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=T (57) Abstract: A method of producing a homogenous population of homozygous stem (HS) cells pre-selected for immunotype
and/or genotype from donor cells is described herein. The invention relates to methods of using immunohistocompatible HS cells
for diagnosis, therapentic and cosmetic transplantation, and the treatment of various genetic diseases, neurodegenerative diseases,
~~. traumatic injuries and cancer. The invention further relates to methods for using histocompatible HS stem cells pre-selected for a
non-disease genotype for prophylactic and therapeutic intervention including, but not limited to, therapeutic and cosmetic transplan-
tation, and the treatment of various genetic diseases, nenrodegenerative diseases, and cancer. Furthermore, the invention relates to
a catalogued transplant depository of HS cells derived from multiple donors, each of the HS cells being homozygous for a unique
HLA haplotype, for the purpose of having a constant, reliable, comprehensive supply of immunohistocompatible cells for diagnosis,
treatment and/or transplantation.
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F%%?

treatnent of various genetic diseases including, but not

neur odegeygy glds¥podi seases, traumatic injuries, and canc et hdlsy m)re
the invention re at es to nmethods for differentiating geno? 3 and/ or
HLA-typed ("inmmunotyped”) HS cells to create progenitor cel I s, and ot her
differentiated cells, masses of cells or tissue types. Finally, the
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conponents of such hapl otype for the purpose of having a constant,

reliable, conprehensive supply of cells for diagnhosis, treatnent and/or
transpl antation. Mreover, the nethods described in the present application
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St em Cel | Seridd N4 038881 efile@elalngry P200led Therefrom and Met hods of Maki ng
and Using Sane,"” filed Novenber 30, 2001, that clains the benefit of U S.
Provi si onal Application Serial No. 60/253,943, filed Novenber 30, 2000,
both of which &85 bPgeTRLALEd by reference herein. 11. Background of the
| nvention Tisste transprants from one individual to another are at risk of
rejection. The degree of risk is proportional to the degree of disparity

bet ween cert ai eneti.c rodu ts,, ant n res ed on the surface of
donor and reci g:lhgme Iy ntur%r ﬂﬁff’énet{l‘ﬁ%%@&‘ﬁ’g o&nqgtegﬂgsm ant, donor
tissue mugbp lﬂ@ndﬂammz?g@is%wnﬁg{s»een@melde{ea fordntukcRgdelin@r tissue, that
i's, donor and reci pient tissue must be matched. Matching is acconplished
when donogengtys fom denerhnmozygeusposianeiogie A iplaidgsin selly: oFhetifieentioni pi ent
will then an i mmne
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genetic | derpetticindasords traﬁdpﬁnﬁdhbﬁr@ﬂ&*eplhé@mwhﬂdrbﬁgdnemmﬁy, gadighe This is
known as the hi stoconpatibility onpl ex (MHC). Human | eukocyte
anti gen (Frﬁei)neiléc’ﬁwoaéﬁwé difeases rﬁ‘ﬁ’t‘méﬁg@éliaﬁffﬁ lsefrﬁamrfau@@%%mwn to the
VHC. | AA m{?ﬁcg} s, and therefore regul ates, the imune response in a
hi ghly specific way. Ml ecul es encoded by HLA bind and present

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



foreign mcrobial antigens to an individual's own T-cells. f foreign
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antigens can only be recognized by the T-cells of an indi 't hey

are prese ' he context of the individual's own HLA_ gl
Ther ef or ew(f@,&is?%%ecul es participate in a tri-nolecular m%bﬁghri sed

of the T-cell receptor, the foreign mcrobial antigen, and the self-HLA
nol ecule. In the context of transplants, donor tissue expressing non-self
HLA ant i gdHsA icempersnisf sycikhapletppdior thye pipose of adeg b sonstnggakabde.af t s can be
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for each HLA class, and each of these genes has nmany alleles (i.e. HLAis
pol ynorphic). Wile HLA provides an individual with the capability of a

di verse ilgmm% rﬁsgongeE i i i Vmafées transpl antation fromone individual to
another a“diffi It makes donor-recipient matching
difficult to achieve. In hunans, there are three genes for class | HLA

mol ecul es, HLA-A, HLA-B, and HLA-Cw, and three genes for class |l HLA
nol ecul es, HLATRue trepsplagtidfrorpone irdiyidvad torenasheriarerat gisk f redediopoMagor phi c.

There are I £1. - | ) el 42 .. di - ,- 9 different
-Cw al |l el géér egﬁgh%ﬁ}ﬁ?@gﬁéﬁ ?"-%Eedgﬁ’le% é%l.s ﬁjd)&fé%ﬁ%tgz@%%cﬁa? %%lgﬁrg)l exity of

mat chi ng, pastuctafianiigdiislexpresset o tief suefacdiofdonr asditecipivaht E¥lsalToadnesre  Wher e
one set of, A, B, Cw, and DRéi(a hapl otype) is inherited fromeach parent,

t her ef or e BCGIsH 9he Srapwlanhlopghissye pwsibedmmpaogisiplogienlly qogwatifle A B, ow,

and DR hapiOleyBRn tSMbBANL Yondy BASBLARLANRLmIS tidnddrb \Marthing Y. and
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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



matching to mnimze rejection and acute graft vs. host di §§§s§. 2&]5
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sever al m%ﬁ%ﬁ”&gpendi ng on the frequency of the patien?‘cim%i%s}gé&@type in
t he general popul ation. See al so, Hansen, J. A, Anasetti, C, Peterdorf,
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Somati c mank'%ul ations_are generally all owna %s they affect only the
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patient, VHiEOesEsGEmakezdonorapipgnnptghias difficultjoashieyed as they affect the

patient's prog ' § ' . .
denonstr at ed tﬁg%{m%lgﬁée’%g%rgttgﬁggﬁﬁ%?fe??gesgﬁ@g%w%gﬁéct edﬁbn % y

geneti ¢ mand HllAaCwomsd thicecgrnes fos clasipldileh moldvnkes AP AdRRN-DE andtDQeasi bl e
for gene _thera ' umans for practical reasgns, far t | evel of
inserti ongﬁﬁ%mg@%m%ﬁ% i %ﬁ?ggaﬁrﬁtﬁﬁﬁ%ﬁ Qg_ect ors
into cel | uimderddNA allBs, BEAI AR ISP hAGLY afd 98 difiERG PORSSCTes | RAUERALIOhedl SO
prom ses significant advances in gene-replacenent therapy. Currently,

t her e ar e complexighef meiching: an ipdivaduah bassipyp of €asichr BsCwyahd 128 allelest her a

disease | g3 430121 SASh DR B RLSTR Wrnigh A LG (9608 FOr the
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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




has been identified and cl oned, whether there is an effici sgg @g
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I ntroducing a gene into cells, or whether the gene can be

tissues othghdhpe the affected tissue to be efficaci ous,PC%i,@a%,f,&lg@ntly

i npede the practicability of gene therapy. Thus, there is clearly a need in
the art for a reliable source of histoconpatible <cells or tissue, which
may be used for transplant and/or treatmnment, including gene therapy. For
exanpl e, HStelegical metgh betveen adonercmg aeditiewd, sid kenge.paay kswsed §rf ering from a
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i munot ypeViihie gearieniiastead eitwp cpsdn heterngyaersstanm célisy Hgj calmean by taken

t ranspl antg@fh s ﬁﬁ@&c f o ' ntion
there is pr ov?%gﬁﬁgoﬁ)%%%fﬁlg@@%@dﬁ%%zgp orméz()ll 83185}&02%1 E ﬁggﬂ%g‘?dfs havi ng
a target gepubtige thatdmmowhiselogitallyanatpiosttleast bnshaplétypelcatied by ger m cel | s,

conpri sing: .. determ ning a targe not ype; 1 toticall tivating
non 1 er t1 1R & Behopufatof gl The SasitBSine oy sdipeliapotiath o o

bl ast ocySigiffirk@ MRS AnesCech Halindhl Edinc Ot Al Iodhe, N\ REvieShbst O8RS (| CM
that is honpzygous for the targef genotype; (c¢) 1solating HS cells fromthe

ICM  (d) @ererakpopylation (.saravidd ilgupelistecampabibicgalls sigtabde for fiapspdant). (e)
determ ning th notype.of each HS cell li.ng; and (f) .selecting,.the cells
Chat are hamosyana ESpe pieey I Gupmyafiors ol o cnmBint A Riopim Bdpech
present i mygnt bawethgaRiit Sapipuvitidasihat iebRednfyontioduld #@ honpzygous stem
(HS) cells having a target inmmunotype fromnon-fertilized post-neiosis I

di pl oi d gdRgmiations thas mayiisyolye sered cellat Semetin mgninulatinseare geraidlbt ype; (b)
mtoticall ' L, Dk t- el osi | Ld germcells to
devel op blagg g%%%@%& Kg%%gé@éy?ﬁée@éﬂheg%i%ﬁ%ﬁ&?;g%ﬁé}lug‘{ggg%ﬁgnner cell nass
(1 CVM t hatdisaHowedaxiige affedtalic pdtient’ apggényl. Viurotstpessedrel) il t8@lsgdnicng HS cel |'s

fromthe | d ulturing the isolated HS cel|s . to obtain HS cell |ines;
ar%vlmals( hgs d%monstrate that gene defects can be e%fecévely correcte% only by

genetic manipulations of embryos. However, this approach is not feasible for gene

therapy in humans for practical reasons, for example the level of insertional
mutagenesis caused by the integration of retroviral vectors into cellular DNA may be
unacceptably high.

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.



(e) determning the i munotype of each HS cell |ine; and (E%Jﬁﬁéﬁﬁbéng t he
cells that are honbzygous for the target imunotype. |In andther aspect of

the present invention there is provided a nethod for producing honozygous
stem (HS) cells having a target immunotype and genotype fromnon-fertilized
post-neiosis | diploid 3§rn1cells, conprising: (a) determning a target
|nnunotypeﬂhnd totically activating non-fertilized
post-neiosis | diploid germcells to develop blastocysts-like masses, each
of which contains an inner cell mass (ICM that is honpbzygous for the
target i munot yple aiteengdwisniqrerclates)toj isolptad ihaporigose e (ﬂsgrﬁe%éml d&q (d)

cul turing al%véﬁc%hzﬁtt%e 'E@lsclﬁiﬂ e §e%cf39tf@[' friRofBt land | géh%@ th&foflebigm ni ng

t he genotype of “each cell "l'itne; and 5 29 June 20 Ff selecting the
cells thatmﬁﬁ%ﬁﬁ6Wﬁ%§@d%%Sm@Fm@ﬁ@“%Hﬂ@@ﬁwmhnunotype and genotype. In yet
anot her aspect Bf ofeh@pdtt %s%t pﬂegameménqen Tﬂ'ib?é ] F%r%wﬁé’cpél'r&ﬁﬂd@o mﬁﬂohu&&?@oom tory
conprising nultiple popul ati ons of I i nes erein each HS
cel | 1ine hanozyeaqus sisg ¢ ? Vrchs Bavifeed é%get@sm‘peaﬁﬁtan@nfmﬁ}f@eﬂéﬂws B uni que
HLA hapl ot ¥iBRid defin 8diis! donpRi@hher aspect of the present invention there is
provi ded a method for producing an HS cell depository of genotyped
honozygous st end® HS) degeamindngry igrgel#eRalynsl e donors conprising: (a) sel ecting

donors; (b) detgy fm nﬂnﬂ&lcﬁﬁ!@ 283G Réh- faﬁmﬁ@d:f@o sis (qi»pmrﬂ toitnl @allld 16
activating non-fertilized post-nelosis germ cell s aqbtai ned from

each donor to devel ofsValap f‘ﬁubﬂ’@ béﬁs@élsb&%@@ﬁs?sk%a"hﬁ whigh coniging aginnegfellc
contai ns an inner cehgssmmtﬁdt%mb%tmg@rm@ﬁpgey?@g@pg or a particular

genotype; (d) isolatj ng HS cells fromthe | CM ai ned from each donor;

(e) culturing te i siepiafnedislizbemdedeMoptain HS cel | Tines; (f)
det erm ni ng the%lgen%ﬂtﬁﬁn%q e RAGRA HS caRlth obthin ®IS BNMHndsg) cat al oging the
genotype of each HS cell 1ine obtained in (e I I n anot her aspect of the

present inventi@h t hestaminingihegenefupe of eprly llige: a8d oduci ng a honozygous
stem (HS) cell @pposdeldefing th¥\Bs Bk hrERmbzyEous B thelthiadt pRioB@uces a cell line

has
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



all el es that are honpzygous for a Major H stoconpatibili ty, Q%B% 6%(_{M-|C)
hapl ot ype, conprising: (a) selecting donors; (b) determ ning

hapl ot ype of each donor; (c) mtotically activating non-fertilized female
post-neiosis | diploid germcells obtained fromeach donor to devel op
mul tiple blastocyst-1like masses, each of which contains an inner cell nass
(ICM that is h zy@fmgna‘éhe %@llbah%amhamozyw& forpheotaygss  impyaetepen atdh e
non-fertilized femnal d-neiosis | diploid germcells are activated by
cal ci um i onophore and di met hyl am nopurine (DMAP) or cal ciumionophore
and sham i nt r aclpyspingtss @P@b@rtgﬁ pregeaidnyeation thereigipyovided p celbdapatiiony HS cel | s

fromthe |SM;§?#§E? nl@6h1d f,@maa@ﬁ*bfct&myped ﬁg)ceﬁ%wwagmtéa& HsQleftimd iHS cell's
to obtain HS cell lines; é determning t elm'runo‘%éle of each HS cell

line; and fegivedfionpdiferst daner acs hemrrroypior apnigeedH-AFRRRLYRE. | i ne obt ai ned in

(e). Ina stiliy §Hr biifter & g.ie@m)f af Hafenm.ﬁa%h th&yeﬁtpt&mea herRinbé oy ovi ded
a nethod for 5a 29 June 2 pr oduci ository of genotyped

and i nunoPspResingInd? welbdepositophPf mytye%ﬁg lil%nw&ogferﬁtﬁw ?ﬁbpfé Is fisi frgeitiple

conpri si NYdoroco E}lﬁﬁgl ng donors; (b) determ ning the genotype and
i mmunot ype of eac donor; (c) mtotically activating non-fertilized

post-meiosis | @ pl o?"'&f*c@'& @& |s obtained fromeach donor to devel op
mul ti pl e bl ast og,yst Jidtéiﬁﬂf%&ﬁ@ﬁmo@ﬁ&&}‘eﬁéhdoﬁ@ ch contains an inner cell nass

(ICM that is honpzygous for a particular genotype and |mTunot ype; (d)
i solating HS cefs H“B?H"E‘]I’\Sé @W‘%t‘&i“rf@"c‘l ‘F‘ﬁdoﬁ‘i’séél?}?s‘aohd}m oi (é?mbth]E'Surl ng

the HS cells to obt ajyiildd ol dach HARS to c(ebélo;ﬂﬁhl@ibmbmstagjsf-h& rﬁﬁmt%ﬂl@oﬁnd
i mmunot ype of each HS cell 1ine; and cat al ogi.ng the genotype,

i munot ype of each H3 highs pqntgings g i ”@ﬂ?f &?“ﬂ‘é%fs (GM)dhat is WW@%@HF Haﬁ\?g‘f’ﬁl on
al so provides a depo%;ng@f;é/ or bank for HS cell lines typed for HLA-A -B,
-Cw, and -DR by sero]ogi cal nol ecul ar nmet haods, which woul d reduce the

demand on ti ssué) typis?\l@tll‘rgé{s%(i?%@%‘nﬂﬁ&gw{?%dlfﬂ?mEtaﬂb"OﬁP"esent i nvention

provides cells g¢l ecmdnng‘tﬁélsa@&dHgsa&udtmaiﬁmaeuh@agt al so genotype. Hence

it provides a nethod for treating geneti
€y determining the genctype 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
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di sorders for exanple by cell transplants, where HS cells gbi seh& ed for
a non-di sease genotype may be transplanted to the affected”4HBa:
effectively providing gene therapy wthout actual genetic int erventl on.
Furthernore, the invention disclosed herein provides nethods for producing
HLA- typed HS cells, and progenitor cells and differentiated cells derived
t her ef r om priviiee 2 HSesll dppositam of ganveped and imingnagged hdmezyseussishm@EkS) ogllswi t h t he

teachi ngs @f . HufnieRak cation Serial No. 09/997,240, entitled
"I sol at ed Homnnlz]yggus 0? rﬂ%%e‘%n s, Differentiated Cells Derived Therefrom

and Met hods of (Raki regleeting dogdrnig Same, " filed Novenber 30, 2001, and U.S.
Provi si onal Appij cat 31@13" ovi des pl uri pot ent
honbzygous stgrg egﬁmﬁ?’glﬂ% J]\!ﬁuyopgg% @rla b nB{ ‘maki ng sane, and
met hods for di f(ﬁbr enltlltoél?fllhg agtiatinge [npr-fartilized ppogtg@wpsls)rl dislldid garmoedlisr _
desired differenti ato%flm%ﬁhjoﬁpea&{ &ABSto Abve fr%'rhﬁn;ﬁé bfah?c?lg't?iﬁ(e'nﬁséék Ve@ch &7 1N

vitro. HS cells are created upon activat non- I'i zed 'post - nei osi s

| diploid germ cel |vidhregniains enpinarsivl mese@CD) b jsihampagoisfooa pariguws ani mal .

It is a further objegt, he b AlS cells fromthe various stages of
devel oprment wi t hin ;%g.l é);pgtae Iasmtﬁks i s anot her object of the invention

to provi de net H8ds dfolatiag él@tcrslr*ﬁgfrqnm@eé@vil®tatr’ed fremieadhidgnerd fr om sai d

stenpl asm The (S cligin gfthetlfi‘&e%ﬁﬁ&%ni{ﬁ'&ﬁmdeém are pluripotent, and raise
no et hical concer ns as are isolated fromcell-msses that are

non-fertilized (&nd |dﬁ@ﬁ@amg@e@n%m@n®mlwgwtym of eagh Hp el linebandos. Mor eover,
| nmunohi st ocorrg@t ' b'cht'afoﬁmgﬁie“gghd?ﬁ:e and %rﬁlfn'oﬁ'?c]: bt dabh BS E&Fﬂie oﬁﬂmeél"ﬁﬁg)

het er ozygous ES cell lines are enp i ssue or transpl antation
t herapy, or rreiﬁhnuﬂéﬁs%alvsmmbal&mgﬂrww 8 deppsitey ot bank dar, Hsrmlbhnes typed fise 5b 29

June 2005 y\iRA024 04/t 24 Pl@iﬂb'ﬁ@%ﬁ&%%r mBlb&laE%éﬁﬁJdL W8P Roull FedubidiR9 those

devel oped by Advanced Cel Téchnol ogy and organi zations, are derived
fromfert |dem2@tpnetmngﬁeswmﬁnmaoé%ﬂy the amem‘emwréﬂeh Aroyidesscelly sdlastgd adul t

differenti
01/ 84920A1fglt £ 6EhinaBS vit S ERAME Honk :iz&%ggﬁg‘g%%? % n%?th“rg}%gé?t'ént stem

cells of tdflféf%l’se@éﬁ%ﬂn‘ﬁ/éﬁwp%ﬂ'ﬁ“%@ﬁgwhﬁp| el rsprpglesiad- fop jaowingliseasger m

cells, e%tﬁmha@%ﬁranﬁﬁﬁneﬂec@%@ HRLEY 220" B, Q@f‘é&w@l‘ﬁ“ ;Ir&uﬂhé‘ gJH@ |therapy
het er ozy905| ty or “uniform honozygosity) or are sel éected for

hormzygoletho(‘ta%mPlrgel@%’élfé%@%l%f the fusion and nuclear transfer of two

hapl oid germ quul'tﬁf)rmoéuﬁlg ncf\%Hlél mosp@ h&&ﬁ%r&ﬁhe@‘ﬁ%ﬁﬁgg&r producing HLA-
i mrunohi st oconpati bility problens faced by currently avail able

t ranspl ant¥ref dfS celle| and mwnméﬁﬂm%ﬂd dffereyiated cebredaniygd theeshinme Héeceerhpl oyi ng
ES cel | Iijgsnt 19Jenln@1', N @efil 8 cBmbination 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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cell line banks and/or depositories. During ganetogenesis, ous
12050 2%

germcells, i.e. germcells with both paternal and matern sones,
under go NRy@Psisxr42bn the first neiotic division (neiosis %%T Al pgoUS
chronosones separate to formtw honozygous daughter cells at contain
ei ther paternal or maternal chronpsones with sone heterozy905|ty

I ntroduced because of the phenonenon of crossing-over. Further, during

oogenesi s the Eeelblingsyisichiding thessalcselaped ot Adwanced Crld Teehnology apd other body) is
b d t
(r)ref g:)\r/\gseo éﬂéﬁdzg {IPIE & g%e(&:‘l%? &egr&rrrla hzbéa@fé%?)?%?%%@l%e ‘%3‘3‘6"'“?“1? emcel I's
with mni rmaﬂngladnledﬁﬁy@nmtddweﬂupﬁm amgeﬁamcany hmatdz?g(:cusa(e get\]ﬁ@has ;a ljl (oocyt e
one chromat i i
Con 2eeSe R SatR IRV TEUE: e o BB Wrb S e
el 0Si S- C QB HeReipiaal ShnROE VLS, %h@edﬁ&hg%@ﬁﬁg ol RO celfeybOk! nest <,

rendering it diploid and unif honozyg I oSl s- conpl et ed

hapl oi d o@bﬁp@mshmc&mmyﬂmh&nﬂwous(@dthmlmmebheeerbt;egohnmmzqrgima stem

TN CO AR T A e

pl ur i pot easd ﬁhcl@e@ Iulanbfemﬁtwfor& oiBpéRi Ehlis)) BE B2y B2 usedto ﬁ%&bﬁ@' Exp.
Mor phol ., [ 73: 249-61 1983&@ emcells derived fromstenplasns derived

from post imaMBekistopomspatibi @mhl@m fasedby enreantly aveilebleansplaniston,icethed

Cuo. hapt of BeesREERTF b ARk B O cfoviT R 2 ) B BBl BR B

heterozygos]lhuebarﬂxe%ﬁd/bh&émﬁoﬂdgose hom)zygous for MHC can be sel ected and
used in cell based therapeutjc applications. 29 June 2005 WO 02/057429
PCT/ US02/ 00107 BY¥IRE gamelogengsi; lielﬁefﬁﬁfﬁoﬁﬁgefﬁb%f‘é'ﬁdz%/ goren esllsanith Rath f or m

e those HaprBLE Refisl MrobRpShE pf Ly mblchl, ST UEIBRAARNG, Bug © (o

ear ans

t her apeut {(meiokis ), hgmerdgloymdgromusbmwpamtb eorfonml ﬂm&)homozygdslatdahgtmzygous stem

cells can in two sets of dentlca H st oconmpatibility Conpl ex
( MVHO) hapF%}f%% OntR{RL P egp%tem L?}E‘é%‘ﬁf%?‘?sﬁ’i“ﬂ} ?‘9’3% l%ét vveme)n a
donor andu%dhéééﬂﬁéc%'of&ﬂb ﬁ}%ﬁ&a&ion &frc?d}&ﬁ %@tFlﬁ‘ﬂ#ei’%hﬁ 36%&1 ﬁés' er to

achieve with HS cells. Such stem cel zygous or on apl ot ype
are tol erﬁleeeettlﬁ&tmoﬁm}e@‘a}lgh@cpdl @hﬁm&n’mpﬂax@Odh)aSDHMQdca"ﬂ‘heolﬂaqol otype, but

al'so by r ﬁgug%'te% 8 1sWar}:er§ted 5 me%rﬁﬁastF §ucnnrpmé1ap ase h };()allo%dho%rcyt%]; n:;[a?/%l '

used to derive homozygous stem cells 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.



parental hapl otypes. Human WMHC | oci are within 4 Mo on chr and
MHC alleles are wusually inherited en bloc. Some MHC al |l el ﬁgoﬁﬂggpﬁ%t I ons
are shareg, onsi derably higher frequency in the pop r

exanpl e thed%(%gngt common HLA-A, -B, -Cw, -DR hapl otypegbgtdesgg%lpgd by

21. 3% Caucasi an Anericans, and simlar observations of haplotype frequency
are seen in other hni cal backgrounds. Furthernore, conmon HLA hapl ot ypes
in one racial &t eﬁeESWW@H@QW&%W@BW@%W@PW@Wﬂér exanpl e,
156 hapl oty AR an ﬁ%‘%ﬁ S are

- shared at }{ as{?%ﬁ%@%gﬁ@% can E'erlécga%egﬁ% dc|ﬂan (r%g?%;cans h%lﬁg

Aner i cans fertiized\atbryes, Auellealcteamsfer , Eherapauiib efonixig ambnyos) abdpdult e seldd) ot her

racial groups and the correspondi ng. nunber of. shared haplotypes are:
African Afe a&ﬁwgo%ygggg gy, Ceﬁgﬁ’a&ﬁ’o %%W%%Of{IWEWFJOT Latin Anericans

(194/ 147) Hi08orhi &p(%ﬂ@%g%ﬁ dtfRds. THFhre, M, et al ., "HLA gene and
e

hapl ot ype frequenC| es in th Fican popul ati on: the Nat i onal
Mar r ow DoAgmuRebigiogempesitslity Reyehing l;retWeai'r adsm;drand at imstividug 4f @ged 0d17- 27

1997 uch evi dence su c i nka di sequi librium
E he u)se cO)ST %ﬁ%)ﬂa%t%t?(% tﬁ?rf’%lspe&gl?r tﬁér’lcﬁlg{%s) qdp?“’jfd 9%15 &g’g%l ScelI's
can reducdordie MHUIeHIpd HEMGhRAn6eodly b lrédiﬁéﬁ@ha&ﬁhétﬂeh&ﬁﬁcﬂleeded to be
mai ntained in a stemcell bank or deposi ﬁ for ti'ssue or cell

t r anspl anti@RIPbwe. 1 alse bygenipignts sithythe sam pempenestsdpeifeeriof fheifles t hat are
honozygou I nt haplotypes will be sufficient to match a majority
of the poglﬁlltﬂalhﬂh&@ﬁése nunber is trenmendously snmaller in contrast to the

nunber of hapl GtuymMBEEReidart vithited Mbesrcleoinesimos, ane MIICtalleles ber st em cel |
| i nes derived frome c{w‘o %/OI’II ¢ stemcells, 7.29 June 2005. WD 02/ 057429
PCT/ US02/ & inhited ensklacy weme MHG alleligomhinations aresharegd ik em cel | s. For

exanpl e, fc@x’isufé{iﬁz{l% B}:%Qr]_?@tﬂ#ﬁ%}y M&hke g(%ﬁﬂﬁioﬁr for r&ﬁrﬁ o IR 25, &%gnglg% rozygous

possibilities pres |nvent|on en used i nati on
with the HiVed,iBnGescribed in U S. Patent Appllcatlon Seri al

09/ 997, 24 nd, U S. Provisio lication ,Serial [ 253, 943 supr a,
i s useful le%rah aplo er%‘ eﬁ rﬁt&ﬁ&g asien Apericapy a&ﬁé’&ﬁlﬁ Pgser‘éﬁ’i’&nf r eat ment
of vari OU%fHépi&\?ﬁ@ﬁ' djgme%ea@ﬁ%& eﬁﬂr&e@ﬁm&gdﬁa& ORRERARER! Loffmofl} S€ases,

endocrine-related d| sorders and cancer Ic Injuries, cosnetic and
t her apeut FE-A hapleiypesinane oavial gratpgenshartisigificantly hyeitherrgemipac Baent t her apy .

example, 156 haplotypes of the 184 common haplotypes in Caucasian Americans are

_F"

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,



The present invention provides a nethod of produ0| ng a pop;é a‘]tu %%
honmbzygous stemcells that are selected for imunotype and 8 8 pe. HS

cell's aregyd Pasplyped for HLA-A, -B, -Cw, and -DR using sfqﬁ(pdjgag/o@l@l, and/ or
nol ecul ar techni ques known in the art. HS cells are further selected for

genotype using nolecular techniques known in the art. Such HS cells may be
then be used to derjve _progenitor cells, and/or other differentiated

cel I's, grcWp¥ stsm eslls; o tbﬁraP‘?l%@&Bmﬂ%&fé@m@llfngFOfﬁé@ﬁ%sf% evay388d in U S.

Pat ent Ap nal Application
Seri al maggﬁ%g%%we%%‘%aggyf&?%%& aﬁgei?#mﬁfhhgre glhﬁlimﬁﬁdl tionally, the
present i nvent ithe gresent deentivatwimnsisédin cmbmtmnemﬂiﬁehmﬂoﬂ-ﬁescﬂb&d ved
differenti.a |1 s, a es, | er C or siet.i c,

transpl ant’ﬁt[fgrf fge‘gr‘f&?p Fat’toF‘eéfFf’rfeﬁ &geéf& ?%‘P ﬁ#d L‘Faé’toﬂlve

di sor der s, SdaPNBP40/253 9143115&;% @ﬂgem%ilfiﬁaudlhg Hlﬁn@ﬂneﬁé&fat {HRididdhGsik Nvent i on

to provide a method for producing a popul ati on of honmozygous stemcells
f rom ni t otanddtepimaent of vmoela disomses.\syciuss grostic diseasss, seurodetiepbmiive ger m cel | s

having a t n ch .t hat .t he itable for  tramnsplant into
an int ende(géeageéi %H%Tﬁ?g%gf?ﬁ?cgél leﬁfflﬂﬁa? %ﬁ' ﬁ%ﬂ‘ﬂ}‘ées fFrpetic §ngt he

honozy goushetpdisic @raaZpianatsont bl gea;@lt@érmeandﬁentr&ﬁaéem&ﬂdﬁ@bpyem pient to
determne the target immunotype, (b) produci ng mtotically activated

post - mei osi s 1 diegireseat @ﬁmﬁonmvld@mﬁ@gdpﬁp@ yeing p pepylationdd i pl e -

bl ast ocysty Al 4741 | (rem

hom)zygous':nb‘l %5{%?%?8?}@ IQEJ e#% %(r}toﬁpe ﬂr{ﬂ?p aés}lsd/aygﬁ3 o?'ﬁg %Igm%r% ot ype of

(a cult u a‘ma"m?ﬁf“"smf e T rom L he Seleeioa i te o eat e, per manent
cul turi ells ol ate S p

HS cel | ?‘i%g%q%ﬁ%%%m@ il grefarthey selected forgepatype Beings a furt her

obj ect of I nded

reci pi ent ““%‘?“‘%ﬁ!%ose‘ﬁ%ziﬂéﬁ’%%ﬂ o S BS SUEAL YE e BT g

PCT/ US02/ @ddgenitor eelleahecbrotier diffmentinteduetls,@roupsof bellsoet tiseud types usirended

reci pient ¢ at A ha ot i nt ended

reci pi ent. %ﬁﬁﬁ%&%ﬁﬂpﬁﬂi Pﬁ{éﬂt ﬁgélbca‘pgﬁg é%ﬁ%ﬁé&?&‘@&i&l ng HS cells

carrying rﬂa@ngleﬁaq&pﬂﬂeeumrm NB%O/@SBE&BS %i’dbkﬂlﬂat&d[' réfBRMPOk R, Of the
i nt ended reci pi ent "and donor. As describéd in det alY In U S. Pat ent

Appl i cat i eﬁ:ﬂdsmaﬂy,ﬂwopre@@nmnzmmoams mﬂﬂ@dsmmmn@pméﬂ:ﬁmpﬂed&{a&—u on Seri al
No. 60/ 25 at e ref.erence ceI |s are
Nor i vod 1 fisivel gHRkARaRA Berld i e flof forprabif of Aead) S Feutar et

and/or treatment of genetlc 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



(a) fusing two oocytes or two spermatids; (b) preventing th rgﬁéon of
the second polar body during oogenesis; (c) allowng the tluﬂ'é‘r2 of the

second pokgd ohgdyreand spontaneous genomi c sel f-replicati girrgsodpRpepri ate
conditions; or, (d) transferring two haploid egg or spermnuclei into an

enucl eat ed oocyte wher e net hods (a) and (d) require the additional for
screening f us stemc not ypi n It i1s another object of
the pr eseri‘fl%lnﬂ?fg'ﬁﬂpﬁ??’bp%?wm aﬁaﬁ%ﬁ?g@ edlrﬁ‘i}g]&m FRYVENE F ARSI % on of
reci pi ent M atsp tcbﬁir&n_hc@ e created by
t he process desgrr@gd I n det g?gmﬁaﬁd%écﬁggegbéﬁ@i | ca]this{)r%e?rlg

09/ 997, 24(Asaayirg ard hapyesting HSrmglls eqpping te rta:getgﬂmdmaplmpe,emm&ymgahe whi ch

are incorpor e her Such a popul ati on of recipient
hi st oconpat bllﬁ%eD ﬂ{m engeﬂc)ﬁflgleﬁlga%q%%oéd by, (a) assaying the imunotype

and genot ype ofAd dlacmhiﬁdaﬂ@edtﬂ ifi /LS [Pkt ApBlichEoRSTHAENS.1R/993 238! arlgmunot ype
and genot ﬁﬁr%g( b) mtotically activatin donor honbzygous post - nei osi s |

diploid g stonahApRlcatiop Sennki e |68/ B&é@d@bﬂgharqmmw‘@d@y each of

whi ch cont u

part i cul ar i Tt iR S &8 ard Bt il Doy s URERRE RS et Byana

cul turi ng (8hafudingiBvo cotytes mldvmrspatx&itﬂe;l (b) prienaing (tho e:aa8RMIoTthd e€or@enot ype of
each said H? eIdI | ine, and e) cti ng one t hat hom)zy%ous for the
target gedd %8 Y &UiNE PRECRENIS: crf’ik?wlb‘ég the geirisiqn Qidhe sesapd A

creat ed afsh@hrandbl BetoRtit 281! trﬂﬂi%.'lﬁﬁh #lap fn%ﬂgﬂe% dﬂsxg{] t(éﬂ? ! ]?Z&)g g"of ot

proper HLA haplotype and genotype s anot her esent
i nventi on haDIOﬂQEEIQMPmdi@dHﬁ)@n qmddai@d oaryte, Wﬂnexmheﬂmdn‘(a})and(d;cl pi ent

hi st oco us stem eIIs frommtoti I activated
hormzyggﬁg&i) ?’r%‘ﬁm?%‘? ? &P?F‘HP% YiomozEpgus S%?ﬂgﬁ‘é’ %H?QB{Hggenotype t hat
i s, the non-di ie@aﬁombﬂ cﬁh@ct@hﬂe(f}ﬁesteﬁfﬁ%ntﬁﬁ@@pro%mﬂm@tﬁbdw&%ﬁﬁﬁ% aSuitable

for transplant _ into an i ntended recipient . (a) assaying t enot ype
and HLA- h@gpdletigseofgecipiest hhSWp@mﬁﬁdJ ?b@mmnus stqnweﬂsa&nmrsaempiesnmr et

PCT/ Usos) OB AE biEss bR i i ¥ S e Spt P50y Sentavp 8?5‘%& m
cells to @QXB@WQEOMUSllfeowbﬂoﬁﬂtwm.ndﬂ%MSWQS?MvﬂﬁcMéCh contains
an inner cell that is honmpbzygous for a: partlcul ar allele, and a

parti cul afqamorH: %bbf%fﬁréncq ]éf)reliﬂs oralt aﬁgp on@éﬁre@plﬁnﬂnstpmmb& H8V and

cul turing s@d WollP W e HLA
hapl ot ype cand Bengtegellbég&gf gmg% | ne(aaé?gz)?g?éi@x ﬁ‘@gﬂocf?g
carryi ng tévipieritgdeteiduiae Iﬂaqaﬂargey rarandtyge ami y@mwtype; (b) mitotically activating

donor homozygous post-meiosis 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



It is a further object of the invention to provide HS cellszgd é@ﬂ from
the intended recipient carrying one functional allele ?el ative

of the ingyehgasiagoeci pi ent or person unrelated to the int qﬁgﬁggogﬁﬁbpl ent
e

carrying at |east one HLA hapl otype common to the intend reci prent, and
at | east one non-disease allele of the target gene. Known techniques are

used for assgg/l ng, and, harvesting HS cells carrying_ the target HLA
hapl ot ype H¥EINgLIoNgF Bmogygaws post-meinsts Isinlaid grmicRls forievlep ypdtiniad

genot ype OJIa&&?sﬂ 1&1&&9&%%5&&&@{1&@@%&3&19@&& 1f'asd R Mg{haPQJ ect of the

I nvention to ovi de |re cel roup of cells, or
tissue t yri@mnlzyg(mscformpameslaﬂaltedn; tindg paﬂtleu]dr HL&r leaplotpybe; ¢o) istflating HS sol at ed

i nmunot yped nd/ S cel | sui tabl e _conditigns usin
fact or sylon oells §8motﬁe F%SE{EMSH g uﬁ"é’gtsﬁldgg] P‘?Ejg t%f@@h‘»&@ﬁé@%é& dgdi 1, gr ogp of
cell's, or dskagsisethe ENREha ;ﬁm?p@ enbty%auﬁsadh@ﬁidtﬁ@celpﬁﬁe A EseltBfind &d0 t €d toO,

epl t heI lal tissues, connectlve | ssue, nuscle tissue or nervous tissue.

Il 1 ustrat |m;§@€starﬁetéﬁrﬁth@1wme ansl gemofypel ude, but are not limted to,

E;e)lr?thialn: 2: r]gel Ieﬂs)i exocr |°r?i °t8’§‘31PéIE"eH§ %tl%rﬂ‘é‘ nga‘ie@f;ﬁ %r%ﬁﬂq nia !sia(r:”rgtgl ng

epi t hel i alinteedddsecipicht Saplihglby fufi®tiohhXalleks 6f @Elo@@re@éﬁv’fe f&? tHedhteR®ld S;
absorptive epithelial cells, such_ as t hose of the g exocrine glands

and ur ogeﬁ?"cl%‘Pnttqré’@fsoné’ﬁéFl%té‘ﬁWh%!ﬂt@@e@mcﬁmmﬁmlﬂ leastione 584 at i ve types
of ~ connegly) M?}F‘)E'céce nct%ltﬁé éﬁ%&'%%lpx% leg&onfnn}ltd?s%age Ef cel lul ar

mat ri x- secr t s specrall ze apoli'sm a “age; and
circul ati rtggct@ehs KhoWheecﬂmnpds aramsed forbszeyiay ahdéh@vedting HS callsicxeyibypes of

nmuscl e ceIIS|eg\m ut ar ot limted to, contractile cells and
ciliated ¢ ‘E?rpi £ Lseqtisgretyne. pid pssaying theriisaione apér vous or
Sensory Ceehdiyp Mtﬁgﬁlte]ﬂiéﬁr&ﬁﬁe d'dbﬁ’c%ﬂ ed to, sensory transducers;

aut onom c = neurons; supporting ce sense organs and of peri pheral

neurons; and néus @nethambjecg loif tHe inedntion ts:fpmmleamnhmhlfomalmngla dsgitiem

[Ilustrati rod cti ells Iude are.not limted to,
germ cel | sglzr%g%u?fécgilé’eqr 1§sueL14c@5p J’ﬁﬁ%mﬁ’é% Salﬁf’f / 00107

It i's anotisited RinffinoBiped,hadiohy A HOcdN, %&éi‘%uﬁa‘tﬁ@&&ldﬁ%@qslﬁ anspl ant
dep03|tory or bank containi ng populations of pre-HLA-typed HS c8l|s derived

from nul 8508 7NGHe PEn Té@fewom@mws@hthndmmﬂgmusgmup Oéeellseta'sttsstme HLA
hapl ot
runoht < 2% By e dudiale, B G nb IRl of PRREERRES, chartf® ¥ ©

t r eat nment iissue, muscle tissue or nervous tissue.

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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It is another object of the invention to provide a nethod tre g a
di sorder or disease state in an individual by generating, %Br’i' Efghb%
vitro, suwélm/ 4R8Pl acement  cells, groups of cells, ti ss%ﬁn@ﬁgans from
i sol at ed cells that are irmunohistol ogically conpatible wth said
|nd|V|duaI. Il'lustrative disorders and disease states include, but are not
limted to, mat i ury post-trauma repair and reconstruction,
linb repl aceneﬁ?lsag &‘%&J%ngheﬂilwonmﬁ%l deratalepmed freesplaghd pirth
defects; pabhhat bﬂ?a'nk%ﬂﬁ!t Ak t B ues, and

or gans (e g}3 0g}gncer a%d ISHébnergtﬁél){;/&tﬁeB tﬁ%gn <fi éies‘é%cg%‘gﬁof the

cel I's and mil§pleaioners, @aqb pom.lsimondsamazygous ﬁ)ysiﬂeast bindbHDAI Implqmm;sd arto

dystrophy, L cond ner.ves hei nmer nson's,
aa e eS8 f BlsC et 3Bk RN R hjtonianistedmpeeg el

at her oscl eii@bsls&aﬁkpmlmon%h@ré@&bm\éﬁﬁcul ar conditions, enzyne deficiencies
such as Crohn's_di sease, and hornone deficiencies such as di abetes), and

connective ti sE@Fe@lO(l@rngecﬁ offhmiavenioai te pmdmeﬁméwf E?ahnﬁ&dimrdared cells

and tissues t iLn
preferably um%sglg fo @&&1%; Ihﬁ # m{'erl " ﬂsllfgébéeﬁ? °F1WP‘ner
obj ect s ofceﬂhgroupveﬁbﬁellsnnﬁues 6ndrgansdmmfsbhwﬂfm’ célls&h&x%k@w det ai | ed

d , d cl I I t at f th
Scope " of TEHUTPRRGIRESHY SowPage it BERd T LBIUEHE EreUpasnd] gur e 1-
G aph  depilehiidilientiu Buehc ol fmlibPid] it HalthblYinfly fEL} foflBRAGE Ly @ NON-

HS cel |l bank versus a HS ce I'agram
i |lustrat |ang1) TQChEStUEhDMdﬁﬂbrephbeIhﬁltpﬁilﬁﬁ corddnjupy Hurnspaidobe dike) and bytiies .

Fi gure 3: mat atl nesi s angd oogenesis Figure
4A° Tabl e fﬁ‘n%i“g‘ é’P’P IEP‘E)%‘EIS{E fgﬁwsp%?ﬂ qre G@h’e 2005 WD
02/ 057429 M)Um&%&ﬁwé:éﬁﬂoﬁgéﬂﬁl it dsbCoBht YellsamA%Rbes i oA DR and

HLA- DQ SpeC|f|C|t|es Fi %ure 5: list of exenplary restriction

endonucl| e&yssles (a2 .gevistie fibtasis, mﬂzsqaﬂ;a&dysﬂrtaﬂw ¢drdiat bedditors), gumsee gA |ist of

Ceauences SARIRRREFaRion s e Bt RO D g fahfhdiilabt ng T

myopathy, atherosclerosis and other stenotic vascular conditions, enzyme deficiencies

such as Crohn’s disease, and hormone deficiencies such as diabetes), and connective
tissues (e.g., immune conditions and anemia). HS-derived cells and tissues may be
grafted or transplanted to a subject in need, preferably using the subject’s own donor
material.

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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Figure 8 Map of HLAclass I, Il, and Ill regions show ng t I%H)
| ocation of the twelve m crosatel lites Figure 9A: C57/DB g S gure
913: Supek@ypd@hpd oocytes-derived bl astocysts-like massege 1@@%@1(}?0
Representative colony | Figure 9D: Representative colony I'l' Figure 9E:
Resul ts of genotyping experinment Figure 9F. Results i rrrrunotypl ng
experinment Figure 10A: Photo of an isolated inner cell mass grow ng on

f eeder IayerEiguwe‘lfB \Rifictallyresnguized HE.AcBIR and HLAPQ@ SpeficiElest o depi cting the
devel opnent I|ke eri.ved ., frqm hugan hgmaz

post - et ooi stenfh By o it ntl e PO frdoniion BF Besprditny §f HLA

bl ast ocystcldss Keallergs derived from human honmpzygous post-neiosis | diploid
oocytes. Figure 1 OD. Photo of a blastocyst-like nass revealing the inner

cel | mass dBigniedy fAbﬁﬁqf@mnplnmﬁi%mlpgsﬁaéﬂaﬂmla@eH@ynmgn pI oi d oocytes.

:ZII gu;el élles talﬁFlﬁ%/} ‘JBSSC@E‘PPSQ'@*%’W%”%&&E%&&%J dif g{,pll'%é class

| nventi on aAdiheqwﬁcﬂngnces cited herein are hereby incorporated by reference
in their entirety. re| nis be construed as an adnj ssion that
the inventi Ofﬁ}gpge 8not ﬁ@g’éd‘ 3551 %@P@ﬁﬁ%ﬁlewhom%hijeﬂgca\ﬂonme of

prior i nV%ﬁEﬂﬁ%eﬂﬁE&s‘d&P&% this description, the preferred enbodinents
and exanpl es shown shou e considered as exerrpl ars, rather than as

lintations BiguelfA:pCEEBDBAZ mowsst i on. 12 29 June 2005 WO 02/ 057429

PCT/ US02/ 00 finitli In th t of the resent i nvention, a
HS cel | sys'g@ﬁ}]{ﬂ% uHGBO"é”hag?ﬁg‘EWeé; d%’é‘(‘-f?‘%l@ O?Yrsﬁrﬁl?eﬁjé $BPfSst ocyst-1i ke mass
that result spj rg(j th}jﬂ;g.eﬁ{dm}eagbhy@tl on of an wunfertilized honmozygous
post - nei osi s germcell, or fromthe fusion or nuclear transfer

of two hapl OFIEHT@ h Beresentative seleny 8el | s derived from natural |y occurring
t er at ogeni c St e eI | s derjived from stenpl asns as descri bed
in US. Pat elir‘lgﬁ%tpéﬁsl cak1 t%ﬂf%een'o g\%cpelaglf%? 240, and U.S. Provi sional

Pat ent 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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Application Serial No. 60/253, 943, |ncorporat ed by referenéﬁd}ﬁeré

cells isolated fromHS cell systens are pluripotent, and b@sr opri ate
condi ti onsgy@ oo differentiated to produce mnulti-potent P%’l‘?l%%?lbﬁl@’f cells,
somatic cell precursors, and other types of differentiated cells.
"Differentiation' "is a highly regul ated process that cells undergo as they
mature into normal functional cells. Differentiated cells have distinctive
characteristics, performspecific functions and are less likely to divide.
Conver sel vy, und| fferenti |ls are rapidly dividing i mmature,

enbryonic or primt ﬁe CMI ng a nonspecific appearance wth nulti pI e
nonspeci fi ¢ actlihiie ¢ontext nfitbe poeseitdnventios, aid8 delheystérm refedsdo stemmellst em cel | "

refers to relatively undi fferentiated I hat. actively divides and
Cyctes, o bindfe HanoRu ke S faf Snifom b hiitastfetot shtnir e,

differ ent |®E@ﬁhz€d%ﬁidz? s poli- inémst'I%;ﬂ@ifi'g@hﬂGelIPr&%hi {8 ¥usibn 6 Stem cel |

I nclude: (a Is not itself term nal ydlfferentlated (b) it can divide

wi t hout | insiclear Gansfarof twe heploidgenn cellfe taafiemmatlls @nme@(ﬁ)onmwa Y divides,

each daug king.on a

cour se thgcglﬁgggzerlgtﬁ) %@‘éﬁgﬁ“&? ?/m{t%”t?eélrl ceq% df‘n%%fﬁ; 3 ""9 %{GWE% stem _

cell's thatin&r.g. Pamntm@bﬁyatmmhmst@@gmmhmdmcsapﬁbmdmﬂau eatefm |F . capabl e
are calle

of glVlngé{é?_eto eﬁ'éiral ¥es of differentiated cell)

"pl uri pot ¢Mtplicatt Nog 80{¢ 6 224% ingorrpratpd P ricrertq kerpifc Bforella imslajeshi ¢ ( ES)
stem cel | r rom somatic
cl oni ng, %ﬂ@%ﬁ%&gg&gﬂgt@fgﬁj 2‘ arlg:t’lE%gnI%@H%P %Ziﬁ#es"é’g a@@ﬁﬁ%‘%s, each
capabl e ofdifferextintécniy predics miultimpotane pogetitoe ctlhy; sematiyeseith greguesoss, aid e.  t he

endoder m soder nd ecto er are referred to in the present

appl i cati c?ﬁeéi.%’? r}&? Y‘Fg Whi | e each progeni tor cel |1 ne i's not
termnally di f“fﬁff&@ﬁﬁe&io%d iPABig e&tﬁ%&gfb%eés%ﬂ'c\é idBey} b@td M Of
an animal, it is considered 13 2 June 2005 WD 02 0574 PCT uso? 00107

to be comintometmaldunitionst colls. Diﬁmtﬁceﬂeha@ distinetive blgarmtmsmype of

enbryoni c | efore, particula r ni f,or._ce

di fferent ng ’anf%etcbé}b%lﬁgmn@ |a¥ A5 Lyn'gcﬁﬂg égva&rs iBf ﬁgaenﬂn%%gl e and
hemat opoi etilare eddidly (BvERGemMant] r?/orﬁé bfTi)ﬁm&tﬁre 8l ha aﬁé’ﬁ‘s@édiﬁé ory

epi t helium (endoderm; or, neurons cells, hair folTicles and tooth

buds (ect @H@chmﬁmékwiemg@iﬁqwlwmmm may be used synonymously
with “mul ti-potaent, sh&m tedﬁk:'téﬁ%e %Eﬁ’c}éﬁgl{ofq,%u Fly@'ﬁ.ﬁtﬁergx{ﬁ)a%‘é Ceor cells

li nes, which are crea recte ere I[ls in
Vi vo ( whe tiat abigvelyedivides and tysdes, 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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i ncludes differentiation induced by encapsul ating said HS é%lj &p 5@1
I mmunoconprom sed ani mal to generate stenplasms from such é('ﬁg 8 ed
cells) or wd).yyg'ﬂiigo can be maintained in culture as pernegenisesAbier! | Nes.
A "teratoma” is a disorganized mass of cells containing many types of
differentiated tissue, tissues derived fromall three enbryonic |ayers,
such as bon% rruscetﬁt qSi%rtl | age, nerve, tooth-buds igl andul .ar epithelium
and so f or'Phe camREted o diergaisnes o Aelisien catrredEps of amyoris yPhual | y

di vi de andrgegefeabsti¥@he l%g&nf& bR magﬂ id GFeRhliALS thid bo 8@1 \ _
"teratocarcinoma® I's secon to a ter Teratomas ar é ely benign;
however i fsmdodymiyedersiriaied mgsr:lmnd lwmmmtejmweﬂa; (Imsaddm)ehw@rmmdivean be
deadly to

dead]y 0 oot P TRt GRS b TRl i 91

tissues, ltB@ﬂhﬂﬁd@Q&cEdd%ﬁtbesI‘lfa%% %ﬁro%&ﬂbﬂé‘élm’ BenceGhdy B ude rsy&mﬂmuayem
ti ssue, or mature cartil age. The SO contaln nonspeci fic tissue types,

e.g., |ynpHéh éntlﬁtlsmi@ﬂt@ﬁ?m ¢dlsoas mmceﬂs” Suelnptogenitoricslislinpsywhicter i ved
d | f HS
cel ["su.sﬁt SrERERASY s AR AON S BREce O (o ARSBRE el 0

growt h, whnd¢ledetdifférentation indurgd b khey ﬁmﬂiﬁgadaidﬂsheﬂs mrmryonl c germ |ayers.
It can therefore be used as a,  neans Por the in vivo differentiation of the

HS cel | s BMYnQeoEprorEsad Anpahio gsreraik siqraplasygBbor seehencapulated eelighor
undi f f er eniahs et beRafflihe 'cmta%ag bedhetiffi gl L1 | [zed post-nelosi s |

di pl oi d germ cél era Y, y preventing the extrusion of
t he second pol a&“ﬂa&diqmafbmlarcbscmg@medsmess 6Heellszontairdng matly types ofal | owi ng t he

extrusion t he s cond pol ar, ho and, spont a eous enom ¢ self-replication
of the éfé‘itf%rﬁlaﬁ% {sue; tsugs e }sgcﬁy fxgra ol Shyge e YE5P Y6 bavem (1 Ts)
cells are ﬂu&%ieaéﬁﬂlageeﬂ ﬁfdﬂ@ba&segaﬁ&ﬂge ép@ﬁehﬂﬁ%d%slfbﬁme Pl

bl ast ocyst-1i ke nasSes t devel 0Op upon June 2005 WD 02/ 057429

PCT/ US02/ omthﬁerenuatetdamm cdlstthataﬁpnmuallyﬂmdmaﬁ@metatezm mywe nfibedel s, whi ch
can be acc I.she (a) fusing two oocytes or two spermatids; (b)
preventi néﬁ téasg?(f'ﬁ?yl%sn of the second polar body during oogenesis; (c)

al 'owi ng the ex rigsieiardhorhiteis Seoatdly Roh BiratBRElY mﬁdommemgﬁpaau noni ¢
sel f-replication_ in appropriate conditions; or, (d) transferr| ng Wo

hapl oi d edgWsrerdpthesnbecememaligast, aﬁer@m@ncwmcde@@l@m and gan hegderdly itain
devel opmeme gk EBYRANG Rt FHEE finfdrd, BrlioltBh oD RhiRYhROASEEA features.

They are composed of various differentiated 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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the "blastocyst”, with the enbryo proper being represented .y, a of
cells at one side, otherwise known as the "inner cell mas@g.‘lu?ﬁgaag

bl ast ocystye §ré4eed before inplantation and is equival eeridebbfior
"blastula™. The wall of the thin-walled hollow sphere is referred to as

the "trophoblast”, which is the extra-enbryonic |ayer of epitheliumthat
fornms aroynd the mamral,i an bl astocyst, d aftaches the enpryo t t he
ut erus wal PUORGECHYAEGH BT B g’t"%"%[%’t E(ﬁl‘“ﬁ;‘éﬁﬁge&?c(’%’i‘gﬁ?%?ﬁ:@ﬁ, and

t oget her w,&; lor b i b ). : xt of
tha. pr eseny i ooy BRlor kg Siaits (ORifohiiee BBy of e ehonf POLF

" bl ast ocy dody @aungisegtnesis; (tieallaming fha extresion of the s¢doad prladbody ofd a
mtoticall ctivated .non-fertilized post.-neiosi.s | rmcells. used
ner o .t EoRENRES efitonf SHEF S iatorih caB O pHaE oGRS FPD FstamE (Y o
under go rQﬁpjome%‘gairlsp&hyhﬁlggmo%teﬁﬁagﬁédyocyM,t otic activation refers to
the activation o germcells so that neiosis Il is either, (1) resunmed and

t he hapl oi d gardéteingseilian deg¢lopmentselpdvage prodgeasi atlyin-welled kpdlownsphetiet hout

cyt oki nesi,s, « | 1,08 i Vi Sion,  Qr resuned.,. but the
i of 0 e rAREEHE AN B bR bbby TR B Pt 0° e
t hen undergie, othestibcktivi & the“inddreell @fid®™. MTHEHYGEISt B dsinedbeagts | diploid
germcells", as used_ herejn means germcells that are the stage of

ganet ogend@plnigtionand s @Lqﬁié’alf?éF fodhe ohegrla ™t Wee wab s B tiin-waliddwllbWe pat er nal
or mater ”%b}hé}g @Je%gx%%? E?{?ggaﬁﬁ %sf%ﬁqghﬁ' egﬁtrafb%{lﬂfﬁﬁé laSefG2NS germ

cells that have acconplis I osi s and carry only one copy of the
chr onosonepithelitin thaefotma pmuad termatinabaf Wiastecyst, and geavhes theleabuga toA si ngl e

allele for,each | ocu IS [nherited separately fromeach parent. In the
context  ofts e Ee, oiiophlF o GEpRer bgeratbSarRs Ha o lbus. i 1
it cont ai Rgatéel 160 WAl Rimlithensée, al l el e. Conversely, a "heterozygous”
cell contains two different a?l el es of the sane genetic |ocus. 15 29 June

2005 WD 02/ 0574 #g cogiextshibe pooRt inventiom e ‘biastosyst-life mise” jsrddffemant | nvent i on,

an indivigual' s l,nmuno e"..ls charagteri.zed by, the.unique.arr 0

pr ot ei ns, %i?ﬁxb@m&blg%to?ﬁsgt@%%ﬁ%?ﬁﬁ afrﬁt‘? ftt @ﬁgrgduﬁpgfpaorgggéfﬂytaﬁ@%&é face of
acell. | @oﬁimnm@dlsdgmidﬁsq}gaﬁﬁ@gﬁg_i bility antigens are referred to as
human | eukocyte antégens or HLAs, a conplex famly of genetically

i nherited prot d\sitsed Bergi, Bi¢ tene“milptically aefivaies | meann pedydtieg the ehiditbisdy . A
primry d %ﬁé@) ?@g%ar %fell §iv(fs§énjjsl rﬁité)tfgﬂ'w.o M{%?ic iaﬁti\g‘a}fl%n %‘fg}s% ?ﬁe' elc%\ratf‘ongo%n etic
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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fingerprint on white blood cells and platelets, conposed of,,prot ej t hat
play a critical role in activating the body's imune systg%‘jf"'Be?QQ%ond to

forei gn OREER/6E The HLAs determne the match between %f,ﬁ%gﬁﬁﬁglp host
and a potential donor in transplant procedures. Reactions to anti gens

are the primary cause of tissue graft rejection. HLA factors are inherited
fromthe nother and the father (one fromeach) so the greatest chance of

havi ng the samdeconigxbof the peesertdnvestipn, asgadividugl’s “immuynofype” isFor ei gn cel | s
having th wp@] I L1 e f a.hast’ tive
ce?/: sgwi I Iec}:L e aggept e E)égﬁtuﬁé‘“%éf%%ws%’% gﬂ%&ﬁ% P@}@@?é‘aﬁ%@?‘g’t he host's

i mune s;c&&ppa&(il dﬂ_theﬁmifmxgexﬂa callehi ]inﬁmspﬁiasgtltﬁstgéompdﬁbﬂpy ?nti%én@slfe![ y [I_kaed

genes on a single .chronosone usually inherited as an_intact unjt. i s

hi st ocomé?éﬁF&FQ?mqg‘ifocw anfygens|op > 3 gpwplex dprpaY ASsgeHealy npor t ant

to conpl engmdrit@lShotelMEUBEd &5 BRAGGRe oFted ifoudRBE: HOBRISX contains at | east
HLA-A, -B, -Cw, and -DR

four loci known ‘as _ . here are two classes of HLA
antigens. O asdA priingryodsiprmizant 0bé cell dindnunotpe il HOA profiley & gametic 22

ant i gens, Seavnafeh PREF Bioed el andingeles Soufpbsad ot BEE Pl o o
expr essed rok ifl etivaling e HodgRInsRine Systéh 16 RdpddidabrefonCdrsidisths. Md profile

can be used to determ ne the degree of conpatibility or genetic
rel at i onsHHpAbdsteratne theanajehibriveen ansintsnded hosbpedhe petenérldonet iand r eci pi ent s

in transpl | ' . rrow. o etc. .. infusions.of platelets
or leukOCﬁg%@ﬁﬂg%Pcec%%luﬂgé%ﬂ%%%’c@&%%{ﬁ%%ﬁé@g aﬁti‘g g hpagh?aruagﬂgms% a%‘e

i denti fi edejbsticmeHDIAORrRE htdsitedosm eheanpiher andithé Rgheri(ehefros efélgss | HLA
profile be determ ned by i ncubating sanple | ynphocytes with a battery
of anti s&MSSRAGT fRancs A2 wRs dicrsapiettled tyngris betivegn #iblngs B8, IdR 4% | ocus

anti gens. bt ki SE e L PASA G ' t:he.- . antigens
o the. cel ek b8 hatfi SR AR Soh BRI R bt S W 1
conpr i sed cells WlleRReeridd bQe liblsiease ‘self tarlithod idj écte gt thORost’d ingrnse.  These

anti gens arsz normal |y expressed on B | ynphocytes, nobnocytes, nmacrophages,
dendriti cS¢&s and endothelial cells, though they are induced on ot her

cel I's by | MMINGIA kiffichs afelth broihordBF nkifipe, Chostly inked R bk binghR(er 1) 3,
DR(err)4, DR(err)5, and DQerr)l genes) can be detected by serologic
and/ or no chmasemeg ralajlyiishaitedpent aneintacOMil. Thisthigedomprititiilite sohplek,cor typing is
required, I-ﬂﬂfréﬁ%, Uhsh lcbl%t%n?% 56 r}ﬁa%oéglﬁ% I:(I)n%plement 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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A i gonucl eotide Probes (SSOP) for all regions of the gene. éf hi g@Q
‘resolution (allelic level) is required, a conbination of § &_,;n? ﬁ ng and

DNA sequeigsd fhsepg Pe used. High resolution testing is uwllﬁ ZIP(EH or med
only on bone marrow reci pients and their prospective donors ere a nuch

greater degree of matching is essential. Cells expressing one or nore of
the HLA proteins expressed by the host cells are perceived by the host's
i mune syst em dglassdéisfcompmigedaSHLACER apst pPQs Fheare at 8 diffdrkri DR ot ei ns are

per cei ved "foreign'..or "non-sel.f'. The host)s | ne system gears up a
response ta%agﬁ%q' {Fﬁﬁ_?@flt&ﬁns&?en‘i%ﬂi%g e55 qB’i’E’llﬁ?pb{’lT‘g'ut i PAROBTE: t he foreign
tissue. |fmidiepHagéss demiriticoeN@anSerlotheBalTR]A ThAEhWSAde iddibsd SERRANSE 1S

called rejection. In the context of the present invention, donor cells are

char act er icelgby Buppnagstanul. (lassThantigeante:s. the BRBLRRKY ERABRESfandhey may be

t abl i 4t . 2] j . it I,
Cransor o BOBE Bt vl Wlecan WialofiChROS! il fERAMArBRIG DR | (oot
i.e., HLA If nm]%rm:ﬁdd%sfl_ltf(onlttb!pinglﬁsﬁreq&'me% ubis_lmajmﬁn_id %eqﬂi_a%&fHB}:{éLAciﬂbhte _ i m’r]lcme
tem i ch less,|like respond.. Hurmans i nher.i, yroteins from
Shoi t ey SMEOEFeRis PR ORS SO fLIcEiPHY 1B aegelhighissehonGIgHs 6o

(normal 1y, jevefyig rédhﬁ@ﬂ,ta}'k?oniﬂi#lﬂﬁ)ﬁ ARG Esting WA%%&E%; 8%1{21%&;] us one’s HA

proteins wi || match ‘each of our parents. e nore ‘hat nmat ch,
t he | ess I|Highlrgsohutign ddsting isousyally perfdrinet enlyajnehrme cndogowt teeipients qniddindir  An

i ndi vi dual__has two, of each A Cw, and al | el es, where one set of A B
On, and DRSS SIOBP S f Tnich RIS SGETPY BB BIEdAPEREALELY ¢ her

i ndi vi dual s mayCell8 @xjresudy Gl nidre REHRINZA PRMSinE Skprbdied By R ho@¥epignd DR
hapl otypes. ' In the context of the present invention, a donor cell is

consi der ed Berpived by thahpstsditmune sysicwas Sestfavidyeas thess capressingottied

reci pi ent, ' donar. cel l.s ,do .not pr LA products that are
foreign tgH?Ahgi%rﬁgg?%lfeg%fqew grasefg%?e?r 5“%‘8%%1- fliqslinos?ﬁ&pﬁiuge S}ﬁ%m)zygous for
a hapl ot ypeasugh réspolitetohe “fofdin” orBRossel L fiotedhind KWl ff thereibh 29 June
2005 WD 02/ 057429 _PCTI US02/00107 wil| match a recipient having a

het er ozy gdi§SerHfAhs fosgien dssipetina ansplantsd oxgan, fhiguesponsggs cadled reigchion29, - ows,

- B65 hapl ot ype ' . . ; e’ IS & Q- genetic
constitution o?[n gﬁsc °§?e§g%$@%?%érge%t‘§f%ﬁgﬁ’o% n%f%?‘%%%w%h&ﬁ%ﬁeﬁzg% S@%)t%l{lgxt of the

present i deendrsplant”titen terdgd host ifthepinagdewtdbly Hafiedento ahved withouw | d t ype
sequence, | associated wiith a particul ar

.. e,, t genetic sequence i s not ) th a
pat hol ogi 5%{F°t196‘nh{]°taheoﬁ%?ta@ﬁéw 'ﬁé‘ﬁlﬁ@f@g‘?@épﬁ wstibieohistogprpatible” with the
. infended host, i.e., HLA “matched”. Ifthe 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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often referred to as "genetic disorders”, meaning they are éln %éi t he
expression of a nutant gene or genes. Genetlc di sorders onP g P from

specific gapguegiations. In the context of the present i pgiido@iderot e
genetic nmutation linked to pathology can either be inherited (e.qg.,

hereditary genetic di sorders) or induced (e.g., exposure to carcinogens).

Exenpl ary | enetlc di sorders ing| yde re not I|m'tedto
Al zhei mer @qﬂ‘?‘ éééec RiFaiiaving 2 hefexozygops L. Oﬁ-ﬁ’éwgb AdntGWgton' s

di sease, ByISGHEATA QS [(gpgtyB g’géé%@gggw s di sease, si ckI e ceII anem a, and
various netabolic diséorder’s nzyme deficiencies such as

Phenyl ket onur i aAg micd)herain t&memégemmi’ rﬁ'drsltqthmnémf éamistimtion ()Bﬁ:t D).

Exenpl ary uced enet| di sorder [ ut _are not |i cancer
and 1) prERUER s FERE of Rty Bh Sl of HeuieEt BVenion e st genes
l'i nked t hegepbBpk Wil baiikealtr@al diWiRlgPe biReidY, L.ocHeadRlE syubiags hdance in
Man (Onllﬁge I\gﬁdellan I nheritance in e M(T%?@I\/b Ssmk Nat hans

Institute @Wlwféftth@%wulﬁfﬁétm@ﬁwn}sﬁﬂdm ESUCMﬁth@]Dgic@SﬁO@éﬁbm msre, MD)

and Natlo g l onal Library of

Medi ci ne ( ot hesgﬁat‘:}\g éég% (ﬁ&@@érg %Wl \}&%tagﬁﬁhkecﬂa&he eapressiolt ofa

htt p: // wwmnuntai genk 0 gértsg Qenetid didorderOitdd infsedidm iR fiogne haldtngalmbase of
seases, .di sorders, and aits and their different mani festati ons

genetic

mai nt ai neghﬁﬁoltt?f@ of K&y BrgseaY ingenitoy t thPcsPn%tcdtﬂéteh%M@ﬁl tp petbelegy c&h (NCBI ) .

OM Mis ay g,r%\ﬁg ous Stem
Cells O Tdttﬂgle%@e]?gﬁtﬁe&?%ntﬁ?}é ‘gﬁescr | B‘ﬁdg et al eg eﬁ?ﬁ%@l plication
Serial No.cag9iq@e#s)240, an HS cell is isol at ed from a bl astocyst-1ike nass
t hat devel ops he ct i on non- f rtilized post-neiosis
| diploid germli‘??@i“‘-}tl ﬂﬂifﬂgedzgeﬂ% efé“%q ayernot By a 18 29 June
2005 WO Q@k@e’ﬂéﬁ@dﬁgs{e%%t&o@gves Hfs@és%rﬁe?ﬂoﬁﬁﬁhpmnﬁﬁ%t&?\éﬁisgﬁeng HS cell's

froma non-fertilized post-neiosis | diploid gefmce Germ cel I's devel op
i nt o non- fiewscitlar dystropby.tPankingssy’ ssdiscass, pi@l@e@annmwe bhd vartoars metgbolic

activatio ce blast st-like ma rom cells of the
present %ltﬁleéte??@ﬁ SPTHe T f\’lﬁé?imeﬁétu 8908?‘”?1@&@&4_‘5?1‘& cells, of
t he pr eseronidaninuaind Daficienty (SCDy))lExétﬁiﬂmg'llﬁtﬂfégé b8nctio dsdfdeld ofugent Of
di seases, .include, but are not limted to inplantation or transplantation

to an af f &b ¥g nohlimited tmeancer and aenltiple seletesisher apy .
A catalog of genetic disorders and the human genes linked thereto is available

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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Wi | e honbzygous post-neiosis | diploid germcells may be %Btﬁ'l ngﬁ %rom t he
sane individual or from an i nmunoconpati ble donor, in certdi i g I ons
sel f - donokgo gd/¢s7440r ef erred. However, in cases where the afd@aeiqdndfsi vi dual
selected for therapy suffers froma genetic disease (i.e., a disease
characterized by a |l ack of a crucial gene, either due to nutation or

| nproper expressio i be eferable to_ utjlize a non-self donor.

Al t ernati gf,“e@ Héert%% ?fltdé’gagwng Hg ‘éernl% f%’F“ §B?%gﬁ%d&°5%@ﬁﬁ’?’é§ dRlgi9 hoose

t hose sel f%ﬁﬁi‘dﬂl_ cells that display the desired genotype (e.g., cells

lacking a flawed or nutated gene), those cells capable of expressing the
defici ent gene. Cgiiteelisalewelop sro nerffiertilizadpostaneinisisd didoidgedn celds theip bpoman

I muno- i ncgppat i e or.. phenot vpe for. ti e tr | ant.. HS cells
nom2ygoustirrio pRodtEE BB P AR 1B Righ e B el R pFRtt anc

sel ected finoeatiopaye detisiedg FISVeR116,0@M 0R i flirerttitbedSRBE, B tiedSieschPinvBhigdhemid ng t he
extrusion of. the second polar body during ooggenesis; (c) allow ng the

ext rusi on YHIY Hethe diagrgsipandier traggpintof disspssn insiedn, butpse ot lamited to
sel f-repl i galiRRida brARREQM L Qs r ,ng two
hapl oi d eg%ﬁ%ér%shgg p)r% _nuc‘ﬁ %thtlf&nntqg%g_%ﬂg%ﬂﬁgp%%‘{lg%ﬂc%g%/etd é)Ff S@g‘f&%{’% provi des a
schematic repr e%de:hbmxaygmps ppstmEibsig Pdipkiid ganticadie geaydsi dbtainkibfrbmghd he |
Gsef ul 1 n S iRGNEERTorgfort p TR RR SO B ioro o e B e ARy
useful in - ny
sui tabl e rgthadd KpRWRvEDin d3Sestlfiere Bc Mﬁte&%&?ﬁdgéi%ﬁl‘a&?& ?&&hwm&é\’yt €s
2nd 1 61 atlbeh prosnetad p@snEiong discasceiaigedy bick B weciatipnus, pitbérdive.
and isol at ien@ dereas omge ck Db a wEpciatigene, Bl ue
super ovul a&)inﬁ[}aios irnducoed I n (tashengogor 'Lndiegeird@al. Super ovukfa&ion may be
i nduced byt é_%&rﬁ nt SEPPET PERCBI g b ah T 1% ﬁgﬂ%@%ﬁirf@"ﬁ? %§8hadot r opi n
anal ogues, Aletiathiet, ehe skifted fhehe ak op @eléﬁtioh?r&déﬂﬁ*e@ﬁﬁ%@ﬁodﬂettﬁbs@!s&%&%ne
citrate (Barriere et al., Rev. Prat., 40(29):2689-9 1990), incorporated
by ref er erfells thabdisplay the desimedgenoppeds.anpeiis ocking nfawphoomutated gene), those
adm ni str gt gpant ra.s .. .Serum t e
Fol | 1ot e Sele ErtbleNs e BAind B RefieS T, SR hodihfquesmmgiinborsd vo
02/ 057429 tP@T6idaA AnAthoincoaaatii! deapiype bifkenotype Trtissud wérﬁkﬁhtz.i ng hornone
Vantal - 2a od. EbpellclsimerEeiaBor Aldnbimiueg a e Srgap begerved vt

nual , 2a ed. I .
I nducti on i ) ' i I.ng, cbut
ot 11 1 T Gaep R ) S i BB oo Bl (B bR A o o o
the time dhe sexdnd polet batyi dwning @ngeresia; &) nbvwing SlecextBsipa oif ftsetdripodir

ovul ation,and harvesting of ooc s are known in the art. For
boHy and spon anem?s genom?c %&Exepﬁcaﬁon?n appropriate CGIldltE.OIlS; or, (d)

transferring two haploid egg or sperm muclei into an enucleated oocyte. Figure 3 provides

D

o

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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exenpl ary detail ed nouse protocols, see Hogan et al., supr(?Pépﬁ ég,@ 132,
the entire contents of which are hereby | ncorporated by r H ﬁg For

exanpl e, Kagaosgpscribes the intraperitoneal adm nistratigha@dorde; and
hCG, - bot h resuspended from Lyophilized powder in sterile 0.9% NaC, to
I nduce superovul ation. Both PM5 and hCG should be admnistered prior to

the rel ease of endo s LH.., The Hog pr ot directed to the |,
har vest i ng® @gft?)rtswe@tﬂ%@@ &r@k yeg diagrr gt 4lo Manipwlating
wi t hout U%Hﬁmuﬁé(&ﬁﬁﬂyBENL%b 'R@Juxﬁi hyd @neoﬁ'%ﬁ@ﬁoﬂ@gge&& Pr&Rown to

i nduce fusion of ovul ated oo@é see rina f ogenez.
16( 6) : 583- B9).9BHicient induciion, upB’Oﬂulﬁu@mdepeBﬂmn sevaxﬁl(/ar)abnasﬁnﬂﬁ)dmg,%ﬂ)

2(1) 15 20 HYE 0 e REandoR e g e e dore o aoRRekiineen e '

i nduction aﬁiﬁmnﬁﬁ@t}ﬁﬁalﬁdlﬁﬂe(e&aﬁyusb@act i vated Sendai virus, resulting in the
production of "zygaotes" or "oocyte fusion products (G:P) that are able to
undergo the fi r%‘ﬁ’eg{l@% n §f ownpligrogidharsiieg efnesiies aredmownria dhesart. &r oocyt e

fusion te Qdﬁ% el 7+

| ncor porate y re t%?@n gﬁom‘%ﬂﬁﬁe fe %m% fgtvagrm rpi é3‘? %%]tﬁ%%aﬁextrum on
of the secwntbnpoifavhidioaly hbrcbmimoeydraed bﬂmefeﬁﬁﬂemexﬂﬁpl@elibgan disétitieai | ed
pr ot ocol ftﬁr activation_of nouse qocytes is described In an et al.

supra, pp.HepaERggoneyh administkion o PMP AW G H“ieﬁ‘é‘iPPn@Grﬁﬂlﬁ ophilized

attached R tﬁqﬁg PBS for
5 m nut es, vvagﬂgﬂdé%vfﬁﬁ % 09% h@lcﬁéémé}régé g"ﬁ:’c%}%at ﬁgﬁ ?@@ @ﬁ%ﬁ?@d

c¢unmul us ceidnBEateEdsmims&qtlﬁmbﬂegseroé'mdngénoMHr The Hagan pmotdmolsyazlrwteﬂmdl&se. I n
nat ur e, IIo heflrst ITEIO'[I di vi.si.on aq%fa aration of the first

pol ar bod ook Sgi”me@tl‘i?dcaé’t SROMRAlY adap} %W"&‘ ergo the
second nelegp@@nghtyﬁ@i on when stinulated by a sperm In vitro, the

stinmulation fromthe spermcan be m m cked by exposing oocytes to agents
such as Camio @bffﬂk}deﬂe(m@iw&) alge besmishowh to mdued fysien of beulated booytet (sex of

(separ ati G oPoRRPh o R 2R R0k aRs 085, brdFuflon 17 Doy B0 une 2005

WO 02/ 057429(19016380@/99@)1%0115@&5&byea&eh@b heddlh)i AJesn 8ivedg dghed &1GI.Udi Ng,

I)

but not |im ted%(t - di et hyl am nopurine_ (6- i or cyt ochal asi n D,
resul ti ng Z2%§oten 13&?12\36(11?% COEIE@H edib fzilr@fﬁffn ighdesatbessihip insyoléon of

f I Fi

or et 1 o1 oyt 06 ekl SRR AL AIEs £ HE B b Sudl S BLOHE R 1

pol ar body‘occate fiwion products (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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acconpl i shed by exposi ng oocytes to Ca++ i onophore (A23187) 331 on ﬁ%
foll owed by puronycin. The hapl oid oocytes can further un&grde 38 m c
sel f-repl ivg@bd/@sni t hout division, and the resulting di pll‘?%’l‘ﬁl&éﬁ%@‘/l%?s when
i ncubat ed under appropriate conditions can form bl astocyst |i1ke masses and
may be used to derive HS cells. See, Taylor, A S, et al., Hum Reprod.,

9(12):2389- 1994)...and Kaufman, MH_et al., J. _Enbryol. Exp. Mrphol.,
7%: 2119- 61 %eé%]%‘]’ﬁﬁ‘f byjarEORtndg, tk Botuhiteddo, 6@%}%@@@5@@ @ront i on

7
can be obtpinee), ssd ' : ' d%]p"ﬂﬁ et to be
di scovered, parti Cﬁﬁa&@%ﬁ%‘gé@@%@ﬁ% i&‘gﬁg |er{1ﬁtuh€ [ efiggé)ft%lrar?ﬁvi tro
fertilizatiubpequye fermaation afidlasticyst-Hksmasses. Figuae Aulbpicts thpprodadts o8 (nei osi s H
conpl et ed)acﬁ(]gﬁ&larvested and then induced to fuse. Spermatid fusion can be
achi eved using Well -established standard techni ques. For exanple, Asakura

S, et al., Exp.InGebiher BabodimbRi (dwiR theloktradid B thel sREHIRNAHEEy Bah B£f er ence
herein, teaches_the use of a hyEotonlqgr.medl umto induce the fusion of a

pair of s3Epmalished by sapesnse dalat denaphprs{ASB187)silongl as faltowesidiye

o be. acthbamyci, TRERBNEID0cHEE Bt Bcke AR (el TBp BT i °
post - mei osdigisiongirgl the desghimmdigibidooegies wachimeyRssdeghder aprapEi@nor  usi ng
el of TP R ARy Hrtke Guastosian mi pogred turomirs TS oo, Soaper t1 1.
rom human o e a1 Repri SR 6b. PASQIURS Kalfind B ok 00V o
(1997), ddiebiypl. Bgpt Mormliol'e%24%61 ¢BI8BEcti ng sperm fromthe epididynis and

testicle; Stice.et al., . Reprod. v., 38(.1):61-8 994), _and Takeuchi
et al., Hum RZS&’P%?a‘?dSﬁ%@ Pﬁtgigglge’ftfgg@ﬁm%%% ?‘}W’H@‘é‘ @E HH\)aH’G@é‘SIPEr
transpl antinpguitdbtd LRthodRkhewvhdh tefarQiRS et didcBvadd, u?ﬁfgﬁﬂoa%ocyt e of
another. The entire contents of these references are heréby 1 ncorporated

by ref er erf€BVeRtioBalan te field pdin vigo festilizatiahoTe createets sellafor dsdis aoedle, can be

created fr, . r L t apl oi d m.cel l. nuclei to an enugl eat ed

oocyt e. sﬁg'?:ﬂ“ﬁr“?gf‘@?% \;\Tgc Ogﬁ)g%ﬁ@oal%e g@%ﬁ]@ﬁgﬁ UCgp fdse ?ﬂ"?@uﬁ

PCT/ US02/ G@ﬂ&?canf‘lﬁﬂo@idie@ggn? %ll?stg_ﬁﬂéhe@@tahﬂ@ﬂ $deBihigRs. | I Qxafipienuc! eat ed
ize |

oocyte to csraﬁﬁ_té% a non ferti EI oi d oocyte bearing the nucl ear
genetic i ¥ » BraloExpheclldirss 1RHRESG-73 f(b?ré)sempmﬂwddbwfeeemyt opl asm
The donor ¢ ' ) oSt nd/,or. .1 sol.ated psing standard
t echni queéletég{ﬁg%%?‘?%%g#%f{%@O%ﬁ%@ﬁgg%@cg#ee @‘?IQHSF%P%P’Ep

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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can be perfornmed using techni ques conventional in the art %a'l n ?@éﬁo
fertilization (see U.S. Patent No. 5,945,577, WD 98/ 07841~ ahl® al so,
Stice and o di scussed above, as well as Wbus et Ti ssues
O gans, 16‘3‘23-@@6559?3000) i ncorporated by reference herei n.%g[%ﬁ)gbﬁ-’

nodi fications may be introduced into HS cells by pol ynucl eoti de
transfection _techniques, including but not limted to, viral vector
transfer, hipdeideganucloicgande trnsfersédinto amchusleatel eotyte Weatate amoansfer (e. g. ,

via plasm gds.q: L nd colloid .conplexes). t hods f.or isolating ES
cells from%?%heée%in E&HE%F%G Rcs] eF‘é‘i’l?qu%P]i 'fﬂ)oﬁ'?? %gﬂéﬁ danoL MABHh i n t he
art. Such fentahoigdshereocyecyaoisiping dThdodonios Bhdlbdrithtéital ¢ah behirieyed fi/or Nner
cell mass of bl astocyst-like nmasses. For exanple, see Gardner et al.,,

Curr. Op. iSeigled usingftandar tegimiques cquyominal 1, e apa i drewissothedragater step
(Thomson eém%e:r)&%f@ﬂﬂe&%s%n%te%igl%é 85%\9en’?io A %%%rt(q?zh Gitro eﬁ@{z%%?l} ésgg

contents of whi‘ch are 1 ncorpor ef erence ereiln. ctan be
produced fUdmPateyt Ioi 51845,516hH VO 9840884 g land seb dise SticoaiPakeachi dcusyét em

Bot h human_.and non-hu HS cells_are contenplated by the present
i nvent i on. 208YPa5 Y eé&?%“ﬁﬁtr"jv Qﬁl&aﬂé%teﬁ SHgans t0Q;fre &W)MH?O&%“P@W of HS
celI's fromepighcegRid.n manmals, fish, reptiles, birds, and anphibians. C.

Met hod For Sel ecting | nmunotype Harvested honobzygous post-neiosis | diploid
germcel | s, prddenséid nindifitetionsneen belinmwtiectdabiodES celisshyusdyiictzotiid ai n HS

cells and,_ultipmatel y,. HS-derive raqgenifor cells, and_other .

di fferent i%atngl%cg%f %&Kmﬁ%‘;’ B‘Fé’é‘ﬁ’&db“it ﬁ\’/@ﬂ?ﬁt‘ﬁi}toemﬁﬁﬁﬁ%\tgg'@?ﬁ‘?ru}ﬁcﬁ&al sel ecting
HS cell's fvagior fendferuA@ EpIRRAAOLRMYRTe. 8, vih f1ASIRL, 188n&URH cbiigl  t hey
may be used in the treatnent of diseases, for exanpl'e, by I nplantation or

transpl ant®@mmFetlo an affected individual in need of such treatnent.

Honozygous posty1Ril.QSES : | DlQi rm.eells be inti.al rocured from
an affected i n&\l/[ %gg% o’?1%0%&9%%%&%1%88@%@}1@1%8”%?’1&.%%0%81%%@1?%?@ chi ng
22 29 Junear@RfSyn MG 210 SHdR thethodd £ BE Q@A foir IRSHNRE HIFcollsi@oRy @, 1 N the

case where such %%rgm ells arﬁ]ééaken froma donor who is related, or
unr el at ed EHFTERYL %Pg‘i’]éﬁﬂﬁ’ysf“ wagsgs. JForexamplyy sepdpardner ghak.oewirniinnot ype.

h . . . 4 ; i bank f
e ool | sty XBS0TE1 £E1000) [ PRAEREIS sALY S Hrdiheb c£NITARE LA, ANk T O

stemcells that” 'have been Vi ous ohr’s ogi ca yped.” I n
certain siRatent Non§,205,042($ticd@hal), the contents of which are incorporated by reference

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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preferred. However, in cases where an affected individual
genetic disease (i.e., a disease characterized by the |ac ci al
gene eithgyoehies7i@ nutation or inproper. expression), it P @RR2060%erable
to utilize a non-self donor. Alternatively, it is another object of this

I nvention that one skilled in the art of selection procedures may choose

t hose sel f, germ cel | whi ch_di spl the desire enotype (e.qg., cells

| acki g PRI HASIEEd Jaare i setianneels pliienom s drsding < he
defici ent jgedlated JtehralRbe & the ReciREMMHHEMGS 2 B Rk SQedihgUsLluhthdy d an

I muno-i nconpati bl e genot ype or ‘phenotype for tissue tgr anspl ant”” The net hod
for produdiHEeEmersnb 25/apoekieqh of thegrésont inventioh|ts creafetadiaink forostem vellsrthgl ant as

cont enpl at t ] 20t invention, requires assayi t he J nat ype

("t ssae. ciine Béer ey bR M SRl Sy R 8P R ASe TRt & st em
cel |  popurefeiredsHoWeespitdaged Wiiert 86 Bffb A ERANSARAI SHFLERbYa fRktd | Ssue
typing, serological (the _|ynphocytotoxicity test), and nolecul ar (DNA
based) tecHffagds. 2 @W%Z%bﬂﬂwﬂ@kﬁmm@l@m eidhear dyepul at i ons as
wel |, and : §1C1'5ﬂ. . .- | Qi ' E r ol ogi cal
typi ng of ltﬁﬁtgtlglgm plﬂgﬁ%r%?#r%ﬁ%nl) 1rt gga «Re/(r?l)te%?énf\g}%maﬁg%Bﬂ%%ﬁé%n%f%oél%&f

appr oxi mat&ltgrn@bmetly, dfis amtherabiatibfthesdnidntiod it ene gdlieéd ®dhé awort he reci pi ent
for a full ,cl.ass | and class Il ,tiss type Fohri class | %égjn , one

sanpl e of SICGHLR ProceduLes BaY fhiqose thoses _tcteg%é?‘,’ ehdisplaetheserirgt i nat ed so
as to renpaothales Cqlsasnckitdey fiamd 61‘%ﬁﬁ{lafed!g@nef%>§f%éri%§9§%de§ofr eactions. The

sanple is then layered onto a density gradien centrifuged so
as to sepa¥xpregsingthetdefigigntgsne. Snch galojion tesheighesamay glsphooyedds avoidilaa r ed

cell and | vpor.nhs sedi nent, and band of .| hocytes is renoved to
anot her tu “émglﬁaﬁ?/%%agﬁ.&e qﬁqgtypg%ﬁgwﬁgg fgrrtéssi{‘lr‘:g@s?%’ﬂ‘ﬁt ed and adjusted to a
st andar di zed ceffile if&hed for ptsicdg athorogyBou¥ doblatios 8f bells Refatld forf OF @

| ynphocytotoxicity test. The counted cells and typing sera are incubated
in wells drngplagtas cpntgmplated hshthe peasenttipeentipm raquires sssagingithelinrowsiges f i c

cel | menbr, ) ' e surface of the |\ ocytes. See

Fi gure 4A (?%?ueé%{:-%%&g%% ‘%gféz%’? ?‘i‘%&'ﬂl géie%}ngépgstgloForgpqté@é}«;mﬁgﬁbi t serum
or conpl epeptlatioms. tThere &€ ded tdctniguecused eutltlySor Tf8e 6RIMS sWoldgida¥@le only
when 23 29 Jupe 2005 , WO 02/ 057429 PCT/ US02/ 00107 there is an

ant i body- aHEPRREtASHPIEIesh.Fndaaplsenlan (DN basedbiephnianes. dhescrimay Yewsedcyt es,
whi ch the | ' |s. Lysed cells are

det ect ed E?/Qétl%ldet\é%%tﬁ?e; 0 fﬁgﬁg%sn%?%%atgﬁée&éé‘g%dygﬁ S- a positive reaction.
If there is no 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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lysis, cells do not stain indicating a negative reaction. rJ cl (?5
typing, the second sanple of blood is treated with EDTA. TI% E‘ag’g e

t hen i nculad egosmakh | munonagneti c beads, (super paramagnetpicg st sperse
pol ymer particles coated with nonocl onal antibodies) and placed in a

magnetic field. As class |1 antigens are expressed on B cells, the

im"runomag are..coat ed h _a,nmonocl gnal .anti b wth a
specificity l%Eor mgg%iejqoldg antigen Gomnlex )ionngq..anﬁ}e eﬁé‘?ﬂ%bra?eé %gi/ﬁ ured by the
magnet i ¢ flyaipiocyeas Rakkh tBadadtivuRt esmpieiast 1§5<ﬁﬂ§iﬁr&n 1y§8€ DY@ 881s aée standard

vol ume, such as 601, is then used for a |lynphocytotoxicit t est
descri bed | bydbieg epfry of & s ipterthe deagce $-ceeposgp'e¢eafctloat fdhsreafnocl ass |1

al l el es. her descri bed by Hui et al,
Handbook o}QEVLAXMQ%%ﬁ%&&ﬁ%ﬁ%gﬁ’%‘}%@%ﬁ? 993). The | ynphocytotoxicity
test may be usebrictast Ytgpiagetine sebhd sanpleef bloodisanedd with EDTRINTHOQI cal |y

\A/ell-characteﬁlzg}g anti-sera are added to a sanple of stemcells, from a
rel at ed orS#R e et WighBpmpnareagnetic beads Ksupemaramgsngtis our ce of

conpl ementmehitispbR Bo ELi%%??aﬁﬁlés QSat% #'rfono %h%%nhﬁoﬁ%@éaé@&fa%e& [nd Ne

anti-sera bind the I gens on e stem ce sur
activati ormamhpﬁelden%s odids(IT am:sgensdtreexﬁbkeedahmnlsghé ﬁtﬁﬂ&mﬁxﬁa@i&ﬁ@r b a

t andar d t ect ther HS cell
i ant ot VLS EPHPL RIS sR ALROT Bl peS oty LR Sleat hyBeelge of
devel opIeTtind tRPbQREY bidloab@iid Bkt SAEnSRCAAA ANt h bour Pt %@e used.

In an alternative enbodi nent,” a m Xed | eukocyte "cu ture t est may al so
be used f dechnégyiepi Arstandand voflene, satt asofOpd s tlien meddefon b dgmphduywtddsity,

desct Do IRPRED g e, SH7 R SRS Sl sl Che e ARSI
response dfhedypebtdxadity R64yik Bithef ddschibbd By Hﬁl et%h '}?@rp‘bbgﬁé}sﬂ,{] esent o n the
ereren

cell's of a potential donor, “and is incorporated by r erein. 2.
Mol ecul ar @E%ﬂ"eq@tlﬁu@endtﬂ‘ldlm froma bl ood sanple of the recipient, or

anpl 1 1 ed usi ng 18 15BPen St EF &R M E7PDu Y T eSae colsRerisl; depamstt
PCT/ US02/ Gfiirfifiotoghatly ereli(dieRktepbat afiisea Ktréeuaem Daghpibi di8H cils, o art .
The PCR anpl |f|ed bl pod. DNA can then be t usi ng 'two techni ques

di gesti on afpleted op gpyelated eenosrangrireybated. Rab‘t)vllt serum, a source of complement, is
" then added to the mixture, which is activated if the anti-sera bind the HLA antigens on

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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(Restriction Fragnent Length Pol ynor phi sm anal ysis), or hy%h@héé&g?n W th
mul tiple sequence specific oligonucl eotide probes (SSOP).

anal ysis wgopi/@hepred as a reliable and nore conveni ent fRiARY@F0tt does
not require radioactive labeling. It incorporates enzynes that recognize

specific sites in sone alleles, therefore a specific HLA-haplotype may be
detected b i np hecki.ng. whet her the enzyne digests the  anplified DNAs.
Figure 5 |1]>é§€tbonr(t§3}2§ PE?CPQWQ@BWE&? lodap The arhy ThedPGR epplifisd blpad s | |

typi ng. DebmiAl &6 (A& BwEptP i : PRETN dbook, at
9. The SSOP anal ysi s requi%&%oeé%ﬂ%dgg&%%wgéem?ﬂ%l I zed on a

nyl on neniiesietion epgmeahLéngsh Polymerbhivm hnadydi®) cordy/briditaterc with multiple

ol i gonucl egt j s.directed to s L e HLA-al l el es.. Figure 6 shows a
list of ss%}l{s‘&}%ﬁgée%ﬁrﬁ;‘iﬁﬂb% nﬁ@%‘%&’ﬁ*’“’éﬁé@@’* ?qub%ﬁ% anglysig)isi SR BE of thi s
t echni que, relifittle spdiOREQNYPEEHtIh@thed AdTedods\Hdt RGuire (2aRiAktivéBYeldleS ¢t be used.
Here, the specificity of the typing systemis part of the PCR" reaction.

O i gonuc| g8¢raralssicReymesthel reeqgyize Spesais sitey i pasas slicdesfharefpre elsperifihence
conpl et el ygat %Tﬁr ' . A Cl | S Ln.th CR
reggt I on and rrlga? e%lgsﬁféé%%{%%%%g%@?ﬁ%h%%gg g@g&g}ép%e‘aﬁ%@? %15 ¢ r§§ I's and

transi | | undoeplified DNAs hEiguRCRliste tdstrittion exdonasleadea st hlay e uedt fogclas IPCR
fingerpri characterization of

ti.ng, JHui.. et al,. . Handbqok, at 99, PCR
pol yror phiq'éll’lﬁgt PS@F@W@?@@%&%&O@ ,a SO T & alaﬁ.“{"dtfqm%enet ics
47:131-138, (198Q)sSEw ﬁnﬂfﬁﬁeﬁﬂﬁsgﬁpélﬁﬁwyﬂéﬂﬁé)g?ﬁwaﬁz’gﬂ pis{ﬁg&lo%”-

Characterization of polynbrphi'c mcrosat preferred
t echni que membrape,anil then nyhddizedwithpelottyd eadidactive eligquiveledtidaytolesdonor ,  and

I s especi g sef ul n danor d recipi re rel ated.

descri beda#fxﬁgﬁ? FReoLfie A,"atugff’ﬁ‘r 1gurg @%&W&Pﬁ@fgg{?&ﬁaa&%ﬂwmﬁtﬁ% repeats
are found diat 81ypiks e0modifcheord $FTR tSBRTNE, 68108 pHfkt ¢ are
hi ghl'y pol ynor phi cgand are inheri teé'i n ge’h%?lgﬁﬁﬁlgcﬁg%ﬁ?gﬁﬁgwﬁ% gi vi ng
t hem ut i | i(ByPhsnayalnehecusadr Heres the pedificitynifshotyping dystensis patt bf the ®BCRiear t he

HLA were a . rtin.et al.. See Fi e.7. for PCR priners
used to tsréagﬁgﬁ'ce ﬁﬁl?%%ﬁ@%ﬂ%@%@ E‘fﬁrattﬂ élpl,p&lgf ?pgf”é’g %@118]8§%§ﬂ9ﬁ ed

accor di ng compiitelg matdHed pgitnerehvHESKnbi T c1BNIBLEIME O tHel TR rdib S8 ALRAY | T €S
and cert ai LA al |l el es suggests that these mcrosatellites may predict
HLA typi ndﬂeﬂgﬁoﬂ%ﬂu&l%%r% gelepleciiophorpsig apdrgnsgiuimigatiome 2005 WO

02/ 057429 PCT/ (021001 B QU & FRR Tt Bk shheriifli] uf S 07 2N

the relative position o m crosa
- 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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D. Method For Selecting Genotype In certain instances, it i %éaglry to
select for the presence of a target genotype. As not ed ab target"”
genot ype iy bd)gs7g@nt ext of the present invention will beltcbl% BRLYPe
that ‘is the non-mutant or "normal"” form i.e., the genetic sequence t hat
is not linked to pathology. Thus, in those instances wherein the germcell
donor is aLfected wi.ith or is_a carrier for, a genetically |inked di sease or
di sor der, SPeW§ 3 MR OE KL Al %@@T?%W&WWWFPB%E?PP@?CH | system
arising fmmogﬁg]ﬁhes_donor honmozygous post-neiosis | diploid germcell and
sel ect only those popul ations carrying the desired target genotype. Those
popul ati ons carryl ng the nmutant genotype should be elimnated from further

devel opnent . al | ch.d r.gecmcells is diploid and honbzygous for a
particul ar hapl typm@%mm on of cells arising therefrom
(i.e., the m t gk b&taheinsieabdsOn lmec@eagrta@.aeéﬂf&iheq;r&k;ﬁued)fa%gucel' system
and the stenplasm system Wl geneous y carry one hapl 6type or the

ot her, - noEendipph . Astheiedabave, Tﬂilﬁ‘@l’&@usg@@bmﬁmﬂwoﬁtﬂﬂ efgbaprenenit he genetic

constltutl g0QLY PE opLalon begin with the
extractiof o ﬂéngvégp ﬁlaygené)gﬁ)gtlaélsethﬁflg - é’fgmra’é‘ﬁot}%’ Br nRNA) from
whi ch cDNgeneie sbguesies thaeid nof lisltedao pam@rog§e Thag, |11Y thoS@lnktandddevieadiRliR | S
typically anpll{led usi ng techniques such as and cloned to derive a

partial oRCERRHI daner isaftacied wifh g3iga parrierfx algeﬁﬁtéﬁﬁ;l}’é%e‘l Hesper screened

for the f sly,
those. popararitgt ack il 8 fBhy @b oBHGRE o FERH BACRY HRLHASRAIFILAE V1
devel opnedbnonhmmygmmt]mshmgsm Iﬁé1pmmﬂgatm seltjaehsedect onlg thost bapulativish i s

associ at ed vvlth wi || ellmnted The genetic nutation nay be
i ik the

detected G4 w?&épe thFezl? 5\“@8%4‘&6%& FRHERTSFBOYBYt not
limted t@holﬂ&be B%ﬁﬁteﬁ%ﬂiﬁ%ﬂﬁgde% m@x@'R@c?a?lesa%ﬁ eﬁﬂcegﬁ‘?, genetic
markers. The resul ting sequence can be autonafi caI y sctanne or the
presence dipleifandhomnrygous fqrragmtw(uiaréaplo‘mpcrrﬁh)ls seduspukation 6f 2dlsJu ne 2005

Pl of 0 a8 SRR oy RURKS FRUFDOR oL SRR TRl 7

f ragnment s and #iisteaipl¥emt é}%mn@%ﬂfﬂoﬁldg%oﬂély%ﬁ ot haplytyp@6E£ihk ofhet | AVages  or
synt hesi zed by DNA pol ynerases, using a gel, such ‘as a pol yacryl am de gel .

Exanpl es BPﬂ’g | - based sequenci ng techni ques include, but are not limted
to, Maxam

There are numerous techniques for assaying the genetic constitution or
“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,
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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G | bert sequencing (also called the chem cal degradation g&%hod% 286? Sanger
sequencing (also called the chain term nation or di deoxy H'HB :
gy 74: 560-

Maxam G | as hygespdenci ng (Maxamet. al., Proc. Natl. Acad'PC%f[iSOZI
564, 1977, i1ncorporated by reference herein) uses chemcals to cleave DNA

at specific bases, resulting in fragnments of different |lengths. A
refinenment to the Maxam G | bert nethod known as mul ti pl ex sequenci ng

enabl es investigatork to Q¢ldbased Seqsneing0 cl ones on a single DNA

sequenci ng gel . r ncing. (Sanger .et. al Proc., Natl. .Acad. Sci .
USA 74 5463- 5469&? m%‘?@%@é‘ﬂ?&?%“ﬁ%&”%ﬁ“ﬁ%& iplnd irvebies ihe SePRFEPR S usi ng
an enzynatthe DN Gegmests. iopicalntro@sicA6mRNANANG N O by efific cRAGAdRs 1 N four
di fferent regﬁtﬁ]i Qns, sﬁﬁ pi ngmfrhesgDNA replication at;@[)%’si_t icons oé(??:upi ed by
one of t hePirguthesizaddy olYesragrs: wsing mBelgsuches apelyarianjde gelgment

| engt hs.  MeeaiBi&d dripel-basel SequRRYRE techhilyh & inPb ' b _hested
DNA fragments ar 5% oduced. Bot ter‘r;Et Tgﬁgm%gg%gte%éﬁlge ge?d{g?lé/{:a%{%%phoresi S
produces Veilert seijgincingyolsa ciltod the phenaicalalegradhtiddNActiod)eridl Lmgereven fragnent s

that differ in si b a.sjngle .nucleqtide can_be resol ved. Al nost
all steps TRRE g%%éﬂ@ﬁ%%@%{qﬁ‘gﬂ?m%% S%Yéﬁ?tgﬁ@t ed. Certain known
di sease genes %&dﬁ@@&@ﬂ@%@ﬁcﬁ@ma&ﬁﬁ*éﬂ%}!.%@.ﬁ\latﬁ%cﬁ&gﬁb‘ly@ézk@’g?56@-api | lary

and ultrathin el ectrophoresis to increase fragnent separation rate and use

of resonar®d, Y ingpTperatedscrefaencshierain) uses demisalsityl dedve ANAat smbifics. 2.

Non GCel - B I | No -»bas sequenci ng techno | es...which aim
to incr eag)ggéelf ?@dﬁg%ﬂ%}ne@%\%ﬁ@g&e f%&g@go‘g r%%le{”ﬂgﬁ?e @%%T%‘g’eﬁte used.
These t ecahabkmsvr mhmdpiehueqmeinF@hablbd #ivéstidato 10 %ﬂal?ﬂ%‘@d%‘&ﬁﬂb

fl uorescence detection _of individual |abeled bases in flow cytonetry; (b)

direct re&diH5gone single BNAsequensimigcgelon a DNA strand with the use of

Zpout onet e Sel o EPLihEE R 0,950 308! A SE) 1 800ARSHE, SH67

hybri di zatlP@" iheorpératet] byaefetence hereinl) thvebics dsiag ah chay@vMicyrentanedo 27 29 June
2005 WD 02/ 0574 / US02/ 00107, Sequencing by hyhbridization (SBH) can be
appl i ed téy’ftﬁ@@%s@%mmio SRS léﬁgthé%f%élf%‘é%fﬁé‘?ﬁsiﬂws 8ieEPBE thePNADNA
sanpl es i Redicy i R fale!cTe) EBE!' ations in
DNA di agno?s%cpgiﬁ{%tg?’ g%?iﬁ%%‘%h‘éfﬁg%gé’r?g%%hﬁgf’ng. %h‘[’gmgﬁ%% magrge ﬂe% to

i denti fy mesuliingdiagmentlsogthsbl e for genetic disorders and ot her

Maxam-Gilbert and Sanger, differ primarily in the way the nested DNA

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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traits, to assess biodiversity and to produce many ot her tége@ % ta
dependent on DNA sequence. There are several approaches f 8§ 8 Ci ng by
hybri di zatw@ms?Bd) . |n SBH Format 1, DNA sanples are ar rpgyiggkeafghob abel ed
probes are hybridized with the sanples. Replica nenbranes wth the sane
sets of sanple DNAs may be used for parallel scoring of several probes
and/ or probes rrgé/ be,rm{%tb' pl exed. Techni ques for_  arraying and

hybri di zati on oP*IBRICIRS Ry helndzationdSBIY) ean hecappliadiosthg eHioj@it]  devel oped.
Each arr ay;qomyidi8os &M %rﬁy ' LS: € i aldl fi.chent for
bat ch proclessi ng ?arge&%& er%‘s%e][@?éoﬁgﬁl\?gﬁnp%%ﬁ i%?#&%h&xog{?%g'ecgﬁare
arrayed anprosedueadluisenhuPidfphicativne irf DN@ndagnoistics, foraisiad] arldzene niappingritayed
probes. In.this case,, the canpl ete sequen f one fragpent _nmpy be

det er mi ned® P BHAY @? Rerdiig "ﬁ%ﬂpa% I?gﬁqnﬁﬁ??er éég?liﬁ'&lﬁéhwf{qlis uieother ayed
probes.  F@gits RIHIQRS biddivAEET anBN piodRRAL thérft?% HFRIaRld tide array
may be reused. In a vari adr:?ragf Format 2, %?\IA an %ors %’rdgggfﬁé%fgg and

| i gati on iBNds#gquansedet erni ne ol i gosequences present at the end of the

target DNA. | n .Jror wo._ set robes are used. .On t ein the
form of arrays ﬁ%ﬁgggﬁgﬁ{élﬁppf%%s q %QPechlg&yﬁtny’Hﬁf@u%&ﬁ@e F'an%pgt es. In
this case, Féraag8DXNAamphd afoirayle ah@eked probas Sethybiidizendim e | abel ed
probe are add&d to the arrayed set of probes. |[|f oOne attached probe and

one | abel SoRemMise menhypies with the sune sriziel spmpie PhAsmaasyes usedfex, t hey are
coval ent| y,.l ' £\ | ong .t e. scored. The
process al a%%ﬁ‘%ﬁ%@gﬁ%%ﬁ%&%ﬁggﬁg ?Saﬁéﬁr?é%%ﬁmé’?egﬁd'aﬂcc P%ﬁfrr bacteri al
genone, Wi drtayirg dotilhybridichtion oRDNA. sanmplds en tip ed@smelnbiands gictwelnal detail s on
SBH, see U, S., P s. 5,503,980, ,5, 683,881, and . 6,025,136, .incorporated
by ref ererﬂ,ﬁé'e]ﬁggatefﬁﬁ!c\f’?%@’ ey Be penspd many fimes fogpat 1 is espesiadiyefficientifen | 135:
303- 307 198%Hh 48 o a Anal . Bi ochem, 169, 1-25, 1988,
Syvanen, A. C. ,%I\;SEdi c%llh%i %'@333@5%5, 3131%5-6\324 1986; and Lehrach, H, et al.,
Genone Anal ysils SBH Faandt 2, pibbedgre nhveyaiomt ardstelaf DWA eimpde faghdnt is

I ncor por at,ed .h» ference . hereip. .28 29 June 2005 WO 02/057429

pCT/ USo2; 48 teed B R ARRY o AP Re FLttisdingh fe Ramiar Scoubtierd 08 G4aMERs ¢ hat
corr el at e thay bR HeRIG6m AfmaiR8s s 1 Blialzati GERE RS YRS Re atfbdpfotised to
detect the presence of a nutant or normal gene.

For sequencing other DNA fragments, the same oligonucleotide array may be reused.

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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Exanpl es of genetic markers useful in the context of the prgs nghgélention
I nclude, but are not limted to, sequence tagged sites (S s“ga, S
sequences whigdosa§® standard markers for physical mappi ng,pcAskoSssoesSsed
sequence tags (ESTs), unique markers for identifying expresseg genes.
These markers provide a neans of rapidly identifying nobst human genes.
O her applications of the EST approach include determning |ocations of
genes al ong chronpsches daehetiddarkérgi ng codi ng regions in genonic

e

sequences. GenetC.: th .eatest .util.ity when they.are highl
heritabl o, mi f‘.g‘%n%%P?‘{aF%% Sﬁﬁ‘ﬁ%‘lﬁ‘ﬁﬁ?"'gH??E%%?teé%h’&ﬁ\{%“’r‘éer?fér i gy
heritabl e deaesumendd)ei bahdedltedeteditie stedetabNesubyt bidrmdCEeel | de sequence

of DNA, I ch isql}igghl conserved from one ?eneratio_n to the next, and the
det ect | on HRTASIH Eanstla markes uselal indhe eapiex of the prepenyigventioninghedenbi: .

Mar kers hayensiltikdd 6. &quslce ' | @D ss, rare,
geneti cal | y-lslt abl e nuiﬁqi ons%?%ggﬁﬁeﬁgggﬁgh%}g’? %ﬁ?‘%ﬂ#}g&ng nagﬁtglﬁ&#gci ar ose
and were mirkemsdonpitysital eppind) ahd expressed sdguems tagsqES Tw), uhiqoé harkeexi sti ng
all el es. The. hi conserved ture of DNA conmbined with the rare
occu_rrencet}&b]fie]% _Hygeexﬁﬁe_tsﬁet TS POREGERIPYC® Adpens ng{agldg@d@g?ﬁm.g _
predi ct ablifosh Remeh §&@sN IMBer@bpRiatibsy Sthe BSTAbYBESh inblNAe Hbﬂaﬂﬁhgarg' nting 1s a
broad term used to designate nethods for assessing sequence differences in
DNA i sol atleitipnued geies algsg sivomosemessing idenbifyiog apding regidrisen genossience of

mar ker DNA,| ng@SrrpI es of isolated DNA. Typically, DNA fingerprinting is
used to anal'yze“and conpare DNA from di fferent species of organi sms or DNA
from di ff er ent Gendiivirddedrshavk théﬁge&aﬂ&ﬁﬁ@ewh&&hﬁ%ﬁ e8¢@ble] il ences
detected by _ fingerprinting are referred to_ as A pol ynor phi sns. The
presence &Helic, n“@éﬁ%ﬁv?’gﬁt geretiqmarkest aye highiy keriteble benausatheie allded ndi cat e

or g n of yakfuiftd €} e e Rt bl BPONEC Wit i e s 0" ©
vents | n the canome. My aeast o nar Kor Cochng, oalcs are Sdaptabe to |
fingerpri WW@B“?@W@ ﬁa‘%é@‘cﬂﬁpf?ﬁﬂsf?s g?%@&??e ] ﬂlﬁ@%@lﬂlﬁow Wﬁsﬁipsm%% ( RFLP)
Cont or mat 1oactoalty SBble s SRENeh svqpefecd Wi matRg dog) ;RS BAEyBAL 271,
02/ 057429 desmhinged/theuel thefeperatidizt dlongAwidld othSeexistlgAleRs 1 $TEORiEER3, 1983;
Oita ot gl BNOMCE B4 B1010800 1 orpl il ed, T agrEnt . | not

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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Aci ds Res. 23:4407-4414, 1995); mcrosatellite or singl e-s?ggg C8phepeat
(SSR) (Weber, J. L. et al., Am J. Hum GCenet. 44:388-396 ?;

rapi d- anplyd hggk74490! ynorphic DNA (RAPD) (Wl liams et al., Jigehbeornsi ds
Res. 18:6531-6535 1990); sequence tagged site (STS) (O son et al., Science
245: 1434- 1435, 1989); genetic-bit analysis (GBA) (N kiforov et al.,

Nucl eic Acid A 22:4167-4 , nal el e- cific palynerase chain
reacti on fﬁggﬁ,&%ﬁfpéaﬁb%mgt}s%fs_ﬁﬁsgé-i?@,p é%ﬂ@i%ﬂ&%ﬂ%ﬁéus, 1989 ,
Newt on et ; H ' RS N ha = efW1C -ansl ati on
PCR (e.qg. ,w'?_éggl\?hzjﬁiﬁhﬁ%d(oﬁeéﬁeet aﬁth,lgoliﬁglg%i C A@%%I%ggés etgdll':’ ?l?g%é%él 766,

1993) ; andAeifls Bpe 23540V Hte4.rhpap); aiierasdtellite(oxSiglq-seanbnneaepeat ASR) Nucl ei ¢

Aci ds Res. : - 7, 79 | don . Jin. Ch 39(4):718-719
1g|93)s. EZCW%fei?ﬁg' éﬁb\%ﬁﬁo%ﬁ %ﬁ%%g§%ﬁgé%9§8gﬁf}8ﬂg{1@§@89 r (ef )er ence
herein. Ki hicAPRAARA PARL(RVidlidds)es o, Mhlictei6 ABRRdsal 4: ' ;e.g.,
f(ra(r)(r?I nPer Llfoﬁﬂfé?nr?er plied B:-(oslyst ens (Fost elr G t;/I,cdSCg ??‘g;l@jlggllryg.g&anp?e,
the rest riSeHPDNe A2BEE RGO TS Hglsen pialy Reienas 245 IURAIMES + I98RNisguaticehip| oy's
restricti ; C{'N?S ' e i ration of the

di Zeslt edI %Nﬁ%\ y)(ggﬁ‘) e e?tﬂr)‘gghag'f esi's ,c %ﬁ% ﬁ%??%?‘%?f‘ ?@Sﬁﬁggﬁf Elgélg"

si ze- separspediic pblémerask chainpesciién CASPOR y(Gibbestal. duéleieotdiResDi f f erences in

he size of jction f i ch Lynucl eot | b
bi nds. rof 11T S R0 VPR R Nedetonpeida i 43505 2ol 15585 ik o o
See Tanks Itﬁylsla&bﬂpew(e@.,g%m%h?fﬁj £0ds & APl RO A 1OSndhYa7ahet ef ence

herein. PCR-based fingerprinting methods resu e generation of a

| ar ge nuntd@P3)end plgle-cpenifivhybridiation (SN (Walltdcespalsi NudeisismdsRest can be

i Suar 1 7o HBERRAILSS Sdondt RiGE CBeRs o AET B LRI SRt 2 on
of the si bboﬁ@ﬁ@té@hﬁiélefsra?@ﬂiB?Fﬁra'teﬂt@rfr%ﬁ,@érfégh@felﬂ?er by direct
a

visualization, e.g., wth uorescent dye, by hybridization with a
pol ynucl eot i de ¥gisdBeRASD gid ABLR peaiyses aes compnertiallyavailablss eguditos duri ng PCR

20 et st s AIAOSEObl A ) PSR RS, el =0
anal ysi s; ftagnieaplengthaiojgharphibm (RPEP) fechnitji@bmployarRirictibs epiynidie degree of
byl ogencEHESTEt a7 DHs APIbSeSdpiie Foppaional haHiEssH S Gb R U ne. 2005 VO
020142 B oS JBELF -SARLASA 111 1
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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traits specific to particular genotypes (e.g., in crops or
I dentification and mapping of quantitative trait |oci ng.fuﬁﬁgﬁbfhe like.

For addi t maingdsdploai | s on genetic markers and techni ques fIQr Rggg%@%l, ng
genes w thout sequencing, see U S. Pat Nos. 6,141, 657, 5,683,8 and
6, 100, 030, all incorporated by reference herein. E. Met hods For Directed
Di fferentlatlawgf HS Cells HS cells can be induced to differentiate into

various t {98 coupercigl ysgim agnqyfurer ipp agker assistedeselostion phgraptic ( endoder m
mesoder m aid sFEAHERMTRG du'i‘.ﬁlg:éﬂétg}ges g il &ops bi z{ﬂlﬁlgﬂ) ti&’e{ntlﬁﬁtfbnéﬂ? nervous
prturtary g and

tissue, pancreatic islet cel ’bone” nar T ow, liver,
bl adder, an@pmgﬁqu@ntstgu@@tmalmn@m@@n@ﬂwlmeor therapeutic utility in

animals, inclu nma descri bed U. Pat ent | i cation .

09/ 997, 240 an?"ﬁ%%%ﬁ?*’g\?'] @ﬁ%ﬂ’éﬁm}f&ﬁﬁ’? kTS BJH’S %@m&wﬁr@fA&%nge%s fully
i ncor por atveithday seqieiciig RECUIRS Pet Nos. @11 9577 4,688,880, bhe6abb, 096 all
differentiation techniques, particul ar | y those devel oped

di f f er ent i1BGATRRTalEH bESelsEanre herain. enbryoni ¢ carci noma (terat ocarC| nonm)

cells, can induce a pluripotent HS cell to differentiate into a desired
type/ of ti ssue w thout undue experinentation. The pluripotent isolated HS
cells of the pmesentMéthydyEdrdiread igfecintiborestliRCels i nto sel ected tissues

for a variety erap utlcu InclTuding tThe 1n vitro culture of

di fferentiat edﬁs %‘“3 dﬁ&?f%@sdéﬁersm@@ ugwalwua@mé of assuewnmatmg

| pl ant at iRy, A1 I

t her apeuti cal | $EH|%?1 ?ﬂéé%l\t/%g ?mgﬁ%gﬁe%?b%‘}dﬁd%ﬁ@ ‘%‘Sir%#rngng‘ﬁen al for HS

f or mat i onhﬁutedﬂe,rﬁimbalr,tmmummsxtmepmmaavmkttaylls botid, bahé garrodw, post - nei osi s

| diploid es, 0. by on .t ha d oocytes:. in. mal es this may be
achi eved B&“ﬁ%@' gifg’fir %Yl olflag%&cﬂ?&é’ﬁm@e élﬁg}eﬁh%%@ﬁégwmmﬂ}emeﬁtﬂc “%Hér mat i ds,
or by transiifals) chREg Mk ek d&éansedlﬁﬂ B4 P&e@%%ﬁéﬁauoﬁéﬁb : g get hods

used for isolating and culturing ES cells can usé W|th HS
cells. Exénti)Uaﬁ'v yrpvisiond Ampdicatien $erial Noe60/B§3, P-Itﬂgﬁmﬂ;elma’poratedhy a, pp.

254- 262, ﬁgez £Qr exanpl e, Hogan et al. describe the optimal . culture
nmedi a as r7 ]:}e pH buf fered bi carbonate nedia, such as Dul becco's

modi f i ed Eagl e Onenkitict i theca@trﬁmﬂelemaaioﬂqmqgeﬁ h}mg%se\de{raepefdurt her
suppl emrent.ed,. Wi t h g utam ne (2 31 29 June 200 6\0 02/ 057429 PCT/'US02/ 00107
tighion

mv), none&Felittprnti Efcqelis apdembryopic cagoincams Gerateasreinope) tellsyanor
induce a pluripotent HS cell to differentiate into a desired type/of tissue without undue

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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nonot hi ogl ycerol (0.15 mM), gentanycin (50 (err)g/m), 15%.seru g.
fetal bovine serum, and |eukem a inhibitory factor (LIF) .zgﬁsruﬂ?%ﬁffe of

trypsin aggp kMmN Ca /Myr - free phosphate buffered salpagagipe used
to detach cells fromtissue culture dishes and dissociate themfrom one
another. Stemcells are preferably cultured on a feeder cell layer in
medi um sup mented with LIF to provide factors that enhance the

prolifera DORESSERA) paine agids @rdanD emenseptaetbenal (@4 M) ost em cel | s.

Fi br obl ast, ' I SE.Lf I, oll ) 10 _nmouse
fibrobl astnz?mgg?éelyféﬁgp@i%f er ’e% 111@%?(5@@%(@’ %Zégeer Celer ;&Q%ﬁgﬁga be

m ¢ ot i cal Isprim)aend loukeata hbitary SatordBIF)iA hiiveaityybsinGad BDTgRITE

radi ati on. ti opal types eeder cel]s may used or a feeder-free
system m_af %l'St be' E%@H%’B&? g\’flf%r_ﬂg 556‘?8%"% ugegyto deferh eilisfrouptisipe

pr epar at | qalraRdidies MedavefiOhet! Rith Sns bR S Slont LUt SR oG pr OVi ded by

Hogan et al., supra. Simlarly, nethods for iIsolating vidual col onies
of ES cel Icylturgd cardessist pefl layerdmmedivn supfplénodintedt withiidbRto providek faters sol at i on

and screeny f . be. appkied t.o,. HS cells. For exanpl e, Hogan et
al ., supr 21',1 aﬂg a&g%ﬁ%ﬁm&g&magga@gléemngﬁ?re?%?dgﬁt?ts H?Ft,’@rﬁ‘fpﬁues

i ncl udi ngFitiroblasty tpasiitul By raoeke by Bbroblastd ( ShdBTEAn &Rk WdYobliAts, S| Al €
wel l's of a culture dish using an automatic pipefttor and extraction and

transfer @ thgprrbsrrad fppdar splls. AegderseBnshoul be miteticsdly dmactivated.ysi n/ EDTA

using a s | ' te aft t tubing and a
nout hpi ectg.%ﬂlg{regggirlggﬁ%? Bgc%zg’eé&ra%a?%‘gﬂﬁd%gﬁ i ?lg A;%g%nnag S%S%S&L’ig?lﬂsg rapi d
t echni quesnaynued@R feEderfred system miyealdabgesedo Dediled Prdtasdls Hreh@sianal
anonal i es,, vials of a,nét oGk shoul? gg frozen and stored as soon as possible.
Met hods f Ot° BSFRAROnranddnaipignance 9T viablesipan el euliuresase rowideddy Hogaseh for ES
cells, anql_,rg@,grgge applied to HS cells. See, for exanple, Hogan, et al.,
supra, pp.283, setting forth a detailed protocol for freezing,

trypsini zi ng, pahilaty, methodd foriselsteididivifuahogibees 67 BSreelildnd exipdndings .

Met hods or differentiation of pluripotent cel]s ar I scussed, bel ow.
These net H%gaﬁrsél%ﬁ%@gi%‘ﬁ@(f ’E°oauf?§" Iggll.aﬁq)q ﬂ@[ﬁclﬁe}’% O%a%’gﬁa% haRrdiedde, | st
of et hodsTsf @ls A examiptd, MdeBdet 4, WiirR 0k 8Pt 27002415 dbRpbY SeiGeline HS cell's of

the present invention. The present myen?l on can be practiced using
di f f er ent isalation teshriguesinglvdg: the exirectiontand inansfed fratrypsidirridgolsy tmot reci t ed

her e, ' | e, _Hol | l.s Ti
To5: 101 100858 S AR E s Rt e i teclos 85 Burriar
PCTI US02/ 86d68-frypsizinized colony to a microdrop of trypsin/EDTA using a sterile, glass

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

147]

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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by reference herein) describes nethods for directing the di fgf reg@bgtion of
hemat opoi etic cells fromenbryonic stemcells in vitro that2 n@ﬁe dapt ed
to diffenembi@zgoHS cells. Furthernore, Doetschman et al .perhrias¥eloy EXP.
Mor phol . 87:27-45, 1985, incorporated by reference herein, suggests that
the withdrawal of |eukema inhihitory factor (LIF) fromES cells grown in
suspended culture results in the formation of cystic enbryoid bodies

cont ai ni ngYSEisERRCe bersiy despsibes mptheds fos direstingdhe didferantiaiecelophages. The

roductio f Q@J@ =1 I in I ls, mast

(F:)el l's, rra?#%‘ﬁ‘? S’@Eé’n elrnglt% ﬁirbg%éﬁ %%?4180 %]ﬂ% T o‘r%rél é“?ngléﬂ’??&#i‘g‘ﬂ& S0 been
descri bed differentiate HS, cell¥.| PartiendodépDbeschnidgivet lal., Brhliydh ExpoNVodfiL; Kel I er et
al, Ml. g‘igeéj gi % 13:473-486, 1993a; and Lieschke and Dunn, Exp.

Hemat ol . Z3-HAb gg,, nepgppeyated by gefrenghasingsuggpds bulthe Fatdparehetd by

ref erence |BfdegiiNinhibitoRe fotdd '@LIFP] EoW) ES c%ﬁgﬁ?ﬁ Q%ﬂ%xd&%uﬁ&e?&ﬁﬁ% g for use

with HS cells of the present Invention ue experinmentation. The
t echni quesheifosmatidnedf dygticChbeypiddiodjes Roatainitgablood Atands nfde up bIBA 96: 9797-

9802, 1999, i ted f herein. for efficient]y
di 1 er ent 1SRRGV ERiEReonaset T ipaustonasamsr PHOSRPYSHEHIE RERdEgn ol so

be adapt egehipsphils Smidtichlld, AR ciphaeRk hAd e%@hr&ﬁleceﬂgﬁﬁﬁﬂﬁtehfﬁéﬂﬁhésoﬂso bdekew se,
Dani, Cells Tissues Organs 165: 173-180, 1999 'incorporated by reference

herei n, deseribsdESes. pat, Woidesrand Keller, Blewel: 1 bl:25y26519%; Ksllemnetal, Meli pocyt es.

For exanpl . .€ l,d bodies an. earl.y,.s f their

di fferent i(getnl' %ﬁ?ﬁ'ﬁ%ﬁ%ﬁﬁgﬁﬁ %%%%gﬁ%f a?‘gpuﬁn%r ?IeB’éﬁqlo%’s%ﬁgﬁ‘ﬁ?m appears
to be |inkeds;teach affivhiotlareisdirsby ii{aﬁbmwu%rs/ réffer@t hedeln inghdiPentidtlf.er enti ati on
of stemcells into a variety of neuronal cells and neurons are described
by Okabe diesnmethpgdsmay begdapisg: foguseyish HS pelisof tha prrse dnveationyithetter ence
herein. Lik8W S&eritlefi®i&s! | -derived ol i godendrocytes and neurons having
particular use in treating injured spinal cords are described by MDonald
et al., Nature ThedéchnimyaeddesdribdbyiCho d&ANIPidscNahAx@iiesei USALBEa70MCce

herein. T hni ques n be adapted for use wth HS cells of the
present i ﬁgéﬁtlﬁ)gﬁ n q’PW& %ﬁﬂ%@néi @P%nnﬁﬁteéﬁ‘?lﬁﬁg HereptiamgE3edléssory cel |

lines, Sugﬁo%n%@g.séﬁeﬂfgﬁYﬁéﬁ%%gno i &gir hddpledqBoER vgig%f:h% Xells 1 1094

contenpl ated. See, for exanp Sci ence
(i ncor por af e rssentibwendivne Lilevdsan Danh el KispuaseDrghnsml 65; 113-080) 1999 2283- 2295,
1998 33 2 ?nci])gp%?atgg g)? refgl\gnge e?gn?afl d?e%crﬁacel_ laLrJr?e(%ﬁ(/)é) 8)% %foerentiating ES cells into
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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(incorporated by reference herein) that relate to erythroi ‘{’%elngg and
| ynphoid |ineages. Techniques for eliciting the differenti i HS
cells of twh@ormmsgntion into follicular cells, as well as WRuaGRbGR07Cel S
are al so contenpl ated. See, for exanple, Taylor et al., Cell 102: 451-361,
2000 (incorporated by reference herein). The expression of particul ar
regul atory, genes al so be used to direct differentiation. See, for
exanpl e, I-QHT%Brpé’Fat%ng refpreRs herein)ibal relatedo £ughroid, ameelaid ard bymaphowd | n.
Hemat ol .  13ie48ek: 483, 1997 (incorporated by reference herein), relating to
henat opoi eti c” genes. Li kew se, nuclear regulatory factors involved in

| i pi d et abol i skachniqu¢sufar elipiting the differéntiative of HS cel¥\66thé RRARG@r injo and

PPAR C/ EBP C,EBP . _Cl.EBP d_C/ EBP ,
5o be 1 1PEREEER IEr i mpdr A R el e o
adi pocyt esTayfiehal., [l 02s 45086 1 2000 @nstrhbratad bytefchfic BRERY TRE the

differentiation methods of the present "invention. Depending on the
function rfERgedon af pREewenpgulatery 2angs ay also bssed toydirediedifferentigtiomx pr essi on

of a gene L4 rerdLEf ar | Bd. ctin issya-specifi.c [
anti gens, %s’e%?(g}%n&nrélgng@éle{ﬁbﬁéqd?sdugﬁr%frﬁgﬁgﬁg% an%% aﬁlgfeggiﬁlmn@%p@ oét I onal
expr essi or3:467c48324 99 D(inaehporaiet bi ueletcnOsherein), Bylatfiy toRaiSoppitticalehes, f or
detecting.the differentigtion,k of HS cells., .Methods for jnducing

di f f er ent i-AKTGRE FrclepegHARTY fsiors gakred mdjpid metabolipmoinglidipgihus gt of

enbryoni c tppgg;gt(p [ |

di fferent i@?iﬁggﬁaof HS cg%g%?gggégygﬁgﬁh?%%ﬁg@q@gwg&g)@:@%@%el | s can
under go dimaycalsbeadiriggens efitearainabdifferenviatiornofyreadipaytes dnid adipatytes) sSuchct or s
known to rigger |l comm tnment and.differentiation into a desired cell
type or tif§°§?fg%%‘ﬁ§nﬁ!" Reilicy i g coniexie ?%E@Wag%@ﬁg?d? BepeseMe renoval
of grow higwratigns known to favor initiation of differentiation. Once these

factors are renoved fromthe nmedium the stemcells, grow ng in suspension
wi t hout feeder Repending pothe fundtiontnsedsd, Riffowmtiation mapby essdsdeddyes, within

whi ch des f all .three e ni.c. ger.m.| ayer.s can be found. The
presence g? %‘Z‘?ﬁ %{Ip esglgplofFligﬁ%%?g%%%@ﬁfe?eﬁga%%@gp@cmsggppag ¢ enhanced
t hrough supiieBEY elainfingtell BEtisthel emhvidgy, deétéétﬁ{gaﬁmﬁfo_%l dptgibar s and
chem cals. The resulting cell population wll then contain an increased
propor t i ofug¥asjon ghaymelynetiqn; of hipeny mpmmsisuitaide forsetesting e slifferomtiafions ol at ed.
See Edwar ¢ Hgtceﬂ%." Modem Trend., 74(1): 1-7, 2000 (incorporated by
reference herein) for a discussion of 34 29 June 2005

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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WO 02/ 057429 PCT/ US02/ 00107 pluripotent stemcells and th?'tng lﬁg% Q?
medi cine. Illustrative exanples of such differentiation co rol 8 ors
i ncl ude bwjogigs7iet |imted to cytokines, hornones, and ggldgdosasbat i Ng
factors such as LIF, GWCSF, SCF, IL-3, thyroid hornone (T3), stemcell
factor (SCF), fibroblast growh factor (FGF-2), platelet derived growh
factor (P , .ciliary neurqtrophic factor. While stinulating cytokines
such as G%%e%@w ﬁ@iﬁgﬂﬁﬁ?@% hown to pronmote differentiation
(see Keil F, etﬂlﬁ’étrativ@‘@ihm;%l@d BHisAbh diffehliafdtedhtro? . by

ory S? i ??%@trl(_)l %Q%géh{éﬁﬁ& B%%\%\ﬁgtt 0]

reference herein)), inhibi actors suc een s

mai nt ai n g to sptokings ihormorey {ES)elaefilstingfactoss sunklné T.BY, §MIGERd

pl uri pot e e.(Zandstra PW. e al Bl 96(4) . 1215- 22, 2000

i ncor por aigecc}‘s’ ?“%r @%@@ﬁ%‘ﬁ%ﬁ%ﬁ%@%ﬁﬁ %ctgbg%ﬂgsg'grﬂé@ﬁt ERBRHFST st i nul at e
the differBGE-H] ploRicdHertfideROBEBP DG cf '@B&M& hi¥¥adot. v §VhiRy 0geni tors
(van't Hof RJ, et al., FASEB J. 1997 Mar; 11(4):287- 53, 1997 i ncor por at ed
by ref er efEnyaingchipkinessuch as&SMeHh Kb wnd o3 hres besnshowen kmproniote

i nitiating.dactatr ®i tiati LAE2) 1 Prol acti.n_expression
inimortalized ?’&85%115%’%%?%&%5;% @’&St’gg?t@n%gé’?&@ﬁ&‘ f’%%mfageld%é’ont rolling

di f f er ent ireferenbe hérein))einbitdiors fictirOsuctlisk TEF 8 beah kBéwR fo Mbintdil AoMsecel | s
(Lopez- Fer Chem_ 275(28):21653-60, 2000

d J, | ., .J. Bi . [
i ncor por ateg’gl’rrlﬂie}’%‘f @?rére(éﬁi%elhé? g}ed#%fﬁr@%t@ie@tﬂ%qt%%@%ﬂﬁmﬁé& Br
( PDGF- AA, az.fﬁlooe@a@&@is.agmogﬁ%&g&a@a%&e&hsé ﬁé}éihgt me@qﬁ sCiliary
t yr Ol or none (0]

neur otrophic factor “and generate ¢l ones astrocytes
and ol i gbdemshosmyio emihthide differedtiatibn of Gecien deocladt fidd) thait patalide 1996

G £ £ ek ant PeESHlgrs (P AT, St RASERT 1557 et BuBRy S8 S tncsPoumed e ¢ he
cel |'s undeyqerftned Riremh, F@Nd hhiBsdnl BB#h t61hal 816Rboat inQRitaRk fabloffope

appropriate connections with host cells. Endogenous regul ation factors
| ocat ed i differentiation AspmaintaisingProlactiniéxpaession ieingpitalized GHET osllsof t he stem

cell into i cul. t of ifferentiated cel.l or tissye.

Al ternati \g(?aPTr é;”,%;%lggﬁggéo l%g‘ﬁ}?ﬂjrsaﬁg?r C&Pﬁ?@? it Ué?‘é’&ue%Pfgem ﬂ? WO i ssues
resul t frdiffséankebt pitlitey s&lsqDbpek-Fé@nidiez Ny aoder /Bis]. dhags, peri toneum  and
t he renal ca&rgul e, an, supra 183 to 184, for a detailed

See Hog: » PR- :
descri pti 8i@F)216358-68, 4AeY insesperaied hynisfarencatersin)pPlatadetledvedemomh ent i ati on
of plurip t CRIAl Saq ki Y gr eat
t her apeut %@%ﬁ?ﬁ%ﬁbn@nﬁcpﬁlsn@ ﬁ&g%§%%%%§+%hka@§enapu poses, or to
enhance t heurbiSoplat faetarand Heyroidthaktoms 03 pereeas siones sifasttbdytéseamids, or to
di rect patherd‘n 31_5 i
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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29 June 2005 WO 02/057429 PCT/ US02/ 00107 formation, indu[czgd to20
differentiate into endodermal progenitor cells by treatnen v\%upﬁ Pu? gh
doses of R¥o@indyenenbers of the transform ng growth fact gierieksesee@sfam |y
i ncl udi ng bone norphogenetic protein (BMWP)-2 (Pera and Herzfeld, Reprod.
Fert. Dev. 80:551-555 1998). Sone HS cell |ines can also be induced to
differentiate jn  distinct_culture systens._ For exanple, non-neural

di f f er ent i {9TmaSionRAUGR tp diffirentiagy inta dadermal progenitar sallsdnatreaiment myitha)

(Andr ews, O3 A - Hody Srmift t ffically
trigger di erogﬁ%l ati (j:)og%?nto %egsrg(?f)e %ﬁ%ﬁgr w@%@%%ﬁ%&%}jﬁﬁ%’%gers et
at., Ml . iBiluodingboie m8rph8geribfi6 piddda (BMBRYParaanttlcetfldcRepodiFegian i nduce

cartil age .and in viyo, .but BMP nessages-are.al so, expressed in
nmany no%- I%‘?Yn§&8$§§géi¥\§$n§m’&i%§“dém_ﬁﬂ?ﬂ@oﬁ%g‘%il??ﬂﬁidll&?rﬁmaitec’!%es and
central nNeXyRUEcuRURS SRlems! Tk ERtkHE rdnReal ejhffe_féﬁ'ﬁﬁti?xlp?@?&é inGREFHYMENt and

differentiation. F. Prophylactic and Therapeutic U | es One enhbodi nent
of the pr dsennethyloembisanstanside (MMBAYdAofiregrsodPHES ted:1158-468 1998)s BIMB-2t hat may

be transpl gn i.nto an.atfected rson.for the.treatnent of. di seases

"hcl ud ng Bape st Srddny3HER e SRpno oy Bl Rt BuISYRE o1 ogi cal
or  neur oqREgASEMEIL], MolOBREESES3: 18- RIBINY. BN P4 ak&MoRiRlcS BAESnSndudaOt her
cosnetic application of the present invention is skin grafts for hair

r epl acenefrtdagg/apd banegiowih itvivahyl BhH messagesiase alep pxprespd ianamydisted t o
differenti ! . ks t | g ' [ | three
germ | ayerb ghfg%sg%%éz}r{%ﬁ&@gg%& e&%ﬁg g%]a{ff ié%f%@(i%%@&%%ﬁ%&%ﬁ? yrrs]rt1eo > limted
to skin, haicatingempivotsl rolesinell coramditeat el difeehtigtédn. S, bone, bone marrow,
pituitary gland, liver, bladder, and other tissues having diagnostic or
therapeutic utility in animals, including humans as described in U S

Pat ent Applicati | L240-.and U S. Provisional Application
Serial No. 60/ 25?9% 2t and 9 tlg‘ﬂﬁﬂﬂﬁyprovi des a nethod of treating
a di sorder or @hseadedinaitof theyprepemanedntion is 4 metiodwf grovwing veltsrand sui t abl e

repl acenment cell oups qf cells, tissues or . organs fromj.sol ated HS
cgalol s Wt WSWEE?EWQ%QEP@MG?%% fe i P@ésr%tf%é‘ tre@enbgrl;&@@se&i recting
di f f er ent iisdhidaf Bt o lihStell o ﬁér%&it&j?,dr%erli’dﬁbrcﬂse%&, RpA6ELAG: 1 N the

preceding section, and in US Patent Application Serial”No. 09/997, 240, and
U.S. ProW#pwpdegsneraps fliseases iradmatiainiuiss a6d ca®8erso 48101186 codnglisne 2005

application of the present invention is skin grafts for hair replacement 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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WO 02/ 057429 PCT/ US02/ 00107 Il lustrative disorders and di sxégs‘@ s%%gs
I ncl ude but are not limted to traumatic injury (e.g., post- P& repair
and reconsfo upés7en, for linb replacenent, spinal cord injpdpyusobdé@e. and
the like) and -birth defects; pathol ogical and malignant conditions of the
cells, tissues, and organs (e.g., cancer); and degenerative and congenital
di seases of the cells and tissues of the nuscles (e. ? ., cystic fibrosis, -
muscul ar dyst r sisirativadigerders apd digease stetss, inglede g arenay Iimitad 3o rrwraatics |

Par ki nson uﬂp@ LR . ' | i . bl.i-ndn and
nyopat hy, ugt e %s’rcﬁd g%m S %ﬁ%ﬁo fg?c))%s{rggﬂg%l{]g&vﬂéxé%ﬁ)gap &gg%d%pthagﬁgx?ds enzyme
def i ci encigarys budns zemdCholiice) andl bisthatefectsg pathblvgivahamddailigbsrwnésioasieh as

di abetes),, and connective tissues (e.g.,.immune conditions and anem a).
Hs- der i vedPe E8FUSSUs ARG Agansde gu gansen)g i deganative andsonegmitabiisesses ofubj ect
I n need, Lk ad ' ' , : | rently,
gene t herapy .f_ora&% ﬁ%ﬂﬁﬁﬁeﬁgﬁc 1%%2’%%‘?‘% %Slg’ﬂgg%gghﬁgﬁh%’tc a::rI much
success. Tesidons).qemesye.g.e dddheindrty Patkirspn’shandmosltipksisglei dsisd,apithélaiong t he

inability o.pl ace narnal into.a patient's cells such that, it is
stably ingeé%’r %ﬁ'?e E’%tsna'd](21 WP@?@@E@"%AW@F&@P T Stenalic va 35&8?,@ P2% her apy
may be t oendyaidifRibneied bud@TRbIg’s dB6AS; AHoREbRSdcicklies SR ALY, Where
T-cells with normal DNA have been transplanted into patients to treat

severe cofiPeied, imhennsedivedisaise (e.gi amuee ¢ditiops andanemipn dI8-HeriveDA
deficienc . I f here {s that the correct T-cells are
pri med fg?ﬁ%a%ﬁ;? S%;%e “?{YSD% %&Sgﬂot%%gag%ﬁa@%%%aa %ﬁlﬁcémrl%?ﬁ &Tof" P response
cannot betldenbjeeids own dondriigateriatet anot her probl em faced by current
application of %%ge therapy, is that the product or the exact function of

the nutant genEUFEYh sengbicrRy fer the tregimeniaidiereditagy; diteasss heapothadol ve an
entire cagpefeudbss A8 e iﬁ%&g&%&@ f8¥ ﬁ%s e hodt § %@E&:@ t;ﬁgﬂla?)% f ent

i nvention provides a means to bypass de’ concerms. exanpl e
in the commpate wirmSODNAnayo dpatientine¢llsantiethat it iostile iegpratedatid ow of t he

pati ent such that, l.ocal .endogenous factors derive an entire range of T- and
B-cel | s. ©“}REESE ‘3‘#8%85@1@0 Teptapsment thyrapy mapy bg oo t%@@dﬁggﬁé‘ﬁﬁ%ul d not

be an i ssygeh@hiRoRd 1H81 theﬁw,wawmeﬁ@wiiﬂmﬂaﬁﬁélqmm{ab?beﬁ%@%@d
ful genet | | Sseases

Simlarly, HS cells may be useful for the treatnent o _
t hat ar e W4uBitnistofeataevenssomhined impwnodéfivieacyidissisedSGHNe inchrdiegibe or t he

absence o n .. For.examnl e,. currentl he trea nt. of .

Phenyl ket %% fl%ﬁhﬁés%g RE %eip5?r1m?}? f?)cr‘?glliﬁedf él?‘/ﬁt q”FSW\e‘% ﬁgceﬁll[s ate j5imedhe
patient, f8ohlyonenfpd GMNintidee Ind @ whdl@HES L iIRRNRIRAYIRnSLAMh 61 defive@nvert it
to tyrosine. Differentiated HS cells may be transplanted into these

patients Femgherudet anpthergsehlens daced by wirremapplication 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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29 June 2005 WO 02/057429 PCT/US02/00107 Simlarly, HS c Vﬁglf n%ogl nd
transplant applications in diseases |ike Haemophilia A &ne

di fferent ivap@slodimecel | s may produce a nissing gene productpcpigdmloye® otting
Factor VIII. Another enbodinent of the invention is a nethod of inducing HS
cells to differentiate by transpl antation in vivo, preferably in situ,

t her eby generatl ng. a _stenplasm wherein the cells undergo histologic and

f unct i onal Sl % cellimenting transplanhepnlisatignsiia diseaseniiecHrenephilia A, host

Gresi  Coo PRSI OO M50 S5l o SRR PR o7

differentiBacted VAHI | or tissue. Alternatively, groups of divergent

di fferenti ated eII E&’P or ues result fromstemcells transplanted to
t he hypoder ni s HWH’@B e%@“@ﬂ%lsraelﬁﬁﬂho‘éaf)@ép‘éngﬂws%d ot her

met hods al’cﬁfﬂgﬁﬁgﬁé @ 1dstationd: }Fﬁf&j n é}'Qt]m /997, 240, and
U.S. Provisional B? futh:%t I on Ser?gjb . H6)8/ 2%%’,’ %E%M% Lﬁ(r)“?pot ent

i sol at ed Hﬁmléhﬂlm Vdieralhehqmeﬁs andergmhistrlogin andifuneicnel dﬁéfere:hmfaﬁmmﬂ iated into
selectedt es in vive differentiati I n i nmun rom sed . ani mal
ol boved HyTH Sgmaptalk Sopnoffia uhed cuf Eiopehong TERBHGS BRGR REisd s | ¢
uses. And m’tﬁb&rdﬂ%ﬂﬁﬂ dlt% cﬁ@&r@dt% diffefoutibtibntst tRdlertlIcEA @16 Al aﬁicﬁﬁxr't}g) evitro
for purposes of stud di agnostics. G Depository of HLAt HS cells
HS cells OéﬁQSWarMSﬁW?IYDE@uHﬁf dheppget giféere ceéls donor HS
cell has HA 0, he eC| ient instead of
two, as %%h%eﬁ (Ea]s(rTl 82ygolgggé}%%ﬁgdﬁﬁ%&%@gﬁé%g?sgéc’de?g\lefe gﬁ‘ HPe 22

di f f er ent ahll fhefrendlvbp@ds)sThed@ antl bther @ethods ﬁ@ﬂb@ﬁbédm%@lﬁaft@ﬁent Cw anti gens

and 18 DR a ens., With such a lar number of pol ynorphjc. HLA
hapl otypeé‘:‘l’l’itl gW%NREQ%W?}MQ ﬂﬁd%r%;ﬂrﬁﬂﬁﬁ%@%@%mé 11ebNppi ent and a

donor is qgjdsg gdgfficult. In a best case scenario, such as when there is
| i nkage disequi’libriumand the presence of specific ethnic HLA hapl ot ypes,
t he chance of fﬁhﬁ@lm@oaemmldmd{mcylﬁmoﬂmmsmmeﬂudﬂmmamwbd n 1,000 to

one in sev m, | n the nme scenarjo, a one hapl of ype
mat ch cou e utaedintsteoied Hestes toitu e FAE CrOREIGR L PSR FORARIE N
hapl ot ypegninsa€oiMwdd vy i8b1atiéH of thé 'é.ﬂ&ﬁssue§ IR \fﬁﬁe%y% il 2@ ubdsl Qgum of

comon hapl ot\S/pe of around 172 for the Caucasia popu atiron 1nt e Uni ted
States). trHES cels eamlalsy hfeﬁrmltb@dtaaﬂe!rrfférﬁmmﬁdandfdm B8 purposes of study, or

diagnostics.

G. Depository of HLA typed HS cells
HS cells are homozygous and carry only one HLA haplotype. Thus, a donor
HS cell has only one HLA haplotype to be matched with the recipient instead of two,

as in heterozygous stem cells. As discussed above, there are 22 different HLA A
antigens, 42 different B antigens, 9 different Cw antigens and 18 DR antigens. With
such a large number of polymorphic HLA haplotypes, a complete match of two
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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to provide a depository or bank of HS cell populations th
I munohi styah egeLadel y match at | east one hapl otype carri ed gpypidadovpfual s in
the population at |arge. The depository needs only contain about 200

different HS cell lines, each having a distinct HLA hapl otype, to service
nost of the general .popul ation rovi de 1 munghi st oconpati bl e cells

. at (i.e., pro )
suit abl e fdsnors;of puiinla ethnicitiesgo pravide & deposiipgy a1 basvirof Hiesl tiony y
contents . . > aTte] :ﬁﬁ%rgg%& I t abase, to
facilitat ?@éﬁ%@?@%ﬁ%&g@%@m ngé §/°Ige?%@%l l oners Ifyalfngit?g&c{afshnégl%orI d. The
present i rpopnkaiiomaidaxpei dbs depovittiyabefoonly cadaiaiaboui200atifftrant % celbf

genot yped .honozygous stem.(HS) cells frommultiple nor. ldeally, the
donors wi es’ba‘é’f&glé"’r"é‘&& %a‘sﬁé‘i’t%ﬁ?ﬂogpﬁit% ﬁer&cgygm PF t89 gﬁﬁefﬂdl?l’w&g% del y
di ver gent ($.AprobiRliRintReSistod %ﬁﬂé’ée‘lls‘éﬁtibléfb?@raﬁﬁ)lﬁﬁfayed for the HLA

hapl ot ype an enot yfpe. Then are derived from'said donors by
mtotically actihegréfagediembedimentythegisnesitoposintents arsicatalogded lfai cxagplem cel | s
to devel op._nulti bl ast oc -1 ike es ach.of which contains an
iner  cer b ot B S HRC Ranots Hhibrrating Dy Rkt

i sol ati ng aréundehd ®ofil OThé PRs&f ivehash poMdes s thetidld! fof !&ﬁu&ﬁ%ﬁpbﬁﬂ@tﬂﬂ s to
create each of the HS cell lines, assaying the genotype of each said HS
i néﬁﬁflbé

cel | |i ne,of greptynedompmmgousstam (HE)cells Som mpkiplerdpnge thesdometsat ed wit h

each HS cel:lyl.i _— OV ; | furth iJlustrate
experi rren'siélhv‘t\ﬁ isglﬁctgg\%r Iﬁ&%%oan%gr? g{og lgﬁaaolr}g)[a%%%gg%rd gge geggﬁ&ﬁﬁ utility of
sel ect ed haplbtypes dTlandwdrawill thewbe hitayeddoethe HLA hysivtypeand gédongiégh they are
in no way | g tation of the teaching .or, disclosure of the present

i nvention Tg)gn?ganp grEypd-feomaispd dopone by mnifotisaliy agtiypidng dongs ReBXEEeYs St em Cel |

F ti nd.. F (i f (3L i . W] 2 ri ous
T ssues O fracios LirfbillpSaf Bl 8P nisls PRAR R s M A1 07 4
Deri vat i orwhoth ¢dBtadad drsinfhiercnellivivass (R that\ie hombsy douferya pesti@arAditiey at i on

ci gt - weelPHHTETBnERIE e Pisielted 1hbh 854 Mg Peaa Berolsipsraiesrael |
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HILA haplotype and genotype associated with each HS cell line generated.

The following examples further iltustrate experiments which have
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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pregnant mare's serum gonadotropin (PMS; PCCA, Houston, TXéZ%&Q@%— 1BX)),
and 5 N 100 (err)l of human chorioni c gonadotropin (HCG |g' ; . Loui s,

MO, ( C8554y0 02/4d7440 48 hours apart between the injections. peaybdalohr ee
oocytes were harvested about 17 hours after the HCG injection, and the

cunmul us was renoved by incubating the freshly obtained oocytes in a drop
(-3001') of hyal uronjdase (Sigme, HA272) diluted in M2 nedia (M/167, Sigm)
at final JBPEREREMAREISEArBT 2anagdoimepind EMB 0P Cohe Honsion, ST X OB IR) HBAES

buf fered | [ r ndl 1.ng: t . lwyat ed by

reatnont i 1OLA S HUE bl s Ehhip tacks eSE S ud BG4 B8Y oo

t enper at urveith 48 hdury spari tativesn the idjestiefls. IS¢vehtywaiabe soitdsiwdriERESedied f ered M2
re further subjected to_ incubation in 5 niv

medi a. The oogytes ] y
6- di net hylagﬁ‘ilﬁf?y o ghe Ipmpnieption, apd thesymalusiwasyemorddar BaHatBE buf f er ed

cul ture nagi gedhBl G5B g,agé : 0,@5@“] ter the
i ncubati on, ogsfl:_l)% es vv&ea(lrytga sshlggtdtr%r/%e t?%hsy% \?\A&? %ﬁ%fgsg%’zﬂ%ﬁi i ncubat ed
in a drop dofteis Mauiedia{NMVA67 Sigmn)pdt fimal comnénttatiohlofi6 Bong/atl- olléeedbgses

out of tné G PrihT R LR SSiEbane it ioaiiee | Oetaatittclers

then transtevaaiby QeamBhi Wil S M @él&iﬁﬁ%&fﬁhﬁwlzdgﬁﬁn%@% RbRitibie gd8bmee! !
| ayer and cultured for at least 15 days'in medi um (DVEM (G bco, Life

Technol ogit@Bperatigsciey five ainwes followod by BaskstwitleBEPES thatfered W mediar um
G bco, 1 : ) of -LI.F ' SG1106) | t | |
e For it SaR & tudhy SiBectRla fowtabin 5 G Sl g e ©°

t r ophobl aDMAR) (Sigine oD 62Y) as MIGHdarbdnkR-biERsabcdetomedia (Sipthial MJ297) t he
rocedure. Hatched bl astocyst-1like nmasses were

f eeder by tg(?e(ggl | owi qatp L )

first incabattddafuddabilor bowe Afgr the inpybation, eeeyien yweare rskrdithicton in stem
S . _ : a

Cyhocyt S 118 lcAE iheuntie 1P oo dftry g i bl ARSA0h it o0

Cheni cal , blasBogdlikkanassssalelelopedd t3 B@ays)f The blrices-Hkemessdsith@s with M
medi um the bl gstocyst-1ike nmasses were n incyhated w, th guinea pig
conpl enenfla%?‘iﬁg’dm Q}Fpgﬁwisﬁf@ EZmp S‘t%{jﬁiaﬂ ez&a%%‘?cé[ﬁ‘élﬂ@i@?ﬁs%‘iv?feACMOSl)
for 30 miutiBsRired Ila mi FPOR ¥ - then
washed 3 tines isn et he ]I%/quB@& um gﬁﬁgﬁugﬁgsgbfﬁgf%&%&?négo eﬁ(/:\if\ﬂrld-ec treated
muri ne emselured forfab badetr15 days in ES yedivito(DNIEM (@ibce,dlifaiFéchgologiest em cel |

i gh g1 oSSR Ylr AT, PdeVes) a0 she S bise it bR H0NP 64T bovi ne
serum (G heo BR) of LI iR BSE1 166) ¥ord¥em48l1 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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nonessential- amno acid stock (G bco-BRL) and 1,400 U nmnl 8 con,

ESGL106) . wdbgos7d days, inner cell mass-derived outgrow %Tf,@gogﬁglmand wer e
di ssociated into clunps by nmechanical dissociation with a mcropipette and

replated on nuri ne fibroblasts feeder in fresh stemcell medium
| ndi vi dual col onri mn% % uni form und| fferentiated m)r hol ogg wer e
i ndi vi duaFP‘iIC%Pé? gma), d vpmssenieal amieemd stark (G #00nt o

clunps, angnf190kERmictRN IR EhapP! | shed and expanded cultures wer e
passaged by 5 m gﬁt es cex osurga)?o Trypsi n/ EDTA sol ution (0.05% 0. 5%

G bco-BRL) f olAfiexdd days, ﬁmdrhdtmassl-damvieﬁngutgmﬁiheﬂﬁmadahdl weandisdociaedd st em
cell nedi um rine e fibroblasts feeder cells e purchased from
Stencel |, IYU S&?@ng’ag{fﬁfcfﬁff&@%‘@‘éﬁq ajnictopiRetigand Fepl %%‘gonfp&“ﬁi’t otically
i nhibit t %r&lﬁ@ﬂ@fee&&%%‘resl@ﬂ&n c@ﬁ’rﬂgﬂhﬁiﬁ Sﬂldﬁﬁdt‘é@&f)lbiﬁ%@%mﬁ%%ﬁﬂ Feeder
cells was treated with 5 m of 10g/m mtomycin-C (Sigma, M287) in

DVEM 10% ms@ffﬁé@luatﬁdanomh@omwenehn@mdueuw selecteﬂrlgammmp@wemecmm@nmr e then

washed wi 109% EBS t.h ol | edl si ni zati on
at 37C fordkggg%gér%g\(g Vi M&Plﬂﬁ?gn%’ SRS ot Grp ik ©10% FBS
medi um anqugéd byf ﬂﬁﬂﬁﬁt%@bsmﬁr@ﬂﬂf@@@hﬁ?ﬂl‘& sOhutibh 65059%/085% GieIBRIN- t r eat ed
cel | peII obt i ned was then resuspended in 15 m DVEM 10% FBS nmedi um

pl at ed on ﬁr‘aﬂ@ﬁ@soweﬁfr@ilsé@lﬁe@xﬁ@@ﬁglﬂmﬂmm and
Prcibat 20 ot KGN G0 ABICRT 1 B6her EIRTE pddchschi o) Qi Do 2. 005

Honozygous For a notype an 1e "C57/ DBA2
Hybrid M é@)ﬂ%}ganﬂpmlageﬂ?lﬁﬁﬁ@bh&bamsé mmtdﬂﬁaﬁytﬁﬁﬁﬁom feater 68IR} orgeneti c

o2 o o B 4 e e Sl et ©
propagat eehitdini-CUS i) n%%}i;s@g @Wm@eﬁﬂ%ﬂmﬁﬁﬂh %C%@&%*h ouke at

around passage 5 were | eta 1n 2 loc sequences of
PCR pri neffse@%feeﬁwlcsﬁs'\@emkhbﬁﬁhémmm mmo%asss tHGEtiAEA aﬁ@A GGA GGT

Conet i £s) ORBIRODETSI DA o S PR IO esoy BB FEAOTO T

genetic amMEM/$0% FBY ﬁ%%@nﬁ%’e’ntﬁh&}graﬁﬁﬁhﬁidobtrﬁm%f Kefiutel, TRUSE HS Cel I's
were as describe in exanip

mitomyecin-treated cell pellet obtamed was then resuspended in 15 ml DMEM/10%

FBS medium, plated on three 60-mm dishes (5 ml of cell suspension/dish), and

incubated at 37°C overnight before use.

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

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

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

(using D2mit42 microsatellite marker) of mouse HS cells were as describe in example
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"(I-E-beta) was performed by separating the PCR products 012 * .2‘_ all el es
using si ngy@oFissaed conformational pol ynorphi sm (SSCP) anglofsdspofdr @ ME

gel (FMC Bi oproducts). Results of genotyping and i munotypi ng o% {wo
representative HS cell lines derived from C57/DBA2 hybrid mce are shown in
Figures 9A-F, in which a C57/DBA2 nouse (Figure 9A), and her superovul ated
-oocyt es- dépi Vrearupetapingef 52 ((i-Edete swe perfEingpdrby sopyratogthe RER mpdedent at i ve

col on Fi 9 D fromtwo different HS cell |4 ar.e .shown. The
genot );p((e e gﬁ%ﬁ?% a@l%eggl%l&g S%@ﬁ%“@EFWPWmBWE%&%@%ﬁ% (Lane
1), HS celoh d MDE gkl (EMOBidprodass). RiSukedf gonbfiPng skl dReBdiypine oFwe
denonstrat ed. Exanpl e 1&0): Devel opnent C% Bl ast ocyst-Li ke Cel| Masses From
Human Di plrenresenagyg e 9m%ﬂ¢m@di%m EoV/ DR hhridnhice preshomm in FigoresThe
Extrusion T : L S rwent

down-r egulgg llq’ol%%vv%ﬁu @;&pgﬁﬁ)ﬁ’oﬁgigﬁg%@% % 9K$@%$8ﬁéﬁw%&g8%%égroﬁg@g%t I cal s,

Deer f i el d detivgd Hasdodybelikdnagses Fiktre OB) tndivwertpresaativacolonygFigatdsd at i on)

B b o B S Pk ol |
response. h}ﬁﬁﬁﬁotgb%‘ (Iggl?g@g’? 8PHeCofibr th&deLARY 1)l H§|cbﬁ fh@n (gﬁﬁ%ﬁ g were met,

a single 10, 00( human chori oni ¢ gonadotropi n Ser ono,
Profasi) wascelbidneh(lsamedddre adsedemansgatedi nal fol i cul ar aspiration was
performed approximately 36 hours after hCG adm nistration. Curmulus from
retrieved oocytes were renoved by exposing themto 80 N ml hyal uroni dase

for approgikmmprl iYc)3 Dsekpiat DPBlAWRstDike HEPESsRsHenatuhaBipidigbal fl uid

suppl enented w th I0% huimans Serum al bum n. ( HEPES-HTF- Hb/—\iz (TnVi'troCar e,

I nc., SanQockigsBydctivatierpFelinwed By The Rusvention i ThaFxirusiom Qf Bag i vati on, the
cunul us fﬁgﬁw oocytes were treated wiwth 5 M cal cium i onophore
(A23187, i =5 HTF-HSA for 5 mnutes at 33C foll owed by 3 washes
wi t h HEPES- HTFReiféleaivrdm dvnobaindesvdnd ddwh-fegufativ vétitetioliyé aggatopur i ne

(6-DVAP, Sigma) in NC-TWO (InVitroCare, 2008) :for 3 to 5 hours at 37C. The
acti vated %&A%h@maﬁ@{g’&alse}aewﬁelﬂcﬂmdmm@mn CORAGangelled, 2006) for
3 days, a : ki L0l C- : RO I ys for
el 1 a vi o e iR phGiRah P 1Py e b AR sH (50527 | o
wer e co- cGioherig theatnteht 8B osgesel F060dUétayde bidsice @nagpayprit@muliifollicular

“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 mitotic activation, the cumulus free mature M-I 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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performed under a m cromani pul ator under which a bl astocyst® MRe"Fhss was
cl anmped Wi{dp o430l di ng pipette (syringe suction system ﬁﬁ(ﬁéﬁ%m%li'e
mcro-needle filled with acidified tyrodes solution (Medi-Cult, 1060-0002)
at the 3 o'clock position is exposed to the enpty perivitelline space to
expel the acidified  tyrodes solution gently over a small (30 m crons) area

by hol di nd ¥eisteddatshingiwss neefoymed-ynsicsa pacromianipglager vpdeyvkich a blstoeyrt-
i dified ution . ced.. | iately . h0Si f th
Soha | 5 pillmBae Srad ot Ao FRREHINMIRAIREE pondS bl & AERHEC P 11

rel ease f moira-heedlecfillceneith acdified &frbdes sblution (efedi-Chit KBcoHHS2 e tieched from
e trophobl ast cel] s by

. ) f dtor, A AN
b T T TR RO e G
Accur ate %Hb&@hutio%%ﬁ&@éer a Sl GBuiidran R bfﬁ%ﬁ%@ﬁs ﬁHéHEnghéeéEﬁ hocyt es

(1:10 dilution in | ‘ Accur ate Chem cal’, for our at
37C. Aft erclagaéhihs zoha.eBxpulsies ofihe acidifieGtimerREsole tinumastdeasel limstediatedit - | | ke

mass was en . n at W th. LOMYTOX qui Lg conpl.enme 1: 10 dilution
R TVe TR AR R the e ingrpod g solghetl nB b BeoRrR e et s wour

conpl ementthdn reRh@r61f lthe WoA&AEd MHAEA RBEKa NG RE Ak SmbdsRebachS £HB zohd/C THREE
medi um and transferred to a mtomycin-C treated STO (ATCC) feeder cell

| ayer and T@GIUEQFEERTY Was PerPEaed to ferapymirerdablastastis by iubstingl thewess s nodi fi ed

Eagl e's | | I l.ation G.beqsB

suppl ement gt et Aen By DY T Bt Uiyt S ke Wl el AR RA ne, 0.1
mM - mer cN,dEBhéISeCDOG) grirnii-tithandpmphesitdsdll : 1amilntoa s VG THRER G bco- BRL)
and 1,400, Um LIF . gh mcon, ESGE 106). See Figure 10A. Exanple 1(d):
Devel opmlﬁccﬁataélp%@@é y§P891QQé°°rcme|h%§fé’€sCFMw MasRas thogs timepwithsi s |
Diploid B9RrRB 5’%&1 | ' QFWEH i O The
Se(e ondar %‘g} ar B% y A%%éeﬂgs %E@}sggqf? %@c%%ﬁ%}oce u?‘?ﬁ TI?;X

super ovul gwinea pigrooyilenemi(t:lodiitiormind CHEHRIER; €gdatiney €0405d) f@B30 cunul us

described,.i le 1(b), T lish mtoti tjvatign, th
Sl us. 1 FRBREeC\ThE SBBBlFRE e e S EBE Ot g e aRR S R B s o
sperm i NI¥CtTRRER &Sim bad & :M&P&h‘&ﬁﬁ&?ﬁ&@&@ﬂ%&?ﬁg;@& FpgEo! | owed by
g

i ncubation with 25 M cal ci umiononphore (A23187, Si or’5 mnutes at
33C. Oocyralblayet ingauditred;in stehi esllmeriem centistediof 80% Dhdbmsnolampdifieiar body and

becone hapl o h -hapl oi QQCV4t es re.incubated. in | VG ONE medi um
(InVitro c@?@“*q fr%e?ﬂ%n 1(16(} gug%g,slygtéélac%g%mulauon, Pialbcoc-jBiif) sup%l»s:mentegE

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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(InVitroCare) for 2 days for cell division and bl astocyst - e Eé‘) nmasses
f ormati on.wg@hgosysequent mani pul ations of the bl astocyst -pdi kg iBRS Were
as described in Exanple 1(b). Haploid oocytes resulting from actlvatlon
are able to self-replicate the| r genone w thout cytokinesis and give rise
to diploid cells (Taylor, et al., Hum Reprod. 9(12):2389-97 (1994);
Kauf man, Niher iggubgied in Jy CE‘HER@E (InVisepCarsbiop Balays 78 callidivion(and83) . See

Figures 1 X fer tlon O Such
0o T s OeyERNRIA il ofDES, Fhe ibremiord PiaripoRting SRt bBROR N oo
Cells HS dﬂdelxﬁamlmteee ﬁsaibséﬁbmllﬁ)lﬁﬂﬁhpl@ﬂﬁ(}' |Hdpﬁufr%§é3ﬁ§s ﬁ@lﬁﬁgsﬁémbed in

Exanpl el é were seeded on nouse feeder cells in 0.1%gelatin coated

di shes ( 1CRCHKgtioR a9alde Enselickeplicate.tei seneme wilbentsyipkinessaadgive TiBe 49 t o
| f
and 1 ol arRgldls CRIGPANYo A, M Rbda M2 LIRSS G4 kmERKTIE, D' oo

i nduce st airpl..ak EnfbhoyoleExp MorpBileTih2 465 (V088 SehFipubar0BsDed by sacrificing

the mice in the post-inplantation week 1, 3, 6, 9.5, 10.5, 11, 12, and 14.
Hal f of each stenplasmwas fixed in formalin for norphol ogi cal studies,

and the otm@m};jgi@ \WaSusk TRy €811 Geowtﬁ,oﬁlﬁé}ﬁnﬂﬂ%ﬁ@ﬁs%h H%*@é]ﬁggxﬁ% zation.
St enpl asm st ar eC o e orme ree. By

st agger i ng Embrysid Body FormitiondOf SuwhiElis ypes t hat

devel oped Wi t higf tudi ed. i dent i fied
herein were pro u?:éég%b%ﬁe% 8t°§¥sgr‘%fe SRS %@Sﬁﬁﬁ’ﬁimﬁgﬂ%’?ﬁ@

verified byerPsiRdbdsschoabd fbis calainysis geﬂtﬁﬁ%bht@@dlshéh (Eeeﬁal) HthGtedn - s upra.
To creat emfbrym d bodies(EB), HS cells on a 60nm di were first washed

with PBS diymyps dg Sc@%ﬁﬂﬂ*ﬂmﬁl (abliowolas f@é@aﬁimn added, and cells were
held at ate ol gfcif&?%jge? fvx% d s'sé/ d‘ﬁﬁb”ée%ral grﬁ%csga%% ﬁl%@l(s%%cllgr{m j@s then

added, and cells wer Scraper 00 rpm
for five mfmetmlqﬁtegoapaﬂés qielslhgbnﬁhﬂeemhﬁ@me&mm@snimﬁamﬁuwended in

5ml stem %g medi um out LIF, an he cel |l ,nunber was counted, Cells
wer e t hen SCEERIANBWELS e‘gﬁ"é beéFFélb(YrFaEﬁ‘ g\;heﬁmcp Paﬂlaﬁasw@manmng@e unc

| nternat | apel s, o1403911.30x 4 IWalfbe ot IAGARG ygre fed in
“stem cel | fedi’'um’f or %ere me C S C angEJcEIb every ?L\II}D days by
transferrmﬁgphtdbglsallsmdmeslﬁtdtheuﬁeshalﬁm%ﬁngpnahe@f)"ﬁfowmomecralares until the
Chen’tr orbhisferblrdth. SRt ioed rmEd 8% ViSiBle 3 Moulfl Vel e | S T
' 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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were al-lowed to aggregate into enbryoid bodies for further

di ff er ent i bpakradoxanpl e 1(f): Differentiation O Human Hpcgatdosndths hi n
Terat omasAnd The GCenetic Honobzygosity OF Such Differentiated Tissue.
Thirty-one teratomas were retrieved fromthe files of the Arnmed Forces
Institute of Pa Washi ngton, DC, and Departnent of Pathol ogy, New
York Uni \}’é?]got I\tgeh(andmer(: pHlowed to aggyegats %@Fﬁ%’&ﬂléboﬁm fer ent ki nds
of excl u3|fule]5éfdlfgérgﬁtpﬁlg%tlat ed tissue were found in twenty ovarian tunors
fromfermal e patients fferentiated tissue was found to be diploid as
confirmed by Fl SH anal ysis carried out in representative cases using

met hods kn n Lt to ch gnosones 3 and
8. Bet weer2 gL, 3 RN CERTPINAS, ¢

di fferent l@eﬁ@ﬁl:Hbﬁ% os @Shéhﬁ)?ffé‘r@nt?a‘(é&fh@srhetumrs from femal e patients
and four ‘WSTWMFWMS were identified and

sel ectivel y m dhit- Qmﬁtmwwmmmwaﬁlegeﬁhe iAcmaddloyess. | n each

case: o1 LOBENL AL S e I BB, o o

M cr odi sséﬁﬁv@ﬂty Nest eorReR YEDT L L) S@O&ﬂ&ﬁﬁf&ﬂeﬁﬂnﬂﬁﬁd§bf§i&§m%ﬁﬁ
deparaffir ed wi th xylene, ri nsed in ethanol from 100%to 80% briefly
st ai ned kRS iR Vereprnddp RNty avatien wawes ﬁmfwm@gw@eﬁm in TE

buf f er . Ttﬁﬁé&%nuﬁ}&fl&%%?ﬂ 81 Y8 36l O bR IG e aBlly il bt

m croscopi ¢ visualilzatron. From ea dhocasé areas of
di f f er ent ot msqﬂ'emhnfa‘twe eaes ating metiende kaewa irpthe bt, and aiple-ditcBrepretbs f or

O oo woreensP iRt TS, didhivast 3 o | pFisnaich atnt o vk Borsabe Sy y
r esuspende@gftdréht@fed tisbyd fodhd ﬁé&@%ﬁb&ﬁrﬁﬂ b i fentii gatfents]aglg 565%" -

et hyl enedi am ne tetraacetic aci H 8.0; 1% Tween
pr ot ei nas éeskculmwnmfeommmlﬂapatMtsavch?deﬁuﬁe@amd @lﬁctlvalyaucmdlsewtad was boi | ed

for 5 m nytes tiva ei_nase | ution
was used %8?“?96% %ﬁ‘?;tﬁﬁn@é? Flbaﬁp’%%) ]t%‘rF@ ]bf@&e’(gﬁa ﬁlée‘iﬁﬁu? ‘]nﬁtﬁgﬂer to
reliably elmwiwh&m%vgmoaﬁd undlffefehﬁatba ThduB as FARMAS Be gEné'ﬂNél;& hat were
avai l abl e_after mcrodissection, multiple different mcCrodissected tissue

sanpl es WBPIErOZMEAUzed with up to 14 distinct highly pol ynorphic 45
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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Jlé%?obé‘ncl udi ng

Dl S1646 and D1S243 (I p), D3S2452 (3p), D5S346 (5q), Drsi8 Ank- 1
(8p), DOSIWdod@Bhdze DOS303 (9q), Int-2 and PYGM (1 1q), | pi@PhoreP 175250
(179), CYP2D (22q), and AR (Xgq). Each PCR sanple contained 1.5 gl of

tenpl ate DNA as descri bed above, 10 pnol of each priner, 20 nnol each of
dATP, dCTP, DGIP, and DTTP, 15 nmM MyCl2, MJ Taq DNA pol ynerase, 0.05 ni

[ 32P] dCTP “igwegellity madkeys inglnding DNSHH49 @xtrblmﬂéﬂlpb,rbﬁpaflégﬂp)vbﬁ% of 10 1.

PCR was f ' : ' f I 0., anneal i ng

For 1'm O xnreRra il Ak L) B30 8 DhSSuigabant WRLRY g figf < e

mar ker) adBNAg2ppBA7RYSR(1 74} CYPID ()96 AR () End PEX bafifle@Bntamsd

conti nued fsor]réf m nutes. Labeled anplified DNA was m xed wi th an equal

vol une of Lok ?ﬁfﬁ@‘ate Ards deyeibed ghore; BY mmal efceack primaw. 2O mmol gagisnf,

br omophenglai . QP fype : I e ed for 5
T et 050 e Dae: an DI LY ML 0. [T AN T a8

(acryl anm ¢ePHGERA6Y0GET/denel} ah)l | 1dnd 16X daffeoiphdors eclunic oF3001VPERr 90

m nutes. After electro hgresis, the gels _can be transferred to 3 nm Wat man
paper anavaﬂPP’gﬁmeM 2UPYGFSA AN 5585 hedeiol sy appealingdarkmia OVAT fil m

(Eastman_(isadalng BAPASRKEDeroMY 55RO © adbhdifl SRl AbERehogat omous ti ssue

showi ng consi stent honozygosity of the sa e I nc m cr odi ssect ed
sanpl es ofxisudingeiliz2 dpfarledl searfhedinabextansibn wasr dontimgel fonb@inimees. Wi t h mar ker s

Ankl (t d, D1S164 tt | i i i n¢l uded
cont rol - LAPREL TR RN A Bl Wi el ane ot basP aPuUReting Ste 1 ound
to have (95%%ﬁﬁﬁﬁd&"QUW?Aﬁbb%%‘iorﬁaﬂiélnﬁFﬁﬂe,vﬂnﬁ@.Uggﬁ KfleSe | NL- 2,

D9S303, DIS1646, D352452, and Ankl) included sanpl es epl derm s,
sebaceousclfﬂﬂﬁﬁd, respiratory epithelium and glia. Normal ovarian tissue

was included a ntrol . 1o sueh .t unor jt . el i eved that Lelic
het er ozygosi tyg?]%gfé?f“‘ én% %?ﬁa‘ﬁ’ﬁgdjfoﬁistr?lﬁtaf g#"oifoailﬁiﬁbt? agﬁb@nglsg%?ﬁé‘yé nei osi s
| in ger maglangde @ti@imideibidaogeinide Y9N ans elebtrdpliokdsad bOTBOO ARHDN

I ndependent, events then |ead to progenitor cells with a postneiotic

genot ype. TANWes:  lter gleckionhorasis.ithe selo paicbedransfeaed te 3 mm pépert unor s

anal yzed. R, ARl EbERR AL A bR b K X O T IR S s
el ement s Kedsk, RockesteedNYhonozygous and heterozygous conponents were

det ect ed usi ng,mar ke S245 D3S303, CYP2D,. )
IResaLs, b?ffgrsent%ateg teratomous tissue showing consistent homozygosity of

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

In a subset of teratomas, differentiated teratomous tissue found to have
discordant homozygous alleles (analyzed with markers Int-2, D9S303, D1S1646, -
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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and testicular tissues were included as controls. Heterozy& dng P es were
det ect ed iy pizidoerenti ated ti ssue el ements including i Wogjﬁ?s‘gyanous
epithelium neural tissue (sonetimes from separate areas of neural tissue
Wi thin the sane tunor), cartilage, glandular structures, and nesenchyne.

Di fferentiat&%ﬂtissue el ements isolated fromthe sanme tunors by
mi crodi ss &8l LSl dNormal avpriag apd testisrdan tigsies wese inchisled asreonimiscer s.  Mat ur e

el ements t ' ' nd.. 1 ir. f.ollicle, and
mat ure sq t}ge?rénrggyég g |g %ﬁ%ﬁ%ﬁeﬁgﬁ%ﬁ ?Hrréré(gﬁ%ru 0 tr'ﬁlmé%%%r%gte %@P@d‘ﬁdﬁm% quanous
epi t hel i urimwiahire squangovs @pithdlinmg npural sstO(Pmctin®s fom BbibRr£akbahadael ement s

showed opposite. honobzygous alleles, indicating reconbination [ or
suggest i nglsf“r‘?a“{”ﬂ?}ﬁﬁ%@%ﬂ?@@%%ﬁé?%@rﬁ&faﬂémf‘ﬁﬂlﬂmn@-t post mei oti ¢

cel I s. Emﬁ@}eﬁﬁétéﬁiissu@%ﬂégﬂéﬁéi iieaat% fHohPGE @%%%mgﬁg hfr Zxﬁgﬁ%msb&ﬂgxgg%@()oe' 'S

Primary Differentiation HS cells grown on con, 2) with

pri mary ef®imddaibe hofogygdmisdet the sanes markerso Matnkdelemérs tested dmbeldddi shes are
trypsiniz with 1. Tr, i .n/ EDT I.nvitrogen, # 25300-05Q) and

t ransf errg%ﬁcgé%.%%%gkj}?]ﬁﬁqﬁrémﬁmfﬁ“ ousitheliuy (J0meimes | s are then
spun down fidin depRfitePaReaPiibqhfRoGERRhAAAMithinSthe Eﬁ%@t&?xgx).-rﬁesoﬁ%'hhn Ilet is

resuspended into single cell suspension in 2nl ES- medi um and cul t ured

as suspenéitfentiatedselements shyyasi appositsi homoasy 38 pliekes.dndinging reqmibymatione,  #
171099 i .- s to all em cells ta f ded
L7109%) oy e ki AR 5hL 2ol GSASI G5blRl e L. " ounce

EBs are washed every two days by transferring the EBs to 15nl coni cal

t ubes, an th | lowed to settle to the bottom The supernatant is
r emoved a&&ﬁ@fg@@mva&onmfl’mgenrtwqceusﬂpm&mmmsmlﬁed back into
suspensi opy Pif@erdhiSiionHS cells grown as enbryoid bodies are conprised
of all th rs, ectodermal, endodermal, and nesodernal .

Ect oder mal Pr ofieniells gsownbn 60mdr disto@pkonFEB3S$3802) with/préinmiyzeebrydhidm  of

Trypsi n/ ERTA hed in ES: LI F nedi,, and resuspended into single cell
suspensioﬁb@?l#E&Wk'ﬂ’é]éq{r A,gg@pﬁﬁp%t?cﬂ%uﬁnqs@ﬁmps’ﬂ §ith1gmlsuppl enent ed
Wi th 10%rSgsHEReRl @eaiBan, #29Y00-090%0d nAlI828) o 241 £5- hipPgen.
#17503), N (|nvjtr(gﬁ§n, #17502-048Y or beta NGF ?%go%}%?ﬂ\é %glsysterrs,
#256- GF) . a Thaglconizal tube. Cells are then spun down at 1200rpm, and the supernatant is

b

removed. The cell pellet is resuspended into sﬁlgle cell suspension in 2mi ES-LIF
medivm, and culiured 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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5X105/3m in fibronectin-coated 35mm di shes (50ug/ m ) (Si gm, 8%) for

10 days, wvob2mgiioa changes every two-three days. Alternaidivedogmoeiohe EBs
are cultured in 0.1%gelatin-coated dish in ES-LIF nediumfor 1-2 days,
and then the mediumis changed to serumfree medi um suppl enmented with

I nsulin (5u /n1) Sel_enj um clgl ori.de (.015nM, Transferrin (50ug/m), and
fi bronectiS¥ f%ﬁ?&%@@?%ﬂ]@f qg@@ﬁh@“@h@a@‘éﬂmﬂﬁ €5 ypsi ni zed, and

singl e cel X M F12
Supal enont SO RRRIERLANE. BRI 1SS W et GRED Wb [hneEaRNEL

1750:1 34) dand AlpmEivelyothg/ERs) aré burl;mgdglgbgﬁ; gé]aﬁlﬁﬁ;@aﬂlﬂlﬁisz 81(1)@?]]',\]1? arg t hen
counted an 0 C s/ we u medi umin
24-vel | p|"é‘t‘ S?rdl“géiéﬁaﬂ%}‘.w%%“@%%ﬁ@ﬁﬁ U EPRN U8y ma, #P36550)
and expandegplt@entsd mﬂ%ﬁﬂmtb@giﬁljo S@l@ﬁﬁuﬁ &ﬂ&l(f’er c(gnszM) hefanstehiner enti at ed
into different neuronal cell by , FG-, NG-, GN\DF, or

BNlD:: They(S@ggimb)y %nslﬁla‘pmc?mﬁé@g/mﬁ($lﬁma) forﬁr@en’éhe exdls dict trypsinizedpatida. f ﬁr
cell expa Pr For neso ni t or t he
single ge{gﬁig?%%eél%gé gﬁn@ K QHB@E@EF[ %&‘7 Hsfﬁl%ﬁw W t hSIO% Serum
Repl acenemupplamehtb@wath troHC HII PSR -G VB AYIRviebdnl B eW5(4044) Lghgdays Wi th
medi a cha two/three days. After this period, the cells are
furt her o OFCHTALng mEdSHvitToge, #1385 2 rCells fro Givg/cmied sadypmedodita0 )

diti sHBrdd
g\lo'? elrnia'? P\%? ff% ng)E rﬁ’giym%“%‘%ﬁrg??@eﬁf‘%& Q%r@%géj%t%gpr ce%ie%%%blhe cells
are furt h@DI}CIIerrmt}:enb (I5ugiadl)(8igmaNBIGHI0Y ard beshned g biXl dayk.Si gma, #A4941)

condi ti oned nedijum for 4-6 days aft V\hlch Zn%illm of TG beta (R&D
Systems, #) is BAFIIOBFUIOFAT Fatipld inte ditéergptncuipnel gelldywesbyanot her

4-6 days. adERgeeRIBIRCR, RAHN m.f)P’ -or f@%%%?@akoﬁ{agﬂﬁﬂéiﬁ%%}the single

cell suspensron in DVEM Kndckout’ ne enent e Serum
Repl acenedrescrdesnydifionsd @dleiofmsﬂ&xpmlonn | ami ni n-coated (10ug/ m ) (Si gma,

#L2020), or Collagen |:goate ug/m ) (Sigma, #C-7661). i.s cultured for 10
days. HGF (20 MM@?‘%H?% g %e'%g glg“d%ﬂglF&eﬁhe nedi um t o
repl ace  GeuspensibeineDNEM/Kadekéud enedflnh m@rl&l&iﬂé&wtﬁ@o%%r&ﬁ% Rtefe® days.

Al ternativel EBs are plated onto Col I'agen |-coated dishes and cultured in

ES- LIF g?FﬁfNﬁF 2s depprbedrabpve agmyltne) forsl Gdrye aithreditehangb bveryr e
cul tured ftVQS/ﬂﬁ'QQ&Ji’%rAﬂéIBthls period, the cells are further cultured in Activin A
. supplemented (20ng/ml) (Sigma, #A4941) conditioned medium for another 10 days for

heart progenitor cells. Alternatively, for kidney and Mullerian duct progenitor cells
the cells are further cultured in Activin A supplemented (20ng/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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(20ng/ M) and/or TG al pha (2ng/mM) are added and culture her

days. EBs vag@y@d78®@ transferred to | amnin-coated adherent glish@snéhPna/ rﬂ)
(Sigma, #L2020) or 0.1%gelatin coated 35*10mm adherent dish, and cul tured

1-2 days in ES- LIF nedium The nmediumis renoved and serumfree DVEM F12
(I'nvit rogen # 11330-0321) nedi um suppl emented with I nsulin

(5ug/ m) (15 Yﬁré@@rthl%en%ﬁﬁ (20pg/mrahisndios BGEralphe Qogoubemwjeddidpnd, #S5261)
Transferrifufas 3911 %géﬁg? #T- 2036), and Fi bronectin (5ug/m) (Sigm).

This medi um i1 s designate S ITSFn nmedium Cells are fed for 6 days in

| TSFn medi um VERy@e latsdlmamfbﬁecﬂmalamﬁﬂn-euﬁéd/adﬁemt diiss (1Bugm) Gidtd)) :

e oor P M 0Bl B b e TG ke . hd et o s
derived f rmlmémlﬁoﬂﬁe Hbdiias ?é?ndv&dfaﬂg séRfSHQ BRENY/ER8 gﬁ&b@%ﬁ'ﬁg

description and exanples are transplanted Into I nmuno-c M sed nice
under ki drié§’03%é)§%l)lm@i1mduwlansmbrbvmﬂ Inmﬂmgiﬁug;(nﬂ)ﬂnmtmgeﬁ,dﬂmsmo 6 weeks.

The cel | S.obt . nc eII d c tured on

f eeder celr%z %Pﬁ?\g}jﬁ”@@ %éjsgrqg 3‘:5 ‘%ﬂﬂé ugflﬁ Tines. To
assess t h@OBG)j@ﬂ(QFl‘tﬁéﬁEﬁhﬁ (m%_vrmg& 2y PRSs ﬁ%dlﬁﬁﬂgﬁeélgﬁe&ecp@ H%Fﬁ gene
expressi on assays,.  such nort hern bl ot, imrunohi stochem stry, and

so forth m%ﬂ*@ﬂp@? ls(ﬂ‘fﬁif@ forp drysouA TS Fmeegims yéeres meditay ik ehanged svergxanpl e,
NF-H, ker g/ ra\,ﬁsDbeta H for the ectoderm enolase, CWVP, rennin,

kal | i kerein, 1, delta-globin, beta-globin for the nesoderm and al bum n,
al pha-1- AT, arryl ase, PDX-1, i nsul i n, alpha-FP for the endoderm progenitor

| i neages. .ﬁ ie_@ig Sel ection of HS Cel | s _Havi ng a Tar get ImTunotype from
Popul at i of&agple H&) dpewelanmeny Ands Isalatign 1of dHomozygany Repgsyiter Ce

Parent of T‘rﬁ?sgiéﬁﬁeﬁigéeﬂﬁec' pient) Qocytes are obt ai ned fromt he

recipient’ er-ovul ati on using nethods described in the

f or egoi ng exanloasbtaifhomokifzons progeniter calls, pheifotane HHAR112 dedusddiraz05 WO
2 7429 P 2 7 .. . .

02/05 9 mecfﬂré&g%?sc{o%g&' 191 the foregoing in the foregoing description and examples are

transplanted into immuno-compromised mice under kidney capsules and are allowed

to grow in vivo for 4 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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devel oped, follow ng nethods described in the foregm ng exgy)‘l es,2 ﬁssarrpl e
of each HS popul ation can be subjected to in vitro differ Uapi 8 for the
optimal exphes6d7909 of HLA nolecule (e.g., hemapoietic |i rﬁa‘%@o ﬁ
HS-derived sanple cells from each popul ation are then teste or ]H A-A

-B, and -C specificities using the mcrolynphotoxicity assay. The test is
perforrred in a 60- or 72 well mcrolynphotoxicity plate. A panel of

anti sera, uelapeedolioving aleéhﬂﬁﬁéﬁﬂﬁrlhﬁd @gB‘F fwegoing exml@me@mpln of pachpour ed

onto the & cel |
suspensi ﬁ%@éﬁ%@g‘a‘%@% %ﬁ%tonéq’ f{?e%ﬁaﬁgrhé)&the F'n%\al 8%?&%5}50&#%. | uent
for typi ngHLAmdlecﬁﬂe((elg)ﬂldﬂ&pdmub ‘hﬁﬁhg&}im HSaRrkived geipletdllsiftdnt &ichusi ng
standard techniques) is d%lﬁ)ensed into each wel |, of the plate and

i ncubat ed PRPRSHO2 1€ thejt topie AnHLAn/huBednd 4. spspiicBies ygiapfienent is then added
to each Wahjordm ﬁtﬁoﬂkﬂﬁs %Th@@&q%a%ﬁedﬁg 62877 @y S1 Xty m nutes.

Conpl enent i s avail abl e conmerci al as poole serumin a
freeze-dr italdrq‘lmphottlmblty)plafﬁ%)&pmeh oﬁmitlsenapobtambdl froech dymhglciabiource,

f or mal dehyde is t added h wel | I ng an_appropriate m croscope,
cel | deat H® 5 é%?%\@?l?oulr IH fg%%ldet?@o%?ét%ﬁn‘ﬂwp %‘EQH&T@ZW of dye

fixed ont r to 8,
where 8 i ?”tégﬁ?g%kol?%%’%@%‘éfﬁ@*ﬁ%*& SFAbaR AN b2 08RH 0,
r epr esent idilgest faoiybirguto 6 i 10 WiS-defived Sﬁmmb ecllepdr snillilgertudBg staggdrgd for

HLA- DR, DQ and -DB using PCR-RFLP analysis. DNA is extracted fromHS
cel I's usi fgFhat BAEAP @SB?IB‘%HE‘P gashirell e theDlatreandrincubated a &Q’@%"(ﬂ tomﬂnrtzoo-

orimars. bR ERln A RO tenichis Mhon hfed o1 h plellng IR o B ARG & .
Af ter a”p|20f229@tfb10§bcty4m}1hte@f camﬁa?eﬁfeht %vllaﬁléléﬁnﬁi&%ﬁ%@iioéled ?ab‘éﬁ' ution

containing a restriction enzynme chosen fromthe list in Figure 5, and an
appr opr i atseruneinta frestzeainied Horff, érul ofifth Ecrmukxﬂtﬂmh fodiwadbyipldﬁNent y-ni ne

di fferent &z s.are, use SS ng Sanmpl es of the
anpl i fi ed ORIy S, {Fethe%‘gdfe@g? F%Cgtwe@n %@Rﬁ ﬂtf%@#’m%ab? éélﬁ) é%ﬁﬂﬂo
el ect r ophe efhSyélbis RStaBlishednP Ab¥aahad BMnE anitRbd 5f)c§feéﬁxe9%hto'tﬂe

apparatus (e.g. Mipid-2 obtained from’E-Y [ abor ries an teo
CA) . RFLPStaﬂdﬁ‘ém systenulis ueerd, Sl tess, azvlmrm& iv8Q-h0086 iépriesentitky osticddg.  The

I mmunot yp | S deter the serol ogi cal and
nol ecul ar %ﬁ%hﬁ &%‘fig b@é@%ﬁ%@?@ﬁ%\?@‘m poé’f Senous bl ood i s obtai ned
fromthe reci ghesim Ie&ﬂ'eﬂ@ﬁrkthéﬁ&@st&?ﬂir@m&ma pOR-Hiry of 3.3%

sodiumcitrate per_. 50 29 June 2005 WO 02/ 05742 PCT/ Uso 00107
analysis. DNA is extracted from HS cells using standard procedures known in the art.

Extracted DNA, 200- 300ng, is then amplified by PCR with 2.5 U of the 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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10nl of blood.) The citrated blood is then diluted with an qjﬁﬁleféﬁ#une of
heparinized HBSS (Iml of 1000U/m heparin to 100nl of HBSg)%. vol une
of dil ut egu®bHRdsdos | ayered onto 4ml of Ficoll-isopaque i pckfssh screw
top centrifuge tubes wusing a pipette. The tubes are then centrifuged at
700 x g for fifteen to twenty mnutes. Red blood cell and

pol ynor phonucl ear cells forma pellet at the end of the tube, and

| ynphocyt d9ml&f Rlogdq; Bectrated blpg‘ﬁ isgthen didutedhwéthfaa equal fvolinpodfiheparopzague. The

| ynphocyt [ iTF.at ! nat be, pped of f..w t.h HESS, and
centri fuggﬁé%%?ln}\l Ogtmg%in?} hgg?%{r]tto%o@gﬁr%?ﬁuﬁ%ﬁi legﬁ]ﬁ?o%eﬁiel let is
then residehdé&yerodamhednlof HicdiBSopaduedn CRNROmMgesy RPehriFigekdbesx g for
five mnutes. This ;Lhep separates nmpst of the platelets, suspended in the
super nat afFHEaHIPEE dihedibes gre thepecq oyt Q0 % forfaltesp e BYETEY t he t ube.

The HBSS inﬁng{eg.cgé&igg,od@g@ﬁdﬁ%@gﬂ%{g%@lso&%% chis of ﬁ%@gﬁg d in HBSS,

and spun for the last tine at Ive m nutes. IS then
di scar ded fugnend yephpaybofoyne disskdte layesatribs intgyface ofiFicoil-isephdueoThe desi r ed

di luent for Lng,. HLA-A., B.and C [ rocedur ri bed above with
t he sanpl gwgﬁg%ﬁegaﬁéﬁ%%?gategbnr}?}@?%tilwmggtt‘ﬁ@egé’%@ﬁ@%—h ot ype. Anot her
20mL or | esmriGiged apsitsit PSOLOF forshivthinfed The SRyl eeilfiieMenf Or ol ecul ar
typing of HLA class H Genonmic DNA extracted fromthe blood cell of the

reci pi ent TeRysRrgded etshefLiwith kiRSmandcantréfuged agagn sifglixig fod five migt@CR.  An RFLP
anal v o 18R AESRLARA APYFL Bl IBELALIR e RSB AU one

hapl ot ype may onbzygous ofr an

HLA hapl othedgmphogytes atetiechotiain dfithe wibe) THRHESO dikcaded, ahdtee HS cel |
popul at i O?Vsrgﬂneri ved fromthe pother's oocytes. Once a HS pogul ation is
det er mi ne 5ipellplds resrepsndedind RS, sad spun for thelps timeeat 59 karfent i ated i n

vivo, or i | | g ' ' ' ey

Applicati gﬁesnieﬂrl‘?tg? T@ﬁgg%&g@%%&ﬂg&g%@ﬂ@q g@ﬁfg‘%engﬁs S%%Ree(%g Ion Seri al
No. 60/ 253 jr0BRBMIfou kidysiredatiiupmirfat iygingy Hir Al BeaakC hepisd procainde desariisgl ant ed
into the recipient. EX le 3: Selection of Cel |l s _Having Target Genotype
From Popul"l@ %% %’Fsﬁ@la’ﬁpéfe‘?r‘i‘?rwe@éﬁ detem %W@F@t’h%’é‘%&e-f rom | nt ended

Reci pi ent (Sel fAnBRRPR0m] & LR Gehdity §om§fg§f{o|h§g{ggé§§t of €Ci pi ent of

the transplant suffers froma genetic disor e expression of
a nut ant Fwieculss gpingef HLA diass Bne3enonic B nextractedSeine the tlow qetipflie i on of

s ® o5 e 8B LG ndl in DAY Bfusiel g BIE ARRprpfRafs?> 429

as described above is then performed.

C

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.

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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hapl otype (e.g., the "target" genotype). An exenplary prot %oJunL%r ok he
selection for genotype is as follows: In this exanple, the inténded

reci pi ent weogosnpeen afflicted with sickle cell anem a. Adiudshe®s hunman
di sease states have been attributed to genetic nutations effecting one or

nore of the genes encodi ng henogl obi n pol ypeptide chains, including sickle
cell anem.a, . whi ch rﬁéggts froma %oint nutation in_the henogl obin
|

13- chai n. eRILYRGdR&r the "Surgtic gerotype) We YRRy protreohix des selesliondarh si ckl e

cel | anemanbase RE8MlIHsSCl osed and extensively studied. See, for exanple,
Sai ki et al., 1985, Science, 230, 1350-1354, incorporated by reference
herein. A seri d8ilu$ exeomié,dbé mbended radipiatlid 3 warmen effieted ity siokioagyt es

harvested fromthe |jntended recipient .according_ to . the procedures
descri bed 38 f? ﬁu.rgkear Ithf‘_.ld*lsﬁ%g% Sg"’é?ﬁhaé{‘? qusaﬂ%],bgtefiﬁ% Eel%%%ﬁl%r
genot ype. ofiRboing $HRR nRAG YT MeigeRS dubading H&%@@&ﬁ@%@&%pt?%{}hﬁxﬁ hﬁclhaﬁlget

genot ype (&1}?., the normal or wild typé gene ra e nut aft gene)
are sel ectsidle esil apemisn whichaesilis froema poinhmuksdtion éxthebemoglobin frohadint gene

ybr 1 d zacirgetest sBidhof 8 the BER Aeh o6HiRES Bl sk b o R R Do nneal | ng
of a shor tdisciisad it GiteRIVEBOstRIibA OBeLS FR @k hieiBlePSAbicst b, @8§j SakReSi3anded

target nycglei cid only when base pairing is conpletely conplenéntary.
The hybri ggéétlgﬁ‘ﬁ mcopprataé By Erfeigaeclearad. from a radi oactive or

non-radi oacti v ] ! h f labeli r apd ot her
nucl ei ¢ aci ds %%&gg# fl?cg)ru E%SF%B?I@? g%ﬁ?{{gﬁge%e'd %8@??}%& eS%B?"&éﬁ]& as
domi nant rmtekdedsecipienieactdrdingrio slenmecaturaioaibed asdvedn Bramnt BT e (or
hapl otype)pB}i)lg determ ned from hybridi zation or |ack_ of hybridization by

only one BOns prthen assayed fov Bengtyrsr Only fhosepepwlationsthatr 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 i s 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 frony@ﬂsle-sgﬁiﬁ@@yﬂrﬂizaﬁanp&dmom tédiRology isBabERSH 8- shididd

0

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

al ., supr gonealiag ebmeheri sipsla-strendedydigosuclontide prefetio acingimstamdedtacg@ases. The
;?S ;: t ' nggﬂggﬂc ?E@ é’%@ogg&{ %%Qﬁﬁgq gon"%prlgtlei; éo?ﬁjpielﬁén%!: 'fﬁe ﬁj%%%lza 1|01|1 's, KB
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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WO 02/ 057429 PCT/ US02/ 00107 Met hods Enzyrml. 155: 335- 350 ézjga'ﬁﬁ%z

I ncorporated by reference herein) to create anplicons. 98?15 are

t hen trans{@oiesdsdo0 a nmenbrane having a radio-1| abel ed oI IOk aelh de
probe specific for sickle cell anem a bound thereto in a dot-blot fornat.
Hybri di zati on dots are detected by autoradiography. Alternatively, the
anplicons can be | abel ed, and the grobes nenbr ane bound. Once a sanple is

det er m nedVetogsBrzym. 1353350640 Otipgraparnigd g weferepec herpin) tgreathen be
differenti V, h r|b in U S
Pat ent Appﬁ@g:t %I%nﬂaee%l@ °°krgf"“\éd@ lbgafggeﬂ%g t%n%%@%ﬁal %‘ﬁ‘ T ‘1%3%1 I cation
Serial No. ohgﬁﬁmﬂéﬁcﬁéﬁﬁo}idﬁpﬁmﬁo fart ekl dyell pbpichaedibdreiorin aaloeblot anspl ant ed
into the iptend I.ecl, g mal e recipients and femal e _recipient who
are not SLﬁ%f‘l%tr gijpgphzgggg ‘ietecéﬁﬁlebﬁ%‘t Ipgraphy: SHERratyRY; thes cel | s

havi ng bOtdinﬂﬂl:%ﬂ%%lalBéEﬂ‘@ﬁ&M r80 it bRtmgcan be deri ved from femal e

famly nmenber donors. Once a sanple populationis determned to have the

target i mmunot ypeearsdmpdnistdgteeninet torhgvetthetardet irdicihetypatadgendtypeit vi vo or

in vitro, usi ues.described i.n Pat en | j.cat Lon Seri al
no. " 00r ogRlifn be Rt RN G S Th P Ropi P B st dpsoRlied 1831503, a5

i ncor por atmermp hiedtRngesial Ne! /907, mdaﬁcmrss PrARdiGihl A{}_b&)ﬁcétfbﬁ Senkiausled

reci pi ent. ;% e 4: Sel ection of | s Having a Target |nmunotype and

a Tar get m@ﬁmﬁatﬂémfaﬁméh@ﬁwmﬂsslawmm@dhﬁ mnbmdedt er i al

Donat ed by Nop- Rel ated Individual (Non-Self, Non-Relative Donor) In
certain ins ncés, donor material cannot be obt ai ned fromthe intended

reci pient or a mm feelpadrity and ﬁeﬂla&u@ﬁpﬁﬁtsﬁﬁo -atelnofBYitdbE foeedfadioys t 0 screen
t he HS péoul atigns, both for_tar i munot ype and for target genotype. An
exenpl ary 9Ustomsdispl gagditions, Hap haanlgfh9Fh the tagaet invammebDPFad SPRPTYRSS get

genotype i 8‘5\%3] I r m oocyt es
extract ed g%dt&ﬁ‘lréd ono fg)rﬁ?l%(;?é/ﬂlg us ng 'dﬂ%eg o,%ﬂoﬁlﬁﬂeéﬂ%bove in
Exanpl e 1. defanmmeﬁlﬁa hetd thpdmgdatahurmmetypbambgdﬁmiepﬁaﬁhy thanpd éiffemhtistedr e t yped

for HLA-A , - -C specificiti sing t.he__mcrol yphotoxicity assay
descri bed Pf”’E)?éHb‘l’lg 02“%’6%% te‘lklgl‘%’@? esonbed in .S rlatent catpnferialNass U

anti gens ugjguy %b%ﬁcﬁssﬁgawm@ﬂa?%?gﬂﬁeﬁmn%ﬂ%Wiﬂ%@tﬁqﬂé rpgh%ﬁegce' I's .

usi ng standard’ procedures known i tract & DNA
t hen anpl irefeemcoherp@Rand transplaptad mifo thhmte‘ﬂdeﬂ mgifgéntJune 2005

‘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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WO 02/ 057429 PCT/ US02/ 00107 pol ynerase. PCR priners used izgr angl{obéi cation

of HLA- DRB/ DQB/ DPB, and cycling conditions for all priner rf{'ﬁ fi ns for

ol i got ypi R digs7hdest ed in Figure 14. 2.5 aliquots of thei’(ﬁ??s%%&'ﬂ m xture

are then mxed with 501 NH4-acetate 1M and nanually applied on a ?ilter
(Nytran, Schleicher & Schuell) using a Mnifold Il stot Dblotter

(Schl ei cher & Schuell). The nmenbranes are denatured b é)l acing themin 0.4N

NaOH, for Robrmemseu B primers usedifor amplifieatiorof T ADRB /RPPB, med\H4- acet at e,

dth - - t 20S £ | ' t f
Pybri di zac ouar B B8 R AR ek Rinchadt ok e AlbaB BB BRA 31" T
hybri di zat3.5)i afiggots bethelratibs thidtutdbre BRlmixkd A4k S8NUNHRALstAANEGWEde
kinase, in a 10(err)l reaction. The reaction contains 6pnmol oligo, 25jsC
ATP, 11 kitpasellpapyied ooo Blten(Nytran, Schieicher & Sshudll) nsivgegifoldi sivt
di t hi ot hr gj - ol A | tid
i nase. ( pri e ol & SURE TRBbreh Beer ditro BR e S  BRR LY 37

and t he | ¥ doptangnintespien hévadlizeifonl OEiRuteinUIN NI abmr)andiien No.

4057-050) .. After | oading the_caolum,_ the, 'go is washed wth 10m washi ng

ol ¢
buf fer ( 15tieRenem teomeRatare; Sosiye andipegaiiye qonpplg forinkyidization tisen el ut ed

with 0.2- ' ion buffer (1M Nadl, 20nM Tris-HCL, pH 7.8,
1mM EDTA) %ég%eﬁqrge%ggg%ﬁemlﬁgﬁ% hen hybridi zed with radi oactive oligos. First,
a prehybri di z@ligonusitetidedsfortaibfidizateh drothdnabdesd with (Rjs-ATP 24C Wit h

t et ranmet hyl ammoni ym chl or | de h)l/bri di zation (TMAC) buffer (50nmM Tris-HC, pH
8.0, 3M TRbMupkepds kinsseninephON reaction. oTheseagion caniainsHpmyl oligni2SHGHecy |

sul phat e, [ .- p A A r Qugh Wat man 3MM
apery. e b kRSB 00 s IR TR RGO el S LBl "2 rine
hybri di zatOem),bwi¥apesniainl MMESTA) Xand 8 TpdiiuchotiifRinh@®haithaelad) g0 at
54C. The Dblots are washed twice for ten mnutes at roomtenperature in a

TMAC was hilig reastipn ésincelraged fve thityvindmntesgd BA°C,and fthe kabeled ofiigais parified 50C

(19-mers) in sane. e r re.l |1y, desctibed in Huip et al.,
Handbook, °£taIﬁ@@%{“#%@%@‘k%ﬁ%ﬁ“?@% re%?é?mgﬁ‘?cqlﬂrémt get

i mmunot YIOQHES ifheadedwAgd Oaslivighinb Duer Q508N NaCRDGN ITes U@ pHTEg, hodol ogy
descri bed above in Exar’rPI 2 above. Target hapl otype maybe onobzygous or

e
het er ozygd@sM ERTA) ard then elwiad with f Bankiractioas pf efntion bfEi(1MiNaGlhat at | east
54 29 JungogR9Rvis 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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WO 02/ 057429 PCT/ US02/ 00107 one HLA hapl otype of the reci pg'gcejﬂlt ?Pbé mat ch
the HLA of a sanple HS population derived fromthe popul atf Qe ells
from unr elgd egloagryt € donors of the same ethnicity as thed@gdoRieit (See
above). In this invention, unrelated wonen afflicted with genetic di seases
do not need to be excluded since HS cells with the absence of disease
genotype can_be derived. For _exanple, the forei (i;n donor (e.g., the

unr el at ed Msdilvd darlptype of tevenipiantarill maele theiilih of p saraple i pepuiation.
Bet a-t hal e Al ] ) def ' | obi
ol s b S R R S B L

synt hesi s. erels 0 manuracture ntities of
gl obi n chaithscity al théieecipieht iSdeabbine)l assem a conditions are bl ood-rel ated

di sorders which result from genetic nutations mani fested phenotypically by
deficient synt ﬁaél?lé IEniiTe Wgaéedo‘ffom@m éﬁlﬁeéwghrgﬁn%sdmewgbmt BS&ess

synt hesi s 9he th@udid t i ' Ll [ Il et

al ., The ThaFassgem'rkgﬂcSeﬁgeéﬁe“g;mtg?g&gg@f&l?eggg,m%ﬁggl%% ?dé@é%}iglﬁérﬁf I C,

1981 and WxSnpRathe fhisignsionsn(e3,The Tiwelaipd ihdiviadngB is awainen lafflieted mdthat ed wi t h

B-t hal ja.is d ' Pirastu.et. al ., Nev lLand J. .
309: 28?1 > Zg’?n}a" I erelﬁaﬁ 2%%%%@33%153#%33 # g?%&@aiyed%@%v?%h&% o ﬂ?@@%@n cont ext
of this expiess. THR is bR iMkeility (RN Wi cidd® qhdiRitidPSLA6Binthatnbe

(err)(err)-thalassem a allele, the nutant haploty assocliated with

. N pe
pat hol ogy Alpha-audbsia-thylasesmigsprditions arphlopdtelaicd disopierswhich sesulidiom

honogeneo : . n ( ... the norgal or w.ld type
gene rat hé}%ﬁ%ﬁgzgﬁﬁt{aﬁ%ﬁsﬁ ar??lr eg@%%‘% ?‘Eeéfggogl%gglggt V4] eflﬁpfﬁ’é?g’gg\%l opnent .
The t ar getglahémoliapmecsuting in ekbds shrbai i sther lgpo6r gl6WinCASIRACSE Ny to

bet a-t hal assenj awjﬁilgdet ected and_sel ected by a procedure anal ogous to
that descEEpEatly Tl & 2b, Thenthalagsaemia Syndrpmes, §1é pdPxfosd Blackvesli a, usi ng

an ASH - pisohip ok 'aﬁslt)c.’é PAE G, 5730333 O ARG HR AT Aldkodhied vien 2N
Piratsu et al., 'supra.). Oncé a Sanple population is determned to have the
t ar get i midhelassemimisdesoyibed by Pirasti et aigyNéw @nghad di M ri@0iasdtasd, i983vi vo or
invitro, 'USiﬁL??q tag t%chni ues, g.ﬁscr,i ed in USs . Patent Application Serial
No. 09/ 99FComypratedfy reierenes hgrein; dhus, in Wscoptexk ofhis Ssapple. s taegit253, 943

I ncor por atsgghtbye wal i & t ' L. nt ended

ot prent e s L AR AR 7 By BaPOPly L 1.

met hod f orssoeigthdovitiypdibotogygous stem (1 TS) cells having a target genotype
In assaying for gendtype, only those pdpulations 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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fromnon-fertilized post-neiosis | diploid germcells, co i sing..(a)
determ ning a target genotype; (b) mtotically activati ng%ﬁfupggppéized

post - nei oG odndiPl oid germcells to develop nultiple bl gghagsholht ke
masses, each of which contains an inner cell nmass (ICM that 1s honpbzygous

for the target genotype; (c) isolating HS cells fromthe ICM (d) culturing
the isol at HS,.cells to obtain HS cell lines; (e) determning the
genotype of™ea cell line; and (f) selecting the cells that are
honbzygous for the target genotype. 2. The nethod of claiml1, wherein the
target genotype does not contain the genetic nutation associated with a
particul ar disdavethod fof modusng h@noFigeusseh HSpEellshaving b, tasgpegamiotypt he

target genotype. contai.ns..t he genetic t.ation soci ated with a particular
di sease or dis O&P?n'ﬁe.ralﬁfg FHsEssi dgﬂﬂggrﬁeﬁnﬁgﬁss?omﬁl’ég-n t he

non-fertilized pog mﬁgétﬁlfg@g@ﬁ@?@er mcells are obtained froma
het erozygous donor carrying a nmutant allele associated wth a particular

di sease or di sor dév maifeticeHR aetieting pembirilizedipost-meippie I dipleidegerns celite et hod
of claim1, wherein i ld post-mei 0si sl .diplojd germ cells
are donated by a dorﬁfg?agﬁg{hgtﬁéé bgﬁsﬂﬁﬁfsg"r]\]%gags%eé’l Fagh of Whit cé)ﬂ%gﬁ%f‘or a
recipient in need t ligieeetll nfass (ICM)MRithOBorBbzygbad M the idper Sindtypee donor and
reci pient are the ia%, |g(rﬁ$w ual , wherein the donor and the recipient are
rel ated, or wher eith 1$oldingfd gellsfrom thedCMci pi ent are unrelated. 56 29 June

2005 WD 02/ 05742(%?”% : eQ&mgdHﬁ'ceIfsfEE&bltfb?ﬁjI—lfSOJenR@%Q“Ci ng honozygous

stem (HS) cells having a Target | munotype omnon-fertilized post-neiosi's
| diploid germ cele) sleteonimmg thie ggnotyen)f cielt HiSrdeliilimg; andt ar get i nmunot ype (b)

mtotically activati non:fertilized post-neipsis | diploid germcells to
devel op bl ast ocys@-s{aﬁl%%@giﬂgg%lg,d@ﬂ%h‘g?OWP OF P tanes E%ﬁ’tiipﬁner cell mass
(ICM that is honbzygous for the target immunotype; (c) isolating HS cells

fromthe I CM (rd) culturing the isolated HS cells to obtain HS cell Iines;
: 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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(e) determning the i munotype of each HS cell |ine; and (%éf ﬁ@{#ng t he
cells that are honbzygous for the target immunotype. 8. T il of -

claim?7, wWigsRisidbhe target i munotype does not contain t e 8686d10¢
mut ati on associated with a particul ar di sease or disorder. 9. The nethod of

claim7, wherei'n the target i munotype contains the genetic nutation
associated with a particular disease or disorder. 10. The nethod of claim8
or 9, wherei i thaethod beproiln¢ing Homoezygonestemi(HS) cellsgiaving a tgegeim cel |'s are

obt ai ned from Nk rrying.. t allele associated
with a particular @ﬁé@ééﬁ%?%ﬁo%feg@zgé%o tﬁ]c}elgﬂgl gﬁ’ﬁﬁ@%@ﬁ&%”‘fg%ﬁmﬁﬂ%pe
allele. 11. Theayret hetbrofnicd 8tatgel imihestope the non-fertilized post-neiosis

| diploid germ_cells, are_donated by a donor and the resultant HS cells are

i ntended for a(®}ecitpitelirelly Actvedne pprsfeaidized post-meiesisd diderd gpme pellsip 11,
uherein the donor angdviieplusfbheiike Ahed REcoe Phich Blithd bR lme gl e 1 the

donor and the recipient are re or Wherein t onor an
reci pi ent are unr el abasd (ICM) et id bomo2dhs fonfhORF D M@@ndgié; US02/ 00107 13.

A nmet hod for pr.oduci.ng ho st.e iS) cells having a target
i mrunot ype and ¢ enoﬂ%@“ﬁmfﬁ%ﬁ%hﬁ' 'ed post-neiosis | diploid germ
cell's, conprisi@p: (Rhusi! @6HoLADHS LY BbtAATNRINAR;and genot ype; (b)

mtotically activating non-fertilized post-neiosis | diploid germcells to
devel op bl ast o€§st s-deferminmgte énmsaetypoof ceh &5 wdiding amd an i nner cell mass

(ICM that is noz f.or the target inmunotype .and . genotype; (c)
i solating HS czﬁl S T%rglg#ﬁgn@ef’ %h?tc?fegﬁ%??@@?ﬁg}oi!ﬁ'g%?gg@g‘ Ccells to
obtain HS cell lines; (e) determ ning the genotype of each HS cell Iine;

and (f) selecting the cells that are honozygous for the target inmunotype
and genot ypd. The method ofiaimg/, sthergimthatarget igmaynstypetdess netegaiaingbaot ype does

not contain t Ngenflhbol bkl Wit S9aHAkSH dfehdl & Bkdd:Cul ar di sease or

di sorder.

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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15. The method of claim 13, wherein the target genotype cogb&yuﬂ 2b3§
genetic nmutation associated with a particul ar di sease or sor 16. The
met hod of woahwa7dsh or 15, wherein the non-fertilized post Irﬁqrfgﬁzmim

di ploid germcells are obtained froma heterozygous donor carrying a nutant
al l el e associ at ed wrth a particul ar disease or disorder and the
correspondin e allele., 17. The net hod of claim13, wherein the
non-fertili zgé g %er%iurmahﬁm@rﬁsogeﬁﬁrm@@ cellshavingaiaraetl by a donor

and the result t her eof .
18. The net hod opﬁﬁﬁﬁm%ﬁﬂ%ﬂ tg:gi%}éi%&sgﬁ% esg)s{ltedc#ﬂ'aldeﬁe are the
sanme i ndi vi duadellsydomprisingt he donor and the recipient are reI ated, or
wherein the donor, @% the re ient are unr&l ated. 58 29 June 2005 WO
02/ 057429 PCT/ USOSPOWFHOFRIZSE 5 F41ECHTRTHERTRE 20 SPPAP%, 13 wher el n the
genotype of each iy &eblicdllyR8tivaling HBhSeMiR&HpsEhhsBa diNBRESNHARLRSK ON

nmet hods, using non-'gel -baséed detecCtion nethods or with genetic markers.

20. The method of cI@ﬁvﬁiopbéﬁrsto_’sssts—\lrdkenmsm,tmhpéwgwhcpmamsenyarwrpél

determ ned using ser nol ecul ar thod 21. The thod of claim
20, wherein the tard@ ?Ssctmg}ayﬁemf%ozﬁﬁ‘?‘grf %W"WS?& typing. 22.
The nethod of clai m%eno peOr 13, wherein (d) further conpri ses
differentiating ted HS cells to give use to progenitor cells and/or
other differentiaf ds%lérm%HS&ﬁEFﬁP@éh% Mpes. 23. The method of claim 22,
wherein differentj tu?k%“ 24. The net hod of
claim 22, wherei n'((g# h%%@é%@%%&%?%ll&ﬁbﬁ%ﬂéﬁﬂ@g 1EI([)r’s invivo. 25. A
cel | dep05| tory c@pdetmmgngtﬂetgepb@paoﬁedchHS)MI life; HlldA- t yped HS cel | 1ines,
wherein each HS C%{), r| ved froma different donor and is
honozygous for alinf® Enﬁﬂ:'ﬁcﬁ VEQOmQWgO?ﬁ@TJB‘ﬂaIHfEB%@WWW claim
25, wherein the HS cgll lepbnes are obtai ned from donors of different
ethnicities. 27. The cell depository of claim25 or 26, wherein the
contents of the depository are catal ogued.

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 te: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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28. A nethod for produ0| ng an HS cell dep05|tory of genoty& d ng @gous
?J il
stem (HS) cells frommultiple donors conprising: (a) selecting donors;

29 June 2Q@%o02¢P)29det ermi ning the genotype of each donor; peghydabheiod cal | y
activating non-fertilized post-neiosis | diploid germ celI's  obtained from
each donor to develop nmultiple blastocyst-1ike nmasses, each of which
contains an inner cell mass (ICM that is honbzygous for a particular
genotype; (d) isolating HS cells fromthe |ICM obtained fromeach donor;

(e) culturinggt e tain HS cell. lines;. (f.

determ ning- ?%eﬁgé]!rll é‘g‘éﬁgﬁﬁaﬁﬁi@hgﬁqm i %?W%%%Ie?aﬁslﬁg;?e IIB'%iI%]g t he

genot ype of eaclstchBine@hkinkigokbabd deto&ibn heth€ds, uﬁﬁ%]ndh-gatﬁhﬁéﬂ dé@d¢ctiphoduci ng a
honpzygous stem &‘QHQ% cel | depository, wherein each HS cell that produces a
cel | ine has aPeeeds<r piggenre MarksBygous for a Major Histoconpatibility
Compl ex (VHC) hapl otype, conprising: (a) selecting donors; . (b) determning
the MHC hapl otype of each donor; (c) mtotically activating non-fertilized
f emal e post - A@ilhsinscthodiofuilaimd? geIMfdusthedﬁrgailnmnimfomwéﬁémdmﬂbr to
devel op mul tiple, blas o -I| s,, each of which contains an inner
cel | mass (| quspgg?ro ‘%‘ E’BBQF OdS.nar ticul ar MHC hapl ot ype, wherein
the non-fertilized femal e post nmeiosis | diploid germcells are activated
by cal ci um i onophore and 6-di net hyl am nopurine (DMAP) or cal ci um i onophore
and sham i nt#h W@}ﬂﬂaﬂﬂfcﬁlmhn;thMget(mmnptyp@@ determiingd yoHHS cel | s
fromthe 1CM o Isﬁl qﬁg fromeach donor; (e) culturing the isolated HS cells
to obtain HS ce ]8 (f) determning the i munotype of each HS cell
line; and (g) catal ogi ng t he VHC hapl otype of each HS cell line obtained in
(e). 30. Anethod for producing a HS cell depository of genotyped and

i nmunot yped 2hohApgbed ofelaim {H5pr d3) Whereind fyther qomprigondifisreatapng si ng:
(a) selecting GOARLFirs(CB)s l%eél% HEé"t'o %goéegﬁorgc%ﬂg DS @tﬁgr dl%ﬂ&tttg@ gelf%f each

donor ;
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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(c) mtotically activating non-fertilized post-neiosis | cﬂdng'gzgégrn cells
obt ai ned from each donor to develop nultiple blastocyst-|ikeé nmasses, each
of which contains an inner cell mass (ICM that is honbzygous for a
particul ar genotype and i munotype; (d) isolating HS cells fromthe | CM
obt ai ned from each donor; 60 29 June 2005 WO 02/057429 PCT/ US02/ 00107

(e) culturing tfe H&smnngthe gmpaphofigerhedoner; | i nes; (f) determining the

genotype and i npgynot ¥n&i@fy %ﬁmiﬁg Igogl:_fltnilli&eaebo%mios&gi cﬁﬁﬂnﬁle%&ing%eﬁs?_ﬁe

genot ype and i mmunot ype of  each ine obtained 1n

method of clai m 28, @uanefrempeachrencstarevsier multipledlastosystriikammasiosreach 2. The
met hod of claim 31, whek eidkith %P@Jlﬁnﬁ%ﬁcmrfﬁé%-is Romozyddis FFLadicaly claim

i
31, wherein the donors are non-human. 6
genotype;

(d) isolating HS cells from the ICM obtained from each donor;
(e) culturing the isolated HS cells to obtain IS 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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