| SOLATI ON, CHARACTERI ZATI ON AND PROPAGATI ON COF

GERMLI NE STEM CELLS CROSS REFERENCE TO RELATED
wWARRRIDATI ONS [ 0001] The present applicati on cP@Ei/ns2008/072541

priority under 35 U . S.C. 119(e) to U. S. Provisional

Pat ent Gﬁg_l i cation Nunbers 60/ 954,496 filed August 7,

2007I1SRLASIONcCHARACTERIZATHNIANDRBOPAGA TGN Ok

contents of which : herein by reference

in their enti rety.éré-ﬁmlgﬁg;§$§@t ﬁ%\'ﬂ':‘%’l ON [ 0002] The

present invention relates to the field of male and

female germine stemcells, isolated during fetal and

post - nat al éﬁﬁgémﬁEN@%ﬁﬁﬁAF@@ABELIERﬁ%ﬁscel I's for
t herapeuti cTpurposes. Specitically, the present

[0001] nve'TtthPrefsehtatasardaﬁoﬁ oAt | bﬁ nj( &ty Ahdek S$ aj. scm §®dle) to U.S.

ferentiation di stinct i ne stem cel

Prow%]@uf’&fﬁﬂér?@)@“%len dymbgrs L é‘r?@rfd?%d\uﬂlﬂ\@réf?% angl 060,356
filed JQhé I GrEI6. PRlRllid @ntdheest WlcIC el inéSpbraeRmRdin Bp%f@@‘rce in their
CKGROUND OF THE | NVENTI ON [ 0003] Generation of
e”t'retm uripotent cell lines which can be safely used in
regenerative nedicine has a great potential inpact in
cell replacenent theraEy In this regard enbryoni c
stem (ES) cells havEl as potenti al ceII
ources because they can be propagated indefinite
Woozhnd JAR HesNtfifandnt iraleeg s f EﬁgﬁBﬂV$e§”6ﬁe@?P 99iréige stem

cells, g&ﬂé‘fbb 36{%% fel‘ép%‘debostbr%fé?rcﬁavgﬁpﬁ@h{ aRBPhbC@dd 8Nsh&RNcells for
be realize | east ethical issues nust be resolved,

therapgiygic tpé'rpé’ts%?ra§pf36f"r?é§t/ i B PSRV invealabrameate &?”Hfrf@ﬂ'o” isolation,

and dMFFentR@iIdAYBf GRNBct ﬁé’dﬂlehe S§t@rm &8l bSpMiticasNahd N@IIf KR generated
ti ssues have al so been considered as alternative

therefegsn, vatbdifsentRateriigbesesimes Hisplapenentdherapy-y since they
do not formteratomas after transplantation, and they

mai ntain the ability to di fferer]ti ate into phenotypes
of the same tissbé—gwc cells can aI so
ff |1
[0003]tj)|ef If ggeg}%?aqro}r?fgta(a@rgosot%{t cpﬁgrsgéml ntg O )héry gc? in regeneratrve

medicileUidsPo bRt pétbﬁﬂ'ﬁl GRback irf 8l rfé@ﬁl%érlﬂbﬁt tﬁeﬂaﬁy CIﬂ'thrs regard, embryonic
all adult stem cel

|'ications n
stem é€$}rF?'l§eh§Yeer'?ﬁ€rélqogs'?€§8@:) ag é’PEﬁ”Ha't fell é%‘r"P?% 3?99{3%“39 they can be

propa% t@@SrﬁHeﬁ‘rnMIy shé Q'ﬁn Sl%n@ffer‘éntré’té@rrﬁatdh@ﬁotyﬁe@f)ff SIPthiré germ layers.
everal |ines of evidence su‘% gest that GSCs a

Howepgry DefRse et i%511i IRPIEaiop gtanr rrS@fFﬁﬁn?hée%F &Hé%a?égsqeﬁarwst be

resolve8.Cald @itbRgs RPMERON SfatatprpBAtation ARELHISE Be oFRGBMAI AAdult stem
t heoreti cal ltéaa npdel for generation of pluripotent or

cells pHARApELIEME RAR% h§¥eeﬁ\38etP€le”I rqregieretsbea]a'tereﬁr%épwges for cell-

basedatherarpyl mﬁ.cm&rwﬁhéétﬁepm it V& nT fefeohBs ett@rerradsmesat.@ﬁ and they
rogenrtor cells, there are seve

ma'”t*R'P ﬁ%%aB'r'tystPé#ﬁ%é%ﬂt'laéé) InfoPhgoRe Afdng sarge é's%an@]eéﬁ?ed\du't stem

cells &5113 alstBBé arduced! lostrahs-tifereatsty |hﬁﬁ@él5¢ydehe&’f gifBteat Mneages, or

all the %enetrc i nformati on needed to 1: 61
reprogrammed to Become pluripotent stem cells for possible clinical applications. Among all

adult stem cells, only germline stem cells (GSC) retain the ability to transmit pristine genetic
information to offspring. Several lines of evidence suggest that GSCs acquire
pluripotentiality through reprogramming processes that occur during normal development.
Therefore, GSCs are theoretically a model for generation of pluripotent or multipotent adult

stem cell lines.



all the cells of the body plus the placenta, which
nouri shes the human enbryo. Human cells have this
Wa oiopjoatient capacity only during the first fewCT/US2008/072541
divisions of a fertilized egg. After three to four
di visions of totipotent cells, there follows
[0004}¢ StS&@”@é:eII%awqprérﬁltly%§el1§e]hpgglygé@ﬁéo,oﬁ@(é}g)‘gsr@m@ls AIso called

progeﬁlﬂﬁ(aeﬁé | tR&d. aryb%vé}%ka% 386teRf cdlisVi TdtiPBtehEsdllst Sreiddnsidered the
pl uri potent cell whi ch are highly versatile and can

maSt@f 9@”%‘?@@9 padsah@ca@éﬁ thayygeetaix gl e gangtic Bfgraagen pagded to create

all theRdeh§ 8Ntha bRty 9“33'36 Ffé@m&t\}vl'ﬂgh hbGEHEs tHef hdnhish erhBiyds Hllman cells
the next stage, become nultipotent, meaning th

have @é?ntob‘PQF%”tranéC”tyd)r%)’e%F‘QI the firkfeve ivisiong [9@@ ferBLﬂedterg@s eAf er three

to fouF o P|§§>n§6f3toltlb6fbﬁﬁgallé rthé‘rké"f@lﬁfws HBerRXaTRlRedn WHikh kRO&RBbecome
|s is ermtogm etic cells - blood cells that can

'”Creaé@@b!l Heciafees- s&Demart stpge of divisrbersuliein BluripRieniceifowhich are

hlghly%\‘ﬁtl%oahd"ﬁ% BivairReas!dn§- cefhttydé“é(c%ﬁﬁth@fcéllg'%f ktRNBla6d1A: Br other
di vi sions that nmake up the enbryo are

SUppo"tt”@rtI?ﬁH%ﬁ phihgiutards-efit thatnegt St@@? |cells b@@qm% MUHiRptegt gneaning they

can g|9@rﬂ|§é des8RrdIohe cemymge@utltwos%qwsestérs%ﬁt@d% SRaeed | 'Ah example
function. [0005] Stemcells are a rare popul ation of

of multigptest ¢elia s hatpraigpeielic alle —tioqphealls ihat gan SﬁV@%‘P ko sgwes3ldypes of

blood Q:EIRG%uﬁ@éfﬁ%ﬁ@é\bélcqumo%rglﬁrben@' At fRanaf adiohy BRAih @R cell divisions
hese cells are defined as undifferentiated cells that

that ”ﬁg‘?épt"'&)ﬁ)e’i’@w&%ﬁ?%ﬁ‘l"”%‘h’aﬁ'%ﬁ%t%‘i icgls — celjs tf‘ﬁte%/eﬁﬁv%dered to be

permdnBRtiEnamitied t@h spedific furtmal , (ii) they also have the
ability to differentiate into one or nore specialized

[0005F€! | StyrResidbieha FERE YoBUIRIENG RS that THE GRe s td NER®ange of cells
mai n groups of stemcells; (i) adult or somatic

tissue( typRs DREASSPY, fonRraas BRintgnanpe and fId'b@'P”na-f%ﬂseo‘?eﬁﬁrﬁr% fgfined as

undlfférbht)at@dT’@élhéQHétOnav@ﬂ\h@ RurRmehtal dRsrb¥eHstics O tAey have the capacity of
oni ¢ or enbryoni ¢ devel opnental stage and

self—re@pyvp (If)é%%\f alsp dyave dhe §b't'tp3frt@ qtfga[r%rpt)ate {6 epe 5% specialized cell

types 'vﬁfh' bgMe fﬁh@ﬁbtﬁlb@s dayeteo i thré& nbtfin 3@% & S @éllssklﬁrzﬁtjult or
| s has own advant ag es and di sadvant ages

Somat&emoai agtab. e‘ﬁ%‘ﬁ'éreéisF Bhat lﬁ’@?tzﬁ%}a APRUSTH-cH) PP FW”t%éYWCh can be

denve@'ﬁ(frﬁraeﬁﬂe'-étﬁbr‘yﬁnlé’@r%‘Mbr%m@ﬂéveﬂ&%éﬁt&l $tBgeRed f{fl) fadltstem cells
i on de novo jn the g riate or targete

(pre- ”é@l')l WP&P @A \Rer igplteAtTon ve qplr\gﬁgtusoﬁacﬁargtpp ahtam) cells has

their é\MefaavéHt@gé‘seéﬂmcﬁ dtsaa\varﬁég%sl fon@aulfarCRgBhérafch HPG/NIshBEifically in
emcells and |ineage-uncommtted pluripotent stem

their déféqrprglatlm petential gngeab |t3@to qqgr@‘bﬁ%gmpw} dg{}QYq I8 the gppropriate or
targetédl cHIRER ehy.s&m@]tpr ovi di ng the post-natal organismthe
cells required for continual organ or organ system

[0006] R nurerﬂaeﬂfs@stamblraemﬁalrtherBha%ecenglthét @éamfe@gérednﬁmte@t brdgenitor
II stem cel I an can be

or ui esce
stem ¢Rls. %‘H| lé‘§€%9nt’”co1°‘§/B'i L&F'pQE’GF ?tegl F'ICE "eHids &9 fpconnective,

muscl6 kAt aglpekd §édues prdvhamg ih@)bo@ﬂrﬁbtm&ifgamﬁﬁlﬁ'ié €atls r@@pﬂeas*rorafontmual
t hensel ves for Iong?(%: q(2ds of tine Iong term sel

organ Q& QKGR0 FYSERJEINtE] Kpagi vEhese<Ells STeriged S@S]qt'c or adult

stem EdRESnd Bad bBayfeseBRt @Ch@f hSibssenfOIMYPRhNgb@St 8td¢h cells share two
d function Unfortunatel virtua

charagggqﬁjyglsgﬁgp@b cauma pﬁd?rhlggloﬂlﬂlqs gfpih ﬁmsegle% yIong perloAs of time
(long- teﬁﬁl §@|f rfrgn@m;nm é@ tHRQSEA5 YR BeS OFe matagesl Byeti Bt have
eated cell division, During thelifetine of an

Chara@?@%{'ﬁh Orphelegips and sPeagigedlinctens: wi de range of
[0007{ act (Un?ortunagely %?ﬂu%lyle(/gr?/ngo%atllc cell in the adult animal’s body, including

stem cells, possess a genome ravaged by time and repeated cell division. During the



carci nogens, UV light and solar radiation, all of
whi ch are capabl e of induci ng genom ¢ damage. Reactive
wozggenispeci es, as byproducts of cellular neteGUUS2N$/072541
are also intrinsic factors conprom sing the genomc
integrity of cells. Increasingly, scientists are being
“fet'mPé’aaﬂ é’@?é‘l'ﬁ”é\ﬁ@”% A%t ©HPsRMY anlerage efapiesy, sHelyas environmental

carcindy&rise By fight 86d sokenshadon, N bt iREn taP@%ﬁPé’Métcﬁrm’ducmg genomic
probably involve resident tissue stemcells or stem

damage| Reaellyei GRUEET FRARRS: 36 AVBIGIHRS ORGeiPraheiaRplE. Ry iso intrinsic
factors EomproRfRsisd meegérﬁ?f{lc %@é’@lﬂﬁoﬁ&éllé eﬁic@e%%tngﬁyt §&bﬁtﬁ§t§ 8re being led to

accumul ates and that the repair systens
believe dia opgAnsend tFé@ﬁ?B']‘thé]%ﬁéV@§m§rf@ etfer e’ﬁbﬁ%i 2yl thahihesepystems

probabIRNiABREO FRTIehh 8§ sUROStE A EEIBi @Mty CRN§ eyl frbﬁﬁngﬁ,‘ﬂal’on As an
repeat ed DNA sequences. Tel oneres are involved in th

organpgbgg%ﬂt '%rﬁ’(’%‘ﬂ'@feé?ﬁkﬁqmqf%? torresifpriaeIRlIar et iaies éaﬁﬂ that the

repaw%?&tléﬁﬁs%‘ie 6QHPplohfigedgrechani smin cells; with each round
division the |length of the tel omeres shortens

[0008RNd FlelindRES- Slet afidn Bigdichhr@RIBObfl, citomb&tiids | that contaln highly
activated to initiate cellul ar _senescence, Stem cel

consepted: EoRaIYCrepented [ND#66ESNCEF o etREES i E‘HO'V%l'errlesrep“Cat'O”

and sﬁabmfyt &MinBer ONALBbIRERES 8nd Rbfvetddeddunti ﬁfé@lﬁ&ﬁsrﬁ% kélls; with each
ressively shorten during aging and cellul a

ro“”dé’F P%E@'V'S@@I”&T‘@f‘g@ ¥ & %l%“%?s %fr%te@éﬁaﬁéga Pre- @"H@rm'”ed threshold,

a &grfaﬁ%rétﬂl%tbd\’tg i@t deMBaséRids6&ces Som ébllts%@réﬂma(i@de}{s produce
esent a nore pristine Prlrre state that is clo

te'°m$r83$ h‘é’t'i“c'? duiHeitsi shasteningodli ielompierieidbealr t@?'@ﬁﬁeé&t!"sprogress've'y

shorten0@0fg @RIy bhd‘ece%l@ms@r@lsés TesMdAd relyidnt N& the genomes in the
uctjve organs, i the ovaries and testes,

reprquéEYee%W“”ﬁo”‘tt%'ﬁtqeélF IWU'SﬁBeQi’?t'?qll'é "RYEECYehatae &Y ilpie prime state

that isRIc¥ef & B8t LR M ormié R pRhbfI sm!difis mammal i an body.
Genetic conservation has been suggested by findi ngs of

[0009]“ gh Geemairer &8 (ﬁa%lré@n@éhtlnﬁl t5d RIPréRictive BRyahy eitk. flh@vaarles and
hese tissues, ext ensi ve. DNA nodi fi cat

testesvwetpﬁeS@HP U EIN eﬂ? mﬁﬁb%‘h@hﬁt gﬁ%icﬁ'?yc%{f) o598 clagspe At ?t%'i”é:e”s in the
mamnh@iaa ua&u&f eleRtiadsidb Ve hisy/Pesh Qfggé&t@mbyﬂflhhlﬁg@bﬁhlgh telomerase
actmty Hb?t[sr%% I%Htag\gﬂ%l f%cg;‘rﬁ & rsg:jtlfélgliqlsggf %ng fégﬁgxtef%a@g? Nﬁcﬁréodlflcatlon with
chrom@ﬂﬁ Qﬂﬁfﬂryos@fnanrwamlcbwhsdesabmwf@ﬁavepamre@egoo@t w\@t fyles of stem

cells q:r? Bq.ﬁlt{e[%réln%}idglﬁl r?&blﬂ@ﬁlvg il sd%%\e/gﬁ%%o %rn ;%zlgras;wgtyd%pﬁfprentlatlon

el | pri nor di rate al on
00106 gy 46 iRy ofmabialen KevabphedeThrys 7 Bqulal o for stem cels
Early a{ Iéﬁibrﬁ@eﬁéw p(:{laﬁlé Fomn Alse gﬁixﬁdnﬂsepﬁbﬂwte@é%ltlﬂ@j td®ecome germ cells
SCri on . fact t tion a
(orimasRLaL g donb i S Bl B T Resep R Rearess Mgy fyels o
alkalireephssphades ae vellif é@éﬂmmﬁg e tlrams@npsminefaetbr foreml € peemigration
and C%EHZﬁ rrﬁéfugsors}té m)r di glérp e%ﬂ@éﬂg cpe[lggHrc?rgﬂ&?f%lr%qst ation into
male gerfermaleagd@me@emr §r@bur@@dsl @rub@ﬁ@@ﬁg@rhﬂﬁ@@e@ﬁ@%eﬂéﬁd During male
precur sor rtoll C s leading to the eglnnlng
repro%\fﬁ ¥ehedgV§ bn *Eﬁ RTHRO" @ gEPBUBTeCHSAs . CaltieRerqRE  closely
assoc@wethHI@Jec@e@m‘sem E41RCI8BGIAG t6Ethk SoeRjfirfirRof @‘iei‘fﬂorhi&tlon of the
semlntfﬁrgygtqulé S/pq?egfgfé);)g%gr(ﬁiltg?ar}ﬁ#@%tg%czjﬁqecgtée}ﬁs are encFosed in the
seminiferous cords, scientist presently believe that they differentiate into mitotically
quiescent gonocytes, i.e., precursors of spermatogonial stem cells (SSC). These gonocytes,

in turn, divide for a few days followed by arrest at Go/G4 phase of the cell cycle. In mice and



qui escent gonocytes, i.e., precursors of
spermatogoni al stemcells (SSC). These gonocytes, in
wa@ enop/02dsvi de for a few days fol |l owed by arr eseCHUS2008/072541
&/ G phase of the cell cycle. In mce andrats these
gonocytes resune division wthin a few days after S
rats ”19?5? ORNeQYiRsREYEE divisin e B few daygipfier kith %@e@ﬁfqt%lts§c which, in

turn, R emtREL hEP uRRir hfe.dsrs it mee 9{0@5&8& PEreRegdRERI MR xEtence of
The exi stence of resi rinmordial ger

residugkprirgordig Q%Fm“f‘etsﬁéﬁ'@s'”t@%PB%%WSé@ﬁtbﬁ%éP%tf%erS'Q'f IfttRgy exist in

adult %USS, théheaéél% Eoﬂjlb HeWRSctlyl lR8SGhsiste fop éﬁé’rlaﬂngf’gorﬂic%%@,ta'n}d/or SSC.
responsi bl e enerating gonocytes and/ or

Theorgdigady., e@rir@%fldlai/ gem ingo¥ei efllS el nefebes Bneass| ‘F%“’ﬁitt@ﬁta”ﬁo‘iomd be

comp&8blel ﬂﬁ@@ﬁorﬁ%nﬁhéltﬁcba@ﬁ#b%mcd skén cRmpar #todsNfor their routine
quality to enbryonic stemcells. Methods for

'de”t'fgq%‘i"’r a'i“b'@?'iaﬁ@" ?@éh?’iefqr%é{?"r’fé'n and isolation are

therefore useful. [001 1] Spernatogonial stem cel
[0011} SSC)SpsFr@atPﬂ‘én'ﬁ'aﬁt%“ GelnSSfe e dif el Serifiag steAt 6%1'§Hhat through

their sBIEkdneRl, f niafisnathe r&hmwua bﬂﬁiu@tﬂfht i AU MBtREHIG uéyamg to
of spernat ogonj a | eadi ng per mat ozoa and sperm

SPerMRizop @8R SPEET-ult Q?%He?mﬁ?g‘%‘??ﬁdltﬁ?t §PiREdyRss cgts&em eells) 'an exist in

the fefYe §&nfihel PutttiSsd BRI RavaesrBldMEiffichi to IRASE SR ||sélaféaVWhether
proven difficult to identify and isol ate. Wethe

precurﬁpégtg%gqllssqx&hquéfﬁg I8 9grMiige PESSHISOf Siem C‘é@r ma$ ﬁ@en difficult to

ascerl@fneCUPl%@[lm%I?”bl‘égéﬂﬂSm Rasy k%ﬂfé'ﬂ ﬁbﬁf)ér@ll'tﬁelf Osh@ﬁ@rﬁﬂtl@béhon has
present in very umber s,

mabl y
Comp@ﬁ@dt 'é?'é’thor] 6’&‘5?51@??3}&% EEﬁFHF%OE%Pfeﬁsps%P é’lofeé‘ltla'ﬁ/n%i good source of

high ewnw isteth | Qs fOF SRUMSPtBer@bieSSE Me§ B &l iisdldtyd ardoRféntified.
ource of high qualjty stemcells for human therafl es,

U”for'iuf‘atPWeythEa}PCBtéori Hladerntibing | dermagrisies Unihsseusaiselythin the

seminfié@us ﬂﬁf&té Meménldmlﬂtltéwsﬁgmﬂaf acteristics of these
cells within the sem ni ferous tubul e have been

[0012fi f f ingdié tgekritin@i §§|¢1réélls[(@@b3]mé\fﬁt|aﬁ1 %rﬁbto@@néé@ﬁ’y &elflrénewal of
) . mai nt ai n_spermt ogenesi s érhsel f renewal

Sper”’%&&oﬁ'&{ o8 é%e"%t@ﬁ%)elq%g ©@8agpt eSrH’QFr&?tP%?P'%f committed  to

d.ﬁer@mn@ﬁdmmg@nb@rtaq@mmtrbefa&namomb fd@@: %tﬁ Béth Qlzonkiadand adult mouse
tain ip vitro conditiaons from hot h neona

testis gﬁ@ r%qeplyn%qﬁeéatgé‘glflpgot%rgrgerr@p tI@&p)mé%q.)e gt pave &aracterlstlcs
and dmﬂérbhﬁgﬁbﬁnbotlﬁ[dm si@lldr td nesor{ oA stéhatelRayEsC). However mGCs

rac er|S|cs and diff tiation tential simla
generg Gadn ot [bsruee TP yeq EReyen! GBI GBl ChARETenbP saceep reain
their ssc gwd‘pfam@@@hd lsamematerdses csmsam;ﬂy deﬁJserr%rﬁosg@mm reflains that the
haracteri stics i sone retain the|r SSC pfFe? ert

derlvaay]ed mgte{%\ggrnp 8@[{ ﬁnqs '@8}%}5‘?& p@n qrh\(féi frqrﬂ éj nt suL)popuIatlons

of gerfN6s kel ddily résidBnt Mthihhisd mblge fetdsvat i ve nul ti pot ent
germcell lines may have been derived fromdifferent

[0013]subp<n31;mleaettubﬁn5f @fnbgﬁfnrd isfen S¢efiMiged Ihadr Bsdrdedught ttbi provide a

e nouse 013 ion of e onlc stem
re”eWé’E'Iel Squr‘??eg ?fH WBB‘ér? é%&???orﬁ@%Fﬁﬁa@ an é%é(b*i“é repo"ts now
indicafeOthae exugﬂ‘ngee@lr hrRBi fre ¢RMobELt thah @FighalyhbsiRsednamaddhave also

i ndicate that existin

era t reports nQ | | .
been EPHBRTAE P Pl B R 0B A AN P YRS e stem
cells (E®0g wtrs origingiy ;ﬁr@p@sw arsatuanieriurE ?T%m)rcwnéweeawd they were believed
eni c anlnal, ND] ecul e ronlcs
to be \TREOUGFAT T VATTR T i 500 SR QR B P i iney could be
differen@hted ife castemizcdanulisstentlarllihexpdcommitted cells. ESC are derived from
the inner cell mass of the pre-implantation blastocyst-stage embryo and have great

differentiation potential, being capable of giving rise to cells found in all three germ layers of



to be immunol ogically privileged and thus not subject
to graft rejection; and, they could be differentiated
WO ni0d/0z11st om zed mul ti potent or |ineage-conm t RPEHUS2008/072541
cells. ESC are derived fromthe inner cell mass of the
pre-inplantation bl astocyst-stage enbr}/o and have
the er@?ré‘atprQﬂeff EFQsh @i g gtieAl %é’ﬂmﬂtaq’mb%@”'ﬁé & pRlls! ?é"e@f‘ artifact of cell

cultur&i SMhdg iR me.rt RatGRl |epiti e NshvirBnAkht, tthé}ﬁ%n@ﬁremst ayRERntly during
of t he errb proper. Froma practical standpoint,

embryé’ﬁﬁ'f‘%ﬁbﬁil Ma@P@ﬁﬁ'%‘l’fl%“béY@'(‘aﬂeﬁ‘rQQ”F irvirghag lepfl fe therganeration and

dlffere‘hhé‘tﬁﬁl ofl A whdtetahgB & 'éélfﬂltyp%Q' ||ﬁl:|§§|n%%\/d|6rﬁ%@f§s; hEm8¥poietic cells,
exi st transiently durin ryogenesi s

e”dOt'Wﬁr pellsateniesoPkelpiBl JHEFIE: §'ﬁ‘€}¢lr%(‘é¢qss aidH?OQYt?? diveagnf gxpgcreatic

islets. Q-Idvlv'&eg%'ﬂrﬂfr%dl@ﬁteﬁﬂ@ellg'rﬁéyeﬁtﬁrﬂe' #préiia®d for dbslardndMEt as they
cel | %ﬁ%’ Itfép| ncl udi ng cardi omyocytes, henatopoietic
t

form é‘?a"ﬁ'log‘aseﬁ $Riantio | 3“\@%9”@@% thafRe PE&Y zﬁ'l‘orﬁ'uéaﬁﬂ eéthical issues

assoc%'féﬂ\ﬂﬁ@ﬁﬁéﬁ?&ahcﬁ%f%?&ﬁe stanV&aﬂls %ﬁh RAN&T Bdbhyes! Shéh Sell types
enhryonic stemcells may not be appropriate

ra
with E%@ “EI"? r%@@e”t'?saﬁé%lt'&fﬁ higlyt H@%qub@r Rlteraptives Yier By regenerative
medidineanspl anti on. Additionally there are noral and
et hical issues associated with the isolation of

[0014]3nbr yPBtefors! amdreelsl 8 hEQMIbURBYel € 8AUTY&S of Sﬂl@%l@ﬁ'yl useful, non-
pes with ESC-I'i ke properties are thus hjig

hl'y
embry@@@, gone-igid eFP'H%th%sSt?r@rceLFsEa‘{'W BRREREY @tﬁ" p@arly physiologically

prime §&fé C FOghertrBRl Merd ies EBH Bor SHHRES of Stem A WithAke RB¥Eproperties
sour ces of blologlcally useful , nonenbryonic and

for use gphymegnygnd Yﬂt‘%ﬁ”]aﬂbihéfﬁp'esst em cel I's havi ng genones in a
nearly physiologically prinme state. Furthernore, there

is a need for sourgces of stemcells with the latter
properties for usé—lﬂﬁlMM@-EI—%EI-EWE&(-QNT AN nary t her api es.
Y OF TH ENTI ON 0015 The present discl osur
[0015f)r ovild @sorﬁ%%g’dﬁlwkﬁe P@Eﬂ'ldg% |”Eﬂﬁ odsufer 150 f%‘?l‘oﬂ“rg'ﬁat'o” and oulture

expan@ld)htd#rg@rrﬁméﬂn%”@ffro@ﬁbd’thlnﬁtﬂ%§g@dﬁé¥ﬁélé§ Ns@f’ﬁrb\ﬂtﬂéh is evidence
oV is evi

that ggrg:ﬂiﬁgis ndgfglgsrrrf?%lgfépgﬁ@pérgi tg&h%glégp%ﬁ%@egagf H%monstrate molecular
chara@t'ﬁﬁﬁic@%m[aﬁ? ﬂgdﬁqtéﬁ:ﬁﬁlﬁfzélﬁi zlﬁde\@?ellbtﬁfere{se actmiu(las that t compare
aracterjstics simlar to uri potent stemcells an
ravorabligut e ek S80deaas Presse Bl e Tonegi SR Fes ot Jeciosed are
d.stmdeld%sé@@f tgbmﬁnn@fstelmd@mg@ﬂa tHY AralRg@hadothaE RiVe/ ANite potential to
stem cel | Al so di scl o}sﬁeﬁware di stinct classes

of
becomgs SR n??éogﬁn@h%%m%e'? M Ay T gi5RIAN Y t?*&?”ﬂ%%e”_ﬁs's and 2)

multipblk@t PNt @atdoddristics aapmesmﬂér@aﬁag@mﬁ@huﬁbmwwe% with
the ability of restoring spernatogenesis and 2)

[0016]TUHll@m@bnmgbimetma@af:tsglb}@t ip@|§lljlatftd1 @ﬂrgd@ggne ceIIIs is provided
| renti ate to Tl e t Yy n one
consisdnt chisoed Opdel Grs Qe F YIRS ERPEETRY O [SBR] GhE marker
selectb§ fﬂfnﬂ‘méj@ﬂ)dbo&ﬁis%hh@g)f YerhFd sfeffl caiPRadale FRlKeSs GFR- oc1 6-
haracteri zed he expression of at | east one mar

'ntegr@em&ﬂ e%SEMm eD@FQﬂ?ﬁ R E1SS39hGInBY (Dgeeﬁr)nwrﬁb(:%&feﬁﬁkers VASA
and IJ;QL' @ur%mambmr stefdBell #arkaéOpLIMt maréxbresgBTaﬁ & at Ieast one

I'ichos biflourus agglutinin § A) ,
germ'k@@l stema PRIE 08NS/ Asleciadh Tropy the SFRYPs pRISHHINg goin eé‘l’m%r?é‘?n VASA c-

RET, SR o TASR! afd-BEZF BRE tRXXpRS3IdADT afhigH el &13% tel R&rase.
germine stemcell gene selected fromthe group

[0017F ONSi|$ LhBBeP EmbBLIRERE, aRE isoied poBalation of germline cells are male. In

another embodiment, the cells are female. In another embodiment, the cells are

mammalian. In yet another embodiment, the cells are isolated from a fetus, such as a fetus



RET G-FR- al, DAZL, and PLZF and the expression of a
hi gh I evel of telonerase. [0017] In another

wepiosizrent , the i sol ated popul ati on of germn i PET/U81008072541
are mal e. 1 n another enbodinent, the cells are femal e.

I n anot her enbodi nent, the cells are mammali an. et
betweﬁﬁéﬂ [REF 28RSP ﬁéﬁ‘?s"a"toﬁ‘e "&éﬂ@@erza?'@b?%@?%tt &g qen”%ﬁﬁ%iso'ated from a
post-ra@]l Wividlseh as a fetusbetween 11 and 22 weeks of

gestation. In another enbodi ment, the cells are

[0018] SO! & efhofHeP PBrabdRRéNntN MealisdidIed gﬂdéUI@hon [o(i‘)Q;]e-af?r-hIlﬁé1 cells optionally
anot her embodi ment, the isol ate popul ati gn of

eXpre@%ﬁ"Fﬂ'ﬁ’%‘éﬂtd%ﬁl‘rk%"séﬁﬁc@t‘?aﬂqr@/t%?'é%§°rtﬂ'$t§'f‘9 PbPEht. Nanogend alkaline
phosphglaget ed fromthe group consisting of Cct-4, Nanog and
al kal i ne phosphat ase. [0019] In another enbodi ment ,

[0019} he |It$@h@ﬂh@ﬂ eﬁfbl@dlhﬂatnt Otﬂe Qéol&te8 MHobiatiGe bf §er¢%ﬂé&§§ﬁs (“e&bl}ess cell
ace markers for both GFR-al and a6-inteqgrin.

SUﬁacﬁéﬁargﬂ'&fﬁ'é?OtBrﬁlcdﬁ'ﬂm ob-iEegrigollayeraiieat O@H“Qfﬂ the isolated
popul%ﬁ{/ [ﬂf IRl defis BXHEES §eIF§H§C§ WG degj’olﬂ?‘i'ﬁ’y - %hd RRtiRtegrin and

and a6-i1ntegrin an ene enco
a genean@ﬂ@m@etelomrm eyt haec)th@rrb@@pdimﬂnt th(h@eldseemess cell surface

marke‘?g(]%r %A{ie { 5@%@%@%&%&@9 §§E/M'b ﬁ'b%& {T%g tgneater than

n one e od i TRNL grea
abouteﬂ@&ﬁubf He%eti ekﬂiress:bbﬂhsGléR-mﬂeasj VASBA. G?’Rya]anamér ¥AbBAdiment, the
cells Idn i] anpt her elgbsgd rrenté the 4 essna tina of
982 8P SREGRRr RErCLY| 81T m%m%%% GUp 8n§i" ifgnyPing ©
AdhesfsHiastivatingdWioiecalti(BpC M) aadi it EpCAM) and c-Kit. [0020]
I n one enbodi nent, the isolated popul ation of germine
[0020F el | $n ex@embsdibenh ik isolteansbputabn odgetntindicblist express both Oct-4

and c- éﬁaSt Oqﬁtgp ftflegs Ogﬁreo&q@% :pgospg %%%%Legzﬂe(i { onrp ttfu? §Bogjl9t d?uﬁlstlng of a

cell cyletmudaibliex fmhe o6 about R rgmrmbkmsspreof gjérmhgeﬂseclfm geiles at a higher

e QR SDh S R O RS IR S0 o
lower |lexat|tharh &8 ESEC;greatgr dapardede pangliahtcelb egbnddnt aelurotrophic factor
eurotr c fa tor

hi NIF ' | £
(oNEEREIEFF SRR FEAsRS ik Ikl N aBlop IF) Prfiightast growtn
factorf(FBF2plaadta Igwemkehe!f dl SISHA-( efpizpsiomatithnaE SOWer oheealbodiiment, the
ESC. | t. t
plorip BT SsEeite SRR EPE lagiotoueL i RRIRg O Seo Dpod. Bopas, soc2
alkalineqpiwisphiatage afd Qgpbtod, Nanog, Dppa-5, Sox2, al kaline
phosphat ase and Crypto. [0021] In another enbodi nent,

[0021] he ilrsahalhed eplt»pdilm'mit othe a$olgfed ropnlaticre lof @eanlﬂnei sk edre dsolated
fro I ess Ki. t
rom e8P B Geroid Rt 5 Bl Blgct PRALS FRPGRsipoenic cote
In ancﬁl’iﬁb@ditmﬂmrﬁenttth&éﬁacetleIslap&sebpthaﬁmtémhmna-ThytEgr| n and
Thy-1 . [0022] In another enbodi nent, the isol ated
[0022popuIlmtahomeoian@emrddnnetheeédlstearp@phmﬂbratoe@efmlmm eells are isolated

fom A TIRSY PR BNOCRP. DRBORI AERLS TIRSPILERAPRG VACA "It another

embogioput, ahé wolaéd @eplm‘aﬂlcneOfC@érhﬂinarcells ad Bblatkdf framaafemale and are
capable @Jeiﬁer?ﬁdgné&té:gﬁoocy?e Pke ceIIf ferentiating into an

[0023] In another embodiment, the higher level of telomerase activity is at least 20% of
the telomerase activity of embryonic stem cells. In another embodiment, the higher level of

telomerase activity is at least 50% the telomerase activity of embryonic stem cells.

[0024] In another embodiment, the isolated population of germline cells are pluripotent

or multipotent. In another embodiment, the isolated population of germline cells are capable



[0023] In another enbodi ment, the higher |evel of

tel omerase activity is at |east 20% of the tel onerase
wW@eane2tiyl of enbryonic stemcells. I n another PCT/US2008/072541

enbodi ment, the higher level of telonerase activity is

| east 50%the tel omerase acti vi tal of enbryonic stem
of dlff@rgpt@lng[n@gggljs ofihe AePARIM. SasoR]itheARdodera and gelk @fdhe mesoderm.

In yet%Btﬁ'eabht%ﬁdlﬁfeng%é‘hel&earé nk§bléb€d@ﬁel=€n*tl9ﬁﬂgelﬂfo &pamine-producing
mul ti potent. |In another enbodi nent he isol at ed

cells. by pefl anofheh e@i‘f‘)oﬁ'@‘reﬁ‘f itheclis|are ”‘étr(‘@péﬁﬁé’lﬁf%'@fng teratomas.
differentiating into cells of the ectoderm cells of
[0025} he &mABRIEFMRPARENE NG iSolfec PROUIRISR @EPPAMIING Cplls argrigklpied from a

prima@NBSE SRNthe deNe e‘k@r’e%sc' TRY4, &@WQ#r@’n %fnd@éé@ﬂed%'cﬁ)t hdt%xpress c-
i nto dopam ne- produci ng cel n yet anot her

Kit. le@botiermembodinteat, dbésescelisduntiogr examss| @FRd¢. Narad agd VASA. In yet

anothéreé'rﬁt?&{m%nnt t{&% n% @Ab%b@'ﬂ?ﬂ%%ﬁ’i%m lgfaptao dép%%%ggmc cells.

Ine ce are 1'so
ri e t e y
rooz6FE ! T onks %*béd'@@@séﬁ%ﬁi%ﬁ SR PO oelBYs providgd comprsing the
Qermliaﬁ@elifedlsémdiaﬁ@ht these cells furt her express GFRa,
Nanog and VASA. In yet another enbodi nent these cells
[0027hr e grapaelemb@ﬂirrtﬁnt fametitodds icrayidedtfor isplatinghe ;geriaton of germline
I
stem Eﬁlgce?rrér%%ﬁ reos\lﬂ/ep%gg ?é@&ﬁpgéeﬁénatdageéﬂg%mﬂr? &g%wtn% stem cell
surfacgi rg@nk@rsehertwpes and pemlmnmth@heaiém@owat@ﬁts expregsel g least one

germ“ng SRR Y| F o or isolating a population of germine
stem ce corrprl sing the steps of: selecting a

[oozspona‘ﬂ@'anefﬁ'et eﬁ?ﬂ&bh’hédt nﬁmeag&%'aH‘ t&IR %@p‘?é@sc%th éétréf %ﬁ& c-Kit. In
mar ker phenotype; and determ ni ng sal d gonadal
furtheeemb@d@ﬁptSe@e@@natal|ce%ss@reé¢realgétrmalme stemcel | gene.
£0028] I n anot her enbodi nent, the gonadal cells
[0029%x pr &3 @NBiHER embpdimeah dhe germling surfagetRakere ARAtYRSN¢QMPrises at

least 64&%%98@9@%&%@%5 $rof lﬁefg%@ &n@istifrbeEpith@f4 Yell AdIhesion/Activating
anot her “enbodi nent, the gernline surface marker

MolecpleetRRGAM tesnsive.sGONA rqceat@f (GRR-qhemnsitiype c4@ egadive, Dolichos
S pi I
b R B A ) G VST SR PRSEAR) PR IR v SSEA

pOSItl\teearebwﬂnt(agHFerasquaom anatieer @nb@)dlmaetgalte germlDel stethomll gene is

selectOu ki ‘tbgf;{q"t‘\%gc' uLLpin g%?Bm%rﬁgsv&éA%Rggge A3 tg%gr_ and PLZF.
jo030f 'm'“r.t‘ ol ers tdll'"\{%gn b 8% PEhe n@ranqewtnegéﬁm cel surface
market @hen&typaer goraprides| sehsetiag ér éisShat do RioT ehBss a-Kit ddlZéxpress both

an E. [0030] In another enbodi ment, the step of
CD90 gg&#@hg a gernline stem ceII surface marker

ty coO rlses el.ect ] ell's that dag, not
l°°31Ex L Ry B o Ry VS SB0n et ol Yeftige surace
markelr rphanﬁyhaemompbmtl mimtmgtfblec‘sltselpabﬂo set expresg)cdit and do express
SSEAgernt ine stemcell surface nmarker phenotype conprises
sel ecting for cells that do not express c-Kit and do

[0032@ f Préss, ?%%Aélemt[o%?rﬁ% the Sgte%t I&e gS&ﬂ% ge%ﬂlné I%?en? tc%ﬁ surface

el 6
marker phenotype comprises selecting for cells that do not express ¢c-Kit and do express all

of SSEA4, CD90 and CD469f.

[0033] In another embodiment, the step of selected a germline stem cell surface
marker phenotype comprises selecting for cells that express both of a6-integrin and CD90

and do not express c¢-Kit.



mar ker phenotype conprises selecting for cells that do
not express c-Kit and do express all of SSEA4, CDOO
w@e@eDasf . [ 0033] I n anot her enbodi nent, the BCEPS29D8/072541
selected a gernmline stemcell surface marker phenotype
onprises selecting for cells that express both of

[0034h6 i R BRRtNer ARRPATET: WA FelRURBET @PFIBsTSRARI t . [ 0034]
In anot her enbodi nent, the cells further express
SSEA- 4. BRI EF DESCRIPTION OF THE DRAMYNGS [ 0035]

Figure 1 depi cBRIERDE OF JHE LRAVIN d8ring the
expansi on process. g?ure 1A depi cts al kal i ne- positive
[0035h0n0dyqueR 1a‘iepﬂ%h6'ﬁ§@t etgk gnecyigs duripg fif exPepsige mreqess- Figure

1A deﬂlé%l"'él@éllﬁe%lsi‘ﬂ% §6nctlyteBrat BNEoMRe kf &ﬁltu@@' Figﬁﬁe 1E§‘d5’;%ts mushroom
culture medium Figure 1C depicts a col ony

colonieg§Ttie@nes WEEK ) w'tw% In E’Vbﬁlt"@“i Fegen- ctF &Uée fl pa‘iepé‘iﬁ érﬁ?t colony

after tﬂBtvﬂ';rek§ Y Blilfre. pﬁ%ﬁﬂgﬂf) depicBe ttfcoRAy @bt sdvrdMpdidtes in serum-
Fi gure 2 depicts the expression of pluripotent

free CW&F?@]@'% human fetal gonocyt eder| ved cells. Alkal | ne
hosphat ase % ure 2A);. SSEA-4 gure 2B); TRAI -6

[0036fF| gt Ilgém?é)de F@%{pe gipr@p@@ pfsplgrmo ewarheram Wﬁetal gonocyte-

derived def§. hﬂm@rh@bhd%bﬁét@*s@(m@(ﬁe ﬂ)%@@AﬁﬁFlguP@Blg TNNLGUl{ Qre 2C);

TRAHE (RIS Rk i B BTG oadrigh Be re Bl B @il flanog and

humaﬁﬂ/ﬁd@rgu‘réQE% condi ti ons. HF 89-p2 colony (Figure 3A);
HF-22-p7 colony (Figure 3B). [0038] Figure 4 depicts

[0037]EXpr e,=$gur@ elo@bucﬁﬁ melgmxétaruf fe'talot;cmmleeyre@ehb@d cAGKEs snday serum-free
and fe&ésr— eesg(%r‘gipt@ﬁg qg&-éb g’gﬂe glglgcee}éfaalﬁL%%fpﬂ colon%/%":lgure 3B).
roossfloy 46, Jofenlib EreaTinn il L pelegt g BT agrkaRcPy human

fetal gexmw@aemredqfellmr kers associated with cell types
derived fromall three germlayers (Figure 6C) on
[0039humarFidueé 8ldegiatsasipireraberaciad) ia éluhan f¢t@0gbhocyicgigrieed/cells.
depicts directional differentiation of human fetal
[0040pono¢:ygtme derdepiets d@tration nﬁoembr;@idovhspdieyt(ﬁgt(ré'ﬂ @& @and 6B) and

expre%ﬁ 0 %%sg%séf:'af?ﬁ(e"ﬁ%‘?r”e%{é‘% g%@/[ég go{ng%% J}rge %Eén? lIjary%rs (Figure
6C) ormbumamadtalcga)hbcyt@tpemddlﬁegslr e 7F), oligodendritic
(Figure 7G, and neuroprogenitor cells (Figure 7H).
[0041] 004 Fjguré Juwlepict di&f:a:itloma! dRferé@Rtiore sUhursarofetal gonocyte-derived cells
renti

feta nocyiederived cell

into el ieYies B Py estimn At ks §70ER! MEL SheVEPofife, (Floure 70)
neurornse (]'T‘Iglll rel iD)e agency[e@(lﬁ[gh rd:VE),I meufndegalictyse RIFRCR 7F¢seligbdendritic
F c} dﬁr enti at ” lelf:l _; tal gonocyt ederi ved
( '9“r8g|GI Sl %‘1““%%9%6%8&68 Peerit ated to cell types

eri r I f y . [.Q044 [
rooazfyc i ¥illrere Befltts STHCR 7 b Ut ertati dr it goncovte-
derlveﬁeiebft thabhaeyteedatifferediated to cell types of the neural lineage.
[0043] Figure 9 depicts RT-PCR results of differentiation of human fetal gonocyte-

derived cells that have been differentiated to cell types derived from all three germ layers.

[0044] Figure 10 depicts RT-PCR results of differentiation of human fetal gonocyte-

derived cells that have been differentiated to cell types of the neural lineage.

[0045] Figure 11 depicts RT-PCR results of differentiation of human fetal gonocyte-

derived cells that have been differentiated to cell types of the cardiac lineage.



cells that have been differentiated to cell types of
the neural |ineage. [0045] Figure 11 depicts RT-PCR

w0 e®oleysof differentiation of human fetal PCT/US2008/072541
gonocyt ederived cells that have been di fferent| ated to
types of the cardiac |ineage.[0046 gure 12
[0046hep| Eigirentd depistt eofichopgnt ( g &F%’ f(97G6P e ‘?ﬁceﬁtr Pf@ein) positive

subpo@@@t.émsvsr t%é'ﬁ&@l%‘?léltéﬁ icemsisehtddeBbm GHe FanseRlB @@bl Mouse using flow
isolated fromthe transgeni c O&X use usin

cytomglfy-ofst-# positiya cellsggdndiaied Py GRS @g)rq;srﬁ;mnc\mrggow gy distinct cell

popul@t?blﬂrlﬁ%%'trpﬁedl'%rteﬂ FrouRd1 a%odé(ﬁllt' ré?th) @@%’h@hé@@oﬁnﬂared to
neonat al gure 12B) and t (Figure 120

the Wﬂ%dw soayar é%“)t 0 Mhedop%eoqsliiv@m%ls 1999 C'eﬂhﬁwepopu'atlons
considting $Ped-K# JoRilé I(RS) aRl | SKit theBathlee@t2) SHWEBOBUAAYFiQDRs 12D-12E).

consisting of c-Kit positive (R5) and c-Kit ne%atlve

Correlafign) b@%’ﬁ@”?b‘?fﬁ%ﬁ'?rFPf Fl2gnd sifitis giso shawp drigeies Bétz\'/'\!éen
expression of GFP and c-Kit is also shown (Fig

[0047} > Fiquye 18 disaipls mPGOPlegEal hepoes %UrfP@rtBﬁépb‘ﬂ?@BP”t "of multipotent

germ CJéﬂingﬁ@ U!'rie%g irf %Itd@VW@M@r@ctﬂf-Gﬁp“ LRt @Rte Qcﬂfsgived in cell
cel | lines in culture. Mbuse -4- GFP+ cel

prepagdipas g@?\ﬁé@“ﬁ'% (fgye BAsparaws o'ﬁ%y ﬂe?)or%‘oéq}‘l eliete Cu'ture down

regulaﬁlgh SHORt-4 3As BEENLE Fldl]?éﬂé'B?’Daygm)r InFtir mfetaﬂfﬂécﬁ?r\vléﬁttﬁf@he cells in
down regul ati on of Oct-4 was observed Figure 13 B;

the segonq We%‘ﬁ PE?U'WF%O%‘{'?%dHﬁ@HP'OSFa'tCH@”S%? P%CU.rrﬁdt(ﬁ'@ugeemEPay 7-15;

Flguré/\"?ﬁif D2y @iG)UASpr@QYﬂa@M% threé W&k@gftéﬁ&ult@l@%ﬁ%&%%fdrﬁﬁg small
gure 13C Da ure 13D Day

rOU”dAﬁﬁH? 3@ e @S 2/'159% e avaf9-ep)- dp- qu@t'oﬁcﬂf&ﬁté‘swas observed

about%@trﬂbrﬂh %teﬁ aalhjre r(plgnr;é €31, |E$ayV\&T ¢0)f %ﬁ@ééb&fﬁhgalé{j @st%@@?ed mGC
ati on of was opbserved abou

lines Qﬁﬁ@e%ﬁfrhn%qn@ E)é%qutagpléO@ﬂ @me@ng@ﬂ:O%lyacgoargwesented in Figure

13G-20Meigareoh 36 hNeensal aud; shgseM3H,| ABES Gisy: i IV% gref 1IMOG2 Lacz),
neonat al O@, adult O or neonatal O®X-LacZ are

reSpeﬁfvég’eﬁ?%%b?'ﬁ PP gire 13G 201 (Figure 13G Neonatal OG2;
Figure 13H Adult O&; Figure 131, La ,
[0048} espé:églqr‘?/eVy depiely @%@Pﬁe&é@?”ﬁﬂﬁ‘e [Rﬁ%%’é?orl:?‘ﬂ%r gulpied on mouse

embrydaRi firsolaet| (MEFFQtf@éHefr %gfef’éblnnﬁlt/lp’r%ggécﬁ?h sféj@blemeﬁtddt witteds5% fetal
nic I Dr opl as eeaer
bOV'”Wri’d'(f‘t(ﬁgS?ren& % e H%'Hisé’d"'ws PH“%%(%‘? QH@P%‘%\Q'?%DOS'“VG cells

was dé%‘rrﬂfﬂ‘ibﬁt’t;@ﬁb qu&esdéﬁ&eQJs?l%tedt ¢dﬂ%oﬂ[hlgr(FAgSt91 r(F@grecuctA W, 3; Figure
n er SItl C e
148, 6 bopEn e 4S8 91 Bguiaet 105t Tl [iBNES] 4 pRpgaraormn of cel

numbérdAs. Ay, Scal&bte' e 4BvalBattoBD fm.gure 14C, Day 9;
Figure 14D, Day 15). Figure 14E depicts a graph of

[0049F €l | Pyindens depictsi pRenohpd earldaimsol@difare @Hae@te@iRatidn0 dBOmGCs.

Immu g oo Bl B eB SHAEm A Er S oRiEPg it Biobres 13A-15D for

Oct-4pFigtiiep OtSERTSHARSH NERTOR) ERjulesTRNIEES faF SSERPI @h@d:lgdﬂes 151-15L for

the oqein Al SRar eV ABR [ SaIecegt: Fiolieh BRI 2518y Hgurer o 1920 km.

Expre§86mot @lripbRhk and gh‘ﬁﬁépg%ﬁ@h%rlt@é Hetdringietesy RFAPARHE shown in
mm

.2 Figure 151-15 ression_o .
Figurey a8y ¢ SHES S g Pl O PIRCTEORET & QbOSHb Nagpggnd Sox2 i
mGC EdilsMehre aing AfeniminiunbbeélpaflerQIP)Tib @radéateanm Flgurd 15Q.

anal ysis of protein contents of COct-4, Nanog and Sox2

[0050] N Figure 16 depicts telomerase activity and karyotype analysis in adult adipose-
derived stem cells (ADSC), mouse ES cells, freshly isolated germline stem cells after c-Kit
sorting and multipotent germline stem cells at passage 10 (neonatal OG2). The telomerase

activity in the germline stem cells is comparable to mouse ES cells and higher than the



nC cells before and after inmunoprecipitation (IP) is
presented in Figure 15Q [0050] Figure 16 depicts
W@ 200omeridse activity and karyotype anal ysi s i nPEHUB1008/072541
ad| posederl ved stemcells (ADSC), nouse ES ceI I s
shly isolated gernline stemcells after c

ADSCs‘éﬁ'”?Kﬁ'@ur&nkﬁpﬁuIFt'g%%ﬂ@ﬁtdeﬁ@stﬂhPﬂ‘é’r}@E% ddhe §ar_gg ngaR&aleG2 cell

line. '1IQe bﬁﬁﬁé@ felpre@@mat.veT Bﬁthbeémmfa@ﬁss@%rbadé ¥at wetehsnalyzed After
mMine stemcells is co arable to nouse ES cel

15 pa%ﬁ?@eﬁ#@ﬁﬂ“sﬁﬁr&hﬁ?ﬁ@m&a OIMPs- (Fi gure 16A). Fi gure 16B
picts the karyotype of the sane negnatal O&X cell
[0051] i ne Figthe F?l dericts |p’§)rlp% aralysis; of \euloteri coesmline precursor cells

before”(ﬂl@@ﬁ@ﬁ@ aﬁ@f @@@f c@lﬂ@é a\‘\’ék%rrﬁﬁ?éd’%ﬂﬁ* mafskeEs kBlls for differentially
ges the cells exhibit a normal karyotype. [0051]

methyﬁt%'fe@'oi‘? Meash EeglQ, ﬁ%ﬁ“i“n'lglfaﬁg‘mﬁr‘?a?!%@ s of multi pot ent
ne precursor cells before %g and afte

[0052gult hierant derpisr K¢ SPeTAnASYS ediEseptqtios ¢fo F‘GCS (&utation of

b id‘B@d EBaFIguraraBAy lant efle r @8N MeOMarkded 1{dicat®é -of . polarized
o ryé) }gﬂd Rasg‘ﬂFfl .yaOOSZiﬁ?@ uren18 dgrl cts tIC ‘polarize

epﬂhe&%arﬁﬁaﬁ?@'a%n d ?'ﬂ%?'@ﬁt i BigH ~TRerand GQQX’ GP‘éﬁ'?%ﬂeerOf the three

germ GBY,0ii 6., b@@wddrEB (zﬂ61gumxé-8fsb>64r)d dnBed@¥PrEeATAAN FHXA2) and
mar kers i ndi cat i polarized epithelium @éE cadherin

mesoderen (BIAGH XPRYH%\{'P% angC@B%ﬁ‘”aW& Ay INg BB JRBRIBFof During

culturéS F&){?@b@?&%g@g@mﬁ_ %bﬁeren‘ﬂated %@b@l@ﬁééﬂs(ﬁh@carﬁéﬁﬁ%cytes (Figure

18G- P aatiavones (iR | SRUACLISR SFls THOWRARh SPH By Scale bars: Figure
18A aﬂi&@Sﬁ%E untWFiGUe 188l drdr B3 E: SprRErRAGIFe NG BNEAdS18: 28 um; Figure 18G,

ferentiated spontaneously into cardi onyocytes

18H a(‘ﬁﬂéhr‘bs H@@'9@§)18Kaa? pBtytes (Figure 18K) and neural

re 18L ndl Scal e bars: re 18A a
0053551 Fiemt ApgaiselPabaues SHEreHa O FGHEanEa S -specitc
phenolﬁi}%s. %gnml |ﬁiaggg©f ﬁ%cel&%*ﬁ%ed&ieura{l%dﬂ%rs%r@?ﬁ@wn in Figure
19190 Fapigntphot OR oiraheis AT PIRIYR- S paure 1. Confocal image o
mGCH arfeenyipes. |n@oaérar@a1yotyta@%se @fresrehfédcml FigueX pgle Expéssion of the

neur al rrar ker.s e sho in F| g A-19G . Exp esgi oq

cardiagi S3rte TRk IS G KEHES | LSRR (o PGHIE FhgnarocHe afer
differep@atiopcal mMiGEOR ofhowrGiss F@ufé GBHnEé@ieeﬁloh rltigf(ithe chondrocyte specific

t
genosgh PRENSAT - 196 SCHHE BeBY & 9165 JROuORP1¥ (T Cougt: Fdure 198

and 19¥H£5(ﬁpﬁnbﬂ-'|g@repm 19venechandogeyte after differentiation
of mM3Cs is shown in Figure 19H Expression of the

[0054F hondhicaey e (féb&:w theGogenien dof serafoma dfter frbaspgntddBR. of mouse ES

cal e ur e 19A C
cells (e 39K 286) ek mylieterd BB e Eracrs oty 7 b bigly e s
muscIEiagd It&tlaoTl'daerlab@ihSIobihef IESC#‘@PW&Dte@étomaE alaenrmtindd B H&E staining
I ant ati on of ES A 20F)
on ”"Hcﬁar  &F &”én\f"hﬁr&é% feft ra(‘%‘i’ ?{5} %M@ )ge”ﬁt%?ms (mGCs)
was |ddhﬂf|%d<bylLa%ZJSl@irmgaﬂ’CbV\trﬁlﬁth@ed Eﬂxa/%/mgwmek agsphdntation, GFP-LacZ’
ESC-deri ved teratonma identifie H&E stainin
MOCH WS dD A PR S PORAoS RiRar it Ftie b Jacert Sebaceous
glands_t,ra&ftﬁ\phézﬁtl eflgurg| 20G01eNtin gey Muselk! @rrdWEIdBiHuas0l-20J), and in the
testis géjrfc&Ys %ﬁgh e?% %ﬁ%b%_ﬁ@ﬂ%ﬂ'&wfng tr%lng&éntg{ic))(n \gfgtla(r?nline stem
cells before and after culture is presented in Figure 20M-20R. Cross section of the normal
testis of an immune deficient mouse is shown in Figure 20M. One month after busulfan
treatment the majority of the seminiferous tubules are depleted from endogenous

spermatogenesis (Figure 20N). Testes of a mouse transplanted with freshly isolated Oct-4
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nCs were found in the skin (in the bulge area of hair
follicles and adj acent sebaceous gl ands, arrow head;
WOR@anz1120G 20H), in the nuscle (arrows; Fi gurBCT/US2008/072541
201-20J), and in the testis (arrows; Figure 20K).
Testes regeneration follow ng transpl ant ation of
positivge Fofisi plovEdepperBRfagepRsiD IR MBYTE 8PP e10% A tﬁ%”'feéous tubule cross

sectioR§ ﬁﬁjﬁﬁhﬁ& tHeNprebehteCor 2@ JRAR SI& BroperP i th@lpéﬁulétﬁﬁ (Figure 200).
testis of an i mune deficient nouse is shown in

While mcgg?f@nz%ﬁm ofsrmintiereHs koulss abiRemicgriranseiaRiRa it P-4 positive o-
Kit negBi bdilé sHowleh e&sor@Mi8grberH an%Hé&%s@r(fFlﬂf?eg'Z@P?C{hé R4]drity of

endogenous sper mat ogenesi s ure 20 tes of a
tubulengigse sertions ff dhe é@!cwr?%"f‘ﬂd ‘E pP%'BYeaPé@It eRsitivepesdls tvere empty

(Figur6 €10cH, FhMaBE nteReh s nggﬁﬁlﬁa'dsto' e pBpiIStet ﬁé@ﬁleﬁg%s@és indicating that
sem ni ferous tubul e cross sections indic

they qor raldive HC peanediag (FigusseOiRt cisale harp nF'QHVGSZ(g“oBU‘F &PKoA7S um:

FlguréfmlﬂlﬁO@) 28001 W"}JH‘? Fi‘gﬁlrr@ZE)@aM(BQ% Plfguﬁaemmﬂfoﬁrpﬂh*slzlgure 20F: 50
ubul es of the mce trans&}éant ed with Cct - 42003|t|

um; F@”ﬁ(?QG ABY 04 \/1@5d&$q‘ IFdouse S Pnd Fe: %@Pe@%ﬁe OM-20R: 60 pm.
sper mat ogenesi s (Figure 20P), the majority of tubule
[0055E osdiguER t £ bnderiftst ﬁ'é'mrﬁ"%efof@été?r\/eeétebc't”ggfpﬁ@é'%| ¢ MGCs into

bIasto_@I_ydfé tanBOSdst ievfbrid. | TheWpcsrpBraibY dfAlBPLEFRORIGC cells durlng early
ransplanted nGC al so failed to repopul ate recipie

embryoaict develapmenhtandgPIRRIREYSt HafMaHionnist Prrasie S Fﬁglﬂﬁeﬂﬁ ¢LD. The

majorli(__)):bfgtHé SRORLZ cofdinfedhay & 8- Eéll%lé@e RQ‘(\; Beth |aé3§por%7e§i aﬂ"ﬂay two of
ure 20B, 20D and 201: qur e 20C. 140

the erP'P@{H?'é dsplopIED! (AROWENRAD @”Qdﬁmes [enRave; @Ert@eQdﬁ?OaPﬂfated yet

(arrom%g—GFlié%sm cElOWER Rheaind @1 dag @.8AcofgostE® in inner cell mass
60 mm [0055] Figure 2 1 depicts chinera

(arrow) 9 thet Plasfogyst-ehn PW'B@F QWF&H'W'CM yoshehpvane difseans degree of
chimef& BOsHowd I ¥RGre BhE asﬂ%E)l%Oé@bfy@nst@fnldgaCIZr (ialibe & internal

cells during early enbryonjc devel opnent and

organg| %‘t@l:?%(ft'of‘&%t’vpo?f ihe” ginbyentliadicpiedrpy @sierishs- ¢ o shown

(Flgurér@q Fradogid)y FRfurd DeHGHR- ér@O\ZthéQJhirﬁeridTﬂ)eﬂtéﬁ'rem &%s&"t&)ebrlgans and
ge have been incorporated at da

F'guree%ﬁf g YA |SE°‘Méh\FeFr66‘ﬁﬁﬁPe't %‘Pﬁl’éﬂﬂoﬁé'aabs}/%?ﬂhcaé é%'OE%I"] Werbsgia. heart,

liver alﬁ@tgolﬁﬁ@éﬂ rId@@QéHﬂﬁh@ﬁ& *EQCZ/@FP(@élIVs%\b@éar .%%dqo/ﬁmbnﬂcan@rebf fhe GFP
further found at r?fzg .5 incorporated_in in

and '—%“é PNM%S?U&FPBW Gime Lmsa%fsf&%m F'ergﬂgrﬁﬁfjem& reSpeCt'Ve'y

Scalefb@kéf FRfutd™21A gn&Mympmhpwgumzm dder entosdesrmeuref21E-21D: 1250
imerismis s [ 1E as whole e

n ryo
um; g %1%5%@?%@@%%1%%@# 50 4P £19U6% 6Ls10 g1 ¢ a
[0056@5? telrFﬁ)golnE%;)Zf a}ﬂ%gg;ggg&mﬂi&b |r yoglm&/l (r:]}gcl)r‘?ﬂ%trlg?mot%%) results of freshly
isolatdd guéatal ddd ddulK ovHim tHIR ﬁbﬂnnﬁzﬁnsﬁgeﬁl@t@GQnmlo@ wherein the Oct-4
di ssect ed or ans ﬁgﬁ 5®ur % f11L 21? show t he c imeric
pPromalgy] “Vﬁéﬁtﬁﬁ’r&? o f t r%é? ghowgatiilbAarian 9eqa rt?r%{?'ﬁ‘ cells as
deplcthﬁfqrbphldzdllyaﬁltrﬁﬂﬁ feraskhce lnﬁil@sn@cdifl GEPI Fldu%JZQ@:é?\ows neonatal
ear in bl(ze%q:An'% &Ztlon of the GF
ovariapgeym eﬂ1 tglls A5e eq g@PaRivep i ”tﬁjwéor?§e§ﬁ%€merisﬁy of GFP.
F.gureEng rcﬁap?ctsl Bra‘yhd:aﬁy e fluﬁéﬂ%hbé VigtedsitySerahgonae SGFF-ip@sitige cells,
éﬁ; 2 1C 50 re%&ﬁanleD 25 mMm
from 29@@9%1”957 ‘gPrﬂW”Fq 85 1121 Kk 625 mm

0057} guFEé%%ﬁﬁe%s g?rggﬂ koSt oBl Hanebie omapraon of areen

quoreQie‘hf pitoféin Ires dtdss ls@étlcinrcﬁ?eﬂié yvdrp ot au@dsgwmﬂ@taalmaryé at day 2 after
n r ran n O[c_sz
birth. ?—%glr%%?gg n% 23CBe chS)’W tot%WﬂLor%sg %ele(l:nd igure Sgc shows a computer

enhanced image with removal of auto-fluorescence.
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pronoter drives expression of GFP. Figure 22A shows
adult ovarian germine stemcells as depicted
w@e@ploziaal |y with the fluorescence intensity oOPCIEBF2008/072541
Fi gure 22B shows neonatal ovarian germine stemcells
as depicted graphically with the fl uorescence
[0058] nt efigurg 2610'9@3& thﬂ%ﬁ&’i{‘% OEBE‘Pd%%?B@'%S'@P&Wﬁ"@a‘ﬁf"?tqdﬁ@m mouse

embr}fohié%téﬁc&ﬂ'@ e(ldneten%duxe @‘mmwﬂ@tna.lobfaﬂ% (M’@F t I'aH@ 4<; ebl:&posmve
from FI%UI‘G 2B, ‘expressing

CD1
germling ste[r@g Iﬂ(G;E,Pg-Lgegs i@%@p"l”@'t%':%@P%thﬁéGEFeﬁ@'@e'ﬁﬂg 6) isolated from

an OGH@sHdgEhidbhSisBy expression of green fluorescent
protein in a cross section of the ovary of a

[0059f T an%ﬁé Qmplﬂﬁuﬁlﬂ:r@écog@)’m%gégt&r |38Ibfe‘dhand:|sgHétﬁﬁtlazl'y?'Apurlﬂed
and 23B show total fluorescence and Fi gure 23C shows

ovarla@d]ﬁnjm{nger stgﬁh(ée{léﬁtqqqgg%j g aroyvg}%@sapolgques on a feeder Iayer of MEF

cells. AG@efdar0sRnieasioniédaRd] 4 Bhgdnecutred #Riueé S5BMMoe HMikBtype of
of RT-PCR anal ysis of nRNA |sol ated from nouse

repres&q{ﬂtly% ﬁplen)ép’@mf@@qysFlgprgr?é%§hom§eé:ogﬁwdﬁ fepresentative colony
morprfdlc@yo blgasd 350 Mebws |c@Bﬁy ﬁorpl@ﬁgﬁ@@ér%a‘é@a@e\ﬁ/ﬂﬂl |06Iﬁag‘éh§§8 Figure

I's (GFP+ cells, |ane GFP- negati ve (G-P-
25E S@@Y"Fsa higghB/P6) Of] @Bfeé?@t&t"fer SRIPANK ’wh?'P%éﬁ@nP@'aﬂ@W passage

having @09&3ryFi&ine8 bbrd&dePighteS 26F GhO®S @Piotirth TRGL &f Fefpresentatlve colony
I sol ated and substantially purified ovarian germ

morpholagh after (cellagenass Pasfage ARyingraoRPAY %‘”ESIW%SFBHF%25G shows

colony ﬁ%ﬁﬂfoldg@yeﬁfer (bfasé\é@é #91e|F|@.1re E'59|U§r%vv%5e%l&ﬂorW§rpﬁ@I|oQi]‘ la®8r passage
after 4 days in culture; gure 25B sh first
zp{tgi;£5K show

#2; F'awrer?éb%%%f:%nwomomy aﬁitsr BAIGEYS: ﬁf‘% F&gé"%%?Js
two dlﬂer‘éﬁﬂrﬂﬁgmﬁdéﬁ%§6f SVRREE §EMEIALISKEN €8l EIVNIEPERIPaSHHe #4.
Fi gure 25D shows col ony norphol ogy after passage with

[0060]30I | FYRIQDB, dpigts rimndbcbevgmidalt fihikfgt ofPigoldfed and substantially
resentatjve col oné npr phol ogg after col |l agenase
r

punﬂeﬂa @HgR RHYINGSEM P P‘&?'Q?thp 63 SPRERSSIOR; L ipgignt stem cell
marke‘if@ﬂ\& (Elgﬁ@UZGA"alﬁd/Q@B olith & pegsRBicahiryao ‘é@hﬁ?ﬁlyproper stalnlng Figure

0 after coll agena e havin
26C); %F%ﬁ@&t %éﬁb%‘?' | markgr Nenog 'QH'%V\i %P%%@E ﬁ ﬁo'ﬁ%ﬂj\}”g control to
conf.rraf ér@berpﬁﬁiﬁﬁ@eﬁﬁﬂne FBRYUHE2 2kl ﬁmm \mdww.g[rw Pl pay26H); and
Figure 251 shows cgl ony norphol ogy

p'“”p%ltF'E‘tesrte’E i&%&‘eﬁﬁlka%prﬁsﬁﬁ?téée red¢o! )show t wo
nificatio errmne stem cel |

10061f) | o Eiae 27 FPloinEigss ShATerBURHS Pr G desBInssER s Figure

27A dhoWe NGEY traghiesicetd rédembiling Privdary &@bﬁb@cbr@mdg at the center of the

subst an uri fi ari.an emc
fomald BR1Th 2 1ol Bl 228 DB B0 oh 10l oM SR eFigure 27C
showdTBFRefosBvE -c2ll{ F@ubiing pAmaRdoddts YolvihgaintBgaldinitg of the female

oo SH0KISh: L BT A TUR RS A o0 e 220
S L LR Rk —

analyﬁiﬁgf l&i’edCLHl@th o‘ﬁemdmniew iop GlgRind 2§t®ﬁflmﬂh¢ aﬁggﬂg%factenzmg the large
al kal i n phat as ur es
(>15u57) SQEHF LIS PR L P8 PP BN MER RGOS L aFPHyBE AT igure 268
dep.ctﬁfgqrré 66(':}Jtéhké:¢eglﬁro€F%Zf‘e shows GFP positive cells

resenbling primary oocytes growing at the center of

[0063I he Wéé 29 @epidtsCitintunefistitfiemicaDietfizdlidh MEPaPmateBEMS! stem cell

le-11ke structures; Figure 27C
and germllne cell markers in adult primate testes.

[0064] Figure 30 depicts the distribution of cells positively stained with stem cell

markers at the basement membrane of seminiferous tubules of primate testes.
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shows GFP positive cells resenbling primry oocytes
growng in the vicinity of the femal e germcell
w@i0ong1sand Fi gure 27 depicts a pigmented col BEUS2008/072541
[0062] Figure 28 graphically depicts in a scatter pI ot
results of cytofluorinmetric size analysis of th
[00651:ul t l'fl*%e oM afl§RIGS RBENRlyRif qh@gqﬁeélzszrbehpr'mm%geraﬂ'ae Stem cells

using BORLHeRREL Zi ng the large (>15mm) oocyte-like cells:
Fi gure 28A depicting MEF control cells (<15nm; and

[0066]2: gunguZ@@Q depicetiioRtytdneetA® SAIRsid biRintaté bérnﬂfne%lteg# C8lls.
[ 0063] Figure 29 depicts imunohi stochemn cal

[0067] ocathg?L@é 139rajep%ts&ﬁmdmh@mnemlcasb@mz@ﬁéd ofdpériggtogbhifestem cell
mar kers 1 n adult i mate testes. 40064] Fi gure 30

and gﬁgb?‘?!'t@a"ﬂ‘ﬁ@ iy eRHEed S?r”E'QPlcg” BoRIAtOpE y st a| ned

emcell markers at the basenent nenbrane

[0068L~,em rﬁ'g%?&fs denisty &5 Rer PRFiivR{Y8SfeBedY e G8lSS]" Iﬂﬂf@ﬁ% gnriched

primatk gj,e,gh,g §e||%%[]%g,y,p§, c characterization of primate
germine stemcells using flow cytonetry. [0066]

[oosgfl JUIFRyuRe 3Bedfidts titd @Wb%yg%%sbéuﬁ AaMe | Richinkéy NBES (CSFE)
ermine stemcells. Flgure 33 depicts

aCt'V'tY ﬁfﬁHﬂ?ﬁP%?%ﬁé}ﬁpﬂﬁ‘Ptq Qﬂf&‘l“'i‘%ﬁtﬁﬂbw &f sper mat ogoni al
emcell and germcel| markers in enriched primat
[°°7°ber nmifigiEe 361 Jerfsp rrePHGHRN of é@%réf]a”ﬁ‘ e@[ﬁdeprgaaméﬁt@% §V'th primate

germlicEBeenP eslist | FGUrYABA: PafiniiéréBs ﬁﬁiu|e% df rﬁecﬁ’rblérﬁﬁﬁl@é"transplanted by non
enriched primate gernmine cell populations.

sortedgeligy Bioys %P@plcéﬂ%SQrF?é’ WaV'BW?Wk%% Elques A %%'éf‘é‘t fepsitive sorted

cells ; 28 FidurdBEY! sBsh @fanéSiaitEd castdl Ydstes. of subpopul ati ons
of primate germine stemcells. [0070] Figure 36

[0071plepl Figuré apaeplodd themDRA doH et Hatrhinea by o eyehetry of propidium
estes wth erm i ne stem%ells Fi gure 36A

'dOd'”§éFﬁ'r|‘ﬁdfW!ﬁ'o?%gﬁﬁrﬁ%aq%ﬂem@iepﬁ ACeR ce transpl ant ed by
on sorte ceII ; ure 368 eII Sort tr
[0072} 5 k &iQure g? 33%‘8 qaHAlve BGE Qﬂe\ﬂé'ss@’rt&fb%@r?%s'on in primate
germlidB@tdrh gellse 36D sham transpl anted control testes.
[0071] Figure 37 depicts the DNA content determ ned by
[0073] | owFyire BB idepicBfithd GomitithtveRCR dhlgsis bite®Btbrase activity in primate
popul ations of prinmate germine stemcells. [0072]
germ“ﬁFé&”é % depicts the quantitative PCR analysis of

X sion i rimate stemcel]s
0074 g1, F8B TCits T poRtRert of P oSt e Gorbyine Stemeeli
deterrhiab® b pasiteratitigi oell hyclear atigem{RCHARY.M | ne stem cel | s.
[0074] Figure 40 depicts the percentages of
[0075Dr ol iIFig@ratd1ngegpicts ntht egeger axprassiat erafid los sdbpapunatioasl diyprimate

er ting cell nuclear antigen (PCNA). [0075]
germ“ﬁfa&kﬁné f911 depicts the gene expression profile of

[0076]3pr guulrgt4'20(§1eplc?s tl"%r mrc?rap}h%lo% oWAnngxp%%Sé‘& prlmalse germline stem cell

colony 10 days after culture on MEF feeder layer.

[0077] Figure 43 depicts the morphology of an expanded primate germline stem cell

colony.

[0078] Figure 44 depicts SSEA-4 staining of expanded primate germline stem cell

colonies.

[0079] Figure 45 depicts GFR-a staining of an expanded primate germline stem cell

colony after passage 4.
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[0076] Figure 42 depicts the norphol ogy of an expanded
primate germine stemcell colony 10 days after
waeeivioeason MEF feeder |layer. [0077] Figure 43PCEPMDI$072541
the nor phol ogy of an expanded prinmate germine stem
col on [0078] Figure 44 depicts SSEA-4 staining
[0080bf efﬂi&ﬁ@léé dppirtsmbeintpdFiRisiaiing ofean @@eandedprinategermline stem cell

| 9@97 uy e 45 depicts GFR-a staining of an expanded
Coon)[ rrz)la gq%rm ine stemcell colony after passage

[0081]4 [ 0@35&@ FR79HE St QhRPLEGL Fafls I VASY kiR %frﬂrpgxﬁgndéﬂ primate
expan rimate germ ine stemcell colony after
germllpas%%@éelhcolqrrycﬂtﬂ DFFPS@Qﬁé 47 depicts germcel |l marker
ASA staining of an expanded primate germine stem
[0082]:el | Firrep sepists @ag@g@@emﬂnr@osgm FGeds rrion glod diffeeangation into
doparﬂﬁé%o%cﬁ@rﬁlé nPlgﬁFeeJi@A: @éélé‘ts%ll@&ulfu?edjfofr%ed’a‘?@t Fl?EHleBB depicts
into am ne- produci n gure 48A depic
the cefigpfter @E’I'tlour(%detmélc @“bl% re #8@ lSﬂle@'CESSBe d@b‘p@t@'(i‘?ﬁ@ated cells after
5 day%%fl Sulidfd ‘ﬁ{ fl%gﬁ'rﬁéd?lﬁ‘mognor ﬂg‘uﬂ?ﬁ@DaGéﬁcts Fdl%%éﬁlaqﬁpcells after an
depicts the retinoic acid-treated cells after 5 days
add't'foal ¢adaysie culiurer esh medi um and Fi gure 48D depicts
fferentiated cells after an additional 15 days in
[0083]:ul t liqaire FBEEBICISHMyIHNECUOChREppiEY §”¢'WHB@W@6I9@H‘PE‘19( stem cells

dlﬁere‘?ﬁﬂét'e?zfﬁht% &fpaﬁﬁrﬁélﬁrto@u&ﬁé @ell@%n@ts%&)e“drsdo%bfnfr%r %Ebt%ff 9d(Figure
dopani ne- pr oduci ng I's and st ai ned dopam ne

49A), Pé@ébt”épleﬁr ?@F%W@'%@ﬁa'”s Hru'ﬁﬁ‘ﬁ Hglal é':dgurﬁr“@ﬁé?ﬂd whilegglization of

the twgtnaérﬁ&sgp,bg@t@d)ucl ei (Figure 49B) and co-localization
he two markers (Figure 49C). [0084] Figure 50

[oos41iepl Higuré BRI .%Inﬁmcgt Eer@B@) Mﬁél?slé)f)f Brirh&Btgdrmline stem cells
rmine stemcells differentiated 1 nto

d'ﬁereﬂaﬁtﬁ%'ﬂ‘é’ dasaRg-PIRdEeEng Seland s infet far slorapysgniasgptor 2 (Figure

50A), h@ﬁﬂ@ﬁtngf:lear brictein (vRichMsins pHviBR Ml EFagurersoBe bAd Whilédalization of
ains primte nuclei (Figure 50B) and co-localization

the tWSfm‘irh%fSt(ﬁ\!@UFr?aﬁqgérs (Figure 50C). [0085] Figure 5 1

epi cts inmrunocytochem stry anal ysis of primate
[0085ber mfigiEe of Sepicts immyoeytes ISty @@aly%g gf primate germline stem cells

d.ﬁeréﬁhﬂ@t@mun@ M@@uﬁé P& JGEhE el Gingt bingd f(ﬁroiyrds}ffeoﬁyd?f&ylase (Figure
roxyl ase gure 51A), human nucl ear protei

51A), Q{@?H@UHP?W @Imwmcg,stqlrpff @rurpgtegﬁui:@j (Figige 51B) and c\cl)\kI]ocanzatlon of

thetw@qnéraé:rgl Figatel 3aT)of the two markers (Figure 5 10).
[ 0086] Figure 52 depicts i munocytochem stry anal ysi s

[oosspf P IFigiRé ezgigbm |ﬁﬁntﬁmlto|€yltb§rﬁidd1|§ttr}dhiﬁélﬁf6i brah&d gelﬁhlme stem cells
ne- proaucing cells and Stal ne or, vesl Ccu

d'ﬁer‘%‘ﬂﬁ%sm injg dopamg g%lfc N9~y PR siakyed f??ﬂ mc%%rdvg%ﬁmme transporter

(F.gur@rmpe)l Ruiah Chuckdari prstepr WARhestBing | @imdtEi rlidle (BigBe 82B) and co-

| ocalization of the t mar kers (Figure 52C).
Iocallzatlon ofathe two markers (Igigure 5\58). (Fig )

[0087] Figure 53 depicts immunocytochemistry analysis of primate germline stem cells
differentiated into dopamine-producing cells and stained for dopa decarboxylase (Figure
53A), human nuclear protein which stains primate nuclei (Figure 53B) and co-localization of

the two markers (Figure 53C).

[0088] Figure 54 depicts negative controls for Figures 49-53 (Figure 54A), human

nuclear protein which stains primate nuclei (Figure 50B) and co-localization (Figure 54C).

[0089] Figure 55 depicts immunocytochemistry analysis of primate germline stem cells

differentiated into dopamine-producing cells and stained for dopamine transporter (Figure
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[0087] Figure 53 depicts i munocytochem stry anal ysi s
of primate germine stemcells differentiated into
walopanenst produci ng cell s and stained for dopaPCT/US2008/072541

decar boxyl ase (Figure 53A), human nucl ear protein

whi ch stains primate nuclei (Figure 53B) and o
55A), Eémlaﬁé‘élp|ie%?ﬁ08¥f‘ whichipkainserimaterdiclel (FEayaPeBygay co-localization of
the twa@é?f%&rsEFi@Wees ~depicts negative controls for Figures

49-53 (Figure 54A), human nucl ear protein which stains
0090P" | Mt Rird 6! Ripictdh&lattife 28RYoIFRSH FiGurk BHA(F I58R), human nuclear
[ ,FFi gurge%,54C). IO[ 008%%' Fi gure 55 de%li] ctcéssad, gﬁ"é )
proteif RS DRHBAE SIUFK! Eigdre 368) @70 gy loralizatifetrigureabst em

cells differentiated into dopam ne-producing cells and
[0091k+ aj hdgyre oF oA H@P rAnls hStqiagd (Vﬁﬁg’iﬁ%%”s Igurg fan and VASA
(FigurB BgB®add m@q\vv@irﬁbr?@ﬂ FHigwséaroy primte nuclei (Figure

55B) and co-localization of the two markers (Figure

[oogzlﬁ:_SC) Fid@%@@]g_eﬁb@ungrzsﬁamﬁ@mhsamlg@hb\(eigg?rsgpqﬁqf\ﬁrSA (Figure

| r I gure , uman nucl ear proteln 1 C

58B) %W%Hﬁz%meﬁ&ﬂdégwa g@)( Fi gure 56B) and co-localization
Figure 56C). [0 Fi gure 57 icts man -1

10093k ¢, O ¥idhrd P Heak @A £ Fltias oS K SERE SV A g Ao fiigure 598)

and thando e gévFigee ged).(Fi gure 57C). [0092] Figure 58

depicts THI2 stained wth GFR-al pha (Figure 58A) and
[0094)VASA Fdtirg B0elpii) hamen tohT-1 waineer ige $SER-4) (Figura&0A) and alpha-6

nteorar G A R e Gl 888 nd (he tao mer ged

Figure 59C). [0094] .Figure 6 epi ct man. hHT- ,
roosst, i B damelk e, SRRy FaRiFs s Ea ST gt hyman tests
sectiohs@lied onOByitregetohdiery awtibazignbi ned (Fi gure 60C). [0095]

Figure 6 1 depicts negative controls for Figures 57-60

[0096} ons iFsjure G 20fle ghetsrduintads THE-2s 8EEAd nositivai maghetial beadi ddated cells

ransoiet N by ek e v A BBE PP AieE Bpf FeHth stained for
SSEAur(Biysp 624)eshd hiroam nsclbdaproteire ¢Higute 6280 phenihe o gwrged (Figure

62C testes and after one nonth stained for SSEA4 (Figure
)'62A) and human nucl ear protein (Figure 62B) and the

onr 22 PSS SiGhud I HER R T y en w

sectiohe sthined L@t widhsecehdanimbdgnl y wi t h second anti body.
[ 0098] Figure 64 depicts human THT-2 SSEA4 positive
[0098hragndigure [Bdadegas theichaneTHS-2t B8SRAHI usttied magretio ksakl fsonted cells

LRl ent . n fter_.on :
vanssb 580 5> RSB S 1B SR IR Ay PR stnec ror
alpha#uolegan (figareeddR) (drdgunencai)eaa mdoteing Figwoe 648 )gadl the two merged
(Fi uréFié%re 64C). [0099] Figure 65 depicts human THT-2

9 § positive magnetic bead sorted cells

[0099] Figure 65 depicts human THT-2 SSEA4 positive magnetic bead sorted cells
transplanted into busulfan treated recipient mouse testes and after one month stained for
SSEA-4 (Figure 65A) and alpha-6 integrin(Figure 65B) and the two merged (Figure 65C)

[00100] Figure 66 depicts the negative control for Figures 64 and 65 consisting of

human testis sections stained only with second antibody.
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transplanted into busulfan treated recipient nouse
testes and after one nonth stained for SSEA-4 (Figure
W@ 20hp/0zandt al pha-6 i ntegrin(Figure 65B) and t heP@IMS2008/072541
nmerged (Figure 65C) [00100] Figure 66 depicts the
negati ve control for_Figures 64 and 65 consisting of
hurmn testis secti onBEEINHIONMAF AERMSWi t h second
ti body. DEFI NI TI ON OF TERMS [ 00101] The fol | ow ng
[0010&13f| dihei ehowng tdafipdion of fetns dedraddaesd Reldhglrfy e"ﬁ@ff@ﬁ@efor the

readef.OThd [R¢m& €8&E [ thithatdrR haBe §}§&‘ic' rﬂeérﬂ’m M@W‘el@t@&@o the present

speci fic neanings as they related ig)@esent
inventjony drvenpeffortRasrSeesmane totise t%f@@rﬁ%ﬁ@@&‘@ thgjeordiepsand common

meanﬁ@CWoWeU& We@‘@ﬂléc@b%d}%xkt@wwﬁgm%m 8@inary meaning and
However, where a di screpancy exists between the comon

the fO'&ﬂ*’ﬂ”%ﬁ?W“"i?@ériﬁﬁ@ dgfthitione serAreRsIA G a@T USAGS ons, t hese
definitions supercede common usage. [00102] Conmit
[00102 | Snmilipdi AS Used Affein: eepmmied; refars teeqlisvhih 2 (‘é’f‘@dered to

be peﬁﬁéﬁén@?k@%nﬁ@ed’ﬁ) Q%rpﬁaﬁ@mdcﬁor?omﬂrﬁlﬁgd BIPaePRSs tébrred to as
function. Conmt cells are also referred to as

term'"@'b’r@ﬁﬂﬁ%ﬂ‘t@edd?qﬂﬁer entl ated cells." [00103] Culture: As

sed herein, "culture" or "cultured" refers to the
[001%} op%ﬂf%rﬁ%?se@e’?qr@”uﬁH@%rec%"nPP'Ber@d'e@éﬁm WPW@@E@P of cells

undertcBatrole8lconditidisSduRA tit@ell BvlsRASMd iRcre8dd inREMR@MhBers occurs.
occurs. [00104] Dedifferentiate: As used herein,

[00104}jed|[fécdﬁfe9éﬂtllaﬁ<§r€ r/ﬁéf Q!’s‘édt Deled$ S “@ddiffd?Eftialibh’Z abfep tion Ioss of
orm or function. cells, dedifferentiate |eads t

Spec"’—l"é%@”dBﬁ?ﬂTWréHmé'QN In T@Gl@%ﬂﬁeﬁqt%%ﬁﬁp%m dlgss ,&Qm[]%té‘?dj cell.

"differentiation” refers t he adaptatio

[°°1°g]el I P ?ed?”t@t'ﬁ%r PAlFed eredy mdk‘;fPrqﬂdﬁt&ﬁri 6Fers iR tE%PP'%ptat'O” of cells

for a pirtfdutir &t @tfiiedlioh & alsellb Odiffler8Piion Uk ttd 8Ende lcbmmitted cell.
[00106] Enbryo: As used herein, "enbryo" refers to an

[00106Pdi \Bntgd: AB uEBE hewir, Yer‘ﬁb@g’eﬁef@% t@bﬁ\MdM@M in the early stages of
growtféﬁadg(gfgql}itarlﬂ}%glpﬁ Ratth%tq %t-qufaaé‘f l(;;lagirafalggr? where the
three g€ Iﬁ?lélrsa.:méi demte@tdndSémbh namh éml By &i ﬁﬁefeanétioagdf@me gérnisheyers into
er ayers into the respectjve ans gnd or
the. redpedRine TSt b L ST oy or Loa o RBTE TR the endoderm,
ectod@ai gdemesaRdnmesoderm [ 00107] Enbryonic Stem Cell: As
used herein, "enbryonic stemcell" refers to any cell

[00107hat Ensory@ii¢ Etﬁnemenahm@ mﬁineganf {e%r@rﬂiﬁ?t@hﬂﬁéllhgafers to any cell
. e ryo t t a eac e evel 0 nt a
that IS VSR A HEE b P TRVEIPE SCETYS T Py b andigevelopmenta
stage &Hbfay@{aittédﬁddem el lted@redwal. eeﬁhmmhféxslta_&igrmlg stéﬂh?oell) and pre-
val ent. terns. oni c temce -1 1 ! T un
embrgdit] ST, ! SRIRM dhrTes BB ste, LTRSS el are
totipot@nt eél‘ls(rjr)’(ﬁ dire&ly |slo|9@ad3&bﬂn3arﬁémbb,g> dESCVIHxlé édlgmen dbe derived from
[ NOor dil ave een | sol ate an
p“mOE*;aLa%%ﬂ% QoS Pord AT A herei n. " expanded

[0010$]ﬁ i%ggradqd gé%\ﬁ\%ergﬁ@%@tr UeFngrgcquf E(lafgrrsl taleh%r'owmg culture of cells that
has inc@asedinrallinambef O6h X8 JorifiatiedonSeraticel | © As used

herein, "fetal stemcell" refers to a cell that is
[00109] Fetal Stem Cell: As used herein, “fetal stem cell” refers to a cell that is

multipotent and derived from a developing multi-cellular fetus that is no longer in early or

mid-stage organogenesis.

[00110] Germ Cell: As used herein, “germ cell” refers to a reproductive cell such as a

spermatocyte or an oocyte, or a cell that will develop into a reproductive cell.
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mul ti potent and derived from a devel opi ng
multi-cellular fetus that is no longer in early or
W(Driztdmmlagle or ganogenesi S. [001 10] Germ Cel | : PGI/USH8/072541
herei n, "germcell"” refers to a reproductive cell such
a sperrratocyte or an oocyte, or a cell that wll
[0011 EH]eveIQﬂﬁmr & PEECHESSF §Eﬂrr%preUeA§é43Pd hesin, 19?”7@? RIQEuUFRer stem cell”

refers t6 @GHERANCtPE @B Q@‘éh‘ as é’*‘ére‘éﬁﬁ%@r bes §bérmatc%%hm ek ceIIs or an oocyte
precursor stemcell” refers to a reproductive cel
precuisQesienscey. pr ecursor of a spermatogoni al stem cell s or

an oocyte precursor stemcell. [001 12] GermLine Stem
[00112}| | Ceag LweaSkear rall: e ged H?é?r%'{‘erﬁ‘%f@]"ﬂe fienetral tigfess to a

reprodUBBVOEBICIuCH 8s %@pbrrﬁét@ﬁbrﬁ& sterf RO (BE®OPBRHh @ocy‘&b ?Péc@rﬁﬂdr stem cell.
(SSC) or an oocyte precursor stemcell.

[0011@”0@ﬂn®cyt@5 N§%§edﬂ¢r@ﬁérrﬂ goﬁ@d}@é?yrbfbrs f’t@ff@téﬁgér@n E:Qltsafrom 11-22
m 11-22 we gestation that have

weeksyg Rsiaton bk, SR vt 8'ﬁ§b<?é‘r‘ ﬁ‘&t’d@@rﬁpgrm%tp@ﬁﬁ“%e$t?’§ il and are
mitoti@If qUieb&drit 6Ad hie KHloR§sIBhsiasddas Be PAMoRINE @ferrh @BRd. der ed
to be prinordial germcells. [001 14] Long-term

[001 14}JI t WoRY-té ¢LBaEk: R awu heréiaNgoricetefh @UltdrdT ferk @6 @leSprbSagation
tlon of cells under conirolled condi ti ons

of Ce'\so‘r‘”(feg%%‘? olledgpnatiope it longs thamahdeast M meeniiiaAr ore than 10

passa@%saﬁﬂ?@rabl?l’[r&f BhGedrih émtardscyagculﬁrraar o Inidie E§%andd Bonths, more than
cuturedfor nmore t han 4 nmore than 6 nonths

or
6 morfhsy & Pefadnan Y¥ear: FeFlerably bRy ;Prrgntsrm SHires. i RASPRGRAder more than

15 padd=RyepAnERAAEN ﬁ@rpagwg@sbhmrdﬂna@a@smagemwe th}’@ﬂorﬂ-& the long-
ass urathon O

term q%ﬁﬁr%?ggﬁlgﬁ&pgg%rggn Srﬁ]meglﬂﬁryrdaglg‘%ﬁ%@ggt e varlabrlrty feom cell
line toldadilivé.dual cells and there can be vari abi I ity from

cell line to cell line. [001 15] Maturation: As used
[0011BET eiNmturat®i:urat sy’ hér%fnef‘ Matubationprrefe’s o @fprocess of coordinated

bloch%r@'?%hsh%'ﬁasf@g%r?é%@224?? h 'xﬁ%ﬁrqr@a{sggcfﬁ %'%Eg]a
0o118F) | Rl R 5 p 6l Ui dEnt BB cqUfihat Gagedve rise to

severéru(othtar:msna tesdsl Buy pesseacell |typ’l§st e iumuteﬁwrrdaerumbén exan@laenple of
. 0 ti.potent ce c cel | od
mutiogleshiellsif B Tap Sl Sells vl BT PR s it S pyslan o Several types
of blodd €id buietdrmobidvetapinwtbraiacell@p into brain cells. [001

17] Multipotent Adult Progenitor Cells: As used
[00117Er eiMuItip')'omHthph)P&ligenadan:éllsp rAsgeseidthereis,ehluttipotent ad@t |b|09en|tor

,myl ti potent s is the b
cell” fRtels' Bt ool 1D Form bR BOLF Erafiive BN V5 Mg Ritental o
differemtihtedeto rplleftbe ectora@nd nessdoeter amd endadeagasineddd3l 18]
Pluripotent: As used herein, "pluripotent” refers to

[00118Fl | SPILlrrp@tend:aAs gisadaheﬁe's‘e ‘laripitgnttrefdrs toygedls ebxateph givieaise to any
ool i gl ecds B ;c%na%;q@r PR R B8N ei n.
[0011%]2?SVtPe é [ §tg?nnb%§ gelﬁ%ul aerrelégé)ggtl}-/%aﬁ@a%t?r%hc%l re?%rs to any cell
that |s[c£émé2d)]rorﬁra moltiebetillarGerganiSaldfter Bishused her ei n,

"prinmordial germcell"” (PGC) refers to
[00120] Primordial Germ Cell: As used herein, “primordial germ cell” (PGC) refers to

cells present in early embryogenesis that are destined to become germ cells.

[00121] Primordial Germ Line Sex Stem Cell: As used herein, “primordial germline sex
stem cell”, also referred to in short form as a “germline sex cell” abbreviated PGLSC, refers

to a cell that is derived from adult male or female reproductive tissue, and which is able to
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cells present in early enbryogenesis that are destined
to beconme germcells. [00121] Prinordial Germ Li ne Sex
w@EGe@aabl : As used herein, "prinordial germn iPET/E82008/072541
stem cell", also referred to in short formas a
germine sex cell" abbreviated PALSC, refers to a
ge”eré@l Gerrh hine [ temdrglisamdrtheiPERBeny af@vislensed Byrits ability to repopulate

reprodu%E?\VéP}ds't%ﬁlb\fé’stchFél? HeovaAaf tivdlieghiftbPe g0IRidi08 BN Rh&BHYN Germ
Line Stem Cel | s and their progeny as evidenced by its

line sexfell 154 125 qP'éﬁ‘éﬂﬁU P%\@@'VPEM‘WWJH aﬂélitye%rp@ﬂth@ tissues.
testicular or ovarian tissues after e.g. radiation
sz%herrﬁerﬁ’é‘?géfﬁ)m”@er'ﬁ? Userehareln “FRArpe a@ﬁh”%ée(?&f E’s@@ﬁ?se&ﬁ‘”g of the

genet@cﬁrb%r@lnyoﬂé \cefllisen itiat QIQ@'C&II é%ﬂbl@bl@ﬁbdt@néy S%HB8s the potentlal to
Repr ogr anmi ng herein "reprogrammn

prOdUFeefaerf%']yt GeY‘H%pefdeé’é@eﬂ'% of” ta}ﬁig't'@@n@tﬁ éeﬁfP@'@WHﬁ‘%fg"ées the cell
under§8hd r&6drainifihg EfBasielidtice Xkt Ndufd drkall P REERCYxRESEeB S found in

the potential to produce a fully devel oped organi sm
the Cel”r‘f‘ &%eretmegfammlgg ?t@Eﬂ‘ ogranmi ng gi ves the cell

under goi ng reprogranm ng characteristics _that woul d
[00123), m%gq' grg,t g% L%?Br'é‘%‘%'gd Heqliglndeers 1t duerepsench-actiated cell
sortin@rRadHefe 'b@ﬁiﬂns&ﬁnébﬁbﬂher eE8AL 31 conebiyt deM8'bend!s Brticular marker
erein, "selection" refers to fluorescence-activated

profilece| | sorti ng, rmgnetl c bead sorting or other means of

ol | ctl c i.ng, a particular rker prof]j
[0012&001 ([51%5( %@qse ise“ﬂ%e&ehé?@ ?ers §%>€'r@é@' d hﬁ‘@'loléjr gelisderived
from whbpﬂnamdmemén hadgk drdremeld Sepﬂ@ddcﬁ@éj s t RepreaBmaliveaBxamples of

or fe Ier roductive tissues resentative
theS@é’?L&ﬁﬁF'é‘Qe alg 4e y@ér eé“%"ﬁQP%Cé”%Peg‘@ﬂS%6&@&"%@9%%9@'3 and
Type-B@peGYit6goniogoni a, type- A spermat ogoni a and Type-B
sper mat ogoni a. [00125] Somatic Cell: As used herein,
[00125F oneontatie @dlll Astfset hietdin, agyméaticsslleretd@k lto by tids@elkelh the body

cells and their precursors. [00126] Somati c
excepgf‘??f?‘%élaf‘ heﬂeorﬁ‘é“éﬁo "Ferein, "somatic stemcells"

fers t | oid multipotent or Iur| of ent st e I
00126F)  Soriglimt B el e P Perefie et alethtely dhters to divloid
multipegint &r. plliidieht stebt eensClonsitic Aenmiselld die hei tbtipoteitemm cells.

cells" refers to cells capable of self-renewal (the
[00122Di | iStymtGrllgo Ashrsed dlerdinifetcauselisy afes t@bem&dpadievdfﬁeMenewal

..l e _maint g the undifferent .St at e _.and
the ity clel oo ol Calperptetielindlc §91 Sfod Fal imgglaihg the
undlffér'ehﬁatmstaté hﬂ(m being & pest aldltipatent ¢hke dappeity toQbis8itiate into more
th Subst anltl a P( ure: As used herein, "substantially

an oaﬁrsgem?ézie ygea popul ation of cells wherein greater

h 0
00125020 B fIETEY: PRI ROl GRAEIIVTRR Sbot s bflravon o
cells wedrem drauter tthen d8%i lgeaiaterhbhaac&*ﬁ% | gpeatef ﬁ)an QGf[%,lar%]ater than 95%,
t ot er
aroate} $i4LHR A orealhy SR 0% BF I cgld BieRt fPbiresl FbbicTorsliian
orsh T B 5 TP 19 LR ABE AT o
information ngedduetofdreate dllahe dellsi fitbedody plasfiies piakberted Hagean cells have

the capacity to be totipotent only during the first few divisions of a fertilized egg.

DETAILED DESCRIPTION OF THE INVENTION

[00130] The present disclosure provides methods for the isolation, characterization and

expansion of germline stem cells that are biologically useful and multipotent and have
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00130] The

present disclosure provides nethods for the isolation,
W@b@pmaztiet i zati on and expansi on of gernline stRCT/U82008072541

that are biologically useful and nmultipotent and

havet el onerase activity that conpares favor abl w th
telomgrgge ?@!VHW&%%mﬁéﬁs\fﬁﬂﬁw withd STapR activily 8 U'@ﬂ‘amaged pre-

natal &f@ﬁb/ Bhis sféh%@ll@e|I\)Ie‘ihod¥55hl‘ag§tlffcgf orl é’rﬁﬂ"sbl@h&ﬁéﬂ gj%rﬁmﬁ'rﬁejstem cells

i sol ation oé’mg mine stemcells are provid
are prgwifladi 18e geaminseste s noaiagars andicelblines) q'wgd éreef@fm express

duﬁerénh%&ﬁrﬁ%%ﬂfoﬁﬁﬁarﬂ'defrrﬂrs@éiﬁ cElPRGkeRs of enbryonic and
germ stem cell markers [00131] One popul ati on of

[0013TE' mOd'eepo?iJ%’&’bﬁ of hermiihé %te@ﬁ?&eu% m@&bétlw&ﬁsﬁw@ctmpﬁ&httvle\é%bset of
subset of rm ine stem cel (gernmine precur

germlipg|stary celih rmg'&ﬁ‘ BESEHSPF S?HS@N Wi ispi@isidairem e(btPeEaG‘%FP"tata' or adult

mouséf%ﬁ@s h@@h@lﬁjra@% @thxtdfr@@f ghovith %dbﬂéf a8fably W\gdherate cell lines
factors, was ab generate cell || nes expr essi

| e
exprem%bghtnlqrw@fe@hen@mnme@ (&P kel maykess (PctitaNagpe, "Sox2, Rex-1,
Dppad, SSEAL], Nﬂﬁlﬁﬁ pfﬁ%ﬁgata&?)%mlj h@li)Iﬂélome|§§‘)e,5‘éﬂ:ﬂrV|tyaI Ik &ohtigst, the c-Kit

hothat ase) and h tel onmerase activity
negatiyg $u %@to‘c gefgline ﬁ?f” ‘??é'@a(ﬂ?%‘”@ Lﬁ%éTle”@fW@?eF@ﬁqb%Ofs'ie@ﬁPu'a“”g a

mous@@és'teﬁs feBBEMY ] Si6tiIS B tieatrhét WiASthE @RaRbfhePdpeltP ARl Bisulsh. The
mpuse testes rendered sterile by treatnment with the

Oct-4 Orpg@ﬁtyequé? b@@ﬁle% g@fr[]@eoggqufsgﬁ celf$, diffgrentigte into multiple lineages

includP@s ivkebiiey Ccdﬂﬂlbmp@(%ﬁtésl Vﬁet@ﬁf ndelifiea esHonaRIcyes! Fdllowing induced
fferentiate 1int pl e |lineages includin

di beat i ng
d'ﬁereé%{?td%”o?fﬁ@ég)lﬁesm'%%@}?aﬂ'eaé'éIﬂhgwath%l eXigtsnae OF ishrc pOpU'at'O”S within

germlih@lstedVcarss frame WERH dhiyf thergRhiirt preburBbiod-RE RbsitivelObis4 Paditve cells
clearly show the existence of distjnct popul ations

can Q‘W%ﬂﬁmﬁ@%@ﬂtﬁ@” Wesithdrp<-like BraPRAieeh onl y the
g]a recursor c-Kit %é'snwe/ Cct-4 gosnlve cells
[0013¢h, dfé’ﬁtB? MEendipinch suiprpuadirns of geeniigerferse!ls ke prOV'ded that,

when PipReinkd @Bded &@ﬁaa]cuﬂ*etd@ﬂﬂlﬂ@rﬁse,geﬁe@te B8t lines that have pluripotent
ermine stemcel]ls are provi

charagtﬁ%ﬁlcg&ngn%se{g%rygrga stanyes!isgde npkigre tgra S. These highly useful

propefieB hrbVied s vaIeasE Adtertiia] kolrcaas Rigiqubmy estéth Uddllp Tbe ferapeutic
characteristics but, unlike enbryonic stemcells, do

app"cﬁtdﬁnsf or m t er at omas. These highly useful properties
| uabl nti al s urce of _hi gh ality. .
100138} oThere s SroRS PridsiERdhe: Lo sl el boALOraBpgq 2] Vi dnta tissue-
spemflc&eﬂﬁ{q@é’ﬁ? RVAdbRivee pturigbteﬁlt BinC&lIlk Hra0@hen the potentlal to become
erent i nvitr ssues eci
m“”'pf’baﬁ&{e”] Fel E(FQVY'% e”%’aﬁmeﬂét”&h ISSUP, flfo? h%ﬁ/@r?ﬁBWSdosure
prowdbb&néiﬁé@%hcﬂbompoémﬁw@ﬁer thvtdnfgoﬁmﬁﬂiorﬁt &ffrh@@édompatlble pluripotent
oW n rat |ntot sues.  Therefore,
and mb‘ﬁ'é?g g 6’s?l§r"ée G?SO\(;FM'V $5dells, UEWC&?WI?" fggenerative,

restoridie, wp@hatldeegdfejmxianeﬂmihermnoconpat| bl e pluri potent
and multipotent stemcells, as well as, derivative

[00134] Ssue drel bmbf)alfnelm&eslolo@c@m) lugkRul rm@gsnettabl \wuripotent cells are
providfaggrtfgiﬁ%qh%ne% g@ﬁ%@/ S[fglﬁlph ﬂB Mf%glg$>ﬁll%/ﬁ%ﬁé BS@%B& gﬁd telomerase
actuvutyrwﬂmdth@?{pemls @K/or’@blyrwm{)t.l\rﬁnb{] @ﬁ?ﬂbl'ﬁ)n%rﬁermrdeﬂs dexgbrfab\ﬂa”ﬂthe cultured
uman, feta t.es | C ni nal oxidative
fetl GERgtES o HRCIPBRD TS R T DTG oGl PETIBEF oo ol ctfighle for
therapaiutidy abpitdatiofs. € Fetay @ohocyid<L Brigkefrb®. prlvhsraRy eex tdalis, residing in the
lining %Hhteusre%jmiferous tubules of the testes (in males) and represented a differentiation
state between primordial sex cells and spermatogonial stem cells (in males) or oogonia (in

females). Fetal gonocytes are isolated from fetuses between 11 and 22 weeks of gestation
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fetal gonocytes disclosed herein are immunol ogically
privileged and are suitable for therapeutic
wW@ppbizasi ons. Fetal gonocytes arise from pri nBCTIUS2008/072541
sex cells, residing in the lining of the sem niferous
tubul es of the testes (in males) and represented a
and agg updaraagehby dp 18e Affectsealvikaing phd isH dlivision exT Twig) fedalagrnocytes

posse§§§éﬁ@ﬁé&.ﬁwrﬁéanwpﬁy@.&sé? Eéily(dn%e‘@lat%s) or oogonia (in
femal es). Fetal "gonocytes are isolated fromfetuses

[oo1sb]et WeRibokiimaris Rstiosegkserah gsﬁa@tm&ﬁ@d\ﬂfcﬁlnaemgﬁ@a@&atmg and

to the effects of aging and cell division
prepafnég @rlnﬁ)éqi%lcgerggmﬁoggr@sgelﬁenaﬁgslnethnta r‘r}eéhaqqsylnvolve collecting c-kit
negatRB X &8 aGadticMlaPEdINgansdIat B alleRH3S EmbBBiREniE fHeSmethods involve
di scl osed herein provide methods for identifying,
colleclingy Pt PROAEMR ind@ain Pepithiei aast dhwal! RpSHivE|Gels §qogma testicular cell
el T d I I
samofi i RO RIRRL T MO o 5P b e oo
repro@ctl‘gar)n@[stesetoeMpﬁeeﬂesmatogemgiestwdg:ellm\(ss% spermatogonia and
sperm.l_ \/?&\}Fe(r) gtlﬂ I%\/@"‘Z%(?ﬁ]@'lf#ﬁ- hgalt+'e§%n:'?1 gtreﬂﬁ(z(%ll% |§/o?at3{i]ﬂom mice are
not ca'ﬁbble@f Iglvtng/raa@ tommwigmte‘ntlsﬂémy edllstocel Iineager eornmp’@kiltlssm cells such

r.od |V
as n%f?*? sl %n%sf §gon4r%ﬁ?t fle8ah A kagdblnd %' el ogoni a
t.+ t. :
01380 EAHp R B ffae ﬁ‘ﬂEfﬁoa & FeRing (d Sl edging gormine
precusbr gélisi nther ||nsﬁant metholds iipotvendollsdteg et pssitiar cdlis from a testicular
cell serjnagagﬁ aﬁgﬁﬁ?l \'}et 891988 @%HFS ?ngls!“n%th%?ghnv%?/ n(,eolﬁe%ﬂ]g c-Kit positive and
Oct-4 @nsib‘_tdweeliseftom:eltesjlculpocdlsﬁmgﬁerbéﬁde neﬁt+$0¢f4dv¢edle_armn¢tam$)able of

s r I .
repop%'rgﬁ%?%gé{“% }eﬂﬂ%gfepiPﬁg&ﬁ’tﬁﬁgnﬁ%qMﬁ&%% $%o %gmte&%la and sperm.
Howegay| thecxI-li(utrgOct—‘K# pepdise tpracirsoe lckls dneaapable @f pivingl rise te eidltipotent

a
stem (S,'é;j]}vlgg g eNecl:Io é(%: é;]%‘e é’c%rﬁi[ﬁgg glls %&rasn%fé&a[?ﬂélﬂ eardlomyocytes
chondcadyles, bstemymstzesierrd@tmhalmellzt sanple. The c- K| t +/ Oct - 4+
cells are not capable of repopulating a sterile
[0013(hon-Tmemiwin>atﬂnt stein ¢eadls hesletio apcaydarne VBB e demsihniige @b thiegoresent
KLt + t.c 4+ ge i .
mventﬂ);ﬁecazftg% p%emme%peuttgg) &i b% Fé gslc \}ll:]?AYgC% éegptcg)%gated in long-term
culturennryopp@ieemd ot &urealdesqr they val be aliffererdiatadnistagmultipotent or tissue
0 tlssue cell s such as neuron, cardi onyocytes,
Spemﬂ%d&nﬁé tes ost eocytes and endot helial cells.

01 0 , ' .
00134 %”mﬁ?ﬁac%%@ P Ih GE pr ST AR e R WBuring or
differen§iatihof aiurtpetanapand | mulipetpok egerating sstemheglic afior beses in - cellular
regen?@?@@%%tagagw% nth%lggg._ EE{]%EGM{)J? ;{Pgrrg%tﬁ’aglteé Fc‘rﬂ Yiﬁferen‘?%tlon process
provides|thérppeuict cetls thdtsmneoes peesi foi teaiedrl reblanedgeegecﬂ ©6lis3®] pre- and

. inents of the present invention provide nethods
post ngﬁgquﬂsher maturing or differentiating pluripotent

[0013g]nd mﬁetdeﬂﬂﬁr’%@te%e&ens'nﬁ]gdesheer@c‘c}t%lahﬁeepvgﬁ tllresre%chlﬁ%s of the present

el lul'ar” regenerative/reparative t
Inventtqme arat wseful oin aad vdil¢ f eanast i eft |tbﬁrapeui@es@pqdjr:amn§es‘or cellular

regen&ﬁéﬁ@@%@%ﬂdtﬁ rép°y tmtexﬁﬁBlebSndJﬁ&qn{eﬂded' 595 iRfitaliGP 1A Germline

and post-nata
stem cells of the present |nvent|on can be used to replenish reS|dent multipotent stem cells

in the tissues of animals whose natural stem cells have been depleted due to age or ablation

therapy such as cancer radiotherapy and chemotherapy. In another non-limiting example,
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[00139] The germine stemcells made in accordance
with the teachings of the present invention are useful
WO poog/oguide range of therapeutic applications fRET/US2008/072541
cellul ar regenerativel/reparative therapy. For exanpl e,
and not intended as a limtation, the gernliine ste
germlipg|stegn g¢llstqap bﬁrdéfg%ﬁ@thtqq,t@rﬁqumlr@aqfogl{gzlrws@qjlsta@d used for treatment

of Pafk@RbABI §ifedsesi meéﬂotwl AdrPRhiaRg e&‘m eChd Feimlinkhgem cells of the
ti ssues of ani mal s whose nat ur al em cell s have been

presepfdpyestien agk esqy '&Qéea@rreamed@ﬁ'%hart%@saﬁ;yeg%Hnwemfment of
the prregéhtqhmﬁ.aﬁ &ifline NREMt QS BN - be Usébﬂfbt Revidi Bl ddﬁlége‘agmuscle

exanp é? | ne stemcells can be differentiated t
t'ssued'ﬁié'élﬁ'f‘ﬁ ﬁ%@m‘élr@\@c@él and AREclas clamagedt bye ischerAic %‘fe”ts such as

myocé?éfakl'nféﬁ'&g 1 SHoHRATMbodmeH OF HRrprogimt |n‘v€hﬁdnnﬂweelj@r|ﬁﬁ’rh@stem cells
germine stemcells of the present inventio

d'SdOﬁ%de'F%fP'”l GRNdieyaiedrie gEIRlip TG 6‘??‘”%\'?&1'”@%@9'@ nelyding. hum@nénfév"owmg

a trauB e GhiIBNGr Qfrgdrhe IRMRIS &MbddiMER! tHRNgerBRRdTstene c§|ﬁse!9‘ﬂ the present
celI's can be used to reinvigorate damaged muscl

inventigneasg @dm%sptg@prggst@walllbpwpa am@@vggoqﬂyd ang g&gr@@ to the site of the

freshiy BEBESEdAMisk &€ Flﬁ!ﬂﬂjlféd%&ﬁélﬁcﬁla%h@ Byt@ﬁmgy@)@@é@wy the damaged cells.
Infarcts., I n another enbodi nment  of pr esent

In anqthy @Arogiment ﬁfethﬁé’f‘?ﬁei”h@vg'ﬂt% @@96&%%%%@&6 prIY kg administered

IocaIIthéré Rt e Rtk O AER] é&éé&lﬁorsr%gérﬁérﬁl%d n ani nal s,
i ncl udi ng humans, follow ng traumatic injury or

[00146]er gETh¥- gérﬁlllﬁé'“c‘é”@@b%dhﬁﬁﬁé ort(ﬂ'laﬁ/e&fbfrf@ Inﬂﬁ?m@bﬁ@brﬂﬁﬂn' e genetic
resent i nvention are adm ni stered

mater@maémacyatrq passefl dp ax@ilfnton pEABRE) FEX Selts: RYgY s the gperm or the

egg, dr@@aﬁ'o‘f theOdertfe. SRR the HFMrRYd 8BsbxtdelS HRd bR efdivhEHack to the
cul atin l§gﬁcytok| nes secreted by the danmaged

Zngt%éh? %e"frqm whishriee indivisyial drvstorst: t he present inventi on
ermine stemcells can be adm ni stered | ocall

[0014%\] t r &R agg Pt Ip ihenerglipe afeeﬁ%{T"f‘t'Co‘Fe”Fng%'r?é‘PB‘tpfeoﬁY cefls of the

mamrb&RA404r at88o@atidnif tﬁ@reQ§b|n$ut@tfona)rTMd#©@n@tfc dRvgé RPth8germline, it
i ndi vi dual cont ain the enetic that may be
can b‘bﬁ%?&& t 81sPrivgi pi a gbg %i@aﬁrﬁ?’ﬁa““s“@j"\& PPLDE- such” as the

or .the are rt of the ge i ne. ,

[00143] o  Getwhiee gelser '@@qr@?aﬁdhears?nsteh@ [V Bh,e 50500 i ndsrinitely.

This fa%g?ti ies ertenﬁd;a{ tﬁarf Ty ohiedbetl hfélrc])h’@(daséi i€l dabicsted ab m@@menung the
S that arenotlnte er | ne are _So

DNA %’@F‘P&.Jf F‘ge B SYGRBPANE.aploviRg (far gpendieg HE‘E%'P%n Semg ? Ce”s by

comp@rﬁ@nsmmﬁ ﬁlvldﬁa dr%@’_fo%@ 50 &mi} & th@;n d@rnogtmgun?gaebrases There
ange 1 n e er lne, It can passe to. o S

s an 7OTES ompiton P asiplerSR | leets |anin foRIES POBAPE. In one

embo@ﬁ’i’eﬁi ithe ins€Ink Yemiiel dBIO ekigress emugm%véle@faglom@aéset heyigh level of

an rep indefinitely. Thi ed,
telomgTae, i KNS os1 hgrmiadit of dpiBmErsecot Rl I0Fed ds amount of
teloméras@ b embR@nichgePN&IPri ner of the chr onosone, allow ng
for unending duplication. Somatic cells, by

[00143pnpambsgmmnﬁ@rcenglloyscdjs\w deeréin Oalr@dlﬁa@te'ac}fr@mn@ﬁmadals tissues from
t ey. 0 ,.nhot jn tel onerases. There.is an inverse
mamr%%? r'%‘ﬁ%‘i'i‘%r?“g Eﬂteﬁ'e} %rRfgdE P%WSF@aH%‘?daP'gﬁ'ﬁ c‘gqqsor?ats and
prima@8Ppaaé term ‘bAimats” mialnads, veints, not it Bivhagser nl i ne
cells express a high level of telonerase. A hi gh | evel

[00144F t dhenefrabhe ¢ells@ed isoRtkrisSaszd @nmulﬁbx@’bsii@h,m(ﬁaﬁ expression

0
of a J@I‘?‘nyy% g%ﬂ’%l{]iggg/%glfypélgeanadnglﬂHéotgnt ce?l relass.eGaesrmIine cell markers

include, but are not limited to, VASA, promyelocytic leukemia zinc factor (PLZF), glial
derived neurotrophic factor receptor a1 (GFR- a.1), a6-integrin, Thy-1, SSEA-4, CD9, CD90,
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[00143] The germine cells disclosed herein are

i sol ated from gonadal tissues from mammal s including
wheiodnatlst i mted to, rodents, donesticated animir/ﬁSzoos/onsu

dogs cats and primtes. The term "pri mates"” |ncI udes

is not limted to, humans. {00144 The gern
CD49Eé?Q”§h%9r é’f/P%fHPéthHJt'B'as@@pén”$Wé pelegiasion ’Gﬁ'e%'ﬁ (N%M) germ

cell n&iea%ﬁr @;t:r@m)aan\damaty of germine, enbryonic and
pluripotent cell markers. Germline cell nmarkers

[00145]1CI Mﬁlpo@h‘t cAl Mafkets Incitibié eslit afs ndtARtedRb.0OME FEVYSFC), Nanog,
em a zinc factowéPLZF) glial deri ved
a'ka“r}?eqn%vwa%ﬁ JWC@%r <’§spt or al (GFR— al) ,
ab-integrin 0, CD49f, Dol i chos
100148} { &yrtﬁ%r%@ aerilig %%BAﬁan s0r b QUHET e G e Sxpress of

germhﬁ@'aﬂ@lﬂr Pl M steBEeM g‘eﬁﬁbb @#Fﬂnﬁ@é stahf d:eglegﬁbnlas(lr@h!lﬁl blit are not
and DAZL. [00145] Pluripotent cell markers incl

limitehiq, telpmerage. VARM edkRTo Napeg 20d (Bhsr E’Iurlegﬂb@ell genes include,

but ar@lnbﬁl‘nhlfé% tBhesPN NABE; DI, Shke, diRANHeShospHaREEAR Crypto.

Furthernore, germine cell's can also be |sol ated based
[0014?[‘ t DRaRBRAIE 8MbBHINRRt TN RRdAEfirP lintidJROtRN lort @ culture of
ell genes. Germine stemcell genes include, but are
certalm@ppqlatmnﬁ@a gemline cebmichstbat longs rmdnmgqotewd)éur@ﬁ@nt cells lines
are g(gﬂ:e'?ateal Th%%é”cb@é)tn?ékt céhebé ugg@% d BEhrHE @ B foRIdRrdhéitiation into

limted to, Cct a-5, Sox2, alkaline
t'Ssuerﬁﬁ@@'Bﬁ Hrepges ah@”ﬁe{/’ﬁtcﬁ'tu rFCHﬁ iWTStAGHQQFFUW&I cedlerbnPIgSstige steps
of |soIQﬁrﬁgS§@E@é¥aﬁl%ﬂ3¢Fﬁ‘re' ﬂb%hlé‘ﬂ@n bhﬁ\e'o%@@ed ?‘érmllﬁé”cbm b8se?f on expression,
certai n populations of g mine cell's such
or 'ackoQTgeﬁpé?ﬁﬂ%loflq%f‘@]ﬂ ap /OblplW'PB@f‘bﬁ?” @@rk@rswr\qegerg} dne and/or
pIurlp&Sﬁ‘lede"f‘k§dcultThg§@1eQ,%|lé M drbRBSMEAIMPR HS@6kedSn ﬂneSBan‘ﬁﬂes section
celI's for fferentiation into tissue-specific
which, ?'Wé’a@@%’“”u%n@”t divigiopuyvbilg eataining ?'f‘]étnéﬁierﬁlé'ﬂﬂdl Mylipotent or
plurip&Bhtl fae0 n’mé PRS- térhﬁc@m%ssd&fcnbédahatewgarabé %%E%@bh@b lf¥r future
pure popu ation of the desired germine cel ased on
uses. expr ession, or lack of expression, of germi ne and/ or
uri potent cell markers and germline and/o
[0014& uri rbc?@étﬁ'l” @’@H%@meﬁfﬁl t'?ﬂ’eitﬁ‘é §%ta@§|al|lys PH® Q?FEHAE"H’”S of germline

cells df%@hﬂliﬁe@%ll‘ﬁhéﬁ:éﬁ@é’ usdl foh theRNRUBE 85pIRAKSISAA rétineFutive medicine.
ow continued cell division while mintainin

Accor@maut@ fr@rtéﬁ?ri"égse%erﬁ'ﬂl E¢THA éVRpOBP'aHP%ﬁ Piosr@nee §$'§t%§c'0ﬁ% herein

are cdpAB@- dfejemeftiihg USRSttt Tltires &f Prﬁﬂt lofen€ ap Mﬂpotent cell lines and are
cryopreserved for future uses. 014 f]ﬂﬁj?n certain

Su'tab@%“oﬂls%ﬁﬁ &1 difegandipted  celisi iyt %gﬁrieéﬂt'l"9 eepopiifredtsubpepulations

of gerfflin@ @I HiBGlosRS hérelrar8 Raphbadf ERhing inBRSJiféRnBRed $BFMline cells
for therapeutic applications in regenerative nedicine.

such R%@@PUF@{@QQ%altfﬂ%mt %eéléhﬁﬂeg{g‘ait'@oélan spegp.t @pgpnia and oocytes. This
second $aBSdUlAbh dNselRfis B5FBld &Qe—fi)@bblétlrd;i §§ieﬂﬁ39r€?ﬂ6§(u‘§ftlv€ oy dh in vivo.

capabl e of generating long-termcultures o

[0o149pl t |TFBz§Hs©ant|ﬁk¥ tH 18blaRRf Silstm@hily Fur@e&)p@ﬁa‘ﬂoﬁroe g&thindbdtem cells
(e}

as a. source differentiated cells for regeneratijve

into thenegigiané £an cenascomAlRRasLIPREITBHSNIGFicgepsing Engald Gection means

knowrﬂtosﬁérmdofhﬁdlﬁé@ sﬂﬂl@n arpakl i sothdambtain@tesupport cells, such as
erenti at ed mine cells such as sper rrato oni

al
'—eyd'%%§%%|| pells t%teﬂr %9%68%“‘%{‘3' §'|HB\"H§ 1 SeRS A1 A @Eﬂﬂ”é%t'on can

be traﬁBﬂe&e&Q@@%oﬁi@ﬂQBwsaélb@@ vath ©eldesmiite eRARREIR. Q‘fhese transferred
gopul at i né; a sterile reproductive organ. in viv

support cells can be Unmodified, or, alternatively, can be genetically mOdIerd These

transferred support cells can be autologous or heterologous to either the donor or recipient

testis. A preferred concentration of cells in the transfer fluid can easily be established by
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[00149] Transplanting the isolated substantially pure
popul ation of germine stemcells into the recipient
weamwobziiacconpl i shed by direct injection usi ngPGI/HSII88/072541
|nject|on means known to persons of ordinary sk|II |n
| n anot her enbodi ment, support cells,

he
smplq_@mn@e@];atlg@,r% will lkgly| ke wikiun tﬁ?r@%%@f ahophdhal’ Ostqu% P‘Efsml The

lnjectléﬁ) nfe@ﬁg BBt 88 Mioalice ihfoah& NhiPEFPENtiC B2 B’ tbgﬁy@rftﬁé E&€iniferous
recipient testis along with the germine st

tubuleéepp@na%\ggréther%ﬁgf 8 PuBw tgtﬂgﬁgqaltprggur% apg{ar ydume, or this delivery

can bél BBPéjfnfahﬁéh ‘Nsuﬂ%ble&fy@@ﬁﬂ‘f\éﬁ|bebI6§‘Ue§éethgr$ﬂ@ﬁh‘?@ma)heter) can also
nodi fied. These transferred support cells can be

be '”%@Qfﬁ'@@d[]@ be Jrster B¢ deusasyoidentifisation Ak salisisitongrdelivery of the

transplffié P igBRlidee Sleh® celffs 6 @éREL. 0SiENBE ARMthsl 08h e G84d $o delivery
in the transfer fluid can easily be established

germl'ﬁ9§F%p@|S@EE%P?I?r@ﬁg'ﬁtt‘?HWOV@U?SWI L'l 1ikel y be VVI thin
ange of about 103 - 1010 cells per
o015pl; J e Stitghie ek fianerlantighiclse Ao been b enReOt g aary skil in the ar

and c&f helgBdleculddssucB a8 sbRFh hBbuiin, tch@leé?t@ﬂﬂl Bha/@F fRd®hin, selenium and
tubul es, optionally with the aid of a to control

inorgapice salif 8s Welf 68 SRIHInEOMpenants @ngier |9U'@W9‘ r§, AngiRg eCytokines.
Typicdlg AL IMranSpRki Vebitlieh sy £ pHUIHicHE reudhp) &g/s(dlc%ﬁzs i.6hao td7.6.
e

mmin dianeter) can al so be incorporat into the

[0015FRr I ITRE dekiind EME g%ﬂ%étéod@ﬁ&lbélb;f»‘@i herBinfanSRt hiselias trebya variety
el i verz@of t he tran%rggant ed gernline stem cells to

of disgase;Qtdnjury; inglicatjonsLeR ngam thsenepdaas @ 6 a@rlqu}%@smon The route

of delig&ynd Uél@rrﬁlh@drb(r‘ﬂ{el Siscse R EhEsifer Wighr8 trb@trﬁé?fﬂ?ls%éaﬁlk&ﬁ For topical
150] Suitable cell transplant vehicles are

app“C%féQrb(bt aphProye dierisrlie &k pPRlY ithe eellwlas compRgitiensat tH%I'Qﬁ?éS'te (such

as by [PARIGE @Sedi GhtoaRe SiSsudBhBUStdor §}hF|a@ﬁlb%f %e@-‘?&ééﬁe implant or
| ecithin, seleniumand jnorganic salts as wel

patch)s whiledncd m%en@mtg d§ﬁa§%?lln&ab tting %%r@o%q)qs&ableato administer the

mstant:Mél@hr%@ﬁmpo?ﬁ@rh@@sltémlbé'@ &Gbéall?ﬁﬁﬁ%ﬂ'cﬁ@én VEbi 6thér iRaBatons the
ichis rou hyS| ol

mstanF@gl%q_r]cowsélQp m éip||\éer%glqéragpgras%loalrge]e@g@ﬁudmg but not

limited1€r®i n m&ave’ﬁ*@ublsednﬁ'ébefn[cﬁ@bl a Warbhebyulsd dln&@@é’@bl@bentrlcularly
n |nd| cat.i ons depending on the need as a cellu
suboulalpa 8

uSidNdoNradREng otiesion aRIVRkdy iy quEaRsA ndep B?/trabronCh'a'

mstma&.b@ ghefReAala06iIVERS & g&tr\t&hﬁés‘hnélf G@Itv@\%m THe Eﬁefveﬂddeﬂuerapeunc
0 licatiaon, ve desirabl e t

r topijcal
ceIIuIaérgﬁmpog ifiensdar i ﬁgwﬁl aeq)%wetvylga%ryé‘\@t ithe clinical jndigatign. The inocula
may tﬁ@@&l@ @Sp@wan@aamnﬁlg faoz@ﬁe;@hq)réprsﬁf@ndnr@crla%fb&ethawu@mb cells and
ase | ant or

S“Speﬁﬂ'inﬂéh‘?rﬂ %/\ rPBV%O'Sg'G%E’ %ﬁc%fég @I“P?ﬁ%lﬁ Seeting @ P?p'l%‘?/b“ﬁered

salinefdr G¥sudaftufeaRegiuho Q@fﬁé %ﬁét%hllﬁ h@?dg@&&ml’r\bc@d@bmy'o@éur depending
conposi tion or ca i nt o .an organ.

upon g CBPW@?” Oﬁéﬁ%a‘te\ '8P1ts F'H r‘??é?‘gn?”‘Jcifl‘q Ghyggician W'ﬁ In any event,

deterrfifERASA3JrofiRatd@YseXer telihaad @ peyerddmi ni strati on routes
including, but not Iimted to, intravenous,

[00152nt I aPeEr ifs@imeatelluiant E:@ﬁpl&ittdn@f may to be admlnlstered alone or in
i nt raceEebr oventricyl arl Fcut an

combipglign, Wilh nRle OhjMYEi IRM3 e%@?'y gece ‘? ﬁ?\"rﬁﬁ%s'ﬁl eithigg single or
multipledb&dy. OrBuaBle pmgm:abélﬁbepaamtefsaﬁra?ernmage dﬁéﬂt \bRgdelivéry gels or
. troi ntestj elirver referred ther eut |
biodeBets SPTERH ARl CaRsts B iAo PR L 6 SR pAVQyS, Splutions
and vadidud ﬁdhlﬁoﬂ‘d sVl I'I'ﬁgIs?bbbﬂﬁhegﬁb@edtﬁ@l@?ﬂla@eﬁ%}ble carriers generally
ca e pr re roma rozen e re rati
perfort Biee8 Uiy RRRmUT RIS RIMER PAY rRelR Jih el T isninsiony cellular
compdEiticht @2)0@i re@lih YheacsiRpatad kissud siteeint nsdChr RFes@hbiidie restoration or
phosphat e- buf f er ed

23



saline or tissue culture nmedium Sonme variation in
dosage w I | necessarily occur dependi ng upon the
wa@oemdiozitoh of the patient being treated, and tP&I/US2008/072541
physician will, in any event, determ ne the
ropriate dose for the individual pati ent. L00152]
reJUVG‘FHEOW rAYalt) teeimuiper theofpessiof ingRdingayf the fgtant composition by a

pracmﬂﬂm sk a5 aslit %Plﬂﬁitééirto' |Pnp%\m’g Patdr&seried & aQﬂﬁJe@t%bFéQfo%posmon
arnaceutlca acceptab carriers, In elther sin

or th%rheﬁ‘ﬂ ing §f e2 o%‘é@%al igiplandbl érhﬁh@rﬂ‘i‘fﬁ@é@l‘ﬂtl‘:@blcoﬂ‘é’??'ﬂ@?ssgormed by
combiY dnnﬁétgﬂ%éllmﬁf &orﬁﬂ)&ﬂ@n'w Ehr =4 p%h%c@uhc@“@g P%ﬂab&eﬁ‘rler may be

sem -solid mat rlces as wel | uents” or
adminisfared i aa¢aebuel depge ifoms SIS PaVeStRDhBRIvianse and the like. The

subjeOprepMbSeutithie c§r‘r'|9fse"é§n PhaddsregUtbiginl ¥dAGSRPliIRESents such as
carriers general Merf ormthree functions:

1
binderggiexeipieAtsarfdpinestifeye Thee Seldegtsaqyeops esolLfigp a'ﬁ§ pr)eferabW suitably

buffer€&lif hﬂc@és&?'ﬂﬁ@&hé'hgﬂ‘ld dident frsf RIndbRdt iBStoRieI With adffident saline or
tissue site in nee regeneration, restoration

glucossy rYMANEPHDPLIULARG Of Mt cglhﬁr&@@ppﬁlgorég@é bgsparticularly suitable

for .miaaaré%u@g.nﬁémhét%ldrngh@marfé@tmom '|rﬂfép@Mtoﬂe£1r|ﬂ}%Eiléd onr% subject
such as, but not limted npr ovi n propertie

sterilegquggus Wjeg@te@mlgye@&fﬁ@gwqa&l@ I@f stpﬁ@arﬁg@@n,cw@s yell gnown to those

skllleoslHrtSé %ﬂ' Frdmlsam ond BE i@ LBeaHéthfEhehBIR ABinkY %F&/e desirable to
forme ining an instant cellular conpositi

stabiligg tahmataaﬁgﬁlwemmmnoy 3660 BF aBVeNelabitest Gagorgasing sheff ife,

V|ab|I|@dﬁh(H“§fﬁ@Hc?d 'Metﬁo&@rfbﬁtpYeééhll‘i’g?)S%ﬁnéroé'rms sﬁiﬁbﬁfﬁgaﬁozen cells in
ectabl e"solutions, and the Tike he subj

prese'icYﬁ Yarsetions fre daereins theart: i fimpeaingedhe @Bﬁ‘f hfﬁns"ab'“ty of cell
comp@s‘i’ﬁgnfs o8alat ko ?éﬂﬁr?é?&t%re%‘rcboa%égﬂ S mORH bR ding excipients
and the I'ike. The subject aqueous solution is
such @rsefaérfaf@rqph@mq anenys tf@fq cogerof); mecraslinked agitgarhde.g., sucrose,
mannJ)éeqlébFi)ltgF |rﬁ’aerﬁ‘r§osta' Rﬁésééeé})dr%nelq'nkbé%B%b(k é’éﬂr&!’h at‘éftéé & gfnfactose)
saline or ucose h ‘aqueous sol Ut ons o I nstan
and/og@) bagtealpst@gmww poantivfiche particularly suitable for
I ntravenous, intranuscul ar, subcutaneous, and .
[00158ht r dper prefsied C@fﬁp@%ttqnénfor vn@%mnécﬂowerior éJS_&qu‘eHlPs instant
methd@g%llﬁvmlﬁb’tﬁg cﬁl'il@aIQM@étBﬁb|T%eh¥o&ﬁ@ﬁ%9rtg)léeﬁ’|9 R GESsred from a
known to those skil in the art or use in one
CO”CGBVatﬁérC@” splutipR by 8¢ Rractipheg mbygician at iy, il dregéBentapich as by

thaW|r¥90ar§)t ﬁ‘i@hldllélﬁ}gaa bOsdeRhteaatdzEh %EII §Q§Hé9§|bﬁ'|r98 stoc-ré@é‘ sé\ﬁt'lon into a
but not limted to, increasing ife, viabil

ty
physiciegicadly f a@&evblqv@tl%&swbr % r@@é?r\‘ﬁtﬁ'@Uﬁ@fe@ﬁ%@e aerd tlssue culture

medlu%h' Qghﬁglafnéfﬂ?rﬁﬂ cfc%labé Wllnnéﬁe%§§fly6&édf%eﬁ%dﬁé 98§n ﬁffeecondltlon of
known in the art. Inproving t shelf-Tife stability

the paﬂenbéwngdtﬂ@fﬁs’sﬁnﬁdhg physigian vall, incasy ¢\emp etaigrtine éhe arpropriate

dose RMeRIiREGAMRlidsthed by adding excipients such as: a)
hydr ophobi ¢ agents (e.g., glycerol); b) non-linked

[0015$}Jgar'r$|e((#fe9t1ve aﬁH@Jrﬁ%etherrﬁgtaﬁfsseuu%%sﬂnb@ai,mOH P& HASRse depends,
Xyl ose); c¢) non-linked conpl ex carbohydrates (e.gqg.

among gt{nlebgy)gs am &yedpodywaighi+ RIPSoiadyt ard epsap &rasplation regimen. A unit

dose dNth®iiRSthAS cell MR L1EHhpdSRRNPFRERT {08 theC AURBE} tof Ats fiRT the subject
i nocul a and dosage for use in the instant nethods w

suspepgipy. wEeherehe 1B neEr ofneflle Adnypisterste i r@oé‘ﬁmﬁc"n'ﬁy”eed thereof

accor&M it& ahd )’)ré?:ﬁc@b?% BRechlicMWA SORNE et Fa@ab@%f%oht 10%site to about
ution by the practicing physician at the tine of

109/3”@ ealngEnnit @Qﬁ@ﬁe af%r”tﬁya'ﬂqwﬁihﬁ”h@eaﬁ%qgﬁécﬁrr@ﬁ Pi® fogidgred within the

Scopquwﬁggéxt%gcfogg@en cel | suspension in a storage
solution into a
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physi ol ogi cal | y acceptabl e diluent such as
phosphat e-buffered saline or tissue culture nmedium
wW@Eoe/0zEsi ation in dosage will necessarily occCRET/US2008/072541
dependlng upon the condition of t he patlent belng
eated, and the physician w | in eve
[0015@& er“h?h%mf"ﬁ@ phrGpentat @eo%@@”ft Gfscloﬁérel W@Y'@?%Qﬁ?re”t routes for

dellveF&ﬂbf @rﬂat instdh® eddiarT Bsmpdditsmki ¥€ n%'yob@tsu@éblé he LEStiRMe different

| ul ar conposition per unit dose depends,
dlseaqﬁ ﬂgt,estqqpﬁ;ggs WhHAe tﬁ@tv@ga’vsmﬁwp Fﬁ)ﬁ%l(@| d@@ath%@g intramuscular

or mtﬁahl‘é%%'ﬂ dppR&dtbAtit QRay %%\féeﬁesn‘éb!é”'té éﬁ)@@etﬁéf s&tﬁ]@ct' Bélisamt a cell-
l'ul ar conposition refers to the nunber of I's in

presentvg@vesgﬂjy%&nt@ggb@’n%rp@hent@gﬁg‘p%quycalpﬁ@pﬁg%‘eat @\e legal site, or to
place %Wr@ér%‘f&ﬂ bhi=RyeSeh }etmaintimeRrbid fer pd-saesergtitdhd F8r intra-

practice of the invention will be in the range of
reCta'aﬁ?@U‘fat'PGHI $MavePioye Assiiable 0o/ apRhe thesgrﬁ&]né cghular 8%’@8@%“0”3 in a

supposRErYB  ANEthBH ebribodiFfentt) 80 Buihnasy @fr@aﬁ%‘ﬁbr@%r?dre@’bﬁé}bfbn and
t he  scope of the present disclosure.[0015

5]
rejuvegpticsy HamaVepréﬁ%diﬂsﬁﬁtH? sto againiess et '”éfaé‘élcéglt']?re compositions by

.ntran@ge@w ﬁhereb,%hfaﬁ.§|r.ﬁ§tn|af&u(eegs é@bhéiﬁiabe{@rcm wmsd%ﬂ.ohggh.@eme for use
cel |l ul ar Con‘pOSItI ons as may be suitab for use in

in a peRuligen-f efleAt cAteBRIgieds P& é%pp&ﬁﬂo%qstf% Wﬁ@l‘@ 2Nk ypapal use in

regenb@tiVe fddicBAtredtRlentsOr igRkHility Md Behkeal in driétérﬁm{ﬁr‘ﬁb'htafhe subject
or intra-rectal application it nmay prove desirable

pharmagpyticat kemeogfiens: atgePARINIFHegd YR | W@Q%Mlétt@‘v@g %V@'@age of the

m.grafehntzwttY QFf irRiRlt Ickrte, @hﬂﬁgmﬁ&ﬂbetﬁ@bn GRTREIR i 1B efetthenal lining
| ocal site, or to ace an inp nat ed bandage

cells ig t@%f%mtlp}%@erl@tp@gg@ t|s§lﬂﬁsdar§b|nbpbrr@ a9¢ plregngin a tlmed release

type rhéﬂrfe@r §ohatb BRMritieAdl RBthbls BRYJAMRYALEIE Riak R Reffétive in certain
the instant cellular conpositions in a
patlenﬁﬁ%g

MosP GONtiNHOWs IREPNYANGH IrPRieraEve PrariuMenaityRgpyree of therapy is

deswe@' é%%lsﬁ&ﬁ Qh@idstdht cERISNRIJIsRBn @M EEMMIBOAEbANUCh as via an
prove desirable to adm nister the instant cellular

'mp'a@é%d“%'f“rﬁ’%?% (phiast ysg dmplelypryi ‘Pft'F%'Fdﬂ@ﬁF'%ts with Type 1 insulin-

deperldBst dibbaks Aklt€s)d- AltedSatRBR! FR6MREE t&ds i€ HEAsiiBXo deliver the
suitable for use in a nebulizer). Al so contenplated

instang cellulgy ;SB’@S‘@P%'BQWSéé’ef BlongeEpeios of 4R %LéFéj‘l ey '[]%‘é'of‘n
regeneratlve nmedical treatnments of infertility and t
[00156]} e In portaimalterhpiddi Grehrdimenie the Bjedqd 'ﬁﬁéFWﬁ'é’@@f’%?trat'O” of an

intravrB QRIS iRfRSticH 6r PéHUsInSdfané thstdnd cém%nﬁwsﬁloﬁél'@rnﬂay involve
advantage of the mgratory cergamt(%/ of instant cel

adminjstigtion HP@?%(‘?%’T‘T"%E? g Phé‘ Phaglis adqainiglhataRe| |”a13e""3“n other

emboblhi%hﬁsg ti6ee lils$anit idkiifistr Roh Uithy linlofet eohibirRitish |tﬁér§by such as the
tissues and into the blood streamin a tined-rele

mstan{ ﬁgUI%ﬁH@POS'Wb@@dC%rﬁ?@HW (ﬂ*i%ﬂ’ |ﬁ%@q1%8bg)tf not I|m|ted to an anti-

coaguRihtll dhitishfeaivieQt aRBYyBsttdnBREfagehd ve in certain patients
and a more continuous regenerative, restorative or

[00157]81 U\hﬁ?%@mn\%ﬁy Shidr reseit FAIRIAGY My Besise€ths a cellul_ar replacement
i nst ant cellul.ar conposj.tions in

ni ter| ng th
theral%fﬂ i} ?'g%ﬁﬁe UM $talesy Inghiding Bt ap &mﬁ?%topdﬁﬁtme”ts of

Park.r(ssuehduaeesles el s@@rés‘t’eﬁ ré/m)Qj‘trolpﬁféUIbtelﬂall §cldrasik qALS), WAlzReimer’s
sul | ent abet es nellitus)

d'sea#t%@%{'&?@l% %r d'@ §t§§ NEN-HEIPn o*é%ﬂer ip¢tereso cosmetic and
recon@tﬂldtl\/@l’surtghgl fdﬁ%‘kﬁhmcaﬁﬂdeuérﬂf b&HTRRRIchi I SnfaMR! stibke, spinal cord

perio s by infusi,on, 156
injury, é?ﬁ’?’%ﬂt'ﬁ '%lF"ye'F‘ﬁ%{P'ItX/é‘”@rfﬁ%ief'%ﬁ?%e’yefﬂ'@gr?é‘f’ﬁ%lHV‘lL'Hﬂ}'”g d]amaged and

aged figdves.ve adm ni stration of an
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i ntravenous bolus injection or perfusion of the

instant cellular conpositions, or may involve
wWa@elepesr ati on during (or after) surgery, or BCT/US2008/072541

prophyl actic admnistration. In certain other

enbodi nents, the instant _adm nistration may involve a

corrbi nation therapy sucF*@MRUS i nstant cellul ar

onposition and a second drug including, but not
[0015§] m t'88 f»pldpwnglg1 eéﬁpplegélé%megﬁg to Wlystrate e qrinereggmbodiments are

not linfflito AP @MIANS HaRriB8®Pélow[ 00157] In summary, the
present germines nay be used as a cellul ar

repl acenent therapy in defdesient di sease/trauma states
to

i ncl udi ng, but not Ilnige treatnents of

Par ki nson' s di selse'l , anyotrophlc

zhe imer's di sease,

[00154’ br &2105,33 %‘?etﬁg%ﬁﬁ Haﬁz W?%iﬁeqeééa“oﬂd\‘?r’arﬁ*PBﬁteBaé{eapproved clinics

and nfalﬁ(rﬁéhgd @aderfgénr@tdoﬁduga@b I eenBes Weed uy@pfswhmra'nof &fie gonad was
| cariil |l age a one, I n

placeimﬂgmce Ngs Pﬁﬁg)“ﬁ?%&%%gﬁgﬁ ?eﬂﬂbm'ricﬁ & ﬁ‘?rﬁ‘i/sc'%%ﬂﬁs The

minceﬂe@%r@?bl”ﬂssué&@@@@f?ggﬁ[@o\gii?g ZFEEJMLVQfl@t Qﬁ@pm&yﬁagﬁﬁ sarmdon (2 mg
e I SSUES W n exanp

Co”agsg 30 pites, ?thJ/%p'}‘?% 'ep%ri*é'ﬁ'ltl HEPE% l(a’g)ofo %@r‘w'g“tﬁ? gt37°Cin a

shakiftPlvatet Hhﬂ]ecbdrmgtthéﬂls‘ébd:léﬁbnl Seridghé ls@rﬂﬁleb@ﬂrﬂWatdiP@éV@P& times to

o e TR b S BP0 57 TP L0501 s

deactﬁ@t@ﬁﬂ&%Ilﬁd}dn@b@%naﬁﬂe fﬁéh’ly@lsnﬁlﬂjlrélt{éagj’ncégﬂbﬂd €The sgmple is then
nads wer ecapsul at ed apd one Was |
centrlfﬁgg(gém(?(#gjo@ Hinutgs aﬂﬁ ﬁ%@éeﬁ{ﬁpﬁg?%ﬂats%Fﬁﬁg%%&)mL in PM-
10™ RBgui phGLgrowtH ﬂégﬁ)ﬁf@é&k Hl_@(tzlés‘édslg Q:Efpenaiﬁg UT."oéﬂFGzﬁité?Wl pigalon number
i Ssu S jnc ed with 2.5 m. of a 2x collag
11/69%85& ﬁ%ﬁ\ﬁao(‘Z h gé %@gn‘é{g'égé?]dp(@@%ﬁtﬁ er Eerem for all it
conta|ﬁ§fregﬁrhlhg|dult@rfe &f stBRB&Is) )PIVIOIIOT“B%éﬂlLE‘th@Sjls@IOSQ&'% iUnitéd States

paten%%qp&p%t% Vﬁ@ { V%}%a%gdﬁd %\\)glg ?pﬁéiﬁrﬁ%{ %ﬁlb?ﬁr}p&%{edoherem for all it

contaifls SsRedindg g@wttﬁlbrdnh‘tﬁmglfé(ﬁ(b@-neéﬂécﬁfordélSﬁr@ﬁagﬁhbﬁn, 1nm.
of fetal bovine serumis added to deactivate the

col | agenase and the sanpEgamgslePriturated once nore.

The sanpl e |sLth n ce rif ed ag 400x [or 5 ninutes
and the cell r .

ooref® 186 Pl B S eS8 8 déﬁ%lls%i’?%g@eosphatase

stainirfg ét&hie onseviar cltudd (Figd A AphiGohodysed wererther atilegiedyn STO/c (feeder
erence it.con

r ef rejn.for a r arg)i&n ultu
cols) BRI, Gnfi s RSP 8 GOL e B QTS FaTEG s QTR ocytes
can b&taattereddatrnit1 03P plddomt iptus dlowthl fdctB8 08 63k ldtin-@dtebuplgtes prior to
" 17, %Ofgff alni ch is incorporated herein for all it
culturigg op M ET ?ng gr ovvt h- pr onoting factors needed for
[0016$E|t lal %gﬁ\gg\?\&% s in cu re the !Tu ngn tfgtramg%Hcl)(gylf”e o?IneQ mushroom
colonies (Figure 1B). At this time the mushroom colonies were transferred to fresh STO
plates. After 1-3 passages, the mushroom colonies formed outgrowths indicating that the
colonies are expanding (Figure 1C). These outgrowths continued to grow on the STO

feeders and form flat colonies resembling human embryonic stem cell colonies (Figure 1D).

[00162] The cultured gonocytes were passaged onto fresh STO cells every two weeks in

serum-free culture medium (PM-10™ + growth factors) for further expansion.
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[00160] The isolated fetal gonocytes showed a high

| evel of al kaline phosphatase staining at the onset of
we@eiweas] Fi gure 1A). Gonocytes were then cul t BEBEUS2908/072541

STO c (feeder cells) plates or under feeder-free

conditions for colony formation. Alternatively,

gonocytes can be cul t ur 2X3RI®H 10(t ) nedi um pl us

gr oWeRpledsib® bbplQfn &kt dhdrRers tc@%r%%%n@étb onbBytes

cul turrng on éiﬁ %eeaer celi [00I61] After two weeks
[00168]" CUbhgiém td&ﬁurﬁuﬁ‘ﬁhé eﬁr@ker@fé”%ﬁ)’ér@ﬁth‘c %d‘f@r@ changes the gene

mushr ooni col oni es t(_%;ure 1B). At this tine the

expresgih PEAYR é’BItr@ﬁng@ﬁOWé‘?se praitse éi“l“kér@dt @POCKish exprgss markers that

normaql&/ fﬂicﬁﬁd bé\feksﬁesﬂeﬁlnpﬁﬁﬁgﬁﬁ@rﬂ stérﬁ%ef@@h@@@gnﬁéﬂoom) Béluding alkaline
out icat i ng that the col onies

PhospZIgaR dF A oI g SPEATCY UTh€Ba T LPORIHGocHt 10 b t(Fiaure 20),

Oct-4 @h@ WuRRn trichdiArfat pedis (MPAFiGare ) atd REhENERShuman MP (Figure
resenbl i ng human enbryoni¢c stemcell colonies (Figure

2F). ﬂTWa”WE@&H??dQ%éhHW?PGP@ﬂﬂﬁﬁﬁﬁ%Wtes wer e passaged onto
sh STO cel | s ever two weeks in serumfree culture
[°°16ﬁ3ed| Y PRIEBICES)Y %‘?%‘?f&?f'?%ﬂ:’te&?‘é’}““ﬂ%fd IP0PRIEFS (F'gure 3A: HF-

89- p2%2§@ﬁ§33|¢|guﬁe@8am2?2 07 EXBRE 354t PRVE bed biiltupsd Gifer BBIUKEES feeder-
cul tured human fetal qonocvtes %0016%% Lon -term

free CE%IH ifqnsesuch thatehey e@&%@xe?se@rtsm{“ lRpGds E‘htﬁ Jerrogiggming or
cuIturQQﬂﬁe@(ﬂfﬁﬁélr@ﬂc@ft%lnbﬁed%ltﬁ|hﬁﬂlﬂ@@@|¢i¥h@ﬁshuﬁﬁﬂrnﬁfl@dlﬁes
cul tured gonocytes express nmarkers that normally woul d

[00165}5‘ ex@@%a%pucrs @ltméssm; Gt vr:@tbeahg?eeléﬂ ;ﬂur{dﬂt@%&%%%%cgﬁﬂ markers
I n al ka at as I gure , A\-
such ? p@b‘riek] SFPél 'S%ﬁ% Bu @32@‘35 gwte@i %ﬁ‘—‘% §XRTESSipy) of these

marke@&ug‘be@f%dh?ﬁtuﬁ@de a8l agwmdrapalitiopaestian (MP, Figure 2E),

and Nanog and human MP (Figure 2F). Human MP is used
[00166}5 a Fl"glw@ls d‘:d@&ﬁ?é feilcﬁnértaweétmtf/ @Orbﬁ(g;qterﬁi @uruees30fdag@neh $jonocytes.

oni es. of | on ermcul ture ononocyes i gur,

Telor‘r@gsel_ﬁg:tlv@glspfgu q)'nof.éls t'&etgquen %gctlvlq %@0%?n%$|a&é]%egetﬂgty to self
renewladesfinhelgn cul tured under serum and feederfree

condi tions such that they are not exposed to ani nmal
[0016PY OdUFiduBed B anbied denotdiadthabgulured dbihabyeespare pagpotsnd In these

P e a0 TRt S bR AREE b Bl gros,oa and e8)
and thal ghebriyaio @ed ek welre¢lscrpehenioy masies hiad/edgareskesscigtod witasell types

deriveG BBl 8l &G ARG P e s R a0q i e i Sbloderm)

(Figurb@Cearid®ig@peyti ¢ potential. [00166] Figure 5 depicts
tel omerase activity in long-term cul tures of human
gonocytes. Tel onmerase activity is found in cells that
are not actively aging atEndan_Ir@ the ablllty to self

: 016

[0016%1; t rI‘-ﬁj‘c‘r‘r‘?anFlJeQaLI' gﬁm%&efr&ﬁ q:‘é&gw%gesg ﬁgﬂ%t cﬁﬁe%ﬁﬁated u‘%téa number of

regat ed e I 'gures
differmndelttbleesenbr y0| d bod| es were screened for markers
and/ or genes associated with cell types
[00169] To generate cardiac cells, the cells were then plated out onto 6 cm tissue culture

dishes previously treated with 0.1% gelatin and cultured for 30 days in a standard CO, cell
culture incubator at a temperature range of 34°C to 42°C in media containing aza-2'-
deoxycytidine (AZA) which was changed every other day for 30 days. Aza-2’-deoxycytidine
was added to PM-10™ at a concentration of approximately 0.1 uM to 9.0 pM. The AZA-

containing media described herein is an exemplary embodiment of the differentiation
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derived fromone or all of the three germlayers

(endoderm nesoderm and ectodern) (Figure 6C and
wo-@anz118) . Exanple 4 Differentiation of | ong-PEF/HS2008/072541

cul tured human fetal gonocvtes into tissue speci fi c

cells l$00168] Human fetal gonocytes from Exanp

methade Wivtil &p emdpricod *i%?%rsﬁnﬁwéﬁjﬂ%jr ingthecart that &t cgr@geptratlons of the

compérmess of {hféoﬂcﬁﬁ]coﬂ_tﬁln@h%ni%béltaec&\a\'iéi% afmdcgil! a%h.etls Qh& ®tbifded results.
e then plated out onto i ssue cul ture dishes

wer

After spaRPKAIBlY 8% edavEdinwictifire. with g‘é@%@?'ﬁa@ﬁ@ QAdiayr B8 hgpan fetal

gonocyfesdaNe diffbréntiiaNgdd dta kel fof et sHr@iat MeHRA Qirdidd afha actin
g\s)erature range of 34C to 42C in nedi a containing
(F'QUFSZ 2" - deoxycyt| d| ne (AZA) Whl ch was changed every
for eoxycyti di ne was add

[00179]0 Phoicﬂqnﬁiat'aﬂ g E%fﬁt%ﬁ't P@isr d?P'%th AP ngmgpyg@oytes from

Examp 2 QuePe Quitdybd Trﬁ‘@h/ﬁémpﬁie@lan$m109(ﬂé&uﬂe&ﬁﬂélﬁﬁg Joer &y/MI sonic
IS an exegg%‘?gx enbodi nent o

hedgegipg PErtein feeehsays peforg they mereiAgraysd fyxpyession of the glial

cell mﬁ%ﬁ(yﬂﬁl fﬁb‘ﬂlIérﬂl%@ld‘ld“prbféﬁk?FAW)WfIJoP@sc@@(E&ﬂﬂﬁJrﬂicyl@BﬁerﬁEtry using
he conponents A-contai ni ng medi a can’ var

a mongRgn gk T CEARPEVROMHEIGHTR Brkickher MATAN G1al gpp@tes werb directed to

differcABRE AXioNFRILEA e RS iflYdind BFAR! tg‘HéIG‘céﬂ‘stfﬁ Vi~ SPBé thé?fénsgno known
medi a, the hunan f et al gonocytes have differentiate

eV'de"aQ‘?cfo"s*thﬁl%'%Ptqf%a'ﬁéps 't”HBe E%W'd?%@ HgrReMPt qliglicgls d'ﬁere”t'ated
from gdhB&a cafd.i n (Figure 7A). [00170] For generation of
astroglial cells, isolated cultured human gonocytes

[0017ﬁ]’ Omlmmﬁbﬁ t8 MOglléJUdhﬁé’réﬁlﬁiatlbﬁ RMngﬁHefﬁﬁ@oﬂo&ﬁé\é‘ #ere also be

di um contai nin 00 n soni ¢ %gkﬂ’ pr ot ei

dlffereggéefj(y} og@u%§gc &fphe I;;Vg}eéillgggg Qﬁd by the gxpressmn of

neuroﬂgm@msmg@me pff:) the gli al ceI | marker, glial fibrillary
acidic protein (G-AP) by fluorescence

[00172]rmrubrm ysamﬁ@gnast:émé \Mérbrtﬂff@reﬁm@d: Fromaduli@rdd héamdW fetal gonocytes
nt i

ure 7E uma onocyt
as Tolgihp ot PAGIITg GhBHPrHEEraeHEE (RG] cBERTaon (FiulieiGlghuman
fetal eS]lwe?é pra?éd 5nto!ﬂbr&ndcnmc?éibamlvérbﬁlssleml IME?/I I@v\ogmccl)se with
ce or ne | a ce S 1n a
Glutaiel T irggan e AT MADES0T endlid Plg Sfippamefienam TeHLa-BsA
(10 pgrenamaliincfbmSbovirfe0gankdedsn 538 dnhlORuian afinsRek (’dubstantlally iron-
differentjation, human fetal gonocytes were als

free), ) A4/ GH-cAHLAR BOISNIR.cD AT GloaPORRE AT SPHBIBRPSA Da/mL linolec

acid), @%W%S’E‘aﬁn@tﬁbé’&%cel@obﬂw %o%@ra%%sb%‘ Rt Wit 2d02RBAIL sonic
gure 7F). 0172] Qigodendroglial cells were

hedg pgf(ﬁHélmanéﬂ rfg/r@hw Feei-Bupred daysrand flegrapwiidhed d9 thes seeplements
with 20 }rﬁ’l‘_’\@DN’lzorC&ﬁrto%éps drd cglﬂ]réé: t?tl?é o&difisr & SHLadFGF-8 on

expression ( onocytes were

0.2% gélatireaoaied @owarﬁgllp@ﬁela EM @Waalwsedv@r(glmab@x%wmm F% MCDB-

201 4R e BB RS P se e LAMAAR el AL pq g ascoroie

acid. ng/ nL insulin from bovine pancreas, 5.5 ng/nL hunman

transferrin (substantially ironfree),
[00173] Human fetal gonogytes can also be differentiated into chondrocytes, osteocytes

and hepatocytes. Figure 7B depicts the directional differentiation of human fetal germ cells
into smooth muscle cells that express actin. Figure 7C depicts the directional differentiation
of human fetal germ cells into chondrocytes, as evidenced by staining for alcian blue, which
targets glycosaminoglycans found in chondrocytes. Figure 7D depicts human fetal germ
cells that have been directionally differentiated to neurons as evidenced by expression of

beta tubulin 1ll. Figure 7H depicts human fetal germ cells that have been directionally
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5 ng/nmL sodium selenite, 0.5 ng/nL bovine serum
al bumn and 4.7 ng/nL linoleic acid), 1 nM
waleooametibasone, 100 nM ascorbic acid and tr eat PCI/WE1008/072541
200 ng/ m. soni ¢ hedgehog (SHH) and 100 ng/niL FGF 8 for
3 days and then switched to N2 suppl enments with
d'ﬁereﬂﬁﬁﬂtﬁﬁ' IBORHIOPERLN|Q Celle |gxprageing Q%F’ﬂ ur' QGSW?WSBEOQ?H'EOF cells can

be furﬁ@%ﬁ‘fb%tlé’tfad Fliblofagd n%@:tegmﬁlﬁllyodlﬂgflaegﬁét@@i cBitsc M EReuronal lineage.
coverslips in DVEM | ow glucose with d utaMax(tm wth

[0017 %o FIBSr cWocy?@lﬂl%%@t@f% Shldlﬁfﬂnef@'%m%@ﬁoé%éshwere plated onto 0.2%
S+LA- BSA, nM dexaret hasone and

ge'at'%iEWied P@E?f?@]s NARRPLY enafiugdhagPres Witk £ 0z E%S@@d 10 ng/mL TGF-
3p ad@étﬁ fie it eated jushberdrd d hReW e Shait e@%?rﬂtr&scefﬂﬁ‘%ere cultured in
hepat ocytes. Figure 7B depicts the directional
DMEMjlow el egose avithoh-obitamingean o eenifilligesirapioayes supplenanirs with 20%
Fgs. huscle cells that express actin. Figure 7C depicts the
directional differentiation of human fetal germcells

[001751‘t 0 F%P%Fgo%?r)ét &ﬁereﬁﬁat%\ﬁ' ‘Hﬁ%ﬁdfe@( g%h@bﬁé@gvefr@rpléié&'oﬂfb 0.2%

whi ch ets gl ycosam nogl ycans foun
gelatinponid GEyend) TNEN: vy Budes s ndiieTne A pasaHigkeromyci
suppldri@itedaHE 209erBslbh& fid &MldnYor qbf) ff §8ahRliedoh®, m@yﬁmﬁ‘ﬁscorblc

as evidenced by expression of beta tubulin III. dgure
a

acid apgj %m%ﬁs@'mﬁﬁ%{ﬁhqwhaﬂe dBe ediym vasheftanged @veiyek3 days. Control

cells vvéréep%té@ Balol 22 Ig%faﬁﬁ%eéﬂeatp@éieé ? mmamew@wsb%thoLeb|lu§am.ne and
Er €SSI ng nestl1 n. hese neur OEI‘ ogeni tor cells can

pe”'C'f“[] frﬁ@tp”UF'ﬂfséP@ﬁF‘ieaieédV'ihrﬁod 6BRer nore terninally

fferentiated cells of the neuronal I[i ne%g [00174
[0017ﬁbr Eirer 8 @pf el Oadenid tes dirggtional, difierralintirat IQOE]%QY&%/'{‘ cells of

the né’lﬁbr@almn@& j@ﬁP@RZ%Q%@'bT %Xﬁr@@é&dﬂé’rlu%t @Sthi Ndifferentiated cells.
Si ngl eQu medi um ( Canbr ex 20% FBS and 10

Figurey g1 nﬂ@er@Fthe re&%&h dtft?rw'@t'%af eﬁrﬂqqms ipter eftlletyppre Of the muscle

nneagw}lmrrpehmﬁ/s.s@@bﬁéﬂ eXpfbdstd W9 iife GnHérfeHﬁﬁgd t8IsDVEM | ow

gl tcose with 'L-glutam ne and peénicillin/streptonycin

suppl enented with 20% FBS@nf@%75] For osteocyte

dlfferent| at |Iont hurmn feta onocyt es vvere pI at ed

€ S
L Iutamn and pen|C|II|n tre
Wo"%hppl%ﬁ‘%ﬁ“é?a QfiR W'pé’E!%t EBY linRg) W %&’F%&?%PS%G‘ fgenerative
medwﬂw@ﬁﬁ&i BRSO @tenlﬁalfrﬁpé’diﬂlra%m{gbla@erﬂéhtdh@@gy 1@ thi¥regard, embryonic
0 osphat e e medi um ever
stem G%JE%XEC%S % ¥§1 Pesd) P%”%g‘?’% d Fsapignt %SP é%qcﬁ“%oﬁteé(dca” be
propa§htad esdefinitdAVav |c@Wt@ diﬁé}‘éﬁtléltbd rhtb-pﬂbh'@t?ﬂ%@@f @Nnthree germ layers.
eni ci Iln/stre % nted wth 20% FEBS.
Adult t@m%&s qqg@‘@'tlg% rgma ug@ a\é(g A cgpgg%rte oeﬁazylternatlve sources
for cembéééﬂrtﬁéﬂab?bhﬂlﬁulafly g.aa@cmew@ nomtdamqeﬂaltcsnéa‘ aftdi@ransplantation, and
neur on naI Si s ressed genes

they ’T‘?i”‘taﬁbt%& %q" &S'ﬁﬁ%@&at@éi‘ﬁo Phepp B?%O iefigsuerieage. Adult
stem eklisarhi DsRbe Hduted Wtréﬁé—dlﬁﬁreﬂflatgqlﬁ‘t@(?déllQﬁpdsrﬁf%ﬁ‘@bht lineages, or
té{ﬁes of the mJFcI e |jneage, b gR ﬁmal %?gf

reproguREeddn SPESER HLBO PRESIGITELT iohPP3yEA LBFTIePPfSeAp cAgong al
adult dte@ndells, shat germline didns @él&t(GM:)@étaH Bt iabity tBaRWEAItipEBEne genetic
. of, Ma{e rmLine Sterp

information to offspring. Severa Ilnes of evidence suggest that GSCs acquire
pluripotentiality through reprogramming processes that occur during normal development.
Therefore, GSCs are theoretically a model for generation of pluripotent or multipotent adult

stem cell lines.
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[00177] Ceneration of pluripotent cell lines which can
be safely used in regenerative nedicine has a great
w@oioenaeiltal i npact in cell replacenent therapy.PCHUSIN0E072541
regard, enbryonic stemcells (ESC) have been
consi dered as potential cell sources because they can
[00178k pResaBi éBU'FM@"Ftl geelcpll dings dveperartedlerkasni genegated from

neondtélta‘hd%ﬁ%dlﬁ%steﬁfas alfhetdrcaeiggr édee@Vﬁf éxh&ﬁﬁéﬁhﬁlaﬁﬁ%f@cular and
|'s originati ng@ romtissues have al so bee

fU”Ct"l‘@h@@@Pf@HS% 9l ERrqels ape %gfaé%ger{a@ma@e\{vmerbgg@éed into immune

comploffScAPINIBAT t IHoWeEH, Yeedil NEEs tRAYr=8Y NPt Jiff@Em 1RIRIBNBS showed
after transplantation, and they maintain the ability

differanges; it helr @bilibaloduneiion IhEAB $1p@sCelP- Five exampler pallgygenerated by

Kanat%u-@ﬂ%ﬁaraﬂﬂ .Y cert e ¢&d - 1301(23Q0@4)-°<ﬁ’d H@t éh%W&féﬂn&t@gomal stem cell
-differentiate into cel

(SSC)l ﬁ”ﬁ@%@%% while thasgrasgeeater8y tQiJaBeQ%cﬁ're("ﬁ?FLw? |4168t1éﬁ9 1§9%n2006) and

Seand“e% al. f@éturféo&ﬂ@ﬁ@%dtlﬂb@@b@@@b?)ﬁ@bbﬁm&e r@eﬂﬂ@ﬂt tabtes indicating
dult stemcells, onl g@ﬁ ine stemcells

(GSO)
they rﬁ@ﬂ%dnth?ﬁes%uﬂmqt'g?”%“& t MorgNer: 1 P%ﬂuﬁ@sg@ﬁépi gonclusively show
whetheP Ry @@Usocn 3 Qi &t RSULPSpUIRRMECERNG e Ge@hIinBVdtERNERs were the
est at GSCs acquire pluripotentiality through
source egtgégi%trﬁﬁt% 95%6%”5'% i ﬁa{na@@wpuw idently ReH gk germ“”e stem
cell m?ﬁl‘ﬂ@r‘eoﬁmtsgeﬁr @ﬁfcﬁlfsgrn%de%e&ﬁrﬂg fh'éeg%?é@rﬁ flG@rbédén@e Wgﬂn (GFP)

generation_of pluripotent or multipotent adul
drivendlyeperallinespaeiic Polok pomaterceas yspd- Qﬁ!am%@tﬂé*mg tﬁé\sﬁﬁ'pt'on factor-

3/4 (Oeeh] whé Bﬁ@n&l@/w&erﬁi‘ﬁg@%ﬁ %ﬂ'e‘{nﬁ??&fb SRALEAL qerrlﬂﬁhe specific marker.
neonat al nd "adult npuse testes. These cel i nes

The exppesien 9foo‘§59n'§ BeQUIZEAPY ArPrpdmalRiPAPesrtI9¢ThIacEk sistal enhancer

and aG@lﬁ{oﬂﬁé(ﬁd teshbRsivd Blefent eM §asBRties Sdtat &(ptre%rsﬁinqgﬁéwn regulated
when injected into immune conprom sed_m ce.

Howe
and thegeqfter i '%6@"‘@@?\%‘? 8bl¥dn |pH”‘t§PF¢'$'eGeé’r‘ﬁ‘tCQ”§b%rr”HP@ﬁ' @§W§H38U§e(f’ GC), of
both rﬂélfeé QheTEMaIek ncérﬂlﬂljé t@Ripreby dcmfésnmby Pholfsra@esnd Mighte to the
ells. For exanple, cells generated
gen'takﬁﬁ%ﬁssu” 816 MalkaPXPreesiay) in gare) ¢ells pgr Si?i%)ihr%ﬁ@u" bade) gevelopment,
d i ehaihinsdoybsiRatalift RO YRbIRratirie oreyited, SpfaspPfeRsHdni# Sand
" IV\/m | e tlﬂosei% erag?ed %}F;éejrgn 9:{‘@ al . }h(al\latgurg 440: | nd in
undiffgratiafeh perpamsPniand Seandel et al . (Nature
doi 10. 1038/ nat ur e06129, 200 repo uI ate reci |ent _

[00179L5¢ Lsingn fic 419 dely R%%qué'laél?’?‘%élf OREInesaiem Ce' were isolated by

sortind tHeCOENBFPtgermMeN£ovet-4 pbiifagsitiiehie Svedlé thefubdivided based on
concl usi veI% show whet her the SSCs or a different

the eXIRSSISAT & Kb APERISH GUPRIG e FrifiF RelVETSiNG Kiedsesroggriar. g its ligand

stem §é)|ufé§l@r eSCkhasauhdirpas %”tﬂlg@ﬁd 3 Sedel fddtdi?sare key regulators of PGC
uousl ?{(gl denti f trac ne stem cel

9r°W”8:6P‘i‘ é\"r valy ¢S geriFe %Df@%fﬂ%mq%‘%b'ﬁé@é?%egaﬁ'@”é? H{&r‘]{ arrival

at thefdeuﬁ%ﬁlﬁ‘ﬁj@@m@ p@étﬁét@l ﬁho(l@:l:é)stééf |t\h%8 Ué}én aeported that c-Kit can be used
erm i ne-specj f

as a ’@'ikﬁhfﬂr ‘err'i‘%ﬁtﬁﬁo'ﬂ PBH%‘W‘WEN %ﬁd ?%tdéﬁereré'ﬁﬂnﬁ( P A prgf@togonia.

Combﬁfah@hsﬂ@f O¥t-4 dAtd-Kit @lovdShe RoRITBY YO RIS dfstifdn ;sz@hlat.@mm germline
i ne-specific marker. The expressign of

stem geé'@uP%ﬁ santaping 'B?r@xﬁ’riﬂ&'F'VepG%rﬂ%P%'}s Ora0G5BYIRg @5&9@(‘\*?% (OCt A+/ckitt)

and omét@htaﬁ&hgé}ﬁfﬁﬁe 3 BelLUESMeE BUISEESADIELVL- Klt-) and with the
el enent . astrulation, QOct-4 expression is

ability %(nﬁgegp@&eg e, tgstess t'@}e melegdane Hlé%]ogmui,chaﬁacterlstlcs of these

cells \Qéﬂeﬁé}feﬂi}z@H st 'ﬂSlefiﬁé |a$|d dffet RIGH 2dndOESTAdAE4 |t|$en( E@Fﬁ)y tijenerate
mal es and femal es, conti nue to express

multingigi} o btk et & SacReyiaeend iohai wﬁwer?foajewth feRtors. In

additidr) &thBBfuRctioR¥ ity ESFSiheBe | SUbPESURRAL | SndP ek FbScehBERUGIEBIines to
fetal devel opnent,

30



and is maintained post-natally in proliferating
gonocytes, prospermatogonia and in undifferentiated
WG p@spztiogoni a. [00179] Using this nodel, purePCT/US2008/072541

popul ati ons of germline stemcells were isolated by

sorting the Oct-4-GFP germcells. Oct-4 positive germ
repopglafe ?C{Héﬁ% tesen washRMaliatRet uEiag é@efﬁ?ﬁtf’g@“%x%‘?’@s%q”otﬁa@P'a”tat'O”
technigu&i t receptor nolecule. CKit, a tyrosine Kinase

receptor, and its ligand stemcell factor (SCF; also

[00186NOWMAS g@hﬁllﬂé Qémdcél’lé (BsesImdiagtn0sdermatoReli®s by self renewal of
regul at ors of rowth and survival. CGKit is

Spem@%&o@@’seﬂemn qe@;s( OmaAHei9eneTalion apff sw§FeYasPHn pgnmitted to

dlfferetnhﬁtidn nby 8értat il DiBo ABRHtGhs, 'd SO Grond BotﬁQ%oﬂalbﬁbndTBHlSIE mouse
estes, it has been reported that c-Kit can

testis &a'hﬂ?wedfyoger@irqtﬁ éP‘éWt’c?t%ritl Gmotell P Ex lé“r%nti“?taf‘%\@ %W?daCter'St'CS

and @Ifrér%mreﬂ@hl ebtbﬁﬁzalt ¥iRflaA ts PESORL REREIER. NBOYI HaicrftBe @ different
-Kit allow the isolation of two distinct

aboraiysi SOMGR SHTeHor) ot G5 COPERREBNTSS for FH@Elgn Al Aigin their SSC

propefiiRE @n8sbiethave I@et %bl‘ﬁﬁlekeﬂy OThLi%efH@ ;bdé@lbmfmﬁﬁhr{th& the derivative
(Cct-4+/ckit+) and other contains germine stemcells

multipgtest g@\rgacqlldlngé nggdgave@?@n ggy%eq(r@m)dlf@ﬁ@tﬁjp@pqu}pélons of germline

stem 88d tdsehP withBeMer Ab8sed st | T8 hesdtigate thite qiiddtieR Ubafansgenic
and phenotypi c characteristics of these cells were

mouse, mdey eYPTEETIRI 5o MBdeneP it OF aceRTuFRl-EReGITIE dRpiAt aepmoter was

used. t M@brdigdkicl pépuldtRnganes %&d%bhgﬁﬂ*@@@mﬂiﬁé'stérﬁ Refs Wik eEgard to
a defined culture condition with a m xture of

growt h
their ?@6?3&‘%‘ of frangirtien facteh @ck-f g ekl qepgpt@f @ﬂ'e\és@e OCt 4+/c-Kit+

subseS HOROMH GarhMAS skiflcdiReivhe s ROREIRSH ofthér AdORERI or adult testes and
torepopul ate reci pient testes was eval uated usin

culturegs By FrEpHPERiNAKIUEE gherewth f%%ﬂ@l”ﬁﬁ%ﬁ?'b?ﬂ%éﬁﬂn@?ﬁ’@s pluripotent

ES n{aQQﬂ@Q]e Maktes, gﬁéﬁég nSoﬁZ ere%e! |ppa&SOsHmI Nafdaline phosphatase,
er mat ogenesi s sel f renewal of sper mat ogoni al st em

eXh'b'Ee@I high telapsrage @Cb\étbf@rngtq"fé‘?{e%tfat%%@rtc?rﬁl“g@’&wﬁ'%ae%%ﬂcl‘{dé@ beat'”g

cardioh®yodtb§ exmnill Glilk Givd SHdRHBFocGRE tialldWind indut&® dﬁl‘él‘lﬂitlbh&ﬂésotocols
C from both neonatal and adult nouse testis ca

This daidelpprdaphovy Hivetdstensrupl JgitackpePURlions vdhin germtye pieﬁégells from

Whlchtdﬂﬁltth@@éﬁnl%@%fr@@énﬁb#s&ia'n%%né% ﬁiuft%@feﬂﬂ&éllﬁh'e@ﬂnth some pluripotent
Charag‘ot ential simlar to However, generated in

PHstiePent | abor at orl es showed di ffer ent germ cel |l
o010 3 A et AR e SO Bt RG u5 ne
LR C LR R TR T
were SWRPEPUA @blaﬁiﬁfcoétfedgﬁlﬁtmel diehest RM2CIT fos differdrdenidhssioni to remove
somatc oS et e Gasvodter Ot sirbd S Resiok el stsengghe Fortalging GFP

positivé wlé -aebd insthe Giebhate§X0.0 40059001 e abRRts USRI bd Wetrieved (Figure
i ons were foun

tinct o a ng t ernmi
12A-ct Dt & iAo DR RP A PESHRBR Ggg%mgsfs*ggfﬁwes 12F-12H),
an |onfa or Cct-4 and Ki t re tor. Onl , ,
1001833 B e Toar ) Ghiss eeisorS ity it ool it fegium with
a mixheof groatiatetbrs é@ﬂbﬁiribb@ronrtﬁlﬂﬂl@t(ﬂéhe(sr Iritil G Pt sigh s (Rigdle 13A)
a conpl ex

. cultured i ure growt h_factors, -
cisapigiel 2 2P PImGL UHAT (EpiRe e T BB e MG derwent distinc
morpHBkdgical Shanges, @rinidg chiaindige conibs fRax-cdntiddepato, growbAitdout GFP
signal’ (F?glgukrgsl |1%8-%%.S%§rtegalgtion of Oct-4, indicated by the occurrence of GFP
positive cells within colonies appeared after 3-4 weeks of culture (Figure 13F). After 2-4

weeks in culture, GFP positive colonies were mechanically transferred into culture dishes
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exhi bited high telonmerase activity and differenti ated

into nmultiple |ineages including beating
weandiartgocyt es, neural cells and chondr ocyt eSPCT/US2008/072541

follomnng i nduced dlfferentlatlon protocols. This data

ear|y show the exi stence of distinct popul ations
with ”WONYP'H %’érﬁﬁleﬂﬁﬁurglee?ﬁ‘%w&f'bﬁo@l?ﬁmﬁ@ﬁ laygry (MRE; see below) in the

same @MU 'r‘rﬂbﬂjllpﬁ @g}%lérheﬁt%d QiR 13enPRaL th&ﬂa%brﬁ@t?,ecﬂﬁm@?' via mechanical
lines with some pluripotent characteristics. 018

transf%tpé}elwal}/lgFéwauq@gttlp\%g@oragbygfe astabliseed agd geuld m[esremoved from the

cuItur@W@'&zy%%&%ﬂ?](c&%?e%e‘ ¢hgrnt 50fo Bff)Mol Mty €Rpansion and/or
| s, both neonata adult testi cuI ar tissues were

storageyint lauignigRIYR| =i derivatianel eell inpselmen sikd mige. SFRrpasgive cells

harve§tbé o etk @hti A HuRs oM wee é@r’f&V@s@%FﬂCSOarﬁ)e\}vér% dneetiplitured on
ermcells. After_differential

MEF. RE20PIsOE3reeh ARy Itamalpts pell (rescel) Reonatat @ogl ihadult) have
been §eHRrNEQNRAL &FilinBs Blprfsdea%ithdr Ghe (ids$ dbr PRI CRES lines) (Figures

retrieved (Figure 12A-C). There is correlation between
13G- é”k)pres& on of GFP and c-Kit (Figures 12F-12H). [00183]
vested neonatal germcells were cultured in_a stem

[00186]3| | '%aﬂ‘i' tiere aeEFCUiReWiasHPegNEeRelRiRd BemdiesietR! W%%y@?SCD 1 mice
indicafiSy B8 &d RREhdANs Gidk likhited @b %ﬁ@enﬁ@b@%rc@zee%%%éﬂ lines have

2 gure 13A) disappeared after a few days in_cul tur
been rPF%ﬂﬂhéWf@Eﬁnd rioepeaied der mMoss |t%amﬁ9eqew§@ﬂ68dwgre.erﬂctast'mated cell

doubllﬁﬁrtﬂrh‘éﬂoﬂgQCI?r' (USMINGRE mérqramcem celat é‘nd Idr:@ @@&.ﬁ@l(s@ure 14). At
that continued to grow w t hout GFP si

differepgimg ppeynts %'r\gég‘UPrﬁt(Fj%hzo'f'g@ﬁﬁﬂ% d?hér 'f:'gﬁf'rédu@yd%% Figure 14C;

day 19 FG4UrE @AD§ td nberR? SHA-Y6&sithRl defis Wetduralyeel @,gm@s (Figure 14E).
appeared after 3-4 weeks of culture (Figure

[001856f t eIC-Rit poWBRHSFPdsitive WeBs werd s@péﬂatedvreomh@ru I?;ﬁ n4gAatR/e/GFP
mechani cal | transferred into cul ture dishe

positivg; ¢ R \ESt Figdeel? it iR @rdiegom 5h EﬁGSBrSasP”rye%ﬁﬁrpos'“Ve

populétﬁ)hgrg‘en(el’éfefd nm ddRIN@A) andInb el SiABEcoLld bé”g@n@r’%@ﬁd'lffbm the c-Kit
suppl enented with 15% FBS. After. pas

negatlyp PoRl SHAMISCIRE I PUSTBETS BSGelR tK}’EFStHiM g'f‘@%a't(ﬁ@DNF resulted to

sman&o(tcﬂxrm@ss m&‘ﬁfaﬁn@&ﬁ@bblbsdTeGD&IFdlnCM ebrid@var @frtwee%cﬁc@mh contrast,
enzynmati ca

ure Iat col | agenase 1
remov@' Qfo'gﬁgrﬁg’. dfrh Wﬁ@”}/%ti&?a‘rfgh%ﬁoéﬂ'ﬁfdf‘g'§f‘t5]‘9a n%r'? role of FGF2
in ma.lntém@h@b of ﬂhéOﬂ@Gs if-eird gidifiepdritia R doftagee IRem dvarsf IfIF @MEGF did not

m ce, sitive cells vested after

aﬁeot8It??réﬁ’%ﬁ’fﬁa§ﬁ'°8&ﬁQ%ieb%‘t'évé%o@'a‘? F&?*I%su ng FACS and were
e y cul tured , or - | mce

10018f1," £ Tl & Fots Abe riC el ias e o6 i (Figufay 15A-15D)
Nano@ﬁg?r@gm@eamﬁ, sgIELLA T efibureb NSH/- ;eacp{: aﬁ@mseu'lgm@rrgle%r’rsr_) They

[ ac i gures 1). .
also Givassan lRRIET: PaTEe. SolROPPRD Res bodiasand Lrelp along with
germlﬁré@rﬂ]ibgiﬁ@ﬁiﬁrlaérs w_hdzl_dduhg [BeellPDbizIVRea iandi ot I(Figur’iagﬁlQ)t readdition,

nethod is not |imte o_transgenic m.ce el e

the expressian; ¢fddc h4av“l§”88&ﬁ‘gf$<8@e"n‘ﬁst %ﬁ?%ﬁ’é"gtﬁ?teﬂ“aﬁﬁs (Figure
15P).nmore than 40 passages with an estimted cell doubling

time of 72 hr (using both manual cell count and GFP
[0018Bpr t iThe rﬁdfds@lﬁe& lidétht paagh PO eremdd higeel Graemabe adtivity Bigure 16A,

... cul e da Fi ure 4 gure 14B; day 9,
similag$o gé#@ U‘ (éé gy)l&a@v“r {]ﬁé nunber of
[00188:P H‘%SI tIoba? gce%le esxp\r\(laesrs%naerr]ncJ Ymprlntl ¥ pat %grsns(cl)? %grr%GJCA'E\)vére also

analyzed before and after culture and compared with that of ESC. Interestingly, culture

conditions did not change the imprinting pattern of the mGCs in all the DMR (differentially
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[00185] C-kit positive/ GFP positive cells were

separated fromthe c-Kit negativel/ GFP positive cells
wWh00pA035Fi gure 12D-E) and cul tured on MEF f eecPl&r/ES2008/072541

OnI y c-Kit positive popul ati ons generated nmcC coI on| es

no cell line could be generated fromthe c-K
methyl‘?é%tr?@@”)pé'éﬁs teAFﬁS*nd”tQ?@”@? oft MougR thRG tﬁ%teahQVY?dt HF@ a partial

andro§éntdiy ,lmbﬁmﬁaihe%G@QNFeaF k'lhlbi?éij é@OWn'd%gleﬁeﬂl@lﬂkﬁlﬁtmg pattern

indicating the role of in self renewa
(Figurgte). Samevdiat r%@ﬂswrgé«m%roaéwaw@siy%ssopwe@ that the global gene

expregdl(;rf At btht G4 hé@@?%%'nrﬁu(ﬂri%ﬁbefbﬂ%ddrﬁaéfﬂeﬂGulﬁl%ss' bl e
role of FG-2 in nmai ntenance of the n3Cs in their

[00189%1d| WedremEcat wéhe Hog BRatd3eB Y eﬁhf)r})eld:b&f eFEBs sﬂ@lbtlon was

either the expansiagn or differentiation o

obserymnhl[mcﬁﬁfgg]aysr@gwﬁj B+ §;elb9f in-tbe| EBs gxRregsedcgarly developmental

markefﬁ@hrﬁ;mcﬁﬁg Emaﬁéﬁﬁdnmmlﬂm@ nﬁiﬂl’ié?éi ot POtatidEd epNAHAB Flgure 18B-
i gures 15E- 15H) gur es Ml%a and VASA

18C), (ZF‘?1gLﬁ'°€<613'1d §05[)(ear1yh@f§;ocgqrgbm@;3ﬁf%§§@ge 8% pRbil8Rt GATA4 and
FoxAD@ERE SodermPhavkersReXgule 18RaBF)2BAd @rb@{ygrya“m’lgéll indhCOL2A1

germ'ine specific markers, including Stella
(early varesoder cRatke(si §iguee 13%) inn cxlieier | BIFC t pRlonies  spontaneously

dlﬁereﬂﬁ%éslﬁtoo héot Expr&EHID Nk rSQF 2 NS MY StVds urI@y18c3 18J
stern bPot a}gr?z;eltsy&ps (Fl gure 15Pgha[001 g(wftTh(r('eFag )

adipogyiry (Tigwie. TGS A ISHIBHP HEbAricell BHer SafBe of The cells that
spont@@obylytdfﬁdr&ht&*tgoetol@ﬁd|o§1y61:)}t@§ ekiIbikeah ﬂi’r‘ﬂc '&@ht‘r’%tlons for up to 3

(Fi 16 [ 001 The gl
days. gQﬁ'@g é’i’ﬁ?tégﬁ f@rﬁe'ﬁﬁaoﬁ‘ Ir‘?%)lr%‘ir’"?ﬂ'ﬁ ﬁﬁ&ﬁdmﬁér‘:ﬁg ddte E‘H%C‘%d@sd'ﬁere”t'ate

into né@ﬁﬁc@lb&@pr@@@%m%%u f prU Cnﬁ(?lgt(ﬁésltiﬂ: n@lubbm)" eheamahs (MAP2, NF-68,
0 nterestin

GADG@bﬁEﬁ’ HIeldi(§F A6t MBRady®S ¢ iN# ?grﬁﬁf;“p'ﬁt'f'@'i‘rﬁs dPA-19G and
19J. T%B? cmls'orbeahdiucbh% MR da@d@%%d‘}fgsl @bporimt, ﬁﬁ}oﬁ’écerﬂyosm desmin,

|on sites tested. In contrast to nmouse ESC th
N2 § G A oFrWeaﬂ hand 1§h) amdopgeandies écqllagen ref rand $tR@ing by alcian

blue, Fikfe ©Iead Yorexhi bited a 100% androgenetic inprinting
pattern (Figure 17). Sonmewhat surprisingly, mcroarray

[00196] al Yi$ b%ePa@wduﬁéﬂ@atuattohest@dmm mEe trﬁaxlﬁlﬁrﬁﬁérl csmens (nuclei) were

had 870/5|mlar|t faore
Counté)ff W&'P a@dl"f'KE‘Plét StF@U‘Es@‘]” i '%P@%@‘S?%ﬁ%wﬁ'”t%cu”m and
the a\feedbﬁefibérﬁébéjw@%tﬁﬁaté&%)ﬂ @@ssdrr@#/am mS\Azas%on’@Stfup/EObeus and

2.3% & geaeillléa ngéﬁ #gg\y Ofnlﬁcﬁ SrJ #q{ent@apﬂgy these protocols

was nfuch dfgher infESBElIs| ipardd to(themass of pol ari zed
epithelium (Figure 18B- 18C), Zid , PAX6 and Soxl

[0019{Ear IFpupGkekEsar TRINK BB Atatid, Jetes bsmeamatrél%)uma@%weu as those
Whichga(gpi\ggj;@% {Jg%ﬁtl\)é@gggﬁtﬁvm 'Te%ée%vz%ﬂ (.3, %&1@ 8Eh?SIS ?n the majority
of the BBMkefefous fitgisse H&¥aver, 1809 ofl thelice WHIch esdefiald @@shly isolated Oct-4
BT NIRRT T T —
the tetds, NAGIYAIRSY tﬁ&p@sé@cel&lﬁmmdalr%m@in tﬁ@bbmsds'ﬁbwb;e d8ly the c-Kit-
negatif }PEHIPTE A" @5 EURISGH) GEUR SO TRRALN PoP AL Haples:  Testes
regen§i@0b dSlomais trﬁ@ﬁplémattdh 8f Q@Wlne@emgcalbrl%fbr%dand after culture in
presetetsdgﬁ; alﬁrlggiéoﬁlgg oatn%C able P%Jogg (:"ssect(l;o%uloéj tht()aené)rmatf tesqls of an
immune-deficient mouse is depicted in Figure 20M. One month after busulfan treatment, the
majority of the seminiferous tubules were depleted from endogenous spermatogenesis

(Figure 20N). While 73% of seminiferous tubules of mice transplanted with Oct-4-positive/c-
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i nto neural
(nestin,

neur oDl ),

cells representi

ng neur al

progenitors
neurons (MAP2, NF-68, GAD67) and

w@ekdoal2ael | s (GFAP, MBP, A2B5, 04, NG&2) as shoReil/Us2008/072541

F| gures 19A-19G and 19J.
orm cardi omyocytes (troponi ni

Kit- ”99@@% ¢ells Njhewed somsTRegreeiof gpermesadeaRsis 15 |9}”Q) ?OO

tubuIeCE}‘éBéiéé’&%h§%f O MiGg Rteiinh
ure 19H and 19K).
|%$|%‘F?%?9d90%vﬁhcﬂ'@>é Shpﬁl«y ﬁtﬁ?rb&rﬁn%war&@trqns of Oct-4-

R domi N'&%brrﬁét@@éHe‘%% s found in the
in a culture and

bl u
(Figurgy 29y orft

positiieNdR it ﬁbéat%rc%”é:@%b%ﬂad\%
mar kers in Seven

neur al

Octacﬂg

col oni es with

cardi ac

They could al so be |nduced to

5 the majority of

o§ﬁ\ﬂé/élKﬁ-91eQé{t|\é| @éu@rwere empty
In a separa

majorifyhaf ggrBindereup dykutast aigbevigsiviest Mg gtegstransplgoiadopith the mGCs,
indicaffid¥iEsé Béllso bt ﬁ%é QSC-BHd)pehlé's FRJurs260y 2. 3% for NAP-2

+ cells. In

|'s conp

general ,

ared to the

affdfiéh
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Sra
0191

the efficiency of induced

Tabled1 ffF@és@&bn&t bp@p@rynattégéms@rf@n&/ﬁ

¥ @0BFogdutions of
weeks

el [
germ“ﬁﬁts@rm F‘?'§r?§‘ﬁlr&‘|‘ﬂ'%&t?r8rge”f‘ &8V besdh rqRICHAPRYSEICHPR mal

dioeftS |

Tran%% I've cel

majority of
the m ce whi

95 bsmh T
o
é erou

the g&g

ch recerved fre

\IJ
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shi Vi LS

\"2J

V%Jo‘t:al No of empty

" s O
-A

~—+

Ogebpdsitive/ c- |

Kit negé8dve test

| culiw8(6615l)s shc

wed 862¢13.5)

O(fq %gq gqlv? ng 1

Qll nslton

sper mat nesi s
he preggﬁce of 1

(']nl\/ the c-Kitn

nr Ougggﬂ_}[ khe 14

unct i 5)SSCS [

egat Lve quhpnpul

n tha72845)

ation of

chdrpdsmne/ St ¢
c-Ke stgdtiveegel

bm ceI | 88€ol oni z
neration foll ow

pd t & @i ent
ng transplantati g

t est 82 (22.8)
n of

ger ine stem cef | gg(per ore and ,Idpe(%?§53 i UI'E in

pr nted imn Figur 20M 20R and Crloss 320 (76.2)
s&on of fhe nord&d testi$s of 80 (16@¥ine-defi ci a0 (83.4)

MOUSE 1S depicted Inm Fgure 2OV One month after
busul fan treatnent, the mpjority of the sem niferous

[0019§’E_bU'F%$ té’i’ﬁfo%ad\%ﬁh&‘icﬁ\d eﬁﬁé’lrﬂuﬁwﬁ%ﬁ’g%ﬂ%sé E@CTQQSO}Q@&%' control) or
ure 20 e 73% of sem niferous tubules of
Oct-4-4Fd8LagZam Sa’VﬁrédnJ%tP%"@ihﬂs%iﬂlﬁdﬂe@meﬁtﬂﬁ@éﬁtﬁe@t groups of

nude ﬁﬁéel) @x$mg/sﬁ&nﬁll qg@;ﬁl@ﬁ’t rﬁfces(gl%'j P@fe%ﬁj"@§bsde@gl'o é‘(ﬁ €ratomas in

orlty of tubul Ccross-sections of
all thrae d@sme@aweﬁi tmcqmitash 68i @fi {pe/ oK (PL2Qe: gegeiving 6‘é$¢95 gave rise to

terato?ﬂh%EQFi%U}%VZdAF DO 8ix2HEks ﬁte@%ﬁsﬁlﬁﬂ@ﬁ@n RS ERE/LEEY @BYs, were
shortly after transplantation of

found i sifin, pEFle RPY tasdeden Hssues( ﬁ'@rqsszoﬂ%ﬁﬁ)'ét'@t?sﬁ Klatg gavethat mGCs,
unlike &£, NO nSMEINIEH b%g%_ne& s was found in the majority of
sem ni ferous tubules of the recipient mce testes

[00198] an@\'lrﬁé‘rtae@rﬁ%ﬁd?\ {vhs n‘?@é@ﬁred' W'lrgéétlhﬁ%uitﬂl%ﬁeo&fﬂ -BFPARCZ cells

not have rties gure
into 8Fq@§tqgrptqu>soﬁnq)pla§ At Smg:ef o,ﬁq; Stpwg in Figure 21A-21D, Oct-4-

GFP/Ltarczrb%FPé RBbRblALY Pl HEIRRPULR8S 8 BE r&ﬁfs@dldé%c%t@mhe embryos
|s and nultipotent germcell lines in remg ent
ofigéises from 119

were H@faﬁ@rqdeﬁlt%he[ BiG1E29" Peude drednaih Mies Aaiatd rpf
transfé‘r\’%"@%ﬁ %) RYSS WCS%EQdéﬁSp&Q%bﬁd \fgta‘Frﬁr% BP\;quoIQrembryos for LacZ (B-

were |1 njecte Into Kin
galactﬁqdewea%twdy)t%@wgé d@ﬂln@nvefr@tt@ms iy thsupys, @ralmmj@l limikse(Figure 21E).

The iftdchy 48 1GRZ! 34 |'n§Z/P h rh?g@}'ep'lr?%ln{g‘rli?%n(tﬁ% recelved [mouse ES

recerving ESC e teratomas 1 n al ree
cells thgipthose |Ime<2i@fhwrt@snultlm>¢m1é gefm calklingisc éhg Orszrwtl@re@‘éfpmmﬁ@c cells is

also AR BAYE i hiSBIogRal sections of the brain, heart, gonadal ridge and liver (Figure

21L-210). The intensity and number of LacZ positive cells was much higher in chimeric
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teratomas (Figures 20A-20F). Six weeks after

transpl antation, QOct-4-G-P/LacZ cells, were found in
wakin/02rtescl e and testicul ar tissues (Figires POIBUIDDG/ 072541

These data show that n3Cs, unlike ESC, are

non-tunDrlgenlc [00193] Chi mera formation wa

embryeg djerted W) Leaf-ESt seHg trlﬁﬁ‘l theseiiectad. Mtr@:q:c/zt(agze@mq%mrmatlon of
Oct-4JGﬁF9L§fZC&llﬁ1emsY1@§ m%@@u@b@@éd)(%yﬁ’lb ré’sfen@@b@G'F-’PC@NA%%quence in

shown in Figure 21A-21 P/ LacZ cel

the eqtpdesrgbrtaeied Mptasierna (hrA) epepderrab divey) ‘i'}ﬁ’eteﬁ%% the chimeric

pups (‘F'lg'%fﬁé o¢yS LS WeT|3l§ R BIeY SceV s L8 ck D?N%S(F‘Rjdr@% Q;‘Fnoalltéh@ssues These
uterus of pseudo pregnant mnice &[mtOta of f et uses

combiped estity @qaawsw?w&ramﬁysg'}ure Gos @rw@n(t%ragp@ep'sﬁtem cells

with sér@nbtp%ﬁﬁ)oﬁeh%ﬁﬁr&ﬁer@tlc@hm e enbryos for LacZ (b-
gal actoci dase activity) showed distinctive patterns in

[0019&? L%@gncd@baldﬂ steddeld 150 shdrEpisic&upokEs -hadReh rth@rf&jutsxbf stem
ac

stai ning was nmuch hjgher in chinmeric enbry

cell sqigncsisineg t%agg:eggub%q:qvgtl@mgf hqm@lu[lmt@@t%%c \mophpre |mplantat|on

embrydd | ik 1 1908 € NEin&& tHBrC @umekduzestudids dade iplokudt ih@npcﬂéntlal of different
chinmeric cells is also denonstrated in histol ogjcal

stem §@u§t iipreding B3fe BFarells Arhradult giemdedsr i dhe rasdible gwptence of
multipbfen@ Uge@m2 ckli- RS in Tﬁ&)nbfél eslidey il raporReyr l@fngl—@gm.lre induced

positive cells was gher in chinericenbry
reprogrﬁmgmged\"b\ﬁ'?%erﬂtd@z”é@' %Pé'l '|”§Sf‘ﬁ%ﬁs@h'6‘§é3hﬁfﬂ‘3§6'§%9f *%ittaﬁo without
germllhéC§S@Sfu‘h§ﬂ|dn%l pﬁ@dgrilésn@hd OilaRersOC t Rt/ #\@ng@t@hé@rdf Csuch a

sues was supported t he presence of
SprO@é'&H@h@éh? ﬁd't"h'é‘oté%"% @é@lsn%ﬂ”s (SH?%ﬁth)"e t?rﬁ'é'%% FW'HPed reprogramming,

has béems@bbated emt&a&&m | céul IIn%@@bn&@fédthﬁﬁ trgs Sdultt def T}ﬁ)EUIHﬁ(Sd Scquired

(Figure 2 &Besence of LacZ
ESC- 'ﬂSﬁIACf(quQEG‘%'C%lQ" |a}§°ama'rﬂa'f‘?%stﬁ%'§ ST dypctiopabirrrngrties.  These

seemih§§ Witisrefl BRIDEMicH EdHRANS st Erdrh afiffereihded! BwBEX hedh&tal and adult
non-teratogenic stemcells with some pluripotent

tissuegharact eri stics. [00194] Application of stemcells for
t her yutic pur s. has been the focus of stem cel
[00193L;; ¢ t'%qt%é?ef’ﬁ ﬁ Jeee sar e QRaeEra) (??rSH‘ afulhiioHPF teSteS without

reprogj?bMMliy)gl%mh Eforé; r.am:@trn@ thBTYossibidt preseneB1f YuosubpBpdidRh of cells
nerous studi es have explored the

with pb‘&f’%tﬁf‘ﬁ %ﬂar%ﬁertﬁt'?‘? BB pdet E’eSel I's, including ESC, EG

eII dult st Ils. The OSSIble exi st ence ,
1001961 ¢ TrPEREcr Aoc BRIBRHCinT GRONREAPShAsloliie and ' germine
precufsep@arsa‘d)nu@bﬂgmawlmws@ geamuﬁ@dteﬁe@én@gwameﬂged with some, but not

al,of g, PLEPRETE TS BRI o8 oL 6 St BRDE Herenelniecapes are distinctively

differenti it lemmrm@fttg@m a8l ines kxbteﬁned?ayetntal cycmlart R®oratories, most
t nouse

notab L EHELE S Bee gl Ly e el /Bt on.

0o19f P L SHETTh Mhergar oy Areinois Baune Onted PO ki Pgtive Gertmiine cell

lines @Qﬂeﬁsbed)ldiﬁa@fdnlt lgen@é‘lﬂlbﬁl@g ahd $hipts bubat 1600sIdTEMN BRI lower
These seem

ncti o ro e es.
evetsgfigt by ESE. BT RS BRERE IRE FroFren: Qloppataybauding, but not
limitedot m@(QYErBﬂB‘ﬂt &it Zaﬁﬂ AhyE, tbut tresel@sess[dd0d 8 were several fold lower

tan it 8B PR IsuBSTE Rl g 16k QW etomas upon

transpiatatongn vivodiut &idyriid foae lipted ichinteriprces eog@atihnsan mouse embryos.
subpopul ation of cells

[00198] Several lines of evidence support the notion that the Oct-4 positive/c-Kit positive

germline precursor cells retain their germ cell properties and thereby differ from ESC and
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with pluripotent characteristics in the adult testes.
[ 00196] | ndependently, as described supra, germine
W@ eovoziibl | i nes and gernline precursor cells fPORUS2008/072541
post nat al nouse germ ine stemcells were derived with
but not all, of the pluripotent characteristics
other @fevEy@y BeeRed festindar cells namelye {i} fesdeyfved germline precursor cell

lines H?Hvétd mtdyMglivhetth b &fu%nafs tﬁé.pa@mmnweaé i fYuend hegsYERIhined by
i nes obtained by the other |aboratories, nost

both (ﬁlalf §g[’[3mg ot 'ﬁa’f“@jéﬁolﬂnt{r@)tw this egllgcuste time is more similar to that of

germlllﬁbléfénﬁ)@él%rﬁrid% bbyut e tifleaiaRr fh%h'mét'o@[he ESO19Ybased on global
Based on mcroarray analysis, nouse Qct-

gene GYRIeFFIgR/aalEts 'ﬁo%”ﬂsvéh%é?%?ritn@r%m’ Hr?‘?ﬁ’é%ore‘i@ﬂ?e%‘a@% to have

molecBlab chB@kRRktiGeNesreNeNed tAdsk M E8ECorbdtheiukiPO@ni §th ceII lines.
and O-fold |l ower levels than in ESC. Simlarly

50 th
Amongéfeeng%rbqsﬂe?rtia%ége ERANEeYEUNG REAsYEIvE SCll 'H@SlfﬁPW@d S!S{]'tf'c%'ty higher

expreééléﬁ @8l dof QernP3.spEEIAS ge@%“(\/a%é‘tPlﬁ’ @FFt &, MESH) ahé“iov@é?%xpressmn
ession levels were several _fold lower than with ES

level @Q'qr@Oteﬁéﬁﬂrﬂ%@CV Nanga glepra- §e$(PX2I pl%go)d?’}jthﬁ%‘f C?'b'l”‘rﬁs are more

deperfd@ﬁﬁérommpmeﬁr@ﬁsreh@mlaﬁérpnFlcﬁ PGRO, GBONF Adi@kedi Foposed to
formlimted chineric cel opu ation

be thes ki {reylatprog b sebagravsl of PR oo, %@%d‘@"wﬁfﬁmlﬂw FGF2

play cRR¥dl fdle trhadif rbh&N@‘Hf Eécpﬁﬁ'tﬁé ¥ QrEsdfort Iepé]%'f BEEA-DRItAkdd& Il lines
precursor cells retain their %erm cel | properties and

was 'QVY?ér”t%ythal'qVﬁbeUW' SR STMRHBRHE é%e”ﬁf"é@/th@d@}”ywtéfbt&qr@dﬁ” line as

reportb@St h&dbédn GRMnSthat @SBAM. mdy bé foNeH iiV &Fhdd fvakioR@nd metastasis
precursor cell lines have a cell cycle tine that

in cerg@rmbqnggalt medel systems, svgaestingnthab figher £xpsgpign may reflect higher

potenﬁé’eﬂ)?r’[lﬁm&@é@nb&’lsb%@ @:ﬁuﬁﬁétbhﬂ@@n@xm&fé@bn Cé?iéj%ge'ﬁ@ imprinting
his cell cycle tinme 1s nore simlar to that of

patter@éﬁ%‘d‘ﬁ W@e@ﬂ“é‘l‘ﬁr& glouse &8¢ ‘?ré)t%é“lﬁct“ﬁﬁ%@ppft%?y Pg‘ﬁ@ [gboratories.
than that of the ESC, 2) based on gl obal gene
[0019%1)(pr &espith Oéﬁﬁlt%ﬁ@“'iaﬂt'%?r foafhsir qeRaing, apeaaiorgetng ingiant germline

precuRbEGHIl §fds B8Rl At regaiBrite tBsrds foMWaeY trafspldhdatRmt @drh&istéling that
different fromthose in ESC or other nultipotent germ

they wege PO"I 9eAmlne 96138YSt he genes tested, the instant
erm_ ne precursor cell Ilnes shomed significantl
100208 g ah e B EEs SRUpETrelHIOGR e HACUBLETTYES §ffuiets from both

neona(tél'aaﬁna adﬁlt&{aste?ﬁﬁ’seﬂﬂon @ﬂqﬁ)ﬂt (Ectaﬁgxﬁ)r@wén eﬂ'ﬁ% %@gﬁlﬂf@ stevedells were
ri potent ge a 0X
furthebfr9gttogjatedgptot Wé’sgﬂipepéIai'?%e%ccgfd@ngg]eHeeﬁ@Fﬁféwp Grp-Kit with the

followisgNbsEatidrizei1y ofiglthe O%El&\ﬁ@baﬁ\fWFMstm% E@%&ha%e&@ﬁwe c-Kit
been r?egosed ({?o be he ke tor of the se

recep{op feShan gté?rq'HtP'i?ea 8?1‘? %fﬁaﬁu'mt% 99 %eHd'”eS and, 2)
only theE-XKitHed i Slﬁjp@bulé@ér% rePosi8htbd tenrwed aﬂ)ér s':;s‘éﬁnatébomémem cell

ession | ev 1 jin these c
transq?%ﬁﬁlo”t h 'Eeﬁé'?ﬁ %'9%”3’ f”gA Ale té‘PtFH%?e”iCﬁ u?@%@"‘b%‘ﬁ'@t SHbset of
germllﬂb hsm roelis l\/\mﬁiner@brcﬂiﬂbtmecﬁﬁsbeé | (A® a8SKit %@lflf/@@oolhhltmﬂﬁa ability to
en shown t hat may be inyolved in tuno

becom%\?%t?%”érﬂf”ﬁjéﬂeaﬁeﬁklcg”ﬁ decéJFfrﬁ"W‘? RYFCHEPT ﬁﬁ'&?elas well as, (2) a

subseb YS§ering H@ELE4lisNBattiaat |dut Gt c-RX BkSresdion aﬂ@ﬁcdtﬁfehﬂﬁé ablllty to
otential for tunprigenesis; mul tip

hi gher
00'0”'&3”%%3& i ittedIAInG §P% G- SRR 'i”n@ddlﬁ!)ta Sﬁ%?%”ten%?m]“&e stem
cells i@ %E%Qfdduf:ﬁ@%r@@h@%reﬁ%@w&f pr@&érﬂrm ndi¥ferbhin @Sl tetages, or

b her | aboratories. [00199] ite of all the
a'temé%’ﬁﬁ’l A% pesseps dtff?é'PQ aé’EJF'ﬁ’f |t?1ée%’<5‘gstf’o€ir§‘,"’tht %?étqrrFéQ%‘i?g and/or
transc@iptidd fab@rr ecursor cell lines did not regenerate

testes follow ng transpl antati on denonstrating that
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they were not germine sex cells. [00200] The
transgeni ¢ nouse nodel allowed the isolation germine
we@aoz|bl s from bot h neonatal and adult test eBCHEHSMAS/072541
on their Oct-4 expression. The germiine stemcells
e further fractionated into two subpopul ations
[OOZO%COMT%R% AN MEJW[&& on of c-Kit with the

ow ng observati ons: only the COct-4 negativel GFP
[0020%]OSI tliesticudas| qels wess |s‘9@§%§§ fqllﬁys Tmetteﬁtggé)‘fnegiper neonatal mouse

pups (ﬂyeef-ghﬁyé esRPBARY of @dG Intitd Kepd dicliRREFMEMd from the body. The
potént germcell lines; and, 2) onlui( the c-Kit

Caps“l?e@“afh‘*v*@@ﬁb%@fptﬁr%ﬂ‘ﬁeén@dr %\@oﬁm'atf%"a% fbuessyere gifspepded in an

enzyn@&ﬂtﬁ%%ﬁﬁbﬁ{g &‘H%ﬁrﬂ_ Jzollb{g@"b%@"@\rﬁrﬂ)t1(plﬁh|ts7Fhl_9DN@§é“nt PBS. The
indicate th east di stinct

teSteSs‘M‘Pﬁé%'g‘?ﬂtedg%tr?ﬁQ%@ %W@Fﬁr@@m gntwai' HH‘W"?SeW?@d‘ﬂJ%ﬁt% The reaction

was stoppsd!@fth Feth) Bavife BefunP@FHS) ve pool with the ability to
become nul ti potent gernmine stemcells, i.e. germine

[00208] €CFr&sratichl dfsmode ahedrlords fibroBlas MEFQS‘@édé% NIEF élveREmade by
stemcells that have lgst their c-Kit _expressi on and

stand%{'gcﬂﬁpqe@&rqswl%@ PWCtQP d INHTERMBPIHES. tTé@[qrgbryps were eviscerated

beforéywﬂéﬁmmeﬁ exndCRkl dssobiBRar @Né Were pRAteatdHtb 160-$r$rﬂ%$até§"|®|th plating
rmine stemcells in the reproductive organs

ar e
dens't&lalt ReProgmAlein -9 eMBTYPE Q%H'?ted@\/té'f Bsriaellatiiga YL s wre split 1:5

and tidnt R6AE [pa8Edge U 1EThaRRESRESs qP1 Y Weidpastlil drily 8Rcd @or expansion
resp ond to %ﬁowth factor signaling and/or

PUrPOFGSRLRTT O TIVAIRE deaimasso O Er VR ALese Aged i Acpiensity of 50-

60x10E3Q932Q3d2 Test MElFFI f@édé}@Me‘ie \m@é&fdrqdmrﬁioﬁﬂmt @érnﬁ @kl @M\Iﬁjre ENery 7-10
tes of either neonat al nouse

days. 4fies SRRl FXPemeni ot B ige L1es ot BrPereAed S5 pf Bhpratory

animald\@laBes Resbgrch @psHLR. of the testes was renoved and
the sem ni ferous tubul es were suspended in an enzyne

[00208P! UtEHVANIaBEM SdfS tdl@ebe 1 ab@Aty an@olkdr?(gﬂﬁlﬁ@e FbA a&drmdiRation of

in PB testes wer
te'om%*%*ba?tw'%uﬂ@@é@ﬁ%ﬁ“ﬁ%I%PFFedafr M OGN P%'E" gagqaggﬁbea@_d higher),

freshiyl fb%ldt@caciowaom/@t(mm@emvwsbhe&@bnﬁ aR®\0one/Sletr Btted cells using

CHAPE sin et coaieing f oay By e S o e PG ugptog 20 min at

12,00 R e duses th@lsngerﬂaataﬁtsdw@recaoiedr@usw enbpyesin Eﬂbntentratuon was
re eviscer at bef or e%%arﬁ i ni zati on

enbr.
assayG ) Eratlol LOHe RS Goh dos He OBk actrias detected
by POR-bhsdl a&saygusi@gmmpatlz DeRycasn Wt @henmicdn)eTb YraRrdliesrs of cell
wer e

After e initia | ati lit 1:5
extra g it it s s edeigbvdye ok dhu R e o i gprsdining TRAP
ReactpasBefkrp rcuNgP@n eebdteite Qﬁﬁ@@ﬂﬁale@ﬂd@ UleRPseR SseP fphﬁ’i’ea t mternal standard
. mt cin t r eat ment ated in
primel g g RO TSRS (R TS B PO, SIS Pl gy 8ded to the
reactlcbrSﬁ'ﬂ( fafhfj CDHAJFP$ miﬁlbl:jﬁeg%l'dﬁepﬁd hééﬂ?r’(a}d:ltlﬁat@% ﬁl%m@ra%@ were used as
ani na erinments followed the
negatfd Gt g g 4arD AP BN SRRPIDT SR G Y HEE] S30°C for 30
minutéS\efbi Q@I@hemeaixtﬁhsﬁﬁurf@ildWed [t@om &viplificatioronFef karyotyping,
prolfeging g beEL GO it GtuE i Ok beldh SanE Epfamh{ifirogen
for 3-4 howafgerthe L akle deLsm@fser(mss hgsotdMc 3bEtiGH CNETHM KCL) and incubated
at room temperature for 10 minutes. Cells were then resuspended in cold fixative (3:1
methanol: acetic acid) and stored at 4°C for at least 30 min. Following washing with fixative,

cells were applied to clean glass slides and air dried. Metaphase chromosomes were
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freshly isolated Cct4 positive/c-Kit positive sorted
cells and Oct4+/ckit- sorted cells using CHAPS |ysis
whedoper11sont ai ni ng 150U/ m RNase. Cel | |ysat esP@BEDS2008/072541

centrifuged for 20 mn at 12,000xg, 4C and the

supernatants were stored at -800C. Protein
prepa@@ne%tkaa/piy@ﬁsv@&%ata%w@dawﬁnp“gﬂ aestd eagienBand figw digital
magw%%&sﬁa‘?n a standard. Tel onerase activity was detected by

based assay using TRAPEZE Detection Kit

[0020§€heﬂ'ﬂ\ &) diffdiéRtidtioR! Pbi Eievatitfy @rﬁbﬁyo@ixﬂ)doqé‘én%@s&RmGSC colonies
was added to a total volune of

were P@é@‘f'?t@ﬂ Wit celrgeaps Rgd TRAlRd RB AT REBIYP T @fiturg Riptes, in PMTM

mediuft REdddel |@|cb$éﬂélﬁb&% Ipafént b@én@ﬂ%ﬁﬁ@ PIAgES62 filBd U7, 2006
standard pri ner, ynmerase. As positive

and inGemgraied @mef%ffan?ﬁésﬁe@a fore%k' it §eﬂtawasresa@§t9 P%?U?h%i'ture media)
contaiRGCIFRFEB Xn Atk SkiRFmdnks EBs Wdrk abrmad O Menhaifhd18/ps. EBs, for

i nactivated tel onerase were used as negative control
differgniationginfe %gyﬁé?prﬁé@ﬁt@g tggﬁkﬂp@ geggdeweg%ﬁ%qr@ GWHyred for 15 days with

sample8 kA loatlevlry #REC S rfoBrQafR'eﬂé‘ét@ﬁmﬁ@ﬁori eboRBl@ifferentiation, the
ext ensi on, foll owe lification. For

EBs wese ¢oifurpd HbPMdP6¢'P’F‘éthqUhSak‘§e gfareyiBpy% Werk airesin the serum-free
N1 m@uiuwrf@r Whedde Oscledtidhi.e Kammeiet 20q1nG Ry en X bnwérh@fﬁs@)w.th ITS

-4 hr before they wer e re-suspended in hyp
(|nsullg,o]Qnggntr%r@jsf@'173|\,@ R@g/ SABNIUAL DRt @8/aand flyapectin (50 pg/ml) After

5-7 ddy8NRer l@édié&cél%g&@gd’fé@%bn%strar@ﬁir}e% t@’%’éﬁétlhj&@ﬁted culture plates in N2
resuspended in cold fixative hanol : _acet

mediugy fQﬂ)eXQﬁ'&ﬁ'%rt 8t BEUTat PgeRiky °§{'S I('%bﬂed%“ ik, 'Tﬁol"W'tBQ\h’trﬁ)rO”eCt'”

and sM@&é}hé}ﬁeM\ﬂ\Aﬁth fol inl MIEGFFerrSdlﬁ@réﬁtlaii@mmt@%afrdi'orﬁi/&@fbs EBs were
| ass slides and air rled Met aphase chr onbosones

culturgis og e paPERINRE PrRSPY R JHUereR et dRoRs RYMBRNAB P iting 0.06 M

DMS@EPs Ghivak -daBnidasxyBaiding @A ghd 2i5- BOTEM B&rdRg8hEIT,. During the
[00205] In vitro differentiation: For generating

d'ﬁereé‘ﬁﬁtf%ﬂo‘i’rac%%d hesmerpRRlPgY Rleris Wsoinbeedend S&ﬂ@?@c"l"%fﬁé@ke” both

for ge\ﬁ/bté%pﬁ‘e%blbﬁ%ﬁ@&@ tgnR'TﬂdGR @fd limlABhisYbrshi¢a! ﬁé’lhtngr €hondrocyte
ates in PMIM ium (di sclosed in co-pendin

d'ﬁereﬁﬁf‘t&ﬁ‘t ohgplSCat W3R Rguced byggddag ?‘l‘i’r&ﬂ‘ ﬁQP?'Cl'ﬁdUQtUID‘G medium

(Chon@Psiehid @i ROQE6S ACMibreRf SIppReRmttdteid N0rfdil BGF-3rtand 20% FBS.
contains regarding tissue culture nedia) containing

[0020615% ﬁﬁﬁunb@t@&ﬁmmmmo)m mﬁﬁ&mwmﬁmamﬂoystammg Cultured
nt| ation into cel

f or d
cells W%’ﬁ%@‘&gﬂﬁ f‘?égp%rﬁ ”E‘HW@EV"Q% 15:@&5‘ aljep témp{a[ﬂ“éf& am'rstored in
PBS b 4d@y$ddmt ﬂdbrés’xlﬂﬁti @r&nﬁé&@ﬂo@l@hlﬁr\gﬁgdéfllﬁ mv@@t gér%r‘ﬁeai‘bﬂietdh with 1x
mar etermnati_o or ce | erentl atl on .
Cytop@’@é%ﬁéosel?m’%ﬁ)@a %w/ PioReti! QOJ oo FgLEn %%eﬂ%%'a/é”w%ated n
2% (M\F)Qiovmrs@rfml b{uuﬁmd(asmt b (sm Hﬁﬁn’faﬂ eatl\éegaurﬁeg Mxf@toperm-PBS
|na sSel eCcll on | nvitr .
for 30Q0,BINbRih AEEPAR {eﬁnnef%um néww a”i Ves e fief @t fhe optimal
conceBtr&tidibh |2°AA]>¢%th\ 2Rl @Slé 1Q(§/YodéﬂﬁJFzBSiék¢Ht gblbﬁa?ftﬁﬁ* BMr@bg C or diluted
e rea ce r a
in b'oﬁff&%ffe&%’?@}‘%@t f'o ggé ftef - washesd L&E?%Q?PES%%%HSg@ fﬁ'bOdy was
dnuted\lacémaihgmrﬁ QP BIRAYS igost sy‘rumﬂbtr@sbtowrﬁgrens 208 ||¢<ﬁJbbﬁad(fb||11 hr at
4°C |qr;ﬁ"ehéj% 9@ s[r\}vgq?%gegouﬁcegl:nfégg :‘&Hng ('fh q?l%r@} gtgFer(]jt at 4°C until
micro§db R mcsyums esEﬁérevwc@rd@uldsufge@h OfmpusoIXFe elsRrdsbopder Ziess
LSM586esefnc of different tgldoggt E‘I ccC ounds i, nc] udi ng
68" M%m@os@pﬁmqé'ppﬁ Wit digaRAgE el %a@skzﬂtvyarsnd

[0020;]5 (%om\{l)rlgﬁ{ﬂehogr%munocytocheD}Jnrlsltry cer's were washed once in 1x PBS.

Endogenous peroxidase activity was blocked with 3% (v/v) H202 for 15 min followed by

38



differentiation process, the norphol ogy of cells was
anal yzed and sanples were taken both for gene
wepeesdson anal ysis by RT-PCR and i mmunohi st or¢iELB2988/072541
stai ning. Chondrocyte differentiation of nGSCs vvas
i nduced by adding a chondrggenlc i nducti on_ nedi u
perme@éﬂl‘éﬁd%”og%ﬁ?‘%”%l"\ﬁtﬁl %@%56/2%&1%1é)@yt%ftﬂﬁﬁ‘r%%%rf%éfo\/\ﬁ”t”h Primary
antlbo@IQr\}\ga/srﬁllufB@:ac%ohj |n2@9("§§33§2%[ @@ﬂQ@ytoperm PBS and mclubated for 3

| munocyt ochemi ca (1 CC), .and i nmunohi st ochem cal_ (1 HC)
hr at 4°G; nTngrer@Jpqq;r el theo stadnipg: (veass agenplished,using ABC staining kits

accordAg afi@r mid datindeicieér sl Om3fudtions.at viseaRatieIP a3t Utith aBshanced
stored in_PBS at 4C. For fluorescent

diaminabensgieg (BORe srRkirale tabigtdissalvpd i BpTfieshyatgeandynerbatgd for 5-10
min. FeY hORAIvECoREIBItRS pliRBgaMtib&dy Wagdmiltelt on X- 100 for 15

m n and subsequently incubated in 2% (w v) bovine

[oozos]er UG bymnfbtrgB%émﬂoZ%t(b%%% iRQLABY SBEAt1 BRH BRIt (WeR bptimized
1x Cytoperm PB m n both at room

for ﬂo‘f"é’ﬁiﬁ’@‘reé’ﬂ%?r@'ysﬁr‘i"'%?” 'néj-Hi‘ pﬁlﬁ@;‘?”%@y@ﬁeﬁe}”%ﬁ%céﬂt ggrting, freshly

isolatdd@sfdldraRlls CORGRIHY Akl OR-4-GF R%BRSr e oviePe istalied with CD1 17 APC
Cytoperm PBS and i ncubated for 3 hr at 4C,  or dil ut

For sqife BXRSERICHs. BaFH @9yl aapins Waro 4550 g ng 61 HEHReained wit

anti-SEEHOT 83688y fH8RPAdH Jbatiiti-Redse NRBcdhildatrdvigrerralizngl y
in 2% BSA/%% goat@qjgeg\rbum1 X tpgg/‘;rmJ BS and i nccﬁlbat ed

[oozoépr Ldme é%lpré@ldnn |MFﬂ1tmgréﬁ1aI3@% hd \GHTE anipifteMoh W6l RNA was
wr.apped in foi stored at 4C unti|

'So'at‘?ﬁ %’%‘f&% BOsPeY M idRagen hart ENRees prdbioned -UsRnguatitative PCR

or Mlc%éffﬂyléﬁnawgiglF&* F@T-@@F@I@DNWW%& @ﬁﬁlds%]/@thQﬁ@B@ﬁﬁécnpt RT Kit, and
m Cr 0Sco %;I dwith digital im har dwar e an
ed[w

e
PCR wa$ PRAP" St%Traqbq’N'@ HYTREESE-rLIRGEY EGEHRAI *%‘%9@9 with an

initial Felib&ioner @sve et ARC® ddilvaty t@&zyﬁ@%&ﬂ%@followed b 35 cycles
peroxi dase activity was bl ocked wwth 3% &v/ V)

of 85 f5f% A ) I”Eﬁ/\é@or89'>|é(?é? APARR NS PSR TBk kiTig %‘Mdﬂ? EO/BOF 1 min,

which BV 3% @SHoled Byt PR{sIEPRS ¢ g{r/ 130mim for fifkli eXBNgioAN ReB&tidns were
1 n 0

Carrleqm%fjbb%!flgr::ag%@%gchdka%ﬂéi gé{deFBBlg-ﬁﬂd% Casemocq%e for RT-PCR was
carriedl Wluﬁﬂgrsdéf:m& ftﬁmﬁatr@llrfblddﬂlg/\@ctﬂCMﬂibb' RBd, UFFAG, ARG, R actin,

o 5 Bl s SEAP, Bt i Ane oty ‘ShHRRCuEs veed as 2 house

keepirth gaﬂ@ﬂhemm@lr REmplAABAndS BRStin aF entb@dlkai-2 diLsBolyedséd in mouse
emb rﬁ?u” fied water and i ncubated for 5-10 m n. For

€gati ve controls, the prlmary anti body was onmitted.

02 F| ow Cyt onetr pe anti bodi es, | ud]
100210 A b R R PGSR YL BERSE #PaWTeigined by ¢ POR-based
analymaicﬁs Empm.ddmoarmf kaén UMe@WIéte@fﬂéglﬁg (CNARY ﬂpﬁh: tﬁsulﬂthQt)eated DNAs
c-Kit sortjn I.sol a testicular c
was coledor it STATCOYE CE SR Gt e nth pliss Gt GvP mage
softweﬁé)iltva%ﬁséﬁ’@) fredntig,ohe b%N@ﬂﬁemW Bor GFRShd g@dle“am@hflcatlon |nd|V|duaI
| oni es were di ssoci at ed el Ig wer e st ai ned w

t'Ssuea - HRAIG eIy 5ol G 813”a n“g?'B?e dyt dighgat 'ononwefig'mO small
pieces; il Y@adeddn \MNm exFadiyr bulfSO@MNHasERNEfoRXINA BBIaBBn and purification

T R AR e e

[0021£ﬁ %&egmgtgé?n%[sﬁ%%ﬁeﬁ%ﬂép%\% '%Ht%htgg t?gglu tlpﬂaltthéf mGCs for
regen&@fion sefr srmBlog8hésis, assermatdgonial pesrh ogdiietramégldntation was used.
Twenmﬁgvgélgaignm% dIDe?ilcPégFﬁl?dseemafg‘lrLictap Eﬁaar\’a%?(v:vtelreo{?gatgg %R busulfan (40
mg/kg) and used as recipients. One month after busulfan treatment, 2x105 cells were

transplanted into the seminiferous tubules via rete testis injection. Four mice received mGCs

39



initial incubation at 95C for 15 mn to activate the
enzyne. This was foll owed by 35 cycles of 95C for 15
W@ ewy/0ehel appropriate anneal ing tenperature foPCI/US1008/072541
and 72Cfor 1 mn, which was then followed by 1 cycle
for 10 min for final extension. Reactions wer

(GFP éﬁ'ﬁ?q é%l'smﬁomath?g TBFE eyR Iniacted ik aelly Spatet GFP posmve sorted
cells. EBUOMRRNere ThghsplpEROWH S fr%@t'ily %-BIERQRG/P@S stﬂf vd @Wlt%&&ltlve sorted

usi ng specific prinmers inclu no
cells, anghfpy miceyyyqre ||Be<§gq| vth fwy |§olafqg3@|:lﬁ pom%g cqghaegatlve sorted

cells. @ﬁé\Fr’emE@rng' el scrpet é@'sﬁam%@[:ﬁ éﬂ’ﬂﬁwbll%eﬁotaﬁjeé‘teﬂogﬁé month
keep |ngwRene for cellular sanples and b-actin or

after trafisplepEtiRp.nthe qnimals)werg sagdficgdiandnigsise warp Mppeested and used for
hlstol({c?@(%Zé@ﬂluétféﬁé | T8 bRuR tHLEMSend) JTHaRSpIaMEticHERSE WRRRr of tubular
ete

rm ned by a PCR-based analysis. PCR anplification

cross é?Ct'é’ﬁ% W'tﬂlsﬁ%rﬂﬁq’%”éa'sr"‘é?@ﬂ@Hm@ﬁ)NR) from
ul.fite-treated DNAs was carried out by specif
[002151 | S!S TPperaleEIy i cpmerh RPNl o iesh 8ol el mGCs to

form tél’mﬂﬁass&f dHvaERs V& 2uhied (J&k%ﬂﬁbbrﬁ%rk@%@r@r&ed with Rosa 26 mice
intensity. For GFP and LacZ R%l i fication, individual

(Jack%qns@%anﬂam A AP IQE RAE) wag gereraledy Thepe Bligsshpve both

GFP éﬁd IHoTS@RkrGds wf'ﬁh@ﬁ%;@rm RbMs. SWlte Wé@ﬁ@ﬁorn@ﬂ%s%@@ﬁ@ed &hd new
extracti on buffer DNeaetdy klt for DNA isol ation

Oct4- @ﬁa/ Lﬁ&? i9ETTe £l HResa e RficAgCadofof F?é g fRRigEa RRet chimera formation.

Mous® OPGPP/Lab2023d s HRes BRARiged i th&iF ng[?QJ) lform teratomas in vivo by
transplantation: To test the functiaon

subcufasgereriald GhseYIas gk iniertiog dniests, Segb@feﬁ%ﬂsoéSH'ieaIOféWQﬁwm'CG As

positivee lcbntr 8NP | tartdha OBri@RonY SES! . cellvent @q&twakssdm@unﬁ;e For
deficient nude male mce (Harlan) were treated wt

SUbCURNEAYS. a UEALISAYR K Ff %chﬁed“l%'of‘%c?BPr@nWte'ME‘WQnPﬁ”S were

injected. Mite WERBWdchficddr HalvEBKY late? XIH¥tise8éd WeMBiBvested for morphological
transpl ant ed into the senminiferous tubules via rete

and higolqgical PpgIes-i on. Four mnice recei ved nGCs(GFP sorted
cted with fres

el | Four other mc re in ,
[0021glso| 21%“@ w%ﬁﬂctzﬁmﬁé@@egﬁ@ teqfgrm rﬁh&TéerWe?%' populations
was dat@ﬂﬁﬁdameednjwtdm ﬁfcﬁﬁ@ét)blaéi@éy@tse@r %Hh@.@%lggte‘gatm With morula-

itive sorted cells, and four nice were . inj
Stagemmqsr%mw -cpl slage egieyas- Blsiqoystdniectans Orfuééﬁ’ Qﬁ@s were carried
out uSifg Td@?—3®b|a§toc9§!§ obﬁaémédﬂfram Cour nm;es:e\f@err\a@a.oas bRB®Ysts were

wer e not
tra”Sf?rf%‘L %3 H%CV%tﬁ n €REN bﬂ ”n%fl tge\}dé‘?rés)s'a&é Pudé‘e‘écPSEH%opregna”t CD-1
femalésﬁ-‘S;bréslowy emBRGY Reth 6¢hsaB@miksd nfRs. hlhsérpb@gb@aéf lacZ cells was

eval uat, To eval uate the ficienc
exam'f‘?i p‘{ %ﬂ?% pEas Qothsl C*Hmﬁﬂ%r%o? dparRm Wo%rbds‘she R-galactocidase
stalnlrfgelﬂt (SD%TﬁaWIr’C Bd@Es, TEiZogRy |@EP5P®R$ve¢@bélﬁ'@ﬁ1ed[lﬂm isolated from
o

r. teratoma d.chine formation: To test t
the bré‘B]l 1t diver gad rﬁ%égi“ ”‘1? A RS C FMiyPloraied E’fﬁ Oct4-
GFP/IHcEZ&ellslackson | abor at ori es) were bred with Rosa 26
m ce (Jackson | aboratories) and a new strain (O&X-R26)
was generated. These m né@&&q\i%e_both GFP and LacZ
constructs in their ger Cul ture was perforned
asdehgbetivhsthaademenoah 4 1Sokfoh a€ Brigatenteel Liné Snes Cells
were produced for testing teratoma and chinera
[00214pr Metin cenguiddseisteandctofiveélr Bividarey/gemialits sterT eelle xaisiadens thvordiscrete
cell popu?atlronsa Pn }nou e ¥e%tefso(rEr>partng{eaé)P{naespdsgib}fikyvt%ap %ese two cell populations

might also be present in adult primate testes was investigated.
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subcut aneous, intra nuscular or injection into the
sem ni ferous tubul es of nude mce. As positive
w@owwolist f or teratoma formation, ES cells werBCT/US2008/072541
injected in sonme mce. For subcutaneous, intranuscul ar
or testicular injections, approximately 1x106 cells
[00213kr e SpR[rBRIPERNESH ig2 Rishly' regelpted; rragessi iy %@kgn‘l"ﬁ‘?@ﬁt'ated germ

lis @Rdsitib® SHE SpuRhRodeHideserd dfs h@l\,@@ g% %ﬁh ! g
™ histol ogi cal ana?@?lys [00213] (%‘@;d)a G SaC Produce

spermafqzga Giip/QdeRis, Gs(Rsinyo SP%Wﬁt%ﬂ*ﬁ%?fecC%éldPr%tﬁuheaﬂ“P6ﬁ§de”t stem
cells Y%‘boﬁiﬁblgr 15 nsrbloBEnddl @Bt tHeY) bt @ahsid &l @@tﬁo%ﬁsﬁeﬁewal and

their {0% gregation with frorul astage enbryos o
d'ffereé‘F'@tfﬂm cEnlikes @@tSewOwagtes BINdsueanst Pighj hikielpgikal %Fd'es of other

mvestib%tc%@ réirt SelNENi@ t%r(ﬁﬂf&é’ntcﬂ%tm@ﬁiyﬁgs dedockear sﬁélﬁ‘iﬁ% PEN &t on the
| ected fromCD1 After “injection, blastocysts

base%}t ENQPRIALE & iy t‘isf'c'ﬂia'bﬁ%'l”tﬁ%r)‘/’% §UtPUr’\are%Rme|Ht57r‘ n-€of d‘ff’r'@ated as

Adarc augwpgesgpeyrﬁgt@ggmg day pseudopregnant CD-1 fenal es,
previously mated with vasectom zed nal es.

[00216NC OMERRWA biOBeRtibé P FArkeRd lafid WastatRK abMEEs fon stbéthRliR Purification
areas of the chineric 12.5 dpc enbryos by the

of prirpatg igsiieylacoadiee sed ¢ilig kit (Sigma). In addition,
lacZ and GFP PCR were erforrred i n DNAs |solatedfrom
[00217he Aihests Moskey tesigsyias W3R T9bABRIaFter7aligaLf pfimairegermline stem

cells. cmim@fdhsét&mbwm ek&rhimator, rs@ﬁagahérkéécahmg&e@@édc% activated cell
Identification, Characterization

. Exanpl e
sorting wﬁn‘gﬁﬁ%todfje'ﬁﬁ rRRAERCESE i AN b sleRiiAly AUFEY ?%G@&@,Ftem cells from

adult ﬁhe% %nﬁé}ﬁﬁéﬁtesand'hé Jsrby@ic)é 6Hi gémnﬁg @@ﬁrdduﬁen %taem FACS cell
| s existed as two i screte_cel %dpu ations

pOp“'?ﬂﬁ’Us\Ea% @gpfg@e@%%|t%or§yrasphng%§I§, | W’VU@%"OQW‘?&‘@' staining

with theQeéfil dpeRMpUhakEONASA ghd ST é%ﬂ‘lcpmgﬂ@ﬂtGFRlaﬂidBbérmatogonlal
pri npte testes was. | nvest Icgat e

”ans%‘éﬁ‘tk?ﬁt‘%@?eH%eﬂ © defing the dyn OP%QQ?PQ?'%S fr el Uigions Pefore and
after anfdhhéqrenti ated germcells classified as
sper mat ogoni al stemcells (SSC) divide and mature to

[00218F oduemudpRiEITBIéHEiREl. métRodOWer ssedA3 ideéifyN Gharhcterize and localize
er nmat ogoni a, arec S||9Ieredto eth eS|den

germlig&sf[%‘n F%' 'Brfgmiﬂt% 8s % g3 patl qsmmé? gcgreer;]tracellular

matrixca@mbb@rmf(EQM)ha@&itégrrnem 4amb GHHR-an engreatisg to visibly stain
[ rodents, BJSJSri mat es and humans pri or

. Unl ik
h'StOI%'%?Qﬂ?B@?i %fa(?””ﬁt‘iﬁﬁs of other investigators report
t Wo fferent di nc ucl ea
00218 Arithodet Fbsfic e Rleon Sl e Pl o ditep i tne basement

memtir@rﬁd irc Whearsem@tierdusetubuest Wb uvalr aepﬂhbhﬁimluﬂ@roljs @ubular basement
onla 0021

at e as,. Adark an [s .
membé%? &n )ss'é? @ts%ragﬁaftbﬁ’f’esen '” e@HP F'HYF AREnYe ‘}’Liﬂd in each
semineroas al]bula| higtologfci e@bs aectidn. prwnmtmesérﬁualmrcué atbular sections the

.gerim jne stemcel |l 00217] sus,. nonkey tes
majorflCae- BfeoRh SPAEYR PSS ASGIVANA R We BTG LEBAFTIne stom
cell s@ld. ?ldumﬂt@ﬁWIﬁtmél‘&meﬁoﬁhdcﬁé&fﬂl mw*gnﬁrposawéf@me peRrtkiedlsr cross

. an e vated .c ortl e
sectiof 40t | $ER S8 i e St ot s s e Sk A% of Ge-integrin
positivgedent iwaee als8GRRLK Hobitideh These combined immunohistochemical studies of
primate testis revealed cells adjacent to the basement membrane of the seminiferous
tubules which had co-localization of a6-integrin and SSEA-4 cell surface markers, and, with
germ cell specific marker VASA and SSC specific marker GFR-a1, i.e., markers specifically

expressed in male germline stem cells (Figure 30).
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adult Rhesus nonkey testes. The presence of gernline
stemcells in each FACS cell popul ation was confirned
waiging2118l oner ase, RT- PCR and i nmunohi st ocheni BEI/US2008/072541
staining with the germ specific marker VASA and
SSC-specific marker GFR-al. Sper mat ogoni al
[00220} anéﬁpa@ﬁ Rt brelheTags soprkey Wes pRROICAIY expiessedrialcells located at

the bas@R@A1 bABrae df@rhé sdRiRiBld RIbBIcREARIS? trﬂangFRfd—@rposmve cells were
enrichment. [00218] | mmunohi stochem cal nethods were
also F’Q%‘B\é? flobgﬁrﬁéfﬂ'ﬁ ?%?C'f'éﬁlfrr‘éﬁft #3"%e and | ocal i ze germ i ne
mcells in primte testes. For these studies

[oozz%tl Md$§§A§‘p8€$'WecC$'l§rW@5?t loseter| @l e baserert EwmysARmOf adult

pnmafe%m@&oh@&tﬂﬂﬂésﬂan(ﬁ%%@l@daléazﬁ'e?é pOEitige BSEdASA stalnlng The
stain histologic sections of primate teste

majori b@ﬁ@%AArRQSBU&C@BS yﬁ&ﬁ:?'ﬁ? SBfiRfe B PPSH \@ngfeﬁr%ﬁ%Sr?é%P significant
co-locERAdtien | vReAs0 Seirar @Rt GPRIohesmﬁ@gE&’rﬂﬁt serRuageard npdreant cell

sem ni f erous tubul es, as wel e seni niferous

surface, {Bi/kalr fop aaBHBR Stae feflsa ot §arck spaynatogenia) gplisl thy basement

membrdid B8 saRtinifRkQEI tLPulR @S bfim¥R t@@ﬂe‘s&né&&b@lcfc%ﬁ%dsebfbr%%ressed
sem ni ferous tubul e histologic cross section. Wthi

SSEA=bni ni f erous tubul ar sections the majority of

[OOZZgb;]If lnt f?ldvng%gfpl}otsbl\ég ﬁgﬁ%&g@m}%hﬁ%g{ Er?@%{g?ég g S’V\}ltlh\l/n(:)tubular Cross

SeCtlo@a@K|tt@éth§|WaS bMG rfBUNE Ire thdDEes Abcdtéd %@fth@hﬁ}ﬁ%ﬁi bf ¥@miniferous
| s per tubular cross section than GFR-a

tUbU'eéo I%E&'K'Ea‘iqsﬁ'ﬁes?‘ﬂ'& WETeSs ke o ATt POSBY it SW}B‘%fthat they were

differedfiatedt RUMI BellBOSNbI 3Rit GRdihifg WRisefoahg an WGelfs El’dcaﬂs‘lﬁ tai tHeEbasement
These corrbl ned i nmunohi st ochem cal st udi es_of

mat e
membt'%é?c PEINERATUNIERIOUS fUPYIag 3108 Sioetians tﬁréest?awﬁ’&%t'”d'cate that in the

primafSBjEPhARestein deherseritiehativeus tubul es which had
co-localization of a6-integrin and SSEA-4 cell surface

[oozzspr keNa&o atuh, exprédsedaih MbuAbAntSPaRiIntdte ek eNaM é)?lépga@ked as a
eC|f c mar ker . GFR-

nucle%x ?IQ e Wasl calgme|ﬂbV§§émnC%pn%étkeLgstur$ lls in sem%lferous

tubule80) NargReMprestive $ArfRsRonder G labvariset apemnavilk escat@Bat the lumen of
1y expressed cel.ls locate

semingBousdHETIRS FORRE T LRATEERIHE! hitle CollsnleRed ol fheopasement

membréee. Eﬁlmanjatupﬁ%tddy\w Nebl SIndesER-all $BoRes itHdt \a@ thegermline stem
Speci mar ker, VASA. [ 00221] Al |l SSEA-4

cells 5%8@’??@ %W&eé/ﬂ%f 89"8@3?'8'8! at the basenent nenbrane
f t ubul d th ,
roo228 o fidoe Bglames e ouRehe Sess g o Bt ity ptain any

cellula‘BSE&ctérepﬁshdne\gt@scel |s were al so a6-integrin positive.
There was al so significant co-localization between

[00225}SEAT4aeande:r6h|§tbcI$émeng:htalfaaten%b_ah- &fi prigatd ﬁ‘pﬂrctjaﬂt samples
i ne stemcells.

showef tnas DRHETEe ST, (&5 foe S0 b Ba uflles it ipslie Ty G6-tegrin

SSEAtmancSGFTRmﬁmm nieghtivedfoil ¢Kfpir i mat e testes histol ogi c
cross-sections expressed SSEA-4. [00222] Very few
[00226] Ki tTeptesi fidrw ecutiednizedwWehesusombokayn agei 3¥at eveteestgically removed;

placed o{ind 7 SHEEBFTEN T $08: o GIEPIAmEtn dreeigro and Thifrogen.
respestglyhidndr warsported overnight on ice. After surgical removal of the testicular
capsule, biopsy samples were removed for histology and molecular analysis. The remaining
seminiferous tubular tissues were finely minced and digested with collagenase A (1 mg/mL)
(Roche) and DNase (10 U/mL) (Invitrogen) in a reciprocating 37°C water bath for 15 min.

After collagenase digestion, the undigested tissue was sedimented at unit gravity and cells in
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tubules. Al c-Kit positive cells were al so VASA

positive showi ng that they were differentiated germ
w@e2iw®2118b c-Kit staining was found in cells |PCHUS0$072541

t he basenent nmenbrane of the sem niferous tubular

cross sections. These findings indicate that in the

the supermadand Wase Remevedst B edigesdp tigsur) was ither digesteddpanjenzyme
cocktdﬂmg.swgs o€XBIRgHRddIBgetidpdant 5 Hg/rﬁtlhwhﬁ)nﬁo%%b aSpe V (Sigma),

og appeared as a nucl ear staining

0.5 m@/mtoth|nz(¥\éertatpr\mssahqrﬂlca|Qﬁi@@rab\m) @{é’r hQ e@tsﬂgL PiNAse in DMEM

inar htih§ ROUS whatdh WalStor DBAGE. %%%@mn\ﬂﬂjésﬁeﬁrtgﬁﬂ@ﬁvefé“passed
anced %erm cells | ocated at the | unen of

thro“%‘e?h@i PEr BIRNGrUBiGl BES dintgdrvie: serumdityelerehia Beellvaie eRrymes.

After %@hﬂrlﬁjdaﬁ&atéiM@@Xg} her B@s afimits, 'Tﬁ‘fébrc@mgaellets were resuspended in
al i zati on study of Nanog and al showe

DME'\éﬂO%'f\%S GEF RIfGes '§tt§W%<9U|t'éresff%’\‘7%’d1%Cm sligheavie|a 6% C02/95% air
humidifeaGeLudxsRressi on. [00224] CD90 anti bodi es stained only
t he basenent nmenbrane and did not stain any cellular

[00228F I UHUEr&sdeRcd B&ivaRSItRN cylt@RSAPlad 18ed to |dent|fy ceII surface markers
i mmunohi st ochem cal characterization o

SpeC'fFJQ% P imale pstiedasgrslne steat C‘E;]'ér(ﬁigpf?e38t &ﬂ”&' am g repprts from

other tnh@st@ﬁtﬂré \Milh'rféﬂtpﬁﬂ&é@%@safr@sr@;@%btdtébeacﬂlﬂtr pritate N Q@LIaP cells did
EA-4 and GFR-al and are negative for c-Kit. [O

ot oXPESE AN GH B BN B I90 RONR & CARls Howeteeggniine stem

cells §eFdiidetitiod =8B VRGY sﬁ’ﬁaﬁlc Qrtlbﬁ &iBhes uAl gamNARhaw tdkticular cell
penicillin/streptonycin ro and | nvitrogen,

pOpUIQ‘t@é‘p@éf fR@sI 4 obiRg tetriRslisalar @@I?EQ'@F% Py Nirtugef pé@resgg@rt @j their cell

surfaceUbd HféabDT\ﬁ-mPé/(%'ptd?f GFthlt e%lﬂnﬁéﬂyarcoﬁﬁ‘%lﬂoe ex&lrféﬁéé/ with murine
San‘p es were renoved for i stol and "nol ecul ar

testiculgrageyesiine sterecels thKamplg 5 sy feel et odul ol sedpeglnssstem cells

did no\f\’@fq?reéé oty HHV\R)@@Id a@[l‘l‘El pﬁir‘ng %%e?ﬁ*llr‘{@ §thCéHIIE A4BERSD, 6f {helsolated
ny/ ) (Roche) I nvitrogen)

testicularc p@F@@ﬁ@'ﬁ%@)B?@r\ﬁm@r SOk TRg ohyRAtAREGrminants Bound by

DO/IC%@'BIWL@§§Q|Q‘W®BW a lebh. Uﬂgb&ﬁﬁ’éne%é g Briae germline stem

sedinmented at unit gravit I'Ts inthe su ernat ant
cells %Feésﬁ?(ém@\@%@ Cip0 MB@@YC@H St““f@#@u@ar\hﬁ@ (Figren
gested in _an enzynme cocktail consisting of 1. 5
[0022%/ mFor c@P'IaB@fén@‘sé’”matel %ri’ﬁﬂm‘?ﬂ Steﬁyeﬂe{ﬁ oﬁr@taé’éas‘l'ﬁ?ée@/ as the

negatl(/§'pg%) sof®n vﬂﬁddﬂ—a%élbfﬁswrﬂcr( Werd Bioﬂga ‘BBtthggb%hﬁ@é and CD49f

Cor oratlon uni ts/

DOS't'\&eetel"iﬁf@B’athP ﬁQU@?@OﬁIﬁY%pDQQT/I@WF %'Smsr?"t'flg f@é@@l&iﬁ aetive cells

resultét R i888ERCortdepRiitR %h%eﬂ@%ﬁ@%rﬁ B %Bglh‘t B779) JTotsitdeds Hethe adult
into FBS (fetal_bovine serunhdr%ﬂc one) to inactivate

primaigrigstigalar issfaies: thenetterediH/e dogbirgposidive sellsnyergragdected for
furthef t]?e C‘ﬂd'dltlBﬁ‘éll &Irﬁcé(‘tﬁfn%é@%ﬁ@@é’(‘id%ﬂ sél@ctW%Q%:%eﬁlQQ cells that

placed in tissue culture coated 15cm dishes in a 5%
were EEPItIYEIPTSSEMRi rasylting in AvQldionopl o secyd] Slﬁ?ﬁﬁfﬁ'@@té’rﬁ'ﬂﬁed cell

populdtfohi ¥t @Sn&t iRy CHHRIERS Yor WAS tHEEDJLR dritend itEstictRl lcells. A yet
surface markers specific for adult prinmate testicul ar

additiona pyificatiat was aehie\ed by splpcling for \c-Kit igaative £§llstthatrvgse ppsitive for
all of fdﬂy@ QMK a'nBV%EAﬂ%QulﬁndVir{ Rol2@Bn R laMBir8 sﬁggi%ntlallycf)urlﬂed cell

freshly isol ated primate testicul ar cel
population that constituted about 1.47% of the total adult primate testicular cells.

[00229] These combined flow cytometric analysis resulted in isolation and substantial
purification of two discrete germline stem cell populations from adult primate testis with the
following properties: namely, (a) Thy-1 positive and a6-integrin positive cells and (b) SSEA-4

positive cells expressing both GFR-a1 and VASA cell surface markers and high telomerase
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not express epithelial cell adhesion/activating
nmol ecul e (EpCAM . However, gernmline stemcells were
W0 dwavefised as a very small portion of the totedT/EH82008/072541
primte testicular cell population, I ess than 1% of
the total testicular cell isolate,
aCtW'%x‘Eﬂ”e%%’iU@tio%Wf‘ﬁ'@ moggeihan QEs QEE,heo@”ﬁ H@@HQF'“Y%E@&%W GFR-a1
and V&BR-@lls.- Simlarly, contrary to experience with nurine
testicular germine stemcells (Exanple 5) freshly

[00230]50I %Q’Qﬂl@éf@xterﬂﬁh%@@&fdﬂé@@ncﬁmr?cﬂh'lét@ch@hﬁcamQialnlng (Figure
ress c- However, adult prinmate germine s

33) fr@@TIY éSOI‘{tﬁ%cﬂS’tUItZW'“@ﬁtettﬁ%t'qu?él‘@ﬂl%d’vqr@sﬁqﬁ@gl aF f@l@yvp (') aB-integrin
posﬁnﬁﬁﬂl)'@ Q@Bbsm\@( l@ifﬁ@@%&%hﬂve% “fn m%‘sﬁ@é"}éﬁcﬂ Bkt negatlve (triple

erm nants i chos biflourus ag

sort); ?WBA)/) SqEALH q:quls |Tﬁ1eacaf6¢r§ptolﬁola{eﬁean§idwrtﬂe ,t@eﬁlﬁylér ceII populations

were @%fe@ fontheSprasarel éfsgeﬁ?ﬁﬁﬂfeﬂﬁﬁ@rﬂert msmd @9%@@& EBRY1 (Figure
surface markers

34). Nuparaiis FoNPIRA CBOYdI, VASASHsvE 8P I bULIHY 0% these cells

stame@%ﬁo@!ﬁvé‘%rt@ERfdxﬂgsbh\ﬁg/f&aJU@ﬂWéxG S drinN@seadn §gﬁfléb$ﬂ increase in
were plotted both CD90 positive and

cells %&P@th@@rwq YhPPEyMPIKESd b IPEPHBLGNS| Wil €8+ PA grositive and

GFR-& £ bbsitiveIilk. BGrtln@rford@lyl@}Oealcﬂ%Sértlh ¥EmBRklich WRS BIKite driblB sort) also
Isolation of germine stemcells, Er esent as about

significantly oinereasast Hie eroppaion rpft WS AGR-o pricstive celiste SQPmpand 46.4%
respebtﬁl@lyatﬁtln e Slsﬁﬁueralg@gﬂo%{ea iflaH kélnigicﬂﬂﬁér\ttfbl*’d?‘eIIs expressing

I's vvere collected f further use. Additional

germllﬁarantdu S BTk Es - gcﬁp@%@elbpo%at&ﬁulﬂgvm@r 3e5% of the cells were

VASARERLE YRd 8RS bbafvener e positive for SSEA4, resulting
in 1solation of a second substantially purified cell

[0023|PPpU|T%b' BRctioAat p%@ﬁfebtd*t(ﬁﬁeréﬁ’loldﬁmgté’ @étléJbﬁ demt ;%pulatlons were

adul t g}é@n&te testicul ar cel et additional

deterrpined PPtose PBH a\f@ﬁéskﬁlﬁf‘ﬁr@@bﬁurﬁ‘f}a@ @6 qstigg fasrtheir gbifity to repopulate

the bé’h‘:égﬁtn't er‘en‘i’cﬁ‘f!arl\é of Bahinieiofs ReSUIdd MethbOes@b lof OfmiQefficient nude
CD49of resulting in isolation of a third

and
mice teaied with |tiaq p@,erﬁ(p}hqalpp@létlcc@'pg b'yglfj{gnathgﬁhqq@aqtudles nine 6 to 8 week
old SEANSHdid Hhigs (ﬂgr%ht) ﬁerﬂﬁ%a@éd We BRushn erﬁqllﬁj’)' M&he month after
testicul ar cel [O These conbi ned
busulfag+ Bagment 3?%'9 yéﬂ'é.'t r@ﬁTﬂﬁtF etpstigllars gellg i Wereati@nsplanted into the

semmﬁé'r%ﬁ& apbdied vRUFdid 116t ARcAEn L¥Rgdhembed @s8&Htialy B @és@%ed by
popul ations fromadult primate testis with t

']

OgaWﬁ@It ?'oanQQ pPbEse shiliesyreq 57“09(@?9"71?%/3 frappdant |09'é3'§|ﬁ‘6 of freshly
|solat(§)6ndrf3§&%'déIIsPQﬁl'eb'rN@e ?&Jeﬁv%d%nﬁjar{sman%T%n@%ﬁfrééhY}ﬁlsolated c-Kit
| s expressing both GFR-al and VASA cel |l surface
”egat'ﬁﬁraﬁérsas i PREYE peteshediasantt throe myjce teé>|e|ve9@picﬂr§pia6h§on&stm9

of fres‘M}ﬁE&at@HrﬁlétQ@B-I@tQ afivd 1R SSEA-2 N By PQHH fs. f or
GFR-al and VASA cells. [00230] To further extend

[0023121; ﬁ'ﬁ%t@ﬂ@déﬁ%fystra"f{éﬁla'nm%}ﬂﬂéttﬁtc%ﬂ@ﬂﬂ”trféar‘ecﬁe"i‘a't Rdide testes, the
gure 33) freshly isolated adult primate testicular

vital da@pp@omg‘k@rgsgpm&p%tg SHEDNRNAYE p§tenE-$R)atrs wsed as a fluorescent

marke‘POSG@aFE/% a(doloHe§9aR9 nBﬁ—?Ihb#e‘é@ent(do‘rﬂdou@uﬂ@l ﬂH@SalcbtaY@groups are
integrin positive and c-Kit negative (trip

cleav%épy( I’\V?C@@B& @ﬁie@éPstY'eW CRL rﬁ'tJO"e%"r’rﬁt %Pdﬁ‘ﬁd -Rhe latter

quoreQ}érnt bRt @88 v Rtk hndP ARy bl At %él?/deeﬁa@aﬂ%frﬂfwever the
presence of germcell marker VASA and SSC nar ker

ﬂuore@ﬂﬂt @iertsm/ eunﬂ'@'Sb@g expgrgD il (vath eash) cell dhrien-nEar Bisoyital staining,
cells WE¥¥ASAedasd Wa¥Bed BhdeSin WB@B&Malﬂaﬂ%’ msmeﬁnsn C&ldeSn 1XPBS;

stained positive for GFR-al. Sortin

followgd by ipefiatian e SuM @@FlEn'”a”é'?%%leFlWa&tfof ﬁ@r'@@seTh% resultant vital
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cells with both germine and SSC markers, i.e.,

popul ations with 42. 6% VASA positive and GFR- al
wWeowooemel cel |s. Sorting for CD-90 al one or i nPCT/US2008/072541

conbination with c-Kit- (triple sort) also

significantly increased the proportion of VASA-GFR- al
stainegoeglisi werec avasied ovitho MMy Ue/itnagens seetaining|3je Syt celtpcted by

centrif §hASEAB@ 1Al S0, b8 f hddn 3R LBEAGHATSN! T

S expressing gerniine and ers, i.e
[00235P" %oc\ﬁééks%%wtraﬁé&é]ﬁaﬂdﬁ mec\ner%7sa§%c%fd atnlaelh& %h!n%er of CSFE
wer e VASA positive and 1 positive,
positiviey el FeipRies m@%m&edofnm@ﬁqoemm Irphlsmgé: Sediphe ¢f dre mouse
testes“(?lgureoﬁ’ﬂu|T"f%bt%‘ﬂ§al?9’eﬁ§eﬁiﬁﬁ1§rs'f8nﬁ‘ %gllsbr?dcv%raecéﬁ'lﬁj/c@ftﬁr?er of about 72 hr,

tant’i al purl IFcatl on y testing for théir abil
S

at twq gvaekp st Hﬂ'@ﬂ&ﬁ’éﬁt@ﬁs@ﬁeﬁﬁl n‘él?@fdahév%ﬂm%rﬁpﬁ? f?eﬁdlsﬂj XOUb“ngs
of
resultlhgi’rgl:(ggm\l?mé‘tcﬁg ggéngt Fgrrgrp&ggg@gggérlgéfgﬁsﬁuwgvA%&%s applied
and pf@}@@é’a§pgﬂ$'@@eﬁﬁi§é'fleaﬂto 8 week old SCID nal e ni ce
Harl an) were treated with busul fan (40 ng/kg).
[00234hnt Hhgse é@mb@%It'ﬁaﬁp@rﬁtéﬁﬁfhétﬁﬂ'es Showed thad ety ?|$%E'°e4 positive
cell p&&ﬁétloﬁuhéﬁtalﬁﬁl E(Eretsélﬁ HHraRY efhdl VASA thSkers, had the ability to

sem ni ferous tu S Vi a ete testis I nj ection using
repOpwetqqﬂaaéueslmtmaw ynoase drsdes (Rigde 199). Ofjhewe #ndings. shopotet these

cells f@hr,hgﬁﬁé?ggwmfe tcgr§e m ce received a transpl ant

sistin Iy I'sol ated non-sorted cells; three
ce f
002351 C° TCSRRNG8o 14 EANTHLBALRRTEHFS I9Be6lhcl T 3Bhatpns, e ONA
conte@tefpfl &e t_mdportulﬁﬂ@es M@elnv&ugat@édqu flgwsmtqmtry (Figure 37). This
analyﬁQ%‘ﬁg@EH NHatOfhe! EEEALY o§fﬂl/@tc% [a‘%gﬁdnﬁ‘a é%IU%Q%NXecontent
EA-4 negative sorted ce
resemtieghthat 9f eallans G0nt etdoprof thet @elldylcles I ﬁomh@t rasds preng the Thy-1
and &‘@M&grlheéélﬁ%urfgwﬁﬁéd&?\l ﬂ&& %kb@s)&)‘étéu%()e r@nt DNA contents,

tate succlni ester (CSFE) was use
resempling eékardhe %Gﬂeatagecstmeu @Ila:yéksl @rithess phage- The data show that

SSEA il pg)%ﬁ%ﬁ&‘?mth “3@@ gl B Har@é?@réb?@steﬁ% & Qw@é’(ﬁ—rﬁt ﬁ(?pﬁjlatlon of
eave i ntracel ar esterases

progenltquowgwemstwo@@@t Whﬂﬁethleaﬂ'hleﬂ+f¢ﬂﬁbﬁ§9@féﬁltm*prp@§w|§tlon of cells

repreé%?s éﬁ%étlvél tdﬂ)ld?ﬁ#jp@dmat%%fESé% Figutducg! dehyde

fixatlve, omev the tluorescent intensity
[oozséLm ﬁ*h%f}%ﬁult%xwel%bﬂ”gl 'tﬁét ‘@fehﬂnr%a%rﬁu% dgoﬁhbr/b hPBeusFHfthe adult

is vital stainin I s were col an
primaigniestis @oq%sssn@l@iaular ﬁ“fih@h%@mc qhﬁ@ﬁe“émseS'ﬁhla&kPBg*Stht from
ssc ih %(ﬁéﬁ‘f‘@dlnpﬁuﬁd?\‘féﬁp%lbﬁréxbﬁuﬁ%m Gsih a'Jérlé?§Pc§§t(§ﬁ cél?%eﬁrﬁrcell and

mn. The resultant vitalstaine I's were washed

spermafqaenivEREM( del wpeeitig@narkesoieanlad it W/U\Emma&GF Bealeig spgcifically
expre§s‘;‘e'ateﬁ SRt %er%%nfa%te% &8 aloﬁ@'tl‘?’é@&%ﬂ%@ mléfbrane of the

nedi a, and counted Two weeksS after
semnifarays fbeies atGRiRra s éfte REeR OSKErQ@NEéﬂ"ﬁh@ amignnerapleiegulator of

self réiewaPEESBeS| @F@a?%bgltl\‘/@'{:@l&' \‘ﬁére"‘@ﬁsﬂeﬁc%ft% I'Iﬁtﬂcatlng that they are

n1croscop|ca Iy I n histol 0gl c sections of
germ gelist dsol¢daligation &Bip-intehen mith i@R-py Wan8Q§/er"nF¢|hé0<§tt@dﬂNlthln adult

primaf\;eéleé(%(@ingo salutgtﬁéé CFyK(I: (,Je'll glfaélgf?{)létnrlﬁr?edhgy s%ﬁec“%’ o-6integrin

-transpl anta | on
positiwmd@lbgemefvai 3 @@'Vlhlglf@dwa raf sGo- Ipe@tzamrngwthnGEBHtﬂm@mflmﬁmg the

findi g?sb%% &rﬁ{hﬁs? hERfica? rAbthSdd G a8l YRkmidd SteANRUs in test
ndin es I \%/a appl i e n(l:Fap<r@(% Bé was Iconr’s,’&L (yg%r e(IJ1t n festes
sectiog$.g Expriegsian of ab-integrin on primate SSC indicates that this marker is conserved
among the species as mouse, marmoset and human SSC also possess this marker on their

cell surface. Localization of some a6-integrin positive cells within interstitial cells outside the
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[ 00234] These conbi ned transpl antati on studi es showed
that only the SSEA-4 positive cell population,
w@owatnsng cel | s expressing GFR-al and VASA neCRESDP8/072541
had the ability to repopul ate the busul fan-treated
use testes (Figure 36). These findings show that

tUbU'eﬁh@g@a*@él fhat dhie ’B?rkﬁb@!ﬂnﬁl cernet ibgeust ﬁ‘?rc@PF@O” of highly pure
populéma%ﬁhséqrdnw&ﬂt;braﬁétstés'?& cell division status of the

respective cell popul ations, the DNA content of the

[00237}'/:\0 Y %ér@%n\l@%ui RYes 'pﬁl@h&?plb‘sérﬁign’fo.ééWaﬁ%Q%ﬁerthlcs with
ure 37). This anal ysis showed that the SSEA-4

other Eatégl ‘f‘?”§e‘”d@lrtfcuk?6ﬁﬁﬂ‘é‘fqp@ﬁt'%ﬁtﬁmaceé'(%i Tha %ew priameBreaalysis, using a

vanet;V Sﬁ@é’fbédrfé@etrﬁ'@ker@f revB4Ib§ thal iFtheGHd it %u@fméﬂk@y G&tds, there are
le. In contrast, cells havi nght he Th

d'St'”%Ge'i ReRAoRs cxpesHing bciategrp rBY }ﬁéda”fj\ﬁ%e Hlaglf'l%?fé:egﬁkﬂ‘ primate

testesd,véré %tmnﬁegﬁwe Qﬁmmehr@,toch&ﬁ%ﬁt&talnmﬁ%f bhﬂétét@@te@@rs@]showed that
e of t cel | gcl e or ase. The data show

all th? I‘fﬁ 8iopa e kasemepbHANRIAm %SPH"'EfS@L@erU%WF@c@ Kit negative

mdwaﬂﬂ?g" et §6r|ﬁ?t§@|ﬁ$§6§|ﬁi/eacém§|a$§%ﬂm ndYve a8y R -6 integrin or Thy-1
eni tor rmine stemcells, while the Thy-1 + and

alone é@& %ltﬁg é@,epﬂ "ﬂﬁ%lﬂf MG Ragters @p |s§ow@mye|g’é‘rmr§>h§ppchemlcal staining,

RT- P@Qtdn‘deie}bn%réié@'a@zﬂaypq’rﬂérle%flh rtirgSthe G@.rﬂﬁrmﬂ%y 1+ and c-Kit-
The results show c earlé that gerniine

cells r§§}é¥eﬁd9 dohioaest exaieseian jeve| of $9e matke P LA afshownaky auantitative

RT- Pms(si@&% 3| &Wih@rm@éﬂt%léﬂé@élpfem&a@%tﬁﬁ? QFigGid 89, indicating that
simlar but distinct from SSC in

combipgiainehingsd MagkeralenaghmStatn %ﬁye@.fﬁ'ss 'nv%ﬁqmtwe Jfepalso a
clear §@Ad|at.oaedfresmi l Jﬂﬁdlvé RENITRE HEqHnddte $é§é§ G/ﬂh&h §IB§CslhBW§d a high

kers reveal e hat in the primte R-al
level %@emﬁra@smcyv'@x%\de%@eeéss@ highabich F b G and SSC markers (Figure
41). spermatogoni al stemcells along the basenent nmenbrane
of the semniferous tubules. GFR-al is the receptor for

[0023813NF |ngggst@iﬁémubar{wm.agkrdls\ﬁ@dﬂhat SSEAf4 @%I.tfvtercen@m@b located at
C. al pos|itive cells were osit|ve
the bqsﬁ@ieebfiﬂﬁ'ﬁ‘eret”ﬁé%f SEREVferous Rylen 2t gre h '9%81 @%QP?'%&F i qrintegrin

and GFR-bNt EEWI dj/tdﬁahéthc Ghiysid s%ﬁe@%tltﬁer@eérb%dogfzaww of 06 -integrin+,
e sem niferous t

n
Thy-T ol 30T 5h S TR BB BEies TH GG SO Hagt e eels are
preseﬁteh'hi% i§ ARveDNaisiat WithigmuheMebcEmicsl-daes ah itdsiéd 8ttivhd Bhowing

nfir t findin
that theﬁ?‘rﬁ'f‘?oﬂg@g Sé% ér}\éll PRSI etcgﬁ§ g’@HQ%Pytljé’é‘erﬁrP??es%cf'%Mha” the
aB-intégn Boditivet (ﬁa‘HL‘ e$h|§%¢§ol méatem &50 Qﬂp@ﬁat@ﬁte*stﬂ;t ﬁ?zﬂfel zﬁl pBBnotypic

ri.mate SSC i ndicates that this
charagﬁ%@stcﬁé} B@@f'%&%’%@gg,& Wﬁ@é% gasétage specific
embry?hﬁ:clalrﬂgérf_@ﬁé it ﬂi’fb&ormhéklgf foQ?d tri‘l}ﬁ’-lljfpcﬁ@(ht{ceﬂédrlf@i@rﬂbryonlc stem cells.
ocal i i one ab-inte sitive ce
'”tere?tmg@r %If ﬁﬁ ggEge“l PeSItygt %‘?Haézof‘%@f‘ﬁﬁ g8 gl é?ﬁrk%r %%g Rowever

only atﬂﬂécﬁloﬁ&if keSseddef @odetaliRAOWit SFREa Y idddatihg @hatthiemarker expresses
ure popul ati ons of SSC from adult primate

only of sd bedp atlhs SFAPeeeiootial oD orls BIToTial b phonct ypi ¢
ecul ar cha acterlstlcs th ot tem cel l
00238, Mharpialpdiel FaplE Gug TeAts et Brne onBe S of e nuclear
stainir@/ﬁeoaaéd Wa@ﬂﬁir&%&§{m&?b@@ o?ur\/cﬂfféééﬁt%ét@th s;ﬁ‘éi‘ﬂnbto‘gbh‘aaﬁ €his species,
er reveal e a n e eS
A g rers Mot REPEMEPEOD at6 OLOTdp PO st (Hareeaen Gl S pefgpctively

dividing- dhd ALL@QfdrMawgdn@We dhamttotdeethsapwrd $C af pmﬁétbSeSt@s
prinmate

[00240] Using DNA dye propidium lodide (Pl) in combination with flow cytometry we

found that SSEA-4 positive population of germline stem cells have different DNA contents
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testes were c-Kit negative | nmunohi st ochem cal
staining of primte testes also showed that all the
w@eaie2abong t he basenment nmenbrane of seni ni f ePEUES2008/072541
tubule were c-Kit negative indicating that a6- |ntegr| n
ositive cells are c-Kit negative. Sorting for a-
from tﬁﬂﬁé‘gﬂﬁn agrintegin- celis oWéhile A @opifive ﬁ?'lsc*Pﬁ?eHNAd?rOfég@m”ar to

the adﬁeélgaw.rfgsceﬂ@om Py delmrdpmhi sdIRGReREES ah aéé@hmat@e number of cells
teI onNer ase assa Interestin

arresteghdn aei Rt Bgsen ol thayeell gy dMQE%V%e$$§AT4e§9$'f"@JI Cets showed

&gmﬂ&é]ﬁlyml%@%rolﬁé‘r@ﬁ&ﬁ§btﬂ/ﬁ¥;a§V§h|0\NﬂfbyS$Q)mrs|@rﬁmg§’ kil @8 Thy-1+, a6-
shown guantitative PCR (Fi'gure 38) and the nost
'”tegr'@r*é?ﬂhﬁl ed tel omerase activity (Figure 39), indicating

conmbi nati on of these rrar kers enrich SSC in
[0024§JeverP Ayripoing srarkes Neagp tvhdeh hasnaer essigalia ralpdiy maintpipige ES cells in

their UpRferaitibRa Qégesﬁgﬁ'aﬂumltly |e¥§re§§4d iR drfﬁnafté‘@es@ési &8y expression
testes, which al so showed evel of telonerase

in all 6T Gy R I6 SSCaIcaIpSI b YBeeDt a1 1Y BT st in

germlifBIskh SellshictiRedollS cellDR328]bekAEHORA |tr$ett Qlélé‘ﬁﬂﬂ\ &fthanog in germ
st ai ni ng showed that SSEA-4 positive cells also

cells ingcqt @RORIPSIE ﬁ%h?fég%ﬁﬂﬁﬁr%ﬁtﬂﬂ”dﬂ@cﬁf”%@?ﬁ "Anpe fsoq §urvival factor for

germ E4lRUl es and are highly co-localized with a6-integrin
and GFR-al. Flow cytonetric analysis showed that there

[ooz4a]re atbrg%hd'wﬂ%a@ﬁ #b-3000 @@Nd M thd Rult mouse- stesSaret sgc The
I s in_adul @Hlmatetestes whi |l e onl%ohd%B%SS

percefigus of BRCOBITISBHLTBIEYIRTES PRSI 18 ol uipr i egtiaghe ining with

SSC Q/Mebﬂﬂc indEkkTe B FR A CAHRING (CAH |sd/@ha3|@|ﬂartt63ﬁr%$ |§(%“sbhl@é!ﬁfor rodents. The
how g{?gt hat there are si g ficantly

Spem}?woﬂi anspigniation itefy %o phyvadehal '6§§e §€%‘f Fl?ﬁk%*ﬁﬁteﬁﬁﬁere are
about®@®% Bcegri n positive cells. This al so ndicates that
SSCin primate testis have a phenotypic

[002431nar @“etrﬁris&éneasr]éréma@ thiat &gmlensbrteah(scﬂgo# @D4bfe- KiKit-) cells and

| C e
SSEAL o CalecihoB BPIEEUH koS R AP STIFS ShESRs: however only
the SSEAM $obkitike c@&brreysomlgteatr@ap@ﬁd {eStes | difee bpsrvidig miatltlanéhigntation.

This Wﬁ@&es Wagéégé%%qgvl/%(s:?l %Fg%%gqss%ghfggg\%gqﬂ lgiv{glanrgkgéC and triple
sortedC @ellsomadht Z8sevhblB dadicadt ktadi edls. Netefddahgly Woth ITBEREL and Triple

sortec_Gals expiosse 'gyrﬁg E?%;;’?‘F égt&%@\ﬁﬁ ovgﬁ@%lf E@kp”a gqré'ggrshowed PLZF
expre@enai %ItrSGDNFRJHdYWLE dreHnewnhasethagdr reffatdensdpgrredtogdral stem

col sqbnpper SHTP ot B CRoRaas Sitneel [pone] GrapbcinEobila of BoLeb

transcApionARstor, PAzar MaBRAITBISTY e8It derfvel tvhthUIWettUhkh@Nﬁ heechanism.

S EATE SIS AL M TR 1 i

transitignl 84 erahsis thesughl Q%é@é bylssupgre@blenctye:yplnom whigmid adaik®le in a

varettsebdel S Ll pBp ahay o YD hTviBdEaHeRAR! & i yansiton.

Thus dlrférereeelt ofmwmma@ﬁrsbro@mgdw@f ddyeytte, atbqliB$@@EE.NRetinoic acid

t I d . fil
recenf AR ARG His SHVIVAITGVaiPY o £g) Curls Ry paoed by PLZF by
enhan@frgithé egsresstorce dyslilsAowed an accunul at ed nunber of
cells arrested in the S phase of the cell cycle.

[00244D1 e OVATERIBEEAND METIHOD® cel |'s showed significantly
hi gher proliferation activity as shown by PCNA

[00245] ai Hrincaté lyanm tdaet slbgtabtial @bification by flow cytometry: Flow cytometry

sorting was accomplished using an InFlux Cell Sorter. For surface characterization and
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integrin+ cells. [00241] Pluripotent marker Nanog
whi ch has an essential role in maintaining ES cells in
wo b@o21sdi fferenti at ed stage was abundant|y eR@F/ESHO81072541
in primate testes. Nanog expression in all germ ceI l's
and not only in SSC indicates a different role fo
sorting,fjeds t/vleggqgt@mpgtwltar@n‘tngQyor,eag@]ntgép@ﬁlfquf@r §tleg’mzqileqqrf§ce markers and
spernﬁﬂf&%ﬁfaﬁ@tetr@ c@ﬁnﬁ‘a‘?l&é@ |n Inbndpith ke 8Pe FEOWR LML aﬂﬁt@@@ ‘PT‘TC anti-

[? rm cel | 's i nduces apoptosis rat her
CD49&FEf @P@rﬁnitlzﬁ b -ARdi 8t thaget 'ﬁafkeh@ﬁégs‘i’% %”§L\’Y‘V?Vﬁ¥'med for 30

mlnutésaﬁnt &fm;ﬁl@t’é E84IIMNCAH [c8: whORkA8hcd i dotd 8 bb‘@ér fesSpended in
cells in the adult nouse testes are The

ComF)'E@r%@H'EedQ@d'B’F‘ agddephon ke UﬁH‘LﬂW"“'H@W%@'W@%W%% based on

I mmunohi st ochem cal staining with SSC specifjic markers
Wo“@#RaP-”&@EE@L%ﬂMM rteopmt'of‘s"fdé@&t‘? gegn cells was

ennchta@rbyr @ﬁgmg S\NlthThﬁgﬁél%r MR @Eans Andt g28mp ! the tcalid ﬂﬂo@thQYmagnetlc
| so s in the adult nonkey testes there

COIUmﬁb(IJ: fRshey. |g@}@t§§@|ma{t@wug.]lar§(_‘eﬂ%w§[er IQP%'Ed Mdh Q‘%‘nyl§tepf?@ﬁ'b°d'es for
SSEAUT il ors @igracs-ntddpR+, a@@‘l%y -1 qEKidscignée! Iabcad BSEA*harrmigen,

positive cells show nol ecul ar and phenotypic

reSpe%thﬁb’éct &ncet polinyptedsdae srdnevyere dhejed h"é‘”‘s%@tav'd'” magnetic

microtRlst(WIRnGEBlofech).€ MdyhkBE MY 15850 L8R wéeSdchsotaf fd?rby passing the
sper mat ogoni al. transpl antation. This indicates

cells @W BEEAUTR dn ¢ IPECSPNER O 1 Frageh MQ%‘GH%‘%”VV'QP?JM cells were

removéd Vitdih B SOREmARY rér“nbﬂh? tIFOESI @ G ﬁe%g@’(etr%@{h% cells to be
qui escent stemcells nteresting Id bot h SSEA- 4

washer} i Pethg G{UsR - c ENiP Presess ¥es syceessRi in prricapadhe @Pp@mﬂ of cells
positivétot 8acPdfihd Mmaets GOt BIK meldngmﬁhmt&’@,eaﬁ ISR §Sohted cells. In

Bot h GDNF and PLZF are known to be j or re ul at ors of
additiar, dnapnelie SATiag covidrprevre as@pﬁl'%t'@ﬂé\ﬁdl'gh Ri%0% pyBREY 'abe'ed cells.

This érfBHMBhEProeess il useRNAWBbN; ti@thltHJmubl%gé’érﬂtﬂoQﬂ C?Bmetry By
BCL6b transcription factor, mai nt ai ns SSC se

magS GRS, WeabGe CORIRNHOTReBATaIR TaPrBsisl diegt Pometry the

amouht%f“tﬁ?ﬁ@ ﬂeé’dé&ictofﬁtt At beﬁe%Eéntlyﬂa%@M@eﬂ@wh@Bféé*tlil r@cﬁlcbd and the
/S transition and transit throug

”Umb%f CH rﬁ'él@@%‘?}‘“g L%}?l'eé’s%‘%"% W%Po@%’ﬁusﬁrt%@ Wu‘%’-ﬁ; srgata/\/awrea%ﬂde
[00247]2hlava“ etgr of ‘ IceIrIn t pes. PLF IS IaI s?ﬁggéns\t/\qu%;ﬁ fixel ayernight

in 4%qodaafghnéleyr@beqbFPE%Etrbuewbrbgcdoy @d.@rcdéaq&ar@ferﬁeal |ht0020% &ucrose
receptor alfa R- a

escen oi ¢ aci
(S'gm?)s,ag‘i% WRER 4! ?3&}% \g&hghecrg%qqctlmwg & RisPBied Y |“HHHE%‘GSS and
storedd¥it RAOZE. bBorad R R@ré the@X@r%S?FOI(IEI@&tr&V tidrBsddpy Science), re-
[00244] MATERI ALS AND METHODS 0024 Primate germ
suspepdeq 8 uHanaMt pedrogsurat f aREPYBAL eHe Uit f‘& rliqypts were
transf@ﬂé&gﬁbrdnlﬁm{é’lyﬂﬂe E@ﬁe@‘éfa‘%%hd&h%ﬂd Uk REdAWwRRIAEd on a 37°C
Sorter. For surfacé characterization andsorting,

hot p'@@l“ﬂﬁ' drer Slidasarare gtared At -BATG gnakdigent s specific for

emcell surface markers and spermatogoni al stem cel|
[0024%r k &108 mmumjﬁstgqshe‘wge@g %@eg cbeicgls Uruyeﬁbcular sections and in FACS

sorteoaéﬂnhplég:@/@reF ée-Fﬁ;\eaglﬁiéd' usiifh ‘VPﬁ'ltoﬁ-'Xq 083hH tideked ifr &MAEer a solution

For these marker anasyses s were stained for
contalnlng 2% BSA and 5% Sheep Serum, or alternatlvely in a solution containing 2% BSA,

5% Goat Serum and 0.1% Triton-X100. DAPI (Invitrogen) was used for nuclear

visualization. Following multiple washes in 1X PBS + 2%BSA, cells were preserved using
Permafluor (Beckman Coulter). Distribution of surface markers in tissue sections and sorted
cells was evaluated using an Olympus BX-61 microscope fitted with SlideBook™ imaging

software. For localization of primate testicular cells in mouse or primate tissues, 50 different
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m nutes in conplete nmediumon ice, washed once in cold

staining buffer, resuspended in conplete culture
wore@oemiand kept on ice until cytofl uorimetri cPCT/US2008/072541

anal ysis. [00246] Primate germcell nagnetic sortlng

The popul ation of prinmate germcells was enriched

semmtfgr@gﬁ fdpulas: wereedNbized: ok egpi Aterar dngskerssialg ngHo ur% 3to4

differenf§&84iBRs HeFPERRIZLE; &1, FU?'FAO%" @eﬁlmamdle%%ta’éa%dzm u.ﬁaieﬁt cells were
testicular cells were |abeled with biotinylated

analyzgeip gblgpeidhresdifieseni2ligots-or al pha-6-integrin and Thy-1

Ebi osci ence, Abeam BD Pharrm respectlvel
[00249], . ¢ Bsimaite o R A © RdrRCR anal QRT-PCR analysis:

Total Sde'lI@IﬁF FYNA WagHBBI%fédC ug'h rR'N%@éiﬁ rﬁM |I¥|t93®|a95hpta%@érdmg to the
Magnetical ly | abel ed s were sel ecte

ma”“ﬁ?&%ﬁ‘?rﬁg’ e?%m@@ﬂ?t?”?hrTcﬁl?g‘ﬁo'ateéo?qunthﬁﬂéraﬁ?"ér@@ﬁc,t@ GINA using

the Q@arlRGA KT kif\&gHRh) 6ad byriflcAb@tefe CRALSICNPOR plaTN®Rsh it OFBr each
t he col umm by renoving the colum fromthe nagnet,

RT-PGR &eacHgn A8 0ESICPAIA le A taoRSEeB Y3 Pl FRECH® YRlHE THihHotStar
Taq PIPJ Ofrﬁﬁ\ﬁutw\@r% &H&r%ﬁ?%fsklé tivB p@uﬂ{elr§hhﬂgar59€cm@ﬂél \N%Fé Qﬁ‘lﬁfﬁfed for 30

ositive for eac he nmarkers up to
cycles@rﬁ\r@plﬁ@atl%pr@émtag’érq Iﬁenttf@émwslz%@l at28d ag¥Pre gell rFor QRT-PCR,

|
s A Ly B 3910 G, 0 BARULRL G o
mastep mix EQiggemsandseel samples nyeuig amptiiedyiding 4 BindtaslsiCyder. f Eash sample
was agéfefy@m {riéh(];a?é(aﬁ'aag&ﬁdhgéd lo¥a 8RPPHGNtPE cell isolation

ore perftormng uorescent ftlow cytonetry the

[OOZSWgu'ﬁngﬂte Fg'em? d%ﬁqgls%ef'gf’%esé)gsg%gg%e % eRCEN tdaY tlmef guantitative

he nu
telom¢riq1@p@®tcaémnlifigetloab@tedoldBQPE%Eﬁ)avas:@mpl@y% a§(ﬂdtaet¢ddtsnm Wege et

al (20 S THB8 L ¥ellMRIERS e mlaggg(f'gllce_?ﬁ'lj@ %&EP&%%LAQ& homogenized

nohi stochem cal stainin I ssues we
in 1x @Ivmsdysgﬁhbuffm cq%mgm?l&as—@@@ﬁyt@j@r (IPAtrogeng.catradimal concentration of

1000 %@%@%ﬁ%&ﬁﬁl‘}%@g% I'chet @%{Wbl@?; Q\ftglo 8 ﬁﬁg&o ﬁgubatlon on ice,
the ogilr gpateedveat cBnirfngedi atk4fes & armncé;ﬁugeedt . oom@r@ oS0, The

superrgaq%tswggs{rg sffér)rS toI ergs/ﬂ ﬁfcfé%ﬂ\ﬁ%héé) Ehb'}é‘ é:r{(ff?l(é\%gteln concentrations

resu
eterralppd oy rrmaelljr}ng%bﬁﬂbwel sf 260mrh; us]JﬁgﬂanaNDqlﬁﬁ)Dsswmrephotometer

erred onto ornl n coat e S, .
(Nanogf ) rEfoh el dciBndlo mecsevaae%?%%efﬂ'a? ot dindg o protein
IysatedQ)Agntﬁb(tthEﬁBR\@r@erSPGRaﬁlxﬁﬂ ng 8@50&:' bt Ol5ugl’ﬁai)§/h§h|$1elr iemd nuclease-

) 4 or_ 1 no st oche ca tainjin the ce S
free disg@qq Yé’%ieér E?égﬂ%g LGl t‘?sﬁe RCEPLGsHE él&’ 8 é‘ovxtEF‘é?'ate control
(lysis @@ffdf)?aabpdshtwl@d:tohﬁfblrlﬁs@ defes )T an g(r)}staﬁdzamdBS agﬂgtﬂrgﬁéﬁ@(ﬂfmm aliquots of
olLutl on I Ni an
numagESGysge 154! Sahanei JapGe. 12006 Aot BT N L ieinodUsing the
iCycleBi46 (@%Ré@@tth@@éadﬂbwﬂfeﬁb ma&@tﬁjrted f@iﬁz_kimala_t PARE, for 15 min at 95°C,
wa e or ucj ear Vi sual,l zatl on. o
and afsglliahin 28 AR €7 Ip 4 Uoec 8 FAIAVDR HElS CoMSYREA 0 SF oL 95°C and €0
sec aV\80°€. PTIRS BiryshdIdusyor) vatesdTedt) uere Ga@ﬁkuﬁa@ floRUsdrRiFldg amplification
olots @t&ft ributj o of surface nar @ers i | ssue sec%t |.ons

ipgrgasein fWopescente\aisHssY Ci§d) ity itangar(cji curve.

The gasrtwa@sa@q@alt féetthgdfo}f\ﬂthé'l tﬁbbmﬂtﬁim&@( ﬂﬂ)tlméﬁimle:’l@we%ﬁféf\/\m&estandard
ization o nmate testic r c S in

deV'attﬂ” Cﬁrth ‘f‘?ée?qe%%é%ad”%cp T FoFR WES Ve ‘ﬁ?%f?éﬁ&éﬂ%‘% "FB@Q cycle 1.

TeloméRise aowiteselr didrepaphmeid tastiembr BN knpidsaiwdirdiGead from the

standgrd curveuerlrled/orse;presdéed as a percentage of the values recorded with human ESC

lysate standards.
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di fferent sections were analyzed; and, for FACS cell
sanples at |east 200 different cells were analyzed in
wa@rooveaasi t hree different aliquots. [00249] PrPCEUS2008/072541
germ cell RNA extraction, RT-PCR analysis and QRT-PCR
sis : Total cellular RNA was isolated using
Table I%Né\é%M -~ Anaie MediaCogwesitiat cor di ng to the

manufacturer's recommendations. The isolated RNA was
CompanieAt t r anscri bed t o cDNA [IFipal§onepntratiemt it ect RT kit
DMEM{H13gen) and purified wit/Nfhe Q Aquick PCR
Testosigrongi cation kit. For eadmORUMRCR reaction, 20ng of
Estradi®NA tenpl ate was used iNn M mM&BH _ reaction volume with
Bovinkl®e®imahibireig Pl us and wit h Sidwgénidi ff erent respective
Sodiyar Pymerage. Al | target cDNAY 3sggeanlanpl i fied for 30
Hydrazpaib@e. Anplification progduwshsviwere identjfied by size
D/L Leficacid% agar ose gel . For [QRimPCR, 5ng of CcDNA tenpl ate
Glutay@s used i n a 25m _ reactfitgn volume with |Quantitect
MEMSBhinG een PCR master m X AxQ agen) and the sanpl es
MEMWEAR anplified using a Bijofgad | Cycler. Each sanpl e was

InsuliRT RAYReMiniSRichht PI' T cate and Rormal i zed 10 a GAPDH
Penic rgtlreggom [[J0Z50T Primare [ggrm cel I Telomer ase assay :

Epldell g@ gren reat time ‘m‘ tative tetjoneric repeat

basm‘ﬁﬂr’éblds{ é@%&h‘#&qfﬁ)’r ot oCotl \"\ e s ETE oyed, as

humar‘l‘.aﬁke ia Inhibitory' Fagtor et 10 ng/e) T

Glial Ber 'EﬁgurgﬁpEEC%aqtgr Chama AL ¢ -2 o i
nonogentZet—+ A CiapS—TYySt al ni ng

RNaseQut Inhibitor (Invitrogen), at a final

concentration of 1000 cell s/ and 400units/m of the
RNaseCQut | nhi bitor. Afte#%%@ﬁﬂzn of incubation on ice,

t heiffeehtiationsd PeimateGernaimet3temuCrd taDodéinine Faoddoirrgot eige
at 16,000 rpmfor 10 m n. The supernatant was
[00251) angfter testest cnellaisblatimhand mobbl@nd raefl Uygpis, tpubateanelist Wwere plated in

iow-afeBlof S 8L LEN °RRafte HENEERs 3% ESRA ARbtomysin g TS

Gibcc(])\lahadroopentraTehmféZr aﬂ;lhaorr eallst bemwe'lbl WOels fovered @Findggregates and

remalr!ﬁ%mt%sgﬁ%d % I n| el% el %@eyﬁgulﬁé%t%q?qn%%j (\e/v%ts added

to theaNd mumha‘asafdeeye (ﬂ@.ﬁ'e l4seql thteemedaawhs skerpea@8 to N2 media

OMEREES ol li? stEtBude P Sinn Ero BB BLR By SRR EH,r 1ugmi

humas tfibruh@tith ) dor § elags ¢piaued48ConThe icgluabgreghtel uwme tlESCpIated in N1

medialw}/i@ée t%%tgf%on frﬁngggtv@ ?ﬁg%pé&glﬂ% a?%?n ug&td |torpmgn Ctreated

feedefl@?&rtdfm Mr%l bélF‘sLtbﬁtbs@f sgwasaféov@rrgngfco&%@,w.tmf1%@emnﬁ Each
lified In cl es under th

well C?@P'P%@\FH@VOE‘V@n‘gy BRI Pehragregpieandiney sxMaipgd Bighis gendition for

16 da% (FIQRE 48D entilk e rlealadnvsy sbiRciéal foesig ﬁgﬁéssmfl@wd chromatography
deternjned from seni -1 og ggllflcatlon glots

(HPLG Jaygisdos Wefqr‘a%ﬁné%eé%@w d0is cekpovered %@’)‘mﬁwgocyto‘:hem'ca'

(ICC) aRAPas, efhdWellhwekeaddafichdGor RRA ahBgsisof t war e def aul t
setting for the threshold was 10 tines the nean of the

[00252] anohited 16te¢vayat ||n0éut|mfleobhethlél RIE %Eébréﬂg@yerr eadli laggrééatgﬁ(ﬂéd long
over 1 TS Cycl es, excl udin cce.
OUtQFOM%%MP%%Séech@{/ Madesa f”8¥ Wi fof SPRRRCIBPS %’Hloé‘gt(&et pratheyr (Figure

48D). CikdiaSohBRgeLScoleed evedd o ®anydIeDopamine was not detected using HPLC

which may be due to the sensitivity of the assay, too few dopamine producing cells in

A

culture, or lack of dopamine. Representative images of ICC analysis are shown in Figure 49

for dopamine receptor 1 (DR1), Figure 50 for the dopamine receptor 2 (DR2), Figure 51 for

50



standard curve and/or expressed as a percentage of the
val ues recorded with human ESC | ysate standards. Tabl e
WQ200M@24H1X1 Pri mat e Medi a Conposition Exanpl e 7 PCT/US2008/072541
Differenti ation of Primate Germline StemCells to
m ne Producing Cells [00251] After testes cell
tyroswpesr@{dg@xymeé}ﬁa) TR PR &Y V@é'ICP'aT W@P%am'ﬁﬁltrﬁﬁﬁ@r@éKYMA%rF igure 53
for do?b@e@&bbgyléww&be%h@mgfnwslfopha;saﬁﬁnérﬂrahls rt@?qu) ]Flgure 54

eni cil Li treptonyci ntlx | TS X

deplctatneaa%n@%\tfplsgpr BR10PRE. At MMEH - @8R Ppe Figuse 1O O@qut%%egat've

contrcfspfdmﬁA'Fe'Fh qR8814686RS rephéheh E BRI with 4 BES AIBE ﬂquOJecondary
days (Figure 48A). At this tine 10 mMMretinoic, acid

antlbq%greéjd g‘r@ﬁplrtgé t Hgungs 149@6@6% reryesent dw@n( WWGWQ@BD which stains
pnmaf@hﬂué’[@idb§ Mnt eredhangng 4 udd Asd ﬂuer%:éU:dé%*'éPﬂlbody Co-

enicillin/ streptonycin+tlx N2-supplenment (G b
'OCa“Zf@%PHheWaﬂ‘el%b’FW‘UW@H@HC'?P'bH’FQF%blSlSHPWP(W FQUEP&fsgC -56C. The

cells \(vgl*egblﬂ Podiite forTb@1C®R2 angr VE’/WTesanWeD§Ct heyntphak edimiyn positive.
medi a + 200 mM ascorbic acid into 4-well plates

Negat&’@rﬂoatrﬂﬁ gneistb relIsuizined anly ¥l speRdary @’&'lb@ﬂy -f eeder
| ayer of PA6 stromal cells on top of a glass cover
slip coated with 0.1% geEX@MRie 8Each wel I cont ai ned

appr oxi mat ety ekSankonCd IpkinA€04SaRhE StefSbIEhEY
remained in this condition for 16 days (Figure 48D)

[oozsyﬂt | IGdrmendBRhACMR S fteP IsoREibe det® Eraﬁ‘éf@r"r’ed’fcﬁMEFf&atbé aHd dultured
r omat ogrra%éx%&?HPLC naI SI s for th resence of

in diffgigph ReTHET T il ﬁeeéefléﬂ‘ i dMSEM)c Rt Serum

Free Mb&in @REHNSOSMERMIR® aRidiS 'I‘h@ﬁﬁo@ﬂ@lbgf:ialc&ﬁn@% oRfH% ceIIs and the
anal SIS [00252] After 16 ¥s in culture on the

numberaQy, c&)é:,o onies| perdwr\/é@sag% qgag,urln@r@ltaqﬁ M\ﬁf fhe medlum was
chang(eﬂfeﬁié@?o‘ir@éi)dagxhat made a network of connections anong
one anot her (Figure 48D). Media change occurred every

[00252] t O T@ndRYS aft&loRRTd) HateSories wél@teﬁfbbél%dllﬁlam %ddi%l—@lgures 42 and
0 the sensitivit

43). GO o IENEX S e BerIneie OB Pty et G dlangpPpnie gfitre media.

The ndﬂbéﬂbﬁ@lon‘?@oﬁ)ﬁﬁ@m @éri ¥Stddmparation waSlovadrahys k6rté €ells. Among

o o el B S S e S e O ey rmation

Deplefiorf 6F $SEARGIfiten hipd soryreadiRed(td Mery fEW@uroaue@Zhdier depletlon of triple

sort G aS s ST AAeE aupsoy oM B oyt ol P UVaTBr B SHEA-4 and

triple édrﬁi@ﬁrﬁ@d] h@heét%ﬁ)ber bf eslofleSth clficCarsl dxlg alepléedCfedihh ISPERA-4 and
5)R1 4 | VMAT and DDC. Figure 56 depicts
triple ?%Efﬁ teOEBﬁPY 6P'8"¥or DAT. Figures 49A- 56A r epr esent

staining with a 568 Al exa fI u r_secondary antib

[0025?} ed TQF&OMn@)Werpltlbqﬂ slaingd frsEy-A- éﬁFl@g% OnBrEr (Iygure 45) and

’o

o6-intB4Hi] ear protein which stains primte nuclei as shown
in green using a 488 Al exa fluor secondary antibody.

Col ocal i zati on of these g@gﬁgég w t h human nucl ear
ures -56C IThe cel IsS wer

proteln is shown in Fig
aI Isofatiens Pyrificatign qmch Champgter oh L
imy positive. Negative controls consi st of cells
[0025§1 ai serP4arigs tiens d0di9daRsIgRAIC BEdyrostRaighlpeps aged 2-5 days,

were dissected under a micro dissection microscope and used for cell isolation. Ovaries

were first collected in a culture dish containing cold D-PBS supplemented with 4mM EDTA.
Using a 5ml pipette, ovaries were then transferred with to a 50ml conical tube. After
centrifugation and washing, the D-PBS wash solution was removed and the ovaries were

resuspended in collagenase (1 mg/ml) and DNase-l (20 unit/ml); and, placed in a 37°C water
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Cul ture expansion of primate germine stemcells
[00253] Germine stemcells after isolation were
W e@nstasred to MEF plates and cultured in di fPEF/E82008/072541
serum free nedia i ncludi ng Mouse Serum Free Medi um
é FM., Rat Serum Free Medi um (RSFM or NMEM X(r)
bath. 40 ”‘I‘Hethﬁ&'%ﬁB'l‘%@Y%@P t'éﬁ‘éﬁ?g\’é%red’l*‘yﬁ'ﬁ@ycdéffm@teﬁﬁd PiRgde and at

the erlIUsTISS irelibARKNBE ﬂ{nh) 53@J| emeea‘?r bBAhe WBlum (’F%)%érﬁo%l@d to neutralize
during cul ture. of the medi um was changed every

the ergymes- res["@ﬁﬁ‘iﬁﬂ'] Sﬁ%’ﬁ”ﬂﬁ@/&%f@é@%@ﬁ%ﬁ@ 4 Hrﬁﬁtra'”er to remove

tlssue%bﬁé‘ bﬁ@tﬁéﬁé&at@@%@% \ﬁgre' dollgdtbd BRdbmrifubh o 100263 0min. The
Col onies in MEM X nai ntai ned their norphol og

super%@@tegnqyﬁ%F% HOfutioRovas, remieednaed sellstiere asispepded in culture

mediufPhNkest oh @enehtil lsddon sorted popul ation was | ower than
sorted cells. Anong the cell surface markers tested

[oozsﬂSEAd/aaaﬁi mnin@ stemt 68lisCRbles stigstattiany duﬂf.@@Ibgnaouectmg GFP-
formati on. | etion of SSEA-4 fromtriple sor

positivee cefist R Ff@&/mt'fb’@\ﬂ/ @SP%H‘UQEGSC%\A!@@@F'%@Q@ﬁ %%)0193“”9 three

channlels! ok - }ﬁQV(RZngrﬁnSS{Eﬁ'fF slird 280, shprER SMMNR3 for c-Kit intensity
formation ability. Cells p03|t|ve for both SSEA-4 and

(Figure22f)-e sort forned hi ghest nunber of colonies in
culture and cells depleted from SSEA-4 and triple sor

[0025§1] d Mg 5AMSaRDal¥Rso R P- ?@O@S@F't'ﬁéea%l‘%‘ﬂ?egetﬁgﬁg ' heonatal
(Flgurb @Qﬂ\) %hé\laﬂ@ﬂi (Fflgurem n410é fridiatieg 440 pre%r%eaof(dﬁnﬂuﬁé?st%ﬁ*) cells in

6-integrin Exanple | sol ati on, Purification

and
pos"”%’fﬁ%\?‘é?&’ erTh?al?‘?rB‘?Pt%ge Pfeﬁﬁmé“”@e?tﬁml GrdS & iR ERUPS ovaly2Ygificantly

d|m|n|M7ébS@/|tﬁ\éfy'el ewrﬂéomzéb@ éﬁPtﬂo%ﬂﬁgﬁj%ll@ v@@ fOaRS rrnﬂieabvanes of the
age were di ssected under a m¢

”eO”%GP'é’%'%%tQ”Ji’nO H?(’é’r‘%%)éd’ﬁ%se@ﬁlﬂ‘ e aguik 8Yar<¥el'°tmc?r§iotf“étqc6ﬁ positive cells,

60% W¥RI hESative IR dxbfesbed MV @l df icIKiB.akdl 1409 ehéliésd hi Rh level of c-Kit
cont ai ni n%zcol d D PBS sup gl enented with 4nM EDT

expregiehy 1gHrs A2Cp ipdicREng he A PRICR dVe ReRUIBTSFBPR%Rgermline stem

cells. thl’ﬁuﬁtﬂwlﬁgﬁmlg)(fééggaﬁ@lshﬁeu&lﬁe? Ah3teGFPETY Y f)(bégﬁkl &dlisadte present
ng, e S SO | novea a

throughpit e RERS oPURIURRIES RIKZPEhG B AR (el ShO)oq et GFP

positiieNesHe doldt8® frdhi .ﬁédﬁa)al nﬂﬂﬂe oQb@C@d)rés@,ea b%?rcpmamémaharker Oct-4

Stln rian tiss

and a5y S agayAT A Beda s copt e Besmasencsthaouriaesier kel i tis

populétlﬂfhuh/ﬂﬂé e GBP r¥ghlivedcdrks sfhf)wfe@tomy th@\éxﬁﬁesgeh WigeMmBBIl markers
V\%S added to neutralize the enzynes e resultant
(Figur, suspensi on was passed through a 40mm strainer to

e ti e debri s and i sol Ils wer
1002541 T {8 ccoh ey toa ReRacTAige. Pt RGBT, drops ot varian cells
show@ﬂp@rlynlawafelonﬁﬁrésldf%cﬁﬂ§ SBbwtiem RlVaISCRezﬁmrﬁﬁs aoffireel | that GFP-

posﬂw&rﬁq‘ﬁ? aﬁ%éso% §yitur&/lﬁ§et%8 gqgﬁ%?ésl%%q gHFec%lﬁt SéF\?épgsmve cells

expre§seh3©am (m@um Fnarfd 8dwhiye GGPLlﬁgbtlwcéﬂﬁFim@Siot I(FF/iQur@eM,Sane 6).

identifyin reen ent t ens ,
GFP- F(qéf“dﬁ CEIS opgressg &t?gt'%‘ieéseo c‘#fgéfgé?@“ oé‘P dang %) %@,GFFE’s”ega“Ve
cells. BFP-REgatilEicaM expZedBpd hgher ehels o eKitithgh GBPipokitite Kalks.
intensity

[00260] The marker c-Kit has been associated with male germline stem cells in certain
prior scientific reports. Among the Oct-4 positive cells, 60% were negative or expressed low
level of c-Kit and 40% showed high level of ¢-Kit expression. GFP-positive cells isolated
from neonatal mouse ovary expressed both pluripotent marker Oct-4 and germ cell markers
VASA and c-Kit . The combined results confirm the presence of germline stem cells in the

GFP-positive cell population isolated from the ovaries of OG2 mice.
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(Figure 22C). [00258] Using FACS anal ysis, GFP-Cct-4
positive cells were detected in neonatal (Figure 22A)
Wapwomeubt (Figure 22B) mice indicating the prREGENE®OYH72541
germ | ne stemcells in postnatal ovary. The percentage
mine stemcells in the nouse ovary
[0026&] gn|QFPC-aQﬂII]I\§¢ Al wltg@dowfgw%dgyerwgﬂr@oq@_ezem)g)@cpic fibroblasts

(MEF)OI%ﬁhéd M%n@@nh?la’t"@dl@mé@b‘&qe 'of‘whf&ﬁ HaY&¥daR§ definddoundaries (Figure
nm ce, onl present in the adul

25A- 2§Qagq¢ 25,&,},0% ofhess @}gjtnqt (Iaggretgﬁ}:é &gpr%sen@@% Rkthe cleatr-border and

non- cI@QQEHdrd{# %Iorﬂé@ﬁﬁ@r@eglck@d’v FRE B)card 'Pa@%eﬁo% MEFs using
showed_hi gh | evel of Kit expression ure 220,

collagersec AFIBUE 2AR)-pr Adendssros mﬁe'ﬁﬁoﬁﬁe&‘?@'%ént&wﬁﬁ&”d've colonies

recog@I241é b)& rﬁr@vﬁle&én%d Qﬂ@%ﬁlﬂb'&%ﬁ%h@%&ﬁhel@%'r%ﬁh&ed by flat tightly
reveal ed t -4 positive cells are present

packef ol P 2 (1962 BRI SeARe RIS AY G Du B ISRy Zpegarance was
continfd B&%n@ Lysdess gigmedsygk) G-P positive cells

I sol at ed from neonat al nouse ovary expressed both

[0026231 ur |P@0é>§)@bteﬂaﬁéﬂ6ﬁle%\‘ GFRapekitRr fVasigh |ceﬂ@%féﬁfe‘d PéR¥ke for Oct-4
Kit confirmng the presence of germine stem

(F'gurée?qps 268) b §°’B8%ruﬁ0§t Wit cellhiin dhe Regede crayAt '%'”@eﬁhpssecond

antlboﬁlg r@QB(Z) t r@.l ZSﬂﬁ/@S(ﬁ'tﬁé]lr oder@ifr B3 GRIhliMBELR! $he cells in these
ure 24 In contrast to expectatio

COIO”'?? é%ﬁl%ﬁm H’%ﬂtéf& f%rCm‘Jrﬂpo(tﬁnt HBPAPHP FrkiNanog éfqggre 26D, 26E) by
compéﬂ@\ﬁﬁﬁlth\/ﬂéyatlv@%dnﬁb@n(ﬁg@%e 28F 1.1 Vih AditiBRWMRE8ss celfl aReRexpressed

anal ysi s confirned that GFP 03|t|ve ceIIs at the onset
germlige §Q|‘F°('fl§3r é‘narkqarkélﬁgc (F&g(ﬁ OBt} ze gsgﬁrg nglb marker alkaline

phospGEBsnggwevgalcz%M)s TP ESEBIRED Beduitd doﬁfnwtrﬂe Bblatib@Ni@eMification,
P-negative cells did not (Figure 24, |ane 6).

Chara@ﬁ'ﬁiaé'eg |af‘i1| PaSAge| tigsps calwe of e BeW”é\P@Iséer@Pe'{?ASA
é: ure | ane 5) than GFP-negative cells
[0026¢)p. rTé‘@ veo%\fq lniest lolerigd mngwa%t'q ‘89%‘-]“9” oping.ogflggenase and

generm@ame@%m 'HloW@vé‘re{He§ did A&t2601atd frgpdimzdth o lthd nasity of the
en assom%t ed with nale rger m | stemcells

colonlg%r@g?rﬁnkﬁtg afles; gmqlrfltaeqt E@rt@FsAﬁ?ﬁf’d'v?h%eI&tSh%’ved only the

expremsn bf \g@rnﬁ: ekll snarﬁ&%’o ARY BotnGgt ¢enemafkee§< Mf@f‘ﬁ %@deﬂaDWassages (for
or C-

eve 40% showed hi vel
examiéﬁ p?9é§§9%ﬁ5) t %‘%ﬁa{‘ﬁ élo}%d EQPiEs 1 ‘%%'P%{? m'rfwﬁh?ie@hgybmost cells
no |od§@ﬂ§ﬁpr@yﬁweewpg e6hdoadn- ﬂégmrdn@@toeme OBk @ForkStbr 4nd possible
ers VA The conbi n

d'ﬁerernééttﬂ%f nLVo%qu‘f t '?Hré eﬁ‘f'b%‘g%ye ”Eﬁ'”'b g" o Fells '%tﬂlﬁﬁ‘?ﬂé‘?rlcg theycolony,

showddh&FRFRpR@siohi Wethahd, tRORUGEPLIRILIVES Gk gsbdaféiMdt fafm very large,
ovaries of O mce.[00261] G-P-positive cells S
up to 40uMyrd@ &alls g@gé/yerpa@gpgntom OIS e%ﬁ\gylpgﬂp%rphologlc similarity to
ovarlafn'fBFilélgé ﬁ%&e(iﬁﬂﬂﬁ?r E@Qntﬁ&?‘“%@@\%l fdraip &é?tﬁ\férﬁeﬂ§ s&p48ted from
ad clearly defined boundari es é:

the CCQ‘PIA( zsctahﬂ@g Z’BEPG a@@@ar@pp@pg pﬂi"é%@‘t’cyéeﬁ ugtge;ﬁjp)) Overall, the

result&tﬁ’%ﬁﬁﬁﬂé ablioretnaf |SBIB%d°Ar%3§ub§%hﬁlﬁfy ifle MBVarEh &R mline stem cells
er colonies were picked (Figure 25B) and passaged
differeptatgrang Maliiegn 60 dyBaaSe Iq MIPaYOoOYRS-. After passage,
cells assenbled into distinctive col onies recogni zabl e

[0026% TPP@'%‘?SGGQ%\P”%é’f‘ﬁrﬁ‘étp“ﬁt‘?é@f)m‘?ﬁe r9e pegvte-tksueRIs vere §°”f'rmed

by su@éﬂérﬁ@“;f‘%@%hh% ahd @Urlfyln@hﬁérﬁ iR KR URBles of 'F'ﬁ_?(lré‘g? &sTBlldwvs: using
epith Figure 25G 251). This co
standqugéggngémg,ageads a gate was generated (R1) showmg all the events 15
micrometer (u) and smaller; MEF cells were homogenous population all accumulated in R1
(Figure 28A); significant numbers of large cells (>15u) in the germ cell cultures of Figure 206

grown on MEF (Figure 208B). Some of these cells were about 60-70 micrometer in diameter.
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conti nued beyond passage 4 (Figure 25J-25K). [00262]
As expected, colonies of G-FP-positive ovarian cells
wae@pnzdspositive for Oct-4 (Figure 26A, 26B) PYT/US2008/072541
conparlson with cells |n t he negative control |acking
second anti bod ure 26C). Supportive of their
[oozsﬁhenM"l‘KE%Q gy $s, the cells in these

col oni es al so stalned p05|t|ve for uri pot ent
[00266} 5 SCultuesr ofogvarian: garmipe, § pr6903|§\@E);ell§ywere cultured on

mous@@ﬁ%ﬁ}fohﬁzcﬂbrdhilégﬁ (MEBT‘fe'eM@r |ﬁ¢’IUI ﬁ%&juﬁrﬁ'lrgé%%(?e@ﬁhtlod & 5000-10000
dition, these cells also expressed, (gnerm i ne specific

por Wl okér S-WRL/ORIR; GUREES MIETH NGl o e Rl g medium was
chang@H @ekW@th@h@ﬁPhE\V@?%é Rl BIKE el Wedd ehnsféRed CRAH ﬁh@é’nanlcally or

|ts confirmthe isolation, identification,
enzyn@ﬁlgalg{c(p@l}qgfggqea,tp %ﬁlwﬁ\é%sa'@? in tissue culture of

femal e erm i ne stem ceI |s. [00263] The GFP-posit
ha 3 Qe e lisn Flf%?%@ oIated GFP -positive

cells Wérel rge W&Sﬁloﬂ@a@eé@aﬁta@la Jeaw %F&@lbﬂ%roﬂmgeww ovahﬁlfi‘}‘nstology
did not tolerate trypsinization and the majority of

ovariephgergoiiedi Bs4 @i %réioéﬂﬁ'pﬁi‘@@ EAQrint TN SYICFPSE r @/gF 'H%*H-t at 4°C and

mount@ﬁ I:’n '&%Q)@Ht Yr%eﬁﬁé InsedR e VEGE RiRr¥n ts@@tlo‘?né Ridré ?Jréﬁ'ér&f aQ@Td@allzatlon
|| rmarkers and not stemcell markers. After several

of thepgggdgj@glvgf(@}ls avasnettermiped saipe fiuvyescaelsmicroscopy. Localization of

germliﬂbfsft@rﬁ ecréilé # % G\Qelr?r\}\ia%scd'nﬂrﬁéd“% dd?-@f' SndORBROIABYe 1dBeling. For
ells no qer expr essed estin

nost ’ g
ImmuW_ch@r@lg;Frm(hC&-) gltufageovagian ﬂeﬁm'&iﬁ%ﬁ@lm ﬁ%@ %@ng & 2% PFA for
30 mididtfr ?&ﬁnﬁehﬂefa%r}e RNedinf PRSCHId Redt Tt &2EN f(?lcﬂé‘ﬁéc erize cultured

mainly large cells in the center of the co ony, S wed
ovarlam%r@ydme@@mm"s WA&AtOﬁM Naregeararakplnsi pHogehatase gtalmng was
perforﬁ"%e‘;ﬂ%\/gq)rbﬂt AR B ek e fultiriRigdmm oval cells

re“resident’ i n structures having norphol ogic

[0026§E1 m |R'¥ ‘2#;?& 5@ QYF@f PR Bﬁélkélg’l £Stal EéIQH eRI‘%Z\A\Na@?@Iat?d using an

tive cells separ at ed
RNea{S}héﬂ'fd dﬂltd@;egem éCCOF‘ﬂ'aﬂl |t<h@%maﬂmféctamméae@nm@ematlpm mahg Isolated

RNA RASHRES vaREGWEE t4 7@NA %%ga%'auafnht%c kit.S ﬁ&%&%éd LBRA was

notion that i1solate stantla puri f

purifiegvising RIyesiel PR& peréiente ki diorrfe@pérF@ 868 eaegtiomtddng of cDNA
templét@ \Y/bé rl%’edgfnvbn%dl $&adtiBn IC’\leu ?ywﬁg ?tsar {a%o%’ﬁfg (C-Sggen) and

esence and characteristics o
appronmniguoemersk eAt ¢argstswesre anapiified ifmfd30oqy0i;i$bséxrapliflcatl¢ryproducts were

identidg?jgéﬁig Qrid/ B{;’%tjogél b&gg?:ﬂgﬁg{%@%aéng; (ﬁ%@g} u{eﬁﬁ)lé%g was used in a
25ul readisn \mllgae eNmbaQL@anmcatS@rdr (Gréken I%ﬁi@vwnagealrmlxtdmi the reaction
mixtu R RO EB LS BB A G B afL o HeR A ¢Reyed & rimicate
and n@8R)izedsiognGAPO&INdontrolber s of | arge cells (>15m) in the

germcell cultures of Figure 206 grown on MEF (Figure
208B). Sone of these celBxamplEr 8 about 60-70 mi croneter

i r] r%t‘rﬁngt r r[ ogc% rﬂati'vm-ERI AL’[% ﬁ mH(%DS égo‘%%@ @cells
[OOZG?f/E n tegtlég tcgﬁﬁ\(}?eloogs %‘%H&ﬁare[{@;s}/e%%o%f 5a n(?? \Nﬂﬁﬁwon obstructive

concent’r
azospEtmG-oI(D@@@arperf tewtdd tisstie odecie hftgyl aitteect@oly N\Lasejsadéor this study.

All thmsrﬁ%gihggg bfél(gn %Zr?%@@q\ntﬂ%é m% n{(et?je ?ﬁtuépt%%aﬁ&qggﬁgsues have
every other "day. Every t

been tragsiefred ine 8B8tartibiotioe cvhwai tc:aIW|§h|ror24 h of collection. The procedure of

processing human testicular tissue is similar to primate as stated in Example 6.

2
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enzymatically (coll agenase) to a new MEF pl ate.
[ 00267] Characterization of ovarian germline stem
W@ 000®2115Fr eshly i sol ated G-P-positive cells wWeeCBHUSNE%072541
for telonerase assay and gene expression profiling.
For ovari an_ hi stoI(F)aF[y ovaries were fixed in 4%

[0027Q afBsforaIcakispiaEon Up §armplestRs igh@n b &r i sk twarsmedt pieces of

testesite BXSALSRNA af K YA é;trd‘ch@resz FBL bémolalafrﬁaﬁa &dt&mination of
sections were prepared and | ocalization of

viabiligandiedlinumper gamplss wgse ieerai REA ans %@qunaaﬁ'@sw@ﬁpds for ICC,

RNA dHCHRA RPN ctioh aRd él%ﬁéﬁt@@h@ﬁnrﬂ@té@s'sﬁ&e&n@a‘?ﬁilé 8. |Inrzadtjm@n cells
ovary was confirne t-4 and VASA doubl e | abelin

were me'qdmfvﬂhowtw@@m @@&9%( Praziousy g ¥eapgd oipk searation o ot primate

germliﬂ@rs'f@nh icBls whendeR! Bysmﬂﬁrﬁ@ucfdeﬂ%@rtlng AP Ayt ohe P AHtlBodles and
om t enperature, washed and kept at 4C. To

metho@'ﬁ é’rsﬁétf%rr ﬂ% clameliy éd sv'ar F%H‘a@ Eped quriiépé'ia@ﬁ'? Q&primate germline

stem OSAs sfatdd th.ExiaipRgs.and al kal i ne phosphat ase stai ni ng
was performed using bright field I CC, as descri bed

[0027ﬂr}th e Hsumion[ 08681 oBils Rk alrd &IREn&FH %afé@bhh@l With magnetic
0

tal cellular RNA was isol ated usin

mlcrol;@qu(qua@aéq)ngate@&eg@ H’ﬁo'ﬂ%‘ ?HBaQP&HEﬁ:QE‘(TUW efreshly |solated testicular

cells \K/@}’éqaﬂ&'@?éﬂj%th DitstinyARA ArftiBbaibe forFRYEANRS I QpHALEMErinkfd Thy-1
usi n Quantitect RT kit. Transcri bed

(Eb'oﬁﬁ%‘cﬁuﬁp??r@dgﬁ)s PRgroigsguireseepbrRpur Prre é%"?th‘M'aFﬁdt thggells were

Iabell&ﬁ\ﬁfﬁl E{Fed?%lheﬁéﬁdeﬂ@m@rgﬁéhd%f(hﬂ% B! aM%l \ﬁ@ﬁcaﬂﬁ%eled cells
25m_ reaction volume with Hot Star

in

were %‘ﬂ?‘ﬁ%‘éfﬂr byrRPsaipg e Fe!ist Brayeh ferdummyn th@a‘?" @ﬁr@e\ﬁé@é“agnet (both

MiltengiMBibletj.ed for 30 cycles. Anplification products were
identified by size on a 2% agarose gel. For QRT-PCR,

[00272N0 MlaghEiNaIly aBpéIad Q;eM\@SNelﬂéergmbﬂe(ﬁ fidfiTkhe @81GHin0By removmg the
vol une with Quantitect G een PCR master m x .and

colump front fé‘&d"t‘?%}‘?t Aegtngrte é%”%@ rb8 aRpPT O QB INEGAME™H BB RERPESS Was

succebéﬁlIQh%hrlcrﬁﬁ’gﬂ]e&wmlaﬂoﬁ\@ﬁc@%%}élﬁde fda eta&rh @f Ih@&ﬁ@rké‘r@dlp to 22X the
normal i zed to %Iy control
C

Exa
origingl R&ReqrEdaealn; | 'ﬁ%'?%?é’t &ls-zdp |3<9H't'8'?1 dmﬁa?‘?tﬁ AN FEYd provide a

populétwma@s BRjhNad i00% plem Rekled {N926Bis Fétmamnémsmaess was used in
as testicul ar bi O%?I es from g(?tl ents wt

ed
CO”J“%'H”%éthBEetSF% Ry rEneia Bf MAERRTLALY ”'@%E‘Fé?”t’?%'&@ before

perforﬁﬁHd m‘dr@&eaf 6w cﬁfoﬁ’fﬁt@cth@fﬁr‘ndﬁQS ofl§@e rfeRbtled b %oﬁtddﬂﬂuorescently
he tissues with the

'abe'eé&ﬁE%W?S Sfeaf'hée%‘é?(yéﬂé)g‘enw%t ‘FP&@%%E%I?W@Q@FE ?‘rab%o“'d be

sorted dut RBS-gpeHtlymdédsed. in wet ice within 24 h of
coll ection. The procedure of processing human

[00273]est | Sottadr célisswuR thensSided ®F RPPRER BRd ONS amhBbied Algd in some

Samp'&%rr&p h md%‘lrgg%g‘g]%g%f ?gé gg‘lrflﬂ‘alf‘?sﬁglnaira%anﬁﬁa@&téiorbf assay  using

mmuﬁcﬁﬁﬁﬁ;ﬁan‘l\ﬁf@ hakeipidrs. TAYAnigos oDberatdganial S8 cell transplantation
cell isolatio a(g.d et e m at' n of
is S'm\ﬁré% elrp usg@doc&ma alilags) el Qﬁé ken for RNA

Met hods
[0027%& r %UBH'%'S préerglpﬂl] ?t%l'P'ngd)nt %Zeﬁrsieﬁ'ﬁ(f@ g’gpgrpgt Qg path testicular
blopS|E$(auﬁ@|r6mﬁant| tasteddistieOravealel! thatwder hebebeyd aphtiis w@grin positive

rker revi vel f r
cells %ﬁﬁﬁgggerggnt rr?er%br%ng of ?u%%llaxé c%essese% |grgs A?so §§I‘-_)/§\l 4apt)os(|)t|veocells and
GFR-alfa-1 positive cells were found at the basement membrane of the seminiferous

tubules.
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germine stemcells were used by magnetic cell sorting
and flow cytonetry. Antibodi es and net hods used for
Wo b@wozysbnetry is simlar to that used for sePer/H510081072541
of primate gernline stemcells as stated in Exanple 6.
00271] The opul ation of germcells was also enric
[0027 gl/ t gy’ W 1 Figtarmhetth 85 ﬁ%ér(glgé@j?@rﬂﬂ‘dp%@l(ﬁ@uf%@m) and the

two nfé%éos(FtlgFU @Lwl@)a w%m%dqmru@m éﬂsrea's t#.yurbss@/s@taeﬂ Vasa (Figure
ar cells were | abheled with bioti ed

58B) 2t thedwpeeeroed (Sgpmad&sr)- 11T &I%'&Q%fqu’(f@d’r (Fﬂgtﬁﬁ@%wnq Nanog

(Flguré'?é@'B‘?%ﬁU RE Bvo M %F%Br@'?)@bﬁ ”'Hglﬁﬂm tfl-?ﬁﬁ’%‘tﬁlhé/cﬂd‘)SSEA4 (Figure
bi oti nyl at e the cells were el |

60A) %fidr é'ﬁf‘%\ﬁu (Ei%r%ﬁ%)e?”%thﬁ MooERERRIRE( (\ﬁ'gltr@ r@?p) BuNﬂQ@E\)e controls for

(Flguré@g'ﬁ%b) &HstsY of ﬁhﬁé@@sﬁ@ééoﬁo%étﬁm@@'oﬂ@tvﬂﬁ deRbndty antlbody Figure
61A-C5 ing the cells through a colum in the presence

rmtm%t Tihot RSKAf tp@ﬁwe Basnell beqdhertes cq{yagﬁeé@ |tr@a§|q>l9nted into

busulﬁaﬁkﬂ%b%@ r68pikht rWSua% iR \\Rd ShepPond H@nﬁ%&@%e@ﬁoﬁe@'ﬂ?\wéﬁﬂned for
he colum fromt %@A) freeing the cells to

be
the fo\mémwasﬁers o$S%'ﬁ‘é (Fd%ll‘rﬁ Frd Surppp Budeanpeie (Eiwea 2f) and the

two mbrge@r(ﬁggra m:)t BI%h@-@RF"Zg@Fé U1 dIRinah MRl biteih Ptig@RFAB) and
mar kers u h

the original percenta
the t""lor'@@'fﬂ%ﬁ (F%rea%%f&éﬁﬁé (Righra $afY |36ﬁ a'%’t’g@]éﬁ'glﬁe%ﬁﬁ)ﬁ@ﬂ the two
mergéaogl c_ﬁmp%g@ %g}bt@@@%t@dlé Qﬂ (BRukt 6 A @@b@ré&'ﬁ&'akﬁd 65) consist of

d ce Thi s enri chnent process was used
huma%oPHIraa&ra@ﬁ'e\wﬁqdhc@lsm Buentiestisofelipnd miaingd oply with- secondary

antibodRAFRJut€ BBRYC S aRd '(Flgurteh%ﬁ-@ﬂrebﬁé&tl%lyonAI‘P%fé?rﬁse contain a general

perform ng fluorescent flow cytonetry the anount of
nuclegridyg- needed to sort out fluorescently |abeled cells
reduced and the nunber of fluorescently

reat |
monﬂabe% ¥‘P’§et%aﬁ”35’§l§l &O'ﬂxfg”?grfr@’BUB‘ER'Stﬁﬁ?”QF%aPP?Na“O” and
posﬂn)e[l}%rg@ﬂafﬁ@ﬂs foﬂ'Dl\&Egﬁ infeQfFif %r@ﬁiuhé iNB4rEpled @&Ie@ﬁa@d’rcfnﬁ)human testes.

anal YSI S. Al so in some sanp ce

In addjiopTalipg] RApUIRIOR 6T S RAEBORRIAMeFS Bha PRI GHoR gL By and

alfa- GHSIe@Qn Imweedﬁéff tHete Bke M6 ABPbRAAIINEBE Fhy- Teﬁéﬁli\@u@ells within
spermatogoni al stemcel| transplantation js sim

huma'ﬁ 8955% Thalive! SiRdiym PRAINMCHY Iovat)ed Ty 1 Blaing1dst e@”%ﬂﬂfd'um and

3) a Thy-1[HXHaH integin ﬂegétwbomb%feraé infg@h r;bb@.ﬂv@aenfsrv@z@ 'Thy-1 negative.
sections pre ared fromboth testicular_bio

There Wi 130 ¢183% RPUtor B8 S35As4 (& Tehaend HehrRsa ? é1 ﬁéﬁfe”s found in
humaﬂ't@ﬂé\s @Aégﬁﬁe‘ﬁlrsJoﬂlngoéigrﬁlfldéfhtlfi%lnhén@d thaepebé@ﬂ%gbf SSEA4 positive

ne of tubular cross sections. Also S

cells taéé%twéamq S Tolthiporgare Ariis N3i ti ve cell's were

f
100277 U607 BT TRIRAPR T LA Al G o SQERIES Losted SSEA4
positl\(eF(tdBQ raﬁd g#) a@_ﬁoéﬁﬂ%&eﬂlglelptégi ﬁ@%ﬁ%li bies(ﬂgmat@gérﬂﬁldstem cell
W a I
mark ?1 P%Eﬂ]r SBY %aﬂ'g'gT & %%?LET@W? Q%Q%S@SA and
DAZL THHioméraskbaichat ik w.ééﬂ&é\o{ Erbéiwaﬁ)g%ﬂléb stamdcdhian @ge(n%t@gwrﬁal stem
and t he C Human
cell tr@}sg?alq@ﬁmf} seved Qatﬁ;@é@ r4eoc§ |)g§ cglﬁ% %@mtegte@gf@qﬁlréent mice and

repopBAR) indndtifd B at WeseE esrli dire tur(cibittl BerBtd gonle 8@hi dels.
controls for

[00278] Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as molecular weight, reaction conditions, and so forth used in the
specification and claims are to be understood as being modified in all instances by the term
“about.” Accordingly, unless indicated to the contrary, the numerical parameters set forth in

the following specification and attached claims are approximations that may vary depending
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(Figures 57-60) consist of human testis sections

stained only with secondary anti body Figure 6 1A-C).
WoRPaM2IIHT- 2 SSEA4 positive magnetic bead sortRCr/U81008072541

were transplanted into busulfan treated recipient

nouse testes and after one nmonth were sectioned and

upon HieafefigdfRIPPRTHRS FRHINGUR RE FRIFIRRG §Y taSPresepinyantions 2A) the very

least, Qﬁ@ nOUBIh AUGHRAS lipit Q{eeépfblléé‘_ﬂoglﬂff thebdRBlrirnsd ebﬁ‘@albﬁ\@ to the scope
ged (Figure 62C), al pha-6 (Figure 64A) and huma

of themﬁqng,aqacﬁrwnﬁal(qqr@mpt@r gﬁg}ld aheastee equstried 5@'&9” of the number

of repbﬁ'éc?éi@ﬁifl@fn@dig|t§%ﬁ&\‘ﬂ>y(a'f)bg'w'9%r§|ﬁ&)y @Uﬁdl%%ﬁm@uéf' N8fwhstanding

and the two ure 65C ative controls

that tffeorpurrﬁchuia@g@?n(éﬁgramﬁ[t@'a 58 mgjforght(g\eéggaq:wpg the invention are

approkiHEBOns! Hite uhieRiBsIPl AL detCRIth Sini tRe NPESIAC teREinbRs are reported as
sections stained only with secondary anti body (Figure

precisgly sacPogiele( F"I’"@Ul”ém%%@' e 190 By dNRjErenly| C%T@P?]§erta'” errors

neces§9frlf ajd3uming enemalkhd Ul Rtk d d¥&iaticAOZARL i Oe® Y FREBEVE testing
anal ysi s confirmed i munohi stochem cal observati on and

measwgg]emsve popul ati ons for al pha-6 integrin were found

sanpl es col |l ected from human _testes. | n additi
[00273] st iThEtePBH @ aBPonthe’ a%?‘”‘ﬂab@%‘?rﬁr‘@é‘s%ﬂﬂ g‘ev(?é’f‘@x" Of describing

the m@é?iﬂlﬁﬁi ées@écia%‘ﬁﬁﬂ th& &bheRt &f thd BolviNélaitdsh artd by é‘(SHs'trUed to cover

that there are three subpopul ati on of Thy
both tb%@lnev%a%tmso'wt Nnigs# Q%W'ﬁ%ﬂd@@*edlﬁerﬁ“ﬂw CPaHté&Pﬂtfﬁd'Cted by

conteﬂnd?éd'lbﬁgf bﬂ"rah@é\é oBValdesThdreh BirBdteRNAtehBé e ééfv@‘é@'dlmorthand
and integrin pegative. Mst of

hi g t he
methqdn9fe@%rf¢rﬂn$;¢'§1'\t'¢l4ﬁé'yct@| ?%hv@péra’rwa&lenfé&aeﬂw@m ﬂfef@ge Unless
otherWi8é RidRla&R KdreiAl e RANKYIFHLAVaRfe iSPcOrFbratd®inte We sedification as if it

GFR-alfa (1-5% cells found in human testes. Magnetic

were E\gMqualy §‘?°gtﬁﬂfhe6%ﬁt | Al Qﬂ%@e@?%ﬂ@%@?@%?%@e&e@m In-any

swtab[laO@rUéﬂ l‘,v’rﬂeé?sﬁithér\/\ﬁs% iAdi%atbM bt bmthérwisel @bdhyl Jdttr8dised b9 context.
his marker. [00277] Quantitative RT-PCR anal ysis
The U?%%%”ye%{‘dc ﬁ'b?xaé‘ﬂﬂﬂ% o KEeBRIRY l889yagst & SEER.a3 k%%‘f"f“?%'éere'” Is

|ntend‘é§|rjn§re@nﬁ> @Fé'ralllfrﬂnﬁlésﬂhbl|M\ﬁerﬁ|@h|a$1deé}'6€se§& &s@hﬁfﬁhltatlon on the
vel s of spermatqgonial stemcell markers includ

SCOpeCOfRE‘? bV Rtionapleser CBeGertie é%]quaﬂ%\r“kép% ﬁpﬁ%'f'%'PHgsr‘ou'd be

constrM8$As atibakbiig bny AGH-BIERIRSAe@Eht dssbitial B the Brdulte ¥Eth@finvention.
sper mat ogoni al stem cel |l s. Spermat ogoni al stem cel |

[oozso]r anmb@mh@d bﬂaltérﬁéﬂﬂ/@' 8emkhit orSSEbodimeasi i tH@ ig@ntién disclosed
| oni ze testes of FECI ient _mce and repo

here'fi ?f&u LS R§ CPH%*EUGPr?és'é“'@é'PP% EAEN PRI YRSE may b referred to and
cla.m@pafdwam@mrain éﬁy':‘fébﬁ@iriaﬁon [VA8R btHler UnéraBsrs 06 &leMgRip or other

at al | nunbers ressm uantities o
elemenﬁgfo P'jmf%” of @p@?qq'@éegs(m As gfo’%@%ﬂﬁm% QL? group may be
include@afg lor aBletRINelink | DHDUp A6t §Sonks VT IcbntmRthck RAintilde patentablllty When

any smcﬁ%g}%f %Paglgﬂ]c?qqg{;(gkggtgggbeb %abt%glrjln ee‘%%%o %mae% to con ain the

groupACabdifiedthus fiFlIRgSthi Meiteat ®@cligtionhe AoRBA@BY gréUp® used in the
nunerical paraneters set forth in the foll ow ng

apperdd i ati on and attached clains are approximations
upon he desire erti

var ependl
1002830 el S ol TR et 185 ¥Rl oes HeR hEIEDh Mg, e best
mode\kﬂb\%w_n lte &5 mv@(]ildrsgei gﬁ@l@’lo@tth@l’mknﬁ@ | Oﬂb@ur&éla/alf]latlons on those
cation of the doctr 0 ui va t he .
embodRBpls B fdheme St dachOThALeRitar Skl Bt Antiom gading the
foregaiig besasibtiGe TaBSHVaMEst éxfpebtlsgﬁktlle@farﬁé@aﬁs nolEAloy such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than

specifically described herein. Accordingly, this invention includes all modifications and
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of reported significant digits and by applying
ordi nary roundi ng techni ques. Notw thstandi ng that the
wmerseo2iaal ranges and paranmeters setting fort hP€hES2008/072541
broad scope of the invention are approxi mations, the
nunmeri cal values set forth in the specific exanp
equivaierds qb Jae Sebieals MaHRcfesEey 'rhéhepé'ékmfb PRPENgRY Wﬂj‘ﬁtﬁrqsc aq%rm'tted by

applickBlb YSy. NRDNENRE, adyrﬂaﬁftﬁmnbﬁ of HY AbJVS-Je8EARIIEISHERE $n all possible
necessarily resulting fromthe standard deviati on

variatipgg, Hepreef *ﬁlﬁlcpn}péﬁ%’c?l( e tﬂé@ﬂ'i'%“ﬁ‘é%% QHeRiae dndicated herein or

othervh@@@l@gﬂly ddMerabiRtdd oy @ntext.an, " “the" and simlar
referents used in'the context of describing the

[00282{1Ve%ktﬁ@rn{cﬁ§ PRGhalLY referéites Or%l%e%éenohaﬁgetof SAtb e é‘rﬁj printed
are to be cgnstrued to cover both the singular

pUb“Ca'i‘Ri‘Sttﬁ@UEPQHtatf"s sperilcaliopt Heashi Aeihe mir¥a il F?é‘?réf‘?ﬁso?”d printed

publicBli@ R drd ifeRidu=f¢ineb@Rrdd¥d RGN refeRitdetintieien@ifety.anges
of values herein is nerely intended to serve as a

[00288Or thasingEt ||§Q@i beunb&ERIoH ithg théTQr*nMd)diM@his)beé |ﬂ6§{hlon disclosed
separate value falling within the rang Unl e
i

here'rb‘irﬁélwrété’q s B'i”é‘tbo"?ﬁe?féf‘?l PresgEHNYSeDT QUbeT 'fLFé’t'P%s that may

be emmtg@ﬁm}éﬁlﬂhﬂw tHat &ob@%f&lﬁ’@mv%hﬁ‘@{ | PRuS é/l Way bf ké%rﬁple but not of
ndi vi dual | recited herein. met ho escrib

limitatjoay gltefnatig f'ﬁ'érﬁf'%%fdthﬁ rpr%wt lePF%ﬂﬂ '@a)érbﬁél‘t'“é‘?ﬂ @s%ccordance

with 1 REEMhGEhérRM. CASREIINGY, ah8 pRdsedt N@EMIOREs BbERHitad to that precisely
contradi cted by context. The use of any and al

as sheun,any descripgd -exenpl ary | anguage (e.g. "such as")
provi ded herein is intended nerely to better
illumnate the invention and does not pose a
[imtation on the scope of the invention otherw se
claimed. No | anguage in the specification should be
construed as indicating any non-cl ai med el enent
essential to the practice of the invention. [00280]
Groupi ngs of alternative elenents or enbodi nents of
the invention disclosed herein are not to be construed
as limtations. Each group nenber nay be referred to
and clainmed individually or in any conbination with
ot her nmenbers of the group or other elenents found
herein. It is anticipated that one or nore nmenbers of
a group may be included in, or deleted from a group
for reasons of convenience and/or patentability. Wen
any such inclusion or deletion occurs, the
specification is herein deened to contain the group as
nodi fied thus fulfilling the witten description of
al | Markush groups used in the appended cl ai ns.
[00281] Certain enbodinents of this invention are
descri bed herein, including the best node known to the
inventors for carrying out the invention. O course,
vari ations on those enbodi nents will becone apparent
to those of ordinary skill in the art upon reading the
foregoi ng description. The inventor expects skilled
artisans to enploy such variations as appropriate, and
the inventors intend for the invention to be practiced
ot herwi se than specifically described herein.
Accordingly, this invention includes all nodifications
andequi val ents of the subject matter recited in the
cl ai mrs appended hereto as pernmtted by
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appl i cable | aw. Mreover, any conbination of the
above-descri bed elenents in all possible variations

W@ b@peaflsi s enconpassed by the invention unl esBCT/US2008/072541
ot herwi se indicated herein or otherwi se clearly
contradicted by context. [00282] Furthernore, numerous

We cligf er ences have been nade to patents and printed

publ i cations throughout this specification. Each
t hd- abé{)és‘?f?t?@d)opé'%?réﬁf:é%”%l'ﬁé Gt ﬁP'é?jSth‘le‘Pf '%@@‘i%r%o”ada' cells

chardtRrikéflbyi dual |y i ncorporated herein by reference in
their entirety, [00283] In closing, is to be
under sth§oRKPreRsont @featé?ﬂ%&nﬁémrger&elgq{%d fTATehEi BpuP consisting of

germliﬂb%@érﬁ%ﬁ‘eﬂ ARG thakis 'dF}FU%W %LM ]gﬁlfl Trﬁﬁn pSSE'RMpleEﬁQ,,Obollchos
present invention. O her i cations that may

b’ﬂOUfé'ﬁrﬂgéUdéﬂmaﬁD@M Wth@'h@aﬂ@b?)é/A@ﬁ antk DAle ang @ﬁemﬁ’ﬁwn'al stem
cell mQBkeY\@MZIﬂf exanpl e, but not of limtation, alternative
conf |gurat|ons of the present invention may be
utiliz8@ expressiiy ahAteagl ohe tggeMiineagliemmgell Bereisalected from the
I I.on t to
Rl e R T R e R S
i sol at é@q:xomb@m%a high |geeal of fetieneresd.s consi sting of
I sol ated gonadal cells characterized by: the
expr ess$hersastecdpopelatian ohgermiink eellss of eleined. fwherain Isaid cells are
mal@r oup consisting of gernline stemcell surface narkers
GFR— al, a6-integrin, Thy-1 , SSEA-4, CD9,, Dolichos
fal ou e n
oedL. T A &F@L@,‘%ﬁ%‘%@?ﬁ%éﬁe [ R pi e et are
femalgpr essi on of at | east one gernline stemcell gene
selected fromthe gir oup consisting of telonerase,
VAZA OrwisplatgiRpopulatiqnagf geranlinergeds: ofa:fﬂﬂnﬂhe/vhereln said cells are
marSiREgssi on of a high level of telonerase. 2. The
i sol ated popul ation of germine cells of claima1l,
whey ei ‘T‘hé"i’écﬂ’at&?lpbéulﬁtr& Hﬁ%;@rmllﬁe cEie of BRIRUEYherein said cells are
popul ation of germine cells of claim1, wherein said
'SOlaS@ql framafetusenml e. 4. The isol ated popul ation of germ

line cells of claiml1l, wherein said cells are
mafral 8. ISC{lﬁted'rﬁ)é)piJ'%q)rhpéée%b@l ealls i %@'mg@r whenetn said fetus is

bet\,\g@lnlﬁ Ma 2l RédRs b gbrsiigi.n said cells are isolated from
a fetus. 6. The isol ated popul ation of germine cells

of 7¢l airfR SsolM@HBpMaticH 6f f&hiiae it waeh 11 WhaRdh 23id cells are
weeks of gestation. 7. The isolated popul ation of

isolajeq frpmiferasénpal ipfividlak m 1, wherein said cells are

8. The isolated population of germline cells of claim 1, wherein the cells
optionally express pluripotent markers selected from the group consisting of Oct-4, Nanog

and alkaline phosphatase.

9. The isolated population of germline cells of claim 1, wherein said cells

express cell surface markers for both GFR-o1 and a6-integrin.

10. The isolated population of germline cells of claim 1, wherein said cells
express cell surface markers for both Thy-1 and a6-integrin and a gene encoding a

telomerase.

11. The isolated population of germline cells of claim 1, wherein said cells

express cell surface markers for SSEA4, GFR-a1 and germ cell marker VASA.
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isolated froma post-natal individual. 8. The isolated

popul ation of germine cells of claim1, wherein the
w@eih®21apt i onal |y express pluripotent markers BEI/E810081072541

fromthe group consi sting of Cct-4, Nanog and aI kal i ne

phosphat ase. 9. i sol ated popul atl on of germ

cellBs &he lﬁob'f‘f‘q'ﬁ ﬂODUWﬁ'@F f ﬁerﬁﬁ'f‘ﬁ celis fslaim Jrl ewBerei Qreater than
aboétts"o@?eﬁh%élh%eé@rés%fboh@éhR%rﬂjlvﬂﬁﬁ! a6-integrin. 10.

The 1sol ated popul ation of germline cells of claim1,

Whe]@e' ‘?hl%?édl"&lt&?bé) |RIORT B HE ARk ceRdIE QSR TTRIHERNS sglercells do not

bot -integrin and a gene encodi ng

expregs @Hﬁa%ts)@e nlarkenw&ecie@d‘rcm e gowrPensising 6f A@@Sﬂﬁnﬂh@vatmg

Mol&%‘lé &Epeiandl Ara-kis, Wherein said cells express cell
surface markers for SSEA4, GFR-al and germ cel |l marker

VAZA. 1ifhe Eoritd S pRiRen BPQéHTﬁlhé %BIISOJCCG%r fongaicel k/\fﬁeféfln said

claim1ll, wherein greatef than about 50% of the cells

cellseg@mrqgg)oybpﬁt-@p@ gKitand eyA@A at lpast o§i @‘ thesgqogp@gs selected from

the @ggﬁlcgﬁélgm g@f. gernline cells of claim1, wherein said
do noOt express at | east one mar ker sel ected from

t he gr8Gp! exsisfayhling tige oAghei’8riYones: i vati ng Mol ecul e
( EnCAMx 88L& & dermilife- s@%ﬁw'g%%@é@éjhl@ﬁ@r%@él kA @(fpressed in

germine cells according to claim1l, "wherein said
embryegic|sierBrpe&ES Dot h Cct -4 and c-Kit and exhibit at

| east Qﬂ?reglor{ ('S‘fq)ltﬁ’rl'&%ﬁl 'g@lsressﬁl aﬂ%@v@ﬂle@él%ﬁﬁ @§C r oup
consisting of: a cel ¥c e doub ? tine of
&

75
hour s; 2 @igRte/<isPERdeST og wquée@w@n nwr@t&wfatstoa(GDNF)for

their s'aIfGéh@eKNaJl VR lontIOAR X PSS FabtBr @ TN F BidbIazt &m#ah%r (FGF2);
SC); expression of pluri potency genes at a

and Ievel than ESC, a greater dependent on glial ceII

dependgiiwdieavePbf OHAQ dxdfdssion tidANESCfor their self
renewal than on | eukem a inhibitory factor (LIF) or

fi Q‘SObh'ﬁ@tso%rtéB’\éd'bufa@l% of %érﬁ%gkellsadTQ:la@nth\ﬁﬁeﬂeﬁVtﬁb pREripotent
SSEA- 1 expression than he i sol

. d
gengsoprgIsgtackid fsrm Hergrpymecnsisting obPcicd: d¥ancg4DpRthar %, elkaline

phosPHatdseqin@irygienes are sel ected fromthe group
consi sting of Cct-4, Nanog, Dppa-5, Sox2, alkaline

phagphaha &8lattto PLRbRA of mh?ﬁ@%ells&ﬂ'cﬁﬁirﬂd \M%?élh%@dodé”@fare
ermine cells of claiml1l wherein said Ils are

iso'q%%%fr%'i”@d“?'@o%’ ROt RXPEESS Goiihatd &g srratle of Q’dﬁ?reﬁpﬂ‘f'”ér"éto
peGaRaking @fisdi fferentiating into spernatogenic cells.

17. The isolated population of germline cells of claim 16, wherein said cells

express both a-integrin and Thy-1.

18. The isolated population of germline cells of claim 1, wherein said cells are

isolated from a female and are capable of differentiating into an oocyte-like cell.

19. The isolated population of germline cells of claim 1 wherein said telomerase

activity is at least 20% of the telomerase activity of embryonic stem cells.

20. The isolated population of germline cells of claim 1 wherein said telomerase

activity is at least 50% the telomerase activity of embryonic stem cells.

21. The isolated population of germline cells of claim 1 wherein said cells are

pluripotent.
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17. The isol ated popul ation of germine cells of claim

16, wherein said cells express both a-integrin and
wakeeoa2115118. The isol at ed popul ati on of germ | PET/U8100$072541

of claiml, wherein said cells are isolated froma

femal e_and are capabl e of differentiating into an

o0&yt eIN¢ igelated FPOF’U!I?@'O” Pheemdipg &?'&Ofﬁ@wﬂa‘@’h%ﬁ'”cﬂa'd cells are
multiRfiditi ne cells of claim1 wherein said tel onerase

activity is at least 20% of the tel onerase activity of

enbhBy OMhé& isdladdl suladion %@gerﬁﬂﬁe'cél@ LR A0 pM bt 9aﬁd eélls are
pag(grrmne cells of claim1 wherein said tel onera
ca

¢ PlAlitigrentiating inta gels ofdos eradera aftsrfdre %’&‘iqdﬂrﬂ ﬁ‘”%f?e”s of the
mesef&nyoni c stemcells. 2 1. The isol ated popul ati on of
gernfine cells of claim1 wherein said cells are

pl Qﬂl pfl’h@ féblal’é%i poPuatios of gérafing el GFtdm 20fwiiesiAlshidesells are
1 wherejn said cells are nultipotent.

el |
Capai%‘e Oﬁ%@erﬁgfdﬂ“ﬁﬂéﬁoHBB%W@&%?P%”QQ(@}?ﬂ ine cells of claim
ein said cells are c of differentiat]
i ntzé' iP‘F Sogteq FI’&P“L%'PB&’EQ %lCP'E Jrclaméd "é*??d%'&é‘@lﬁi %?ﬂa are not
capdté bSfofrhing herattrg@der m 24, The isol ated popul ation of
germine cells of claim23 wherein said cells are

carzebl gh@fsorlitdd apemitioalof §grmiling eeltogFarsine-wiaeiiGhégells are
25, The isol ated popul ati on of %erm ine cells

| s.
'SO'%?d EP%%’FEI“%@?S@Pﬁ”@éneuceé'éle?‘@e§$ ehyrde oR-yiegsneans SSER-4 and do

not &gk er atomas. 26. The isol ated popul ation of
gernfine cells of claim1 wherein the cells are

l sql7at €He fsb%ﬂ’éoﬁpdifuldf@h of §@Hilihe carfoftchm Bl er&X BBRSSRIIs further
a6-integrin, and SSEA-4 and do not express

Thy
eXpr@SRﬁFROQV'a”%é” YOBAt ed popul ation of gernline cells
of claim26 wherein said cells further express GFRa,
Nalgég dhelisplated popglatipp of gerg)lige §glls¢a‘m|rg@60wh@qem said cells are

cap&%mdlﬁ@reﬁ@c{ﬂn? ith sptidioghic sherein said cells are
capabl ferentiating into spermatogenic cells.

29 29Th¢hé 0l LsbeRiigh 3t &Rk cgl%réf‘deﬂﬂ Ghdr8in@hidCleh Bkpress
erein said cells express Oct-4, Nanog, alkaline

OCt‘ﬂhH%’Eﬂ%?ﬁ‘é@“eaW%@Ase atd VASfong-term cuI t ure of cells

rising the germine cells of claim
rret3 odAd(P”QI @W&Hl“ﬁ@ oh CRllSFeMprising thst g‘ij'é}"PrP Pﬁ'@ @ft‘?@‘ﬁ“ 1.
cells, r|S|n the steps of: selectin onad

celd!- ek\hms nef gy | O'aw.wugaﬁe?noéeqqrm&raﬁ gf&&b%ﬁ‘{% KJQF”F’”S'”Q the
stepglgnot ype; and

selecting a gonadal cell exhibiting a germline stem cell surface marker
phenotype; and
determining that said gonadal cells expresses at least one germline stem cell

gene.

32. The method of claim 31 wherein said gonadal cells express both Oct-4 and ¢-
Kit.

33. The method of claim 31 wherein said gonadal cell is a male gonadal cell.
34. The method of claim 31 wherein said gonadal cell is a female gonadal cell.

35. The method of claim 31, wherein the germline surface marker phenotype
comprises at least one phenotype selected from the group consisting of Epithelial Cell
Adhesion/Activating Molecule (EpCAM) negative, GDNF receptor (GFR-a1) positive, ¢-Kit
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determi ning that said gonadal cells expresses at | east
one gernmine stemcell gene. 32. The nethod of claim3
wa2mberasn sai d gonadal cells express bot h Cct PAI/HH08072541
Kit. 33 The nethod of claim3 1 wherein said gonada
a mal e gonadal cell. 34. The nethod of cl

”egq—t'v\%é’%‘ihﬁsMpﬂ“@cﬁﬂ@wnmd&%) pesiive. & RofiyRaRP0 papiive, CD4S!
posifive, SBE@A‘BHSHQQ aﬁfi oc%tlﬁtbﬂ?'n?’&o&mer ein the germine

surface marker phenotype conprises at | east one

phagot ype m%@rhcﬁ;céf%ﬂa th3AMWh&&;irBthe YRrrRIffRSdtérh i BM gQrfle is selected from

Epi t hel 1 al Adhesi on/ Acti vati ng Ml ecul e”( EpCAM
the gregapowstlnqa@lf\ufelcvreefem MHAJAGEFRRILGFios1.tDA4,; and PLZF.

c-Kitnegative, Dolichos biflourus agglutinin (DBA)

posi't i Vee nEgopokéleinye], \@mgeinpibsistery ef seiptdp poeimlingestem cell

S T P

SRS PSR oy AL SEREh Ty RFGIHL it 2 pof #Raeps kit and
exprges bothC 3] @t €849fr om t he group consi sting of

tel onerase, VASA, c¢-RET, GFR- al, DAZL and PLZF. 37.

Thé8met hedeaifiot phclainB 3], wherewi thetstrp ot sglealingsepermlinagtem cell

r t

sutBesoieiel BTG FethorsS SRl Bl SRR o8 R Sxregs kit and do
eXm@SKSSEAﬁd expr ess both CDO0 and CD49f. 38. The net hod

of claim 31, wherein the step of selecting a gernline

st 8fh cahe maihdchekclaiar Rér whtrelohy e ehpriedlias & eeredinprgem cell
surfé(,%r m‘éﬁéelr S)h&ﬁ?§/péjeorﬂﬁ’r§cfe§xs%fe%§§g ?or'@etls 8 N RERPRES o KI’% and do

laim 3 wherein the step o
exp@§$ ébb@i PoFot deP 9 anteCBE¥m cel | surf ace marker

phenot %ﬁe conprises selecting for cells that do not

expPes $he mathodaticlain Sl preasainaihe sip gswactedmogeralige stem cel
surf%%farke‘rl%heﬂ_&fpr)ﬁ'%&mgﬁse%f st 51f§r %ell‘é’rlﬁéteé réé%et?]&ﬁ%‘? o%flntegrln

sel ected Ine stemcell“surface mar er phenot

and €&dgfransledy ryélee@’es&gKﬁtor cel | s that express both of
ab-integrin and CDO0 and do not express c-Kit. 4 1.
Thé1met he hedfoddf glaim 31 wherrin edid celig tirtbel expreagrIFfei-4.
express SSEA-4.
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