STEM CELL MATURATI ON FOR ALL TI SSUE LI NES FlI ELD OF THE
| NVENTI ON [ 0001] The present invention relates to

wo p@bd23901 cel | bi ol ogy. More specifically the pCBEES2WS/002487
invention relates to the filed of cell therapy,
specifically stemcell therapy. The present invention
provi deSTBMCELLs VAT GRATSONTEORAA AL EEMEEHINES or
their preparation and use. The hybrid stemcells of
the present invention are useful in treating diseased
and damaged tissuesandorErrgﬁﬂstmnmmral s in need

th f. BACKGROUND OF THE | h
[0001; [ 51T Necemepk g taRies 4o lie 8 #%H'QE@J JpE Spssifcally the
preseﬁ?ﬁ?ve%%éh%eidt@@t@ YRBiIEY 3% IAYRbRa f@gécfﬁ%ﬂw SferA@E therapy.

aced regarding the 1solation har act'eri zat i on
The prfesbnt m\mmnoy\oprmncmgeﬁnybadlsiean@eﬂmmrtd selatact engtbods for their

prepqr@,tﬁg} aegﬁpseﬁ;@l @qulgj% Hﬁé’& tﬁ{a‘ a@r{gg@%ﬁ/gr fare useful in
treatn'f@@fs%gse&’aﬁd/ﬂa et #3eland S8Rk iPh&imeRld H need thereof.

nmbryoni ¢ and adult) are capable of long-term
self-renevval and can give rise to mature cell types

with specific nog ER&@@MN@@Q'I*HE’]RI/E@HONS' mlarly, like
enbryoni c stem Ei% whi ch originate fromthe

[0002]nnerSines $h@fﬁrsth@e3ﬂr@§00 cgfsthe isplation i afi gmbfyonitusters t(EH) cells

from Efetei. BRlSafis, Mt 1 Bkafs tayecharanstt Poddlh 4 ejagpn and

chara&fstiZ3Bka of Bei embrydii® s eblld Brasauieserh@ells OBongso, A.. et al.
(199€§er|osof tlrre(longtermself-renevval) and the

{solatjioreand owlitite ef dwegr Qq}lp@@ssw@d sn‘ggrg human blas)’éocyst Hum.
Repr@%@éﬁ{) fﬂgéﬁor phol ogi es and speci al i zed functi ons.

rentific Progress and Future Research

re f Heal,t h d _H
o005 S8 S RO BB L e BB BN renevea
and O8WldivetdB &6 hﬁtd‘f@ycélﬁqypéémmﬂi WiekficeMdrphology and function.
associated with ES cells; however, at |east one report

Similavhs likegyabiyenic sigm ﬁiﬁ) cells, avhiche priginete floppihe inner mass of the
blast@%v%?ttb%e%%m e %éhﬁ*é&'%%%aiﬁg%?#“@crﬁ& e an

00l RGBSR SR WL b o oy cor
makeﬂﬂeﬁﬁ’é&ltcoﬁt&%f‘lﬁéhsé%@'f@r By driods dfeinta!{lbdig term self-renewal);

differentiated cells that have mature phenotypes. The
and tb@_‘ﬂ can giventiseeta madrewsell types that have characteristic morphologies and

specialized functions. Stem Cells: Scientific Progress and Future Research
Directions, Dept. of Health and Human Services, Jun  2001;
http://www.nih.gov/news/stemcell/scireport.htm.  Adult stem cells may lack the
pluripotential associated with ES cells, however, at least one report has suggested
that adult stem cells show more plasticity than previously recognized. Lagasse, E. et
al. (2000), Purified hematopoietic stem cells can differentiate into hepatocytes in
vivo, Nat. Med. 6, 1229-34.

[0005] Ultimately, to demonstrate plasticity, an adult stem cell should give rise to
fully differentiated cells that have mature phenotypes. The adult stem cells should
also be fully integrated into their new tissue environment and be capable of



also be fully integrated into their new tissue
envi ronnent and be capabl e of specialized tissue
w0 evstiz3ns, which are appropriate for that ti SBURUSSIEM2487
Cells: Scientific Progress and Future Research
Directions, supra. [0006] The difficulty in studying
specializdd tisswen fopttiond, ashichi ane iappesrade i fohithgt tikawe.t h8tem Cells:

. ult stemcell arises out of qne type of cell, or
Scierbf P rodfeee anidruions Reaeath ke gRge: Shiiar e saul t st em
cells are based on bone marrow and brain cells.

[0006}owevigre, diiqulfyds Siddvigo Sdeih tem celyplestialty isr@stpblighing that the
adult %g‘%}ﬁ @réﬁ%érs( g%fég{ E@?ﬁgﬁé’@f‘?:I%'llcoﬁkgﬂntp%g)h!)a?i)on. S’H’) (Heﬁé the best

s and cell’s) "an rain

studiete widali! stehs celiavaret based lonrbbat i magowFandeaimploells. However,
hemat opoj etic stemcells fromthe bone rr?rro

studiag, Upg SLETEeHS CARTVech OBt eyl BEFIQW e Bemalopoietic stem

Cells)?%ﬁ'ﬁh‘%l %Ilgoaﬁb‘?i')li %Hﬁoﬁﬁ:}liél S8l ast S Ram: {i.-éhir%uroblasts) have

ret hodol ogy yields highly purified to parttally

their fimitafioresl €el lexaypds, hematopoidier steranplie froputhe boae inbarrow are

sorefyshEs B2} ST BRI B0 (B LRI b BB R ASES col surface

mark&¥sf acitHg ¥ndiHb&olobi RS RiGHIP paritledi 36 @arlialyeplinficel €81l 8pes. In
m ce) and not in one convenient |ocation or organ

anotherr sxamplayl puriieation chimeureial sterm.cells @8 difficult because these cells

Aut or adi oqr. [ i stol ggi vid
are (SABRACLP AR NN, el Bl B M pEnSlameys gno ttera
ventridiis! ¢fl micel aAd ndt % 388;coAlventent lotatiéd 96 drgan tissue. Altman, J. and
Aut or adi ogr aphi ¢ and hi stol ogi cal, studi es of postnatal
Das, n&ubogbtffh)s. Avigradippranhie| ahdr dvstelediaad RvigeRse ot postnatal

ool Y BBRERLSE ALY Tt HaRSE) ol S-emscan, .
(196g)orﬁﬂ(§ofmiimgrbphiclalﬁﬁ hié&sodibal. st(0ie8 & postratalcedpgenesis. IV. Cell
adult stem ce

f | hel i [
prolifSTRUPGL AN FGEPEOR e dae | AMORD) (Piabran. S8 Speeelurerence to
persithd r'?&u%béﬁeé?% HGRI S BBL SCEABI REGMICaBY SadRathe

bt
pancreas-and liver. Stem Scientific Progress

{0007{’]; d %léggplﬁﬁ%?cgrég lAbeF\{i QIE QRS ceffd p%ré' ehdR8lal ’ﬁ?ﬁ&?@ﬁ fécr)r cells,

| pe eém ce I's derived Tromgermce
skelefalimusale 3ter exlisetpithelifiSEgll preearstirain the skie dndndiggstivie system
the s [

and ste@ Igriﬁ i;@é rg%%zrei%ggll?éﬁ%%g,ﬁt%%a gﬁ%%ggﬁ\ﬂgi’cl Igrnolgrr]gssognd Future
Reseéﬁﬁpéﬁé&ﬁ’cﬁ{sys @paerrrat ogoni a produce precursor cells
t hat y i’l ed

are 1 nvo in neiosis. There are at | east two

VAU ' yha - Y . .
0004 Pe SRIREPRIPLERAN! om0 6 Aot e i o rimorda
sex cedar(PBE), tegiding in(the finirggohite seminfareus pitries af the tdstes and

R onm nent r%ucl eol us, and, uni fornl }4 scattered .
Imlngeqjﬁihp(m/@queﬁ_— Wé,pggg,atquggg and oogonia, respectively. Spermatogonia
produce precursor cells that are involved in meiosis. There are at least two types of
spermatogonia, type A and type B, and can be differentiated based on unique
characteristics. For example, type A spermatogonia are more spherical with a
prominent nucleolus and uniformly scattered euchromatin. Whereas, type B
spermatogonia tend to be more irregular in shape and smaller with a lobed nucleus.
Guillaume E, et al. (2001), Proteome analysis of rat spermatogonia: reinvestigation

of stathmin spatio-temporal expression within the testis, Mol. Reprod. Dev.,
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spermatogonia tend to be nore irregular in shape and
smaller with a |obed nucleus. Cuillaune E, et al.

W@ 208123991 Pr ot eone anal ysi s of rat spermat ogonP@&r/US2005/002487
rei nvestigation of stathm n spatio-tenporal expression
within the testis, Mdl. Reprod. Dev., 60(4):439-45.

60(4)@B%a45.ni Chaarmi-Gartia, dhd aRds Relskell, LLl]D (Zﬂl?Z) Characterization of
Characterization of npuse s errrato

a

mouse, SPRITARINA dPebaPSRISHAY & 355 Shitls (Reproduction, 123(4):

567- 7]723fﬁﬁs utfhike cﬁ er B4t steh ks, Oécﬂﬁtr gé\‘FW bl hRMEE8Y) E&Iocate and

t dermcells are easy to |ocate and di stingul shed

distinfuished fiven other éntetstitinbceltsel | s. [0009] Similar to other
adult somatic stemcells, adult germcells are diploid

[0009]2n) Sinilactnbthas bdulh sohtatic steml ¢ellspaduli gerhamlls are sliploid (2n).

germcel | s (sper mat ogoni a andggggoni a [

{ .
I cofistrdtor AT S0uh ok S8 GRLPOOPER, SelfesegmMatogonia. and
oogoﬁlggi‘?:cafésl;feé ggh?@eﬂﬁﬁ} r|§ gggéﬁag@ oak éﬁ\gpgl ed.’ ¥Fhereas, somatic
cellulae PINAiis mmetdarﬁagewére fresmadicals) alvectsl theirf ag@lanyd low rate of

succu t eforc .of differe tlonth
repleplﬁé su drgery 158 temugeﬁsﬁg‘{q@ggs ST s*% 3 E “forces  of
dlfferéﬁt'f‘éﬂo?nellhbt ERES Hhe ﬁgs@is SNERBEEH TR, infetRb8$ %bhﬁ‘ﬁﬁsmg a stem
10] A persistent problemw th adult stem cel
cell conaa‘mﬂ ahtrdamaged ONA ist prefere#d.i rmune rej ection. Thus,
to date, recipient's of stemcells are reliant on
[0010jonorﬁs pdnsus’tentqdrblslem I\/\tithnadulbestenaj et tranbplanteein vivo is that of

rec nt S Therefore roved
e, FOREa L 8 SAIea e Bt ST LPI I (ATRALSTB gndonors
whosb"ﬂeﬂs Wlll hefge ?@é&ﬁe’éleﬂ)f thia%@%nt sHirh@nhdsydieneasy to

isolate and purify, and at the sane tine reduce the

SSOC
10010 iy BT 98 9B P AR chtihen has o
high aﬁe@(fllcmgstérm $dif-sanewat, elvhild beingggasyntd isbleite and eusify, and at the

era eut| é INVEN%qQ\I SUVMARY [.0012] One OH egt've . .
same,finendhipe 4Bk @SSREHR BMERe 519560 Haen tapsiicgtad yivo or in
vitro, Qﬁlhlarﬁéﬁb’cé‘g%hh?'&Sb%ﬂqse%%(ﬁéie%dwﬂﬁ%ténﬁb@lmbﬁ‘(ﬂbéy and their

having a nucleus Troma prinordial sex cell or an
use asrtbesapaiuticst em cel | . [0013] Optionally, the HSC may
conpri.se an enucleated adult stemcell and prinordi al
sex cell derived fromthe sane animal. Additionally,
vvherei n the adult st édvENTION ShsiMaRYnor di al sex cel |

1001 SF¢ 1GFIeRNE i PrOSERT A Ga AP oo Syl stem cell
(HSO)@nhpriey afnenudisatE®adust stem cell having a nucleus from a primordial

sex cell or an embryonic stem cell.

[0013] Optionally, the HSC rhay comprise an enucleated adult stem cell and
primordial sex cell derived from the same animal. Additionally, wherein the adult
stem cell and primordial sex cell are derived from the same animal, the animal may
optionally be a mammal. In a separate embodiment of the invention, the HSC is

biologically active in a post natal animal.

[0014] In another embodiment of the invention, the HSC comprises an
enucleated adult stem cell having a nucleus from a primordial sex cell. In one

embodiment, the primordial sex cell is a spermatogium cell. In another different

3



bi ol ogically active in a post natal aninmal. [0014] In
anot her enbodi nent of the invention, the HSC conprises
wa@poosnesobeat ed adult stem cell having a nucl euBCT/DS200E002487
prinordial sex cell. In one enbodinment, the prinordial
sex cell is a spermatogiumcell. |In another
embadiirhért, dné¢ emibuardiabisex ddileisman mndiffeadntiméed spbrma’@ganium cell. In

yet argg,tglgglfe%g rlnghgqaé Pq%{gpncgrtd% o%rélégcr%lglglé dg‘}eéethateg spermatogonlum
cell. Nt&ﬁ%ﬁﬁ%{y‘ # 8 AnoRRIRI20BI fibS&@ Ment AhbaSrRabidyssex deﬂ may be

a anot separate enbodi nent, the prinordial sex cel
an oagayiure ceth. oogoni um cel | . [0015] In an alternative

enbodi nent of the invention, the HSC conprises an
[001Bqnucllaadreﬁltamdtlve%mtﬁbdehéntf ofs itk mventianp therdiSIC atormprises an

cell using el ect usi.on tignal|y, in a differe
enuclgaisshiagiiit stehee Seenwihog pran%d«%cﬁ%ét%' 80, Slgctpfusion.

Opt|0¥1§|l ih 45 §ffrerd J{trbrﬁb&ﬁl t il H§@Xc&ﬁk)h%e?é’ H%@ SHucHtE@88dIt stem

Y'on et hodol ogy ternatlve Y, conpri ses
cell fusednwdthea eplimdrdial sexmcel| by f asetusibiased fusiomr diedihodology.

prersiebi el e Shemheal st ot A8l A08 F5F, M win -
pnmd‘ré!@?ge%éﬂ‘ uSinBr dHEPRihRfusRAX E@ther O HISTRARAGSRINRAT @8mprise
fusion. [0016] Anot her enbodi nent of the present

an e““m’@@fﬁdoadlﬂit staresliafusethyidh fapriprasgial isey eelhwging eechanical-
base?‘f el | conprising: (a) obtaining an adult stem cell
| first donor animal; (b) obtaining a prinordial

| | PSC dd
10016J5 5 . Knotaer badinEn S RFFSHAY. myaytath pEPUHES 5 Thhipod for
prepa?fFi'k!j' b @b&l’ﬁb&ﬂwérm @@|gc6ﬁ’)prfsﬂ'i}j7r(g? bB%lﬁiﬁP“é@%ﬁ@ﬂ A Eell from a

tem cel | n a different
first @moammal ) thammg/enpnmnrdld seecapdS tompassadopd donor

iRk o SOM £ B b B, Ao acut stom

cell; &ice(0)F@sihg tkPehadiahied adult steat balr witniiesiPst, the
t herapeutic conposition is used to regenerate di seased

[00173r dapeg edlifbicht Waab&dinfiht a6t R ivenhiegd at ﬂfé’rﬁ@éutld Boﬁhposmon
ferent enbodi nent, the tissue regenerated

commhesm@mmcdeaiedmmﬂttstem ¢ell hadng a n@@a@s from arprlmordlal sex cell

o o SyhPhI SN T Shtorlf, HLSHRRRYE B EORRER, 8 herapeutc

comﬁ@éﬁ@neisttjséa 4e reé&ﬂ%gie dh@eéwéd @ﬂ@érlﬁ@gee nisegésreNan adimal in need
fused cell nyrl ses an enucl eated adult stemcell and
thereghe bY 2a differapy @nhodimentethe disseaiiegenetatad by dbe) therapeutic

compoditfth i€ hB&t tissue. In an alternative embodiment, the therapeutic

composition regenerates lung, liver, neural, kidney or somatic muscle tissue.

[0018] In yet another embodiment, a fused cell comprises an enucleated aduit
stem cell and one of a primordial sex cell or embryonic stem cell fused to the
enucleated adult stem cell. In a different embodiment a primordial sex cell is fused
to the enucleated adult stem cell. Optionally, in another embodiment an embryonic
stem cell is fused to the enucleated adult stem cell.

[0019] Further embodiments of the present invention include an HSC wherein
the enucleated adult stem cell and primordial sex cell are derived from different

individuals within the same species.



enucl eated adult stemcell. In a different enbodi nent
a prinordial sex cell is fused to the enucl eated adult
waee@sizebli . Optionally, in another enbodi ment BEIT/US2005/002487
enbryonic stemcell is fused to the enucl eated adult
stemcell. [0019] Further enbodi nents of the present
[0020] nvewﬂtiematlvam theeHSE elRlebideadult stene et | arat pdmaddibt sex cell
tem eII and pri Bor(g}qﬂ sex cell are derived from
are d%ﬁ ARt s8ME BIMLai t hin the same speci es. [ 0020]
Al ternat ively the HSC enucl eated adulf stemcel] and
[0021by i nt'i_luﬂihﬁrm§@( ReFiofdhe nissentdaventan inglideg A cell comprising an

enuclbABLY] ﬂﬂ?lster{\%ﬁlénd: hd fél‘?ﬁﬁgbﬁlc o ek thst ch,ﬁ%{%m/ed from the
|nven i on 1 ncl a cel nprising an enuc
sameadndilviduat.em cel | and the enbryonic stemcell that are
derived fromthe sane individual. DEFIN TION OF
SPECI FI C TERMS [0022] The term "prinordi al sex" cell
as used herein mEEFNAONIGH sﬁ:g:mger'rmm@ | and/or a
spermat ogoni a and a oogoni a 0023% The term
[0022] s pe gt egonPamudialsey fel asrHsadaherein mqqm@,déplowag%rm cell

and/o?’‘51)i=.:rpce‘?t ocy(-{dg@é Fgé Aﬁd(ﬁ;ﬂeto progenitors of primry

term "oogoni a" as used

ooz ST peApATE BTN 6 < it e oo

cells that give rieatoprojenitarsf prigenpisperrpatoaptesi d unfertilized
egg, which i's capable of developing into a new ani nal

[0024phen TR feirn ZRMoRK” BisSREEITRERAR MeardB3SImdRRaltfehillle sex celis
oocyte" as used herein neans a devel oping egg cell in

that seb@@r@swoam Qfmy@ undergm ng nmeiosis forms the ovum
[0027] The term"stemcell"™ as used herein describes a _
[00253el | Thiel terbo“oveigenas atsedaheredt mams giev&miabegamete a haploid

eni tor,.cells i,ch_ u eneraece -
unferfie8 hhatidh g Sobah b HiaelPRiEa e e e BERGLENSS Fefiized by
a spelf8ibohhe term "bioreactor” as used herei n nmeans a
speC| alized chanber to grow, expand, naintain, sustain

[00263nOI rtc%n?e‘oloé N ¥ WYRd @%P&H] mgé%stﬁrﬂbvélﬁpfn?gggg cell in

temcel I'™ as us herein refers to a stem cel
oogenesis gnd upenucidesgaidg ackibsisforns ted bvarhat has a nucl eus
' transpl anted fromeither a

[0027] @ The term “stem cell” as used herein describes a cell able to regenerate
and also to give rise to progenitor cells which ultimately will generate cells

developmentally restricted to specific lineages.

[0028] The term “bioreactor” as used herein means a specialized chamber to

grow, expand, maintain, sustain and mature cells in vitro.

[0029] The term “hybrid stem cell” as used herein refers to a stem cell made
using an enucleated adult stem cell that has a nucleus transplanted from either a
primordial germ cell or an embryonic stem cell. The reader is cautioned that it may
be common practice to use the abbreviation “HSC” to mean hematopoietic stem cell.
However, as used herein "HSC” is an abbreviation for hybrid stem cell.



prinordial germcell or an enbryonic stemcell. The
reader is cautioned that it may be commobn practice to

w@g@stnsorabbr evi ati on "HSC' to nmean hemat opoi ePCT/US10051002487
cell. However, as used herein "HSC' is an abbreviation
for hybrid stemcell.DETAI LED DESCRI PTI ON OF THE

_I NVEI\EF_I ON [ 0038taIlHD ikz)sl@aenbptddmms Isvewtiono be t aken

in a_limting sense, but is made nerely for the.
[0030hur pdses desqrintigatis A0t F@E?ﬁ%kedbﬁb? ém'faﬁ ﬁ%ﬁ‘?ﬁ,éﬁéﬁ mage merely

! Com. _ . ol . . .
or 0 U bl PRI i Techin e
and qwergibsegarfizatiomvehtren peesent yWetaitbdadescriptionnarentdedhe purpose of

limt the present invention. 031] The.term hybrid
convesi ey AecTomar inaes  Tpitdhe b I IHEPELd of an

enucl eated adult stemcell having a nucl eus fﬁom a .
[00313r i ndihei termshybridesteny cell iseAthsreR) desgrigscaigell gaspriged of an

pr. n vent | escL i g | I s

enuolpg B3R el LRI hAng °arhuIBs: RSRLE, BATPHIBESP™ &1 or an
embrgenipetarhicells. The HSC conpositions are generally

prepared by providing an enucl eated adult stem cell

[0032}4 t h TtHeeprageheimserfioredebaibedl Hored isgdirantee lat thos pedpamation and
cell. The HSC possess the surface antigens

use of dpdosteny edlh{HBE) semnositions cthe e mpcgsqgﬁm alps generally
prepa{[é%gﬂygppc?)@hgpéwré%?t:fe’été’oo%gﬁrstéﬁ E%ll Rt B ekleus &M8ither a

( resent 1nventron w e receptive to
donorcyémkicalt or stdraroeili e BISC pobsessciblel susTapeahntiggnacant ceptors

o Y BRSSO HE P AR e co.
Cons@ﬂ&éﬁ\gﬁtﬂ%‘ Asdses rtﬁﬁ'&ébeﬁalfﬁ/%tié‘ﬁ‘%ﬂle!bé’%&éptive to cytokines,
sAort €ni ng. F T T

0033 _ € HSCs nmade in accordance with
chembhineseandhiothegr ofll sigoaling sgents, et massasarenudets|fraenfram age

i de range, of er.apeutic. a i catjons. & :
roatell dFRB0%; AcrraAlod AT ad i EBRiesn oot RUdlef MG acid ree
radicR'@FRaGe bAY elbhitite 6ABrtbRingsed to repl eni sh stems cells

In animal s whose natural stemcells have been depl eted

[0033|‘flue tﬂ]eaqfi’SG% @ﬁid%t PNt ipHARYE SHED BE EERigs of the present

adi at1on an enot herapy. In another nonlinting
invenérargreausdid iRSCwidd ramge pf dwrapeitic epplicaiioase feregxample, and

.1.n qrgan regeneratign ti e repaif. ln.one
ot oo e BTG PR B} 7 SHE, BERERL ideuBlchem po used to
repleHBAGtEMSs RIS HAMMIS viRSRARAUFEISE cells e beehuwEphgted due to
dystrophi c nmuscl es and nuscl es damaged by ischenic

age an\abhatiorsiherapyssunioaacancgr redistipaand gheragiberny. In another non-
IimitiQ%O"‘g)g%bgﬁn{gwglf-l§Ibt5§§?f§bggﬁﬁé?éﬂﬁsggﬁh&ﬂgwﬁs%ﬁn organ regeneration
and tissue repair. In one embodiment of the present invention the HSCs can be
used to reinvigorate damaged muscle tissue including dystrophic muscles and
musdles damaged by ischemic events such as myocardial infarcts. In another
embodiment of the present invention the HSC compositions disclosed herein can be
used to ameliorate scarring in animals following a traumatic injury or surgery. In this
embodiment the HSCs of the present invention are administered systemically,
preferably intravenously, and migrate to the site of the freshly traumatized tissue

recruited by circulating cytokines the damaged cells secrete.



used to aneliorate scarring in animals follow ng a
traumatic injury or surgery. In this enbodi nent the
WOiBEs/128690t he present invention are adm ni st er eBCT/US2005/002487
system cally, preferably intravenously, and mgrate to
the site of the freshly traumatized tissue recruited
[0034}y ciln mAdeatmipdipenktie$SCe dddhagedsent irevention utilize an adult

[ 003 I n one enbadi Tt HSCs of th
ster SeldBat 1S RORARSR B0 198 TSPt eiNSE & SEPIYAiSsterg cell or
primo?&ﬁréé%éﬁ W%nbr@ﬂf)ﬂz)dﬁ?r%%tttﬁ’e nLBRaté a@Uf?rsYéiﬂ'c"elI% $Red to a
ce or a prinord sex cel I'n one enbodi nent the
primoediat keatcetl. athg enscleataskbtult §t€£msct&ill and @riprardiat @ealcell can be

The en eated.ad tem cell
derive T H16.Pa8ESCRNPrat piaelter TORACR R HIRCBRY bgmade from
any afirhbeéieaintl icBRbnatibteand fahslobstedShtdabty I@%Mﬁmfal Qreferably
any ani mal or animal conbination and transl ocated into
the H&G)isdiiblogically mative jir 2 pestibatpl amenahSC i s bi ol ogi cal |y
active in a post natal animal. [0035] In one
[0035jbodn roevet embotﬂmerpir@‘smﬁt prieseshinvention hﬂaeppriimordialaﬂ;ex cell is a

sex cell S eII The
sperriaoptim polbe ThRATTORA Set e TEpkPranSHaF o8 speghatpgonium
cell o?' 'af(ﬁlﬁéﬁiﬁt|'a?éc?§pé|’@&étﬂééﬁ’igﬁﬂbélm agbnatitelhyeihna dife?bit éMbadiment
di fferent enbodi nent "of the invention, 'the prinordi al
of theslexen’mn the pamasdigbsexineltisl an opgaBem qele enucl eat ed
- adult stemcell may be fused with the prinordial sex
[0036]el | The eamd:leark;edrm&hbslsmkneM\met)oberﬁlese.tkMthdUeipmirmcbrdial sex cell

by vafistis MRGGHE ROBPG I 120 SRR 10 oe s B (ATGTHHE: SEC fusion

meth88S NadlRIY bughertcalotf Yiphid @ndelgBRbRBIGH! VRas2shsed fusion
fusion. The aforenentioned nethods are all well known

methogiologxo,sdw@nldal éusiom amd nechanivakbesed dusion. |’§h¢1<ﬂforementloned

35 S35 AR B35 S ] TBIf90 ot necessar

to pr@\n&'@ lzegésstiptigt | df thisSkAdv mdthodidie Fl@lrﬂhﬁﬁhdrewthé eﬁe’meﬂlof fusing
is not limted to the nethods |isted above.

the epuclepiadoadult steoheek ta theearimardigkesey eelt i§ rwélrwtqﬁeto the methods

listed A??b\%] "ﬁt\p &8' 8' dél% %’tcﬁiéq skﬂggsnenﬁ}er ‘?’l\ft“kcf1 uskOGBEl fusion

ernatlve eren
“methbdylegiesan, oUtdaﬁ th@@anwresuﬁprl se an enucl eated adul t
~ stemcell fused to an enbryonic stemcell. For this

_[00372r t | AtBrA&tiRINA O mﬁeretdﬁeerﬁl@dsmnfemlcfrthaﬁhh@mim%ea—lsc may
I'i sted above may be utilized to obtain the

,comnxlﬁetmleﬁycl@atqdqadﬂlhﬁt@ﬁ ¢alcfvsedue an» q&@hrypnlﬁn $tem ggl. For this
e r Vv "

i Sy EB R, TRE SO RRIPYEinRaTbo AR A80i iy o tized

to obtain the HSC. Furthermore, the fusion technique is not limited to those methods

mentioned above.

[0038] Alternative methods of enucleation and nucleation are contemplated
within the scope of the present invention including mechanical methods of
denucleation and renucleation using microsurgical techniques. While it is envisioned
that cell fusion technologies may provide for the most biologically active forms of
HSCs, the techniques and methods taught in co-pending United States patent
application serial number 10/346,816 (the ‘816 application) are also applicable to the



wi thin the scope of the present invention including
mechani cal net hods of denucl eation and renucl eati on
W@ 200802390 cr osur gi cal techniques. Wiile it is ePvi/ESmnEa)2487

that cell fusion technol ogi es nmay provide for the nost

bi ol ogically active forns of HSCs, the techniques and
presenttimaitionaudiie ientikeo-cpatehts) gf Uhiet t&:lGSGapk’rxsatMt arg incorporated

.application serial nunber 10/346,816 (the ' 816
here'ragwtfeéﬁﬂ%) are al so applicable to thepresent

i nvention. The entire contents of the '816 appli ? i on
[0039%r e TheoHSPat '@édﬁerrelarﬁiC@WWerV‘éﬂi‘céhe[@@ﬁbﬂng‘FhQ I"E@S present

inventigif fody b sk r?%ﬂ §IU¥YP bk %uﬁfgﬁ rbg;b ﬁteﬁﬂuel'ﬂ?é Wfs capable

I nventi on ot € pot ent
of foraindi gioleast on?éhB/pHSﬁ rtr%mpabte p)a‘rtrcﬁtdarly n’gteaHS(eastcapable of

formingahISHBL B10Teahan ieaD PP SRoHB: dOnFalSHEG JHgstlished, it can
be rﬁérﬁ?r‘;‘lg r{m R/Qﬁo "gscr‘rte‘th@o"%1 geécghn%‘éi thdrefifNtoPEproduce desired

vari ous net escri bed herein to
charaptemrstlcsa fes exampdﬂ)athadmybnd stérosanFoe ewamqlfb(band tnaaintained in a
é'kr)rl d.stem can be expanded and namintained in a
partrcH MeA¥® nedi um [ 0040] Preparations of the HSCs can

d f
[00403¢ | PEEPARIANEION o0 SIaCR Gob HELSoraEp BLING, S EPeRigs o they
can BSdSrie fr OE} Hﬁfeg%rit?fp%ﬁ W%él@?atﬁﬁﬁbf e ﬂSt':i Eﬁh% into the

Speci es rnative t he prinmed
samecspecizs host driaadifferant speaks hiosbr therapeutr cs to treat
abnormal conditions and tissue repair. [0042] In

[0041qnot etereathetl, méing  pfimetle H®Uenchnn bea useer dpederive cells for
nposi ti on conprises an enuc| eated adult stem cell
therah@lﬂl%éoér%é“lb@@g”?'r%?ﬁd&'% iFsHe 8P@ircel | or an
enbryonic stemcell. The therapeutic conposition my
[0042)e udrdanethesgembpdinenti Qéatbedlrbrenaaﬁag?edhetw% 6@mposlt'0n

comibeE 30 B0 055l FRRE 25556 Porf At g o

or antdrabyenrstent 6&ll. Phdithgrapeatie eorrh‘:‘éémalnl:'rﬁap bRAdedMd regenerate
the cell types and other materja desc

diseared o damAGEs:, HESHRS Ohr AU GMRLIN e{tﬁ%J §'a%rree£'s "5ha gscased or
dama{glefiess é#@%gjh&uﬁgﬁ%hé&ﬁ% teckLnr ca (Jgﬁgllﬁesl’s#le and other

bodily #issue. used herein have the same meani ng as conmonl y '
under stood by one of ordinary skill in the art

EXAMPLES
[0043] All the cell types and other materials not described herein are obtained
through available sources and/or through standard methods used in the art.

[0044] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art

to which the invention belongs.

[0045] All publications mentioned herein are incorporated herein by reference to
describe and disclose specific information for which the reference was cited in
connection with and are not to be construed as an admission that the invention is not

entitled to antedate such disclosures by virtue of prior invention.



to which the invention bel ongs. [0045] All
publ i cati ons nentioned herein are incorporated herein
whyoosatmoence to descri be and di scl ose speci f i BCT/US2005/002487
i nformation for which the reference was cited in
connection with and are not to be construed as an
[00463dM TerauyHdwt thishelesonjgtivn, d:hel preﬁatredemembbémerd and examples
ant edat e such di scl osures g virtu
shown ghewid; ks cpaeideledras SygMpIAT t?ﬁt@,erd@@&"?‘% mgﬁtlortshe" the present
invenf%l‘?fe”ecj enbodi nent and exanpl es shown shoul d be
consi dered as exenplars, rather than as |imtations on
the present invention. EXAMPLE 1 Isolating the
Prinordial Sex Cells (FASCAMPLUEO®47] The mammal or
~animal is angs enoved and
‘transect ed. 5 ; are isol ated

[00472%8 ﬁnaﬁ]rﬁéldopfanﬁnan %r aﬁéﬁﬁéuzeﬁsl ta‘hﬂnﬂiel g@hdds ardi epsoved and
un of e gonads can al so be used t he PSCs

transetﬁed atlée pmmary sex gels (71SGsharsr iseleted wmbrﬂagrald i a microscope.

U8 5%06ee) B SRR Lo AR RIE AL s oo

with thet side¥ed hieostbse.go0ads: tHen niierdscopé Athe IFI‘BES have stem cell
sper mat ogoni a and oogoni a, ,are retrieved fromthe

morp@@ﬁamél el Iﬁrgﬁrrpuem%nd smppth)anchara irehgn Vﬁﬁ&r@gsﬁuféom the
gonadt.® [n ;Dr g’ lﬂ]goéé%rm%@@éﬁbnaﬁ& 8y, ﬂHu%etﬂé?rléf@dWom the
'S super at’ed east one ovumis retrieved
gona@éldlrp;bﬁﬂedlar rtype A and fyper dparmatoenia are reirighied. The
ova is held in place using a mcropipette and with
[00483 TotdIRAINMAIF beRoPe, eheeahiedal i eupa@vulzted, dritcat Ilelasi sne ovum is
adj acent to the ova nucl eus. Enucl eating_the ov h
retnepgég.nm Rlapgd a@mqprmy@ mediglq keap i wable-t ﬁﬁge ova s hald in place
. C
wsine R EFLRPEAS S Fbbe MirtopRhe WLP s v unil e oo
adjac(eﬂt ;o) ﬂnierolvatmgﬂelha dmlicteatiogotbe aya isposgiblet bysaptplymg a small
the nucleys is reta ned d the 0S0 scar ded.
vacuyrpo@otheVPPiRetRod S ISGRr LPcloé(Qt(ﬁéS\ % Ur?’uc&é' %@ﬁogrrgethods
t
oo E TP B PSS GE Rl P shapm odoDNEDt Lot i
time thiei nucleusgisebtained aad the Cytobol. is Bistarddd.2 | sol ati on and
Purification of Type A Spermatogonia [0050] The

[0049]0)thewmhodsacn‘ ehuicledtiont bnd excleptian fave dcadémplated avithin the

purifyin Tg/np
scope of the present invention including other mechanical methods as well as

methods utilizing electrical stimuli.

EXAMPLE 2

Isolation and Purification of Type A Spermatogonia

[0050] The following is an illustrative example for isolating and purifying Type A
Spermatogonia. In step 1, the testis from 6-day-old donor mice (n=8) are removed
and place into a petri dish with sterile phosphate-buffered saline (PBS) containing

10% penicillin-streptomyecin.

[0051] Next, in step 2, the testis are decapsulated under a dissection
microscope, and the seminiferous cords/tubule is collected, pooled and placed into a

conical centrifuge tube containing a solution of 2 mg/ml of collagenase (Sigma
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Spermatogonia. In step 1, the testis from 6-day-old
donor mce (n=8) are renoved and place into a petri
waele®k/12d99h steril e phosphat e-buffered saline (IRBBPS2005/002487
contai ning 10% penicillin-streptomycin. [0051] Next,
in step 2, the testis are decapsul ated under a
Chendtals £8t. iLonisyiMOd sodpk) ugmd DNase ¢ i(Signia Chesicals, St. Louis, MO)

ords/tu | | ect d .and, pl d int
i ke L T
col | agenase (Si gnmaChem cal s,

[0052&nd 1@ s@q A tsneRtents; gf@ﬁ&e@féw%m ar@thLﬁhﬁm at iy C for 30

mlnutbg d&‘é)abgf\gg%rgﬁﬂh @%egcﬂ'%leqﬁ gﬂ\f% éﬁé‘gﬂla%tﬂﬁe lnterstmal

Leydigesells fiony tHie semifarodisitobulbat ed at 37OC for 30 mnutes
on a shaker with occasional gentle pipetting to

[0053]i SSQRistéE 4t Reter Mctibdtibh] te tubyitisgarehlicvéd eonsettz down to the
Seni ferous t ubul es. [0053] In step 4, after

bottomrefitba tuls and fee supeinatardy @orﬁamm/gewet leeyskg £ells iggmmaved.

the bottom of the tube and the supernatant, containing
[0054]he Lisystop 5 #he digestior apd settling s anerrepeafedsonache

di gestion and settling step are repeated once. [0055]
[0055]n stlﬂpstép &, Hhettubulessarar waslaeh @K FXhWOMENDNMEM fnther digested

o A S35 g U SeB yuBifine e
(Slgn{{@ﬂbﬁﬁéeﬁs St LobRUNG) MP20090 n‘ﬁﬂut%@ ifaNsiBénd Wader bath at 37°C

aking water bath at’ 370C until| the peritubul ar cel
until tuetmiudwawmﬂam“m]‘rem thedobelesi n step 7, the
tubul es are allowed to settle and the supernat ant
[0056]ont diiteyy 71 the pbulasidral dlowee tbssetites add e sdpernatigasontaining
In step 8, a fourth dlgestlon is perfornmed by adding
the pg%tuf:)ngrgzgilq; Cﬁ? CHASHVEM cont ai ni ng 2 rrg/ m
ol | agenas

e ng/ M Dnase. | and 1 hyal ur
[005Hype Imaterar%.a fcwrm digestieri$ perfopaadi nas_a\sélﬁgotet@%'ﬁle% ml of
OEd S AT A, 0B HERENSha1 AN drioaso
type ?L:Jgtlljie?] Qggé% call rezispassied was _(I:_»btamdsm Dlgbﬁé/gbgelnﬂ;gbhltreeml%in a cell
SUSP‘?‘F?'%’P g@Ptaﬂ’B”Q %r{%&eﬂﬁ@nﬁ?mé K%%?ém# RWYBHi a ffo?npt he
Serto cells, the cell mxture is incubated f

[0058]our lw step £, the gellsiarme washesd twige with PM%M's%n%gv{tﬁE%’dwough a

the extracel lul ar domain of c-kit
80- pﬁﬂ@ﬁor{ g F%ﬁ% 2B8; Pharmigen). To isolate type A

[0059°]per Wﬁts‘%gé? r]I'O"fl ||§ REeAD ‘ggfélté t}]\é typ?e ﬁewgﬁ&iéqmm the Sertoli

cells, the cell mixture is incubated for 1 hour with a 1:200 dilution of rat anti-mouse
antibody that recognizes the extracellular domain of c-kit receptor (clone 2B8S;
Pharmigen). To isolate type A spermatogonia from an adult it is recommended to
use a 1:200 dilution of a rat anti-mouse antibody that recognizes the hombphilic
adhesion molecule, Ep-CAM (clone G8.8, Develomental Studies Hybridoma Bank,

University of lowa, lowa City, la; Anderson et al, 1999).

[0060] In step 11, cells are incubated for 30 minutes on an Orbitron rotator
(Boeke! Scientific). The cell suspension is then centrifuged, the supernatant
removed and the pellet washed twice with DMEM to remove any excess antibody.
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use a 1:200 dilution of a rat anti-nouse anti body that
recogni zes the honophilic adhesi on nol ecul e, Ep- CAM
w@ etoonz3o@. 8, Devel onental Studies Hybri dona BeeikpsS2005/002487
University of lowa, lowa Cty, la; Anderson et al,
1999). [0060] In step 11, cells are incubated for 30
[0061n nutreste@nm,nth@rchnllsrm rreeUapmde(cBmekerhl scedturefmeylium. Then,
The cel.l

M-45Q genat AREaPcrElen Wike SHEcpantiaat BSHEabERNYR Gypypabeads:
Dynal?'\ﬂf'&ﬂ el SIEY el chﬁméﬂ »oshio B@@%dbhaﬁj&@eﬂ%r 1 hour

Is are resuspended in 4 of culture nmedi um
at 34°Them a dnaksn. ﬁﬁ@r@knfpdséues;ells@ewllamqut@f e spspension with a

oo ) e RSB S GHBABEC T st 0 A
spermRBE§SiApTdARk €!thel Walll hvype ah f8fmadganihairer collétted and

c-kit-positive cells are pulled out of the suspension
resuspindeciimmgnef culbpieireediug-t he wal | of the centrifuge
tube. The c-kit-positive cells (type A spermatogoni a)

stick to the wall. Typ SR togonia are col |l ected
and resuspended in 5 m )g%‘ cuE{Tgre medi um EXAMPLE 3

I sol atl on ardldfvnidridcRuliftoatioh oididult §eemCEBs | s [ 0062]
followng is an hléslustratlve ex

le of ,a . .
[0062])r ocgﬂﬁrf@”@ﬁ”ﬂgslﬂ apil UeﬁﬁmWPn%ﬂpﬁe%W%T isgfatipg and
purlfyﬁ‘@I %ﬁul iﬁg@a@ s‘%@@ Y:ellémggécﬁ?égll?mm@ﬁ%dteﬁtr Qe bl‘b’genltor cells

femurs and
(MAPCI D). a§ irat, én rséap\fledhé rfemuBs @ndefm«a@laﬂe demavedaiiemt & week old

donorB; e ofty RO PESPERSERA 118r FEG B e BRkactEC T CaE FBS

(Hyclcbrfe?ﬁ omm NEPES SR (Gie-BRE1 56300889, ¢h ﬁb@dTh@tﬁdnes should be

sue. bones are cut just before fl ushi n% to o
free oélnntmqlmtaed afattmssuﬁ Ehachoneriate ewkiust before fiyshiag tareliminate a

o of il Bl ?ﬁ%pébgg%a&%mrcgfaz h0G DEtkss,
o062 L5055 a5 e e b b e B neeal

usmgb%ffsf c(:Gé%ﬂg@RLfmééG%ﬂBONBs(SEEp@n@b@iﬂm g 706DE2% - FBS

donors use is best to tr not t use nore than
(Hyclarse)m O HE§§4S bher {GibsniBigL 6&6390%) t(ﬁ@peadlngdpn tﬂh% number

of dOI”I%I’S L@egl.létdglp &t%g’yr{é)(%Q§él£%éﬂé e nee e an%sgm%@{pﬂusmng

bone$ ¥bitRa€alP¥f tHa!sdnple WﬂBfﬁSblﬁ;p@ﬂéH@ﬁnUpoﬁ:ﬁdl tibver) THeeBMC is re-
suspension is flushed forcefully enough tﬁpbrea '

suspefidedpgsing dbe ASt 9auge aee@am@%%%yrggﬂ Ry %h'asﬁﬁeéwspenswn
up and'§owAPhE YaPehfibnEHu3nBA SoltBRIly%hdugh to break up clumps, but

not so forcefully that cells are damaged. The sample and the media are kept on ice

at all pdssible times.

[0064] In step 3, bone marrow mononuclear cells (BMMNC) are collected by

Ficoll-Hypaque separation.

[0065]. In step 4, v1 X 10%cm? BMMNC is plated out on fibronectin (FN; Sigma
Chemicals, St. Louis, MO) coated dishes 10ng/mL.

[0066] In step 5, the MAPC media is created consisting of the following: 60%
DMEM-LG (Gibco BRL), 40% MCDB-201 (Sigma Chemicals, St. Louis, MO) with 1X
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at all possible tines. [0064] In step 3, bone marrow
nmononucl ear cells (BMWC) are coll ected by
wo-p@elik39bly paque separation. [0065] , In step 4PCWUS20R5/002487
105/ cn2 BMMNC is plated out on fibronectin (FN, Sigma
Chemcals, St. Louis, M) coated dishes 10ng/ nL.
insulipetedreferrin-selepub (1M, NXPliholeit-acid-dovineaserdnealisinsini (h\-BSA),

. 0 0
10N o s B e aCals, Sty Late; Mig). 1§ AW ascorbic acid 2-

phosF)Pfét’éS(S@ﬁxatCﬁéﬁlfﬂé | 8t 3N M) ( 'Iff@)unlté%f penlcﬂlln 1000 units of
I nol ei ¢- aci d- bovi ne- serum al bunmi n (LA- BSA) , oM

SterUﬁRmmt(lﬁiibmldBRIS) gith Cfterfetahlcalf serum diiGS; Hm\;lonlbamtones)

condSBL e NEAE ISR 8B GRITLSHETE Riogpe Cnermicat,
St. Lélﬁl&elmmﬂdﬁd RO0GIURRE/ BRI (Chedfied®t al cal f serum
(FCS; Hyclon Laboratories), containing 10ng/ nL
[OOG'QItPDgrlnBﬁe& B&BI\WN@HEIU re%%‘?@hﬂﬁmt‘éﬁ@a étsﬁ R fREh e $.4 weeks
MO, ‘and 1000 units/nmi niL SChem con)
cells [0 6Tarvestest apd lepBaeNT GDAG H@rraiﬂ@ neglist usingch amlcsamagnetlc

103/ c eks cells are harvested and
bead REHAER BE (GHEHARINEr 11 16+ cells ueing a

cromagneti c be € ar_a r.fMlte 006
foos, o160 ¢ bocaiasBFEer - A0obbin, PRl Ed Bcrells ney Wel of a PN
treaté(? % J"‘@é wé?lf dﬁ;h’:@nhr8%%&1999@%%@%601"\@'5 1% $h10%cm?.
densities of 0.5-1 .5 X
Appr@qamactalym% off j(ha@«tem yiehd cmﬂlms)Uﬁu garbwln;g)MAF?ﬁa outtu @SOWI ng
MAPC cultures. [0069] Finally, in step 8, the MAPCs
[0068FkNn bEnagrinctes 8z e MAPGiIsncarCb8,ch@racterizédby being CD3, Gr-1,

Macfy SIS Aeb o Loy ke SRt 280 el iistpsampatipilty (MHC) class-

and ?gggnl atl MPLE 4 Enucl eation of Adult Stem Cells.
ollowing is an illustrative exanple for
enucl eat| ng adult stemcells. First, in step 1, adult
stemcel Is isolated as d2eWIPbEdt in Exan'pl e 3 above,
are grown to a cnfl J
under appropri at et 2 aid nmedi um

[0070P07 IThdeffowih§is %ir\emugtratﬁ\ﬁb @ﬁmb@f@ eff@Jléatingr &dult stem cells.
trypsini zed and resuspended in pre-warned cul ture

 Firstjagitemn ( adwitptesnrels isolrjed pestasaribed in Bxample 3 above, are grown
to a ORI S/aéf' Bbr8kimately 1x10° under appropriate growth requirements and

‘medium.

[0071] | Next, for step 2, to enucleate, cells are trypsinized and resuspended in
pre-warmed. culture medium (37°C) containing cytochalasin B at a concentration of
10pg/mi.

[0072] In step 3, the cell suspension is centrifuged at 8,500 rpm for 30 minutes
at 37°C.

[0073] After centrifugation, in step 4, the karyoplast pellet is removed and the
cytoplasts are washed once with culture medium.

[0074] In the final step 5, the cytoplasts are stained with the fluorescent DNA
dye Hoechst 33528 (Sigma Chemicals, St. Louis, MO B1155) to test the efficiency of

ehucleation
12



10ng/ M. [0072] In step 3, the cell suspension is
centrifuged at 8,500 rpmfor 30 mnutes at 370C.

WO 0®332398f t er centrifugation, in step 4, the KkBeHU§1085002487
pellet is renmoved and the cytoplasts are washed once
with culture nmedium [0074] In the final step 5, the
cytopl asts are stai ned BXAMRILEESf | uorescent DNA dye
Hoechst 33528 g ) : 1155)

to testH Hoechst

lalping O
[0075?352&@“%'“8%[?@1 @farﬁﬂllﬂl%ﬁgﬁ\‘}@@xlé\%gié O§E@ﬂ|ﬁ§|ér®c[e%@€o'5]adult stem

he followmng™ s an 11l ustrat exanpl e of staining
cells. erﬁusjt,elatsstelp ddaldultssttenn calls| are pracent jn cultwedpediumaprg-warmed to

~Stemce din culture mediumpre-warned to
37 Cﬁ‘?@’@d'ﬁﬁwcﬁ%@r@ %"“EQP enucl eat| on. [0076] In step 2
of rocess, Hoechst 335 dded uIt
(00761 mstap 4 o tha prosiibe HIaRansbaSHS Bridad 4 il medium to a
final &ﬁ?&%gtr??oﬁb?@p&/g)}t he cells ar e m xed wel | and

0OC wat er (tj)ath for 90 m nutes exactly,
t o
o071 Sl 5L B Sl AR Nl ¢ e [PA7BC ot

bath W'Qb&nmﬁasléiédﬂlyf weekid ohe cens 3R0mixegl dvary Sewiminues. at
40C and the pellet is resuspended in pre-chilled (40C

[00751]IBSS Iﬁ@t 2: Bftbr th&19® HidhtedMetiRRidnyslic eiHsLoaid éﬂé%tnfuged
 bco- BRL 15630080). [0079] In step 5,

downsa’fa?B%d( gdor 3 minutee st BC antthe pelat i ﬁe@usésné@da na)ﬂore ~chilled

(o ST AT A EPBS ot

BRL lng@gnqgm)_ been treated with cyt ochal asin B. Hoechst dye
is excited with the UV |aser at 350 nmand its

[oo7§(]| uorlﬁsgc@ C8, itife RameHedeld the kepR04RA°BPJ inhihkhize leakage of
Hoechst Blue) and a 675 EFLP optical filter (Hoechst

Hoechet YdyeEfiavPicells IGAES: ioslis t ard Hecdeomie Ithe aperigeptienucleation

di sh,.can LV I [
comeipsed, of FORALLIR P ke it et ke B IR R AR B, Foeohst
dye iglektiRed RéthttBet e |asel &S50 heimahdets fluorescence is measured with a
450/20 BP filter (Hoechst Blue) and a 675 EFLP optical filter (Hoechst Red).

EXAMPLE 6
Creating the HSC
[0080] In a culture dish containing nutritive media the enucleated ovum is heid in

place using one micropipette and with another micropipette the nucleus from the
donor cell (primordial sex cell of stem cell) is inserted into the enucleated adult stem

cell to form the HSC of the present invention.

[0081] Enucleated or nucleated stem cell and/or nucleus donor cell and-HSC
can be cryo-preserved using techniques well known to those having ordinary skill in
the tissue culture arts.. The cells thus stored can be thawed and used at a later

time.

[0082] Alternative methods to renucleate a cell including cell fusion methods, all

which are within the scope the present invention.
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donor cell (prinordial sex cell of stemcell) is
inserted into the enucleated adult stemcell to form
wo b@sHE%nf the present invention. [0081] EnucP@HUSIHIO®H02487

nucl eated stemcell and/or nucl eus donor cell and- HSC

can be cryo-preserved using techniques well known to

t hose having ordi nary $kXAMRLE 6he tissue culture

arts.. The t hus. st gred,. can be hade and used at

a later tinmd pansion: Lhek HREHed52EE renucl eate
[0083& ceM ohﬁ%\ﬁ%cﬂﬂeﬁ?bﬁ th@ttﬁ'bé’éht'm%}ﬁﬁ)ﬁ H8C e%ﬂ'én‘%ﬁbrﬁfs(ﬁone using

e scope the present invention. EXAMP

a conEezrptmml bioredttor.BFor eaam@ie Ghbietractol] isqBeyided havmg at Ieast one

onem 3L Ay 2 R LBl B BB P Br, erpanc

malntQFnoéﬁéﬁtrPéndi diffrevtisledhd M@Q oftthd @%@énﬁ"ﬂ@eﬁmﬂbﬂfhe chambers
preferably at |east two chanbers. The i s_use

can be dimjieshvip anep bl prefarabuthere que vhianshivo ghembesnt WB@@hamberS

oe o581 SR SEerb R R RS PR e B

simila¢ bRWBGES. chEhsosrbaahdisussd conprised of silicon oxide
or glass. However, other naterials used to construct

[0084?I m 'Tﬁb @hﬁhﬁﬁwéﬁrecﬁéﬁfﬁ’&tédcw R®irs ad- edbW&therdhand further
Chanbers are connected by tubing to each other, and
connefqtﬁ;d lb&rtubmgln@cV@wl@yalﬂQlkb@rrygs)tséemarlﬂ@%lngrﬁ@ﬂa@i“? pumps micro-

oryo BB SR T3 L DAL AR B orsea o

neopriefe IMGThe Sithikir made neaterials fot nee lﬁlmlbglbahay&ems The tubing
materials for use _in biological syste

can hgye VREHQUS @iameiess foahdiGkpEan drgh 1 33/30(1’“?%{?1 in hMPWeY% smaller
or grﬁojt%laﬁ'lah&ggrt Ycﬁ'rsdg@gplbégé |s°éo%{1l§1@t ephéjgﬁf@f%r?t; size tubing are
accorﬁmbelatedObyl glfmrentasm@ mm@atca‘dhbphdn"fb‘ee@nﬂ' hei tubing allows flow of

fluid mediedn AgeieAaTPer EORRARDY g Bel fihef comiTisrshpt acro and
mlcro[}’té{lé&ﬁés, ) chanﬂg &fan_ﬁliﬁéeréo ARl ABChHOMHR! RRHERE is driven by two

_ et ween t ers. flow of the nutrients is
peristditicveumpy; omeltereatiselslby et mashoneopuraptwitih anuliieleyhegds. Each

peris e b oF g8 HERe S L efHLACEA GoPARRi A Bges e fow i one
d.recﬂzﬁf | Blodlel/E, WiREP alldase swb | plirfipd bivs forobieditddtietki fuid flow into
However, using at |east two punps allows for
and ot oftheegharbers. f 1 uid flow into and out of the
chanmber s.
[0085] Also a pH sensor and pH meter are used to control acid/base balance.

The ph sensor is first connected to a ph meter which is secondly immersed below
the surface of the media in the chamber. The pH sensor detects drops and rises in
pH in the media in the chamber, and will send a stimulus to the pH meter. The pH.
meter in turn contains wires connected to CO valves further connected by fittings on
the chambers. For example, when the pH of the media in the chambers is low, a
stimulus back to the pH meter to open the CO, valve(s), thereby allowing CO, from

the CO,reserve to flow into the chamber.

[0086] Ancillary systems include a CO, reserve which supplies CO- via the CO>

valve. Also used is a micro-oxygenator (Aqua Pro) and pump. The micro-oxygenator
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[0085] Also a pH sensor and pH neter are used to
control acid/ base bal ance. The ph sensor is first
weorsezded to a ph neter which is secondly i nmMBCEHE005/002487
bel ow t he surface of the nedia in the chanber. The pH
sensor detects drops and rises in pHin the nedia in
is conhbete@fmmﬂar to thedC O, résereadisaa staiveubing tukng.h & lyieh fromn éhe tubing

H meter in turn contains wr nnect ed
flows {AIpvE therRe-oaRBTcaNg)S Prvasaed SN Sie TR pets which
I
rioct 591! e, 403, Dl SIohi B S 7 aosueueiy o
cells. CO2 val ve(s), thereby allowing COfromthe CX2 reserve

to flowinto the chanber. [0086] Ancillary systens
[0087! ncl pis» a %Iebamrdelydm cfiites ugiptilae stoCRe vrmacromyg@z.ator and

val ve. Al so is.a mcro- ator ((Aqua Pro
atachste, Ty ROty BerI<Hane KRB SioSTpsIer e festrictd,
e t t
for o ERFILEN 2ocHR ¥ 0!Il e Ftided mie mia. The
dialyste<fjitezvedrae ob;caundm @orerd systeinmbad sinidireptions| @urreakymﬁm
into the space; thereby aerating the fluid for

[0088] "Pr Gy edduitiahi | highiyof plififeed: ewbter [(D@S?]on@d:ecb AV treated and
nol ecul ar di aIyS|s filter S|mlar to

microfiltesed) i yeRth i@ SHSRINItha PERRGReYAter epGieat i s SYsiPBlLghhe highly
t a I
pur Gk ) B SeBA0lhBi F 2 SEMB8s 350y, ot
availdbla are restricted fromthe fluid. The dialysis filter
wor ks on counter-current system and uni-directional
[0089}U[ r GW(e meligsed Gg&&é dhanaiskstst isoany retamdardpoell faudidre media
- water (i ., lonize treated and_mcrofiltere
suitable dar supRAIhaithe iawlt 6hermary Gel 10T Ql SXATRPlERg MUtHS media

compf’%r?ﬁbem I%Jkﬁnloltblﬁm %m%&gée gM@Waw f’i?—Z@‘%j?é‘tal Bd¥ine serum

nmedi ers any steri nmeans
(FBS Vi ﬂ@njtamlmézoeebeﬁ‘bmmimmomm i1X nore-essentiad @gning acids, and

ard cel | ure dia syitable
othor SRt oGS ARRR AR e Favias P BPRC ST the, g gfel biology
and %@th t%cﬁﬁféllué conprising at |east ML5:high glucose
out 15- 20%fet al bovine serum (FBS), 1X

1-glutamne, 1X penicillin/streptomycin, 1X

non-essential am no aci BEAMMEE dt her grovvt h factors as

known tq thog ar . of

cel | bi st5a5EA VPLE 7

[0090CT eeTHNBISAxe OFiBks p‘r@@er&umﬁ/énﬁorRe@emCoeerlédofcarswriﬂce receptors

and antigen expression as follows. Cells are removed from the bioreactor after a

suitable expansion period has elapsed. A suitable expansion period is defined as at

least one population doubling.

[0091] ' Fluorescence Resonance Energy Transfer (FRET) and Bioluminescence
Resonance Energy Transfer (BRET) are technologies based on Resonance Energy
Transfer (RET). It has been reported that energy transfer efficiency is highly
dependent on the distance between the donor and acceptor moieties and their
relative orientation with respect to each other. In most RET-based assays, the
typical effective distance between the donor and acceptor is 10 to 100 angstroms
and this range correlates with most biological interactions. (BRET, Packard
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[ 0090] The HSCs of the present invention are screened
for surface receptors and antigen expression as
w0 odos02#01 Cel | s are renoved fromthe bi or eact oPCHIUSHNS/@02487
sui t abl e expansion period has el apsed. A suitable
expansion period is defined as at | east one popul ation
Bios@dd, ifBigSi(g{n@DQ;Ja]ckéthmcesc/m'rtckanR@B)narTme @seafyBRET and FRET
ransfer (FRET d Bi,ol uni nescence sonance En .
technaloghess SPqaBRERHEFS WLl RRBRBGNWEPEL: Of el DS A, LT location
on thé'&%n.gx/iérdaﬁﬁ@%rﬁrﬂcé@ bf rédedians @eﬁﬁg BRE?ERIFRESt can be viewed
energy transter efficiency 1s highly dependent on the
on a ldigaracozerbert meaitort. hEnekmprojesiignystans arersiandiaed inathe art.
their relative orientation with respect to each other.
[0092]n MpsterfAiehq stiteranstiysls tolserégmpiaratceptbes sitesein contemplated

.. distance bhetween the danor, and ac tor is 10 to 100
withindhgdresenrt iRYRNoR; §nlﬂ‘§1lﬂj'bn9 ?@”g’?ég%\x?mh nost
bi ol ogi cal interactions. (BRET;, PackardBi oSci ence,
[00933i osilimatabacikherdSCacwill hava developsy allries nesalyAll, grerpostly all
nd. FRET _t ' ith certain
the re%&ﬁ%o r%EggfagﬁgéI@p orr\zgdaﬁg%%gi%rtﬂﬁ)%ta [ o%lwon the cell.
Vi sual identification of receptors using BRET and FRET
can be viewed on a | ar geXAMPldeB8 or nonitor. These

proj ection_systens ar tapndard in the art. 092
Al ternat i slo IRANLEEC ﬁﬂé@?ﬂﬁégept]ms
[00943' tesd Eréiﬁtfﬂsgﬁm@h@ged‘," thetd grd §uPHESa8 tudddvVRIttheHSCs of the
| t hough not described herein. [0093] Utimtely, the

presersEo/antibh. Hravexdopé,opaiients haviog susfgred anlischesmicyent guch as

1. th Si1E h
myocBtdint BB REhTha b B, B IR RHECaRhob End Yefie. he
damagedagscarirme elehid8i teflaces i @sid Yadischrserd cdllsavith fibrous
are nunerous used for the HSCs of the present _ ‘
scarej hs/?m ithat. natopniylast| eontigatilee Hnstinay ing regipisepeiiragiion. As a
s, SRS Bl HERr s TA5a5R) ook PGl B Sptesiensuity o

pumpléurigiedt gualitisdifuioey entheabddy’s dpbwes s Evartuddipdcongestive heart
_cardiac nuscle cells with_fibrous ﬁc re tissue,that
failureaccyr PnAatER RNt ies| Recentt &8 heranyelechiniguss have been

appliclgc?%r@&étinyP%ﬁe%%v%?ﬁéé& ’faﬂlﬂ% tiﬁj’éﬁiﬁ%h%gﬁtio sfé;ﬁgeﬁem cells,

ncreasi n iclent a 0sS€es It
skeleminmyobldstsi @et duralexaingde obnitledo Statest RateodyNymbers [USPN]

o STS TR BB WL erBRERERIAE oSty LSR5 heroin by
refere%}r%}?p%%ﬁiﬁalﬁé&@uﬁ?ﬁﬂé?% Velﬁ(re(?m H()E:@I_ﬁhitm% Cli{h@%@br l‘b@th patents)
and mesenchymal stem c)glls (Jsee for egxample UglgINe6,|3(£:37,86369r,nﬂ$ée enﬁr’e contents
of which are incorporated herein by reference, specifically Example 1) directly into,
or near the damaged myocardium. Other methods suitable for providing the HSC of
the present invention into the heart in need thereof includes transluminal catheters
specifically'designed to, or adapted to, penetrate into the heart chambers, such as
those disclosed in USPN 6,544,230 (the entire contents of which are incorporated

herein by reference) and the like.

[0095] In one embodiment the HSCs of the present invention are used to restore

or improve contractile function to a damaged region of the myocardium. The HSCs

made in accordance with the teachings of the present invention can be administered
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skel etal nyoblasts (see for exanple Unified States
Pat ent Nunbers [USPN] 6,579,523 and 6, 682, 730 the
weniosnesdeont ent s of which are incorporated herBCTUR3005/002487
reference, specifically colum 14, line 7 through
colum 18 line 45 of both patents) and nesenchynal
to thetrapocaidium (bpedifent mjeatione usBIN &6, 3@@(;1&39 cathetegntorr ean be
contents of which are incorporated h n g to th
adminigterade iale, 0BBee fMeE [Cpr pidery) ag r@ Wed i i snigggte to the
damaQ@@“tlést&% dﬁﬁagﬁﬁth%‘;&ﬂbg& ntQreHSeS hads agMiitidlRkéd into the
provi ding t the present invention into
advertitial tissamet ofiancareadryt &aderyof i ncl udes transl um nal
catheters specifically designed to, or adapted to,
[0096peneld adrbthet @ntthuzliimeat tofc tipresents imenéiont HS@S are injected
di scl gsed i n USPN 6, 544, 230 the entire c E
systerpisially infocther@esulipat systemy & feplost éﬂéfﬂ\éhcify R cepgiment the
I 9 HRCshof e S
HsCs; et A0 Rbid B R Tl e un® IWEFTLRESPEN brain
Mored\mn,cttln@ rHEGsaof almag:afelsereiglrwenb@n t¢an Mgoadministared r&/stemlcally

w20 e S SRS e PR e Se gl gt e

preselY m%ﬁﬁ&ﬁ wilNeRBltiP Papid helidd ahBirSiRirh ANscedihgt er, or

can be adm nistered into one or nore coronary artery

009737, PGS 58 ko o ATROSrke B pdimeps o e

preseathievdntianal thbse sake omtﬂmar)ccskdha:lam devisey vaifi@ifi9®] of nthe present

notg gb the resent i nventi on HSCs are

inventiof W E@Ht 'ﬁﬂgg’ Q'HV% HYRCUIGERH at ory syst em of
the host in vivo. In this enbodiment the HSCs m grate
to regions of damaged tissue such as the liver, |ungs
and brain. Mreover, the HSCs of the present invention
can be adm ni stered systenmically following a traunmatic
injury or surgery. The presence of the revitalized
HSCs of the present invention will result in rapid
healing and m nimal scarring. [0097] Again, while the
speci fication describes particul ar enbodi nents of the
present invention, those of ordinary skill can devise
variations of the present invention w thout departing
fromthe inventive concept.Wat is clained is: 1. A
hybrid stemcell (HSC) conprising: an enucl eated adult
stem cell having a nucleus froma prinordial sex cel
or an enbryonic stemcell. 2. The HSC of claim1l
wherein the enucl eated adult stemcell and
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prinordial sex cell are derived fromthe sane ani mal .
3. The HSC of claim?2 wherein the aninal is a mammal .

W@ 2003hz39pSC of claim 1 wherein the enucl eat ed BAUU$2005/002487
stemcell and the enbryonic stemcell are derived from
the same animal. 5. The HSC of claim 1l wherein the

Whatdénoleimed é&d adult stem cell has a nucleus froma
prinordial sex cell. 6. The HSC of claim5 wherein the

pnj nor ditglbrigestemedd!! (HSE) saraprigihggoni um cel | . 7. The
HSC of claim5 wherein the ﬁrl nordi al sex cell is a

undi f f 3R &vrieaier 3t miany gl naKingel puclgus pgn ﬁ@@mﬂf&a' sex
cell opg,ﬁl]@mb'}#éﬂgr?é gehe prinordial sex cell is a
ere

ate sper mat ogoni um cell. 9. The HSC of

1 TBE G el Puh a1 RRe ARl BB EGRE Bk ™
prlmo@&iul éeﬁé@rfal@ﬂﬂénv@%l fioraete wairfe afienadr i nordi al sex cel |
usi ng el ectrofusion. 11. The HSC of claim 1l wherein

the envﬁb%@%f%%ﬂntz @heraif ehé ahfmalus atn¥rinkalt he

prinmordial sex cell by a virus-based fusion

Mgl hodehadys %]q;fcla-ﬂl?ﬁ {iferah tfié BhltikatiieadlinstehPcell and the

enucl ea t stemc use Wt
embrmmuetein&lellmdesiixe@frohethecﬂmé agioal. 13. The HSC of
claiml wherein the enucleated adult stemcell is

f gsed WheHSOfRIdimot dihetein ¢ie ealitieatsdhadult stem cell has a
mechani cal - based fusion. 14. The HSC of claim1

nucleyf &iogh A RTROTAERESEX SBilol ogi cal Iy active in a post natal
ani mal . 15. A therapeutic conposition conprising an
eBucl edhedSQ@fclaimermnberein iag pAaidialiseecell Fram a

oA S D TS S e
o s T 2

undﬁfEP@wttd?@d QFGHﬁé@géﬁﬂﬁ@%ﬂl on of claim15 wherein the
di seased tissue is heart tissue.

8. The HSC of claim 5 wherein the primordial sex cell is a differentiated

spermatogonium cell.
9. The HSC of claim 5 wherein the primordial sex cell is an oogonium cell.

10.  The HSC of claim 1 wherein the enucleated adult stem cell is fused

with the primordial sex cell using electrofusion.

11. The HSC of claim 1 wherein the enucleated adult stem cell is fused

with the primordial sex cell by a virus-based fusion methodology.

12.  The HSC of claim 1 wherein the enucleated adult stem cell is fused

with the primordial sex using chemical fusion.

13. The HSC of claim 1 wherein the enucleated adult stem cell is fused

with the primordial sex cell using mechanical-based fusion.

14.  The HSC of claim 1 wherein the HSC is biologically active in a post

natal animal.
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18. The therapeutic conposition of claim15 wherein

the diseased tissue is lung tissue. 19. A fused stem
w@edos/12390pri si ng: an enucl eated adult stem cel PCT/EBIH05/002487

one of a prinordial sex cell or enbryonic stemcell

fused to the enucleated adult stemcell. 20. The fused

si®&m cAltheapeptic Sbng)osﬂlouldmpr]gng\laereeiuwletdhed adult stem cell

oA o3 S ol S B SRHE ey

wherein the enucl eated adult stemcell is fused with

t he- pr .Th@rﬂa@rapeg@cw@ppsmgn@ climcty whaesip e Heranpigic
compégﬁiﬁﬁ 'SSPE&B ’l.:oeng?\fer lezﬂl f tm dd'GsGruLcd et &6 gl in need

stem ce use |nDr lal sex ce
there®y a virus-based fusion net hodol ogy 23. The fused
stemcell of claim20 wherein the enucl eated adult

s§em c&ht thérapuasl coinbbsitiba diicidier 16 ahefsii ths dit@ased tissue is
chem cal fusion. 24. The HSC of claim?20 wherein the

heartéigsid¢.eat ed adult stemcell is fused with the

prinordi al sex cell using nmechanical -based fusion. 25.

The. f uFbd teerapeutic compostitianmf 2imhth wihereindhe disepsad dissue is
I n tst ﬁm cell is fused to the enucleated adult stemcell.
UNG BEUCA hybrid stemcell (HSC) conprising: an enucl eated

adul t z\tem el a nucleus froma prinordial sex

cabl . us §terqg@etgpo PASH36 wherein t he enucl eat ed
adul t ﬁh%ﬁ‘u‘é%a&e@ﬁ%l@%’céﬁ%@llaéndSeX cell are derived

fromthe sane ani na HSC of claim 27 wherein
t he anbnalof agprimondiatsiex c2d .or Emabnysacater califuged to the

enuc'@@{sqdeaé;&{&?ﬁgc rdial sex cell is a spermatogonium

3 dof claim 26 wherein the prlnDrdlaI

sex ce a ndi f tiat (1. .3

130 rhe Thedistd s1edh PbEORRES BErP AT 19 GG Al e BRMAIRel sex
cell is fRis8d 9 tELLRNILABhRMESER] QIONI UM Cel .

21.  The fused stem cell of claim 20 wherein the enucleated adult stem cell

is fused with the primordial sex cell using electrofusion.

22.  The fused stem cell of claim 20 wherein the enucleated adult stem cell
is fused with the primordial sex cell by a virus-based fusion methodology.

23.  The fused stem cell of claim 20 wherein the enucleated adult stem cell |
is fused with the primordial sex using chemical fusion.

24. The HSC of claim 20 wherein the enucleated adult stem cell is fused

with the primordial sex cell using mechanical-based fusion.

25.  The fused stem cell of claim 29 wherein the embryonic stem cell is
fused to the enucleated adult stem cell.

26. A hybrid stem cell (HSC) comprising:
an enucleated adult stem cell having a nucleus from a primordial sex

cell.

27. The HSC of claim 26 wherein the enucleated adult stem cell and
primordial sex cell are derived from the same animal.
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32. The HSC of claim 26 wherein the enucl eated adult
stemcell and prinordial sex cell are derived from
walpdosaeint i ndividuals within the same speci esPCBRS20051¢02487
HSC of claim 26 wherein the enucl eated adult stem cell
and prinordial sex cell are derived fromthe sane
i 26i vi dhalHSG2f cEim 2iS@hefeinlthé anbalvib @rreamnodie
prinordial sex cell is an oogoniumcell. 34. A hybrid
spem cghk HSISOF chxmzd wihegsindhe ericreial eex adililsta st em
cell having a nucleus froman enbryonic stemcell. 35.
spermafegPRIENHESk| ai m 34 wherein the enucl eated adult stem
cel | and enbryonic stemcell are fromthe same
sp8ci edheddSCrislaimowhereiniha primesdial gex pell sratral i s

. L . . i m34 wherein the enucl eated
' undlf%&%ﬁ\[%q 39%@?&59@% %‘ﬁe.nbryoni c stemcell are

d%r1| Veq'hferﬁgbtof}%lasir%n% {Nrﬁglrgilang Ip'rimordial sex cell is a differentiated
spermatogonium cell.

32. The HSC of claim 26 wherein the enucleated adult stem cell and

primordial sex cell are derived from different individuals within the same species.

32. The HSC of claim 26 wherein the enucleated adult stem cell and

primordial sex cell are derived from the same individual.

33. The HSC of claim 26 wherein the primordial sex cell is an cogonium

cell.

34. A hybrid stem cell (HSC) comprising:
an enucleated adult stem cell having a nucleus from an embryonic

stem cell.

35. The HSC of claim 34 wherein the enucleated adult stem cell and

embryonic stem cell are from the same species.
36. The HSC of claim 34 wherein the animal is a mammal.

37. HSC of claim 34 wherein the enucleated adult stem cell and the

embryonic stem cell are derived from the same individual.
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