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Attorney Docket No. 3898 P 004 PATENT METHOD OF MAKI NG
STEM CELLS FROM DI FFERENTI ATED CELLS CROSS- REFERENCE
WA DRELATED APPLI CATI ONS The present appl i cat i POT/CE204826559

priority to U S. Provisional Patent Application No.

60/ 471,163 filed May 16, 2003 hereby i ncorporated

herein by reference in its entirety. TECHN CAL FI ELD
Attorne¥skerNerB8PO R 004l at es general |y to creating stem PATENT

cells. More particularly, the present invention

relates to a nethod of creating a _stemcell by fusj

MEIHOD OIp MAKING STEM RIS o;xmmwgmiwiﬁﬁ FELLS

a differentiated cell. The resultant cybrid and its

[ bt [ { £ rkers.

CROS%W%QQQW@@%%ﬂ@Ngd its progeny

exhi bi uri potent stemce S ific markers. [ }

bbe im@S@ﬁP taﬁﬁlﬂcgélpé nelaigy gregtyi i ﬁ?gh é)r%‘é‘ﬂ‘t?“éx Eiﬂsgéit‘*d’lr?ﬁca“"“ No.

of human | eukocyte antigens (HLA) as the
60/471,463 fikdeviny 46,8003 dkichy BACKGROSNDOE MYl amERN RCHiEH-

cells are unspecialized or undifferentiated cells that
TECHKNRCALIFMEIUMi que ability to give rise to many different

cell types such as skin, neuron, or other organ cells.

H y%n%rftﬂ)npfb?actgss geﬁetf?ll}f‘_@g ltdading %%&?'c@ﬂi. bt phichBfly, the present

indefinite periods o Ime. The fact that stemcells

. .have the potential, of devel gpi [ Clfid ot

e 5o 5 000 1 g B oo
cells potentia useful in licati

enbryce oo et ) BP0 S e Bgeeny i s
cell therapies for degenerative diseases, gene

cell spdcifir ayprkersuSgpetifially tagresukéant icpiorid fndh &9 PERLHE exhibit pluripotent stem
Enbryonic stemcells originate fromone of the

cell sp&ifit iBfkeS! AYRS believé@vibhopwRNtelbsf etliibit the same expression of human

leukocyte antigens (HLA) as the differentiated cell.
BACKGROUND OF THE INVENTION

Stem cells are unspecialized or undifferentiated cells that have the unique ability to give
rise to many different cell types such as skin, neuron, or other organ cells. They also possess the
ability to self-replicate for indefinite periods of time. The fact that stem cells have the potential
of developing into a specific types of cells and can proliferate indefinitely, makes stem cells

potentially useful in applications such as developing organs and tissues for transplantation, cell

- therapies for degenerative diseases, gene therapy, and toxicology testing of new drugs.

Embryonic stem cells originate from one of the. earliest stages of development of the
embryo, the blastocyst stage. More specifically, embryonic stem cells detive from the inner cell
mass of the blastocyst at the stage before it would implant in the uterine wall. Most importantly,
embryonic stem cells are pluripotent which means they are capable of self-renewal and

differentiating into most any type of cell in the body including the cells of all three germ layers.
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enbryo, the bl astocyst stage. Mre specifically,
enbryonic stemcells derive fromthe inner cell nass
wo@boosheed ast ocyst at the stage before it woul BCT/DR10841026559

in the uterine wall. Mst inportantly, enbryonic stem
cells are pluripotent which nmeans they are capabl e of
self-renewal and differentiating into nost any type of

Attorneg &dacketNo.H8IBFH04 ncl uding the cells of all three ger MPATENT
| ayers. Attorney Docket No. 3898 P 004 PATENT In
contrast to enbryonic stemcells, there al so_exist )
Hycantragh ta embsyeniC stag cells,| thergralse, exist pdylg stgm cells. An adult stem cell is
unspeci ali zed or undifferentiated cell that is found

an unspeeializeldf arnediffeaeihted cedlitbat iT haunddo diffaeriiatedtissupakhet ddult stem cell
ability to differentiate into the cell type fromthe

has the tbidisyu® diffe@ntigie i@tbebe caltitybé fivhetheahblesit ofigina@df Adildstem cells can
bone marrow, the blood stream the cornea and the

be founti§hitdfe Harlohe 1§ Blood SREAD, ML Brieh ahlihd RN of kie'&fe; dental pulp of
skin, gastrointestinal tract, and the pancreas. '

e o4 ot oSSR BB 3] P el Sl uoronic sem
there is a need to create pluripotent stemcells. One

cells, g foca Sridreine %ﬁwﬁp&eﬁs aff Baripatent 1w eks i apmsed to create

_ enbryos created through in vitro fertilization (IVF).
pluripotensterachlisl ogy has nade it possible to carry out
fertilization and grow enbryos in the | aboratory.

Onadbiiice vé Ihuyhan tehitsydrae bl agdls ibasriedd framderthibryosraiiited through in
ot herwi se infertile couples to have children. However,

e R OSSR ) 18 A 55500 s iRt nd o

ryas, of fer a~potenti.al .,sourge tor ra/oni c .
ey T3 NESY BTy 2aPRAERHUR, SRl BUTROGRR Ry tnervis
| so, be creat usi nucl.ear transpl anha{}i on, known
ot 3t

) . a e
infertile;couples ia favk ?fepde% VELdERARY Capqie GegpryRy feAted are used,
, enbryonic stemcells, fromsurplus enbryos fromin
and theviemagning repibirygsamap arozamding rstered.uEke embryos aiffps . pothntead |source for
and policy issues. Techni ques such as |VF
human embryonic stem cells. Alternatively, embryonic stem cells may also be created using

nuclear transplantation, known as therapeutic cloning.

However, the source of human embryonic stem cells, from surplus embryos from in vitro
fertilization, and their use, has raised ethical and policy issues. Techniques such as IVF
technology and therapeutic cloning have been developed to address some of these issues;
however, concerns still exist with using these techniques.

The present invention is based on the belief that cytoplast of an existing embryonic stem
cell can reprogram the nucleus of a differentiated cell into a pluripotent stem cell. It is further
believed that the resultant cybrid is immunologically compatible with the donor differentiated
cell. The newly created pluripotent stem cell line will differentiate into cells with the same

expression of human leukocyte antigens (HLA) as the source of the nucleus, thereby avoiding



10

15

20

technol ogy and therapeutic cloning have been devel oped
to address sone of these issues; however, concerns
w@Riosl112x8 st with using these techni ques. The PCEBES24/026559
invention is based on the belief that cytoplast of an
exi sting enbryonic stemcell can reprogramthe nucl eus
of a differentiated cell into a pluripotent stemcell.
AttorndytDéckef Mot 5698 o4 eved that the resultant cybrid is PATENT
i mmunol ogi cally conpatible with the donor
differentiated cell. The newy created pluripotent
the issit efrpoehtiall inmeunvlogicali fefeetiomtin pheerntntDherefbtes thd prestrteinvention is
same expression of human | eukocyte antigens (HLA) as

designdd8 s8RU ilkLisQles ab@rebidalaBbive asth@T SOthé\RbBlEMIAL t Or ney
Docket No. 3898 P 004 PATENT the issue of potential

mnimf@f@ﬁhﬁ' ‘Vlﬁjl i;on in patients. Therefore, the
S present i nvglr:lti onflﬁts)Ngesi gngd to solve the issues
ig%r essed. above as \l\@“ as o({fge{ robl ens. SU RY COF )
RARIVENTERFh &R eh Bt PEATRS iR Sl tetoppgramming

) of creating a stemcell by reprogranmm ng a )

differeriafdegellrinfnp stemredll. Tihgtracthod peercaténg thewfran gell Rerapases the steps of:
creating the stemcell conprises the steps of:

obtainingdtaaicpioptpse froph ol @sistihg enmtayorax | s¢mncellenfusingnihe sytephast with a
cell; fusing the cytoplast with a differentiated cell

differeritRtddl RUUS Hroduey ArdyBiidaid wlbiing tHeEybAg t6 ry/ié[d 8lstbf el1eTHe resultant
a stemcell. The resultant cybrid i's a pluripotent

cybrid §laTufibne R By DESCRIPTI ON OF THE DRAWNGS FI G 1
shows an existing line of enbryonic stemcells grow ng

mreeBgR I Pl apb aPudBaL m (o et ve 107 G

enucl eati on and stained with Hoechst 33342. (objective
¥ 1 shaygs an existing line of embryonic stem cells growing on a'thin layer of growth

medium. (objective 10X);

FIG. 2 shows existing embryonic stem cells after enucleation and stained with Hoechst
33342. (objective 20X); and,

FIG. 3 shows stem cell colony after fusion of lymphocytes with embryonic stem cell
cytoplast after one to two weeks éf culturing. (objective 20X).
DETAILED DESCRIPTION

While the present invention is susceptible of embodiment in many different forms, this
disclosure will describe in detail at least one preferred embodiment, and possible alternative
embodiments, of the invention with the understanding that the present disclosure is to be
considered merely as an exemplification of the principles of the invention and is not intended to
limit the broad aspect of the invention to the specific embodiments illustrated.

The present invention relates to creating a stem cell by fusing cytoplast from an existing

embryonic stem cell with a differentiated donor cell to yield a cybrid, also referred to as a “stem
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FIG 3 shows stemcell colony after fusion of
| ynphocytes with enbryonic stemcell cytoplast after
wop@sneetdwo weeks of culturing. (objective 20X)CT/US2004/026559
DETAI LED DESCRI PTION Wiil e the present invention is
suscepti bl e of enbodi ment in many different forns,
this disclosure wll describe in detail at |east one
Attornegiddoker ol 389BdU00¥ent, and possi bl e alternative PATENT
enbodi nents, of the invention with the understanding
that the present disclosure is to be considered nerely
cybrid, athakis aeperipptenti gemicsH. Biis belecvpd ithat ithst wesulést stem cybrid expresses the
invention and is not intended to Iimt the broad
Major HispeoipatibilityeaCompler(MHC) of thé diffepatiatedalonobedi, spdtifically, the same
illustrated. The present invention relates to creating

expressﬁ)nsdff?ﬂhfaﬁlléul&}éyt@ léﬁhgéhs GULAD a8 e SoLRBIR heSdiffefehfifted cell.
nmbryonic stemcell "wth a differentiated donor cell

%g { ?z%og}ng%gé cpsth% 4§%A#E%\I$g %dr |§n % th?es %nsttlg%ttlogr Pitferentiated

dip101dp o ]gt egé{sﬁgygre(}d{ﬁmg;é pgs\gegﬂc{x(ﬁgne %wttlgqa 8. i’re?erably, this invention
H st oconpatibility Conplex (MHC) of the differentiated

uses mapgmekarcdiploid §plé9cw1thdawm}nomtﬁeofs%ﬁ@1w peledwd onkasyophasinan nuclei. In
| eukocyte antigens (HLA) as the source of the

one enmbddimemniof athtd iaeédtionAnliiaids tmangmelidn Momphostamaseldsed, because
line is used in the present invention. Differentiated

]ymphogj't&l Rhvt PRIR]Y @Ralf aldofintIBY Gfopit 3 RAsidY oS kaﬂyB@fb@ Typically,
thods. Preférably, this invention uses manmal

lympho?ytgiﬁév% pférg %thrIan l,(I)I(t; l%gfogﬂ?ﬁsrﬁgﬁgg@n%ﬁgﬁoﬂrg@lg{x %{r %h{é,l& of the cell. It
is desmlipge\é enltéslgotﬂt;f LR O?’f eellsui k/?l&lé\%% &ﬁ%MOEMEE@lm with existing

cytoplast in reI ation to its karyotype Typi cal I?/
embryonym@yﬂézgtqpéaﬂé Beopuseyitiis bﬁhqweﬁ]tbepre@;q efriaas cytoplasmic factors that
surroundi ng the karyoplast or nuclei of the cell. It
alter theé phethesjpicaddpeessonute hdist fuerlenit issprefbrabdd toshavetrore eoyor a@l cytoplast
anmounts of cytoplast for fusion with existing

relative to the differentiated cell cytoplast. Human diploid lymphocytes can be obtained from

heparinized blood from humans using known methods, then diluted with Ca,Mg free phosphate

. buffer solution (PBS).

A suspension of embryonic stem cells is prepared by disaggregating cell colonies in
ethylene diamine tetra acetate- (EDTA) or EGTA (0.02% in Ca, Mg free PBS or by Hank’s
solution), and subsequent filtering through 100 uM Nylon cell strainer. Clusters of embryonic
stem cells are grown overnight in about an 80% confluent density on a round 18 mm cover slip
coated with a growth medium, such as Matrigel. The embryonic stem cells are incubated for
about at least 18 hours. After the embryonic cells are disaggregated, the embryonic s\tem cell is
synchronized, such that they are in the same stage of the cell cycle, before cell fusion. The cells

may be synchronized in order to increase the efficiency of cell fusion.
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enbryonic stemcell cytoplast. Because it is believed
there are certain cytoplasmc factors that alter the
w@b@so126ps ¢ expression of a host nuclei, it i SPCT/US2004/026559

preferable to have nore donor cell cytoplast relative
to the differentiated cell cytoplast. Human diploid
| ynphocytes can be obtai ned from heparinized bl ood

Attornty Dacket NN 3898 Prog4known net hods, then diluted with Ca PATENT
My free phosphate buffer solution (PBS). A suspension
of enbryonic stemcells is prepared by di saggregating
ch|suspsobioni o differeptiftyd enkls o puepared tyt obdaiaingt differepERIEA)mammalian
or EGTA (0.02% in Ca, My free PBS or by Hank's

diploids odilst asinip) weHichosubsedidantinfdoet @hbod@mbitr GFUGR h¥EntOM, human diploid
Nyl on cell strainer. Clusters of enbryonic stemcells

, . o 0 y
ols o RPNl bgontod fr EGHED Motk BB e repr
. [ um _suc Matrigel.. .The enbryqnic.st ells e
wsing ' FEH et A ekt iscal SO T REY S GrMeg e PBS pretrably,
enbryoni c cells are di sagqregated, the enbryonic stem
the amgynt Ofﬁwgﬂsapﬁ)eamzeﬂelapo% HEhBY Ralutio isyingr b2 rafio: ddtes a@ding the PBS, a
stage of the cell cycle, before cell fusion. The cells
reagenprasicheas \Histiopapviez 083, nisoadiled too thendepabezddndlood and PBS mixture.
efficiency of cell fusion.Attorney Docket No. 3898 P

Histopafie FISBENTpréfesatspatdddoso erelis fved eiflel abedtheedthSunt Bf Histopaque as
prepared by obtaining differentiated mammal i an di pl oi d

there if ﬁblh&e%'h@?aﬂﬁ'eh ﬁuﬁmﬁéggg S1()8% ’Esé)faér%%&m I (ghsutgﬂi %ogthe density

IS invention, 1d ce prepare
i ni zed..hl 00 More preferably, human | cyt.es. .

or 1RSI I PP e YRASHAT 6 PR han ARGy B PR S8Rty o

hepari ni ze lood js diluted with Ca, My free PBS. N
employsde o .s'aﬂmevg ‘F“h dympbegytesots poRErSteR: haddden igzaciens dier rsyspending the

PBS solution is in a 1:2 ratio. After adding the PBS,
heperanized hlpodtin PRfcindHistdpsmophe suspe0san iy eentuifiged far aboat 30 minutes at

hepari ni zed bl ood and PBS m xture. Hi stopaque 1083 is
600G grrebey @hipyranddedftsocdduifugaticn, tthe hépanidized Higod hesepamisdtby density,

of Hi stopaque as
with the red blood cells comprising the pellet at the bottom of the tube, and the lymphocytes the
layer above the gradient in the tube. The layer of lymphocytes is removed and treated so as to
remove any traces of serum in order to prepare the lymphocytes for cell fusion.

To increase the efficiency of fusion, it is preferred that the existing embryonic stem cells
are synchronized before they are enucleated. It is preferred that about 50% of the cells in a
population are arrested in one stage of the cycle, more preferably 70% of cells in a population of
cells are arrested in one stage of the cell cycle, and most preferably about 90% of cells in a
population of cells are arrested in one stage of the cell cycle prior to fusion. The existing
embryonic stem cells can be synchronized using known methods. Cell cycle stages are

distinguishable based on relative cell size, or by a variety of known cell markers. In the present

invention, it is preferred that the population of existing embryonic stem cells are separated based-
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there is volune of heparinzed bl ood. Hi stopaque 1083
is a reagent that is adjusted to the density of
wa2@83memt. and facilitates the recovery of vi abCEUS2004/026559

nononucl ear cells. The density gradient enployed to
suspend the | ynphocytes is a one-step | adder gradient.
After suspendi ng the heperani zed bl ood in PBS and

Attorneli 3eakpNe, 3890 @ik pensi on is centrifuged for about 30 PATENT
m nutes at 600G at roomtenperature. After

. centrifugation, the heparinized blood is separated by

on theigeehadiveysizenfttip frruﬁ@r peefeised that gl pepulasiop raf Sxisgng lggbryonic stem cells
pell et at the bottom of the tube, and the |ynphocytes

are arrested at sheeGO/MHosteges lvefaye annddertionnWhee celibere ifiltke (G8Y@I phdse they are
| ynphocytes is renoved and treated so as to renove any

not actﬂvél@r%ﬁhﬁfatﬁg by hédhs OF GifoticeRr @ Pidion. Sivge IpHPHYRGME @drmally exist in
cell fusion. To i ncrease the efficiency of fusion,

the Gomtl haseorrgep%a 68 e3lo bOSmEHichl N B RADFHIiGn St em cel I

syﬁc oni ze ey are enuc

: rred that bouI 50%0 the cells.in. 0 i on
Erf G SSHunE pDR R otem el o wrcpionized 5 (B BYAL phlse, they are
preferably 70% of cells in a population of cells are
enucleagﬁdr Bs pEler jte igfete dhe gatoplast feone ¢ c@y cErucleatign rip gt known technique
preferably about 90% of cells in a population of cells
whereirathe rarcted ateeskparatainfromt thg eytoplashel  etll. Enocleatipu bbdiffeventiated cells
fusion. The existing embryonic stemcells can be

can be QYMEWOBY hEgh bl GekdiiPygatioR il adRddéredrhdieNCHLfiSSIRUL the presence of
are di stingui shabl e based on relative cell size, or by

: Cytochﬂaé‘iﬁrﬁ oF tﬂéchﬁlﬂg%cﬁtllnerqg{l%%ﬁx[ss n’tu#ﬁ‘dlhg uPhbe ﬁﬂﬁtefl to, biological or

I nvention erre atron o
i stin oni.c stem.cells .ar
chemicgl, DERFAP ooy B0 el B %ﬂ%‘eirm thalp bo wed fo
relative size. is further preferred that th

enucleaggpbes Waglen i E\K@Qﬁtm d12HorBisehe HienniseRes Cé@femun 63(3):669-674.

arrested at the G0/ GlL stages before enucl eati on. \Wen
Enuclegiinl of theeexistinghem@yoit sitrasells requirasea wifferantt ievlaligue compared to

proliferating by means of mtotic cell division. Since
enucleatipiPHO eyff@snti@sdT@hd Yadhstedlt célls bBeausd/ albpbidis esteinn €311 cytoplast is

di d not need to be synchronized before for fusion.
relatively small compared to its nucleus and cannot be separated in the same manner as
differentiated cells such as fibroblasts. Enucleation of embryonic stem cells involves a procedure
that uses a high density supported solution that allows the cytoplast to stay anchored to the glass
during centrifugation, while the nuclei migrate toward the bottom of the tube. In one
embodiment of the invention, the existing embryonic stem cells are enucleated in a one step

ladder gradient of ficoll. The density gradient is created by mixing 3.3 mL of 25% ficoll F400 in

standard HTF-HEPES solution with 4.7 mL. HTF-HEPES and 1.3 mL Serum Replacement. The

" cell enucleating solution includes 3.4 pg/mL Cystohalisin D and 0.5 pg /mL of nocodasol. The

cover glass with the existing embryonic stem cells are placed with the face to the bottom into

round centrifuge tubes with no air bubbles under the slip. They are centrifuged in a HB-4 Bucket
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After the existing enbryonic stemcells are
synchroni zed in the G/ GL phase, they are enucl eated
WO poosnawist o i sol ate the cytoplast fromthe cePCT/US2004/026559
Enucl eation is a known techni que wherein the nucl ei
are separated fromthe cytoplast of a cell
Enucl eation of differentiated cells can be achi eved by
Attornéy DbclepdRd38%8 P 004 ugati on in a | adder gradient of PATENT
ficoll in the presence of Cytochalasin B or
Cytochalasin D. O her reagents, including but not
Rotor 4ti 20,0006 the( iskpreivagnedlto 35°C hhiteabmpentue ismatdined at 36°C during
di srupt actin filanments in the cytoskel eton may al so

centrifigtivs efdr fDoueNUBHRAATRR . cepffuditibnels &Mglleﬁﬁttﬁé otdO s with the
Bi ochem Bi ophys. Res. Comun. 63(3):669-674

cytoplasBUst tﬁ@tekﬂﬂggfegﬁ)pfonﬁ?(été | Qs %@Md‘:‘m?ﬁp}@ﬁ or Hank’s solution

requires a rent technique conpared to enuc eat| on
hered

it 15 oL FY R BT ol T RUBLTR P nind i A3l 9B mosi o

? nucl eus .and cannogt be separated in the same manner

recoverys fay; 7 gy Artqut cEhec elticiencyich sauciaaiep s dben cvaluated under an UV-
Enucl eati on of enbryonic stemcells involves a

microsgopecwidiy Hoetln 33842 Grakdlingf) adehewn yin $UGp2r Teolpatd i ane stained are
that allows the cytoplast to stay anchored to the

the nucldi p@BeréAl the gnaigiftd partigat teuytopidst.e the nuclei mgrate
toward the bottom of the tube. In one enbodi nent of

t/’tf?er' BYGIHiAP the t Bfuchoaled e Fﬂgg%béﬁi%&csk c&h! %Pf?)'bf"asts and the

enucl eated Tn a one step I ent o fico

s 55 DS R Y

nL HTF- HEPES and 1.3 nl Serum Repl acenent. The
be acccggpl;shgql,da cglgtqsp@t Sbthis imsnion | lime membrangs /e be fused by electrical or
C?/stohal isin Dand 0.5 ng /nL of nocodasol. The cover
chemicgl meansithatrare well knpwn ito gersons of ondliparytshsifl methé srtaFer example, fusion is
placed with the face to the bottominto round
accomplhéd i dhegcallybesing thd dhendédl fusiohl esgeitggiolydidesdliddl (PEG). See
They are centrifuged in a HB-4 Bucket Attorney Docket

Pontecd@o Bﬁggeﬁ%ﬁe 2@)\{'— (ﬁ@@?rmaﬁhez B0k Nt Md@nmalian Somatzc Cell
pre-warimed to 35 he tenperature i1 s mai ntal ned

Hybrids® Ci8enB¥Cell Genet. (1976) 16(1-5): 399-400. It is preferred that the molecular

weight range of PEG be of at least about 1500. However, PEG molecules of a wide range of

molecular weight can be used for cell fusion.

Fusion of the cytoplast with differentiated cells is accomplished as follows: after the
mammalian lymphocytes are isolated from 6 mL of blood, they are washed with Hank’s solution
and carefully layered on’top of the attached existing embryonic stem cell cytoplasts. The
suspension is centrifuged at 1500 rpm for 10 minutes to provide a tight contact between the
enucleated existing embryonic stem cell cytoplasts and the mammalian lymphocytes. Preferably,

a ratio of 1 cytoplast for every 10 lymphocytes is to be used. A fusion agent comprising 40-50%

PEG and 5% dimethyl sulfoxide (DMSO) was added to the cover glass and were allowed to
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centrifugation for about 1 hour. After centrifugation
is conplete, the cover slips with the cytopl asts of
W0 b@saxiess i ng enbryoni c stemcells are washed P@T/US2004/026559
HTF- HEPES or Hank's solution with 10% fetal bovine
serum and transferred into 35 mm Petri dishes with
grom h nedia for recovery for 2 to 3 hours. The
Attornesf Ppelice oy 3898 BAO%| eation is then eval uated under an PATENT
UV croscope with Hoechst 33342 (3nkg/ nmL) as shown in
) FIG 2. The parts that are stained are the nuclei, )
incubatgl raom (eHwershEe 4pmeQ 19 4P seconde Theofusianosgent (PEGy isdhen diluted by
obt ai ni ng the enucl eated existing enbryonic stem cell
adding addiisinak serunmfied ediling.f Ehe ntrotfrek owldivn isdlodn meplaced with growth
| ynphocytes, fusion of the cell cytoplasts and

mediunli dnidettento’y elassels| Gardbdirddeinds PR dishes dvith M&E8el and allowed to
aspect of this invention, lipid menbranes can be fused

lifedate 1) iBEEB A58 foXboaN Bl fEfRe that are well known to
pr(?lepert?olns of1 gr%i ngry%s}h(laﬁ%ai n the art. For exanple,

[ S onpl i shed chem .cal | i ng the chem cal
PR Sy, PSR CRBr e PR vt i Bragedurcs. For
"Pol yet hyl. ene G ycol ‘{(IPEG in the Production_ of o )
examplgy thergoveihd &litn i the agh {FRoybIags ygdresiensd inteRet dishes with a
(1976) 16(1-5): 399-400. It is preferred that the
feeder laptrenf gmbryand¢ jhroblagisgad efloPedddieculfateafor futter pediifertation.
1500. However, PEG nol ecul es of a w de range of
0! the Wndr ofveticg Béconanwds, Lfb'ii@(hrf @blonids! agpéatedN ThEUSéM stem cybrid,
of the cytoplast with differentiated cells is

formedF56iA BRIk D @hiRForfiO bleAVEoN Alibfthsed Bt ARG '
orme Iynphocsylt gs ﬁo ilsoleat e %&o@n% nm. o o1%gd,rly1%l R}écy’/cygers’epmhfemted

ed. w-t h K, ol,ut i careful ly | ayered on
further }Q’g%)@% mtvtlg' gt?‘ gcq%%c & ilgtﬁﬁgagﬁg}ey%?tg’gs W%’BF IS{jem cell cytoplasts
cytqpl asts. -The suspension i s centrjfuged at 1500 rpm
and maf%?ﬁglﬁﬁmlﬂm%sﬂ%atﬁf‘gwtélé“adﬂ o6 Prlifee%et bet ween t he
enucl eated existing enbryonic stemcell cytoplasts and
Frehersseneeningnfor ypesiiac yadkers elagihg ta iplyripotent stem cells were done using

pund

hybridization methods, such as fluorescence in situ hybridization (FISH). The results of the
screening are shown in Table 2. Table 2 indicates that the resulting stem cybrid contain
pluripotent stem cell specific markers.

EXAMPLES

The examples below are non-limiting and are merely representative of various aspects and

features of the presentation.

Example 1: Reprogramming of Male Lymphocyte into Pluripotent Stem Cell.

Using the above techniques, female cytoplasts of existing cell line 96 from the collection
of Reproductive Genetics Institute were used. The existing cell line contains a euploid karyotype
46, XX. Preliminary tested lymphocytes have a diploid karyotype 46, XY. Enucleation of

existing embryonic stem cell line 96 was performed as written in the protocol by centrifugation



10

aratio of 1 cytoplast for every 10 | ynphocytes is to
be used. A fusion agent conprising 40-50% PEG and 5%
waleevsiiishs sul f oxi de (DMSO) was added to the coRET/USL08$626559
and were all owed toAttorney Docket No. 3898 P 004
PATENT i ncubate at roomtenperature for 60 to 90
seconds. The fusion agent, PEG is then diluted by
AﬂOmQ)dEDﬂ@té@d%?&)HQD‘iserumfree medi um The serumfree PATENT
mediumis then replaced with growt h nmedi um and t he
coVv glass is transferred into Petri dishes with
of Plat%ﬁe’i 10epxigtine embpipets stem seldy o1 &8 aira cpyer shess bahighglensity solution at
about 18 hours at +37C. For further proliferation, the
20,000 fom IchhrAftis 2ahes dfuktavesdinugilngplstranddiun pristieg embsyonic stem cell
For exanple, the covered glass with the adhered stem

cytoplastgbivietts vedshed riavikes ¢ IeBlS | Ré@nPeide) Aidshex1of tof 9rehmmary isolated
feeder layer of enbryonic fibroblasts and all owed to

lymphdched Q@Jseseﬁﬁﬁerftéﬂ bR%6p BE %CI éﬁ Il onia Othf);lﬁsteiﬂgioﬂ s, Derformed by

second week, prinar col oni e appeare USE

cytop mmal i an | ynphocytes, proliferated
further as seen in Fig. 3 and descrlbed in Table 1.
The existing enbryonic stléMBEE L cytopl asts and
manmal i an | ynphocytes that did not fuse, did not

40% P}%%bﬁg"&hog% om exi sting embryonic stem cell

Cloned i f gr atES-960nt herLarbepss iy {f OKaspsepd |  RepréSihmed
relating to pl uri pot ent stem cgl s were dorgsdisitiigid
@ybrl dijzat |4g Ag%@ as [ uqﬁgen T STtU
pyorTd Lall F. o‘|'l:|) %:—X l{cau. ts Y SR SYreentig—are

—géw. HA Bt abl-e pdidatesthat tHe resulting
em cybr | 269’}mr aih pl A6%¥t ent] st SR8 | gpecific -
' firkersd. EXAVEKES The dfan®l es |bel d@.%Xe ndn-1initing
BAd ard nmedélXXrepjesedbYve of valbiXXis agpects and
Daat ur §s oH46[Xme pr ¢senuapon. 46,XX
D4 46,XX 46, XY 46,XX
D5 46, XX 46,XY 46,XX
D8 46,XX 46,XY 46,XY cybrid
El 46, XX 46,XY 46,XX
E2 46,XX 46, XY 46,XX
E3 46,XX 46,XY 46,XX
E4 46,XX 46,XY 46,XX
E6 46,XX 46, XY 46,XX
ES8 46,XX 46,XY 46, XY cybrid
F1 46,XX 46, XY 46,XX
F2 46, XX 46, XY 46, XY
F3 46,XX 46, XY 46,XX
F4 46, XX 46,XY 46,XX
F5 46,XX 46,XY 46,XY cybrid
F6 46,XX 46, XY 46,XY
F7 46,XX 46, XY 46,XX
F8 46,XX 46, XY 46,XX

Isolated clones were screened for pluripotent stem cell specific markers (shown below) using

fluorescence in situ hybridization and can be successfully frozen and thawed out.



Exanpl e 1: Reprogranm ng of Mal e Lynphocyte into
Pluripotent Stem Cell. Using the above techni ques,
wo eovalie2ees/t opl asts of existing cell line 96 frPOT/URE04/026559
col l ection of Reproductive Cenetics Institute were
used. The existing cell line contains a euploid
karyotype 46, XX. Prelimnary tested | ynphocytes have
Attorney Bpghtet Nob. R8?8/B0Ype 46, XY. Enucl eation of existing PATENT
enbryonic stemcell Iine 96 was perforned as witten
in the protocol by centrifugationAttorney Docket No.
3898 P 004 PATENT of pl atlABLEXRO4 exi sting enbryonic

stemecelt-s-onr—18—ym-eover=glassa-highdensity
Clong, 'yt | @“& ine "0l S§EAGr | $SRAY hIRE27| QFs# JiTRAd, dRAL-
in|cel Phosphates o niedi st ic stlembBel || 80
D8cyiopl asts were washed thice in|l PBS (slerum flreey apd +
E81. 5x| 06 oftr prelinf nary ifol at ed| I yaphokyties [wast +
F5sedli ment ed- on top of +t hel cyt.opl pst 5. [ T-cytopfas +
fusion was perforned by 40% PEG 1500 Wt 5% DVBO:

r for . pl.uripot ent
Kk erdpleo T IB SRR G RERRT IR, R Performed by
. _fluorescence. in situ bridi zation and can he

fusion 8&5& B §F PPEEdrcdieniR veith %’f’%fqﬁw Ibby 08¢ REG 4000 and
3898 P 004 PATENT Reprogramm ng and i mortalization of

further gwhigred. yivp Woseie ef fhsing hvawn horthoeytes! with foysipbastsiat reprogrammed
cytopl asts of nouse L-cells enucleated with

lymphoig taltliné had beenBbnindD Se®Eble @0 alaIehridrtdlizaiiont bf HiwmeR Lymphocytes
As result of fusing human | ynphocytes with cytopl asts,

by Fustorl SRIOWyaspMasds lof RRlEnkel Mbdsber hagisdes SRAINGE Cell Biology,
See, Abken et al., Immrtalization of Human

sion with Cytoplasts of Transforned
sepenpt ERALTFI 3 )

e Journal of Cell Biology, Septenber
1986 (103):795-805. Attorney Docket No. 3898 P 004
PATENT CLAI V5
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W claim 1. A nethod of creating stemcell conprising
the steps of: a. obtaining a cytoplast froman

W@200811128¢8 enbr yoni ¢ stemcell; b. fusing the cRCDPEAS1/026559
with a differentiated cell, to produce a cybrid; c.
culturing the cybrid to yield a stemcell. 2. The
nmet hod of claim 1, wherein the existing enbryonic stem
AttornegDiockes NteBB92H 0Ddom a manmal i an species. 3. The PATENT
met hod of claim 1, further conprising the step of
arresting the existing enbryonic stemcell in GQ/GL

phase. 4. The nethod of cl &LMAIMSwherein the step of
obtai ning the cytoplast conprises the step of

We clagmuc| eati ng the exi sting enbryonic stemcell. 5. The
met hod of claim4, wherein the step of obtaining the

1. CYt aphamba biléklels Q&HQEH%S&;RE%}S\%%@QC fofi Ol ating the

cytopl ast of the existing e nic emcell. 6. The

met ho . [ rther ¢ rising.the step of
enut§1 goal??%nrll%%t% ﬁ:gl X >1<a|S£ |°}r'1'g£ee S?{)g‘gr?ffg)r%?q’é?r? &8y ‘ieﬁt o obtain
a cytaopl.ast,. 7. The neth of claiml1, further
conbr 1ERiAG Uiesataplish v aiBHiesiged Rl db prasiens Fubrid

cell froma manmal i an species. 8. The nethod of claim
7, @heuliprng the cybrid by waldi asterd celdl | conpri ses a human

| ymphocyte. 9. The method of claim8, further
2. conph¢ metipd dfeclsinep, ahein et dxig@inghentiyoMo stem cell is derived from a

mammalian species.

3. The method of claim 1, further comprising the step of arresting the existing
embryonic stem cell in GO/G1 phase.

4. The method of claim 1, wherein the step of obtaining the cytoplast comprises the step
of enucleating the existing embryonic stem cell.

5. The method of claim 4, wherein the step of obtaining the cytoplast further comprises
the step of isolating the cytoplast of the existing embryonic stem cell.

6. The method of claim 1, further comprising the step of enucleating the existing
embryonic stem cell to obtain a cytoplast.

7. The method of claim 1, further comprising the step of deriving the differentiated cell

from a mammalian species.

8. The method of claim. 7, wherein the differentiated cell comprises a human
lymphocyte.
9. The method of claim 8, further comprising the step of arresting the human

lymphocyte in GO/G1 phase before fusing the cytoplast.



| ynphocyte in O/ GL phase before fusing the
cytopl ast. Attorney Docket No. 3898 P 004 PATENT 10.
wab@siretehod of claim9, wherein the step of fuBCTYS2084/026559
acconpl i shed by chem cal fusion. 11. The nethod of
claim1l1, further conprising the step of transferring
the cybrid onto a feeder |ayer before the step of
AttorneyDoultdt Np. BBE8 BPYo4i d to yield the stemcell. 12. The PATENT
met hod of claim 11, wherein the feeder |ayer conprises
a fibroblast feeder layer. 13. The nmethod of claiml1,
10:hefle imethérd of yhaiind9i whereit @m styprafdfusibg. is THveomplished by chemical
of claiml1l, wherein the stemcell is pluripotent. 15.
Thefusidnhod of claim 1, wherein the cybrid expresses
human | eukocyte antigens (HLA) of the differentiated

11.c€l irhe %ﬁbth(ﬁi 5?951519(9 1 Ofurff%?@éﬁl 3 ﬁ‘? tHTREY 8P {rfin p‘% H%‘E@ %)F}]md onto a

conpr|3|ng he steps o aining a cyto

cyt g%f‘é“ A Mﬁ?”?#%’hj Puifefne Cy?%é E%%@&é e el g

[ turing.t brldto yield a stemcell. 17. The
S 2y Rhemsiodigeliimet, wherein th ooy icomprients Gmblast feeder layer

stemcell is deri ved froma mammal i an species. 18. The
13.ret hbeimgthodioficlaimd,, wheretih dhe ¢ybnidris g istemp ¢ybeidst ep of

arresting the existing enbryonic stemcell in Q/GL
14.pha¥ke mkthod Bfielairatlh otieein thedicm ddl is\Whaipientt he step of

obtaining the cytoplast conprises the step of
15.enuhahdtid LR Q1A% 3! Wheredhy @Pbtd TkFB:&E! Human leukocyte antigens
(HLA) of the differentiated cell.
10 16. A method of creating an embryonic stem cell comprising the steps of:
a. obtaining a cytoplast from an existing embryonic stem cell;
b. fusing the cytoplast with a lymphocyte cell, to produce a cybrid;
c. culturing the cybrid to yield a stem cell.
17.  The method of claim 16, wherein the existing embryonic stem cell is derived from a
15 mammalian species.
18.  The method of claim 16, further comprising the step of arresting the existing
embryonic stem cell in GO/G1 phase.
19.  The method of claim 16, wherein the step of obtaining the cytoplast comprises the
step of enucleating the existing embryonic stem cell.
20 20.  The method of claim 19, wherein the step of obtaining the cytoplast further comprises
the step of isolating the cytoplast of the existing embryonic stem cell.

21.  The method of claim 16, further comprising the step of enucleating the existing

embryonic. stem.cell to obtain a cytoplast.



20. The nethod of claim 19, wherein the step of
obtai ning the cytoplast further conprises the step of
w0 s@batiengy t he cytopl ast of the existing enbryPOi/TSENE€M6559
cell. 21. The method of claim 16, further conprising
the step of enucleating the existing enbryonic stem
cell to obtain a cytoplast.Attorney Docket No. 3898 P
Attorn@@ D deatENG. 38928 PT004 net hod of claim 16, further PATENT
conprising the step of deriving the |ynphocyte cell
froma mammal i an species. 23. The nmethod of claim 22,
22f ur tThermetbag of slang 1oh Eurtice powprising dst stewyof Heriving the lymphocyte cell
| ynphocyte in O/ GL phase before fusing the cytopl ast.
24. fidne a metntvosliaf spetias.m 23, wherein the step of fusing
is acconplished by chem cal fusion. 25. The nethod of

23¢| aiThe Hethbd of RRAmMCHidr tYnd 0 skh df" . or [ .
the cybrid onto amf eeder rayer[}ili%l otﬁesth Sztézé%ﬁ% tHe"mphocyte in

cul W/GT?’hB%}e?ny@gﬁﬁ%&%ﬁp he stemcell. 26. The

nethod 0 ere € feeder | ayer conprises
r obl eeder .| a 27. The pethod_of claim 16
3 24Wne tﬁeﬁai ?é %{ﬁgf?%@y%?ﬂ of Toming iy acoqmphigkedoby chemical

cl a| m. 16 wher ei n the stemcell is pluripotent. 29.
The ‘Fﬁé@fhod of claim 16, wherein the cybrid expresses
human | eukocyte antigens (HLA) of the differentiated
25cel [The method of claim 16, further comprising the step of transferring the cybrid onto a

feeder layer before the step of culturing the cybrid to yield the stem cell.
26.  The method of claim 25, wherein the feeder layer comprises a fibroblast feeder layer.
10 27.  The method of claim 16, wherein the cybrid is a stem cybrid.
28.  The method of claim 16, wherein the stem cell is pluripotent.
29. The method of claim 16, wherein the cybrid expresses human leukocyte antigens

(HLA) of the differentiated cell.




