtained from a heterozygous donor carrying a mutant allele
associated with a particular disease or disorder and the corresponding wild-type

allele,

11. The method of claim 7, wherein the non-fertilized post-meiosis I diploid germ
cells are donated by a donor and the resultant HS cells are intended for a

recipient in need thereof.
12. The method of claim 11, wherein the donor and the recipient are the same

individual, wherein the donor and the recipient are related, or wherein the

donor and the recipient are unrelated.
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14,

15.

16.

17.

18.

cells, comprising:

(a) determining a target immunotype and genotype;

(b) mitotically activating non-fertilized post-meiosis I diploid germ cells to
develop blastocysts-like masses, each of which contains an inner cell
mass (ICM) that is homozygous for the target immunotype and
genotype,

(c) isolating HS cells from the ICM;

(d) culturing the isolated HS cells to obtain HS cell lines;

(e) determining the genotype of each HS cell line; and

(f) selecting the cells that are homozygous for the target immunotype and

genotype.

The method of claim 13, wherein the target genotype does not contain the

genetic mutation associated with a particular disease or disorder.

The method of claim 13, wherein the target genotype contains the genetic

mutation associated with a particular disease or disorder.

The method of claim 14 or 15, wherein the non-fertilized post-meiosis I
diploid germ cells are obtained from a heterozygous donor carrying a mutant
allele associated with a particular disease or disorder and the corresponding

wild-type allele.

The method of claim 13, wherein the non-fertilized post-meiosis I diploid germ
cells are donated by a donor and the resultant HS cells are intended for a

recipient in need thereof.
The method of claim 17, wherein the donor and the recipient are the same

individual, wherein the donor and the recipient are related, or wherein the

donor and the recipient are unrelated.
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20. The method of claim 7 or 13, wherein the target immunotype is determined

using serological or molecular methods.

21. The method of claim 20, wherein the target immunotype is determined by HLA
tissue typing.

22. The method of claim 1, 7, or 13, wherein (d) further comprises differentiating
isolated HS cells to give rise to progenitor cells and/or other differentiated cells
and tissue types.

23. The method of claim 22, wherein differentiation is directed by factors in vitro.

24, The method of claim 22, wherein differentiation is directed by factors in vivo,

25. A cell depository comprising multiple populations of HLA-typed HS cell lines,
wherein each HS cell line is derived from a different donor and is homozygous

for a unique HLA haplotype.

26. The cell depository of claim 25, wherein the HS cell lines are obtained from

donors of different ethnicities.

27. The cell depository of claim 25 or 26, wherein the contents of the depository

are catalogued.
28. A method for producing an HS cell depository of genotyped homozygous stem
(HS) cells from multiple donors comprising:

(a) selecting donors;
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a particular genotype;
(d) isolating HS cells from the ICM obtained from each donor;
(e) culturing the isolated HS cells to obtain HS cell lines;
® determining the genotype of each HS cell line; and
(g) cataloging the genotype of each HS cell line obtained in (e).

29. A method for producing a HS cell depository of immunotyped homozygous
stem (HS) cells from multiple donors comprising:

(a) selecting donors;

(b) determining the immunotype of each donor;

(c) mitotically activating non-fertilized post-rﬁeiosis I diploid germ cells
obtained from each donor to develop multiple blastocyst-like masses,
each of which contains an inner cell mass (ICM) that is homozygous for
a particular immunotype; '

(d) isolating HS cells from the ICM obtained from each donor;

(e culturing the isolated HS cells to obtain HS cell lines;

® determining the immunotype of each HS cell line; and

(g) cataloging the immunotype of each HS cell line obtained in (€).

30. A method for producing a HS cell depository of genotyped and immunotyped
homozygous stem (HS) cells from multiple donors comprising:

(a) selecting donors;

(b) determining the genotype and immunotype of each donor;

(c) mitotically activating non-fertilized post-meiosis I diploid germ cells
obtained from each donor to develop multiple blastocyst-like masses,
each of which contains an inner cell mass (ICM) that is homozygous for
a particular genotype and immunotype;

(d isolating HS cells from the ICM obtained from each donor;
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® determining the genotype and immunotype of each HS cell line; and
(2) cataloging the genotype and immunotype of each HS cell line obtained
in (e).
31. The method of claim 28, 29, or 30, wherein the donors are mammalian.

32. The method of claim 31, wherein the donors are human.

33. The method of claim 31, wherein the donors are non-human.
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