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Popul ation O Honpbzygous Stem Cell's Having A Pre-Sel ected 8 %e
And/ O Geggy |I's Suitable For Transplant Derived Th nd

Mat eri al s Andﬂ%bu%gds Usi ng Same The present application c?gﬁfﬁéﬂ 1gf\beneflt
of U S. Provisional Application Serial No. 60/258,881, filed, January 2,
2001. I. Field of the Invention The present invention relates to nethods of

pr oduci ng aA%Mﬁﬁ'(j'é Produpinek Pepnla omﬁrqugwgoga Steny Oeljs HevmgA
| ect
DS e ek N PR o REARCCHP R AP R P IBRIRN,

met hods of using Immredm‘mmonmAhdMetel-ﬁlmhdMéthodﬂ‘UﬁgQSm t her apeutic
and cosnetic transplantation, cell replacenment and/ or gene therapy, and the
treatment of various genetic di seases, neurodegenerative diseases,
traumatic injuries, and cancer. The invention further relates to nethods
for using hist r n se genotype
for prophyl act ﬁ(gggp%%ﬂﬁ%%?gg?ié‘hiﬁ% grbgré |0§?1j§|c¥ﬂr£:) ﬁlﬁﬂbbﬂlfl&%gt limted

t o, di agn@8siial Na. 681258881 ] fled/ldmewg PE200¢. t ranspl antati on (i ncludi ng, but

not limted to, skin grafts for wound and burn repair, replacenent bone,
cartilage and tendon for use in reconstruction of broken linbs, and repair
of ears, 1nosegield bPhe IANMELSEAl P), cell replacenent and/or gene therapy,
and the treatnent—of  vartous genetic diseases including, but not limted
to, neur odegener ative di seases, traumatic injuri es and cancer.

Furt her nor e, inve lon, reI ferentl ating genotyped
and/ or HLA-t yp © pras Yﬁn)}B]éﬁe at75 tﬁ@%gecfss(’%t%lio%"rc @RMSt or cells, and
ot her di pbgilgivn @t&ﬂa&?%d@ steREEDTeRé pretielsetedifof h&ﬁﬁ&ﬁ)t@@&ﬁr’oﬂzl nal Iy, the
i nvention reI ates to nethods for provi d| ng cat al ogued transpl ant

deposi t or gegadypeHpm dpnon homazygeusipohineiopis é ditdeidrserm ealls The igedntioni ne bei ng

honozygou i th any
i ndi vj dua?um{g?%%}iﬁﬁm rﬁéetﬁ‘l‘k%g“?ﬁ%éﬁ%@gt?c%gﬁg’}%ggﬁg%%ﬁév 00107 HLA
conponent gheedpeatic nd@hetiy nenépmtdhbﬁ Alrrpplacenint BEVoNgeng te@Msi, and the
reliable, conprehensive supply of cells for diagnosis, treatnent and/or

t r anspl anfEERimsAt olEiey genetie ﬁ@eqﬂﬁéﬁa RGO %@@WIU@QISPW%W@WE% E¥Rriedppl i cati on
are usefulbyd forcer

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 grafis 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 HL.A haployipe, and histocompatible with any individual carrying the




conbination with materi als and nmet hods di sclosed in U.S. Paé?pig QQ&J i cati on

Serial No. 09/997, 240, entitled "Isol ated Honbzygous Stem

Different] | s Derived Therefrom and Methods of NQ,F‘.LT i ng
Sane, " fihg;d sﬁ%er 30, 2001, that clains the benefit 0 B%g%'ﬂops

Provi sional Application Serial No. 60/253,943, filed Novenber 30, 2000,
both of which are incorporated by reference herein. Il. Background of the

| nvent i on Hii& soeponenisef sach bapflotype foméhd mapesead hbvinga aprstdngrebabde.at ri sk of
rejection. The, degr f sisk.is.proportional tg the deqgree of disparity
bet ween c&PTRIN® ﬁ%ﬁ%{;’%?ﬁ‘%ﬁﬂyg}%&ﬂﬁ?’&&ﬁ ,enéﬂlb(ﬁ JLREP'E '“‘“tqﬂ% surface of
donor and reci pieRrbvereiht Sethds @8suribed id the peddetapplitioRate@efpirant , donor

ti ssue nmust be imunohi stol ogically compatihle recipient tissue, that

e i mun . ] ) Wi th Pl :
i s, donor camiinagen yithnaterials and mehedpdisiasedie §.S. Niateah Arplication 36E#np| i shed
when donokrgd | 9 ; % | I eci pi ent
W1 then Ve 2 e oot Horl e Seny G eI, P
response Ixgaved Theiefrom, andiMethvdsnfiMalimgspd disagp Sameghi ldd Ndvember 30,a singl e
genetic | hat .encodes .t trongest. transpl apt ation | s. This is
known as ?ﬁﬁfsﬁﬁ?tﬂawih%@&ﬁ%mﬁglf - E%P@%agﬂﬁéﬁqémﬁﬂgéﬂgggcyt e
antigen (ld1éd Nbverht® 39S, Goffst vl A@indoRborkis® by RiERAcSREREr part to the
WMHC. HLA restricts, and therefore regulates, the Tmmune response in a
hi ghly specific way. Ml ecul es encoded by HLA bind and present foreign
m crobi al antiggns to an.individual's own T-cells. In fact, foreign
anti gens n %@8&“@%‘9&%‘?& rby the T-cells of an individual if they
are presented in the context of the individual's own HLA nol ecul es.

Therefore, HLA nolecules participate in a tri-nolecular conplex conprised
of the T-cell rléwsuptransplantilionsoap indiviiesl dhprathasrg gaisk of miertione Thel f HLA

nol ecul e. . t | . ' X ILng non-self
HLA anti gghgr e{eg?nglg ipggéoﬁ tir}aﬁ Fogtgg@sﬁgéﬁ%?lgﬁ#y%@%]%ﬁ??é%ﬁgégraf ts can be
rej ected groduds, ftiipes, @kprickstd ofitheetifaes of dudior gid fe€ihidnk O¢llsS Glofenklz® nol ecul es
by as little as one am n(i) acid. It is 2 .29 June 2005 WO 02/057429 PCT/ US02
/00107 belisipeeess phe tenwlaph donpirtissys mush bedmapunobysialegieily commatiblenon- sel f
HLA nol ecuyl; - ' | [ not

recogni zed By ogRFPFRRE s b iQERbRA el ioTNe/ R WREHERY o sl ¢
HLA- pept i decomapipphekwhen dombr tipossikpiegsed i “sedf tantigérst Thadls Vond thetrenipisntof t he

non-sel f HLA _nol ecul e. . . . .
mﬁ then réecognize donor tissue as “self”, and will not form an immune response

()

against it.

In aill mammalian species studied, there is a single genetic locus that encodes
the strongest transplantation antigens. This is known as the major histocompatibility
complex (MHC). Human leukocyte antigen (HLA) is the genetic designation for the
human counterpart to the MHC. HLA restricts, and therefore regulates, the immune
Tesponse in a highly specific way., Molecules encoded by HLA bind and present
foreign microbial antigens to an individual’s own T-cells. In fact, foreign antigens can
only be recognized by the T-cells of an individual if they are presented in the context
of the individual’s own HLA niolecules. Therefore, HLA molecules participate in a
tri-molecular complex comprised of the T-cell receptor, the foreign microbial antigen,
and the self-HLA molecule.

In the context of transplants, donor tissue expressing non-self HLA antigens is
reliably killed by cytotoxic T-cells. Tissue grafis can be rejected on the basis of HLA

molecules that differ from self-HLA molecules by as little as one amino acid. It is



Therefore, matching donor and recipient tissue for HLA redgggs %28 ihances
of a cytotoxic T-cell response in the recipient, and thus He 9
chances of, of a transplant. However, mat chi ng |tpﬁbjs fgeNts a
pr obl emfor wanspl antation. First, there are two classes 0 I—Eg

nmol ecul es, class | and H Second, there are several genes for each HLA

cl ass, and each of these genes has narl%/l alleles (i,e. HLA s poI ynor phi c) .

Wi | e HLA bgheyed thes thermainasaspa flegisugh reie ﬁ%lﬂhﬁaw@msrewﬂeﬁhnw eFHEsr se” | mune

a1 v oun t ™05 B R ATSRALS Vo MR AR roE ot byl BRERTCL T 1

achi eve. hmnldmumanE‘-ceﬂllaereana}iﬁamﬂufelmsgﬁmselfHLAeﬂ:@mﬂe boﬂ:lpléxaqghmd:ul es, HLA-A

HLA-B, and nd thre enes for cl | I HLA, nol ecul es, HLA-DR,
-DP, and P@@ Pl?ﬁgttﬂgfsr%f;%ve fgcfﬁ‘@é’iél!s I@Pﬁe&m * There are 22
different HLA @h@ﬂefcﬁé %ﬁatcﬂlﬁg dghérfaiﬁ%ﬁlpleﬁ tﬁ&dﬁbﬁﬁLAgreghéJs%@éﬁaanHf all el es,

and 18 different - l'el'es. Adding to the conplexity of matching, an
i ndi vi duala cmbzsom‘/@coﬂ rwohseqnﬂ&re@menamdd mausalthschanvxtsecvfesumwlséa of A,

B, Cw, an I.S i.nherite h, pa t herefore
v dan e, ARy Beboti®e WEhetl AR Be R AR, eRRbERtaten' BRFCT G or
hapl ot ypesheré bt tla¥ses of IS IndMcales WlasH $ m&tgHHSéco&\d thBre ar@ééve?eﬁ%end@R
mat ched unrel ated donor tissue makes enor nous demands- on tissue typing

r esour ces formapk HiLd qlwsgmﬁaah@fﬂxe@e gaves ban aryr Pisles (radllrd inf t he HLA genes,

and the n i on and
acute graft E’\?Is%lﬁgsfwgﬁ seas vag‘é}ngéﬁ}&‘ﬁ%ﬁ’ghiﬂge %E‘lﬁmﬁ}zﬁ/ rr‘gjrv%%’ sm the
chance of ithinndé ragpmsd,qnnrakemamplemauamfmim dnerindififudl to afiother {AWiffcuiid - DR

woul d range, from one in 000 to, one in sev | m]]ion dependl ng on the
frequency? kb F‘F?@Sfb‘aﬂaéiﬁﬁ& qrrecipignk pehing diff %‘ﬁ

Hans en, Bﬂﬁ?ﬁ& itherCare tﬁl%ts ggﬂ%rtf)r cl%s T I—fﬂA i&och'ﬁle% HRAIAMBT AL, P 3

"Marrow tranpl ant rom unre onors, " Transplant Proc., 1994 Ju
26: 1719- 1m<21—113e(2wem)dthfdfa%qnsseﬁmniass H\I-HmirrmﬂrcplresvﬂﬂAsDR ﬂﬁ'ma&bl-IéQsour ce of

cells or ue ca ets entic

si gni fi caﬁPﬁ@e mgg‘t ;ﬂt?fe %eg&égjf?mqg%%&%%ﬂg%ng
PCT/ US02/ @f¥§chnt ]b'aﬁél@é %%}enmﬁv? Ellél% ‘éﬁ&!['S AfFene EDR’HReIe@QABHi%@% th'énd
hence, may be used for |agnOS| S, transp ant and/or treatnent. HS cells:

ar e honozygoplexignef lanﬁghwgsammldwlmhas-mt ofieagll A1 Bpew, AR alledanor HS cel |
has only Yhere oq%'g‘etho%pﬂl Y yCE)We nd Epig (é@ap?cﬂ:ype) is inherited from each parent,

therefore individuals may be homozygyous or heterozygous for the A, B, Cw, and DR

haplotypes.
Currently, transplantation using HLA-A, -B, -Cw, and -DR matched unrelated

donor tissue makes enormous demands on tissue fyping resources. This is Jargely due
to the polymorphic nature of the HLLA. genes, and the need for high stringency of
matching to minimize rejection and acute graft vs. host disease. On average, due to
HLA polymorphism, the chance of finding a donor-recipient match for HLA-A, -B, -
- Cw, and

-DR would range from one in 1,060 to one in several million depending on the
frequency of the patient’s tissue type in the general population. See also, Hansen, J.A.,
Anagetti, C., Peterdorf, E., Clift, R.A. and Martin, P.J., “Marrow tranplants from
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

©rshYenopul ati on. See al so,




with the recipient instead of two, as in heterozygous stem g%:‘dlpggpggg cells

can be taken fromrandomdonors of nultiple ethnicities

deposi t or Yyy®h ,&eyr‘% of HS cell populations that inmunohi stlhagisaddyy nmatch
at | east one %1 otype carried by individuals in the population at |arge.
The depository needs only contain about 200 different HS cell |ines, each
having a distinct HLA hapl otype, to service nost of the ener al

popul at i origt¢logical mpatel bekwreenamdandyi and aecipiprt a5l kence.ahdysbeuged 4l e f or

transpl anty} . Further ene, t her I3 h ns.raises hi cal ngerns. A
i ot pot st REkeiadei o REhARY, ' As CUIPRS pEALARRAE b Sl BRBTIR o "onl
somat i ¢ CEHILA hapldtypsRMhipg) ladfoner s ik hastiy oiy/HLWchaphitypecte|besnatddebat i C

mani pul ati ons_are_general | al lowed as they affect only the patjent,
wher eas g&VH e recinian ipsiead ofsWe. apia hetlgrozygoussism aalls; Heycells pandie t

atient's : ch |G '

Geronst r atod t 2%"11%%‘%2 : ?E?éﬁ%gﬁﬁ%"é‘esg?P%%?ﬁ%?%%? PRI ol

eneti ¢ npopplatias ibatsnodunehistological iondvieat, leash ose bapdotgpe tariied bpt f easi bl e
?or gene .t&]gfaglé.iﬁlghu ns f%lr ra&hi 8a| reasons, for etxarLBIe tﬁe | evel of
i nsertionaf idgels i thedioe Eﬁ%@t&a‘%ﬁ' 2 ?H?F’éﬁrﬁ’a’t'{e? ‘?r&yﬁ?nf"é‘t BViZ!DI vectors
into cell i@rehifS BEVLRG, cdtRIaFRR balMtnciHOR habltRy Rl fRSRbHcd ABGHrgn al so

prom ses significant advances in gene-repl aceient therapg}. Currently,
T

t her e ar e gepergl oipslation €se.£ rogida emmivashiggconmmiible ¢ells suitdblator iapspldsér a

di sease is suit e for genetic interventi.on.. whether, th ene for the

i sorder has. BRBRE: B8 PR HCATHAFHER o R HBRh e S et e B ont ey
of int rOdld@dvﬂgbétweaﬂﬁeneﬁﬂmnﬁﬁﬂdtﬁmsﬂfatiﬂ@@l&rb%fﬂytd@ﬁlaﬁ@@@llélﬁﬁ be expressed in
tissues other than the affected tissue to be efficacious, sQiganificantly

i npede t hangsinpdations that may igyolyeeasm ¢ells.apgmatimenipplatioes are genesdl y a need in
the art f ' . DI | . | ti ssue, which
may be us%!}m?’gé%f}%ﬁéﬁff%ﬁ% i’ﬁ%&?’ %trlg}{t’r%é% eﬁ%%@%ﬁ?h&?@%@%ﬁ%’e t herapy. For

exanpl e, KSallewbdad thay affes thd diesdapoemi. Moicoherargsedreiei tragdniy i ng from a
genetic di sease can be genetically mani pul ated before being differentiated
into a p&Pmalyhag eef@nﬁg%t that gneidefsqlssen Re ﬁﬁfacwimnwc@émlx % . Summary of

t he | nvent.Q: : t sl i | 3 S stem
(1) col | s Wi BUGRG of lbile Hovlcr RS pirlodchs BhatRERARY

i nunot y péhexapy igdwmotanp dor privéicelf roaseny domexampbethe leviebof msatjomadi s,

transpl antati on and/or_ireat.nent. In.one aspect of th r t invention
Lhere i o BROTACaE Sinad b ferBlesion BErRGvIg reoygBinc-Tr BrERHSaY e, o havi ng
a target ganRky@EBlyfHgm non-fertilized post-neiosis | (

The present invention also promises significant advances in gene-replacement

therapy. Currently, there are many obstacles {o gene therapy. Concems such as
whether a disease is suitable for genetic intervention, whether the gene for the disorder
has been identified and cloned, whether there is an efficient way of introducing a gene
into cells, or whether the gene can be expressed in tissues other than the affected tissue
to be efficacious, significantly impede the practicability of gene therapy.

Thus, there is clearly a need in the art for a reliable source of histocompatible
cells or tissue, which may be used for transplant and/or freatment, including gene
therapy. For example, HS cells that are histocompatible with a patient suffering from
a genetic disease can be genetically manipulated before being differentiated into a

particular cell type for transplant.



diploid germcells, conprising: determning a target genot )ége]unggb@él cally
activating non- fertl l'ized post-neiosis | diploid germcell evel

mul ti pl e bl astocyst-1li ke masses, each of which contains an inner cell rrass
(ICM that is-honbzygous for the target genotype; isolating HS cells from
the ICM culturing the isolated HS cells to obtain HS cell |ines;

det er m ni nBLt heSyanay ohde bivertigah HS cel | |ine; and selecting the cells that
are honozygous for the target genotype. In another aspect of the present
invention there is provided a nethod for producing noz gous stem (HS)

cel I s having a The gessent mnteﬂnyﬁéa@rfenwi@ﬁg ff@WPFMgP‘zSeéFelﬂo@tfg rfslivend

di pl oi d gegigace& | that (FREIBEIsShRIbe {efkted §heinToRPe @nd ?&ﬂ%rpe | {TrLRRL Na@tﬁg; (b)
mtotically activating non-fértilized post-neiosis di'pl'oid germcells to

devel op bl ésfubfy Siagnasisidenppiaiasion andigr fregfmenthi ch contains an inner cell mass

(ICM that is hﬁ’i”&?e)’&?éé% of M Sri&nt ﬁ(r&%n BRI Y rmeed éqaetﬁoa%lagsoawd-g's cells
fromthe ICM (d) culturing the isolated HS cells to obtain HS cell_ |ines;

(e) det er miaaRgEn stemtHMcelpbavite »istet Mencigel from men-fatilized pystansiasistl ng t he

cel I's that giglfl RANPANIRHDriiRe: t he target imunotype. In another aspect of
the present invention there is provided a method for producing honmpzygous

stem (HS) cells (@havi ﬁlf‘ée“&mtl%ragté‘tgetlgﬁ‘i*ﬂ%type and genotype fromnon-fertilized

post-neiosis | @pl Oﬂnﬂoti]:@ﬁ)ma@tﬁzlaﬂl@ n&ptmmzéd PBst-niefsisdE URIdM 3bMY calid & get
i mmunot ype and genot activating non-fertilized

mtotica
post-mei osis | di pI Fﬁ&t@ﬁlh@“’t’ﬁt hEFeWESIS%S"pe'ﬂBPﬁgtvb’é@%‘t“éa'ftslalféé“‘t?ﬁé@es each
of which contai ns anmwglp@M)qutlismgg,goﬁgmegab%tgéng ynozygous for the
t ar get |m'runoty£e and genol_é%q isolating HS cells fromthe | CM (d)
culturing the i€dl atsefating Hgellsfr ?IBﬁGB%ﬁ n HS cell lines; (e) deternining
the genotype Ofﬁ?aChcdﬂﬁrnﬁ?gethé1s$lht@@HS@élﬁt§ol?t9in~i—lSrt%llﬂ%5 (f) selecting the
cells that are om)rz]%e ous for the target |mrunotype and genotype. In yet

anot her aspect @ gsminingthe $eﬁ%Pﬂqf6?th}F§e‘Pe§ in¢'a8d ovi ded a cel | depository
® selecting the cells that are homozygous for the target genotype.

In another aspect of the present invention there is provided a method for producing
homozygous stem (HS) cells having a target immunotype from non-fertilized post-meiosis 1
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
(ECM) that is homozygous for the target immunotype;

() 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.

In another aspect of the present invention there is provided a method for producing
homozygous stem (HS) cells having a target immunotype and genotype from non-fertilized
post-meiosis I diploid germ 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;

() 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



conprising nmul ti pI e popul ations of HLA-typed HS cell Ii nesQQ\m % b(55 each HS
cell lineis derived froma different donor and is honpbzygous a uni que
HLA hapl otype. In still another aspect of the present invention there is
provi ded a method for producing an HS cell depository of genotyped
honmobzygous stem (HS) cells fromnultiple donors conprising: (a) selecting
donors; (b) det & ni nielrgtingndregreloithas era fromemyBousofp the taget imPyRoLRe pid

activat i ng non-fertikdng post-neiosis | diploid germcells (d) (e) (f)
(g) obtained fromeach donor to devel op nultiple blast oc?/st -1.i ke masses,
each of which Buorst aofhsr agpect ofrils pressnt inyprtien thereipravided acell dipadtePgous for a

parti cul ar congRRk ¥pld §<§Huﬁ¥1bﬂlg)f|'fl§4&%1plat§ sk @M be whiMnohtipired i@ each
donor; culturing the isolated HS cells to obtain HS cell I|ines;

det er mi ni néerivedfrems a gifiperat dmorand s hogrogygops for paniquedd-A baplatyRSgi ng t he genot ype

of each HS cel |l g ifIf aRtftlcRial gjﬁ@t bf‘ttfeeﬁresehﬂ lrﬁf@&fohﬁﬁerélﬁp%ﬁiwdé& 4 BRethbY gsent
i nvention there |%ﬁrow de nmet hod for producing a onpzygous_ stem (HS)

cel I deposProging ands erlthdepgsitonel smpyrediamasygnys s (518&@?118 G @uffiple

al l el es th@&nogrcgmpﬂm;gzygous for a Major Hi stoconpatibility Conplex (NMHC)
hapl ot ype, conprisin (a) selecting donors; (b) determ ning the MHC
hapl ot ype of eadh do ‘mg( MO t otical ly activating non-fertilized female

post-nei osis | g,l)pl oaéaerggﬁ,@tg@éeh&ypmmmfrom each donor to devel op
mul tiple blastocyst-1ike masses, each of . which contains an inner cell nass

(1CM that is hGiozyiseticaliyacivaing « poacferifizedypestmaiosist § gliploidh geray felishe

non-fertilized femal gRRStiroiPdasIs Hénok toteREIS Qultlgl\mlﬁ‘st@@s{ -BkedhBsRCdacy ot ed by
cal ci um i onophore and 6-di met hyl am nopurine or cal ¢ium i onophore

and sham i ntracyt opl ‘é(%lﬁli‘ E"“%ér%“i“ﬁfé“d P5H (ICM)G'SF)‘S hOCTH’)Zyﬂo%foétalpﬁ"g“W@ cells

fromthe | CM obt ai negmf, each donor; (e) culturing the isolated HS cells
to obtain HS ceI I | i nes (HS) determ ning the i munotype of each HS cell
line: and 1solat1ng 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).

In another aspect of the present invention there is provided a method for producing a
homozygous stem (HS) cell depository, wherein each HS cell that produces a cell line has
alleles that are homozygous for a Major Histocompatibility Complex (MHC) haplotype,
comprising:

(a) selecting donors;

(b) determining the MHC haplotype of each donor;

(c) mitotically activating non-fertilized female 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
MHC haplotype, wherein the non-fertilized female post-meiosis I diploid
germ cells are activated by calcium ionophore and 6-dimethylaminopurine
(DMAP) or calcium ionophore and sham intracytoplasmic sperm injection
(ICSD);

(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

(2 cataloging the MHC haplotype of each HS cell line obtained in (e).

In a still further aspect of the present invention there is provided a method for

S5a



(g) catal oging the MHC hapl otype of each HS cell line obtaigg 20%% In a
still further aspect of the present invention there is pr03 t hod
for 5a 29 June 2005 producing a HS cell depository of genotyped and

i mrunot yped honozygous stem (HS) cells fromnmultiple donors conprising:
(a) selecting donors; (b) determ ning the genotype and i munotype of each
donor; (c)preduciogiadtl dell depsisitaraof grpotypedl dnd iminjriotpdd porgezyamisstsins(HS) délls| oi d
germ cel | donor to develop multiple blastocyst-like
masses, eZ%ﬁQRFﬁh%ﬁg% = ﬁ%ar s an inner cell mass (ICM ‘that is honpbzygous
for a particul dp) géﬂ@ﬂmﬁéO@ﬂﬂ i mmunot ype; (d) isolating HS cells fromthe
1CM obt ai ned fr eag . |s to obtain HS cel
lines; (f) det e?m ni ngnﬁgﬁgh‘eeﬁgé ée%g!rllwﬁn%glﬁé Qﬁeaﬁﬁd glleach HS cell line;

and _(g) cat al odrhg tnhitotigadlyorstpyatiten don-fiariilired yrps)ét-meloeaclh digpid egerm| cells
obtained in (€). TRk HERcali MBI b QB %1@519Mra%§@sﬂ;@%9§g taiygror bank
for HS cell lines typed 8w serol ogi cal or

mol ecul ar net hods, Whiidirconlains dn inaenrsl mase(ICH Hahis h@momggmfer 2 putigidar
resources. Addition%$&¥¥eaﬁgﬂﬁﬁﬁ§ L. invention provides cells selected for
not just inmunotype, Hence it provides a nethod for
treating geneti(@ diistatide S Cﬁﬂﬁﬂ@k@ﬁgq:MobsalﬂééﬁPmteﬂfélr@mrant s, where HS cells
pre-selected fqg a r&gmlrglgsmsaceugmwrpﬁs eBMiRe transpl ant ed to the

af fected area. T% efféctively providing gené therapy wthout actual
genetic |ntervéﬂtroﬁﬂBFWFEEéw@BWEﬁE@WémmﬁvéhP¢@%wdigﬁpdb@v #dr ei n provi des
met hods for pr QgiCi Rakylokife tioBffddind flshiSon 806k AEPASBUT B o5l AR
differentiated Cells derived therefrom Hence, present 1nvention, is
useful in conbilhgmresent {veriondsotpeqyides ﬁégp%rorwosbanbaf@reﬁﬁ ceblifes eed &1 Seri al
No. 09/ 99%124Q, _gnicht mﬂ_ﬁk%gl BlRiPIOAYITQS nRHRIR %Lrﬁwo@d fr&ﬁf:@ﬂfe' at ed
Cells Derived Therefrom and Methods of Making and Using Same,” filed
Novenber 3igmanpdygytissugiyping yesourees. d\ddisionskl thﬁp‘iﬁFﬁ“&@Wf@ﬁﬂ s@wrdasr ool selatyi 253, 943,
whi ch prowi,dgs Rl ﬁ’rﬁﬁtﬂ%ﬁ@tbuhﬁgm@ﬁgﬁ% Heﬁéeqm)&)bi&s £RkihSd fd?'%lteglﬂfésge@é?ig
materials for making sane, and differentrating HS” cells into
pr ogeni t ordisoederssfop exampie by ¢l itansplagiss Wé‘?férﬂﬁ sl opre-aglected {gF @upps-difeasgel | s or
tissues i ’hef{dt%/ffé md3 be! t&néﬁ:llatn’réa to 'ff§ z&‘fél:tle& arh. Crhfad %%&Q;ef&%&uﬂﬁé géﬁ@ttﬁe?a{byOf
non-fertiliz oSt -nei 0si s diploird germ Ccel from stenpl asns

transpl antVl@HIOPtrﬂP@a%elqulvéﬂﬁﬁmﬁlﬁn It is a further Ob] ect to isolate HS _
cell's fromthe pahkbs, flakial ¢ dRKE! RAGR Hovilel Mehoddid HisREIAM. 1t 1

anot her object of th
typed HS cells, and progenitor cells and differentiated cells derived therefrom. Hence, the

present invention, is useful in combination with the teachings of U.S. Patent Application
“Serial No. 09/997,240, entitled “Isolated Homozygous Stem Cells, Differentiated Cells
Derived Therefrom, and Methods of Making and Using Same,” filed November 30, 2001, and
U.S. Provisional Application Serial No. 60/253,943, which provides pluripotent homozygous
stem (HS) cells, methods and materials for making same, and methods for differentiating HS
cells into progenitor cells or other desired differentiated cells, groups of cells or tissues ir vivo
or in vitro.

HS cells are created upon activation of non-fertilized post-meiosis I diploid germ
cells from stemplasms when transplanted into a live animal. It is a further object to isolate HS
cells from the various stages of development within said stemplasm. It is another object of the
invention to provide methods of selecting the cells to be isolated from said stemplasm.

The HS cells of the present invention are pluripotent, and raise no ethical concerns as
they are isolated from cell-masses that are non-fertilized and incapable of developing into
viable embryos. Moreover, immunchistocompatibility matching is difficult to accomplish
when heterozygous ES cell lines are employed in tissue or cell transplantation therapy, or

maintained in banks and/or depositories. This is because
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i nvention to provide nethods of selecting the cells to be iPSII rom
s okfe gt

said stenplasm The HS cells of the present invention are t, and

rai se no gidug@hsgoncerns as they are isolated from cel | Ygragsdippt are
non-fertilized and i ncapabl e of developing into viable enbryos. Mreover,

I mmunohi stoconpatibility matching is difficult to acconplish when
het erozygous_ES cell |ines are enployed in tissue or cell transplantation

t herapy, &k Exgelhlingshgludingshasedlexelapest bybgvanced Celb Techmelegyiand pthenuse 5b 29
June 2005 087429, | Il 1in I-nchudi ng those
devel opedo é/lg%ée %ngrg@hc}%%%é@&&%@%%g ﬁ%&?‘ 5F 15 nﬁ%ﬂégﬁ%?\c ) q%?sg derived
from f er t ukingedulediffeyasiated dellgnmd urd geasmicalip hberozygalse.gya¥0O usi ng adul t

diff ti I ) |y het .g., WO
o baosoneUeiEaE i B e S SR kol i dhe i BBt ent st e
cells of tohs Wﬁé&%&eﬂt%ﬂﬁblﬂ%eﬁ@%eﬁ%@ﬁ%r%ﬁ&-&%ﬁ? @8k EBlOGr 5 I germ

cells, or stenplasns, are genom'ca Zygous m ni mal
het er ozy gétsimplasos, amigenemicalip homyzggsis (Withomimme) lstdroritgedity orunifdGn

honmozygosit as in the cases, of fusion . apd.nyclear transfer of two
napl of o gbpHoeleed) ordfe FteER S MEE netibeapsich (5 L iarar of ¥ Hisdh

i nunohi s tee gi@adritinkfck ¥f Mot RITE g 1BLRMs P ¥udhdelis Mah hedidéd toaRbRome ,
transplantation, cell replacenent, and ‘gene therapi/m;rechnl gues enpl oyi ng

ES cel | | imegmolgptopempatihiliy potisns theed by cureenilsanailairiitarspleistentcolli es.

During ga i ter ermeel.] s.i. g, germcell.s w.ih both
pat er nal gﬁ%&%ﬁﬁ{%@? ﬁ%‘? g%%r%%é%%@%}%q%ﬁdz 2 1’3%)"%%?5&?@?’“%#. Of W@lnltq‘l?lggﬁ iotic
di vi si on célirBhebdrks khd/ohdemkkerisds chronmosones separate to formtwo

honozygous daughter cells that contain either paternal or maternal
chronosones wi t RUEBEEANEogenssls irkerogy sons seraberdisd-o» gemu edlsorith brth phenonenon

of crossi Qg | ISy ' . one daughter
el | (1 hel SeiaEind ifchDE Ehrofidhile, ARAGRERERnie, T ReIrHEbAR B, 7
arrest ed @neiosis Hphameldgbus Suoinosmhapbeade td fotnpiwoi bnoegysesianghtebe used to

derive ho ous stem.cells th mnipal heterozygosity. Upon proper
activati oﬁaﬁﬁﬁ‘ﬁt&)ﬁ E‘QJGF Pafsa\é%rem@%agage@eﬁmﬁ ‘%‘&hiﬂ”é‘%lléetWFg by the
extrusi oNifiodARRt HelhaRIrich ﬁﬂen&neﬁdﬁeof%ﬁ%%gﬁfvﬁr Hﬂlrﬁfer,m% P@g\%g fve rise to

a haploid cell. Such meiosis-conpl eted hapl oi d oocyt’e se I'cat es

wi t hout Hhetexkisien o€ pne davgbier nell (the pliphnyipdlanbddy)is bbserved. hwwothegous. Such
Mei 0Si s-c¢ t ed,, . hapl pi,d, 00 es, nce sp ,be used to create the
honoz ygougg%blg%cg% 1 aSrPBSEedtaltl gae(f‘%h%sg% Pﬁfcﬁ\%ﬂ%ﬁ% ‘ﬁlﬂoﬁoooﬁ ¥ yY§osity. See
al so, Kaufitedad div horoRRoliSa8m bells with minimal heterozygosity.

Upon proper activation, a metaphase II oocyte can proceed to complete meiosis

by the extrusion of one chromatid (i.e. the secondary polar body) and giverise to a
haploid cell. Such meiosis-completed haploid oocyte self-replicates without
cytokinesis, rendering it diploid and uniformly homozygous. Such meiosis-comf)leted
haploid oocytes, hence, may also be used to create the homozygous stem cells of the
present invention with no heterozygosity. See also, Kaufiman M.H., Robertson E.J.,
Handyside A.H., Bvans M.J., “Establishment of pluripotential cell lines from haploid
mouse embryos,” J. Embryol. Ekp. Motphol., 73:249-61 (1983). Stem cells derived
from stemplasms derived from post-meiosis I or IT germ cells also carry the above
mentioned homozygosity, Stem cells derived from the fusion or nuclear transfer of
two haploid germ cells from an individual can have a larger degree of heterozygosity,
nevertheiess those homozygous for MHC can be selected and used in cell based

therapeutic applications.



Handyside A-H, Evans M 3., "Establishment ofpluripotenti a2 cel l é es from
hapl oid nouse enbryos,"” |. Enbryol. Exp. Morphol., 73:249¢ 81J f'?[& @é" Stem
cell's der $ehnshiem stenpl asms derived from post-neiosis EC‘HUSM 0@% mcells
al so carry the above nentioned honbzygosity. Stemcells deri vecf romthe
fusion or nuclear transfer of two haploid germcells froman individual
gosity, neverthel ess those honmbzygous
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enbryos, nuglear transfer, erapeutic cloning . enpr and adult stem
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Maj or  Hi 3heeesmsd &) ﬁ%@peyq@{eﬁy&es Theref ore,

i mmunohi sto co at|b| |ty mat chi hg befween a donor and an individual in

need of HMHWS W@@mp%i!blhttyemiqd;mg Botwaei edona and b éndividid in siedadf] | s. Such
stem cel | h or. one MNHG ha e.t rat not on by
reci pi ent §r C%ﬁ%ﬁ%ﬁ%ﬁg@p}r B&apiregac 5%1’”&%@3&{%%“@155 ?jfirhé’e}c’ﬁ?’% s with
the sane %i@lﬁmmlﬁiﬂcﬁyperhretdi&%d abt 6ﬁ1§b§r re éﬁ@hwgﬂieqaéi@m Human MHC
l oci are within Mo on chronosone 6, IVH | el es are usually

i nherit ed héhlomps(;but Shdy VeRDigNts é“ﬁihdh%m WG mp@ne@tsgn gitleas of thedr
consi dera??é}}\mgﬂﬁg%sequency in the popul ation, for exanple the 15 nost

conmon DR hapl ot ypes are shar ed by 21. 3% Caucasi an
Aneri cans, andIﬁmunIm{G)hemwazﬁthﬁntSMhﬁnélﬁammﬁfmeqmo‘caﬂelaﬁ greseen in

ot her et hni ca| backgr ou Furt hernpre, cqommon | LA hapl otypes in one
raci al grBﬂﬁié(rl’éh%%i@ﬂi’}g?gﬁ?m?mnﬁewoﬂmwl%ﬁmﬂ é‘ia exanpl e, 156
hapl ot y peso@fiadiiidy hiideF BOFRARARKOD e&mhn Wil ¢ shared

at | east once by Af i can Aneri cans, é%l an marl marl cans, or
Nat i ve AméllifednsB, Tl nunber of common hapl otypes of ot her raci al groups

(1001 63) ; “DEHERPORRE Ak R B 70 Y0R8 A SURGR. AR ST SPSTAomnG. ot | v

Amer i cans ofﬁﬁﬂé@ﬁéfr uchBf bwe sbhn m%é'ethucaﬁb&kg‘f‘d%ﬁd@nﬁnﬁéﬁh% Y@ubbgauenci es

in the North American popul ation: the Nation Mar r ow Donor” Program Donor
Regi st ry, HUf bapdeiypes intone pacial 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,
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nmol ecul ar t echni qﬁns kno in the art. Such HS cells may be then be used to
derive progEHives éﬂd;'@rcegﬁ aesr fugtherrselegted forgeaobpp USINE gr oups of

cells or tﬂlﬁgé{gagtggﬁﬁqu@% %Qgﬂssqbﬁﬁbfbégpmla?byﬂﬁnﬂ: 4 aldé%ggl cation

Serial No. 07/997, 240 S. Provisiona catlon
60/ 253, 94 Progenitor grbls zandcbriother diffarentintedrreils, gnoups Ad dells m'rtmbmwtypd%sfmw esent
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t ranspl antpeb}igionalAyHIREtidH SalRat 6@@53&?@%&:}%&%&[‘8&' E&%ﬁ@é‘ﬁ‘érém' ve
di sorders, traumatic injuries and cancer. IS an object of the invention

to provi dé@ﬁmﬂﬁdhﬁaresmtmnmgpmvmm@hqderﬁor lmf.ngrprmiﬂy‘{sj@usdﬁsem cells
frommtotl act |. ed. honpzygous t-nei.osis | I0|d ermrmecells
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and/or treatment of genetic and neurodegenerative disorders, traumatic injuries and

cancer.
It is an object of the invention to provide a method for producing a population
of homozygous stem cells from mitotically activated homozygous post-meiosis I
diploid germ cells having a target immunotype such that they are suitable for
transplant into an intended recipient by, (a) assaying the immunotype, that is, the
homozygous or heterozygous HLA haplotype, of the intended recipient to determine
the target immunotype, (b) producing mitotically activated post-meiosis 1 diploid germ
cell samples to give rise to multiple blastocysi-like masses, each of which contains an
inner cell mass (ICM) homozygous for a particular HLA haplotype, (c) assaying the
immunotype of each said ICM so as 1o select one carrying the target HILA haplotype,
and (d) culturing HS cells isolated from the selected ICM to create permanent HS cell
lines homozygous for the target HLA haplotype. H is a further object of the invention

to provide HS cells derived from the intended recipient, or a close relative of the
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09/ 997, 24 r.ovi si l, - | i ¢cat.i Serial,. No. g0/ , 943, which
are i ncoglb%?%tbgﬁ %91%F g%éed}g%%dﬁ@ﬁgfﬂ magég ﬁatgn{g% - im er(')eﬁﬁoeci pi ent

hi st 0oconp&BI97240 il Ucs: HrevislorihlAfifticetiat el W4, 64/233 985 dlidiarkhe i and

genot ype; élgb) m t&)l cally activating donor honozygous post-neiosis |
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par bt cul ar ol Tofiark pastedif () HRaSing dhmbaiiind SRS EERHRe it
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each said HS cell line, and , ., _ )
donorﬁlomozygous post-metosis I diploid germ cells to develop multiple blastocyst-

like masses, each of which contains an inner cell mass (ICM) that is homozygous for a
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 genotyps.

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
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cell, group o , Or tissue type I ch conprises directing the
di fferenti ati oftistnether dptgedt af the, inveantiom tooprp picd metlaodd for maeng b pshtdHS cel |,

d I
under 0 G ot L e A o b SEit
tissues i r‘sblla:zdi; imBnoB/Hed, 0t/ ok EBAdtAtd I ca@P bhd/shiddbid Ectiitesns ggﬁgneﬁ ive

tissue, rruscl e tissue or nervous tlssue. Illustrative types pi thelial
cells incl %?éms imovivo 8F & Yite, 901 avite ewive et thlzeiparadmeﬂ; grgup epedllsedritisbuecel | s;

ecr ot i ng S (Rerip TR S e bR e rfGionks SifREHE"

ext racel | tiksue, masole Hssue or nervous tissue.

- O3

Nlustrative types of epithelial cells include, but are not limited to, keratinizing
epithelial cells; wet-stratified barrier epithelia; lining epithelial cells; exocrine-
secreting epithelial cells; endocrine-secreting epithelial cells; extracellular matrix-
secreting epithelial cells; absorptive epithelial cells, such as those of the gut, exocrine
glands, and urogenital tract; and contractile epithelial cells. Illustrative types of
connective tissue cells include, but are not limited to, extracellular matrix-secreting
cells; cells specialized for metabolism and storage; and circulating cells of the blood
and immune systems. Iflustrative types of muscle cells include, but are not limited to,
contractile cells and ciliated cells with propulsive function. Illustrative types of
nervous or sensory cells include, but are not limited to, sensory fransducers; autonomic
neurons; supporting cells of sense organs and of peripheral neurons; and neurons and
glial cells of the central nervous system, Illustrative types of reproductive cells

include, but are not limited to, germ cells and nurse cells.
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secreting epithelial cells; absorptive epithelial cells, sggrhuas 2@ trf:)se of
the gut, exocrine glands, and urogenital tract; and contr&cti ke t heli al
cel I's. I'l hagbigzhae types of connective tissue cells i nClP’&‘ﬁjSO?ﬂd&lO?re not
limted to, extracellular matrix-secreting cells; cells specialized for
met abol i sm and storage; and circulating cells of the blood and imune

systens. 11| ustIr ativ téﬁes :tzf muscle cells.jnclude, but are not limted
to, contracti TESBPher ohieet of theanvstion fq Rroyiders catalneyed frowsplashct i on.

11 ust r atia¢BodidPLer Kink cBREMESHPLIHBASOF Mo LA Sy AT Uilts diHYePhiSmN Ot
limted to, sensory transducers; autonomc neurons; supporting cells of
sense or gangltinlediondrspeach phpulatiomemanygousdodaiieast omsHhAchapiityel, scad s of t he

central negLyv system |llustrative t s of reproductive cel i ncl ude,
ot are ndPve R ERER ftsgh bbbttt R b bttosshpa e flsTans Vo
02/ 057429 dRighbkib@2hdpabidationlahdios trastpieher obj ect of the invention to provide
a catal ogued transplant depository or bank containi ng popul ati ons of

pre- BLA-t yped Hbiganofher ghiephafdhe ingpatiomtp pryide aimethod of teatingpolisdrden on
honpzygous,.fiar . . | ot:ype. s t. hawe a reliabl e,
conar agr - or ieadletat ik ARG ARLAINE RN B0 0B biPo, (e Foli B

di agnosi s cellgpsmipaof edllsptissaeidrangins dainiolated HS talsahatadper obj ect of the
net hod .of treating a disorder or disease state in

i nvention.to provide.a ) ti, i

an i ndi vi d‘H&?‘E‘B&S@ yicAgpatible ﬁlwa@rm&iﬂld&@e Ddpstratiye dipprders apd acenment
cells, graog th . t.solated H . hat are
rmunoht s o s talintde, bt SRSt i) 42 B R g G BosfBaliil sihadr)

di sor der s anétecotstation, Isntateplacementyuspenal lootd injuey, batns| amd the tiké)andthidiumat i ¢

i njur e.0d.,.post-trauma .repair . and.reconstryction, |i rep) acenent,
spji na?/ g(:oﬂgfelcﬁjpﬁaﬁé?lofﬂﬁ : d&'}ﬁlgﬁlﬂi CP?‘%B?HS_a‘?%ﬁ‘BF‘? hissHes é@fgr,gafb‘gte%l ogi cal
and mal | gﬂﬁﬁﬁer)@m%eﬁé}ﬁﬁﬂ%‘ aﬂd&?n%@ﬂiﬂaﬁdisédsé@bﬁﬁz cARGn@HIRRE of Bed- »  Cancer);

and degenerati've and congenita i cells and tissues of the

i seases of t
nmuscl es ( &ugeles taygi ¢ystie fibrasisi musenlarclyktzophyy sardiep hgnditens)inarves (mgli t | ons) ,

nerves (e. - Al Ler's, Parkjinson.s, .and.pul.tiple | erosi s),

epi t hel i u%&%}guaé{ g’%ﬁlﬁ%ﬁgsss algﬂl&uitllp%os&e[rﬁ}si gfl%b%g?'gr gg‘? “&htht her
stenoti ¢ vaepuihey athaoshldrbsidsad GREEIBOHE Vs ChRFtiorkl elkya® defieiefcies di sease,
and hornone def|ciencies such as diabetes), and connective tissues (e.g.,

i mrune comfekh asdriehm s disgasensng hormgneldeficjangiessiehsasdiabetesy snd someptive  graft ed
t _ _ S _ : e
Gonor -t et fe.d Do UG ikioh PP Ayl MR AL B SRFSINET ) P, O

descr i bed ginfiet lbe trardpiantedietaaubect it @sed, ippdfeably 181 thé Sibjcot’d dwel dondB ,
al t hough Iql%?e%ais alimtation of the scope

These and further objects of the invention are fully described by the below
detailed description, examples, and claims, although none is a limitation of the scope

of the invention.

IV.  Brief Description of the Figures

Figure 1: Graph depicting the difference in the quantity of cells needed for a non-
HS cell bank versus a HS cell bank.
Figure 2: Schematic diagram illustrating the derivation of HS cells from post-

meiosis I cocytes.
Figure 3: Schematic representation of spermatogenesis and oogenesis

Figure 4A: Table showing serological specificities of HLA loci
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of the invention. IV. Brief Description of the Figures Fi goujr'ge 1: &ﬁbgph
depicting the difference in the quantity of cells needed f WNRSI% Hs cel |

bank vers el | bank. Figure 2: Schematic diagramil ' t he
derivati om?l@%el | s frompost- neiosis | oocytes. Fi gurﬂg@sr‘%%lg?rat i C
representation of spernmatogenesis and oogenesis Figure 4A: Table show ng
serol ogical specificities of HLA loci 11 29 June 2005 WO 02/057429

PCT/ US02/ 001 Biguri 43rQffiellly @bdognized HLA-BRognd HoA-IM) Apedicitiesl HLA- DQ

Specificities., Fi gure, n; | i st. of exenplary restrigction,  endopucleases for
gonot ypi ng ofiEHLA Ao Rslel erpRBlRaeSEc, bnationses Ot eORIRRBRRILA, S50
probes forclask X alleleass |1 typing Figure 7: A list of exenplary sequences of
primers used_for microsatellite typing and sequencing Figure 8 Mip of HLA
class 1,11, Bigareq: Ab@ticﬁﬁsemwew%pr@eﬁ&r&m&elassbﬁémm of the twelve

m crosatel li .0 : ' ' | at.

oocyt es-deri %@gmg}lals% g%t%s% te}s{%g %&%ﬂggyéﬁ%%%é%ﬁg%ﬁ%ﬁggtﬁﬁg col ony |
Fi gure 9DantRequesdng ati ve colony 11 Figure 9E: Results of genotyping

experi ment i gure 9F: lts ipmunotypi ng experinment Figure |, OA: Photo
of an isol at E‘&g{%e&%msﬁﬁd\%aﬁﬁﬁﬁegl pwingthe relatijerlpcatigniof om nouse
HS cel | s. g §H& mftRsafdifto depicting the devel opment of a norula -like
mass derived from human honozygous post-neiosis | diploid oocytes.

Fi gure 10C: Figote®Aof CHHDB#AA motdeast ocyst-1i ke nass derived from human
honozygous st -mej ogis | diploid oocyte Figure.l OD. Photo of a

bl ast ocyst - pﬁggre:@sﬁqp&%vﬁqt%oq%% ﬁ(‘-f?‘f@@?tf’%ﬁﬁ" © PP ed from human
honpbzygous pﬂgﬁmw:oﬁéﬁedenﬁiti%%ﬁﬂfpcyt es. Figure 11: An exenplary list of

PCR primers for anplification of A class Il
Figure 9D: Representative colony I

Figure 9E: Results of genotyping experiment

Figure 9F: Resulis immunotyping experiment

Figure 10A: Photo of an isolated inner cell mass growing on feeder layers
derived from mouse HS cells.

Figure 10B: Photo depicting the development of a morula-like mass derived
from human homozygous post-meiosis I diploid oocytes.

Figure 10C: Photo of an early blastocyst-like mass derived from human
homozygous post-meiosis I diploid cocytes.

Figure 10D: Photo of a blastocyst-like mass revealing the inner cell mass
derived from human homozygous post-meiosis I diploid oocytes.

Figure 11: An exemplary list of PCR primers for amplification of HLA class II
alleles

V. Detailed Description And Preferred Embodiments of the Invention

All references cited herein are hereby incorporated by reference in their entirety.
Nothing herein is to be construed as an admission that the invention is not entitled to
antedate such disclosure by virtue of prior invention. Throughout this description, the
preferred embodiments and examples shown should be considered as exemplars, rather

than as limitations on the present invention.
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alleles V. Detailed Description And Preferred Enbodi nents %t&)élt hezbﬁélent I on
Al references cited herein are hereby incorporated by ref o8 their
entirety. whigdkip@ herein is to be construed as an admi ssiﬁ,ﬂ%%OIPhe
invention 1s not entitled to antedate such disclosure by -virtue of prior
I nvention. Throughout this description, the preferred enbodi nents and
exanpl es shown shoul d be considered as exenplars, rather than as
limtations on the present invention. 12 WD 02/057429 PCT/ US02/ 00107 A
Definitions In the gont exbepfisidfie present invention, a HS cell system
refers to stemcells derd omthe blastocyst-like nmass that results
fromthe mtot ils thecontext pHile piesemt inventien,ta HE zeldl syatern refers tis stomsielisrei osi s |

di pl oi d n cel he fusi | t fer..of hapl oi d
qerm col © eyt R ar@oYst s st Rt iR i b RATHicR e ogani o
tissues aﬁﬁlférﬁﬁﬁéd&iﬁh&&&é&lﬂ%&i—iﬁ@i/@)sfs'l‘a 151 9eRh 38IRr FOntdS Fhdidesr in U S

Pat ent Application Seri al .09/ 997, 240, and U.'S. Provisional Patent
Appl i cat i dwickar irapsfexiof teohadaideesn cells &r fiom sekedasived &ost eatemsllyier ei n. HS

cells isol > | | e [ l.urj pot ent nd. under. appropri ate
condi ti Ons&é@%nggér&ggﬁ%ﬁgs&g i %@% S?egll g?%gﬁggednﬁ??is?e%%ms aﬁrdc%’acéjt]?fe or cells,.
somati ¢ cdhlU.Priegant a@pHcatRnBerial Ner 0¥ 9976 0pinddI St Bridioral Patesel | S.

" Di fferen%atlj On‘#a% S. a_hi ghl é} rggul ated process that cells und_erg’:t) as they
mture i rhRPHERORSeril NGt PUASH %% ImeoTDarRted BY Exleierrcderreinl FS qrllyoMiadk | not | ve
char act er igd.t €8y eCci fii i jkely to divide.
Conver sel yj?&dllm i%‘e}flg?%t%tglgg}t c'&q%%%rﬁkﬁgﬁgﬁ%rg%?ﬁﬂﬂ)ﬁ |tfr%1)%§ Fénl’{n]geteur e,

enbr yoni ¢ dfferprtiated tiopeodiek Insultiotant prgeritos pelds, fomaticagilaaeansoes,aid h nmul ti pl e
nonspeci fi ¢ activi tl and fungtions. As used herein, the term"stemcell"
refers tooil:‘qr@l“ﬁf’ @?f?f%%efifcs ®ntiated cell that actively divides and

cycl es, gi Vi Ng “DiS&eHptidnd Esoﬁﬁilﬂghﬁrtr;\?%ﬂlﬁt@& 'Pfaacés%ﬁ celif @RPoPds thePhiuts
cel I's. e de

differentiated, functional _ ining properties of d stemcell
i ncl ude: igtenormalifyngiional eedlel Differcniiated dells ave distowtivatkatact¢disfics,t can di vi de

wthout limgdg for the. lifeti f the,anigal; and (c) wh It .divyides,
each daugﬁ’gI g%’nﬁg%eché"ccmf’%%us H%ece)lﬁﬁﬁ ]ﬂﬁe éoéf@fl%nég’éﬁsebf“ u@ﬁﬁ%%‘f’i@gon a
course t haklld gadfpidlyddvaingiiRinatiie, dufryoebr piinfthvercend hatn®a nonkpesifc st em
cells that are initially unrestricted in their capabilities (i.e., capable

of - gi vi ng appessance wavarliplangnesecific antivitiss awd fumeldenscel 1) are called
"pluripotent”. ALy g&%inf B EES <QlmRLH 1Rt B re(fa%fvjeﬁf l}nﬁlcflfelf'gﬁia?erabcreﬁom ¢ (ES)

stemcells, enbryoni
that actively divides and cycles, giving rise upon proper stimulation fo a lineage of

- mature, differentiated, functional cells. The defining properties of a stem cell include:
(a) it is not itself terminally differentiated; (b) it can divide without limit for the

lifetime of the animal; and (c) when it divides, each daughter has a choice of
remaining a stem cell or embarking on a course that leads irreversibly to terminal
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 genérated 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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carcinoma (EC) cells, cells generated from somatic cloning, o‘ﬁ' ? s and

terat ocarci nomas. Progenitor cell lines, each capabl e of przc? g ells

fromone afobhesijar ee germlayers, i.e. the endoderm maslgﬁ%

ectoderm are referred to in the present application as rrultl-potent

Whi | e each progenitor cell line is not termnally differentiated and can

continue to divide for the lifetime of an animal, it |s considered 13 29

June 2005 'Q\BeEOMBYY ?fgt? C?@*Weeﬁeezu?smfeﬂs OBl YRS RElyYeris fa¥Fent ti ssues

or cells fRRHGR Yar8BGad cul ar

progeni tor cell ?{nes magﬂag Iﬁfﬁ’rﬁgglé%ér%ﬁ %ﬁegu%g%gﬁé ggrr%f F#ﬁfagé snoot h

muscl e, stmnmbmuaqlsthummdimampowmmm nésodsrogelivie; prlrhﬂnse

primtive ut .. and i um (endode o] ron glial

Cel 15, naid el elo?s Rl (= bt Fotehmmenants e UGS 08 « or

cel 1 s" hengeth/pas pﬁm&ﬁﬁ) mwsgéﬁmmm” ‘he&aﬂetma;p@é @R spdddfimeasys” or
“precursor cells". Such gienl tor cells lines, which are created by the

di rected dvithie Blﬁlrli’(%i@fltétﬂllbﬁe lsSor Gireasrson celis/o S@MEWOGGI@#T@‘ celds hnesj whighy 0"

i ncl udes n tin IS .nsan

[ mmnocorrpda!rr%{:n]%é%g%g%é &Fecltéaddigﬁrglrﬂg OE ? errp‘feglgmv?? gxﬁ#e u?% tglﬁ% s? %t ed

cells) or 1n¢lndas|diffexsnﬁmmnbﬂdumd by an@pmlaﬁhgmﬁdﬂseemmr manent cel | Iines.
A "teratoma " is a disorgani zed nass of cells containing many t){pes of

di f f er ent | 'BaopoERIpased suimal togenprpisctavRiAsa Fromisneheensapiujied eclishgier s,
such as b S, gI andul ar epi t hel i um
and so fo??%wom%ﬁé ﬁmf%ﬁéd ig‘ae?ﬁmree%ﬁ?l at egﬂg(%egégggeil | s that continually

di vi de and genekéiitemttyma” mmrchscmgalﬁ:ztedsmss df o‘,dlksrcemammmany gpaest A
"teratocarginong” S secondary to.a t toma, Teratonmas are |argely

beni gn; H%tfg%?at?q ﬁquWs%eé V‘?ﬁiaﬁ“i’r&ﬁ e SIbEORICIAYGTS,iSHEM A D®Ey el ops and
can be deaglad Gartitdls, AR, toddRBRRS EfndRarCliGEL Lk IS0 thi9K ShRBRREX NI DI !

uni que histol ogical features. Théy are conposed of various differentiated
tissues, Wdifmll’lﬁgtetdl st esllssthdwoaanuaﬂp idisddevary] gemerate ydt muwe obibesesyst em

tissue, rtilage. They also contain nonspecific tissue types,
e.g. Iyrrp ig?aranljtlla}%%{ﬁ%su%%, fibrous stroma. A "stenplasm is a newy derived

term used to de$ et dascabciARBS” 1 BeondRY @ 8 BftatolR0 Tekdieindy A8 SREAPbatipen of HS
cells into a host. Unlike teratomas, a stenplasm_ exhibits control | ed

growt h, whomeverif fhey beearas makignans (ajteratocarieingima deeleps anbeapdwidsadjgion | ayers.
't can th%ﬁ {!{:1909& U389 Bthe ﬁu?[ﬁ» ?erlfn%ﬁla& D2nibH i@ SRS Ranbd on of the

cells e pr BSent° Paventi o
They are composed of various dlfferentiated tissues, including tissues such as

epidermis, central nervous system tissue, or mature cartilage. They also contain
nonspecific tissue types, e.g., lymphoid tissue or fibrous stroma.

A “stemplasm” is a newly derived term used to describe a mass that devélops
upon the fransplantation of HS cells into a host. Unlike teratomas, a stemplasm
exhibits controlled growth, while still containing cells from all three embryonic germ
layers. 1t can therefore be used as a means for the in vivo differentiation of the HS
cells of the present invention.

A “homozygous stem cell” is an undifferentiated stem cell arising from a non-
fertilized post-meiosis I diploid germ cell. Preferably, it is formed by preventing the
extrusion of the second polar body during oogenesis (or “activation™), or allowing the
extrusion of the second polar body and spontaneous genomic self-replication of the
haploid oocyte in appropriate conditions. Homozygous stem (HS) cells are isolated

cells generated from the inner cell mass of blastocyst-like masses that develop upon
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A "honpzygous stemcell” is an undifferentiated stem cell JS| n%éé om a
non- fertilized post-neiosis | diploid germcell. Preferablaz%’ f or med
by prevenwdlgz,@ﬁm extrusion of the second pol ar body durlﬂ&,ﬂgg}ﬁaﬁl s (or
"activation"), or allowing the extrusion of the second polar body and
spont aneous genom c self replication of the haploid oocyte in appropriate
condi tionsg ouss HS) cells elslat d cells generated from
t he inner {E'EPO t‘8f1 B#%%Il’ 8@?’%" sg@s" ?’e&%‘if’é}%'ﬁ ' %4 29 June
2005 VIO 0057 429 oodPfebior B8 SA0hAds: )RV RriRE tHoRkhaBh oPlheRa a blak| i zed
germcel Is, V\%I ch can l?e accorrp%Z i 3% © %‘ﬁ§ ef ugr:u%g ?\Aoeoo%)llltg) or two
spennat i dé)ody@bl)mg)o@ﬁamls,r(g) al]owu@dﬂlmeximmomtbf ﬂlheemdpnlarbmiymnd body during
oogenesi s trusion of .the second a

opant aneodkolfitr el stiPEeatda s ABpRbg CoR TGRS B dntrReE e (q)
transf er r imagloideeg d}@pb@ﬁu&g%@rm%ﬁ@agatmcﬁe I nto an enucl eat ed oocyte
In mamal i an devel opnent, cleavage produces a thin-walled hollow sphere,

t he "bl ast ocyst mm@ﬁaﬂdevﬁépléﬁﬁr#@W@p@duwla@mwpﬂmwpbﬁea mass of

cells at 20,

bI ast ocys?ltil & ‘blééftgcs(st o] or % %Togn@?lﬁ%gwﬁeﬁaﬁ}gébga ' %Pg e%Hstmom?cne
"bl ast uW sidehethemibe h{omtm théﬂ‘lnnwa;lelle@hshol'mwmaﬁmne fdnﬁlerdﬁtfeﬂﬁd to as the
"trophobl as which is the extra-enbry | ayer pi t hel i um that forns

around t hdmpkipiaNeR and 1s aguiyalegtipdhe ‘%laaulattka@llpﬁﬂwémrw eddollpWe ut er us
wal .~ The %ﬁ& hoRkash to h@?‘g?%bﬁd#%h&a%%a%%ﬁmrg&% 1298 ofand toget her

wth nmate tissue w pl'acent a onte t of the present
i nvent i on epdheliupi Giet Hoys krdund éhemnasthalian blastbeystand aftaches the'shibagt ocyst* (as

o ort 5ot bbb Gl Gy S e ©
"mtoti Cahhafelﬁgltﬁsg@éﬁﬂjfoﬁﬁ% acq4d ring the ability to undergo regul ar
cell divisions mtotically. l\/?totlc activation refers to the activation of

germcel | s so tihdte aeotestokthbipiesensiinveation, (aljblaswystddceanus‘f bsalifferphioi d ganet e

Cinder bo- micht P eSrOREF et St e S b BRER et e mubheiiebiondis are

pr event ednbﬁqmuﬁwsnmcglﬁr@nﬁﬁwl nesis, and then undergo m tot iC
di vision. The ter honpz %/ gous post-neiosis | diploid germcel|s", as used

herein, means ngérsﬂ@ hereins therierm mom%&yg@%@@%’fmwﬁm@pgbwm ch the
cells Comuﬁhé}ﬁh \g%g.lllag%gﬂ gﬁls%nseﬂuttaﬁ:alﬁr hﬁ/h&)@l&%&%uog refIRYS 'i:lpeazlctl]aam ggous

chr onosones
germ cells so that meiosis II is either, (1) resumed and the haploid gamete cells, after

self-replicating their genome without cytokinesis, then undergo mitotic division, or (2)
resumed, but the haploid gamete cells are prevented from karykinesis and cytokinesis,
and then undergo mitotic division.

The term “homozygous post-meiosis I diploid germ cells”, as used herein,
means germ cells that are the stage of gametogenesis at which the cells contain two
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 copiesl of the same allele. Conversely,

a “heterozygous” cell contains two different alleles of the same genetic locus.
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germcells neans germcells that have acconplished neiosi srzg‘r;hd %3969/ only
one copy of the chronosones. "Alleles" are alternative fo Yg genetic
locus. A sidedés7dlel €l e for each locus is inherited separgiGhysobhsidy €ach
parent. In the context of the present invention, a cell is classified as
"honozygous" if it contains two copies of the sane affele. Conversely, a
"het erozygous" cell contains two different alleles of the sane genetic

| ocus. 15 29 JUA&exsutexivs the posverinvention audpdivanally immuneypsdit ext of the
present i | ]%pﬂ]' | VI '8 1L tacterized by the
uni que ar [Bg@a}c}){feﬁg?dot el hfsﬁﬂi q‘éﬁ%gﬁp rﬁ#@%@%&%ﬁ% %F*??@@H [ S@%@?@, di sposed
on the surdisposedodn the swdfice of a celimbnsymidieihesdisibarapanibilitp ahtigens art i gens are
referred to,as humgn | eyukqcyte anti gens_or HLAs, a conplex fam|]y of
geneti cal IrﬁfeﬂFﬁ%?%wnaP@?oéﬂ?@% &riﬂaﬁécg@p%é@ngy ot geneticallyr oughout

the body. ifhdpiédfoleidabaidbialuliodbeBll itfolgBHAR ¥, | S the HLA profile,

0 '
a genetic fingerprint on white blood cells and platel’ets, conposed of
protei ns that phpsmaryeddiermigednt of abell’s inmunotyps isribe Hha frofile, s génebione syst em

to respond..tg f I gn.organi sps. The LAs detefrm ne the tch.between an
i nt ended %&#‘Pﬁ%g‘é%&?éﬁ?t"aﬁﬁi%ﬁ?ﬂaﬁekgf ?QIBB%SST& Bﬁromtgﬁiﬁ%é? “Fé?fit ions to
HLA anti geols inb&iviatigg B bod miﬁﬁm&ﬁsgéteﬁalt(s%sgoﬁteffbreigﬁrgﬁﬁsrﬁ@ TheLA factors
are inherited fromthe nother and the father (one from each) so the

great est dHahdetemingtheqpatembetyaeran-inmndedbost endapolertirlsoneiings (e.g., 1 in

4). Forei | ' t r HLA profile.as thase of a
nbst o nattugit pfocdfiep kRt RUNSGKAR, Bt pHrePldlt oFule i

rej ected bgjettim. HD fagtordary Msherisodsfr@mihethéthandnddbe fatidr o o le@st) @b s of

mul tiple, cl oselg?ﬁi]i nked genes on a single  chronosone usually inherited as

an i nt act Rfgpatestighancs;of haaagthesemeltlA tasripbeiweensiblingsdego diiBd)- al so

contai ns GeAss, LMYkl d ]ﬁm%e Hﬁ@e 0 »Jhe: HLA gene
conpl ex cont a‘?t}ls at af/@g';ﬂ%é f%g%?@%m n(?ami&ﬁ’aAs %Jﬁé%&sd?ﬁ)/m ;-g%ld)g DR.
Ther e ar e ctliwowdl] xsmeepted bythe lmst dsdBelf’ ard ms sejéctédbye thepobideitmifneHLA- A, - B,
and -Cw. There are 22 different HLA-A antigens, 42 different -B antigens, 9
di fferent *¥iPantigens, and 18 different -DR antigens. HLA-A -B, and -C
antigens are mms%tﬁéﬁﬁhﬁc@bkmﬂk@d cﬁﬁélg%nk@tﬁ‘gédégbﬁ'a%fi@és class |

HLA profile can be used to determne th egreé of conpatibility or
genet i c r eheenicsemnivpnabiytinkesited asinvinthatigt, This histocompatibility complex, or

HLA region, also contains genes important to éomplement and immune responses.

The HLA gene complex contains at least four loci known as HLA-A, -B, -Cw,
and -DR . There are two classes of HLA antigens. Class I is comprised of HLA-A, -
B, and -Cw. There are 22 different HLA-A antigens, 42 different -B antigens, 9
different
-Cw antigens, and 18 different -DR antigens. HLA-A, -B, and -C antigens are
expressed on nearly all human cells, An individual’s class I HLA profile can be used
to determine the degree of compatibility or genetic relationship between individuals,
such as potential donors and recipients in transplantation of kidneys, bone marrow,
etc., infusions of platelets or leﬁkocytes, or for genealogical studies. Class I antigens
may be identified by serologic methods. For example, an individual’s Class I HLA
profile may be determined by incubatiﬁg sample lymphocytes with a battery of
antisera having known specificities for certain A-, B-, or C-locus antigens. Positive

cell/serum interactions characterize the HLLA antigens of the cells.
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such as potential donors and recipients in transplantation_gf, ki s, bone

‘marrow, etc., infusions of platelets or |eukocytes, or fonggﬂ% gi cal

studies. Q@& ntigens nay be identified by serologic or
exanpl e, an | nﬂ H/zladual 's Cass | HLA profile may be det erljn;r(ﬁhjelﬁggufdz

I ncubating sanple | ynphocytes with a battery of antisera having known
specificities for certain A-, B-, or Glocus antigens. Positive cell/serum
i nteractions cHaasdi srdomprisedofHBAaBRIagd ARQo Thieteeare éB Idifferd IO June 2005 WO

02/ 057429 _ RCT/ 2100107 Cl a ], is conprised of HLA-DR and -DQ There
are 18 di fapg%ﬁ%e%gﬁgqnég@os ¥I8§I§H§SF 8| ?ﬁm{lﬂ%&?ﬁﬂw ressed on B
| ynphocyt afacropHagey desiriticens s @demelisienms, itlﬁdli}glgciﬁéﬂ &re MMl caIsIOsthe! | al

cells, thouHh they are_induced on other «cells by immune stinmuli. Cass H

anti gens (Gllgby imaunystanuli. fiasdl amipeny(e,e. SrEBRBLAMRE3, DBIW DRGSmd) can be

det ect ed ' I ' f j ent f I

m - esol (3 Rah Bl Ol RUIBed T SO RO e BlsERbat e oA O™
Qi gonuc| dfibilgenidesheion(i$HER)s fequired, bné @@y etilizoSedubtoegpreific! f  hi gh

resol uti o:@gal lelic, |evel g I.s.required, a conbination of SSOP_testing and
DNA sequertdignpuelsetidsrhesd: SO%DB?’I@@%@P%W%E gensy {iueh reselytien (afleliter f or ned

onLY O BRI BN SRl H S ing BRATAR SLARriRRETo B e 2 much
greater degr€e of matching I's essential. S expressing one or nore of
the HLA pridighiresslutiop testing o wyalihperfosied onlyl 1 boae engreaveecipiahtsnndtitdr host ' s

| Mmune system ati "self' whereas. tho ed%greggiﬁn .ot,her HLA proteins are
per cei ved PAFPEFIHE oaﬂrlsvg?emﬁm’t‘-c]%ﬂ er g .tc BEHEHE st em . gears up a
response to theel eksediing éte oriitte € tHe HIDA PEARLINS eiesskd bi te®obi dlig f oreign
tissue. If the foreign tissue is a transplanted organ, this response is

cal | ed rejapsremved by thpdogorimsmunesysiemas psd € arhereantborcicapressdunethercel | s are

characteri " S I for, teanspl.ant.: to an jntended host if they may be
cabry o AFCA bl AY nrech Lot LRRABL B aob R L RS iRt wete o ™
transpl antgeaid @p@regRhistothis tfobegn urshor-edPairoRiR andikilly dfhahe fhrefganded host,

i.e., HLA'matched”. If the HLA are substantially matched, the  inmune
system i s Usthenlfthe foreigp fipspeipa fraagplaméed qugara s respenseds allad prjestionns from

their parents | NL ok 6s
(normal ly, ongﬁlﬁe (I}%nt E‘g&rr@?ﬁg%&g@e&ﬁ%&@ 8%%#%%%@%%6?&%%%@0%' s HLA
prot ei ns pd transpiantt to en diterafed dost iPthee Hag be Btublyniafedbio prvkievidout hat mat ch,

the | ess Ii.kel%t% rafte (%r an W Il be rejected by the recipient. An
i ndi vi duafIRdY sugalls 101 tragsplasy, donod cedie mpstbeeistorpapatitigewilatheof A B,

intended host, i.c., HLA “matched”. If the HLA are substantially matched, the

immune system is much less likely to respond. Humans inherit HLA proteins from

their parents on the 6th chromosome. Since one gets two chromosome 6s (normally,
one from the mother and one from the father), half of one’s HLLA proteins will match
each of our parents. The more HLA proteins that match, the less likely a grafted organ
will be rejected by the recipient,

An individual has two of each A, B, Cw, and DR alleles, where one set of A, B,
Cw, and DR (a “haplotype”) is inherited from each parent. Further, individuals may
be homozygous or heterozygous for the A, B, Cw, and DR haplotypes. 'In the context
of the present invention, a donor cell is considered to be HLA “matched” or
“histocompatible” to an intended recipient, provided the donor cells do not express
HLA products that are foreign to the recipient. For eﬁample, a donor cell that is
homozygous for a haplotype such as HLA-A1, -Cw7, -B8 or HLA: A29, -Cw7, -BS,
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Cw, and DR (a "haplotype") is inherited fromeach parent. 5 b
I ndi vidual s may be honbzygous or heterozygous for the A I§ 3% DR
hapl ot ypesyo o2499499he context of the present invention, #ﬂﬁ‘hﬁ%{oz}ﬁﬁbk I's
considered to be HLA "matched"” or ° bistoconpatible” to an Intended

reci pient, provi ded the donor cells do not express HLA products that are

foreign to er l.ent. For exanple, a _donor cel| that I s _hopozygous for
a hapl ot yp‘@lﬁgﬂﬂtﬁ &g 11?49;& heving achgterozyiggupHLA profilereith betiLA-Ad, -Gw729 June
2005 WO 028934438 A ADOUSEZE %g Mlytkés mat ch a reci pi ent "havi ng a

het erozygous HLA profifle wt bot% A AL, - - BS, and HLA- A29, -(QOw8g,
-B65 hapl otypesAS weed dseain, th@nn“g@ﬁm@neéwfersgeﬂMgepdica:m’smusonofame genetic
constitutign a N or @ f .or anlsms I n the context of the
o esent i A s gt ofnRine” 8RS Borlen O AR RS R ik i 6 AR 1y pe

sequence, genbtype it be @S 1Rirngl GEAUERPS séduehdd, 1. eaﬁﬁpgéxéh@skq%ﬁd% igngrar ticul ar
pat hoI ogi cal condition. Such pathol ogi cal conditions are often referred to

as "genet i #sefided With ¢ partipilas pagologisel eonditionn |Sudh p@iholhmc@bmné@gnweof a

mut ant ge r d »d m speci.fic.gene

mut at i ons. e?l e ﬁg&gco%fgéﬁé mggégéf%}@g&ﬁqyﬁ? i@ged tf) ﬁ%e es)%ﬁeéfm{} Offrgt ation
linked to maﬂahmgengw gamseﬂeheﬁc diwrdetheftert Qtse(fforg Speciﬁb” @Ak bihationeNgd | C

di sorders) exposure to, carcinggens). Exenplary inherited

d
genetic dth%P‘ngﬁg u?ﬁ'ﬁ RIBF@%BWG’%HO@: Eergtici muationlinked 1p pathplogk calt sease,
di abet es, £havVeSinHiHeats cﬁsg%gg% #ér%fnc HHB% Pgtoi)ﬂldﬁc&i %%v Rposufdcul ar

dyst rophy Par ki nson' s e ce nema, a | ous netabolic
di sor der s cgicimgenginzyne defici enci es such as Phenyl ket onur| a (PKU) and

Severe Conbin I ne .Deficie I ar ced enetic
di sorders incl 3%? %“g}e@qﬁl&e %f%q %‘E erﬁé‘?“%'é‘ﬁﬁ&’?p e gcl erosi s. A
cat al og ofAlgRaRiEls dﬁeaﬁs@ratsseiesa@avtebals%@%rﬂ@m Huﬁﬁﬁgﬁ/ﬂa E%{sséﬁel

rJt her,

avail abl e throug I'i ne Mendel i an 1 nheritance In
Mendel i an Myssalar Eﬁﬁ@ehY,rPaIMWn sChisdaks, (sitke. celliiersiag knd\edrioas nsatabbhst itute for

Genetic Jahns l.ns. Univer al t.l and Nati onal
Cent er f(l\)/lr%ﬁi #%%ggﬁﬁgwy?%é%eﬂ%%as%&fl?lg% puiEa %W%&i ci ne

( Bet hesda,Cdihine?D@QundWefidledthdSCHEY). TmplaftihRickd \wstie Giorddd tnbludgov/ om
m). OM M, is a | arge _ searchabl e dat abase of genetic diseases, disorders,

and trai t?uéﬁ‘@lloﬁbwt‘?@ifq‘F@P@‘rﬂﬂdlﬁmlpléﬂ]ﬁtqsﬁns mai ntai ned by the National
Center for Bi otechngh 39¥cddit QfdBRlckMa - Hlrhan SMMihRedMdleliR hGaifiizd N

through the Online Mendelian Inheritance in Man {Online Mendelian Inheritance in
Man, OMIM (TM). McKusick-Nathans Institute for Genetic Medicine, Johns Hopkins
University (Baltimore, MD) and National Center for Biotechnology Information,
National Library of Medicine (Bethesda, MD), 2000. World Wide Web URL:
hitp://www.ncbi.nim.nih.gov/omim/). OMIM is a large searchable database of genetic
diseases, disorders, and traits and their different manifestations maintained by the
National Center for Biotechnology Information (NCBI). OMIM is available on the
world wide web.

B. Creation Of Homozygous Stem Cells Of The Present Invention
As described in detail in U.S. Application Serial No. 09/997,240, an HS cell is

isolated from a blastocyst-like mass that dévelops upon the mitotic activation of a non-

fertilized post-meiosis I diploid germ cell. Figure 2 provides a flow chart, showing a
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world wide web. B. Creation O Honbzygous Stem Cells O Th;lg%a%bs
I nvention As described in detail in US. Application Seri : ‘

09/ 997, 24Qyo #rdizecel | is isolated froma blastocyst-Iike grasssobiddor

devel ops upon the mtotic activation of a non- fertilized post-neliosis |
diploid germcell. Figure 2 provides a flow chart, show ng a 18 29 June
2005 . WO 02L05742 us02/ 0 7 .preferred_ nethad of devel opi.ng HS cells
froma non¥ ﬁ%ﬁ%@@gﬁ% ‘?ﬁ@i‘%g’f@cqlﬁ(ﬁoﬁ ppep-fog %d’é’Ftl'me’@é‘rs%dg@P’%s devel op
into non-fgdidellzed post-neiosis | diploid germcells that, upon
activation, produce blastocyst-like masses fromwhich the HS cells of the
present i nvent 9o egls dewelpp édo nesfertlizes poatieivsisdidifleidgetmatlsithepbpen  of

t he presenf_.i ' ' Lity inqthe di agnosks .an r treatnent of
di seases, %cﬁlg%oglgﬁqg@? : gf}%o?%ﬁ-hk? ﬁ?éte’see& fiog Wﬁ%ﬁ%ﬁéﬁf?@n&j&& PP pl ant ati on
to an af f einvettionnes dérthed] Hvellg MR, ASREGETRAT ROY, .of WY fr8sROIRENIIEnd
post-neiosis. | diploid germcells nay be obtained fromthe sane individual

or from antiimibe Srasaens prd/ergreimentof diseasss. inelpde, hut aspaotlgnitediionor s ar e
preferred.; , itﬂmﬁ_ﬁéﬁ . § -1 ndjvi cted for

t her apy su?ﬁ%g%@rogm a gen%t%dlﬂggglﬁ ggfggtgaﬁcﬁ@agﬁg{ ﬁ%g@gg‘g&{&%%}@t erized by a
|l ack of a cruci Whilgbmmozgioubpostausiosis bdiploidgéancells mayeabesinekpsedld on) , it
may be preferab(iieié%g u':#rl i ze.a non-self, ‘%o or.. Alternatively, one skilled
in the art5381° BUVidual Qe ar pmraccompiblisloner, in e @nsuuptions seif-doaprsare hat

di spl ay t heeRasi BRwWeea0 ( AR t5inGap P I RkE
gene), thr)lgg cells Qapa%l{dgg%sfﬁg%ﬁhgg%ib%%dt he%ggigisglleét%? gen%p%uc s

sel ect i on fraegenelasdisarye Gles @ dissasesaddractapized by d lawk of penwoaligans ejihtriduk e

genot ype , otype for tissue transplant. el l.s honoz s for a HLA

hapl ot ypeqérﬁlgﬁ%%na%gwr(&gﬁgx%ﬁmﬂg 1@@??&?%8?357{8 eg%ptélg[e@dw..an— &lo&é’(‘%' f usi ng

two oocyt esltenativety, sREEKTHE] Bithe fibbf BEIEMRAPr @il i) Chte Hosekelrbhign second

pol ar body duri ngi@g]ggenem s; (c) allowing the extrusion of the second pol ar
y

body and sHaiheh Hearissired gwiotypedpiis cells laskingia Apwedpr natatedgsnd), thoses

or, (d) tr | ] i or . s uclej into an enuc] eated
oocy'g e? Fic%lq? é*ﬁ%ﬁiﬁ[bg\?%@%%mg{hgggféﬁg’?ﬁ %en?'eggéjrsgeegetcﬁ?? t?ﬁ ﬁu%s%?y BhEY s
and oogendsiasoidahdminmgotihentiatibRr @n6spk br plRMISHS f@)ftiseid isplaand Nei osi s
in.males and f | es.. OCocytes useful |n t%e context of the present

i nventi on nay eﬂf%%y&%usrfgr A Bapletyps andrciergstissassan bedexivad andt | or

bvar an T a1 R e SRR RO B Goril shiBlenRt o) ma R ol

ovarian follicles of "a I SOl i'ng or
the second polar body during cogenesis; (¢) allowing the exirusion of the second polar

body and spontaneous genomic self-replication in appropriate conditions; or, (d)
transferring two haploid egg or sperm muclei into an enucleated oocyte. Figure 3 provides
a schematic representation of spermatogenesis and oogenesis, showing the difference in
phases of mitosis and meiosis in-males and females.

Oocytes useful in the context of the present invention may be obtained using any
suitable method known in the art, or yet to be discovered. Human oocytes are typically
harvested from the ovarian follicles of a donor individual and isolated from surrounding or
adhering cells. To maximize yield, superovulation is induced in the donor individual.
Superovulation may be induced by the administration of appropriate gonadotropins or
gonadotropin analogues, administered either alone or in combination with clomiphene
citrate (Barriere et al., Rev. Prat., 40(29):2689-93 (1990), incorporated by reference
herein). In mice, an exemplary method involves the administration of pregnant mare’s

serum (PMS) to mimic follicle-stimulating hormone (FSH) and human chorionic
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adhering cells. To maxim ze yield, superovulation is i nduc%gju t2§¢5 donor
I ndi vidual . Superovul ati on may be I nduced by the adm ni st rrat’ oR

appropr i atgp gt ropi ns or  gonadot ropi n anal ogues, admﬁ@ﬁgmﬁogl t her
alone or in conmbination with clom phene citrate (Barriere et al., Rev
Prat., 40(29):2689-93 (1990), incorporated by reference herein). I'n mce
an exenpl ar gnant nmare's _serum

hod | h d trat f
CPVE) T oSty (G ot i RIANEIRURGS (L Dk)Sos HoeHE Akl MESIGAIcE 16 20
June 2005 M@nﬂ%&@&ﬁ R@é‘b%@rﬁg\qm Zgbéﬂa@Q%L | pgl }%)Latbgﬁ%ﬂﬁess

Iute|n|2|n hor none See gan et al .,
enbryo: brEﬁiﬂG}ﬂt ofzdn, oDsugensnulatol dep8pds or@embmabwsum’mdmg, biat ess,

1994). Eff o ction .of p n e var.i abl es

i ncl udi ng,ﬂoot]f%ﬁ&n(#qﬁ??ﬁetaé’g‘?%‘%ﬁ{toﬁé&a% 2 nﬁ‘e\iﬁﬁgﬁfg" q 11F=é$1%14“@ he dose
of gonadotg@ﬁhj@uaﬁdi@aﬁdmasaﬁm@gdﬁ nistration, and the strain used.
Superinduction of qvul ation and_ harvesting of oocytes are known in the art.

For exenpl ary Y@candustion st gwulpien @@&asvesgr@@oﬁmm éte kanown ig thr axt. Fop.

rlggerlgﬁcet&gm‘?%i 1&919&%4%5& @é%lgyle %&?ﬁtha?; nb&}ya’ gl’l @Eé‘gttﬁee ﬂr?ltﬁi stration

of PI\/IS ancbolu@ﬁts dfoﬂhch mlhsmbydmdrﬁdr@teﬂ by e¢fbichéer Ebr ¢ e/ Hogansdegtritlee 0. 9%

, nduce superoyul ati on. Both PIVB and hCG shoul d be adm ni stered
i or 't o hemePa i AR 05 PY gaawswemféér gphilizedd ¢ o
the harvesijdapinQier0 908 Nali 0% Egs ‘ﬁoﬁ ?ﬁ{{l goﬂ(llﬂrbehurmns
wi t hout undue experi nent ation. o ye ene gl'yco een shown to

i'nduce f usadunmeﬂered\pnioatceﬂlemdcgseeﬂ' eﬁd@nouse[,lj Th@B]ogam mtocasﬁlueo@ﬂtoglﬁlez .

16(6):583-8 (1985 and 01 246 50 984),
i ncor por at & Froocylye OHﬁWéqen‘]an%rP@F?F&i’ P‘{I?QF"’? fOT{b‘b‘é}@g é“eZygot e,
2(1): 15- 2&xpdrdtdntatidd. ncor porated by reference herein) descrl bes t he

i nduction o oocyte fusion by inactivated Sendai virus, resulting in the
producti on of 'PP}'}@@D(%@E glycol hapalge beenfshsiwo ito plldn@m&lsmn(omi?*)latedlmat:ytea(eeabl e

ocyt e 1 urbnSPeih Gl Bader RN oS h e ek B TaDef BRL' (1oge).

i ncor por atmai(]k);@z;ﬁesbeﬂem)e 1ﬂb©f1§t:lrﬂedﬁﬂﬁéﬂ&ﬁéd Mepdii). Amwﬁ@c%!lﬁw&gh@s &%1.I usi on
bod rom oocytes can generate HS cells.” A det ai | ed

f th d
Sr ot Ogofe%%oggﬂﬁaﬁzgr( 4 )ndeepereied bi sefersnemisarvinhdescribes the ipshictéan off .

l
Z?f&iheﬁp"g?ﬁi@mﬁkﬂ. o oY LR Bod SEHERHAE, CHPianYLd flo PASLEG G ASal®lar® pos ¢

5 mi nut es,“coadhBdioniproducts (OFP)” that are able to undergo the first stages of embryonic
development. For a review of cocyte fusion techniques, see Gulyas, B.J., Dev. Biol., 4:57-

80 (1986), incorporated by reference herein.

Alternatively, preventing the extrusion of the second polar body from oocytes can
generate HS cells. A detailed protocol for activation of mouse oocytes is described in
Hogan et al. supra, pp. 148-150, wherein harvested eggs with their cumulus cells attached

* are maintained in a solution of 7% ethanol in Dulbecco’s PBS for 5 minutes, washed with
medium, and incubated at 37°C for 5 hours. The cumulus cells are subsequently removed
by treatment with hyaluronidase. In nature, following the first meiotic division and
separation of the first polar body, oocytes are arrested at metaphase II and can only
undergo the second meiotic division when stimulated by a sperm. - vitro, the stimulation
from the sperm can be mimicked by exposing oocytes to agents such as Ca** ionophore
(A23187) or ethanol to trigger the continuation of meiosis II. Before the extrusion of the

second polar body, karyokinesis (separation of chromosomes) and cytokinesis (division of
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medi um and incubated at 37C for 5 hours. The cunul us ceI I ? ahr 20
subsequently renoved by treatnent w th hyal uroni dase. 3 dPe: ?%I | ow ng
the first w@oHd7820d1 Vi Si on and separation of the first p‘%é’ﬂmé&%é/m'; oocytes
are arrested at netaphase 11 and can onIy undergo the second neiotic

di vi sion when stinmulated by a sperm vitro, the stimulation fromthe
spermcan b ents such_as Ca" ionophore

(Roa187) cle] R ap %8%31 lﬁ@u&aéih%i wekliBHecfo, liBehs incpereh Gt ne

?ﬁ? E)lrjr;!sgpreg andor ‘%tegt%a%em S (d| Vi s?ot?\@%@%&g%fg?ﬁé\gﬁggggb%&oagl}i%ng

PCT/ US02/ OBHpeeue mqtiqnanf biastacystilikcieaisdsy Figrea2 slepints| thelprognetbof not
limted toactiv?ﬁo i met hyl am nopurine (6- DVAP), or cytochalasin D, resulting
in the activation of such diploid oocytes and subsequent formation of

bl ast ocyst - | i keln angseembodigns alowRpited esmhbien B aﬁ%&ﬁldgiom%ay Yapeon. 1n

anot her enbodi ngnt, allow ng the extrysion of the secon ol ar” body can be

acconpl i shSEOBPLhed by ieRpoEgactes to 62 Caanophered AR3E %ﬂ(@@@m‘@ﬂcwedﬂy or

fol |l oned nfurth om ¢

Sel 1 opl i AgRYBREL Rapibiothdfil B o G hSned bl s Beftics. - wnen
i ncubat ed dividien, msﬂphepasuhing chpinﬂlddcymswhanmbﬁﬁaﬁ&dlhﬂﬁf @@t&pna{té ke masses and
may be used %1 der |v cells. See, ayl or et al Hum Reprod
9(12) : 238408 %(’E%‘éf‘d} na éﬁs‘f%é{ﬁﬁlikﬁéﬁ*ﬁssw d mgy b&lusedfy denEﬁﬁ%&ﬂl

Mor phol ., Ta31c¢48:85 Jet il Sk gl'g@garrgﬁlzg%@sﬁ 1399%3%5'ﬁ’a“r 5 |n {e tlhf present

|nvent|on can be obtained u sultab n w e’art or
yet to be Eiﬂ@b’@l/@ﬁdeopﬁwhw%%ﬁy(l%ﬁbe convent i onal in the field of in

vitro fertilization for use in,a m spermati ds
(meiosis 11 co%’fﬂgfl%%s “ﬁ? tﬁ%%‘%t@g of Ftg nrerst ‘Pﬁ%’é’é‘d’a’ﬂ GPB'@E’@ USBEr mat i d
fasi on canmpeniemid 2eddkebRE 1ﬁ\@ie|arﬁ§ftﬁ%'b%*a%o§é e(s%ues For
exanple, Asakura S, et al., EXp . Res. ) 566 1989),

i ncor por atc@aveRjiopalfin ﬂ@n@@d Oﬁ@k@ma feﬂlhmohe§‘ OtCmataJES cefls for Iu;quntaumie, nedi ur n

of asi ngBer i LARoRE PRk flary RO an el fobedio Ry Sl ooyt

(neicsi s ﬂlsmooanllﬁtaﬁievedlﬂsmgmﬂidstéahﬁﬂd Bﬁhﬁtﬁdt deahiyads F&%&axﬁ%l% known in
st-nei osi s | oi d@g{er m<cells can be harvest ed

the art. rnozygous 0

froma do érﬁ 1o o ciell s 18&8)15@ {19 lﬂF@DDWﬂdybﬁmmccechm ques
comonl y [ k | pat r exanpl e,
Jones et g&lé% E%fﬁ%ﬁhgﬁ’l‘grlﬁﬁ)}pgwjf{%%g ifdob B 4681 o aPBJTOP

spermatids and the eventual formation of a single acrosome (synacrosome).

-

Alternately, secondary spermatocytes (meiosis I completed) can be activated using
methods that are known in the art.

Homozygous post-meiosis I diploid germ cells can be harvested from a donor
using conventional technology, particularly those techniques commonly used in the
field of in vitro fertilization. See, for example, Jones et al., Fertil, Steril., 37(1):26-29
(1982), describing techniques for aspirating oocytes from human ovarian follicles;
Lisek et al., Tech. Urol,, 3(2):81-85 (1997), describing techniques for collecting sperm
from the epididymis and testiclé; Stice et al., Mol. Reprod. Dev., 38(1):61-8 (1994),
and Takeuchi et al., Hum. Reprod., 14(5):1312-7 (1999), describing techniques for
transplanting nuclear material of one donor to an enucleated oocyte of another. The
entire contents of these references are hereby incorporated by reference herein.

Finally, as noted above, the isolated HS cell can be created from transferring

two haploid germ cell nuclei to an enucleated oocyte. Specifically, two sperm or
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(1992), describing techniques for aspirating oocytes from n I an
follicles; Lisek et al., Tech. Uol., 3(2):81-85 (1997), ggg@f’?%ﬁ%
techni quesyd 4059l €cting spenn fromthe epididyms and t | gl | Ce et
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the donor gal SR 'Eg]%y PR35t s aucl ear
mat eri al can b%é)g f]fglr.r@estéjgg gn @%S%%g%ﬁhg?%%hg%eng sﬁ%%’éﬁ%ﬁﬁiggﬁm%g‘gs
convent i ondlS. Patebi¥o &7,945,577% SWD 98/07841 ahd ansdley, Stitemnd Taeullt dpendsed ned
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U, Ipat enftboRb saredlps Wiobis islo By Hadies Chigansototil 5 200) iasemmanied Ak oh

di scussed repbgV@heR$n el | as Wbus et al., Cells Tissues Organs, 166:1-5
(2000) incorporated by reference herein. Genetic nodifications may be

i ntroduced int ﬁmtlg@m@ﬁ@ﬁopmmyy\hehmmﬂmw intor % sélisdty miyrueizbtidgues,

|1l 009 e bS] 0 DTS b gl S g
col loi d ol @4esr, aMEERARGIcHREOF #8lsBri(88,, B ASIhids, ipR B h&emtiReRsdce! |

mass of fertilized blastocysts are known'in the art. "Such nethods may be
adapt ed f gromplexes) i ng HS cells fromthe inner cell mass of blastocyst-1like

masses. For ex teal .. -Curr. .. O, n., 11:3077311
(1999). U.S. Pa en?%ﬁ’ﬁ?@l‘g%ﬁf R hg fnncy C%H‘.’lf“gsa?félg%ﬁ%?ﬂ&ﬁ?@ﬁ% No.

5, 905, 042 €&knawen & thakrt) Sutlhmethods @Y be @liapiéil fob isdlRink ISR TdhtthebY

ref erence . heref' n. HS cells Cﬁfﬁe be produced from any ani mal donor materi al

and used iRk esll mass pbblagioeystsfike masses- ke ampls, srorCdnenet pls, Gy Opar e
Contl at sl ! ! . . ek
Coel e, ¢S L SRS 1100 UL DR NS G HTLRELAE ) ApRY £ 0N

reptiles, Batanti®Ho. 5965.084p I(Sttﬁeamd,),.ﬁc civietehis of WbichSeb axbipogaitdbRGireRe

herein.

HS cells can be produced from any animal donor material and used in any
animal system. Both human and non-human HS cells are contemplated by the present
invention. Suitable veterinary applications include the generation of HS cells from and

use in mammals, fish, reptiles, birds, and amphibians.

C. Method For Selecting Immunotype
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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approxi matel y.20m qf anti-coagul ated bl ood are required fromthe recipient
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st
as to renove plat res
1. Serological Techniques

For serological typing of the recipient, in the present invention, two samples of
approximately 20ml of anti-coagulated blood are required from the recipient for a full
class I and class II tissue type. For class I typing, one sample of blood is treated with
sodium citrate, and then defibrinated so as to remove platelets as they may result in
false negative reactions. The sample is then layered onto a density gradient medium
and cenfrifaged so as to separate red blood cell and polymorphs from lymphocytes.
The red cell and polymorphs sediment, and a band of lymphocytes is removed to
another tube and washed. The lymphocytes are then counted and adjusted to a
standardized cell count, such as 1.5-2.0 million cells per ml, for a lymphocytotoxicity
test. The counted cells and typing sera are incubated in wells of a test plate, such that
the HLA anti-sera bind to specific cell membrane target antigens on the surface of the
Iymphocytes. See Figure 4A for serological specificities of class I alleles. Rabbit

serum, or complement, is then added to lyse the cells. The cells will lyse, only when
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i munonagrsegnstib Gakls As(&iaqsé]f paipansgn ekpressedon Bdediscths tmpahymsgnefiar ti cl es

ted t ti bodje | d field, As
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count ed ustﬁqi:@lcﬂlﬁ%\nﬂastmhdande(dhunquesh asf 0, & theen absechfon edymphueirtoaski@8l , is then

used for hocyt pt.oxi ci.t s descri a See Figure 4B for
ser ol ogi ci?Stégg%s°‘fI¥ 1O fis SEF F ‘tB qr sggorag SPBC'I"%@“?W& § Braligiegi t y

assay is fohety Soxiditodsdis Mthep HeRtibed BPHBPQ 1 Aarddbbol YL@ TeChni ques,
p. 194 (1993)ﬂﬁil'he Iynp%y%t oXi (?I t?/ t%st may b€ ucg‘_a‘g t%—ytyp% stemcells

as wel | . AypageiecktiquésnpalPd (d88al | y wel | -characterized anti-sera are added

to a sanple of ate unr el ated donor

i ncubat ed. Rabt;ﬁlfts q@éﬁ@?&?%mg%@n%é %‘fy %‘ﬁsﬁgé %Ceﬁﬁﬁéwe d&e@nﬁ’ﬂoﬁ he

m xture, \iimninologicatly iwelit @@ rdcferibbamtinédra ﬁl%raﬁd&i ﬁ&da gahﬁalé&f%taﬁtzélgeaﬁmon the
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al | owi ng @ekedos unrskaeddencsy 2 daguated o Rabbihsrtumea @I@Irmfe@mpmuse it is
| | |
il e gt L R L R A b1,

the stem cell surfaces. Upon activation, complement will lyse the cells allowing them

* to absorb a standard stain, and be detected.

Because it is unclear whether HS cells might not have carried the proper HLA
molecules, at this early stage of development, molecular testing (see section 2 infia)
should also be used.

In an alternative embodiment, a mixed leukocyte culture test (MILC) may also
be used for recipient and stem cell class I 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
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checki ng vehmlif?d ENlAs.eﬁlgyrmS' Eﬁtgmmﬁbﬂendcmﬂpliehs‘eb ﬁfkt Plifde vkt €lads i St SI g
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anal ysi s requi reg 49t5p amaldid fe§firdNe LiRped m%!ﬂe%ﬁ%@%gggbgpg membr ane,

and then hybridized with sel ected radioactive oligonuc es
di rect ed twembranefand thendyhtiflized withEelgcted ralicdctive olgdnusieotide BSERs t hat maybe

used for 1 LyDi diifi cati.on of..thi chni que, the sequence

specific p‘ﬂ.eﬁéa"? Wﬁﬁ“ﬁﬂ%@ﬁg’g F@V’ éf@&%&%gégsbﬁéﬁﬁrmﬁéw Pricity of

the typi nglayH19pinks AMbHifRAHEE tRETRchhR@s the fequehddPBYaL §AkFG R NErs are
b o e?%l y nat che plg

used to arTBI i fy specific HLA-alleles, hence cohple t C f mers
will be mépePkinayalserhe ysedisHare, thetsheciftdty ofdhe typing systgnminpart bfitan PER det ect ed

usi ng agar, ehy: har.esi s, and .transi.l.l um nati her PCR met hods
such as clrg%goﬁ'l b#%b@ﬁéléﬁgﬂgﬁh% v Hﬁeélrtﬁ millhh&ecﬁifhg&agp % YeRtfdbook, at
99, ' PCR clratmpildtely inatdtiod prigferP@ill bmph ¢ifisichlypesat ¢h tHetFCR ekt anllleflay Martin
et al., | Wg{g%et i cs,47:131-138, %898) ,. are also contenplated by the
present i g Gtecteduning:a88rqss g¢) dlertiopheresiy aed pansillumisatiamat el lite loci of
HLA s a pref erdifigh PCR methods such as class Il matching by PCR fingerprinting, Hui et al, '

- Handbook, at 99, PCR characterization of polymorphic microsatellite loci of HLA,

Martin et al., Inmmunogenetics 47:131-138, (1998), are also contemplated by the

present invention.

Characterization of polymorphic microsatellite loci of HLA is a preferred
technique that predicts the HLA haplotype of a recipient and a donor, and is especially
useful when the donor and recipient are related. As described by Martin et al., supra,
large numbers of microsatellite repeats are found interspersed in the human genome.
These microsatellites are highly polymorphic and are inherited in a Mendelian fashion,
thus giving them utility as genetic markers. Twelve microsatellites within or near the
HLA were typed and sequenced by Martin et al. See Figure 7 for PCR primers used to
sequence microsatellites. Further, alleles were designated according to size, Linkage

 disequilibrium between these microsatellites and certain HLA alleles suggests that

these microsatellites may predict HLA typing, and may be used as markers. Figure 8
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titut genat t th
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typically_ anplified, using technl gues such as PCR,~ and cl oned to derive a
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for the presenggof N 0RLI B tb ARk EIHE IE8etc BnliRbESh B Vi ous! Y.

“genotype” of a cell population. Most begin with the extraction of a sample of genetic
material (e.g. genomic DNA or mRNA) from which cDNA may be derived, from a
representative cell. The sample is typically amplified, using techniques such as PCR,

=t

and cloned to derive a partial or complete genetic “library”. The library can then be
screened for the presence of the normal or mutant sequence. As noted previously,
those populations containing the normal sequence are selected for further
development; those containing the mutant sequence (i.e., that which is associated with
pathology) will be eliminated. The genetic mutation may be detected by a number of
methods utilizing techniques including, but not limited to, gel-based sequencing, non
gel-base sequencing, and genetic markers. The resulting sequence can be

automatically scanned for the presence of the mutant or target (i.e., normal) sequence.
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fragments are produced. Both methods work because gel electrophoresis produces very
high resolution separations of DNA molecules; even fragments that differ in size by
only a single nucleotide can be resolved. Almost all steps in these sequencing methods
are now automated. Certain known disease genes can be sequenced with technologies
as high-voltage capillary and ultrathin electrophoresis to increase fragment separation
rate and use of resonance ionization spectroscopy to detect stable isotope labels.

2. Non Gel-Based Sequencing

Non gel-based sequencing technologies, which aim to increase efficiency 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; (c) enhanced mass spectrometric
analysis of DNA sequence, and (d) sequencing by hybridization to short panels of

nucleotides of known sequence.
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Non gel - based sequenci ng technol ogies, which aimto i ncreag«g ffi Bbincy by
several orders of magnitude, can al so be used. These techn o"@'f‘gg cl ude
but are n&foodmsiided to (a) enhanced fluorescence detecti GrQfsehsipyi dual

| abel ed bases in flow cytonetry; (b) direct reading of the base sequence
on a DNA strand with the use of scanning tunneling or atomc force

m croscopi es; ( mass spectronetric _analysis of DNA sequence,

End (d) sequenc§‘%9§g%9h€$1n§§gﬂ?ﬁi@w3rﬁsgg) §ﬂﬂ?qapﬁﬁ%tost¥lgﬁfﬁ°ﬁﬁﬁél eoti des of .
o e e G MBS ST T R

hybridi zati on (SBH) can cre ‘ i on and
sequenci ngpropeiuoy hasomanyipplisziont ABEDNA diagrivetids, foensind, 2fd gensmaping. It

procedure has many applicati.ons in DNA di agngstics, forensics, and gene
mappi ng. I@S%T"%B%EV%E 1 P&taﬁuﬂﬁﬁeﬁﬁ%ﬁsﬁ’?ﬁé{ g%‘}?émrdé%’ﬁ‘%ﬁ%m%hffror genetic
di sorders g, @ R&%s biodetsity 4ud 1555 lﬂhﬁgtﬁtﬁ&rﬁ%]syof%ﬁfi éegernfeﬁ%&fe many

ot her types of data dependent on "~ DNA seqguence. ere are severa
appr oachesDNéysegeepgenci ng by hybridization (SBH). In SBH Format 1, DNA

| | abel ed hybri di zed .wi h [es.
Repl i oo menbr anDGERrE SanBbe SataRing Y R Hsh P SRl
paral | el sRamiany DNAsi@ledlardied3R8 add thbeled probee sre YrilReAWithithd exed.

Techni ques for arraying and hybridization of DNA Sanples on the nylon

menbr anes BAWIsteReplica sanypacs Withibe sane sgis plsppie PhUisanayesysed fores.  For mat
e . P . ’ Ves.
' Sent Poriabqlicy sl ERlerd Biobd BhE6: ALBATAR Aol Mg B BRI ot | <

hybr i di zedutayingsadybridieatiqr cfIBNA sammplesios tiasdon inBmbeaphetwcisequence of
one fragrreﬁ @%@bdet er m ned f%gm si qul t aneous. hybri di zatign reacti ons
with the VEpBed Frghaday maype sigedmennBmst Formanasespesialiiedlicient dors ame

ol i gonucl egtdrdfodss ldi‘Eé’mQﬁbérEgP%pes[n a vari.ant of Format 2, DNA anchors
are arrayed and ligatioh is used to éeterm’ ne ol igosequences present at

the end of the Ih&BgbFoibis2, probboarratragd ande. [stefal DNAantpds fragmenised. One
set may beg _in.the formof arrays nd anqt her, .| abel ed seft ig_&stor | abel ed
probe ar e%ﬁ'gﬂgﬁe‘f@@mﬂﬁﬁ@y@. Ss 8 FOmplete seuence ol oug fiaemenhe and
one | abel afaypbORgerhnidd Mrsitﬂﬁliﬁe%ﬂ{)ﬂbﬁﬂﬂﬂlﬁn\’m%ﬁoh? %ift?Ahe %Eaéye@:S ?ﬁ)or gghey are

b
covalently l'igated, producing a sequénce twice as long to ed. The
process alliosaequenring ethee P fragwenys,thinsaneglipenudpotisleguray nuayrisi resedbact er i al

In a variant of Format 2, DNA anchors are arfayed and ligation is used to determine

oligosequences present at the end of the target DNA.
In Format 3, two sets of probes are used. One set may be in the form of arrays
- and another, labeled set is stored in multiwell plates. In this case, target DNA need not
be labeled. Target DNA and one labeled probe are added to the arrayed set of probes.
If one attached probe and one labeled probe both hybridize contiguously on the target
DNA, they are covalently ligated, producing a sequence twice as long to be scored.
The process allows for sequencing long DNA fragments, e.g. a complete bacterial
genome, without DNA subcloning in smaller pieces.
_ For additional details oﬁ SBH, see U.S. Pat. Nos. 5,503,980, 5,683,881, and
6,025,136, incorporated by reference herein. See also Bainst, W., et al., J. Theoret.
Biol., 135: 303-307 1988; Matthews, J.A., et al., Anal. Biochem., 169, 1-25, 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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genonme, w thout DNA subcloning in smaller pieces. For addigtgirglnglzo%t ails

on SBH, see U S. Pat. Nos. 5,503,980, 5,683, 881, and 6,025 136

I ncor por atgslods748f erence herein. See al so Bainst, W, et g Sﬁgmm?peoret.
Biol., 135: 303-307 1988; Matthews, J.A , et al., Anal. Bi ocﬁ%m, 69,

1- 25, 1988; Syvanen, A C., Medical Biology, 64,313-324 1986; and Lehrach,
H, et al., Genone Analysis, 1, 39-71, 1990, the contents of which are all
i ncor porated by ref ehenceGengtie dMarkerg8 29 June 2005 WO 02/ 057429 PCT/ US02

/00107 3. Cenetgd tic rker ort .sequences. that correl ate
to the presenceé%fglc\{g%&glg ?’gﬁﬁg]‘g?“"luag‘%&ﬁ?égﬂjé‘%tﬁ}sf° @gr?g?)ggn‘_ﬁf’s%fcflﬂag“cd‘ ect the
presence ofenasaubacy, carl bevsedad dgedtehe prevcatPbLsmafanbenerinal gaseker s useful in

t he context of thef\, present  invention include, but are not linmted to,
sequence ;%{j‘ﬂ'%essq ggactioarakers usefyl in theennbsd 65 thetpagsent iaventiondealele, bt ker s

for physi cal oMM, %ﬁe&éﬁ%@%&?ﬁﬁgﬂﬁ@?%ﬁﬁ enca Yhad are WA GHg BT ker s

for identifylknggexpressed ge . s provide a neans of rapidly
i denti fyi rarkens $or phywieal meppisg, atl hepressppbdguendedass ESTs)) enighd magkeroach

i ncl ude deter m't i n I ocatdi ons qﬁ@gene al on%dchr om)sogesgﬁnpl i dentifying
coding re onidgnt RBFEo! &0t eMeey Markeps ey ioe 2 Mgare prapkileidepielyiseat est

utility whisest hiv@in g&shiCEd MpPRdatibAPd Bhe BYTapprodd &k ule AT OUS- Most

genetic markers are highly heritabl e because ?hel r alleles are determ ned
by the nudp@bonye gragualess clupmosemesnidddentisying ghliyg raghmerin gehoimiom one
gener ation &&n&é&e next, and the detection of their alleles is unaffected by
the naturar1"8RVi ronnent. Markers have multi ple alleles because, in the

evol uti onary prGmness maritsehavedhdgreated htilityshidl Bey el SN BeritiblENAuREqUENCeS
defi ni ng mﬁr ker | oci arose and were dissem nated through the generations

al ong wi t #18}%end BwmsrousgMest ganstic nmrkstsvrg highly esitahde becausestheir elledés DNA
conbi ned w o r C tation al l ows.denetic

mar kers. o TOUER AR Raipof bEDNR, SHIGH Ly Bns B 8P e o
fingerpri drmn? Fgldrﬂit:&l tortheank: m,@qnﬂltml dtion A€ thelruliRs iRidadcted by tlfb&ﬁﬁ%&li ng
sequence differences. i i sol.afed fromvarious sources, e.g., by
conpari ng eflﬂéor‘"b‘?ﬂgs@f?fgerﬁ aWRIEPfeBﬁﬂIeF ﬁe‘@&% iphe golutignaty pepopsgarare,

Typi cal | y,oehdMAafiv-8@81chiiatid ' gﬂgﬂn : I from

di fferent g_sepecjae); of e@?%tg%?%gngﬂng%qn%erggm |¥é§g€ér%?och%%\%i uglél@ of the
sane specidesemibaigdshgpugh e genébonsmies with eihbreekitting dlelegeThe highlyng ar e
referred £ond e%ll?‘g l)}( B8RP Qén%brrlﬁéd \Iﬂt{ﬁ ﬂ%rrgrseeo%%gxrggce%f stable mutations

allows genetic markers to be both predictable and discerning of different genotypes.

DNA fingetprinting is a broad term used to designate methods for assessing
sequence differences in DNA isolated from various sources, ¢.g., by comparing the
presence of matker DNA in samples of isolated DNA. Typically, DNA fingerprinting
is used to analyze and compare DNA from different species of organisms or DNA
from different individuals of the same species. DNA sequence differences detected by
fingerprinting are referred to as DNA polymorphisms, The presence of a DNA
polymorphism in an organism's DNA can serve to indicate that the genetic origin of
such an organism is different from the genetic origin of organisms whose DNA does
not have the polymorphism. Such polymorphisms can result, e.g., from insertion,
deletion, and/or mutation events in the genome.

Many genetic-marker technologies are adaptable to fingerprinting, including
restriction-fragment-length polymorphism (RFLP) (Bostein et al., Am. J. Hum. Genet.
32:314-331, 1980); single strand conformation polymorphism (SSCP) (Fischer et al.,
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Nat|. Acad. Sci. USA 80: 1579- 1583, ; ta et , Genom cs 5:
8791989) ; /A¢ifls Res. 2 440ZddhtLO08) grisropritliterar shiglerseaapicR)refedbSSR) al . |

Nucl ei ¢ ' : : Ts 4. 1995) .. el l.i,te ar. singl e-sequence
repeat ( SQEI&%{’@%@?@:J KT gf”%haﬁe,ne%%%‘s5&%%%3%%?%91&“@%%@8- 3061089)

r api d- anpl pollyracphiedDWARHNPIY) (DRAianRARR)., Kt A Fds. 88:653 1Ns3I5eio00fCi ds

Res. 18:6531-6535 1990); . sequence tagged site (STS) (O son et al., Science
245: 1434- BEIIENCE gged Sl%f‘e&Sé"tSD golm et %—ngplym@%dé - 1455 | 1988); @enadic-bif . |

Nucl ei ¢ Acj LB T- 4175, [ i i £d | hai
reacti on (ROpERTEPAIINIAREAME, NBD A hE, 41874 1, 3008 ML T o6or
Newt on et spkcific polyhmrase Ahaid sedetion (AFPCRDEiBE:lE al. IN8ic AviddRest r ansl ati on
PCR (e.g.,,-L : t al. | ei, i Res.  2]1:3761- 3766,
1003y and TRt ol ok il NaplebrAqidelss.d@o a2s G108 Mickic] ei o
Aci ds Res tranSlaB6BCRIE ., Tﬂaam}lm\@')@é&loé% af! Nddleic A@Idsmes.%dex‘?%%?ig ): 718-719

1993). Each of the above-noted articles are incorporate erence
herei n. Kil®83) ond ligespenifipimitpidinativy 6ASH(Wallamebal,i MitlgicAadd Résl e, e. g.,

from Perki I igd.Bi o tens { Fos O I, f For exanpl e,

the restr ilgé’{sl"gﬁﬁ? t %ﬁeﬂ‘gﬁﬁ ﬁﬁp(g'ﬂ? #&‘Fﬁh%%%ﬂ% @é&#&lﬁ’é I o;qs)

restricti @Boﬁﬁc}tﬁ@aﬁi&l@%ﬁéin@étﬁ@fatda%,refe@éﬂcemféhpy Ssi ze separation of the
rophoresi s, and hybridi zati on of the -

di gested DNA b el _elect

si ge- separ at ed%ﬁgﬂﬁoﬁ\m%&@b&w pralysss preconuoeicialy pvailphiene.g., Biokif er ences i n
th [ . L€y b |l eotid b
binds & of PR BLBESABYE DS ARTRENS: Gy (LY, B GiaPRlg BHSHERIAGE o ore.

See Tanks|femgmeRt bngbmtb@'rm@phﬁmZRF{zﬁ#bchﬂi&ﬁ@émﬂo?_@fﬁstﬁ%ﬁaﬁ eﬁ!zylmét refe ][ ence
In e generation or a

R = G N RN T S
2 SRR S LA Ao BRAS PRI o
polynucleotide fragment. Differences in the size of the restriction fragments to which
the polynucleotide probe binds reflect sequence differences in DNA samples, or DNA
polymorphisms. See Tanksley, Biotechnology 7:257-264 (1988), incorporated by
reference herein. )

PCR-based fingerprinting methods result in the generation of a large number of
reproducible DNA fragments of specific size that can be separated, typically by gel
electrophoresis. These fragments are visualized 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 fiuorescently), 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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consi der abhappirgwisruehtfativerail locb(@ T labdithe lfker mar ker assi sted sel ecti on of
ti trait i.fic to. ticul enotypes .(e.q.,.in crops or

ani a5y, | dendier RAGHPRS] b8 Sh et ekt dnd B idvesdot deitorni gBres riLs) and

the like. vigouastljubhodiglseiBIS PaENGE 601 G57C5, 689, 5R), snd@Bd0beghHAques for
det ecting _genesg&lw' thout sequencing, see US. Pat Nos. 6,147, 657,

5, 683, 880, 1n%RPrated by refsencehereini ncor por ated by reference herein. E. Met hods
For Directed Differentiation of HS Cells HS cells can be induced to
differentiate into various types of tissues originating fromall three
germ | ayers ( ertlodeVigthodsit@iracted Ui fRednGieRsTAf M Cklgli ng, but not limted
to, skin, hair ervous_ t|ssue, pancreatic 1slTet cells, bone, bone nmarrow,

pituitary gl an@g?‘?u?é’ﬁl? be nguged to differeniiate mte rariave synea of Hesues exginalinec or
P V. a.” ! e . . TS
Patent - Aprea ik gorhTlafis [BlgSdorhl Flckotenfl STRICRR) MERGIE BRAT, o1, e

No. 60/ 253ing%d to,fslin, hairreovqstasuedpinereatio idetenlis bbrs, done m@ewski | 1 ed in the
art of differentiatipn techniques, particularly those devel oped _for .
di f f er ent PPHEN ede Ve&e‘ﬁﬁ@%ﬂf’&%@ﬁ#mwe& e4PE Hiagnestic O lisrageui e villie)
cell's, cain alifAUS ctidMo bRl 98 Heddibe®ld Uisopatbhd ; ) sired
type/ of tissue w thout gl}?ldu'e gxpeeri ment at | on. 'I%gﬁ% %ﬁ%g'fen 9iayéﬂ(;l'lgat ed HS
cel I s of endUgy.dsevisional\AndicatiorcSeriab®od6d/253,848, fidlyeincompbmtaidyect ed ti ssues
for a varj rapeutic uses including the in vitro culture. of
di fferent ?"3%89‘{‘?&593%3 for purposes of study, diagnostics, or for
i mplantati on i ne skilled i the\arichFadi ferBiteftRn A hMiqubts padich Brlpithdse BevelsHRd
therapeutical_lfy in the individual that provided the dohor material for HS
f or mat i onforditfereptiation of B3 cellpayd prabmenicoaringme (terstoraaimionms) ofllspemy - nei osi s
| dipl oid; : [RT . o] 4..00¢ | e his may
b achi evin by BuripglenlHslccfl ) SRk RGN deeBREUDERT e iR
experimentation.

" The pluripotent isolated HS cells of the present invention can be differentiated
into selected tissues for a variety of therapeutic uses including the in vitro culture of
differentiated tissues for purposes of study, diagnostics, or for implantation into an
individual. Preferably, HS cells will be used therapeutically in the individual that
provided the donor material for HS formation. In females, this may be achieved by
activation of post-meiosis I diploid oocytes, or by fusion two haploid oocytes; in
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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and screeni ng of DNA can be applied 1o HS cells. For exanple, Hogan et

al ., supr & Bfpasglonang mamtengrice of méleﬁw%wlwr@arwwﬁamme%

i ncl udi ngg] tdgrextraction and transfer of a trypsinized colony to single
well's of a culture dish using an autonatic pipettor and extraction and
transfer of a Ronilaty psithddsifarsolatidginividnabeoivmendf B celfs and yrsdndingDTA

mout ot eo Berkied iR athet &g BSTkfhAd feangd DA 49w b alieg @ api d
t echni quesTSadeils PES exhfipld, Bioghd & 4108, andsh. Plo_HEC aeaéieige kfefh &lhir omosonal
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anonmalies, vials of stock should bé frozen and stor as soon as possi bl e.
Met hods f Helabies feshnigpesinchigingaihg extractiogend fransfer off atsymainizedaiolonyiown f or ES

I'l's, ' : |ls.  .See, .f , I
cupra. pp 9B vt of R oot el anbome B asro o R ind andPepgrer St °
trypsi ni zé ngn-tyyplikietzed goRng t6 2 HHGBEIPIOTEyPANMHIIERA (5iaFk GRkile, Gikd UT es.

Met hods . . .
Pasteur pipette attached to a tubing and a mouthpiece. Preferred clones can be

identified and assayed using rapid techniques and PCR.

To minimize the danger of accumulating chromosomal anomalies, vials of
stock should be frozen and stored as soon as possible. Methods for proper freezing
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 pluﬁpotenf 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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Dani, Cel L4k s 165: 173-180, 1999 incorporated by reference
her ei n, descr%%@gﬁgle%eg od for differentiating ES cells into adi pocytes.
For exarrpl e, tAhetiechaiquesdesofibedriyr Gl ¢t ahpPitoesSNal. AvadeSeil YSAtBToss their

differenti th reti Cld for peri.od of tine appears
to be Ii nlggéiﬁggwdﬂ?%ﬁl@wagﬂysm CHEEH é@ﬁeﬁorf c‘@%"‘ﬁ’d&ﬁ“’f‘?ﬁ“?ﬁ’éﬁﬁ?qﬂér enlto Pat i on
of stem C%tb%dnﬂ%g%-%eéf@ﬁﬂgeﬂl’%{gﬁhocg@%ﬁf%o G@%daﬁteﬁr}gr R iAhe B cefigscr i bed

by Ckabe et al 102 199 I ncor porated by reterence
herein. Liokéwipsesenkingention) MWsW&anDIGeﬂmﬂ‘msubs@zgmlﬁﬁndﬁmm dag9 havi ng

parti cul armclélsp%rétgd {)y CALING Ry rc?escrﬁ%s re]larrlle &d g)r dlaf%erelﬂl cells X‘lto

adipocytes. For example, the treatment of embryoid bodies at an early stage of their
differentiation with retinoic acid (RA) for a short period of time appears to be linked to

adipogenesis.

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 €] al., Blood 91:2283-2295, 1998
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Techni ques for eliciting the di fferentlatlon of HS cells of the invention
into follicul arecheihes fonelioidng thazdlf&memnnnbf HSIdeHs of the alventiamintenpl at ed.

"ot or ence abBletgotsrit A eeidensl s ATl comolFEh. Fe SPEORES may. al 50

be used t araidrechl., il wRensi-asi, QOOO(IﬁQﬁpoﬁa%b?)&éi&Hnﬁeh&'@ ¢heal ., Blood
90: 1266- 1276 1996a and Battieres C'in. Hematol 467- 4 3 1997

(i ncor por &P‘E@Sﬁw Pgwﬂl@ﬂﬁéeﬁéﬁfémﬂen% mamalsn@etueem@rr’ameotpbffexmnatg:em es.

Li ke e, t.abo

i Incl \lIJVIdiSng %gt no EQ%@Eg{%%&oﬁ %A%g %&gﬁ’% %negﬁﬁ’nﬁy EBPI 3,

C/ EBP8 and: 457553@997 (imgorpdraied be réfbteﬁ@@h@emj r‘él@ﬁjilg foctenthitdpoddiReh@s, i on of
Such factors would find utility in the

pr eadi poci]fs Jinto adi pocyt es
context of-FHEsyNFlepRgyl afp%fﬁw'i%? Byelyedm knid mstabolipm, inphidimgitubot Dependi ng
on the fungidn,peadedrpdl §faﬁﬁ ??:?d;gi}ﬁ%ﬁfab@lﬁﬁﬁﬁ gPﬁlém @'ﬁéﬁﬁ& | ng

expression of a gene speci i on £ &nd
ti ssue- spaedyfdlgp beamiggere 0f terﬂn;nakdlé‘feremltua’gome:ﬂ' Ibremhpdiuysas (ingto mﬂtppbytle&) gSuchby

det ecting nctio I ess suc on channel f L on; or by any
means sui tf%% TR “fo (?ﬁ’é‘f Etﬁr?@ﬂ@?ﬂ??%‘ﬁ%ﬂ{f@a%“aﬂonw 8 {he presgit hods f or
I nduci ng eifehbgent i ati on of enbryonal carcinoma (EC) cells into a variety

of enmbryonic and extraenbryonic cell types can be used to induce
di fferenti ati oependigg Q@thesﬁl(lmmmd éﬁfa@naﬁmnﬁgbw&ess@%y HS cell's can

d d i ff tiat t t
nown to- CRESGRE B RES et Sietod i diPreafafit BY Hhfotk e B%i5Ea cer
type or tiaatighs, Bvbedniifling ¢éll 60tsdié FrofsHvldedt b?ﬂeté&h%’lﬁﬁcﬂoﬁupé Xpeskiag renmoval

of growth factars known to_ favor initiation of differentiation. Once these
factors aPfech asien ebpnnebinetinn; peby @m;[mpﬁ@ suitable for detecting the differentiation

of HS cells.

Methods for inducing differentiation of embryonal carcinoma (EC) cells info 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 fype 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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factor (SERGF-%) piaietel derivedr @Mvﬂh fhaet #PD(;_} eééneuﬂitﬁipﬁlo%cﬂﬁr g growt h
ac i

factor (PDGF), ciliary neurotrophic le stinulating cytokines

such as Gvﬁ@hﬁnseﬂokma sygb-as (A vESH &L, thbﬂnﬁ’ havebesnwhewn & promoent i at i on
Kei | d b
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rr:ai ntai n nefssce mmhﬂ]ﬁn&t%\%cﬁﬁ&udh% [[,‘Ifélhﬁs %d&g ghkﬁa,m gdcz l?gﬁ%m gigg%b
pluri potent stat e str et 00
i ncor por attBPrYRNIG @%%iggl%elﬁé‘ﬁ theryndiffirentistedimlaoton sltte@anistied Wistnul at e t he

(van' 1 Fof F5 o P12 22 ?@?@%ﬁﬁ%@@ﬁ%ﬂ?ﬁ%@?@% O SR Cr aed by

r ef er ence bhexr giow, to FidBulithtie differentiionof tiickrnasteacksts drohothkiripntating t i at i ng

o tal | PEEcalesy (T pH o R RRER P A e BBkl I Rcstiee 1 1 ng

di f f er ent bgikfned hérbay, 'FGF-Q s béén%ho%fté ﬁrag 'atrolé%ﬁ{thhtﬁhﬁg‘iaEﬁﬁﬁp&e| I's
(Lopez- Fenandez J, et al J 5(28) 653- 60,

i ncor por adiferentiatien éndam@mtmﬁ]@m)lactm msemmemenalgaedmmﬁ’r f:dtst or

(PDGFAA orts.neur f.ferentialion ile ciliary

neur ot rophléb%yasﬁgg?mggoa rt%ﬁ ST (%%, gﬁiﬁl\g,(aajﬂ%% 8¥§}ﬁ%‘s° §m§%t rocyt 6s
and’ ol i gaﬁmdmﬁwheﬁpl(uﬁmcé{ﬁ@ ezflernardeP §Set @Y J, HiBl Them3129- 40, 1996

I ncor por at ed bg%l ref erence, herein HS cells can be induced to

di f f er ent P42@3 Q5|35ﬁ95 BP%m&?ﬁp@ﬁfﬂbmﬂﬁﬁﬂoﬁr}léfeélt)aBla§ﬁ1¢frﬂen§¢d gro“&ﬂher e the
cell's -ungggq PNNIIN :?.cﬁldr?fﬂj%ﬁ%ﬂcﬁ@e hél cﬁft@r‘%ﬁﬁ:ﬂ& rm

appropriate connect i ons W ogenous reg on factors
| ocat ed i neurbirophic 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 iz 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 ceélls 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
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be i nduce hexanet hyl ene .bi s tam de (HVBA) . ((Andr.ews,., APM S 106:
T5e. 168" 1988 e ueERBA I rted B el ot Do CEIGRE o et at i on
i nto pari gRagers efraty MclEBR, CeNINUET196 (980 EBMRtarddnolechol thabbad indRe! -
3:189-196 1992). BMPs are nol ecul es_that” can induce cartilage and bone
growt h i n coftiage apdbopperongl snyee byt BME messaggsrase alse exniessahin EH-nqsony
tissues, i I.0g : | L Eogi | Gl ntral nervous
system ibﬁg* gggtu?%é&gﬂ%#gg%%ﬂﬁﬁ %éafthﬂ%ltlaﬁlh‘g%énﬁdnﬂ%tc‘%n%tﬁ@q%ﬁ%)%csj|E¥S1 Zenti ati on.
F. Prophyliztitating apivokhlaohpie wtll cotumitmeht #8181 dffereatilitodi. nent of t he present
invention is a nethod of growing cells and tissues that nay be
transplanted into an affected person for the treatnent of di seases

i ncl udi ng but notgl P%é}ﬁ%gﬁ@aﬁ@‘i‘ﬁ&hée%w{]tﬂﬁiegenet i c diseases, neurol ogical
or neurodegenerati ; ' uri es and cancers. Anot her
cosnetic appl Knetchhodofiert of therpessent inventien s omeitmdofigrovgngtells abdr hai r
repl acenent and/ or ot her uch, applicatians. cells can be..induced to
di f f er ent *57UgS WW%F&@B?%@%@%@ & éherSSFﬁli%@i SR PRI ¢ hr ee
ger m | ay el RASREIIinRE 06!BEBitR) br 6l AMhdthsds Wdubslbfigaiit not limted
to skin, hair, nervous tissue, pancreatic islet cells, bone, bone marrow,

pi t ui t ar y teybdegenemafivedisedses dematiaingiriss aad caricssu dsotteor cogmeadicagnost i ¢ or
t her apeut i ;] i i.mal s, i.necl udi hymans .as described in U S
Pat entp Ap 6 Eﬁéﬁtgtn]l)ﬂoéiytggﬁ%?? x_ren%xbn is s&mgrachforlflalr réplacement and/or other

such applications.,

HS cells can be mnduced 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 sifu 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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maybe graft y A OBt EGisEncs (o2, Buppeeeonditions ead apsmitle EiBderived ng  t he

subj ect's %V’l: i Lrentl ene.t herapy.for.t tr. eatnent of
her edi t ar g:/é:i i sgg@g%es %aéledr’?cﬁq L%eg% trﬁaﬁs la%ﬁ%g)eas%bjefﬁgﬂ'l%ggfrpée%ﬁ@ ¥¥&¥%ons for
this, thethesabjesi’ gowh idorurtmdtaialg the inability to place nornmal DNA into a

patient's cells, such that it is stably int etﬁ{gat ed and expressed.
Addi tional |y, é@ﬂéﬂ%;ﬁlﬂ%@ﬁ@ﬁf fori{he paimsal ofinsradgary disegasdgs netdradex anpl e,

gene- cor r getRdn el thetd RE ﬁﬂ}‘% r%’%@&{s%og_ € el tsréﬁeﬂ%raﬂpﬂei%ﬁg ﬁ}?a\éﬁletg een

transplanted 1nto patients t reat sévére conbl I U cy
di sease (®iplB)e narmeal DNiAnigtd hpatieADécelbfsuch datit id staidy infbgrated alid em f aced here

I's that the correct T-cells are prined for only one type of antigen, and
a whol e r?ﬂ’é%SSB#' 3@%@@&}%@1&& e thesapyapy 8%%’0 t?rlgﬁtﬁ&t BRfEREE: anot her
probl em f agRoRecU T 6L thaRBY, Wikkd PRl w@tﬁ%nhﬁl%lﬁgﬂﬁvé Ee&%sl?]ltaﬂ@dpr oduct

or the exact function of the 'nmutant gene nay not_ nown or the genetic
di sease nijo pafianise irgat ssMerecembined smimunddéfivaanoy disaase(S8EIRN vehiving the

gene P! AR el 5 T RSB RN 5, o
into the heoalyecrigyé Of antiBen, 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 hnmunologicallj 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.
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sel ected tgopsdag3by in vivo differentiation in inmmuno -conprom sed aninal
foll owed by isolation of the said tissues for a variety of therapeutic
uses. And t he THS pbeiposent ixolatd kIS loellcaf theipreden imbenfid emeiiddtat ed in vitro

f or purpo of . study, or | agnost.i cs. Depository of HLA typed HS cells
S col | o Seuinbe bl actierd TARF IS oo dHEs PR A I SRR CORBS RS onor  Ho
cel I has @ﬂiruamaw&d%ﬁ@am&wﬁhle leaiaﬁsm& @&}eadvawagfbaftﬂli@bovgss%bahé%ntAﬂdﬁstzead of

two, as in heterozygous stemcells. As discusse there are 2

di f f er ent theH8 calls cantalsprescultngedding idififerentiadaintvitgrefos pugbosés dfestusiys olOw

anti gens %ﬂ%né&ch antigens. Wth such a | arge nunber of polynorphic HLA
hapl ot ypes conpl ete match of two

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
haplotybes between a recipient and a donor is quite difficult. In a best case scenario,
such as when there is linkage disequilibrimn 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 arounci 172 for the
Caucasian population in the United States). Thus, HS cells can be taken from random
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about 200 (gl f hR4RBimERneRistocoinbiifrle cARGRiAMY fo? Yafsglid). SCt HLA hapl ot ype,

| e

to service nost of the general population (i.e., "provi
i munohi st oconpgagipitferrecehbediment; tits| depdsiioryt cotsytd ara citalogned; fprexhmpleed

enbodi ment__ _t he deposi tor, tents.ake catal ogued, for. exanpleg. as a
sear chanl & ESRETER Gl BORHET IRt AL T sorpingb 2R liindis b,
practiti onesimd th wund Thepweédt thvehion PlofRRSkA micthtRITbE ﬂ%dﬁéiﬁ%h%@ﬁﬂﬁ’ﬁdiﬁt hod
for producing a popul ation of &&r;lot Ylped hom)zggous stem (HS) cells from

mul ti pl e ®dgERotYReddomiozygeusetarn by scellsiiom multipld dasos dldeally, thadongrsa hi gh

probabi | i ty:af | 1.del y i -+ H hapl. ) onors wl |

t hen be ats‘ég%gc?gl?%trb&?%\gqagﬁlﬁ ahlg%%{";'i%@‘ ne ﬁ‘élrl%gggllgéei.y%%‘sleﬁ%eﬁﬁ %I’e derived
from sai d heplotypss. b¥hewldriord will ihyn baadsayt forhe HIN haplorype gd genotypest - Nei osi s
| diploid,germcells to develqp nmultiple blastocyst-I|ike masses, each of

whi ch cont'aFh e fi%\gﬁ',d %‘311 saifrdenors pygitotically actiyatiegdones bomorygous
particul apoglheb8s 1 dﬁf@h%&fnﬁ Beld3o a%@p @R@%@Eﬁ@%&ﬁk@ﬁa&s@&{' eacifGf

culturing 'said HS ce 0 Create eac nes, assaying the
genot ype ofhidooistaed ah inSeroelllmdss (M piht is Avmbeygong feracghartiddlsk allele] ot ype and

Seannt be. finrametts fothitom AR saiebieatM aud ARrERerar TS sl cratetor Bhuct | on
to practi gg HO@ellihbd, hikafhe 96 @%%e%é‘écﬁ{sﬁﬁﬁi@@&?ﬂﬁé}f%ﬁ& SatfoghdRectpr esent

invention, although they are inh no'way a limtation of the t hing or
di scl osur &ligk hepletype asdaenotypeansacintedwitl eachfEy céll er ginaratdd. Exanpl es

Ex le 1. Ho .S Ll F ' And Their. .Diff I ati I
Pr ogeni tor Col R4 piRe FRbERe GeRtb i i Bairl b "Gor m Layer s

Wthin  demonstrated reduction to practice and utility of selected preferred embodiments of the

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 Oocytes By Activation

Foliowed 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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Stenpl asns Exanple 1 a : Derivation of HS Cells from Nbusezggﬁlh- yﬁﬁgsi s |

Qoc es By Activation Followed by Prevention of the Extrusi i e Second

Pol ar Bod widnbses7gdeght - week ol d fermal e C57/BDA2 F1 mice ( Chgi@®amieer
Laboratories, WImngton; MA), were superovul ated by sub-peritoneal
injections of 5 U 100ul eof 39 29 June 2005 WD 02/ 057429 PCTI USO2 /00107
pregnant mare's serum gonadotropin (PMs, PCCA, Houston, TX (29-1 000-IBX)),
and 5 N1Igeemaniypanessamn: genadetonin BVMSREEApHaustem@ X % H00-18X))Landi s, MO,

(C8554)) ' [f . . . eI ORS. v iz oocytes
wer e harves éidb(g'glout %@ﬁ?é@%%@%ﬁ%%&gg,?j%%’é%’{gfﬁ-n@%iﬁam#@gﬁ% us was
removed bywithnéRibatrs mgart bdiwedd @e iljyctiohs. Senady-dasy bes/tdsweae Haopsid3001) of
hyal ur oni d%se ]fﬁll na, H42722: diluted in M nedia (M/167, Sigma) at final
concent r ata’8H fog-'ssafFFﬁﬂ%ﬁH Griglepiénte andipe cumpdisiveas reevedpHpeubaling f er ed M2
medi a bef ; ' : ' t r eat ment
wth 5 M ggf%lé%ﬂn% ?‘gﬁlgg%gé%}t f%?ﬁm@c(?ggwaghﬁaﬁtﬁ?%ﬁ%@@éﬁm? ZZ erature for
five m nutdlyteddh MRvaddiay V7 162s3igma)it tinaHERESttibh of 63 hEmipfiliowed The

(e ey (GBS Rk ME i b b snling Sraife Waieh S orm.

Mr292)  atacBvadd By rei@estAtd 9 1M cIiSond¥hbRY (SidiRa, C7S28Yab} tes were
washed thrge times w fh ML6 #el}/gica andmilor?(i:]uba(t e%iﬁ%ﬁnazﬁro%ﬂg[%aﬂl\/ﬁgﬂlnedi a

under ni néfmBpergiure fgnfive miptesfolleyed by 2 peashesssids HEBES tufered M2 medi. days) .

The bl ast -1 at ur.al.l v. hat t of the surroundin
zona shel ﬁ?ﬁé?ﬁ&)@ﬁe%ﬁfﬁ%ﬁ%g@&%&ﬂ Eoelgl#g)saég%%\g@q 6?%8’(?813'@5?}3?1’&?@83&1 o] ag

i t onyci nDMAPR Bigtia D262 ieMIGHGIsonhRaderabhiltutemedia dPgmacMi7oz)ed for at
| east 15 daﬁ(w ES nedi um (DVEM (G bco, Life Technol ogies, ~Rockville, M,
11995- 065 et GOpmb et dor 3 WrﬁeAi’féﬂéim@ﬁw; oagytesIwere gjashgddhree 400 U/ mi

of LIF (Chgds . f: | i . Jvely,

rminosur aes Wik MEG R dnd if6usBleBH & Blap deNEe hREA B nidela 81 Ut V! Y

bl ast ocys bldstokpstiiike semsdsafevelopalfdtto Sidags)o Tht béasfeepsteikehiyassdzehdol | owi ng
rocedure. h bl astocyst-1j ke nas re first incubated wth

gnt i - ml; us é‘apf'%fy %‘a&g&w P%@éﬁﬂ' 18 %p08 isﬁéf; iagﬁ ﬂ}erbléﬁt%’ﬁ‘!c]élfqufﬁ@ﬁ?ﬁj‘ﬁgem curate

cherm cal . mehSidUfeited Wa mitdfrly2R0¢ krediOf AR chibFRMS RIBAQEN 1L, £APDI L serum

(1:10 dilution in stemce medi um Accurate for one
hour at 3pdturpd fasmat leasthidsdayh ireBS medmsn (MVEM (BibrediifnT¢chaologiast ocyst - | i ke

eSS X GehI VEE YR 24, RSBy s HRER oLy o 1
1,400 U/ml of LIF (Chemicon, ESG1106) for stem cell line formation.

Alternatively, immunosurgery was performed to remove trophoblast cells from
blastocyst-like masses before culturing on the feeder by the following procedure.
Hatched blastocyst-like masses were first incubated with anti-mouse Thy-1 rabbit
serum (1:10 dilution in stem cell medivm, Accurate Chemi::al, Westbury, NY,

- ACL2001) and anti-human lymphocytes rabbit serum (1:10 dilution in stem cell
medium, Accurate Chemical, CL8010) for one hour at 37°C. After washes three times
with M2 medium the blastocyst-like masses were then incubated with guinea pig
complement (1:10 dilution in stém 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 siem 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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m nutes at 37C . The conplenent-treated cell masses were tt}g aﬁﬁf
times in the M2 nediumand transferred to a mtonycin-Ct a’t“Ba I ne

enbryoni c w@esiedrazecel | layer for further culturing in step&dhdedB@dyum
consi sted of 80% Dul becco's nodified Eagle's nedium (no pyruvate, high

gl ucose formul ati on; G bco- BRL) suppl enmented with 20% fetal bovine serum
(G bco-B G’%ﬁ" ﬂrr%$ §m ine, 0O 40,29 June 2005 WD 02/ 057429
PCT/ US02/ GBaeapt %&E @Pﬁ)aﬁeﬁnqngﬁssﬂ%l aming #a alosle(Fibar-BRI)8d 4408 st ock

(G bco- BR@;@@%?&Q&COMH%GIL@ (Chemi con, ESGL 106). After 15 days, inner
cel | mass-derived outgrowt rmed and were dissociated into clunps by

mechani cal d| S sebﬁerdﬁlcbms irteln cell miss-dapived btigrawitis f@Medtaﬁdi%fB dizsociated

fi brobl ast.s eder, in fresh stem cell di um .| ndi vi du olonies with a
uni form dﬁt& FRRS A% %?’@Blcﬁjo‘ﬁfﬁﬂﬁ%%‘”%@‘s AUICHIRAE gaf fsp %@f i TWEDE,

M cr opi petfitReblaRekdéGalieyh steh SR gicahes Indivddel %m&es%maﬁﬁl%ﬁhed Once

established and expanded, cultures were passaged by 5 m nutes exposure to
Trypsi n/ EBndiffeseniiatedrmepholsgy wemdadieidualy mc)ted lf)onnﬁommnettw trfecinaniveily

cul turing | |.s ste e enb onlc

fi brobl ast d?gg?&g%gr%{tg% v\%}%&eﬂﬁﬁ%@m Fhegta@ @"?ﬂdl\% ef @’6’ and
passaged PasagbdBss behecoypdaure Mﬂpmmmlsaﬂuhaﬂ(@omwm@ﬁ@%ml | s, one
60- mm di s ]ng‘%qonfl uent expanded feeder cells was treated with 5

109/ n HMQ@PFETWHDWI@%WBSGWWat 37C for three

hour s. Tr eate lfll%feq%lﬁ FBS three
ti mes, and co;iflecte rg&éllr;?lﬁié&?’m Zation afshg%&%}cﬂa%dm nl%mceﬁfnfowed by
neut ][ al i z&90368),end Ipaé'hsagédz -Dhides befsrd i3S, I‘Ba(ind itdml lcaligllnlﬁiﬁlbl’t thgfﬂa@i%f tc:ifﬂfs aile %000
rpmfor 5 nut The, mto treat ce et opt ai ned was then
r'lgsuspendég1 ‘ﬁ@?ﬁc%ﬂw %%P‘g eﬁ%roﬁeﬁmwaﬁrra%t@ﬁwgmrﬁhé@ Opeloim di shes (5
m of cel mifisRanc! @ik, Mag7PAbMENA O B8 HoatihCatle LN OHPCI DR © Use.

Exanmple 1 Derl vatlon s Honbzygous For no a and an
| mmuno a Hireated-addrecliowepRid whshed mmflSaﬂl BMMI@%FBSG&EE)BMS Jwpdrid mce

ac. aoocr t Boteers ol BRsEEAE pE Yo e Bt RS BACARFROBALE 71| | nos.

vere der i DMERIU0M%EHS ﬁé@iﬁﬁ%ﬁ%énmmgwbﬁ B R)00Pmi 6L miriyQPfigser ved. Cel l's
fromeach |ine at around passage 5 were immunotyped for |I-E- beta in H2

| oci  ( seqUikeaginiresesRogd} potist @btan@d wepthen aacspradeding SAaTDREM/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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GGG CG Eb2: AGC AGA CCA GGA GGT TGI GG and genotyped for §2m' ‘%ééﬁ’fi ng
‘mcrosatellite markers (Research Genetics). Methods for gg OJHP

extracti oRyo $aR7gep! i fication, and genetic analysis (usi %Mﬁ)ﬁ]&,
m crosatellite nmarker) of nouse HS cells were as describe in exanple

June 2005 WD 02/ 057429 PCTI US02100107 1(f). Tnrnunotyping of H2
(I-E-beta) was perforned %ﬂ/@separati ng the PCR products of the H2 alleles

‘usi ng si ngi@- fnmapetypingfod Ha (§-Brhata) pob perforpted by s¢i3sai)g the RCRspreduath a MDE
| (FMC Bi R | f t ypi d i ' f, t

ol V. G ) e S B SRR S R,

i n Fi gur esn aMDE gel (FMUI BibpiodGéis). DBARISUSRtyPingWhe idMunoRtheEiwo

superovul ated ocytes- derived bl astocyst-|ike nmasses (Figure 9B) and two

r epr esent AERTGENREVO Y elilyas derived from S 9BBAZ hyhridwicgiars shosmiin Hgzuges | | i nes

are shown.gl; Z&jﬁ : | ' -) of the
donor m)usgé ’ﬁgne ?Eé/@a ce}%ﬁ%lu%g@[g{}%gﬁg@??Qé%ﬁgmﬁé@&%%&?’tgge-2 (Lane 3)
are al so dervetshlasioaydt-lisanysee (Hifwrp 9BDendtvaproproser@htivel eddmyqFivurdside Cel |
Masses Frq n O pl qi es.By Actjivatign Foll owed By The Prevention
Of The EXPP"%gggﬁoaq“%@%fg@aﬁﬁﬁ&sﬁPéuﬁaﬁh%yfh%%we&ﬁaﬁ%&@m@ under went
down- r eguisaiuABtypé of i QoR6AHEsS g:it | eutd cal s,
Deerfield, IL) (;mdm;1 enlygggan C&-I (%?)nt(%o I eaﬁgﬁgﬁﬁgﬁ@%@f g‘ﬁ mul at i on)
by recei vithyedlbline2 (leans3) ael adso degnavsiratehe (FSH) (Serono, CGona-F) treat nent
at a dosage of 300 IU day to induce an appropriate multifollicular
response. \Wen ultrasonographic criteria for follicular maturity were net,

a singl e EXBmPRA(H: dnsRlpncht DEBIEHRYANkE COR MRS TR HkhsDin{siar ono,

Profasi) was adm nistéred, and transvagi nal follicurar aspiration was

per f or med Oospiea By fiptivpijorsbollavndrRy he Breventionfidhy Bxtrosionddf Theunul us f r om
retri evedgg’%&%%%%mved by exposing themto 80 IU m hyal uroni dase
for appro onds foll owed by HEPES-buffered human tubal fluid
suppl ement ed Wtialb@¥uitdonoss wEetwond i epuldidaREs Iifpoli@acetdtéeVi t roCar e,

Inc., San Diego, CA 2002 and 2101). To _acconplish mtotic activation, the
cumul us f Fe@romiTAR PharmacggicolscReeiiield, Ly aad the hreanCORMGantelletn i onophor e

(A23187, SvaiE 1y Eﬁhbﬂibmtrﬁlﬁ f@h{:foy sﬁﬂfu?eﬁin@thoﬁﬁ&é @S&-ﬁ\@&oﬁx 3 washes

Wi th HEPES HTF- HA and 1nc
Gona-F) treatment at a dosage of 300 IU/day to induce an appropriate muliifollicular

.41 29

“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/ml 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 mifotic activation, the cumulus free mature M-II oocytes were
freated 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 (]nVitroCare, 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 (InViiroCare)
for 2 days for cell division and blastocyst-like mass formation.

Alternatively, oocytes were co-cultured with STO mouse feeder cells. On day
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5 mM 6-di met hyl am nopurine (6-DVMAP, Sigma) in NC TWO (I nVi iigoCarg QéOOB)
for 3 to 5 hours at 37C, The activated oocytes were incuba dju A P - ONE
medi um  ( Ybisear e, 2006) for 3 days, and further incub doRrod ¥ THREE

(InVitroCare) for 2 days for cell division and bl astocyst-11ke nass
formation. Alternatively, oocytes were co-cultured with STO nouse feeder
cells. On day. 4% 29 June 2005 WO 02/ 057429 PCT/USO 2/00107 6 assisted

hat chi ng sistef figiching Wasgrsrfogmed inden Aaperamanipyleter vader wick p blastorystt ocyst -

l'i ke ma L5 Qs ' ' ' ' te o]
that the. I aves VAR SRl ik Rl R Bl e s B Y S R oLl ¢
1060- 0002)migto-néedleHillel witioadidified krbdss sobition (MedidCin, 1060-000P) 4t theed i vi tel | i ne
o or ons) SHUSPRPISR PAPOBRLohLanaD mep Wlge sheb Geerpel WRa B, Expul si on
of the acitgicibLAnintnOany S9tu oM d(e@%ni&%ﬁ@%ﬁ'ed %@@%%é’neeﬁ%%mﬁsegﬁ | nsi de

of the zona is pierced or softened. The bl'asto ke ce woul d

t hen rel egdesete Bwzohe Remitdor of theneidifisfiteodéd sbittmmyweds-deaded imasdiatbyt ached
fromzona,_, | nosur.ger was .performed t enpve traophohl ast cell s by

| noubat i ng IRAIHESEe of i Ponk I DifiGrd Y spiigue The blsspeysiiikgsetl mempeontnee.
Accur at e @heielade frold Shdibakened\Dona GRS EE8 Q- ik Adssaldtdch BB Zhygrphocyt es
(1:10 dilytion in NCTHREE, Accurate Chem cal, CL80I0 ) for one hour at

37C. Aft erFRERBEEN Weas perfpaed ip removeieophiobast aells by incuhaling themessy st - | i ke

mass was m}’}% I-crjnl_gﬂllmt i f. h%{}lT X pia_c enent f1.,10 dilution

I n NC THREE, ar ah’gt,g' gﬁ%gg : (%‘ Wl%ﬁ%&t égag%%lﬁeweﬁbury’

conpl emenfNY,rE3L4i5-CPOD) smisseishuteindyinphecyranad dBlutibiBsTVQTHREE, 1VC - THREE

medi um an trags@g@r r,eq to.a nitomycin-C treated STO (ATCC) feeder cell

| ayer and i etprnigals CERD QT erediounstddnGi dviisa weshasdbreptinsewdtd' s nodifi ed

Eagl e’ s MetCUTMRER L BT RO LR )

suppl emented wi t%@%@g&pg{lﬁmﬁg&ﬁﬂgﬁigﬁgﬁ;«]ﬁ?séﬁ%@ﬁc@%ﬁ , tﬁn@?ﬁam ne, 0.1

nmM - mer c gpinee pigaonipléBen (i)l dildtionindVEETHREE, SeilatanacCH46319 & 30G bco- BRL)

and 1,400 _.U.m LLE(Chem con, ESG 1 106). See Figqure 10A. Exanple 1 d :

Devel opre i#Fs gbﬁ?o@? PQIPP%@@FPW{%?@@W%W@W&E%WF%?EI 3 t‘[’éﬁsé‘é% I

Di pl oi d CpygtEERER oidihak 3hil GndfatkddPtyRtn BYm Mlih @B edl ey The

Secondary Pol ar Body And Genom c Sel f - Repl ?%:at i oﬁﬂ%lr%rgoegﬁr es F%raep

super ovul &l et adopityreddn stegveel], mediumichesissabe£8(ifé Mulbendymodified cunul us

vwere as d%&%‘s%&iﬂ (%(gﬁg#ﬁc,]h(ig; glu;:rgse o lo'n? Eiggotﬁﬁifsu%%ie%% ed the
with 20% fetal bovine serum (Gibco-BRL), 1 mM glutamine, 0.1 mM - '
mercaptoethanol (Sig{na), 1% nonessential amino acid 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 Oocytes 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 iniracytoplasmic sperm
injection (ICSI) to mimic activation introduced by sperm followed by incubation with
25 uM calcium iononphore (A23187, Sigma) for 5 minutes at 33°C. 7Oocytes 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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cunmulus free mature M1 oocytes were subjected to shamin a_@ﬁ]gggb smc
sperm injection (ICS]) to mmc activation introduced by € owed by
i ncubat i oRy#igds57425 M cal ci umiononphore (A23187, Sigma) g usi/dhipyt es at
33C. Oocytes activated in this manner extrude the secondary poﬁar body and
beconme hapl oid. Such haploid oocytes were incubated in |VC -ONE nmedi um
(InVitroCare, Inc.) for_ 3 days, and 43 29 June 2005 WD 02/ 057429 PCT/ US02

/ 00107 furﬁlﬁb@‘m%@@@ét%mcmmwﬂb}ﬁr@rd@mm;eﬂdiwisi}mcmﬂs for cell

di vi si on o) -] cel | SS formation, .The b uen

mani pul at iadol%%m% é@%eec%glﬁ}é%sfs %S(ﬁi‘égf@ol“r @%ﬁ@%‘%ﬁt Danoulalions ?%Eﬁlgﬁ%wﬁ&%ﬁpl e
1(b) . Haplldiednams eeiess deasribediin Bxihpld 1(8)C Hapddill 00cyRéLredtiMigs f@msel f-replicate
t heir genom. w t hout c¥t okli nesis and give rise to diploid cells (Taylor,

A S., et dctiva ¢ plp FoRpli-upplicafs theggenome withayt oyigkiesiaeand piveitiseda al ., J.
Enbryol . ; i Oy 1 JrogL - le 1(e):
Mouse HS Ce Pldcg\ég\%w@kbr’ %?S é’rZée%?li%"l ati b% dﬁ@%&ggﬁ?ﬂrﬂ)ﬁ%@n %fs]%' Ki dney
Capsul e, Abdl Brioibdydotxp. Morphdli Th24%-6 BIAIB3Cdlek Figfesc@BlD. obt ai ned from

bl astocyst -like masses as described in Exanplel(a) were seeded on nouse
feeder cells in 0.1%gelatin coated dishes (10 cn) with stem cell nedium

as descri mgni be HOC N GréRthODYéaiRbh OF Subh Bisq@IRWngef HS cell's
was di ssected INto several pieces an : two ki dney
capsul es AYouss Kidngyi dansitieeAnd Embayaié Body FotraaionfQf SnwchiGelis St enpl asns wer e
t hen harvested Criflci e mce.in the st -4 npl ant at | week 1, 3,
6, 9.5, 10.5, f%?l"%%,"rbjéaﬁ%ﬂ 560 iAo Bl T s R AR iRl o o
for  mor phvadregieded of invliefecdeitelld . DY pRlatiRdbhtedVaihéy (26 8f) with-st@RC for.

nol ecul ar characterizatjon. Stenplasm started to be forned to a visible

si ze ar oursgll Fsskum py describesin Fxamgle I (akforcplonyafopmstioag of st enpl asns,

various tissue £ .t L enpl as re studied.

Al'l tissue type(iﬁéillﬁgor#’ Wl%%%@b@?ﬁ%ﬁ% rt éed-!"tr)lg)os &glg%jﬁl\ﬁf ?Sﬁflﬁnnngslﬁl\l%dﬁ 8%I asns.

St enpl as mod éreditvokédneysapardsfafad hpyﬁfmdoamealsteﬁiﬁmsmahwﬁﬁ descz3 i)bed in
section C 2., supra. To create enbryoi.d bqodies (EB, HS cells on a nmm

di sh were ﬁ?l}lglﬁsr&%ﬁédﬁe%ws}i@égytsag g the mige grqﬂwgﬁitﬁmebmtmsmwkg on was
then added, 3801@.%8blss 1 /8Pl 4 Hﬁroﬁeécﬁ@f%ﬁ{p%ﬁ{ %ﬁfﬁeﬁ&ﬁéﬁ{aﬂﬂfﬁe m nut es.

5ml of ES medi'um'was then added, and cells were by a ce scraper
and spun daewphelogicdGidigsnaridithe btheehalf was Sezenline-80%2for npddclat t hus obt ai ned

was then rgsuspended iL,h 5 stem cel.| diym wi.t hout LIF, .
characterizalion. g?empq}sm stitied 16 be fglgmecfj to a visible sEze 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. Iml 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 medivm was changed every two
days by transferring cells into 15m] 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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and the cell nunber was counted. Cells were then seeded on _@ sY nsi on
dish wi-th 1lid and vent (Nalge Nunc nternational, 171099, X 10 rm?gat 2
x106 / 10cRy@loBdbra20Cel |'s were fed in stemcell nmediumfor 4cgandzodger e

medi um was changed every two days by transferring cells into 15nl tubes,
wai ting about five mnutes until the cells settle to the bottomof the

t ube, the%%jg% g@gledl um_Cells were then transferred 44 29 June 2005 WD
02/ 057429 1tash gddoxere gllowed traggregate ltosmbayrid hedies &1l owed t o
aggregateﬂ]ﬂﬁ&dﬁ@g%ﬁlt%gnbodl es for further differentiation. Exanple 1 :
Differentiation Human HS Cells Wthin Teratomas, And The Genetic Hono
osi O Such D|fferent|ated Ti ssue. Thirty-one teratomas were retrieved
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were found Th TWENTY OV | e patients. Differentiated
ti ssue was fouﬂ"&lﬂbob%temtqﬂl@\ﬂeraseuﬂcvﬁdﬁmmdhdaﬁleﬂ)ﬁblemwﬁomesar ried out
in repres t] t a-satellite
probes to ]EL tgégg%ﬁélgg%t\gﬁ%@%gf@v@@ﬁq%p té)r}ﬁ!aﬂ’togq%’aﬁggla%‘g{geas of

undi f f er ellmivdreity. Mot York] NV RUGE). tA s&irdy Bﬂﬁiﬂérdnﬂlq‘ﬁ&é(@flm&‘ﬁﬁweﬁﬁ tunors
fromfemal e patjents and four testicular tunors fromnale patiénts were

i dent i fi ediimentetaddissys werp fopnd ipdvsaty ovaden umers o femals@ationts.genet i ¢
anal ysi s. ﬂiffﬂ%ﬁﬁ%ﬁ%ﬁ%ﬁe“@kﬂlﬁd%gbé 5tk ﬁ&ifmungyzﬁ?ﬁg s@%am% net ically

honozygous, rentiated tissue was net [ ca
het erozygou‘smrkpresenthhsrseaaes osing Mﬁsmmﬁmmheaﬂmlﬁ&&phﬁmlﬁﬂapQIms slides

were deparaffinized wt | ene, _rin i n ethanol fr 100% t o 80%
briefly s?%ﬁ?%ﬁ OFREs 3 X%WP%-’* aﬁﬁ%g@ OIIogl%aIareaI ﬂ%@uﬁ ferengmsdmier ol i n
TE buff er diffdrgitafed tfggﬁfa%@ﬁl%%rp@v alaﬁslfs %ra%gtfoﬂr' ght

m croscopi ¢ visualization. From ea case et ween areas of
di fferent tqshgdaléumpfa‘ fewmmalapatzmtmwre I@pﬁcdiaml gelectwdyamdmslmsmte:ﬁ for

t dd I t
i saue wo ot AsE spestfor At R, Bl racip e e P e S K a0EI y
r esuspendgehetidalBPhdrioAyebhs bnd ﬁ&ﬁf@eﬁtﬂea fissue WA koukd 18 b0 geﬂetﬁalw
et hyl enedi am ne tetraacetic acid, pH 8.0; 1% Tween 20; "and O. /' m

pr ot ei nasBEIRIOZER@Swer e i ncubated at 37 C overnight. The
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 Exiraction. 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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m xture was boiled for 5 mnutes to inactivate the proteszge K 2@?51 51
of this solution was used for PCR anplification of the

Anal ysi's. waodstgp to reliably identify honmozygosity in t%-ﬂmg&,ﬁ@%
amounts of DNA that were avail able after m crodi ssection tiple

different mcrodissected tissue sanples were analyzed with up to 14

di stinct highly polynorphic 45 29 June 2005 WO 02/ 057429 PCT/ US02/ 00107

m cr osat eIWW@“F@FQ(@F‘TA(GEH@?IH@WE@151@461@463L’Ei’é?’ OpEANIB2453(3p)IBSIB?  (3p) ,
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PCR sanpl dFNAn©p), Bds230 57@1» Y P BAghtaad ARACRS. BescPCResinple@yitaink® prol of
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| U Tagq % WGHWQQWWW%WG@%IZP mod ea@@ettat ur i ng
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and 60 C depend| ng %n théﬁd‘ﬂ%}“{([grlﬁ-%%@d ?endl r'}l‘gﬂ%ﬁ!}?@ or %Egéﬁe The
final ext énB]d@TﬂlﬁéQO@,ﬁfdmmmygdnﬂdmlbﬂ)lm(lbuffesmatbﬁbebl&ﬂleaﬂmblpll| PORDNA was

m xed with anrg ual VO|§I f f.ormam de | oadj n? dye (95% formamde , 20 niM
EDTA, ' 0. 03%5 BF ﬁ%@ﬁ‘ SHER S rYRes: depptumesg Ry Cé”% méwﬁawmgé%bm& can be

denat ur ed ({3 ed, O % acryl am de
(acryl am (ge E?lglagglrﬂe})&rah%é%tfg&?.? 3502 ?IZE%'I eﬁ}gg@ Vv fory90

m nut es. Akeading pEE° O fird0sst. §l;‘hetﬂ11al g:etbrsmmammmmdsﬁyem admites. 3 mm What man
paper ried. I ogr aph or e odak X-OVAT film

( East man iﬂg%]?i Iﬂéﬁ%@éﬁ% gﬁ\ﬂ*fe}ilﬁé@lﬂnt “g]ﬂc’fﬂ%?@ f“é‘ﬁfle"i‘ e#Fus tissue
showi Ng ¢ IB% SrBiRiniAYIDAVIOSHTX, 0.5% 16mS o%lh@laﬁd'o%wgﬁ g crodi ssect ed
sanpl es of squanous eplthel ium glia, an artil'age (analyzed with markers

Ankl (topyyaebd- D 1 S 1646 (bottom)). Normal ovari an tlssue was included as

Co have di scoriane hhat SHRHERER airhis O bR ot n 2rErRer s A0S,
DOS303, DiGihdtide (abBRRARI:biABE 1AMKE #9111 Ghé dREtrS5HI LS 20T 0BV €819 S,

sebaceous gl and [ espi ratory s’-g‘tt helium and glia. Normal ovarian tissue
was i ncl ueRptes After phoresis.4he gels cardresransierre 4o Muné%aﬂmha@peal lelic

het er 02y 0 iifed’ R}rhdiofia fﬁ&é}&a&rﬁ Ak QK odhk SRONPRT At Tpadihr © ! 01 S

in germce ogenic tunor ce
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, D95303, D151646,
D382452, 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 D382452, D38303, CYP2D,
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I ndependent events then |ead to progenitor cells with a po I ot
genotype. A series of ovarian teratomas and testicul ar ger%\bg'g'r’?tzpﬁ?mrs

cont ai ni Ngy@@iks74@i fferentiated and undifferentiated tiss 1?“6‘5'? hso
anal yzed. In each tunor, both wundifferentiated and di ffe#g:n |gtjg‘?il ?i ssue

el ements were procured. Honpbzygous and heterozygous conponents were
det ect ed usi markers D3S2452, D3S303 , CYP2D, 46 29 June 2005 WO
02/ 057429 S8 Adpromal ovssignmpnd Katenlar teepesarereo nghidsd ageentiolsst i cul ar

tissues Waf&ed, oﬂgﬁﬂelésswﬁx%r}fefe%ea:in %Igﬁ%ﬁ%?@ﬁ?s[ug%ie%eg\% d‘ﬁ@{ﬁ detected in

undi fferenti at tissue elements in nrature s €epi t hel i um
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same tunor e, al an%gl ar. structures, and nesenchyne.
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el enents tested included: sebaceou t1ssue, and
mat ur e sqdeunsiie bebionieay sanniésibastmenmsrkefs diatardemerns tested $nobfdedgquanous

epitheliu ithin,the.sa t r). I.n sone tunors, . differentiated el enents
sﬁowed op%%bgc{e%usr%wg%ﬁﬁﬁﬁaﬁ#&%%sﬁﬂdifﬂﬂ}’f&aﬁﬂPﬂBWSee@b‘hg‘F%&Wﬁmﬁﬁ suggest i ng

that vari Gum SpermisadsRgBaneRapahshin Hiam Wk §5ﬂ1é‘ﬁﬁnd%&sﬁlr§%fu]9ttﬁrﬁm‘§,el I's.
Exanpl e 1W Derjvation O Progenitor Cells From Human HS Cells Primary

. P ) an . F]
Di f f er ent dHfsrentiated eemens ghayvad aprosBhemodyzevs @teles dndicatBg38@bivdtion pri mary
enbryoni c ' ﬁmﬁ : r. 0, 1% gel.at.i n at ed di shes e
trypsi ni zg]é&%ﬁ%{e ) %rt&‘l ?é/%lgl?l%tgfﬂ)g«e fﬁpﬁ‘e&%l?%[é)%&g%n@gggﬁpb’gﬁf%knd
transferred to 1.5mL ES-LIF nediumin a 15 m conical -tube. Cells are then
spun down_at 0Qr .and the supernatant is_ renoved. The cell pellet is
resuspendwé- %&E&Vﬂ;@npf‘lﬁm@i CeollsiHromdfurpan HBellgedi um and cul tured
as suspengg Bliffsehihipyspensi on cul ture-35*1 Omm di shes (Nal geNunc, #
171099) a[%ﬁ?i‘t‘y"%f—r- 3X106 cells to allow stemcells to form rounded
spheri cal cl us#&re]lsigrowmomsOmnidistofFdlcon #3353 8¢HRe}h fromard-contdgyse For m ng
EBs are h ery two s by transferring the EBs to. 15m coni cal
t ubes, a\gﬁgr@?@ﬁﬁgﬁlm.(f@f’%%P@oﬁtﬁ St EpRRiAeewEl b i at ant is
r emoved aMeIMEDSA (kfitrbon, A29500-053nd bandilH fol 293 SIS nRARK: et ©

suspensi on _cul ture dish. grown as enbryoi odies are conprised
of all thal§arlmopisel tubayEells are theodpumddwn act20rten,mmll the supdmasnider nal .

Eot oder Mo e I3 b Bendtls Bluspertted R4S single ool sHapeh bR Bt £ '™ O
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 bedies 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
16% 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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Trypsi n/ EDTA, washed in 4m ES-LI F nedium and resuspen%dui % osi ngl e
cell suspension in DVEM Knockout nedium (Invitrogen, #10 9161 ?)%

suppl enentvegd oxd7iize 10% Ser um Repl acenent (Il nvitrog , #1083pyusdefs®
(I'nvitrogen, #17503), N2 (Invitrogen, #17502-048) or beta NG- (I OOng/m)
(R&D Systens, #256- GF) These 47 29 June 2005 WD 02/ 057429 PCTI US02/ 00107
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are furthesrﬁig%?ﬁllesglgg%?gggémcﬁ&g gﬂ‘?ﬁg %ﬂmﬂéﬁj’mg @‘ﬁ%i& by addi ng
G, RA  FEhpplbiatntedWRh ND(InBNbEen, FI125020048) BIO(HANLDEH, BET50444H)Naid
presence %Bﬁ:lo@ ed nedia for cell expansion. Mesoder nal Progenltors For

nmesoder nal F’éﬂr) $Invitppgen,i#lgRe0-029)). Cellsae thensauated pbsgedetbatieout medi um
| d ab
or oot e e SR e TR0 R AR RSl NS AR BB W W ey ©

this peri edly-Livenithéhd @ Sag/mlj(Srgtﬂae#Paﬂﬂsn); aed expanded forisix days.suppl enent ed

(20ng/ M) (Si g #A4941). conditi ong&T medi um for_another 10 days for heart
progeni tor cell es%frf’% ifoFs aye fupther ditfersngigted intadifrentaeimonalrelitypasdeni t or

cells thadgabics, RS Fay Nesr, ot UrabR. Tl BedyratipBhaImhaf (2007 )

(Si gma, #A4941) conditioned medi’um for 4- ays after ng/ m of
TGF- bet a @Fﬁ@@wgn@m:pedﬂ)ledlafmﬁctxpmsiohe nedl um and the cells are

cultured for a th r 4-6 da ndoder,mal , Pr ogeni t ) For ndoder mal
progenitors, %M&&%UE SResedrmal p BS%W 8%?( i um

suppl errents@qaem@hmﬂﬁmasb s@ﬁﬁﬁ@\gip RGO Ith t 62 Sergh Ia@arh@ﬁ on
| am ni n- coat ed %@ug/ m ) (S #1202

| -
Oug/ m ) ( SradrhctaNGT gdgscrib m prscbulteied forofih@%s w13@ec{1az &gﬁgllgahyerand/ or
TGF-al pha t&@/&ﬂé@&éysakﬁeﬂtﬂg%%nkﬁl tflgl gelﬁeagé Hmh%ro clflﬁr?eda' 1% Acg6vm 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/mi) (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 dells 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/mi)(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/mi) is_ added and the cells are cultured for another
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beta-NGF, and the cells are cultured for another 6-8 days. ﬁ@ggr&@b#}vel Y,
EBs are plated onto Collagen |-coated di shes and cultured i'n - medi um
for 4 daysyopiAs74#4ng(m ) is added and the cells are cul t WyEgydeQho@not her
48 29 June 2005 WD 02/057429 PCT/US02/ 00107 3 days. After this period, HG
(20ng/ M) and/or TGF-al pha (2ng/ M) are added and cultured for another 6
days. EBs are also transferred to | am nin-coated adherent dishes (10ng/m)
(Sigma, #Aeysopierthis pevipd IGF (20nedab ead/es TG miphad@ngindharedidded andnd
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erive r . et LN reqgol.ng LN tne I €qo
descri pti os%ﬁ%’ﬁ 8@@@? g@@@@%ﬁ@?ﬁﬁﬁ%ﬁfﬁ%ﬁﬂ%ﬂ%ﬁﬁ% “gd nice

under ki dregg6y; apsBitesncafifl (RigAnBl(SRWRY. THOmEsiaw i Aedbied & TTEFRO 6 weeks.
The cell mass obtained is then mnced into single cells and cultured on

feeder celmediyy, CelljaraEad for 6 gayrdn il ERFmmediey svhspmmadiuiis shanged evaryies. To
assess theglijpeage commtnent (the types of progenitor cells ), gene
expressi on assays, such as RT-PCR, northern blot, immunohistochemstry,
and so forth, are perforned for known |ineage-specific markers, for

exanple, NF-H _keratin, D.-beta -H for the_ectoder enol ase, CMP, rennin,
kal | i ker eiffAIe pevelopmanh Andplsolatign of 7y epWe Prasgpider Gellsshiens | buni n,
al pha- | - ATpaauhadsis |, insulin, alpha-FP for the endoderm progenitor
| i neages. ; ction of HS Cells Havin a Tar et Inmuno a from

Popul ati ons of Tobtaiehbmobegdus rbglniden dvks, ehiripotdno Ht eells dedivedRrimt i ve e
Parent. of Lifdhaiiedy Seslpiont), ChoyLes abe abtal nef from e
transplanted into immuno-compromised mice under kidney capsules and are allowed
to grow in vivo for 4 fo 6 weeks. The cell mass obtained is then minced into single
cells and cultured on feeder cells for further pfdp agation 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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20-40%repr%;anti ng .a. doubtful positive. The sanple cells are then tested
for HLA- DrEChnigsesyig dispensad inle eqsbrwatiofithe platy apdincubmied af 20-833G foe thitty f r om HS

| ] . in th . d -
Soong 1 eepRanasil AORBENIGRs HRMabd Ry Hebtor AR SR b £00
primers usedPorfordily thintiftk] C8mplemditA hdstle bdmALRid! oledrdobgture 11.

by 36
After anplification, 4-7i of a reaction mxture are a%%eg to a solution
cont ai ni ngerum inesfredzetdriod famz \imd of hsBosint santighfallbived by hpFéfgure 5, and an

appropri ate r ri,ction ffer,. and i_pcubated for 3 hrs. Twenty-nj ne
di 11 orent f%@%@aﬁwﬁm efl &9 °%°h|we?k: iz ) ?Pﬂf%i%mwsgmp%geliée%e
anpl i fi ed iPhA% wiIERSHbIRh H%H?téﬁﬁiﬁ&{bﬁ%%n%iedﬁ{egﬁ&g gﬁﬁ%@%lfs.d& 0

&
el ectrophoresis using a 12% pol yacryl dm de hori zo ina mni-
appar at us staedayd seerpigisystenbis aisetk frofy Otn &-wherad o 80-H00% sepresentingSasirdugt eo,

CA). RFLP_ f.I- nt,s tected..b tai.ning.wth ethidiumbromde. The
i n’?mnot ypgo%ngﬁgd?éﬁ?g"%g%repgesgg‘ﬂlgﬁrﬁ%ﬁmg%et he serol ogi cal and
mol ecul ar et hqtiekaeyledeRs fchish tafiel for FBUIDRDEARUDE ¢R-Faft@i ned

fromthe recipient (tar get& into sodiumcitrate anticoagulant (1m of
3. 3% sodi apdlEsis. BNA isextracted 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 Tag
polymerase. PCR primers used for amplification of HLA class II are listed in Figure

11. After amplification, 4-7ul of a reaction mixture are added to a solution containing
a restriction enzyme chosen ﬁ'om‘% the list in Figure 5, and an appropriate restriction
buffer, and incubated for 3 hrs. Twenty-nine different enzymes are used for full class
I 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 stéinjng 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 (Iml of 3.3% sodium citrate per
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heparin to 100M of HBSS). A 1QOM volure of diluted blad 8 ered

onto 4m | wad odriseo! - i sopaque in 17- 120nmm screw top centrigqagobbfigs Usi ng

a pipette. The tubes are then centrifuged at 700 x g for flfteen to twenty

m nutes. Red blood cell and pol ynorphonucl ear cells forma pellet at the .

end of the tuhe, and |y rr&ﬁ tes forma discrete layer at the interface of
¢

Ficoll- i é&ﬁ?& @fibloogd eThg lppé iy thgr dilyted withian gged vohwie ofifeparerizadube,

The. Tynohomy e (AR aPoR Rk o 0 ERBIRSST, aribrio il peddadd, g ™ °

centri fugéﬂbmigailayemi ahRO4n41 @f]ffzaj11-fsbya1umummvesc)mmT§¢reﬁv @P%n@ﬂ@rtﬁm@s nmost of
eting the

the platelets, ed.int per, pat ant vvhlle
| ynphocyt SSMg Hip %@bg‘gﬁ&m%m %n? ugadh @t YRfsseifer fifiesnde HeRnty and t he
| YTPhoCyt Guifigleh.CRed Blob@EHE RRINSFNbAREERRer 288k %&H%Jﬂﬁ%} attﬁfeelrn H% e Me at 250

x g for five mnutes IS then scar cyte
pel | et i s twlss asplynmpdacytenforpidiscoste hydeﬂlth@mtatfdcaeﬁFmszopyqneng"heHLA- A B

and C typ| n ure descri ove, W, th ste IS repeated to
det er mi ne Bl%fc e g‘{erkifpﬁﬁtﬁpbtﬁgl%&Bﬂnt&?%é?pp?éﬁ%%&‘%g§ venous bl ood is
obt ai ned teqmmRidee agﬁﬁlammgff&fﬁvermin@fédl The IpthpHoRy@pelidids fegSs H  Genom ¢

DNA extracted fromthe blood cell of the récipient u5| ng techni ques known

in the artesugpended,ivashed wih HBSScmd mﬁF@iE@mg’fshZQ x gfor Biwe mrimied above i s
h f h
e e 5010 o R A TSRl o o

het er ozygous, one

1) will lﬂnet]gftnphbamem&laifotﬁ)hﬁoﬂt&mbel rrhaemsmmeadetﬁran&ﬂﬁ fromthe
not her' s ? tes Oﬂ HS popul ation is determined to have the target i
munot ype, YHRGRF RS ﬁﬁsbﬁuﬁﬂeﬂ‘ﬂfé’r@m%é‘& ispun/foy e lagt time at 25@ k@ f08i ng t he

t echni que 240, and
U. S. P(rqoviﬁg |g %ﬁﬁ?tbgpeﬁile% ]!ggtgls (% nﬂ%@ﬁg%rdéﬁl%h% 8%%@85%%% Ifé”#\ﬂ 1_m%cé)r g%dr ated by
r ef er enceithBPM Iy adesirddrdiinsy famypmgl HIA 140 B amb@m;ﬁxﬁgpro&(ﬁmd&cﬁbe@el ection

of HS Cel |l s Havi,ng Tar t Genot From Popul at | ons of Cells Derived
from Mat e?ﬁ%ﬁ "Eﬂg’ﬁ este@HsF 8 defstmine thy tazgef ﬂomﬂl‘)tYlP% t hose

i nstances wher anbiRr bt ERASE JreehdsHdodak oH?ﬁ:eHrﬁ%ﬂ?f?lle% hfbers froma

genetic disorder linked to the expression of a nutant g e sequence, it
becones ﬁ%@ybawlmg>0%féLé@ﬂass He GrmoutiaDiNgexifactd8 fomh the Hiduat cefirof timonpzygous

for non- n}gc?ﬂ}ént%mg 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 No0.60/253,943, fully incorporated by

reference herein, and transplanted into the recipient.

2

Example 3: Selection of HS Cells Having Target Genotype From Populations of HS
Cells Derived from Material Exiracted 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 sequencs, it becomes

necessary to select the population of HS cells that are homozygous for non-mutant
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genotype). An exenplary protocol for the selection for genotypé s as

fol l ows: ko bhes34@xanpl e, the intended recipient is a wongp@gdehiofippd W th
sickle cell anem a. A nunber of human di sease states have been attri buted
to genetic nmutations effecting one or nore of the genes encoding

henogl obi r}ﬁgf)l egt i ﬂ? %}ai ns, including sickle cell anem a, which results
from a poi oﬁiﬁ‘%{{ BoM'S HTEHe SRRqHERM) o BT FXemplany pRgtocolins thpsselactien &8quence of
the nutants.g6H8e AR GNALd Wi th sickle cell anem a has been disclosed and
extensivel'y studied. See, for exanple, Saild et al., 1985, Science, 230,
1350- 1354, i ncdn s exampleyyihe eteedoeipian éd awores efflietsd efithpdgkid @i ons of HS

cells are created frpm qocytes, harvested fromt h i,nt ended reci pi ent

accor di ng aPSm{ahég B%gﬁdﬁgﬂé’aﬂéés@?ﬁeﬁgée%9ge‘?3ﬁ BiFe '@ sanetipwaitatiniul at i ons

are then agmaROodc: n&aaefﬁbe%enéaunxo&iﬂgﬁ&nﬁgl b idd¥hainsHAORARGEOUS] Y
or -

carry the target genotype (e@?., the nornma ype gene rathér than
t he nut antsiciars]l @ﬁ@%@damre ts dronf & poinemuthtive infhedemoglobirt hickaiexanpl e, t he

T ole. SpabedRaa Bhiot bl e T SefCesodRER binattnlriBoimia Bieem on ¢ he
stabl e aniisedgddxtéensBREI dtudied. NSdel forlek ARPRIS il dt DB ENLibAE, 299, Obe to a

3

singl e-str arget nucleic acid only when base Ppairing 1s conpletely
conpl emntlgggﬁg%é‘mmﬂt&@ burefpigncehmicitnen be detected from a radioactive
or non radi oacty y& : f labeling probes and
ot her nucleic ac%leglgé ar pggdtﬁ*%rggﬁgggﬁ%%ggﬁq%gzifoﬁ 903%?&%%?@;%1]1%’& used

as doni narmtemdediceripientrecardinyeo themetnitrardeshived ebovedh Baahyleoonertal | el e (or
hapl otype)p i.5.determined from hybridization or |ack of hybridization by
only one PRPYBonsAfthen assayed joy gengtyre Oty fhosepenwaionsthatr om t he | ack of

hybri di zathgy I@gﬁgﬁﬁg e P tibility
to human di gg%ses lcausegétg{/l%%%eﬂtsﬁﬁ%?%%{i %ﬁ@sﬂwh%@@e éeﬁ%ng.%@%pASH mar ker
usef ul i nthaadhewmuiantgenepartIeleciyil dini furthér developmewici at ed wi th si ckl e-cel |
anem a is descri hed b nner. et al., Proc. Natl. Acad. Sci . USA
80: 278- 282, 19@%3‘&%‘8‘%% JPRERLERS aé%"&’fageﬁéﬂggﬂﬂé? goifaricai s deferiides are
t aken frOBy@ﬂ@lB-sE@iﬁ@l@yﬂrﬁﬁiaﬁﬂnﬁd}d'MO%ﬁ tédology isBEbEPsH &R shdieg

0

conventional nethodol ogy. Follow ng the procedures outlined by Conner et

al ., supr ameakas genghare single-stendedydigopuclentide pretstto iacinghnsteadentarg@ases. The
resul ti ngnﬂﬂgilc Gk o%f)} Q’hél{ ﬁa%%gﬁ'ﬁlgq gon"%prlgtleh; éo?ﬁjpielﬁén%!: 'fﬁe ﬁj%%%lza 1|01|1 's, KB

et al.,

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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(1987) incorporated by reference herein) to create anplic Jung g

anpl i cons v @2adign transferred to a nenbrane having a radig-158hed

ol i gonucl eoti de probe specific for sickle cell anem a bound thereto in a
dot-blot format. Hybridization dots are detected by utoradiography.
Alternativelél, the anplicons can be | abel'ed, and the probes nenbrane

bound. Oncd¥ethodsaRppvanalsl Hedis-PHEA8T)dneramarate by referpace hergin) towrgaie and

genotype, 1. e ' ' Lo vive or .Jn.vitre, using the
t echni ques hscgrﬁ%{ bié% "%}nn& ﬁogggegﬁa%gt%@ }prp it%%fr%f%rﬁ)r eerl}agfn %@8’89‘#‘3%&/‘?240, and
U. S. Providigonadleodjlelpratat specifiSdtd sidkléNeell ane@iBotind4Bertt0da aRet-bloed by

referencestherei E@ a,rFld t.raaspl anted into the, intended re_cig(ibent. For mal e
reci pi ent sOFRY- FREAZaieR ok arf Veuigpdiegrapkp Adiarwativelt Hedonor s due
to nedi cal ;reapdhd éRte 1 £6hi &, | D dgnhar get i mrunot ype and
genotypes can be deri \a}lg%ef’?gm fem%g?am ]%etrre er donors. Once a sanple
popul ation is Qaeersainpdelistdetemaired thbavedhgpigat immuoodtype andgehotypadt ype, it
may then he differ lated ~in.vivg or in.vitr usi ng.t he technjques
doscr i bed Y Bewbe Atiesiegsn it n e, Pige s Reonpigggesaipedi TS

Provi si onapatéi PlppEédtioarseRal Na! 09497, 54, &%%@rd\ﬁgieﬁdmpglxi&ﬂiomseﬂam&r ence
herein, and transplanted into the intended recipient. anple ,,, _-- Targ
4: Sel ect i 2B PiSn@aporgteddyiratsranc hergin and mansplented-intophe mtended . ., 7. a .. .,
et Genotyprgcig{eﬁm Popul ations of HS Cells Derived from Material Donated by A
Non- Rel at e ndi vi dual (Non-Sel f, Non-Rel ative Donor) In certain

i nstances, dondfor iRllefdciiemt@amibenial rebipRhNwHo hieqid kilitableoe BélfdonokeCi pi ent
or a close relative. In such cases, it may be necessary to screen the HS

popul at i orf¥iefemedical conditipms, HRrelidiayme bothhe tasgetimngmotypssnd gerotynss

exenpl ary ? | I 2 t ar get
gonorype. (SHES U (06 e FRLAT Hebibol Mol SR o HMTOUERUANE | 007 oo
extr af:t ed deteomirteligo Hml I etargftil'm'ndmamﬁahmgeéioh?epﬁagaqahénbit ﬂiﬁéreiailfiau@ in .
Exanple 1., Once HS cel |l .popul ati ons _have devel oped, sanple cells are type
for HLA- A YBEO Ohfigvire: 'éi’;g%&ﬁeit%‘i ques geserbedigd.S %?%IWG?WW@NQSSW
descri bed gopdoanpPifi 8.5 ; ibSti0f @i ] ass H
antigens using’the PC%—Sasg%%ﬁSI%@?cAg}gid%@OﬁDsﬁﬁaﬁy ﬂ%ggg%gnéﬁ%ﬁ&ﬁg&cel S

usi ng st and@ranceherecind amdgransptantedi intottheintended 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 IT antigens using the PCR-SSOP
procedure. DNA is extracted from the cells using standard procedures known in the
art. Exiracted DNA, 200- 300ng, is then amplified by PCR with 2.5 U of the Tag
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art. Extracted DNA, 200- 300ng, is then anplified by PCR with 2. of the
R 2905

Taqg 53 29 June 2005 WD 02/ 057429 PCT/ US02/ 00107 pol yner asé€. ner s
used for gFWhidsiemti on of HLA-DRB/ DQBI DPB, and cycling hdob Ry for all
primer conbinations for oligotyping are listed in Figure 14. 2.51 aliquots

of the reaction m xture are then m xed with 501 NH4-acetate 1M and

manual |y applied on a filter (l\%;trran,_ Schl ei cher & Schuell) using a

M ni fol d |Rolymerase. JI(3R pEmersSishd @m@hﬁ@t@@lﬂf&m&mﬁ@mm are

denat ur ed . i i 0.0, 4N [ . nut then neutralized
for 10 m néé'%ﬁélgé %%@%%ﬁ@%gtcgpb% 0_ %% Ohé‘)ﬁ?%@kgfe ]?Sgec()i rﬁh?e é%%?%‘t ure.
Posi tive anshingigadts veiheabidtioh sikiofe 4ty Behhizad wath SG{LENI&J%éth!@QM, @pdeach
menbrane. A igonucl eotides for hybridization are then | abeled with

[ 32P] 7- ATm#ERE!LY pepliedon blisrdyte Ssbleicher & Scimelhagingiadvinifolel swéct | on

706 0T WSt Eharid stuetf The bl aBhh h Brasilf chdeh 55 el )
and 5UT4 pQHURF entrmigeateds) thas fentRlizgd e | @ninutddia 1MV AL RBtatss andubehat ed f or

thirty mnutes at 37C, and the | abeled oligo is purified .on a DE52 colum
(What man, dy%ﬁ.at o tepppratye) Posifyesnd negativieontralsdr hybridizatien atg) j go i s

washed W tih.1d&ual, V@dgﬂg% Hufd er (150nM Nadl, 20nmM Tris-HC, pH 7.8, 10nM
EDTA), and then elﬂ ute Wltﬁ{O. 2-mL fractions of elution buffer (1M Nad,

20nM Tri s- HCL, (lligofudgotidaviftlifayidizetiarharaedrlaleted with [P&PvhA/TR et zed with
radi oactive oligos. First, a prehybridization step is perforned for thirty
mi nut es atPobaeclzpiige kinasey Bty r i Tha reastiasconiaingipmod plige, 26HCT TMAC)

pennar ot - < Do b8 R e S M i HET PR 7, g et o et her m o
filtered ybraydhnMhpermaizMhNPBDER), and5e) Rtiaé Rinh S Phibiciagi zed for

one to three hours in a TVAC hybri_d’i zation buffer containing 0.5 X 106
epm m of Thggeactipe issincehatesofon thitymimiitset 3BPCtand shelabeleheliga inpodfiedr t en

m nutes at_r enper re in LN byff.er,.and then tw ce again
for f!ftegﬁam%%?gé@%?%%ﬂ%&gﬁﬁ@%' g‘%%f""aflr{h%th%? BEGE is fully
descri bed oligo ivastied ¥ith 10dareRpRE bustr (138mb2 RaCl, nosINY QERIRCH, bif 7.4,ef er ence
herein. The target i mmunot ype i s determ ned using the serol ogi cal and

nol ecul ar 10mdM Joand thes ehutesewitia B val fractions apelation bufr 1MMNaGlet hapl ot ype
MY D€ 90mM Tris-HCL, pH 7.8, ImM 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/n;il 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 filly 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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hapl ot ype v oidgadoeci pient will match the HLA of a sanpl e g ipppb@bi on
derived fromthe popul ations of cells fromunrel ated oocyte donors of the
sanme ethnicity as the recipient (See above). In this invention, unrel ated
wonen afflicted with genetic di seases do not need to be excl uded since HS

cells wit W@ﬂ@%ﬁé@ﬁ%e of theirecipiset willmoatghpBicdHA pEa ganple &8 papuiatioaxanyl e,
the forei gi[%{lq 29 Rbmltfe gopulééﬂ?lgﬂf%eﬂs%}o%guﬁfgﬁ'te\ﬁ o%"c’?ﬂee ongs ?giﬁfe% afflicted

wi th beta- h assem assema 1s a'g &t er mi ned
def ect i n efienicigt asttherecipyenit ®zisbovdhere is an inability to manufacture
sufficient quariB i ties of globin chains a- and bet a-thal assem a

condi tions ar e ‘BIYs HRVERIY, darelpted v ome afﬂ’ﬁté‘gwit@ geneticrdissases glemet neednut at i ons
mani f est edo PHRGhISA SIS BIsIRH e %genéemdaseaﬁégéﬁ%eemg wg rgf ObI N
chain, resulting in excess synthesis of the ot inc aln See
gener al | y mpl@eﬂﬁlfbre@n (h)lﬂor (cBhehThmichtsldadivalualPynaiwomes ,afﬂicidd &dth, Oxford,

Bl kwel | f 5, 750, 5. .T 1 th
o Dol o b et ileelnid BaRdnn Rt Sh aftiicali el difoobin BendElchinn, - Newn
Engl and J .syftbesis. 308icA8 4n 2BPility BBRani G RHRAFRIGH q@e\hﬁ'ﬁ%ﬁ §f Qﬂﬁﬁ AShE! n Thus,

in the context of this exanple, the "target” geno;&/ be the absence

of the 13-/HAba-ardeais- fhalagsqraip sonditiensrase blﬁrpdﬂdpﬂe er&a‘s'blsb mubcﬁmm h
t hol |at th
Porgenap et inbitfos @ BRLARRC Y dRGRE SRIMBOEEIERPCRE 4 ¢y pe

gene r at hgloHidalmis, hasuﬁmigantexmﬁle;)ntﬁésﬁ of&l@é @iﬁéﬁslpé of glbbintchsin, Skvel opment .
The target he absence ,of the gene corres(gondl ng to

et a- ¢ hal SESERNA W eathogslle ol Hoehalaescenie SHndiomas, Srb e QKT gl 1o
that _desciselflshoBXBHBLES $aRiGYS ModsI ARAPChab AR LIS SEb@RsRa. usi ng

an ASH probe speci béet a-thalassem a (see
Piratsu et’-thhlassemimpisalejcrib@ibe Pirasiaepile Nep Bnglahd i Med. cﬂ@@ezsmmmm have the

target I MunNo nd enot e, 4t may then be differentiated in vivo or
invitro, l‘ffé’??%gtﬁ]}g eqlﬂ%%ﬂ a"b%mﬁlsd‘»onﬁ?m@gmm@ﬂ@ theptargedt i on Seri al
No. 09/ 99§ex§d’cgpe ﬁﬂﬁbé%h@abé%h@é’bﬁh@ﬂa{halaéﬁﬂ‘uh% 169 §ELEa{n%‘h ;%‘tﬁtgp@m 253, 943

i ncor por at y reference herein, and transplanted into I nt ended
reci pi ent 2ss95iafed witheatbgogy. WO 02/ 057429

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, u-sing 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 vifro, 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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PCTI USO2 /00107 VI. Cains 1. A nethod for produci ng honoz (HS)
cells having a target genotype from non-fertilized post- m)ggd}jéjingibgg i ploid

germ cel | syo 60#pkdesi Ng: (a) determ ning a target genotypepcilsodidghi cally
activating non-fertilized post-neiosis | diploid germcells to develop

mul tiple blastocyst-like masses, each of which contains an inner cell
mass (1 thaé I S honpbzygous for the target genotype; (c) isolating HS
cells fro he—ﬂﬁﬁ (d) culturing the isolated HS cells to obtain HS cell
lines; (e) determning the genotype of each HS cell line; and (f)
selecting the cells that are honbzygous for the target genotype. 2. The
met hod of cl & M methaddoepmdudies hangaigogesian(HS) cellzhaning actarsebganotyipe

genetic nutati asso&lﬁj %tvméth a rt'%ﬂ' ar disease qr. disorder. 3. The
net hod of cl ai PO RS- TETO SR CE O FAPALS e geneti c

mut ati on associ at @yl dsteriirBn®a tdré &lgbﬁ‘jtylgg sease or disorder. 4. The nethod of
claim2 or 3, wherein the non- fertl l'i Zed post neiosis | diploid germcells

are obtai ned fronba fh’&t&aﬂi?@fﬁ@@nﬁnﬂmf@f@mdmoﬁfgmawﬁlﬂﬂdmlmdlgemwellmsOC| at ed

with a particul ar di t he cor w | d- type
allele. Io5 The et hgggaﬁsnﬁgﬁl% ﬁﬁsﬁ%ﬁ%ﬁ; g (Sae e Piﬁ’ﬁ#ﬂ @mf);(%t rr)éiposi s |
di pl oi d germ ceI | s M@cdkbﬁﬁkae(lcm thatd@h@ﬁo@@duéﬂ?ﬂfe& i type; cells are

i ntended for a ent i ed thereof 6. The net ho claim5, wherein
t he donor and rec cbl P ICM vi dual , wher e n t he donor and the

recipient are relg &{ggsr cipient are

unrel ated. 56 29 J ne 200% Ogdﬁhogs%%sd%@ aﬂgg%l%gﬁmg 7. A nethod for
produci ng honozy gehslebtmmifg By gesdtye dipacnfSaetldingeind | nunot ype from
non-fertilized pos{ 0Si oi d rmcel conprising: determning a
target i mrunotyp ﬁg{%ﬂ? @FF?%&ﬁ?tl%P %ZyﬁBW#’émthﬁngﬂenBB@F mei osi s |
diploid germcells to develop blastocysts-like masses, each of which

cont ains an inner cell
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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mass (ICM that is honozygous for the target inmunotype; iiol at i2@@ HS
cells fromthe ICM culturing the isolated HS cells to obtz% nlup% 91
lines; de§&6dspi®g the i mmunotype of each HS cell line; e siesabt Ny the
cells:that are honpbzygous for the target i munotype. 8. The nethod of
claim7, wherei'n the target i munotype does not contain the genetic

mut ati on associated with a particul ar di sease or disorder. 9. The nethod of

claim 7, whefeismethodifar predusingheroezygous semiHSheelisthavipgradniget nut at i on

associated wt i.cul ar di , disorder, .10. The, net hod.of claim8
or 9, wherein ?Wg“ dr%l%r[ipfﬂ' g#’tﬂ? P?Igié%@%(gtpgﬁé}l@?‘%?ﬁm&?‘é 55! c&&e?qu% are

obt ai ned from qahet eletzygonsa g immahstypelg a nmutant allele associated
with a particul ar di sease_or disorder and the corresponding wld-type
allele. 11. Th tr%l&ott?ﬁllxP@an%&r@mdtmét-m@ﬁmidmmﬂg@@l pRllstio i osi s
| diploid germ cell o|F : cells are
i ntended for a recic%i‘/gﬁfb%%t%ﬁ%gsglt Igrgsesg%%%flz %ﬂﬁ%rgtﬁ%%%?ﬂ% éa-e{iﬁm 11,
wherei n the donor amdass M pihiapks botoaygens fie thatreget imnliuuodtgpal , wherein the

donor and the recipi.ent. are.r ed,, qr_ . wherein the donor and the
recipient are ¢frel éf‘gﬁ%ngﬁsﬁéisﬁéﬂ{% MWD 021 057429 PCT/ USQ2/ 00107 13. A
met hod for progdci nGuieimzing Netated BECEIESH obglih BiShauiipgs;a target inmunotype
and genotype fromnon-fertilized post-neiosis | diploi d germ cells,

conpri sing: (afeldet dctorminig heimmysetyperoeash IS cellitheyembt ype; (b)

X
mtotically actpvati nonsfertilize ost-neiQsi.s | diploid,germcells to
devel op bl astog stsSgllg?tﬁgr}ﬁﬁggl&é%mt@ﬁ%lﬁ&%?zyﬁmsc rg’c?ﬁf“ﬁeh WFoYYer cel |

mass (1CM that is honozygous for the target inmunotype and genotype; (c)

isolating HS cells fromthe 1CM; (d) culturing the jsolated HS cells to
obtain HS ce¥l Thpmeathod giojaimet, avherein e tanget igurinopms does sefcrntm thel | | i ne;

and (1) sel ect igBetfcfuiffdd Ssddiba i 2PARAYIARadeWr diddfad:2" 96 | mMunotype

and

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-metosis 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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genotype. 14. The method of claim 13, wherein the target 992%%:}‘.8‘509@65 not
contain the genetic nutation associated with a particul ar "di sease or

di sorder. wWdo2dd¥g20met hod of claim13, wherein the target geRQisRRHENt ai ns
the genetic nmutation associated with a particular disease or disorder. 16.
The met hod of claim 14 or 15, wherein the non-fertilized post-neiosis |
diploid germcells are_ obtained froma heter&zgsgous donor carrying a nutant

al l el e assomlétédn qdqfoapwﬁmghpwzxa%a@@ grldhiarng adiaeect he

correspondi ng rein the
non-fertilized post I OSI gleﬂ%tg? % Egg?l;nm&ceﬁ?sgﬁ%?dgﬂ nélié y a donor
and t he resul tmﬂls}@nqnish'g are i ntended for a recipient in need thereof.

18. The met hod of (éln iim 17, wherei.n the donor and the recipient are the

same i ndi vidual , FEHRing & RIS HJrume s Sd SERYRSt are rel ated, or

wherein the dono )ﬁﬁiﬁoﬁ&ﬁl&r%@ﬁﬁ@h@@%n%ﬁh%ﬁ ﬁdsﬁh&%smﬁ%ﬁgld@:ﬁﬁ c¢fi¥ VO
02/ 057429 PCTI US02/°00107 9. The nethod of claim1l1 or 13, Wherein the
genotype of each HS @Eé’leloplhlmcvﬁs-h&emw,rMhOﬁwh@hgenwbasaMEdbt| on

met hods, using non- I- det ecti on or..with enet o rrarkers
20, The method ol ErinEY S Hcleoi ik B T gt iy

determ ned using seg@bg@bcal or nol ecul ar net hods 21. The rret hod of claim
20, wherein the targ i, muynot is determined by HLA tissue typing. 22.
The nethod of cl a(‘i%li"lat?nggs CEéSﬁ'Qméh%I GMid) further conprises
differentiating enitor cells and/or
other differenti apgdﬁ! ﬂ% cgﬁt%;&ggﬁ%eﬂ%i’oeoﬁthﬁ% gemi&gn’et hod of claim 22,
wherein different (@tdemenmmngthmhe@pbyféahﬂﬂselillineyaﬁc‘ro 24. The nethod of
claim 22, wherein ierentlat on is directed by factors in vivo. 25. A

cel | depository c&&xﬁﬂ theee %%ﬁwsgwaa%ﬁ@r@eﬁtg&iwww li nes,
wher ei n each HS cell elnbg'% is derived froma different donor and is
honbzygous for a uniqué HLA hapl otype. 26. The cell depository of claim
25, wherein the HS cell lines are obtained from donors of different
ethnicities.

14. The method of claim 13, wherein the target genotype does not contain the

genetic mutation associated with a particular disease or disorder.

15. The method of claim 13, wherein the té:rget genotype contains the genetic

mutation associated with a particular disease or disorder.

16. 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.

17. 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.
18. 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 nnrelated.
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27. The cell depository of claim25 or 26, wherein the con?g%ﬁ ?Boé he
depository are catalogued. 28. A nethod for producing an cer

deposi t or xy@b@eipet yped honozygous stem (HS) cells from ggdddabsegenors
conprising: (a) selecting donors; 59 29 June 2005 (b) determning the
genotype of each donor; (c) mtotically activating non-fertilized
post-neiosis | diploid germcells (d) (e) (f) (g) obtained fromeach
donor to develop multiple blastocyst-1like masses, each of which contains

Sol ating. ri 2e b i IR T sk e AR R BT e

i sol ated HS celde®rhinedbbiap geltased Gttettioh@fcthodictshghen-gel-tdeed @tewdionpe of

each HS cell line; and  catal oging the genotype of each HS cell line
obt ai ned in (eyunethasls on witd graeti¢ Warksisoduci ng a honpzygous stem (HS) cel |
depository, wherein each HS cell that produces a cell line has alleles

that are honozygous for a Major H stoconpatibility Conplex (MHC) hapl ot ype,
conpri sing: 2Q.a0heswitlmt ofiwdpicohar B3, whejeinlthicaargetrimngriobype idKteragibat ype of
each donor; (c) mtot 'ﬁ:alah]é acﬁei mati nﬁ1 aon-ferti lized femal e post-neiosis |
di pl 0oi d ger m céfil& SSTENT, BHMOEGHRERCHESnor to devel op nmul tiple

bl ast ocyst-1i ke nasses, each of which contains an inner cell mass (ICM
that is honbzygous for a particular ©MHC hapl otype, wherein the

non-fertili z%ﬁgﬁhémﬂ@%dﬁﬁm%wmreﬁn thie pargétdmnymotype és deterarineddnyt Hl.At ed by
calciumi onophqfsgle% 6- di net hyl am nopurine (DVAP) or cal ciumionophore
and sham i ntracytop 5 ¢ sperminjection (I1CSl); (d) isolating HS cells
fromthe 1CM obt ai ned from each donor; (e) culturing the isolated HS cells
to obtain HS cell lines; (f) determning the inmunotype of each HS cell

line: and 22. Themethod 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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(g) catal oging the MHC hapl otype of each HS cell line obtaqg f 30.
A nethod for producing a HS cell depository of genotyped an MATN0 yped
honozygous stem (HS) cells frommultiple donors conprising: (a) selecting
donors; (b) determ ning the genotype and i munotype of each donor; (c)
n1tot|cally activating non-fertilized post-neiosis | diploid gern1ce||s
obt ai ned from ethéh dénismining thegapepe dhepehidones bl ast ocyst -1 i ke masses, each

of ~which cont aqc?s aﬂﬂrtbtﬂ:'a@f aeﬁ¢4tlngm f&k.@@d Fsmneto%lshprmﬁ;mog&mf QL2
particul ar genotype and nnunotype I solatin romthe

obt ai ned from each doffignred fgmn gagh slﬂwetozbwowkynle zsgt-lﬂems%zeaﬂo@ﬁo?

culturing the HS cel{fick %l@ﬁﬁsaannﬂéSCQ%iss klb'ﬂfﬂsthatqseﬁ L 48 & b DeBQROt ype
and i nmunot ype of each HS cell line; and catal oging the genotype and

i munot ype of each H&"eEP$: I|ne obtained in (e). 31. The nmethod of claim

28, 29, or 30, wher eishafIPQNONSm MACHPETIRIIFHOm cadddondfi® Method of claim
31, wherein the donors are human. 33. The nmethod of clai'm 31, wherein the
donors are non-&lhmanculighing 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 homozygous stem (HS) cell depository, wherein each HS
cell that produces a cellrl line has alleles that are homozygous for a Major
Histocompatibility Complex (MHC) haplotype, comprising:

(a) selecting donors;

{b) determining the MHC haplotype of each donor;

{c) mitotically activating non-fertilized female 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
MHC haplotype, wherein the non-fertilized female post-meiosis I dipleid
germ cells are activated by calcium ionophore and 6-dimethylaminopurine
(DMAP) or calcium ionophore and sham intracytoplasmic sperm injection
(ICSI);

(d) isolating HS cells from the ICM obtained from each donor;

" (e) culturing the isolated IS cells to obtain HS cell lines;

(D) determining the immunotype of each HS cell line; and

(g) cataloging the MHC haplotype of each HS cell line obtained in (e).

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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()  culturing the HS cells to obtain HS cell lines;
® determining the genotype and immunotype of each HS cell line; and

(g)  cataloging the genotype and immmumotype of each HS cell line obtained

in (¢).

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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