MORULA DERI VED EMBRYONI C STEM CELLS DESCRI PTI ON CROSS- REFERENCE TO RELATED
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i ncorporated herein by reference. FIELD OF THE | NVENTI ON [ 0002] The present
invention generally relates to establishing enbryonic stemcells. Mre
specifically, the present invention relates to a nethod of isolating human
enbryonic stem (ES) cells derived from human norul a stage enbryos creating
stemcell lines for use in cell therap BACKGROUND OF THE | NVENTI ON [ 0003]
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[0003] Currently established human ES cell lines are derived from the inner cell mass of
a human blastocyst. The blastocyst is the first stage of embryo differentiation. Typically,
day-5 blastocysts are used to derive ES cell cultures. A normal day-5 human embryo in vitro
consists of between 200 to 250 cells. A majority of these cells contribute to the
trophectoderm. In order to derive ES cell cultures, the trophectoderm is removed, either by
microsurgery or immunosurgery (antibodies used to free the inner cell mass). At this stage
of development, the inner cell mass is composed of between 30 to 34 cells. (Bongso, A
Handbook on Blastocyst Culture, Singpore: 1999).

[0004] By way of background, after a human oocyte is fertilized in vitro by a sperm cell,
the following events occur according to a fairly predictable time line. Day 1 is
approximately 18-24 hours following in vitro fertilization or intracytoplasmic sperm
injection. By Day 2, approximately 24-25 hours post fertilization, the zygote undergoes the
first cleavage t;) produce a 2-cell embryo. By Day 3, the embryo reaches the 8-cell stage
known as the morula, an early stage of embryo development characterized by equal and
pluripotent blastomeres. During the morula stage, the genome of the embryo begins to
control its own development. Any maternal influences from the presence of mRNA and
proteins in the oocyte cytoplasm are significantly reduced. By Day 4, the cells of the
embryo adhere tightly to each other through a process called compaction. By Day 5, the



enbryo adhere tightly to each other through a process called conpaction. By
Day 5, thecavity of the blastocyst is conplete and the inner cell nass

begi ns t oveepavmtw4f rom t he outer |ayer or trophectoder rCThakoog©sm™ozinds t he
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of M nk: C8hiefrd By BrMewreitmbprosr Uit iéme: Regiermyp 004 h@b‘l’h@i.‘ﬁ Y- Isplpgedl oot
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Pl uri potent Bovi ne Enbryonic Stem Ce ines Direct Enmbryonic Devel opnments
Fol | owi ng KerntangeusHifierertiation, Bpegnseriagy weye isphitrg pighto fisldifferqmiigtiqn, orhereas

Strel chenk %’S cBhis estlbliGiRd grgﬁthé/\fél\?%? %ﬁ%?%ats Yool iRh & ro&Rhastaryst Derived

Enbryonic Stem Cells an ereo uce Cloned Transgenic and Chineric
Ungul at es” fiffeTinsiatiore SWith the exception of humans, morula derived ES cells have been

st

established in various other species, such as mouse, mink, and bovine. (Eistetter,
“Pluripotent Embryonal Stem Cells can be Established from Disaggregated Mouse
Morulae” Devel. Growth and Diff. 31, 275-282; Sukoyan, M.A.; Vatolin, S.Y.; Golubitsa,
AN.; Zhelezova, A.L; Semenova, L.A.; Serov, O.L.; Embryonic Stem Cells Derived from
Morulae, Inner Cell Mass, and Blastocysts of Mink: Comparisons of their Pluripotencies,
Mol. Reprod. Dev. 1993 Oct 36(2): 148-58; Stice, S.L.; Strelchenko, N.S.; Keefer, C.L.;
Matthews, L.; Pluripotent Bovine Embryonic Stem Cell Lines Direct Embryonic
Developments Following Nuclear Transfer, Biol Reprod. 1996 Jan; 54(1):100-110;
Strelchenko, N.; Stice, S.; WO 95/16770, Ungulate Preblastocyst Derived Embryonic Stem
Cells and thereof to Produce Cloned Transgenic and Chimeric Ungulates,). The present
invention is a method for isolating human morula derived ES cells, which are more
pluripotent than cells derived from the blastocyst stage, making the present ES cell lines
highly useful in cell therapy.



invention is a method for isolating human norul a derived ES cells, which
are nore pluripotent than cells derived fromthe bl astocyst stage, mnaking
t he presew0 2m8%/Gel6k | i nes highly useful in cell therapyPEUNMSRRY/ 08573 HE

| NVENTI ON [ 0006] The present invention is a nethod for isolating a human

pl uri potent enbryonic stemcell |ine cgﬂprlsing the steps of: providing a
norul a stage human enbryo cell; positioning the norula cells onto a feeder
cell layer; culturing the norula cells to create nultiple |ayers of cells;

and, pass the nmultiple |ayers of cells onto a second cul turing medi um
for the pr%ﬂ”g’ﬁ%‘ﬁ%ﬂ%ﬁm mc stemcells. In another enbodinent, in
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anot her  endigfl célElie, cobipgisiiP fhels@ps 6f poviding apnailaisege tunindaibigatdl; t he feeder
cell layer. [0007

eat ure vantages qf th ention will be
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eupl oi d karyo ne 1n rmru ES cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 illustrates a 12-16 cell stage morula placed underneath a human
fibroblasts feeder layer.

[0009]  Figure 2 illustrates a 12-16 cell stage morula placed underneath a mouse
fibroblast feeder layer.

[0010] Figure 3A illustrates the morphology of an ES cell colony derived from a morula
stage embryo.

[0011] Figure 3B illustrates the morphology of an ES cell colony derived from a
blastocyst stage embryo.

[0012] Figure 4 illustrates positive expression for alkaline phosphatase in a morula
derived stem cell colony (purple color).

[0013]  Figure 5A illustrates a euploid karyotype female ES cell line in a morula derived
ES cell.

[0014] Figure 5B illustrates a euploid karyotype male ES cell line in a morula derived
ES cell.

[0015] Figure 6 illustrates detection of Oct-4 with RT-PCR products.

[0016] Figure 7 illustrates localization of marker Tra-2-39 and Oct-4 in morula derived
ES cells.(Tra-2-39 is green color and Oct-4 is red color).



[0015] Figure 6 illustrates detection of Cct-4 with RT-PCR products. [0016]
Figure 7 illustrates |ocalization of marker Tra-2-39 and Cct-4 in norula
derived B8oceddmsei6Ira-2-39 is green color and Cct-4 is Preu/usedoany9DETAI LED
DESCRI PTI ON [0017] While this invention is susceptible of enbodinents in
many different forns, there is showm in the drawings and will herein be
described in detail preferred enbodi merits of the invention with the
understanding that the present disclosure is to be considered as an
exenplification of the principles of the invention and is not intended to
linmt the BESAH-ERRPESCRSITIORE i nvention to the enbodi ments illustrated.

[ 0018] The_ present invention is directed, t . met hod of .isol aLi ng human
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nmor phol ogi cal | istinct fromtheir nmorul a stage precursors. The gene
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Bl ast ocyst and in the ression of the Signaling Mlecule | EN-tay. Proc.
Nat | . A%:/ ad Gengtics Institute (RG[I)). As the morula stage is pr?or to the%lastocys%stage, 1t is important

to determine at what stage the developing cells are in. There are a number of signs

indicating the onset of the blastocyst stage of development, generally when cell count
reaches between 20-32 cells in the embryo. Cells that have entered into the blastocyst stage
are morphologically distinct from their morula stage precursors. The gene pattern
expressions are also distinguishable. One indication is the presence of interferon tau (IFN-
tau), an exclusive product released by the trophectoderm that functions as a fetal-maternal
recognition mechanism. (Larson, M.A.; Kimura, K.; Kubisch, H.M.; Roberts, R.M.; Sexual
Dimorphism Among Bovine Embryos in their Ability to make the Transition to Expanded
Blastocyst and in the Expression of the Signaling Molecule IFN-tau. Proc. Natl. Acad. Sci.
U. S. A. 2001 Aug 14; 98(17):9677-82). The presence of interferon tau shows that the
embryo is past the morula stage of development.

[0020]  Another stage indicator is a drop in detectable mRNA estrogen receptor levels
detectable at the one-cell, two-cell, and four-cell stage, but undetectable at the five- to eight-
cell and morula stages. Upon reaching the blastocyst stage, the mRNA estrogen receptors
become detectable again. (Ying, C.; Lin, D.H.; Estrogen-modulated Estrogen Receptor x
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fromthe blastocyst.
during the morula stage, and disappearing in the blastocyst stage, where low levels of
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methylation are present on most DNA strands independently from parental origin

(Hanel, M.L.; Wevrick, R.; The role of genomic imprinting in human developmental
disorders: lessons from Prader-Willi syndrome, Clin. Genet. 2001 Mar; 59(3):156-64.).
These examples provide potential guidelines for determining between the two stages of
embryo development - the morula cells from the blastocyst.

[0021] Cells from these two stages of development are morphologically different.
Before morula stage cells differentiate into trophectoderm and the inner cell mass,
aggregation of morula blastomeres occurs. This aggregation can be visually identified as the
compact morula. An analogous cell compaction occurs in the inner cell mass prior to
differentiation of cells into ectoderm, endoderm and mesoderm progenitor cells. To prevent
further differentiation of the inner cell mass and to isolate embryonic stem cells out of the
blastocyst, the inner cell mass is disaggregated and placed onto a cell feeder layer. A similar
approach can be used for isolating morula derived embryonic stem cells, wherein the

compact morula cells, or blastomeres are disaggregated.
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ES-cel | s. éb char on Chan, Won-Khi ong; Wn
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Peng- Chean§broblsig sepld alse b useaaw‘?&wierc@éfa@ﬂ)sodsaﬁgeﬁhﬁr iore) hjgientiatit

Undi f f er ent, ﬂ;l ﬁt@t‘é‘aﬂdgxr llfé'rlc{fﬁﬁ of E@-%éllscgilbhakﬁsﬁlesf‘oﬁgct}ﬁﬂ%é’ QHag, St em
Cells, Nature Biotechnol Sept enber 2002 33- 936) (Myam)to

Kanji; Hay3d&ten:KiKens:Rdue; Peng -Cheang; Bongso, Ariff: Human Feeders Support Prolonged
Undifferentiated Growth of Human Inner Cell Masses and Embryonic Stem Cells, Nature
Biotechnology September 2002, Vol. 20 933-936) (Miyamoto, Kanji; Hayashi, Kazuhiko;
Suzuki, Toshio; Ichihara, Shinji; Yamada, Tomoaki; Kano, Yoshio; Yamabe, Toshio; Ito,

=

Yoshihiro: Human Placenta Feeder Layers Support Undifferentiated Growth of Primate
Embryonic Stem Cells, Stem Cells 2004; 22:433-440). Using the approach described herein,
the cell layers that provide for the production of ES cell lines and ES colonies may be
identified by routine screening to select for other cell layers.

[0024] In an alternate approach, the morula stage embryo can be cultured in a cell
culture medium. The cell culture medium contains factors which inhibit differentiation and
enable the isolation of ES cell lines and colonies. For example, the morula may be cultured
in an LIF containing culture medium or any other factor containing culture medium, which
prevents the differentiation of blastomeres. As one skilled in the art will appreciate, selection
of the appropriate feeder cell layer or culture is not limited to the present examples.

[0025] Preferably, the individual morula or blastomere cells will be placed in contact

with a fibroblast feeder layer. The feeder cell layers may be produced according to well-



Suzuki, Toshio; Ichihara, Shinji; Yamada, Tonpaki; Kano, Yoshio; Yamabe,
Toshio; Ito, Yoshihiro: Human Pl acenta Feeder Layers Support

Undi f f er empi2ateadét@rowt h of Primate Enbryoni c Stem Cel | s pCBtusz0@®B1933 2004,
22:433-440). Using the approach described herein, the cell layers that
provi de for the production of ES cell |Lnes and ES col oni es nmay be
identified by routine screening to select for other cell layers. [0024] In
an alternate approach, the norula stage enbryo can be cultured in a cell

cul ture negj The,.cell culture i tains factors whjch inhibit
differenti g{foltéxg}nmgﬁ%dSéﬁ%rbelx%m?lﬁ’én?uggﬁgﬁogg]ﬁ%%rﬁe Femay e eRerethil | oni es.  For
exanpl e, t fodlomirgthannom Mdnge mmbelsswrmbtaim(;iadmhg Eleqaﬂmaapbﬂgesfaub% pérRAMEde UM or
any ot her facgtor contai ning cul ture nmedi um ich prevents the .

di 1¥f erenti % alﬁblhveﬁf eﬁli&&?&ﬂﬂﬂ?ﬂé@y Erﬁcsts ?)rﬁée‘%%eii'lﬁgr?lﬂalf“ﬁé tigfue syasheddBpr eci at e,
sel ecti on plosplisge lal ﬁm@lrsaih?giacﬁgaegemgfj ih alsﬁmﬁd_sn %fo.@sgt sth o.ﬁ%%,%DTA.m ted to
t he present, exa es. [0025]. Prefera ,  the individual” mprula or

bl ast omer e&‘EeelFlP‘g(’%\f\’P i ar%BlafﬂddE ipup ﬁulf':‘%’%faéﬁ copfaing2 Fyliyreomedivm thas prpsides ayer .
The f eeder fog ellel supirEdfIhe RYdeb Biy6 a8 tedthsBaeadsdi Ng to wel | known net hods. For

exanpl e, fibrobl ast feeder |ayers nmay be prepared in the follow ng
manner . %”3)32& et Yeule ngt lumibesh an eramplptia syitableecultpre mapdiymy campprijesss mpdifed

iod Th Ry . N .ol . . .1 The
perio Badi@aliediuin c%ﬁ’saﬂcii'ﬁ‘ge\{oﬁl eRBHiaPdrhils Q(%l?{ 41a fng,;e{sﬁar%ﬁ’e, Eﬁ%g;[\éga id

remai ning tissuye iis washed 1 n phosphate buffere ne 1 nc at 37 0C

in a sol ut BBRmeT aqd, gbwine, grplinerand seme), ribpmsleosideandilslsoxsaibosucizosided ac eﬂ in
tissue cul (Héfeﬁlaftbﬁm%ﬁléa?kli dﬁ%ﬂ‘{eﬂteﬁ With406 m?%t;lﬁ)lggé? B%@?{ :sgﬁﬁor{n}p fin,t NE

support of the feeder la 3 e bl astonere € °'no ’mted,
an exanpl el fefalsalf serbmdFEH) and0d mMA-mmicepinphinok The platedictllsede &dgred, s Medi um
cont ai ni ng tojral_<arp 0 I L Ne, . asparagine, ,as tic acid,
glutam c a%l?%?hbgls%??ngii ps)%’orq: qlnagagpl oél g@#%g)u?%r?‘g%ozadgﬁse16esl?r8%uc (g 2 1

deoxyr i bondltsimatssineheslinidnés; ehvaae of théskinligieajnag tip pbreeseattiatiowhe drodBbL1 U/ n
penicillin i O%fetal calf ser CS) and. 0.1 niM
2- mer capt oe ﬁ%ﬁ%ﬁ@%ﬁ@ %ﬁ%giagcgg%e %eﬁ%irﬁeor %ﬁ?ﬁnﬁ?,glbga%@gfé?ﬁggﬁ ‘?gyal?e rﬁdiucﬁ%t, 4- 5%
C02 and 100%bbuirsidwithoun detrimenhgbatheffectar e produced. In alternate

nbodi nent ne Qqr re .of these. noieties,m e non-essential tqQ the
Sr owt h of @i%ﬂbl ag‘ﬁ812@?§21a%ﬁ%}r‘§‘8‘?f’é?ys’fsi a&"npf8‘f‘“°ﬁét ee’PP%‘H yebrells aieated Int he
amount of &ESnbaginieat, tecdisllege teatebwith midmyéih WU h cOfichtcaidA bakbodf LM h

. Af t fibroblast cell nol ayers. are_produced, the
%Lgrta; er [lgg/zlnﬁlsforaf{bgg{tprga Qus. T?thent k)y mrlrt%mycmyc inhibits DNA synthesis, thus

inhibiting cell division of the feeder layer cells, while concurrently providing for the

monolayer cells to support the growth of co-cultured morula cells.

[0028] After formation of a suitable feeder cell layer or a cell culture medium, the
blastomeres are cultured for a time sufficient to provide for the formation of embryonic stem
cell colonies. In the preferred embodiment, the pre-blastocyst derived blastomeres are
layered to be in contact with the fibroblast feeder layer. Providing significant cell-to-cell
contact between the blastomeres and feeder layer generates ES cell lines more efficiently,
and prevents differentiation of the morula blastomeres. Prevention of differentiation is
theorized to be due to the membrane-associated differentiating inhibiting factors produced
by the fibroblasts. Interestingly, based on visual observations blastomeres do not appear to
go through an ICM stage as they multiply into ES cells. This may be another result of the
cell-to-cell contact. In the absence of cell-to-cell contact, the pre-blastocyst derived
blastomeres differentiate into trophoblast vesicles. Therefore, it is important to maximize the

cell-to-cell contact.



one enbodi nent, the cells are treated with mtonycin C at a concentration
of about 10 ng/m for about three hours. Treatnent by mtonycin Cinhibits
DNA synt hwei2e¢e/36168 i nhi biting cell division of the fee#em/usayanimesl s,
whil e concurrently providing for the nonol ayer cells to support the growh
of co-cultured norula cells. [0028] After formation of a suitable feeder
cell layer or a cell culture nedium the blastoneres are cultured for a
time sufficient to provide for the formati on of enmbryonic stem cell
colonies. In the preferred enhodinent, tlhe lﬁr?'bl astoc%st d&rivgﬂ

bl ast orer 929k e My eeéured smpedpant B montla 6f Ygslqmrresarg plagsd yoderpatye | 4y er
Provi di ng t5gMi ot GR B0 @ lehbbAme] ES 6aNTiRs tabiRtivassdddheh intilnmarees and
feeder |ayer generates ES cell lines nore efficiently, and event s

di f f er ent pwtplased of topted thedpadrrlayr J8 yetaspihs: CW%%’E"PU%%‘PG RHS%B\F/% ntiation is
theor | zed o fliGiohfl detiaslbRIERE BBGroBP BRFIaleP tbiLnfdig be phtiag i guorulh i bi L ng
factors pro ucecf y the fibroblasts. Interestingly, based on,vjsual

obser vat i oells dntess¢ediniar metritang #s degpypien: Ip anyyef @WPGH’@P@IQﬁntF=G}WX§P’é§‘§ as they
multiply i E ' ; atieh. the cell-to-cell
cont act . Icﬁi'?%gﬁaqg’g%%\%gp%?s‘ @ggﬁ%tkgﬁéﬁ}?‘teggﬁ% glgtéf,éh%ﬁe pr e- bl .astocysii derived
bl ast omer ¢a034] f f drea thedtlastonreres hevedyshopulaed fora sufficient pyriest itigice geretally 5

i mportant tq maxim.ze the PANOR | Ky
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| ayer. | n camodhbeld be phxsatiedwiben thEbegih to dxhibgsin cuhryosl-likesippeasanse thilsen t he
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€1 W ch’t rul a or bl astoneres
bet ween t wasshgiagancica)| the payieula, fealer gllldeyen gyptithe onengrtion ofthe sellsionghen cel | ul ar

matrix and its rivatiagn. l.n any .of these. enbod] X1 M 26 ng
cell-to- céqueEYﬁ%ﬁ@@Pt ep%%gﬁroga?éﬂ Sela t%Cé’SfDZ?t rIrl(;{:’?epsf‘ %I{\;%ﬁ% ?dﬁngdggflﬁ 1Ip ?gﬁlalﬁt i ation.
[0030] OncRIHiBendatias ThEREIRSmIZEMEpsagal o uhbtherdeedencelldaypudf i ailgremesiiym od of

time, generally on the order of seven to,ten da ogt initiation of
cul turi ng, Wishpreantsditierentiaian sdquayides forihe erow) m%faf'd be passaged when

they begi nopfijexhbbictab)) pRBte il de bifdcedaifipar dpmicalston partdasdiseaitasng t he
onset of cell "differenti ati on. However, ot her fﬁgctors wll. effe t he

timng forrypassubichmay bapmasic tg the ESaells dor sxanprle fapsie Y YW B3 pe  t he

orientati 8&0‘[‘3& %P%elﬂ%l:é or® Mebifintc816AGRks S8 kke prédtREd mbdne fsitofig&ingfpasshge.
pr e- bl ast ocyst astoneres, and the conposition of the,_cul tuf{e%ﬂegﬁdl um The

cel | s nustFdrénspase adid class masdle may be aesdde cwt@nES) cgl) gplogy from thy ¥¥di um

into smaller cell clusters. Repeated pipetting may further break down these clusters.
Because of the apparently non-degradative nature of this method, the cells may be passaged
at higher dilutions such as 1:100 rather than 1:5 or 1:10. Also, such cells tend to become
reestablished more rapidly than cells passaged by chemical or enzymatic methods. The
subject ES cells may be passaged indefinitely using the described methodology to create an
essentially unlimited supply of undifferentiated ES cells.
[0032] As previously discussed, the morula derived cells used to isolate the subject ES
cell lines are morphologically similar to blastocyst initiated stem cells, with the doubling
time in the range of about 32-45 hours. The morphology of the ES cell line generated from
morula cells compared to those derived from blastocyst, is illustrated by a comparison of
Fig. 3A to Fig. 3B. Fig. 3A illustrates the consistent uniformity of the ES cell line derived
from the morula cells, as compared to the ES cell line derived from the blastocyst in Fig. 3B.
[0033] Tsolated human ES cells can be positive for the expression of various embryonic
stem cell markers, including alkaline phosphatase, SSEA-1, SSEA-3, SSEA-4, TRA-1-60,
TRA-1-80, TRA-2-39 and Oct-4 (See Table 1). Specifically, in one embodiment of the



whi ch prevents differentiation and provides for the growh of ES cells.

[ 0031] Preferably, passage will be effected wthout chem cals or proteases
such as twgpsian3eishi ch nay be traumatic to the ES cel | sPCRas2@xasphe,
trypsin may denature ES protein and cell receptors. Mechani cal neans are
the preferred means for effecting passage. For instance, a fine glass
needl e may be used to cut an ES cell colony fromthe feeder |ayer into
smal l er cell clusters. Repeated pipetting may further break down these
clusters. Because of the app arentlﬁ/ ?n de r.adaf, i e nat ut e 0&% t,tl?gl:xs met hod,
the cel | s PrespBEREien Jheriselated iyRE Eeq Ty preEnLG o e expresssd L apBdra2han 1: 5
or 1:10. Aggg @H@QF@GH 14-8139 i§ PmBRGIBEL LR@RkAHobhaRe: MEpeeific a@hs y t han
cel | s passaged by chem caI or enzymatic nethods. The subject ES cells may
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and Cct-4 {lﬁﬁﬁayTtaéaised ﬂo)rthefmedljcﬁomwﬁaysgemn oo peneticrily dltereh £S oéllst Whigh s ent

i nvention, the i d man ES cel | e. for t X Lon of
both Tra- 2WIB@ay ?ju@ 0-121“’? érans?fmc'ﬁ%en 1c§5§’ol§er%d Vg P em ryng §§t?| ne
phOSphat asgelB. FPeKhinblk, ﬁuﬂﬁm fot Me6duainisablyneclgidey hat da&s&ecE]hNy&md/or
orthophosgNorl C rmnoest hosg@glp dr. ol aseé kal ﬁéﬂ {% ef erence
#E. C. 3. 1. 3Ny mtol"GH%&né‘é}tFrﬁ A Il%%aﬁf eR& ch PIPE &P can be
det ect ed | inmitB@tonbiedtRipoRitionRéttvaaldRetot feldcHEN, pitidleBEreleration, trddefeetitnl afd of
Cct-4 has been performed with pol ycl onal antl b‘%{j es and ad |t|i)na|

evi dences éﬁCf?WCfﬂ?fb@éWc“é’n@Fm’G&?‘@ ospredRolRIsIcottR BPMEl9Sension etespioBeYs Br oduct s

for detect h&gc 19@&-1&@31%\&&%@&%@%%@& Th3 iRBERud déllsFronNeul@feLat er
| evel of Cct ene mar kers present in the cells derived, fromnorula cells,

indicate t hﬁtrarlsg@c@sn@éc cellsimpy be gsadeis augleay trapseralepors, a particularly

advantageous use of the present invention for certain needs cell therapy. Further, the

transgenic or non transgenic morula derived ES cell will facilitate the production of a variety
of differentiated cells, having an identical genetic type of major histocompatibility complex
(MHC) modification in case when morula taken for establishing embryonic stem cells will
be used from nuclear transfer embryo. The derivation of these cell lines may be used for cell
therapy.

[0035] The present invention will now be further described by the following éxamples
which are provided solely for purposes of illustration and are not intended to be in any way

limiting.

EXAMPLES

[0036] Example 1. Isolating morula derived ES-cell lines using a human derived feeder
layer

[0037]  Morula stage human embryos were obtained from in-vitro fertilizations. The

embryos ranged in size from 8-24 cells and selected between 3-4 days from the time of



[0034] In further enbodinents, it is anticipated that the stemcells wll
provide materials that may be used for the production of transgenic or
geneti calwg 2a0dt86d ES cells, which in turn may be usedPro/yscados™73
transgenic or genetically altered derivations of enbryonic stemcells. For
exanpl e, methods for introducing polynucleotides, i.e., desired DNA and/ or
RNAs, into cells in culture are well kﬂ@wn in the art. Such nethods
include, but are not limted to: electroporation, retroviral vector
infection, particle accel eration, transfection, and m croinjection. Cells

cont ai ni ngfertiigatinus Theproprdnprisiey follovw Birgthb Hemb gbRrenase WagpssAd? BebHe t o host
cel ) w il pegvssherdet R0 (b RshalRIKRAWIIORR fAembIAR wdiding Pliedd igel | s

froma culture of transgenic somatic cells may be used as nuclear transfer
donors, a BAF{HERRSawvith 1036 Plesmengteo Bscapd emerula stage sellssanging insia fiosB-2br

certai n Negs bl iodBEE ARYeanf iR Ein phS IAMERNTRe Rimil9 BuliidPARAC

norul a derived ' acilita e production of “a variety of
di f f er ent i skimfbroblajts wahehtaingl fiom pdkinbiopsy. genetic type of major

hi st oconpatqoRé, | t ¥ C I I.LLcall | t aken for
est abl i shi Ldg%e]nbr %enf%(ﬁ:'ig ‘évfi%r%& ac'y'éf?%?psr% YF k%%“h@@?@?%ﬁﬁ%@%ﬁ%ﬁ%s er
enbryo. Theiopwrwasati¢edrintofl rungseesca placedreslenastide eoves glss to prayidelbeti¢rer apy .
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exanpl es _ | or pur poses 0 and are not
i nt ended t meligmi Withitysewayl daiysyihtunmg skifeXAMHBESVEC08E) tdhapassagedl Tol sol at i ng

Vor ul a st aUeHrERvaR cElPy e -0t B AT e S ey e R ne. The
tehrrbr %/_os r a}gfﬁﬁduiﬂ:tdlik?&ihg’_emf diﬂi_‘?& &Mni%@ma%h?a??demmﬂﬁﬂﬂ days from
e time offerti IZ?OI n. e pro ure is ol | ows F'&rt nge/m of

pronase waStRLEYC iy 4’2%??1 @ éerﬁwdf a“ﬁr?'lo?‘ﬁé%'mteffa?tgﬁh% .thﬁgll%g’th% fls

glel l'uci d ? w'e\%%\iitﬁ’rg& bage z;esméagﬁﬁwgemtm%mj_oa@ﬁ@ 100% hifidki-PESr v théir 10%

Pl aced  andesaseat Redsaalh RY HorANEs Y10k FEOBEPAL: & 10 B IFIAY ettt ure of
human skin t}fok&trg%lglﬁﬁeﬁ. YRSmAGhFiR ehrétfatdt &bfdbiabt 10yPRaY theh AQABL a Teder

fol |l ow ng was procedure to devel op human skin fibroblasts. The skin
cell layer for the blastomeres.

[0039] In one experiment the individual blastomeres were placed on top of the feeder
cell layer. However , ES cell lines were more readily established and differentiation better
inhibited when the blastomeres were placed beneath the feeder layer. (Fig. 1) It is theorized
that placing the blastomeres underneath the feeder layer enhances cell-to-cell contact
between the morula stage blastomeres and the membrane associated with differentiating
inhibiting factors such as LIF and somatomedin proteins that promote development of stem
cells. Morula placed on top of the feeder layer had relatively less cell-to-cell contact, and
occasionally differentiated into trophoblast vesicles or blastocyst. Every 2-3 days, the MEM-
Alpha plus 10% FCS growth medium was replaced. Once the cells had been cultured for a
total of approximately 7-10 days, embryonic stem cell multilayer was obtained. Around this
time, the blastomeres started to differentiate, exhibiting multilayer appearance.

[0040] The multilayer of embryonic stem cells was then passaged onto new mitotically
inactive feeder layers. First, disaggregation was accomplished in the presence of EDTA,
and mechanically using a fine glass needle micropipette. The needle helped to cut the ES
cell multilayer into smaller cell clusters. Split cell clusters were transferred onto fresh
mitotically inactivated human fibroblast feeder layers. Specific morphology cell selection of

fastest proliferating cells with small amount of cytoplast is required for establishing stem



bi opsy was sliced into 1mm pi eces and pl aced under a slide cover glass to
provide better skin to surface contact wwth the plastic in the dish. The

di sh was Wwol2b@3sissh MEM Al pha nmedi um Wthin several dags/ushaamsroski n
fibroblasts were ready to be passaged. To di saggregate cells for passage, a
0. 02% EDTA sol uti on was used. Loose celll clusters were then cultured in
Petri di shes contai ning VEM Al pha suppl dmented with penicillin,
streptomycin, 10%fetal calf serum (FCS) and 0.1 nM 2-nercapt oet hanol .
Finally, the cells were cult u_r&c)i over anﬁ-g vvegk Peri,od Cflt 37 0C, ?% C02
and 100% hEflediMifin fsio; as threcsingtiabpassagess gloruias derpved Srlscanitied diferent tyes 87 t r eat ed

W th m t onydisNinGudihg SHMBRUNL, ndMrédliand Bodobiastaikd céifror oughl y washed. The
m tonmycin C—pretrea%ed fibroblast |ayer was then_used as a feeder cell

| ayer for t0981lp| adhismethod resutipshinthg generaiionsdseveraldroet Hiaes faum troatia

bl ast omer egerWel EmblyAS GhO824.28) Qhgd AR TSR fofth mhRYEH fertdVEY 8411 1inekS cel |
| i nes were nore readléiéﬁestabl i shed and differentiation better inhibited

when t he bMestladesived cellslinepira sigtlapiorhdastogyt-HeM deayied stera gells begaupgythey) 1t is

t heori zed t: ' . t : - er enhances
cell-to- cef‘%ﬁgglﬁéagg%ﬂ%g%@g%b%ﬁdgg%lﬁfguﬁyggfog@%l gg{ngﬁrrgrj g%qglﬁ\]# (?%e menbr ane
associ at edcytpplbstoiufrbending 4 micleng with piopiinenhgudleptitcbaractenigeh thasmprpholagyy

somat onmedi 0t el . t b~ a placed
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occasi onal pysititieffbipesifi¢ sitre dell madketsringhintiy: abkelinegdibsphatesep BSBARsBBIEA9t . Every
2- 3 days, h I % FE I ' . | . t he
cells had Egg‘ﬁﬂmlﬁ}'ggef %@%%Qo%ngl% cg'# @%’Eer g‘;ﬁiﬁ%%%é@(%% lgge?/g)m %Tf)’ﬁ}floni c
stem cel | piltlohadysibodias amaldditiord evidemwa nflthe Ipresertce KEQct-4is obtainsd erith RIS

started to_ differentiate, .exhi biti | ti].ayer _appearance. [0040] The

nul til ayer Pg pé?fﬁ)lm%?‘fiadt(?teg?oélrﬂm@gﬁp%‘é%&f%@hn%tgglggg%gm&ﬁ?%ax Veﬂ’iy'?[ FPcal Iy

i nacti ve f emyeiselpaiyefosmofuld, Blastotlyss agidCRyadrived hinAs et ol stah eell liest he
presence of_.EDTA, and nmechanically using a fine glass needle mcropipette.
The needl eM&%Ped to cut the ES cell multil ayer into smaller cell clusters.
Split cell clusters were transferred onto fresh mtotically inactivated
human fi brobl ast feeder |ayers. Specific norphology cell selection of

1; Sf; glsit ! Fhbit §F EHlakf2ebrEAlonSr WS tden HHEY deri PO aftferdny EABHyE St ég.s required for

I ST am ) n T T i I B _
nor ul a- der %;%d ?g {ég eﬁPﬁ gadumdi f?gé)}r er?ftSht yg@s gfgrlcfj?igg %)I%ﬁg u%
epi thel | ump ey on: anty Hpebt g5t THoke 95 o8 [ 100 | 94 | 46, XY
18 Morula 16 100 91 96 95 9 | 100 96 46, XX

21 Morula 14 100 + + + + 100 91 46, XX
24 Morula 10 100 + + + + 100 + 46, XX
27 Morula 15 100 77 + + + 100 + 46, XX
28 Morula 16 100 69 89 93 91 | 100 97 46, XY
31 Morula 10 100 72 + + + 100 + 46, XX
33 Morula 8 100 84 + + + 100 + 46, XY
53 Blast 6 100 + + + + 100 + 46, XX
60 Blast 5 100 84 93 97 98 | 100 94 46, XX
62 Blast 7 100 + + + + 100 + 46, XY
63 Blast 6 100 76 92 94 92 | 100 94 46, XY
79 Blast 7 100 + + + + 100 + 46, XX
80 Blast 24 | 100 -+ + + + 100 + 46, XX
81 Blast 6 100 + + + + 100 + 46, XY
93 ICM 5 100 76 91 95 99 | 100 96 46, XY
94 ICM 5 100 + + + + 100 + 46, XY
95 ICM 4 100 + + + + 100 + 46, XX
96 ICM 21 100 + + + + 100 + 46, XX
97 ICM 3 100 83 96 97 98 | 100 95 46, XY




[0041] This nethod resulted in the generation of several ES-cell lines from
nor ul aderi ved enbryos in the 8-24-cell stage, and provided for both nmale
and fenmalwoB®eBbicsl i nes. Morul a derived cells |ines ar@C3iuszéoan3to3

bl ast ocyst-1CM derived stemcells because they have simlar euploid
karyotypes and similar norphol ogies. mal | adj acent ring of cytoplasts
surroundi ng a nucl eus with prom nent nu@l eoli characterizes this

nmor phol ogy. Additionally, norula derived cell |ines and bl astocyst-1CM
derived cell lines have testeg ositive fof spec mcell markers
el ud ng: 109HRa | Reopioopn et sviime Skpatly dorksd idges Tromatiage

TRA- 2- 39 apfl 6Gdnnits, ARG Bordkhs, tHoRbR GhésOer®frodatin qudsnﬂaegérpr med with
pol ycl onal anti bodi es and additional evidence of the presence of Cct-4 is

obtained with RTPCR products for detection of t-4 expecti ng to have

appr oxi mat H10¢3k ev Exemplerds belafingpopiaderiyed BS- Cflb}meﬁﬂﬁlﬂg émOBf ed/edeand |1 om
derived hupgg. %lifé;}mé%? b&nﬁafcﬁemnﬁﬁﬁlh stap &R bry&stae ﬁ@ {s0@AaLsifg BRRhh S HRkTer

undi fferentiated culture of norula derived | i nes was nmi ntained for 6
nmont hs. Af deserigedrabaten Moryliy eta&eeqmbryqswglwnélzﬁ ﬁ@@e&'ﬂ‘} ¢ells watsirdacad t r ogen.

[0043] Examgcle?ne h o IﬁaJsglg' 1agf%éala@ceﬂq£9ey fcgbﬂdldg't@ﬁé rhthdd%ede ¥Ry S €

derived feeder Tayer a or npact e sta ryos were first
i sol at ed upiemgusihreFigate Thafeadsr celbbnerrw@e@reabmdréronﬂwnmeélns tdge Tapisrophs

ranging in I bl ast

f eeder cel I"V%}fegﬁg%d%%gr%eﬁ glcde %rlgﬁlrﬁgmf%?gﬁ%%tg ﬁ%g%&%%c }n{épgﬁg‘?&e{\lﬁa&é&sl y.
(Fig. 2 Thefeé@eddts Eek&tv*caty@lnem@s,phem&\é@lﬁha@insrm%ﬁ@ growéh 189dim Phes e
cells were Ly cin r h en washed
prior to tﬁeé’ ‘{ligtﬁ\é\/{hggeqne}gg vl tPfs?&%‘Ev"‘g? Sp‘iﬂmftg 103& 151%9,%{1‘% %Hl

MEM Al pha pélMu]hWeﬂE@SregfhﬁMﬁdd mmnmmMmmermebhaeﬂereMmmd tb diffecamkibts, had been
cultured for of. bOUtlﬂ.ﬂglklo da y temc I tilayers
were obt ai fiadt ltlﬁf‘}ﬂ ORf, BIEmMCP e?ﬁ?&%ﬁ‘&sf% ﬁ%‘é’erftt%ﬁpeﬁfag% WIS enti ate,
exhi bi t:j NY nBSEEA Hhaetied i@éﬂe@ﬁtlyérs|Pak@gﬁ]@p&?§éﬁ'mﬁméaha11wllylvﬁtmmmﬁn

passaged ont.o new mitoti i.nactive e ers. Pas i )

ef fect ed ngeﬂeﬁﬁeeglﬂif Wﬁ St do &‘EFW?@ eﬁ“ﬂ@ lgreg dngo ﬂaégﬂgéaﬁ?lﬁ%ﬁi pette
to cut theTh&eesl blubibts bekcAU&T tranblefred BRb i0sh BRbtcally MStRaRd fibBREt fo&let
clusters were then transferred onto fresh m totl(;:eil ly. i g tivated

fi brobl ast qyé@d@l‘th}n@@PéthIW’t“HPIrPaﬁ%eso’inO’fuilﬁ &iveheells ginitisd éf?f,j%’% PRI a

derived celly ﬁleiuhﬁqg lqieilaﬁr %e&roﬁ YR $ibRfblas€litleelld. NCl udi ng epi t hel i um,
neuron- and fli brob It) ke cel
[0044] Th1s method resulted i 1n the generation of several ES-cell lines from morula-

derived embryos in the 8-24 cell stage. Both male and female ES cell lines were created.
(Figs. 5A and 5B) Morula derived cells lines have euploid karyotypes and are similar in
morphology to blastocyst-ICM derived stem cells. A small adjacent ring of cytoplasts
surrounding a nucleus with prominent nucleoli characterizes this morphology. Staining
morula derived stem cells for alkaline phosphatase with fast blue or fast violet have shown
positive clusters of embryonic stem cells. A specific marker for the Oct 4 gene for morula
derived embryonic stem cells has been found in lysed embryonic stem cells by RT-PCR. A
continuous culture was maintained for 6 months. After 6 months, the cell lines were frozen
in liquid nitrogen.

[0045] While the specific embodiments have been illustrated and described, numerous
modifications come to mind without significantly departing from the spirit of the invention

and the scope of protection is only limited by the scope of the accompanying Claims.



[0044] This nethod resulted in the generation of several ES-cell lines from
nor ul aderi ved enbryos in the 8-24 cell stage. Both nale and femal e ES cell

| i nes werwoen@aBewd (Fi gs. 5A and 5B) Morul a derived celpC3/uszove®3tvaye

eupl oi d karyotypes and are simlar in norphology to blastocyst-ICM derived
stemcells. A small adjacent ring of cytoplasts surrounding a nucleus with
prom nent nucl eoli characterizes this r phol ogy. Staining norula derived
stemcells for al kaline phosphatase with fast blue or fast violet have
shown positive clusters of enbryonic stemcells. A specific marker for the
OCct 4 gene CE6Mior ul a deri ved enbryonic stemcells has been found in |ysed
enbryonic stemcells by RT-PCR A continuous culture was nmaintained for 6
nmont hs. Af Wit 8 clmiongdhis;, the cell |ines were frozen in liquid nitrogen.

[ 0045] While the specific enbodi nents have been illustrated and descri bed,
numer ous mpdi fi € ARRFCONR: qmna{; Wb O Mten bl bl e S6R: ?ﬁglhgaaef rom
the spirit of the invention he scope of protection is on mted by
the scope gepstdfe acconpanyi ng CI ai ms. CLAIMS What is clainmed is: 1. A nethod
for isolating apB{,ligﬁl a%dfﬁlia@ﬁ ﬁf{ﬁna%’gﬁ{b)‘ﬁ‘é fi: stemcell line conprising the

steps of: pr ovid tage humen enbryo cell; positioning the

m)ru! a cells og&go(g*ﬁ% ng?l%%orﬁﬁlcglléﬂcﬂgﬁe&&l lr{az g the norula cells to create

mul tiple | ayer passagi ng t | ayers of cells onto a

second cul turing. redi um f or ryonic stemcells. 2.
The nethod of ¢ éblurr ythe Omlace% (fqgerg%%%! e19 és)()flcﬁic.:f%aude bl astoneres. 3. The

et ed of oLl %atgl“n%eﬂaew@na@ia B SRR IR o

as
oocytes after S% r ans

wherein the ﬁ?’/’\ﬁ} fﬁlggﬁytg'glggﬂengcgﬁhe nor ul a cel I s includes positioning in

cl ose cont B® Iayer 5. The method of claim1, wherein

E EZ fségge(r) Cgﬁs é?;ogl r(])g o%gmm , W erem t le lm%rdlerl]ge!llg 1nc?udp%f Is’ttolrn(e)>rne>|s ng under neath
3. The method of claim 1, wherein the morula cells are derived from enucleated oocytes
after somatic cell nuclear transfer.

4. The method of claim 1, wherein the step of positioning the morula cells includes
positioning in close contact with the feeder cell layer.

5. The method of claim 1, wherein the step of positioning the morula cells includes
positioning underneath the feeder cell layer.

6. The method of claim 1, wherein the step of positioning the morula cells includes
positioning between a plurality of feeder cell layers.

7. The method of claim 4, wherein the step of positioning the morula cells in close
contact with the feeder cell layer prevents differentiation.

8. The method of claim 1, wherein the feeder cell layer is a mitotically inactive feeder
layer.

9. The method of claim 1, wherein the step of passaging further includes isolation of

individual cells.

10.  The method of claim 1, wherein the step of passaging, further includes isolation of a
cluster of cells.

11.  The method of claim 9, wherein passaging of cells is accomplished by mechanical
means.

12.  The method of claim 1, wherein step of passaging the cells onto the second culturing

medium prevents differentiation of the cells.



6. The nethod of claim1l1l, wherein the step of positioning the norula cells

i ncl udes positioning between a plurality of feeder cell layers. 7. The
nmet hod ofwol2aéam3dic4wherei n the step of positioning the momaiSacoa®B1933 i n
cl ose contact with the feeder cell layer prevents differentiation. 8. The
met hod of claim11, wherein the feeder ‘f’f” | ayer is a mtotically inactive

feeder layer. 9. The nethod of claim1l;"wherein the step of passaging
further includes isolation of individual cells. 10. The nmethod of claim1,
wherein the step of passagin further, includes isolatjon of a clyster of
cel I's. 11.13The Themstgd of clammy fQwgerefyihs ’é?lﬁteﬁﬁ‘ggéﬁ‘? Wﬁsaﬁf"i P prother Feodér
acconpl i shed Ry mechani cal nmeans. 12. The method of claim1, wherein step
of passaging the cells onto the second cul turing medi umdo_r vents .

di fferentildti ofrhemethed of elpins 12 herqin ghergnlaiedicodls cen benpssnes pRde % 1

i sol at ed iR rliSeP 850 340D M QAU LIRM ELRFSan ellihittE¥Bply ol #is cdilie met hod

of claim12 wherein the isolated cells can be passaged indefinitely in an
undi f f er erltSi at 8de stethod of plaim 3, fther eernprising thesiereh seleeting empregvicFam fMlised

supply of _Jgﬁl&%%ba%lowcytgmgmmhgggus%%&[ aim1l, further conprising the step
ry

of selecting e nic sttemcells wth relatively |ow cytoplasmto nucl eus
ratios. 16l6. An Aerdmbyyoenicsterh eehl e deriv¢dnigory éheimatbpdofslimie met hod of claim 1.
17. The enpryoni ' i dTwhGrei ' Sitig&fok TRALE
positive P@F Tgkgfﬁl%%hl%%kfhn #ﬂgﬁggg?l%gﬁfl ¢ s'?rglr%viggﬁ% ?feh% o? (?I alm 16,
wherein th9.cells are positive for Cct-4. 19. The enbryonic stemcell |ine

of claim rein the cells . are.nosiiive for ”» - 39. 20. A

met hod forll%'s\(l)\li:[z‘leie gry&nﬁdﬁﬁh"e Ih(?F’ iof)o 11enn{ ,gﬁgﬁe@(}lﬁ%&%;ﬁ%{ﬂ%@g{g&r ﬁﬁgg

conpri si ngi4 he Bicepdryohic spnosdllding gf daint ) waesinabe cdils merpositive oo Oceft hnd
TRA-2-39.

20. A method for isolating a human pluripotent embryonic stem cell line comprising the

=

steps of:

providing a morula stage human embryo cell;

removing a zona pellucida from a morula stage human embryo cell releasing a
plurality of blastomeres;

positioning the blastomeres in close contact with a feeder cell layer;

culturing the blastomeres to create multiple layers of cells; and

passaging the multiple layers of cells onto a second culturing medium, wherein the
second culturing medium enables further proliferation of cells and prevents differentiation of

the resulting cells.

21.  The method of claim 20, wherein the step of positioning the blastomeres includes
positioning the blastomeres underneath the feeder cell layer.

22.  The method of claim 20, wherein the step of positioning the blastomeres includes
positioning the blastomeres between a plurality of feeder cell layers.

23.  The method of claim 20, wherein the isolated cells are passaged onto another feeder
cell layer.

24.  An embryonic stem cell line derived from the method of claim 20.



removing a zona pellucida froma norula stage human enbryo cell releasing a

plurality of blastoneres; positioning the blastoneres in close contact with

a feeder wel2bodmymn; culturing the bl astoneres to creat ecmuisteoglog7orayers of

cells; and passaging the nultiple |ayers of cells onto a second cul turing

medi um wherein the second 'cul turing nggiun1enables further proliferation

of cells and prevents differentiation the resulting cells. 2 1. The

nmet hod of claim 20, wherein the step of positioning the bl astoneres

i ncludes positioning the bl astoneres underneath the feeder, c i e

The. et notPiof i PRbZOc HEY Gl e RESTY. DPoBBAn SUAFRGOTHES BF B0Ghor o5

includes pgsitioning the blastoneres between a plurality of feeder cel

| ayers. 23. The nmethod of claim 20, wherein the isolated cells arg passaged
r

onto anot h%ﬁr f ddd embrsienic steay esll lmp F claign 2iyhgrsi the eslls greqosifive for Oty i ved
from the d]ihg fem%é@h{@ stebh &R 1mEQFc1§iHPM %bl‘éltﬁh@é@ll@ ald pokitip@fR el ahdn 24,
wher ei n the cells are positive ft TRA- 2- . The enbryoni c stem cel
i ne of cl&Rm22BP. wherein the ceIIs are p05|t|ve for Cct-4. 27. The
enbryonic stemcell line of claim?24, wherein the cells are positive for
Cct-4 and TRA- 2- 39.



