WO 03/ 055992 PCT/ EPO2/ 14895 A nethod for the establishnent of a pluripotent

human bl astocyst-derived stemcell ||ine 5 Field of the invention The
present iwoaansm2 concerns a nethod for the establishnent pofi/ERoplasps pot ent
human bl astocyst-derived stem (BS) cell line, stemcells obtained by the

met hod, differentiation of these cells into differentiated cells, the
differentiated cells and the use of these differen 10 tiated cells in the
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Al zhei nmer's, Parkinson's di sease etc.) or degeneration of the 15 CNS caused
by e.g. stroke or physical trauma. Background of the invention A stem cell
is a ¢ell Higlofithatin¥pion uni que capacity to renew itself and to give rise
to spe- 20 cialized or differentiated cells. Al though nost cells of the
body, such as heart cells or skin cells, are commtted to conduct a
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t he Iff - gaNS causeddiyuslg ngjrakeer ghysital élalisa. somatic stem cells have a nore
limted repertoire in de- scendent cell types. In 1998, investigators were
for the first time able to isolate BS cells fromhuman fertilized 35
oocyt es arBhckgrouradhof therinventbert t ure see e.g. US 5 843 780 and in US 6 200
806. CONFI RVATI ON COPY WO 03/ 055992 PCT1EP02114895
A stem cell is a cell type that has a unique capacity to renew itself and to give rise to spe-
20 cialized or differentiated cells. Although most cells of the body, such as heart cells or skin
cells, are committed to conduct a specific function, a stem cell is uncommitted, until it re-
ceives a signal to develop into a specialized cell type. What makes the stem cells unique
is their proliferative capacity, combined with their ability to become specialized. For years,
researchers have focused on finding ways {o use stem cells to replace cells and tissues
25 that are damaged or diseased. So far, most research has focused on two types of stem
cells, embryonic and somatic stem cells. Embryonic stem cells are derived from the pre-
implanted fertilized oocyte, i.e. blastocyst, whereas the somatic stem cells are present in
the adult organism, e.g. within the bone marrow, epidermis and intestine. Pluripotency
tests have shown that whereas the embryonic or blastocyst-derived stem cells (hereafter
30 referred to as blastocyst—deriVed stem cells or BS cells) can give rise to all cells in the or-
ganism, including the germ cells, somatic stem cells have a more limited repertoire in de-

scendent cell types.

In 1998, investigators were for the first time able to isolate BS cells from human fertilized
35 oocytes and to grow them in culture see e.g. US 5 843 780 and in US 6 200 806.
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2 The procedure used in the patent specifications nmentioned above depends
on the use of Dblastocysts with an intact zona pellucida. Furthernore, the
net hod diyerds@s@d2i N these pat- ents specifically use i nn@®CTERR143s cel | s
t hat have been isolated by i mmunosurgery for plating on nouse enbryonic
feeder cells. This nmethod has several drawbacks, for exam5 ple, it is tine
consum ng, technically difficult and results in |low yields of stemcells.

Taken to her hese f

articles h eorB‘Eee r%ﬂﬁ?éj@ﬁﬁg%ééﬁgw\claﬁ ﬁté dq‘ﬁa}?‘%g %%@fadt?{tgﬁ(?% %thS
celI's. Thitgadtesystsumitrean |ritéaﬂs:bmaapa§mctdlaeFunﬂmm@m éfmla petividediscleassldn ithasedpali t h
est abl i sh- ese stem eIIs fro

ow hBS cante PRl ase, Dt Sinas® Calg Ml N oo SRR Ryt kdr o
for the prmmgain ©busy efBSonielfeeddr mels. Tt method imbs satéraindraivbacksh tm exaeps

t hat | ndependen il |l not be sufficient for der ng., hB cel | t

used é oge?ﬂ%r‘t 1§ h@%} %ﬁgrﬁrlgufeéﬁf"ﬁgﬁyn‘#'ﬁ':cﬁg?né F—Jecfﬂﬁ? @Ir#é\hty%!%sr gfss&%r@(%aﬁ?.Wak&ﬁ???
vation of thBsheeticse diawiiadit i@t #codtiyengthesent i nvention allows a
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nunber of \peepbensykbgying fromdisorders suitable for treatment by these
nmet hods far outstrips the nunber of organs available for transplantation.
The Bvailability 30 of hBS cells and the intense research on devel opi ng
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20 One of the difficulties with previously described methods has been to achieve an efficient
attachment of the blastocysts to the feeder cells. This has resulted in low yields of end-

product cells. The present invention addresses this problem.

Perhaps the most far-reaching potential application of hBS cells is the generation of cells

25 and tissue that could be used for so-called cell therapies. Many diseases and disorders
result from disruption of cellular function or destruction of tissues of the body. Today, do-
nated organs and tissues are often used to replace ailing or destroyed tissue. Unfortu-
nhately, the number of people suffering from disorders suitable for treatment by these
methods far outstrips the number of organs available for transplantation. The availability

30 of hBS cells and the intense research on developing efficient methods for guiding these
cells towards different cell fates, e.g. insulin-producing g-cells, cardiomyocytes, and do-
pamine-producing neurons, holds growing promise for future applications in cell-based
treatment of degenerative diseases, such as diabetes, myocardial infarction and Parkin-
son’s.

35



35 WD 03/ 055992 PCT/ EP02/ 14895 3 Description of the invention The
i nventors have established a novel nethod for establishing a pluripotent

human bi awo iBo63992 - derived stemcell line froma fertili zedTmrPoyi4895

i ncludi ng propagation of the cell lin@ 5 in an undifferentiated state.
Thus, the present invention relates to a nethod for obtaining a pluripotent
human bl asto- cyst-derived stemcell line, the nethod conprising the steps

of i) using a fertilized oocyte optionally, having a grade 1 or 2, to
obtai n a Hbesiriptipatof thp-invdehtiononal | y having a grade A or B, ii)
co-culturing the blastocyst with feeder cells for establishing one or nore
colonies of inner cell mass cells, iii) isolating the inner cell nmass
cell's by rEshavénels hivesstablisied d myvet methadtfar esigblishingraeplurip@entduinanales-

cells with feeder cells tq.obtain t.- i ; JLhne.
) opt 1 ondpPipteatsseat i 167 "EhCe BrileP3 55HS s hdnd BskERua) PN b
accorglancenahtupdifferéritatealsizte, it is one object of the present invention to
provide a nethod for establishing an undifferentiated human

bl ast ocyst-derived stemcell line. As a 20 starting material for this

pr ocedur e, THR! fhel gréssht aneytiersretates tose thettifiudfonalathintng aplutipetefildiuran blagto-
oocytes is of inportance for the guality of the resulting blastocysts. In
t he nmet ho&yé?d?r%dﬁlt%@é’ﬁ“ ['ri‘%\‘;té%'frﬁeg}?% c[oHﬁoné@géﬂ? F%Rﬁéﬁt and eval uation of
bl ast ocyst's j)asmgRefdiiliza doase dptatalipathvingl cograddHeortR teobalres blastpsyst, opr

step_i) of the nethod nma 25 be derived fromfrozen or fresh human in
vitrb0fertil F'?’@i’yé‘@(‘,‘w&graﬂﬁ%q{%’f ollowing is de scribed a procedure for

sel ecting suiif @hb@tueingheblabtydisathifgeder welsiod estabishttignond or mbre colordsof
i nvention. The present inventors have found that an inportant success
criterion f#WeffRl HAESERS nethod is a proper selection of oocytes. Thus,

iflfml y gr?dﬁ) %lofyﬁﬁg'tﬂ@iinﬂéﬁcellaﬁl@éd &dlis bty heedpanibaldidsectiorf ogt ai Bi Ing a hBS
ce ine fulfilling the genera equi renent s e- 30, scr,i be 0 is
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Asp- 180 (Vi t yelvddedtem @Ndingertilized on day 1 in IVF-50 (Vitrolife). The
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In accordance with to the above, it is one object of the present invention to provide a
method for establishing an undifferentiated human blastocyst-derived stem cell line. As a
20 starting material for this procedure, fertilized oocytes are used. The quality of the fertilized

oocytes is of importance for the quality of the resulting blastocysts.

In the method of the present invention, the establishment and evaluation of blastocysts
are performed as described below. The human blastocysts in step i) of the method may
25 be derived from frozen or fresh human in vitro fertilized oocytes. In the following is de-
scribed a procedure for selecting suitable oocytes for use in a method according to the
present invention. The present inventors have found that an important success criterion
for the present method is a proper selection of oocytes. Thus, if only grade 3 oocytes are
applied, the probability of obtaining a hBS cell line fulfilling the general requirements (de-

30 scribed below) is low.

Donated fresh fertilized oocytes: On day 0 the oocyte is aspirated in Asp-100 (Vitrolife),
and fertilized on day 1 in [VF-50 (Vitrolife). The fertilized oocyte is evaluated based on
morphology and cell division on day 3. The following scale is used for fertilized oocyte

35 evaluation:



35 eval uation: WD 03/055992 PCT/ EP02/ 14895 4 G ade 1 fertilized oocyte:
Even bl astoners, no fragnents Gade 2 fertilized oocyte: <20% fragnents
G ade 3 fwpotmslosmer oocyte: >20% fragnents 5 After eval uat iPen/EPo2/0®ys 3,
fertilized oocytes of grade 1 and 2 a#e either inplanted or fro- zen for
storage. Fertilized oocytes of grade 3 are transferred to | CM 2
(Vitrolife). The fer- tilized oocytes are further cultured for 3-5 days
(i.e. day 5-7 after fertilization). The blasto- cysts are eval uated
accor di ngGrade hderfiliedmmicyig: Even blastpyers. 49 r39MEUSt ocyst : Expanded with

di stinct i A raraog)% l 0 g%h G ade B Bl astocyst: Not expanded
but ot her g(gé Fi?%hzgera eyt%' %@aég% Bl ztaft ocyst: No visible | CM Donat ed
frozen feQGradeé 3deftiimecyaosyte: AROGdIMEUT ter fertilization) the fertilized
oocytes are 15 frozen at the 4-cell stadiumusing Freeze-Kit (Vitrolife).
Frozen fertilized oocytes are stored in liquid nitrogen. |Inforped consent

i s olft ai netef evatuative aodayr 3 ferdifizadeoachitesf geatle 1 andh @reaihgs daplaptedgrdro-
fertilized oocytes are i ' ' I .o AR € TRE fer-
cedure de&tP ?%@P%ﬁ%‘\/ﬁerl{'@% %%Fg%ggg%(@%\&d%s%fg%%éﬁgb Léeﬂgc_zfl lg_ec}#%a})bwe?ef resh
fertilizedligecydoytesare firthemcylturde f@ aBidrys §.e. daodradtes fertilizetion) 2Bg blasiryt es

pro- sent Sratven Pt aoREREd o e BIoRhE LT T Y ed ooyt o that
devel op into blastocysts is 19% while 50% of the frozed fertilized
SociEs SRUShERABReE BURRIE! Rl AD 3ol P IRSERRS,LTL) 2%,
hi gher qua@rbéy Blastbeystandtidxpamtedind yiteswist ikégufdethe bl ast ocysts deri ved
fromfresh fertjlized . ogcyl elop into a stemcell line, while 15% of
t he bl ast &?g?g%@?tp%ﬁolﬁ?gﬁ%?er@n fertilized oocytes develop into a stem
cell line. I'n summary, of the fertilized oocytes that were put into
O 2 o S AT R B, L BT e e o e, anc
a stEgn celflozbh Bethe30cdingadiuimt usligfreefe-KitdVitrelifi).|irozen fediized cocytehare
Pr ocedur o116 ML RESHIGErTey Crertnkls RS i the EBRYR befub s Shbmr
cul tur e’ syiitass, pasted. e Teriizedoodtes aradhaveadimsing TRawKit (Védle), adchitiease- of
‘N cedure described above is followed from day 2.
20 As described above, fresh fertilized oocytes are from grade 3 quality, and frozen fertilized
oocytes are from grade 1 and 2. According to data obtained by the methods of the pre-
sent invention, the percentage of fresh fertilized oocytes that develop into blastocysts is
19%, while 50% of the frozed fertilized oocytes develop into blastocysts. This means that
the frozen fertilized oocytes are much better for obtaining blastocysts, probably due to the
25 higher quality of the fertilized oocytes. 11% of the blastocysts derived from fresh fertilized
oocytes develop into a stem cell line, while 15% of the blastocysts derived from frozen
fertilized oocytes develop into a stem cell line. In summary, of the fertilized oocytes that
were put into culture 2% of fresh fertilized oocytes developed into a stem cell line, and 7%
of frozen fertilized oocytes that were put into culture developed into a stem cell line.
30
The culturing of the fertilized oocyte to the blastocyst-stage is performed after procedures
well-known in the art. Procedures for preparing blastocysts may be found in Gardner et al,
Embryo culture systems, In Trounson, A. O., and Gardner, D. K. (eds), Handbook of in
vitro fertilization, second edition. CRC Press, Boca Raton, pp. 205-264; Gardner et al,
35 Fertil Steril, 74, Supp! 3, 0-086; Gardner et al, Hum Reprod, 13, 3434,3440; Gardner et
al, J Reprod Immunol, In press; and Hooper et al, Biol Reprod, 62, Suppl 1, 249.



vitro fertilization, second edition. CRC Press, Boca Raton, pp. 205-264;
Gardner et al, 35 Fertil Steril, 74, Suppl 3, 0-086; Gardner et al, Hum
Reprod, 180 0343%98440; Gardner et al, J Reprod |Immunol, POTEPEY$489RNd
Hooper et al, Biol Reprod, 62, Suppl 3%, 249. WO 03/055992 PCT/EP02/ 14895 5
After establishnment of blastocysts in step i) optionally derived from
fertilized oocytes hav- ing grade 1 or 2, the blastocysts having grade A or
B are co-cultured with feeder cells for establishing one or nore col onies
of inner cell nmass cells. After being plated onto feeder 5 cells, their
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of 122 bl astocysts, 19 cell lines were established (15.5%. 42 blastocysts
were processed by i munosurgery and 6 of these resulted in successfully es
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Subsequent to dissection of the inner cell mass, the inner cell mass cells are co-cultured
with feeder cells to obtain a blastocyst-derived stem (BS) cell line. After obtaining the BS
25 cell line, the cell line is optionally propagated to expand the amount of cells. Thus, the
present invention relates to a method as described above wherein the blastocyst-derived
stem cell line is propagated. In one aspect, the invention relates to a method in which the
propagation of blastocyst-derived stem cell line comprises passage of the stem cell line
every 4-5 days. If the stem cell line is cultured longer than 4-5 days before passage, there

30 is an increased probabilily that the cells undesirably will differentiate.
A specific procedure of passaging the cells is given in Example 5 herein.

Human BS cell lines may be isolated either from spontaneously hatched blastocysts or
35 from expanded blastocysts with an intact zona pellucida. Thus the present invention re-

lates to a method as described above in which the blastocyst in step i) is a spontaneously

hatched blastocyst. For hatched blastocysts the trophectoderm may be left intact. Either



A specific procedure of passaging the cells is given in Exanple 5 herein.
Human BS cell lines may be isolated either from spontaneously hatched

bl ast ocyswe 031055985 from expanded bl astocysts with an intaeCTmPzi4ses | uci da.
Thus the present invention re- lates o a nethod as descri bed above in

whi ch the blastocyst in step i) is a spontaneously hatched bl astocyst. For
hat ched bl ast ocysts the trophectoderm may be |eft intact. Either WO

03/ 055992 PCT/ EP02/ 14895 6 hatched bl astocysts or blastocysts with a
renoved or hgtehed Blasipcysiswy blastosyists péthlauehaed papartisliypiemayedizaaa pelatidad

f eeder cel '”‘Q‘ae’hbge?@@é’ﬁﬁ@é#&?@?f de&'&@llst.’l astocyst may be at |east partially

di gested or prior to step ii) e.g. by treatnent with
one or nore acidic agents such as, e.g., ZDTM10 (Vitrolife, Gothenburg,
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t he pronaspraneeat nent. I n an enbodi nent of the invention step ii) and/or
step iv) may be perforned in an agent 15 that inproves the attachnment of
the bl astocysts and/or if relevant the inner cell nmass cells to the feeder
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consti tuen eeg?r‘f%’@r@%ﬁ”ﬂ'&%ﬁlpﬁ?'}ﬁseﬂﬁg‘qﬁ%ti njoints. It appears to exert its
bi ol ogi cal effects through binding interactions with at |east two cell
surface re, 25 ceptars: 4. and.recept.or for HA-pediated tility (RHAMM ,
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duri bf t hethasinghbiestheattaciméBof dad biastorystdand/exerdl@nt heQee? dell fhass cells
I nteracti onihvmi'ft hI thel surfactant pol ar heads of phospholipids in the cell
menbr ane, dhe 859 5 abilize the surfactant | ayer and thus | ower the
surface tension of the inner cell mass or blastocyst which may result in
to the 30 feeder, cells. Alternatively, HA

i ncreased gfficien i n_hindin
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20 A suitable medium for plating the blastocysts onto feeder cells can be BS-medium that
may be complemented with hyaluronic acid, which seems to promote the attachment of
the blastocysts on the feeder cells and growth of the inner cell mass. Hyaluronan (HA) is
an important glycosaminoglycan constituent of the extracellular matrix in joints. It appears
to exert its biological effects through binding interactions with at least two cell surface re-

25 ceptors: CD44 and receptor for HA-mediated motility (RHAMM), and to proteins in the ex-
tracellular matrix. The positive effects of HA during the establishment of hBS cells may be
exerted through its interactions with the surfactant polar heads of phospholipids in the cell
membrane, to thereby stabilize the surfactant layer and thus lower the surface tension of
the inner cell mass or blastocyst which may result in increased efficiency in binding to the

30 feeder cells. Alternatively, HA may bind to its receptors on the inner cell mass or blasto-
cyst and/or to the feeder cells and exert biological effects which positively influence the
attachment and growth of the inner cell mass. According to this, other agents that may
alter the surface tension of fluids, or in other ways influence the interaction between the
blastocyst and feeder cells can also be used in instead of hyaluronic acid.

35
The inventors have also found that the culturing of the feeder cells is of importance for the
establishment of the hBS cell line. In one embodiment, the propagation of blastocyst-



cyst and/or to the feeder cells and exert biological effects which
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the present context the term"stable" is intended to denote prolif :
for other types of feeder cells as well. Based on the findings of the present mventors a
person skilled in the art will be able to find such suitable densities.
20
In a method according to the invention, the feeder cells may be mitotically inactivated in

order to avoid unwanted growth of the feeder cells.

The blastocyst-derived stem cell line obtained by the present invention maintains selfre-

25 newal and pluripotency for a suitable period of time and, accordingly it is stable for a suit-
able period of time. In the present context the term “stable” is intended to denote prolif-
eration capacity in an undifferentiated state for more than 21 months when grown on mi-
totically inactivated embryonic feeder cells.

30 The stem cell line obtained by the present invention fulfils the general requirements.
Thus, the cell line
i) exhibits proliferation capacity in an undifferentiated state for more than 21 months
when grown on mitotically inactivated embryonic feeder cells, and
i) exhibits normal euploid chromosomal karyotype, and
35 iii) maintains potential to develop into derivatives of all types of germ layers both in vi-

tro and in vivo, and
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capacity in an undifferentiated state when grown on m- totically
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an essentially pu preparation of pluripotent hu- man BS cells, whjch i)

exhi bits pabeiatie rsaln‘ateﬁh@@qfa@msylfatﬁ PeFcellar maif% REQtIngca iecedtizhd Rbihe

monoclonal antibody GCTM-2, and do not show any expression of the carbohydrate epi-
tope SSEA-1 or other differentiation markers. Furthermore, pluripotency tests in vitro and
in vivo (teratomas) demonstrate differentiation into derivatives of all germ layers.

20
According to the above, the invention is an essentially pure preparation of pluripotent hu-
man BS cells, which i) exhibits proliferation capacity in an undifferentiated state for more
than 21 months when grown on mitotically inactivated embryonic feeder cells; ii) exhibits
normal euploid chromosomal karyotype; iii) maintains potential to develop into derivatives

25 of all types of germ layers both in vitro and in vivo; iv) exhibits at least two of the following
molecular markers OCT-4, alkaline phosphatase, the carbohydrate epitopes SSEA-3,
SSEA-4, TRA 1-60, TRA 1-81, and the protein core of a keratin sulfate/chondroitin sulfate
pericellular matrix proteinglycan recognized by the monoclonal antibody GCTM-2 v) does
not exhibit molecular marker SSEA-1 or other differentiation markers, and vi) retains its

30 pluripotency and forms teratomas in vivo when injected into immuno-compromised mice,

and vii) is capable of differentiating.

Procedures for the detection of cell markers can be found in Gage, F. H., Science,

287:1433-1438 (2000). These procedures are well known for the skilled person and in-
35 clude methods such as RT-PCR or immunological assays where antibodies directed

against the cell markers are used. In the following, methods for detection of cell markers,

hybridisation methods, karyotyping, methods for measuring telomerase activity and tera-
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present i nyRINSI6bKhd \HitlfxHb%tchﬁnﬂIRQN@céIE'HreQi&ﬁﬂat@ﬂ'v&ntﬁrth@pnma antibody. After
| munohi st ochem str){"‘e uman BDP stemcells maintained in cu ture are

rout 1Qel y axansiverashes e epliryednabpted ity the secondeneaiiody éne e Tg!9! a88ir f ace

mar ker s usﬁ@ai,%d H&\Dpppgﬂa% he undi fferentiated BS cells are SSEA-1,
SSEA- 3, SSEA-4 -1-81. Human BDP stemcells are fixed in 4%
PFA and subsequent |y permeabilized using 0.5% Triton X-100. After washing
and bl ocki AygametdmodPhaidsey m Ik the cells are incubated with the pr| mary
anti body. After 10 extensive washes the cell are incubated with t

secondary Hsagyéyokalkelingehasrhadaseis detepinigd yshep B‘g}“'ﬂjﬁl‘-ﬂ'a@ﬂﬁ'i%'%b‘t follow-

Al ka] 5 ne nh&&@aémoﬁbﬁoﬁ%mémmuré& ha DidJHRsRiL ase i s det er mi ned
using a connercial available kit fol 5ing the instructions fromthe

manuf acturer (Sigma Di agnostics). Oct 4 RT- PCR The nRNA | evel s for the
transcri ptd)&rgfwgi@,@ Cct-4 is nmeasured using RT-PCR and gene specific

primer sets (5' - CGTGAAGCTGGAGAAGGAGAACCTG,
The mRNA levels for the transcription factor Oct-4 is measured using RT-PCR and gene

specific primer sets (5-CGTGAAGCTGGAGAAGGAGAAGCTG,
20 5'-CAAGGGCCGCAGCTTACACATGTTC) and GAPDH as housekeeping gene (5'-
~ ACCACAGTCCATGCCATCAC, 5-TCCACCACCCTGTTGCTGTA).

Fluorescence In Situ Hybridization (FISH)
In one round of FISH one ore more chromosomes are being selected with chromosome
25 specific probes. This technique allows numerical genetic aberrations to be detected, if
present. For this analysis CTS uses a commercially available kit containing probes for
chromosome 13, 18, 21 and the sex chromosomes (X and Y) (Vysis. Inc, Downers Grove,
IL, USA). For each cell line at least 200 nuclei are being analyzed. The cells are resus-
pended in Carnoy’s fixative and dropped on positively charged glass slides. Probe LSI
30 13/21 is mix with LSI hybridization buffer and added to the slide and covered with a cover
slip. Probe CEP X/Y/18 is mixed with CEP hybridization buffer and added in the same
way to another slide. Denaturing is performed at 70°C for 5 min followed by hybridization
at 37°C in a moist chamber for 14-20h. Following a three step washing procedure the nu-
clei are stained with DAPI Il and the slides analyzed in an invert microscope equipped
35 with appropriate filters and software (CytoVision, Applied Imaging).



20 5' - CAAGGGCCGCAGCTTACACATGITC) and GAPDH as housekeepi ng gene (5' -
ACCACAGTCCATGCCATCAC, 5' - TCCACCACCCTGITGCTGTA). Fluorescence In Situ

Hybri di zawoama/o§HbSH) | n one round of FISH one ore nore chromEPomesIAnr e

bei ng selected with chronmosone 25 sp®cific probes. This technique all ows
nunerical genetic aberrations to be detected, if present. For this

anal ysis CTS uses a commercially available kit containing probes for
chronmosone 13, 18, 21 and the sex chronpbsonmes (X and Y) (Wsis. Inc,

Downer s G(ﬁ'é"?tm”lg USA). For each cell line at |east 200 nuclei are bei ng
anal yzed. femdad [

positivel ykgﬁlgr{:}?é %I%g?semgcﬁm% Pr obge[héllgaé 1%? édtp\gaglnal\ﬁ? '%O&K @ﬁﬂgﬂ/
hybri di zat Peih nsimerisal anflaegen siuetoral Reersatione cande sigieotest Imprder to defeetrmosi i p.
Pr obe CEP t he
cane vy O h e R PR L ARl B pBIEFY e

f ol | owed byomﬁ;dmmgjaacétacbnlcawInmeiep FﬁOamnmvsﬁhe:mdﬁ@nsﬁ@’rtheas%ﬂhemtdtmw ng
a three st h t and
fhe o1 1 dos’ Babran oq FeREEEFENEEmE el Shailh b SUAIBE SRRt  2re
filters andeﬁeblhmg eggrtyausing ihﬂpellApprmeﬁnInMgph@)a butGtid 3/1856 3ABply of cells

Ctudi od 1 nifs hored (oFR0 VMR SANCAR A2 rRURALE Tl SRAPBREP el o ger

st ruct ur al celeemiddor 1)12!9 mmthbe wjaehed:w«iu PBSarot tgrsirizedd@he ctllsare colected sy at

| east; 430 k r r s r ime 5
consith ng LA 2: DA 10T ek Sl pRHNSYfand Bf el bl
assay t he adid and the chrdewscaas bee visliadieed by using aenmdiflecaWstghtsMémmganal og to
colchicin and a m crotubul e- destabilizing agent causing the cell to arrest

I n metaphase, but still a large supply of cells are needed (6x106
cel | s/ anal @sinparativh genahichyaridizatiomubat ed in the presence of 0.1/ug/m

Col oot ea Bymiareius BRftisTORITEAER Bleh st BrBeishiay ?Ar'?ﬁﬁ%gnbmér ebgrea °

usi n@5 et hahnigherarmsbolgliacofdhe abmniasoms iatid amtéchheallyhegsmmuéﬁgin@.rl@olamﬁMAZ@d

Chmpar a1 JACRER R Wi PRis S PR PRarp R fenes d@zﬁybr@bﬂw o

CGH gi ves merakb |hhghgarose gol eleédtmphofestshe petfoomaisioroestrante isketof eduiltigy

'Tgizsct'gg' 6@%%%@9%) 'lsr.F&t ﬁé\lr(egrra ngé BtN%\dls preCIpl{gtec} arH3 resuslee\rlw'%’ed

in hybridization mixture containing formamide, dextrane sulfate and SSC. Hybridization is

20 performed on denatured glass slides with metaphases for 3 days at 37°C in a moist
chamber. After extensive washing one drop of antifade mounting mixture (vectashield,
'0,1ug/mi DAPI 11 is added and the slides covered with cover slips. Slides are subse-

quently evaluated under a microscope and using an image analysis system.

25 Telomerase activity
Since a high activity has been defined as a criterion for BS cells 6 the telomerase activity
is measured in the BS cell lines. It is known that telomerase activity successively de-
crease when the cell reaches a more differentiated state. Quantifying the activity must
therefore be related to earlier passages and control samples, and can be used as a tool

30 for detecting differentiation. The method, Telomerase PCR ELISA kit (Roche) uses the
internal activity of telomerase, amplifying the product by polymerase chain reaction (PCR)
and detecting it with an enzyme linked immunosorbent assay (ELISA). The assay is per-
formed according to the manufacturer’s instructions. The results from this assay shows
typically a high telomerase activity (>1) for BS cells.

35
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male SCID-mouse teratoma model is preferable. Tumors are usually palpable after ap-
20 proximate 1 month. The mice are sacrificed after 1-4 months and tumors are dissected
and fixed for either paraffin-or freeze-sectioning. The tumor tissue is subsequently ana-
lyzed by immunohistochemical methods. Specific markers for all three germiayers are
used. The markers currently used are: human E-Cadherin for distinction between mouse
tissue and human tumour tissue, a-smooth muscle actin (mesoderm), a —Fetoprotein (en-
25 doderm), and B-lll-Tubulin (ectoderm). Additionally, hematoxylin-eosin staining is per-

formed for general morphology.

The hBS cell line obtained by the method according to the method of the present inven-
tion can be used for the preparation of differentiated cells. Therefore the invention also
30 relates to such differentiated cells.

In a further embodiment, the hBS cell line according to the invention has the ability of dif-

ferentiating into an insulin producing cells. They may be capable of forming islet-like

structures, and the amount of insulin producing p-cells is generally higher than 25%, such
35 as e.g. higher than 35%, or higher than 40%, or higher than 45%, or higher than 50%.
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i ncl udi ng neuron- specific (3-111 tubulin (TUJ1), NeuN, Doubl eCortin,
tyrosi ne hydroxyl ase and Map 2.
20 The blastocyst-derived stem cells that are capable of being made into differentiated cells

may display the expression of at least one of the following neuronal cell type markers, in-
cluding neuron-specific B-111 tubulin (TUJ1), NeuN, DoubleCortin, tyrosine hydroxylase
and Map 2.

25 In a still further aspect, the invention relates to the use of a preparation of differentiated
cells derived from the blastocyst-derived stem cells obtained by a method according to
the invention for the manufacture of a medicament for the prevention or treatment of pa-

thologies or diseases caused by tissue degeneration.

30 A further object of the invention is to provide cells that may be used for the preparation of
a medicament for treating and/or preventing diseases that may be cured by “cell genesis”.
By the term “cell genesis” is meant the generation of new cells such as neurons, oli-
godendrocytes, schwann cells, astroglial cells, all blood cells, chondrocytes, cardiomyo-
cytes, oligodendroglia, astroglia, and/or different types of epithelium, endothelium, liver-,

35 kidney-, bone-, connective tissue-, lung tissue-, exocrine and endocrine gland tissue-cells.



15 An object of the invention is also to provide an essentially pure
preparation of BS stem cells that can be nade to differentiate into

ol i godendwoapine®92 and al so to provide an es- sentially purPeTmrepasas i on of
ol i godendrocytes prepared by this nettdod. O i godendrocytes can be
characterized by the presence of cell markers such s RIP, GalC or 04. 20
The bl astocyst-derived stemcells that are capable of being made into
differentiated cells may display the expression of at |east one of the
foll owi ng neuronal cell type markers, in- cluding neuron-specific R-11I

tubulin (TUJ1), NeuN, ubl eCortin, tyrosine ; 51n
a still firanmPoeUHERt %)% 'H&eﬁ%om'?éﬁﬁegr;[xrt%sg e%ﬁ%’gﬂ'ep ﬁ@tﬁggfg?@ %ngageégzzﬁégtg i on
of differ gaHveatfesh tHedlidsoclet-tutddfstamceteoliihinsd foytbe nernufacire sXf ermedicas
obtai ned by a nethod according,to he, il nvent | f a
medi camenfepbior fh?eorﬁY%'\;@thrHﬁgB?e tlptg?trt?gﬁgﬁgfo r g%-e B?%Soﬁqgg? ggnﬁggtgjlgggerg%%s
caused bygibhsieyhcRER @aBétedypedD A further object of the inventionis to
provide cells that may be used for the preparation of a nedicanent for
treating and/or preventing di seases that nay be cured by "cell genesis".
By the t e*hﬁé ufeldntgraasils defised s thd blastgeystriativeaistof cediiine ebtaineslimpy as
[

neurons, O godendr ocyt es, _schwann ce|.l s troglial | )|
cel | s, chasabesipeeior tﬁ%mﬂ”&fﬁ%re@ﬁ?&?J'%@%ﬁi%ﬁgg85?\465?8%13[??%%1['}98? nd/ or
di f f er ent yfypes Gfigpisto thdMend ey steh. Soth tisvases, inclade kiutiipeyschidrosie:
connective trssue-, lung tissue-,,

exocrine,and endocri.ne gl a
t i sd0e- cespinal chordisjuns SHgOPIRIaNaLES, HAKGEON'S 'S??Feaﬁ&ghﬂ%mﬂg?as[ehgtmke’
idnv_ent ido][‘tr&%wt ‘ceﬁrgfrpin Bs USposh ifdueee pediinj@iespiscliérhiadndudeddiraid injofies
erived fromthe

0l ast ocyst-derived stemcells obtained far t TRpySacture
of a medi bypoatysamiq '@ﬁa'ft'ﬁ@r'ﬁﬁé@?ﬂfi@qv%g'sf’?d@éﬁ?@ﬁ? "vaoﬂﬁtsmfag'gpga or 48
di seases | ﬁ%éb’&%h@ﬁal nernduab@dt@sn. i ncl udi ng di abetes type |. The
di fferent ?ﬁ? égﬁgg?ﬁgersgeri ved fromthe bl ?;t ocyst-derived stemcell line
obtained may also be used for the manufacture of a nedi canent for the

pr ex[%”.t | Of), Qkilf {uﬁf\EP&%o fnePfthd MOLRBNaelatss tiasaEepeiforniingtheanethod asy st em
Such~di seases | ncl ude nul ti pl

! e schlerosis, 10 sgti r@l chor |%r§ ti
encephal opadiigets thevrntintoihe kilicormaiaes aipast AdtiehAng 21PRPRILOMAPPEREN
traumati c rabp &oﬁ& Hnshts. MR dneAitécRfhdiisalan dgehtihaemnprogsitasiattacimduced
brain injuries, pogl yc

b , t d der, f th
nervous smmthbrfm-‘ﬁo%hi;néﬁgﬁﬁigé g@%ﬁ{)%é{cgﬁg?gﬁﬁnegﬁr Obtq\égﬁh%efilglrormgwg%s ©

system 1g J0.@ still further enbodinment, the invention relates to a kit
for performng the nmethod ac-
20

The kit may further comprise blastocysts with an intact zona pelludica or spontaneously

hatched blastocysts.

in another aspect, the invention relates to a method for producing an essentially pure

25 preparation of insulin-producing differentiated stem cells, comprising the steps of;

i) expanding human blastocyst-derived stem cells by growing these on an inactivated

feeder cell layer in a suitable medium;

i) generating blastocyst-derived stem cell bodies by dissociating colonies formed in

step i) into smaller aggregates or individual cells, followed by transferring said aggre-
30 gates or individual cells to non-adherent containers where they are incubated in a suit-

able medium;

iii) plating the blastocyst-derived stem cell bodies in containers in a suitable medium;

iv) selecting nestin-positive neural precursors in ITFSn medium;

v) expanding pancreatic endocrine progenitor cells in, N2-medium comprising B27
35 media complement and basic fibroblast growth factor;

vi) changing the medium to a basic fibroblast growth factor-free N2 medium.



cording to the invention. The kit conprises at least a first and a second
conponent in separate conpartnents. The conponents conprise an agent that
i nproves wbasasivarh- nment of the blastocysts, a digestiverPagarn2/148% cel |
medi um and/ or feeder cells or mxtures thereof. 20 The kit may further
conprise blastocysts with an intact zona pelludica or spontaneously

hat ched bl astocysts. In another aspect, the invention relates to a nethod
for producing an essentially pure 25 preparation of insulin-producing

di f f er ent i TAteadasuat dissetticn may be peEommpd: hyeusineggss capiijaries asaeiiting t9ehan

bl ast ocyst-derived stemcells by growi ng these on an inactivated feeder
cell layer in a suitable nmedium ii) generating bl astocyst-derived stem
cel | bodi erhethundirsisiastoaystuigricer staimessll empiayed in thetalpveymemiosed methast are
aggregat es ar i ndi vi I |1 I by transferring said aggre- 30
gates or iﬁ}‘mﬁl}mﬁ%e %E%ngggdg%%r{bg ﬁgﬁrﬂt contai ners where they are
inculmated in a suit- able nmedium iii) plating the bl astocyst-derived stem

cell bodi in captainers in a suj. e i i i

mest i n- podneagentta i meirSused Pty B vippbhy R EeRid M colmer. . ¢
endo?:r i ne mmgmginhwur?glgbd tl)nl step Wrsm;t]m}ysecdnmed sterg camoq;emediﬁm, ang the

conpl enent _a asi.c fibr. st, ar tor: .\i ng the mediumto a
bas, ¢ f1 brBelAEses kP BRbpRL v bRl ce ety SRATROS ber B! 14595
14 The manual dissection may be performed by using glass capillaries as a

cuttjng taol.. The human b] astgcyst-derived stemcells enployed in the
abov@mnt'ﬁ%ﬂéﬁ"’ﬁ& REY Eraéjdeﬁ;?ﬁia%l%lt??yst hose obtai ned as described herein. 5
More specifically the nmediumused in step i) is human bl astocyst-derived
stemcell ne- dium ggﬁwrredi i s_Dbl astoc stem

) [ m used .in step. i, t - der,i
cel T body AEhneRyanate Mrarvertan di Rste nodies b e 300 hAERsR JHE Ty e
stem gel I tﬁi@@ﬁﬁér&ﬁé R%o&@rié&s?&tlédibam&ef my?lm/ér@dﬁﬂ%@fminsieearam ):om;:j\ ki t
according to the inventio al so appl i to t ove-mentjpne
et hod | panpianG: cRNAnG. KBS kg B bho B inefutn g SRR ENS M ng
conppyent médiumERAT-MRi€ SiPplement, nicotinamide, and bFGF.

The kit may further comprise an essentially pure human blastocyst-derinved stem cell line
obtained by the method according to the present invention.

20 The invention is further illustrated by the following figures:

~Figure 1: Blastoéyst (before‘ prohasé treafment) from which human BS cell line 167 was
established.
Figure 2: Blastocyst (after pronase treatment) from which human BS cell line 167 was es-
25 tablished.
Figure 3: Blastocyst 167 two days after plating on embryonic mouse fibroblasts.
Figure 4: Human BS cells at passage 69 cultured on embryonic mouse fibroblasts.
Figure 5: Human BS cells at passage 71 cultured on embryonic mouse fibroblasts.
Figure 6: Alkaline phosphatase in BS cells (10X)
30 Figure 7: Alkaline phosphatase in BS cells (40X)
Figure 8: Expression of molecular markers for undifferentiated human BS cells. (A) RT-
PCR analysis of total RNA extracted from undifferentiated (ud) and from differentiated (d)
human BS cells for the presence of Oct-4, insulin, GLUT-2, glucagon, and PDX-1 mRNA.
In controls the reverse transcriptase was omitted (-RT). g-actin serves as housekeeping
35 gene. (B) shows the presence of alkaline phosphatase by immunostaining in undifferenti-
ated human BS cell colonies. (C) Analysis-of SSEA-1 expression by immunostaining of
undifferentiated human BS cell colonies. (D) Undifferentiated BS cells were immunoposi-



partments; mtomycin C, hBS nmedium BS cell body nedium | TSFn-nmedi um N2
15 nmedium B27-nedi a suppl enent, nicotinam de, and bFG-. The kit may
further cwopsios®Ian essentially pure hunman bl ast ocyst - der iPeTaPox 14305 cel |
line obtained by the nethod according to the present invention. 20 The
invention is further illustrated by the followng figures: Figure 1:

Bl ast ocyst (before pronase treatnent) from which human BS cell |ine 167 was
established. Figure 2: Blastocyst (after pronase treatnent) from which
human BS gieé ForISSEA-.'BE{aaMHE)t ebowrdRnd88EAKedE) IFmpumogogtiveBhuman Bpsiell velo-t wo

days after o f

cells at ﬁhiésfa bjéﬁ'g&o@%ﬁ 'ﬁ@gé fﬁn%ﬁ%&n%h?%tsﬁ%i ng L%E%d%tatpggur%rﬁé
Human BS eelidrs4@t. passage 71 cul tured on enbryoni c nouse fibrobl asts.

Fi gure 6: al_i osphatase in BS cells (1 OX) 30 Figure 7: Alkaline
phosphat a&@‘qrﬁgB&Wg&pﬁ(%ﬁ ‘?iésgure 8: Expression of nolecul ar markers for
undi f4 er erFiduaé @d: Tblﬁ&ﬂn@&neﬂﬁld; BoneA) RT- PCR anal ysis of total RNA

extractedfrom erentiate and fromdifferentiated (d) human BS
celI's for FigiEe hln.g &"%?”@%ﬁ'sia(rhﬁéﬁl in, GLUT-2, glucagon, and PDX-1 mRNA

I n cont rolﬁg&gqymf&m bhapsierdkelaagienwae omtted (-RT). fl-actin serves as
housekeeplng 35 ene. he presence of al kaline phosphatase by

i munost aifiguig 18 e(ﬁiﬂ\“%f%}ag’ﬁ{sr\l\ﬁ@? ,%Hlﬁ@h BS cell colonies. (C) Analysis
of SSEA-1 F‘F%Pé 43ST&BtdMa bRETYIO Ravettb of mfuralupithéliuen ent i at ed human BS cel |

col oni es. Undifferenti at edésgé; lI'1s }/]\ere i mmunoposi WO 03/ 055992
PCT/1EP02/ féﬂa%ﬁlﬁer?t%a pRRlySigs L?%faﬁ‘tp& A shown) and SSEA-4. (E)

| mmunoposigdute 1BuTEatdAT ﬁﬁél¥SI§thﬂzou61p@§dJcﬁfg éBRAeﬂurﬁO and in (F) for
TRA- 1- 81 show ng their undifferent| ted St ation 40X. Fj gure
f

o oot e 19 Magan 84 el fea et B Vi Pl Shata ayekea WheseGoreryeids

Terat oma h)b?és?cen@ﬁférb@@gﬁs slchw uﬁrﬂurla;osﬁeé @bmmaamlgbrm%@rebabufmuscI e
Figure 13 Teratoma anal ysis: onerul i FI ? onﬁ anaIyS|s
Roset t es drarkegreder ég,dﬁﬁ%m \ﬁqr,q (A and B% show examples™© neuroectoder al cells e

15 pressing nestin for neuronal precursors(A) and g-lil-tubulin for postmitotic neurons (B)
while (C) shows examples of mesodermal cells immunoreactive for Desmin; (D) examples
of cells expressing a-fetoprotein.

Figure 18. Immuno staining for nestin in in vitro differentiated human BS cells.
Figure 19. Immuno staining for insulin in in vitro differentiated human BS celis.

20 Figure 20. Immuno staining for g-llI-tubulin in in vitro differentiated human BS cells.
Definitions and abbreviations

As used herein, the term “blastocyst-derived stem cell” is denoted BS cell, and the human

25 form is termed “hBS cells”.
As used herein, the term “blastocyst-derived stem cell bodies” is denoted “BS cell bodies”.

As used herein, the term “EF cells” means “embryonic fibroblast feeder”. These cells

30 could be derived from any mammal, such as mouse or human.

One suitable medium used in the invention is termed “BS-cell medium” or “BS-medium”
and may be comprised of; KNOCKOUT® Dulbecco’s Modified Eagle’s Medium, supple-
mented with 20% KNOCKOUT® Serum replacement and the following constituents at

35 their respective final concentrations: 50 units/ml penicillin, 50 pg/ml streptomycin, 0,1 mM



10 Figure 15: Teratonma analysis: d andul ar epithelium Figure 16: Teratoma
anal ysi s: Micous-producing epitheliumFigure 17. Human BS cells

di f f er entwetos/os399vitro into all germlayer cell types. CoPCagponssoi ng
fluorescent m crographs show i nmunopo®i tive cells stained with germ | ayer
specific markers after 10 days in vitro. (A and B) show exanpl es of

neur oectodernmal cells ex 15 pressing nestin for neuronal precursors(A) and
a-l1l-tubulin for postmtotic neurons (B) while (C shows exanpl es of
mesoder mal noekssentishaminp egits|  exM bglbesirien; 100 PM @xamrpdmsethariol c&hgsnl hu-

expressi ng_a-fetopr.ot ei jqure. 1 [ mu staining for nestinin in vitro
di 1I‘Of er ent igg'LaBde Ha'§§$r§égl:{bg§'c‘?'?f°3’l]ﬁségi@aﬁlf?ﬁirﬂﬁ‘o s'?ai ning for insulin in
invitro differentiated human BS cells. 20 Figure 20. Imuno staining for
f-111-tubulin in in vitrg differentiated hunan, cells. fi,njtions and
Lobr evi a1 SRansEsyGLlE HefuIOr Fh ek VBT B 55 coibpf maaBrb IRy e
denot gd BScaifiprisedifolidves; KNBTKOBT® DalbBcts's MidiRY EdYRSs SRIdIAM, - supblensdfied

herein, the term"bl astocyst-derived stemcell bodies" is denoted "BS cell
bodi es". Wih ga%KNEEKQY T t Srrugeriaceperiaandsthe felloming eanstiusniscattheir bl ast
feeder". T : ' f e or
human,  ne-TennY G SoihriRbi: 38 AR SEnlll S8 R FEBlomHE Q. DRMTRUES, Ul
or " BS- nedessehtialamtinoayidb.e? mdhipgiwadinefandKINOGHROBAM encaBokthaoolo(ltsk dvikd + Eid @l
Eagl e's I\/b\;\fi n]: %@ | e- nented with 20% KNOCKOQUT(r) Serum repl acenent and
the follo "r?ga onstrtuents at 35 their respective final concentrations: 50
uni t$0m penicillin, 50 g/mM streptonycin, 0,1 mM WD 03/ 055992

PCT/ EPO2/ 14895 16 non-essential, am no .acids,, 2 nMV L-glutam ne, 100. pM
b mer capt JBARSRETSeL S AT e sADP L BRBNHEN I s PRt e Epat ool
growt h f acliriffereAtienéd etatesor idpd ehameli monthe which & rewie 8a mitotibatgnihadivaiesl enBS
cell body medi.umd, this may be 5 conprised as follows; KNOCKOUT(r)

Dul becco' SPNBUF 556" B8 ' s Medi um suppl emented with 20% KNOOKOUT(r)
Serum repl acement and the follow ng constituents at their re- spective

final _.concentrations:. 50 uynifs/n epicillin, 5 /m strept in, 0,1 nmvV
non 15 connfine isnSiin Bowbe dedeled N Bheren: tothe Folbwikl eI dbE o)
(I tskovit zpl&d dyincluded Bérel for illdétlive plifhoses only and are not intended to limit the

scope of the invention in any way. The general methods described herein are well known

to a person skilled in the art and all reagents and buffers are readily available, either
commercially or easily prepared according to well-established protocols in the hands of a

20 person skilled in the art. All incubations were in 37°C, under a CO, atmosphere.
Examples
Example 1

25 Establishment of an essentially pure preparation of undifferentiated stem cells

from spontaneously hatched blastocysts

Human blastocysts were derived from frozen or fresh human in vitro fertilized embryos.
Spontaneously hatched blastocysts were put directly on feeder cells (EF) in BS cell me-
30 dium (KNOCKOUT Dulbecco’s Modified Eagle’s Medium, supplemented with 20%
KNOCKOUT Serum replacement, and the following constituents at the final concentra-
tions: 50 units/ml penicillin, 50 pg/ml streptomycin, 0.1 mM non-essential amino acids,
2mM L-glutamine, 100 uM B-mercaptoethanol, 4ng/ml human recombinant bFGF (basic
fibroblast growth factor), supplemented with 0.125 mg/ml hyaluronic acid. After plating the
35 blastocysts on the EF cells, growth was monitored and when the colony was large enough



In the present context the term"stable" is intended to denote
proliferation capacity in an undifferentiated state for nore than 21

nont hs whwo ogrssam2 on mitotically inactivated em bryoni c fregdwo2/easbis. 15
The invention will now be described with reference to the follow ng

exanpl es. The exam ples are included herein for illustrative purposes only
and are not intended to limt the scope of the invention in any way. The
general nethods described herein are well known to a person skilled in the
art and alfbr meagepassayirty dpfrbdmstely ¢-2rweakis|afteapiinglihe inner celemass cells

he hands e BssBau RO GRF P i Mphea K pra bR AW AT el 01 P05

under a CO2 at m)sphere Exanpl es Exanple 1 25 Establishnent of an
essenti al ld%q ure_preparation of undifferentiated stemcells from
spont aneo %Me?ched bl ast ocysts Human bl ast ocysts were derived from

frozen or HetQIsHMERILfidh é/ssrehﬂanye Ftwé prepratid ypendiffeparntized stesh gehliat ched
bl astocysts were put directly on teeder cells (EF) in BS cell nme- 30 dium

( KNOCKOUT frum ihdasgecystamitly ae intaakFenapeliitfidan  suppl emented with 20%
KNOCKQUT Serum repl acenent, and the foll ow ng constituents at the fi naI

concentra- tions: 50 uni ts/ m penicillin, g/m streptonycin,
non- essentfoablastecyets adincgn, mtazhmrLa RAlyEiEA % E”efm@“%eF@ W@héﬂ%@ﬂ&ﬁl&aﬂon

4ng/ m hU'T;‘?(I;Sé\’MﬁéﬁW%' rﬂ%@bmb(lf/ﬂ%llfé)@dtﬁentfu\'é)r%d%) waE Q¥édid d§éRthe zona, after

suppl enente | uronic_acid. After plating the 35
bl aslt(bcystvml@fnthatbéaslgﬂ?mbwa% PU@*@MMOW&F@ Roaelt @V%rdnﬁ'?d”\ﬁﬂ'é’ﬁ‘ %W'%‘?rﬁﬁ‘} was

| ar ge enow %@@gﬁggé 815% 2/ 14895 17 for manual passagi ng

appr oxi mat after ating) the inner cell mass cells were

di ssect ed from other cell types and expanded by growth on new EF cells.
Exanpl e ZA% ﬁf gl i shnent of an essentially pure preparation of

undi ffere stemcells fromblastocysts with an intact zona pell ucida
For bl ast(}usﬁi-she/mtdal stainingdot atkaline pbbkplatdese a brief pronase (10 U n,

Sig incubation in rS2 (ICM2) nedium (Vitrolife, Gothenburg, Sweden)
was ‘used to digest the zona, after 10 which the blastocyst was put
directly Ometdetls werekdrvestay éor RIPBR amtihistolcgigap(atiading etlosphiatasehgadl imowt ¢

acid (0. 120c{7%cher)ucal analysis (see below).

RNA isolation and RT-PCR. Total cellular RNA was prepared using Rneasy Mini Kit

20 (Qiagen) according to the manufacturer’'s recommendations. The cDNA synthesis was
carried out using AMV First Strand cDNA Synthesis Kit for RT-PCR (Roche) and PCR us-
ing Platinum Tag DNA Polymerase (Invitrogen). Histochemical staining for alkaline phos-
phatase was carried out using commercially available kit (Sigma) following the manufac-
turer's recommendations.

25
Example 4
Preparation and culturing of hBS cell line

Mouse embryonic fibroblasts feeder cells were cultivated on tissue culture dishes in EMFI-
30 medium: DMEM (Dulbecco’s Modified Eagle’s Medium), supplemented with 10% FCS
(Fetal Calf Serum), 0,1 uM B-mercaptoehanol, 50 units/mi penicillin, 50 pg/ml streptomy-
cin and 2 mM L-glutamine (GibcoBRL). The feeder cells were mitotically inactivated with
Mitomycin C (10 pg/ml, 3 hrs). Human BS cell-colonies were expanded by manual dissec-
tion onto inactivated mouse embryonic fibroblasts feeder cells.
35



Exanpl e 3 Hi sto-chem cal staining for al kaline phosphatase 15 The cells
were harvested for RT-PCR and hi stol ogi cal (al kaline phosphatase) and i nmu-
nocyt ochewbaalosanal ysi s (see bel ow). RNA isol ati on and RTPeCRPOT01893
cellular RNA was prepared using Rneas Mni Kit 20 (Q agen) according to

t he manufacturer's recommendati ons. The cDNA synthesis was -carried out
using AW First Strand cDNA Synthesis Kit for RT-PCR (Roche) and PCR us-

ing Plati num Tag DNA Pol ynerase (I nvitrogen Hi st ochem cal . st ai ni ng for
al kal i ne phesan Bbatisweensasitomdrdrenitoically paatyateshmerss ampyyosicdibreipeiS ki ¢

(Sigma) follown fac-. tur r a -
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feeder celiog pagleds mehmwah%demanteusmwmm moca(@U's*ﬁ@@rum répitemed anddheim
DMEM (Dul becco™s Modified Ea

(Fet al Calfcpllosmgmnstltyemtsmwm%l We?ég%%i\e{? 'Bg?a%‘l‘:e 'OUﬁr%Oe&W”b'gbﬁj"gﬁ("E%?

g/m st ren Wstr fé}g horgbb'ée@ﬂbﬂé?mh@al@m@BﬂhM L-§hearhinede00 gl -s Wer e
m t ot’ cal | |nac |va

t t C (10
cel | - col omnersamee’rbae&lpéngé@l ngg‘g{ﬁl G?@%@ECGF &faéf? f@ﬁ?ﬂ%ﬁ%@ﬁ%&@ﬁ nouse
enbryoni ¢ Céeﬁv?é% W%I’ ftel Lﬁatgggi%th%%oi&ms%er\é\%r@8/&55@9% dErbr S#BES delidithlies! 8

Human BS on mtotically inactivated nouse enbryonic
fibroblasts feeder ceI s in tissue culture dishes with BS-cell nedi um

KNOCKOUT( r gﬁ’,‘i?ﬁ?cﬁ oRPd} nwtitf]igfé(} E%giu%& iNRFO 4504 SHHARIRBE BHE Blated bn 20k

KNOCKQUT( p acene | ow ng constituents at thelr
respget i vexdhbrak bactedalnultareidistes cootaining BSraell pery memunh KN@CKOY) Ty Dul-

strept onmycin, 1 n- es tial am 0 Mf3-
mer capt oetesARF MO@%;‘%Q@.@E@HI%CS&RBE er ‘%@9 z 3@ kpmlﬁbgst ]rgr owt h
factor). éﬁs‘eé%rﬁlaué i ﬁoﬁcbw@@%ﬁgﬁuérh@at:mbmmemctmarfmal aongengatengh 500
generate BS cell

bodi BS cel | . col i |
e o axomiknerenlss S 4@ SrRteroi ot b Shrrsenlel b apis 2 Mma Lo
di shes confiaiRkRgaRB1 66 pshapBEINdAbI (HORRIEK(r) ). Bukt, 2000). The BS ool

15 bodies, including cystic BS cell bodies, formed over a 7-9-day period.

Example 5
Passage of hBS cells

20 Before passage the hBS cells are photographed using a Nikon Eclipse TE2000-U in-
verted microscope (10X objective) and a-DXM 1200 digital camera.-Colonies are pas-
saged every 4-5 days. The colonies are big enough to be passaged when they can be cut
in pieces (0.1-0.3 x 0.1-0.3 mm). The first time the cells are passaged, they have grown

for 1-2 weeks and can be cut in approximately four pieces.

25
The colonies are focused, one by one, in a stereo-microscope and cutin a checkered pat-
tern according to the size abdve. Only the inner homogeneous structure is passaged.
Each square of the colony is removed with the knife, aspirated into a capillary and placed
on new feeder cells (with the maximum age of 4 days). 10-16 squares are placed evenly
30 in every new IVF-dish. The dishes are left five to ten minutes so the cells can adhere to

the new feeder and then placed in an incubator. The hBS medium is changed three times
a week. If the colonies are passaged, medium is changed twice that particular week.
Normally a “half change” is made, which means that only half the medium is aspirated
and replaced with the equal amount of fresh, tempered medium. If necessary the entire

35 volume of medium can be changed.



becco's Modified Eagle's Medium supplenented with 20% KNOCKOUT(r) Serum
re- placenent and the follow ng constituents at their respective final
concent r awoea®s598D units/m penicillin, 50 g/m streptompCTEPID14BIFM
non-essential amno acids, 2 mML- gligtam ne and 100M R- ner capt oet hanol
(ltskovitz-Eldor, J. et al., 2000). The BS cell 15 bodies, including cystic
BS cell bodies, fornmed over a 7-9-day period. Exanple 5 Passage of hBS
cells 20 Before passage the hBS cells are photographed using a N kon

Ecl i pse TE3QDApIE/6 n- verted m croscope (1 OX objective) and a DXM 1200
digital c r.a. -.Col Qni e pas- saged every 4-5 days. The colonies are
bi g enoug%ﬁ'%@'%éggﬁﬁef en they can be cut in pieces (0.1-0.3 x
0.1-0.3 mm. The first tine the cells are passaged, they have grown for

1-2 weeks and can_be cut i n,azé)grgﬁli?rra.elé four gi eces. h25 IT.e col o?i es are
focused, drRiomgs Wit the approriale Uadiferenfidied FeerahRIoRForming celilaa Pyt gafer
tern Sicgondéié é.QOD%OS‘fﬁleiQUﬁIbQN en@9 sierild fitereniato @enﬁgenews?rﬁtmwcyquumaslg
passaged. ach square of the colopy is_r v t ni f e, rate
into a capifq selytionsf pnhBese pﬁaw&ééagfg&&eﬁgmwﬂwfﬁga‘?é?i h‘?fiﬁ% " of 4
days). 104dfgmesianng 180l DVEEH:®08nl CradPBS vatheny TRshaldsél-200 shetylBheydi shes
are left five'to ten mnutes so the cells can adhere to the .n fsgder and
then pl ac&@le #nd2Pq HAMEPHANd ecopieigi RizFeddn AHRh fSinyigAd 1R %5 eGeek.
| f the colpnkesipdsdsParsaeakeds diciticSiraRARSRMIdsWARE thBaloldpRist il lsenvie ek .
Normal Iy a "half change" is made, which neans that only h_glja t%ﬁ mediumis
R starigdiieregn

aspi ¥t ed trassteried §p ac¥awnitisimmediaglynlacaddn srcrgtiube wi ogrtm I f
necessary the entire 35 volune of nedium can be changed. WO 03/ 055992

PCT/ EP02/ 14895 19 Exanple 6 Vitrification of hBS cells Colonies with the
appr opr i attxammlef’f er enti at ed norphol ogy fromthe cell line are cut as for

5 passage. - ety it eviribtaid e filtered into a sufficient
anount of s@%@&%ﬁﬁ%&#ﬁygﬁﬁ%%ﬁgﬂ an FB are prepared (A: 800 pl Cryo

PBS with 1 M Trehal ose, 100 pl ety- len glycole and 100 p1 DVMSO, B: 600 ,ul

LS e MR8 By B LSt AP 3Rt BUSF 2nd
for 3 hours. IVF-dishes are coated with gelatin. The medium is aspirated and the cells
washed with PBS. PBS is replaced with trypsin to detach the cells. After incubation, the
trypsin activity is stopped with EMFi medium. The cells are then collected by centrifuga-
tion, diluted 1:5 in EMFi medium, and counted in a Biirker chamber. The cells are diluted

20 to a final concentration of 170K cells/ml EMFi medium. The gelatin in the IVF-dishes is

replaced with 1 ml cell suspension and placed in an incubator. EMFi medium is changed

the day after the seeding.
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Sci ence, 287:1433-1438 (2000)._ WD 03/055992 PCT/ EP02/ 14895 21 C ains 1. A
met hod fdﬂeﬁbﬁﬂépmpﬁ'@'”a”ﬂﬁ ﬁ?PgB‘c{ ent human bl astocyst-derived stemcell Iine,
the smethodyGRipyd fdrfiged Bgcﬁé @pﬁor@ilyﬁ\av)ng@gr@gea dre, to bbtagh blasipcest, op-
optionally, haV|ng a grade 1 , to obtain a blastocyst, op- tionally
having a gr gg@almr@vmgagriasiewr&” turing the blastocyst with feeder cells
for establi Ef‘bd‘@ulﬁﬂﬁg%e BRERcFR M fesddfcelld fon estabidHingrerss ocrabtescolonieg of

i solating the 1 nner mass cel l's by mechanical dissection, 10 iv)

co-cul turi ngﬁr@rcﬁlh@aﬁﬁﬁ@”’s cell mass cells with feeder cells to obtain a

bl ast ocyst - %‘dléf d 1hd ﬁfﬁbPé‘éll‘mbw&ns\bz/ n%&hlaﬁi&aldlysecﬂﬁrﬁ)pagatl on of the
bl ast ocyst - o| 2

ri ve stem cel ine. 2. met hod acc gl nﬁ@ él 6}6’ %
whi t0 t he biMspaeiigring of the gmer):el} gags §?ﬂ§ﬁ’¥'§hf§89%rl‘§? S JEORBINHRES AT ocyst .
3. A net hOdd@ﬁ\féU&bﬂgcéllqingl aim1l or 2 in which the blastocyst-derived stem

cell line is
v) optionally, propagation of the blastocyst-derived stem cell line.

2. A method according to claim 1 in which the blastocyst in step i) is a spontaneously

15 hatched blastocyst.

3. A method according to claim 1 or 2 in which the blastocyst-derived stem cell line is sta-

ble.

20 4. A method according to claims 1-3 wherein the blastocyst-derived stem cell line is

propagated.

5. A method according to claims 4, in which the propagation of blastocyst-derived stem

cell line comprises passage of the stem cell line every 4-5 days.

25
6. A method according to claims 4-5, in which the propagation of blastocyst-derived stem
cell line comprises culturing the stem cells with feeder cells of a density of less than about
60,000 cells per cm?, such as e.g. less than about 55,000 cells per cm?, or less than
about 50,000 cells per cm®.

30

7. A method according to claim 6, in which the propagation of blastocyst-derived stem cell
line comprises culturing the stem cells with feeder cells of a density of about 45,000 cells

per cm?.



ble. 20 4. A method according to clains 1-3 wherein the bl astocyst-derived
stemcell line is propagated. 5. A nethod according to clainms 4, in which
t he propagetsossdei bl ast ocyst-derived stem cell |ine conpcrsrs2/passage of
the stemcell line every 4-5 days. 2526. A nethod according to clains 4-5,
in which the propagation of blastocyst-derived stem cell |ine conprises

culturing the stemcells with feeder cells of a density of |ess than about

60, 000 cells per cn2, such as e.g. less than about 55,000 cells per cnP, or
| ess t han8. Albmathodbac@ding & ¢|§irf§e49—7c'ﬁ@!h'<§0th¢.Pr%ﬁ@@{“%ﬁf QIEE@Fmt'ﬁ%”{?%d &8 m 6,
in which the. bro ' =8 ok ¥Rdn ifi84,Isuch b8 @& eifd ses
cul turi ngcqﬁ'ﬁs@iﬁﬁ?&%ﬁgsﬁgteﬁgf%%géi%ﬁggof aéitatggnﬁsi ty of abougt: 45, 000
cells pemost2timé® 03/ 055992 PCT/ EP02/ 14895 22 8. A nethod according to
clainms 4-7, in which the propagati on of blastocyst-derived stem cell line
conpri ses passage of the feeder cells at the nost 3 tinmes, such as e.g. at
the 5nDSt 92Atnhathsd adcdidingtoreininsd-8de whighribe zenapeliugisiaf ¢he blasiRryst hefie zona

pel l uci da,of the hl astac . .y | east partially digested prior to
step ii).PgeN a&eﬁ%}t%&%? X)(éﬁgarsgé?’}ém?g&%ﬁg?% 9 in which the zona pel |l ucida of
the bl astocyst has been at |east partially digested with a digestive agent
sel ected fromthe group.conprlsi 1 di itk RF U 6REERas BBEY MBS
and m Xtuggspp??gl?%cg?c_:corﬂpg ﬂ%ﬁ%g] ‘g@gglrtﬁc:ﬁ Znog];n%té)e%gﬁg?ns 1-10 1 i which step
i i) and/ ogt phefpdriallyidiggstad withre digeatismageny eelected dtonn Hsr@rour Cemerneing aelifent
of the Dblastgcysts and/or if rsel evrﬁ%{ur&]ﬁueir er cell mass cells to the
feedd cergacting §UBSIances, RAYMPSANEIPHIUES 1SS ai m 11 wherein the agent is a
hyal uronic acid. 13. A method according to claims 1-12 in which the feeder
cells ar 61?.nRereqcrr1](|)c§: ag:c%%ilﬁé to glgljrrhss1-189n which step ii) and/or step iv) is performed in an
agent that improves the attachment of the blastocysts and/or if relevant the inner cell

mass cells to the feeder cells.

15
12. A method according to claim 11 wherein the agent is a hyaluronic acid.
13. A method according to claims 1-12 in which the feeder cells are embryonic feeder
cells.

20

14. A method according to claims 1-13 in which the feeder cells employed in steps ii) and

iv) are the same or different and originate from animal source.

15. A method according to claim 14 wherein the feeder cells are of mouse or human ori-

25 gin.

16. A method according to claims 1-15, wherein the feeder cells are mitotically inacti-

vated.

30 17. A method according to claims 1-16, wherein the stem cell line
i) exhibits proliferation capacity in an undifferentiated state for more than 21 months
when grown on mitotically inactivated embryonic feeder cells, and
ii) exhibits normal euploid chromosomal karyotype, and
iii) maintains potential to develop into derivatives of all types of germ layers both in vi-
35 tro and in vivo, and
iv) exhibits at least two of the following molecular markers OCT-4, alkaline phos-
phatase, the carbohydrate epitopes SSEA-3, SSEA-4, TRA 1-60, TRA 1-81, and the



14. A method according to clainms 1-13 in which the feeder cells enployed in
steps ii) and 1iv) are the sane or different and originate from ani nal
source. 1Wo odopdhod according to claim 14 wherein the feedarePonidsss are of
nmouse or human ori- 25 gin. 16. A net?od according to clains 1-15, wherein
the feeder cells are mtotically inacti- vated. 30 17. A nethod according
to clains 1-16, wherein the stemcell line i) exhibits proliferation
capacity in an undifferentiated state for nore than 21 nonths when grown
on nitoti calgryteimane iof atkethtiorsbifgiefthontiwiinaulfate pasicelifar mayixSxetphelsamor nal
eupl oid chronosonmal, k it hnbal potential to develop into
derivatives r8f3°9é]'4edt%@é%@l&g&n%%%?g%Grtﬁmhtzi %@l - 35 tro and in vivo, and
i v) exhi bi t sy)abes aatséxHibiomolectlaemiadiar 8§EAg1 eppbenHiferandatiat matkers, and

al kal i ne phos- phatase, .the It ai . 1- 60,
TRA 1-81, an® rFE?@"S\/\% @EV'@%@%@?@E@%&?&%&RQ@ “@}gmi@ﬁe§§‘r¥§w§?u§8ﬁer atin
sul f gt e/ chornghngprbmiseduhitatandoeri cel lul ar matrix proteinglycan recognized
by the m)nocl,_gnal aBtiogqu M 2, and v) does not exhibit nol ecul ar marker
SSEA-1 or ot'¥iels @PAPE A LTS mar kers, and vi) retains its pluripotency
and fornms teratomas in vivo when injected into i muno- 5 conprom sed nice,

and vii) is capaple, of differenti,ate.. 18, ;

bl ast ocysﬂ%‘é?‘? oeie huaniag O?Wsﬁfge%\ﬁdaﬁjt%'g(f Q@n?é%traﬁ%g r@ggﬁg&%@ |ancg§: orqtlrg)g

clai ms 1- §7clhifs 1-1® o thp dFearationadf diffdrémtiatet cellsed cel |'s. 10 19. A met hod
according to clainms 1-17, wherein the stemcell |line has the ability of

di ffl&r - entiati ng into an insulin producing cells. 20. A nethod according
to claim %8, AWReK& Acddh@nd Bsdlbints PriBowhérel thelstesn aelkliredpasthe abiiity afsliffesr ni ng
islet-like structures. Z‘I,l. A, et hoqI according to clainms 19 or 20, wherein

t he anmounentatingiRiQEaNPYBRIEIYHCE Eel |'s which are derived from the

pl uri potent human BS cell line is higher than 25% such as e.g. higher
0 I 0 H 0 . o
than 35% 28.r A?\I*negmgdr aécr})?cri]ing (‘t)oA%:Iai?Tr\ 18,‘ \ﬁrr\]eerginttng Pnsﬁﬁn/%ro%ﬁcinb %Qf?g ar’e*L%Baé%r
15 forming islet-like structures.

21. A method according to claims 19 or 20, wherein the amount of insulin producing 5-

cells which are derived from the pluripotent human BS cell line is higher than 25%, such

as e.g. higher than 35%, or higher than 40%, or higher than 45%, or higher than 50%.
20

22. A method according to claims 19-21, wherein the insulin producing cell line produces

at least about 300 ng insulin/mg total protein such as at least about 380 ng insulin/mg to-

tal protein or at least about 450 ng insulin/mg total protein.

25 23. A method according to claims 1-17 or 19-22, wherein the blastocyst-derived stem
cells have the ability to differentiate into differentiated cells, which display the expression
of pancreatic cell type markers, including at least one of insulin, Glut-2, Pdx-1, glu-

cokinase, glucagon and somatostatin.

30 24. A method according to claims 1-17 or 19-23, wherein the blastocyst-derived stem
cells have the ability to differentiate into insulin-producing cells characterized by their or-
ganization into islet-like structures comprising an inner core of g-cells surrounded by an
outer layer of neuron-type cells, which neuron-type cells display expression of at least one
of the following neuronal cell type markers, including neuron-specific B-1I1 tubulin (TUJ1),

35 NeuN, DoubleCortin, tyrosine hydroxylase and Map 2.



20 22. A nethod according to clainms 19-21, wherein the insulin producing
cell line produces at |east about 300 ng insulin/ng total protein such as
at | east wboaws®¥8D ng insulin/ng to- tal protein or at |east/ERbo4s93150 ng
insulin/ng total protein. 25 23. A method according to clainms 1-17 or
19-22, wherein the blastocyst-derived stem cells have the ability to
differentiate into differentiated cells, which display the expression of
pancreatic cell type markers, including at |east one of insulin,

_ d ut - 2,
Pdx- 1, gl @5. Aokethadagcagting meaimentt i Eomerraiaitae plastogystderived slemherlisALE §Rdi ng
to claims 1617of§5' g;grﬁgd% i @F&leRtAtBE Ol WhRAYASpISethe \exBresbRMof BElekhSst dray e
t he abllltp9 lFo FiPeren

late 1nto insulin-producing cells characterized by
their or- ofteifokdwing neatonal alidype miekess, inetidingereurorepe g IAROUiMEFUL0r e of
fl-cells rrounded by. an _out er I on-type cells, which
neur on-tyz\éuéleblogglﬁpgé|nayr%§%?g dsr%) naesgfﬂgtmﬁgg'st one of the follow ng
neuranal cell type markers, including neuron-specific R 111 tubulin (TUJl),

35 NeuN, Doubl eCortin, tyrosi h I . / s

eT) P02/ Paades opa prparaial iSRS 3B A i i dlok{i P e

bl ast ocystcepieshtdingd Bl ene artiosl svcerdirar topmaiine -67 obt-8 ferdtie manufacture of a
differentiated cell s, which display.the exptessi of: ; t he
fol | owi ng mestigasent frdhe pfeg)’ﬁag%&kté‘%laéwe%%p%@?oiosdl%g%rr%sn%[?é??ﬁec - ISISIQJa
tubulin ('HHééaeraticNﬁUN, Doubl eCortin, tyrosine hydroxylase and Map 2. 5 26.
Use of a preparation of differentiated cells derived fromthe

bl as]t(bcyst -derived stem cells obtained by the nmethod according to claim
1-17 or 1972Bsé of a hehahaauil sakfirentaiedicellsreiivateon tieblastoeygidevived siem or

treatment of pathol ogi es or dj seasgs caused ti i 10 27.
Use of a pebpabtainedhydhe m%h@rwr@w& A k?)égF:‘@'Zg??rrtg%grt?%gﬁﬁurg%fa

bl ast ocystpdaeinva &t thBpréehtion eblredtimedt dhpatirogiet brodisesses infhegpancragisai m
1-17 or 19-24 for the manufacture of a nedicanent for the prevention or

treatment of pathol ogies or diseases in the pancreas. 15 28. Use according

to cji m 28 U8 JMbdralhgtih latth 27amantich theatkeiaes is difbettse according to claim
25 or 26, 1 n which the disease is type 1 diabetes. 30. Use of a preparation
of differentiated cells derived fromthe bl astocyst-derived stem

29. Use according to claim 25 or 26, in which the disease is type 1 diabetes.

30. Use of a preparation of differentiated cells derived from the blastocyst-derived stem
20 cell line obtained by the method according to claim 1-17 or 25 for the manufacture of a
medicament for the prevention or treatment of pathologies or diseases in the nervous sys-

tem.

31. Use according to claim 30, in which the disease is selected from the group consisting
25 of multiple schlerosis, spinal chord injury, encephalopathies, Parkinson’s disease, Hun-

tingdon’s disease, stroke, traumatic brain injuries, hypoxia induced brain injuries, ische-

mia induced brain injuries, hypoglycemic brain injuries, degenerative disorders of the

nervous system, brain tumors and neuropathies in the peripheral nervous system.

30 32. A kit for performing the method according to claims 1-17, comprising at least two of
the following components in separate compartments; hyaluronic acid, pronase, BS-cell

medium, and human or mouse embryonic feeder cells.

33. Kit according to claim 32 further comprising blastocysts with an intact zona pelludica

35 or spontaneously hatched blastocysts.



20 cell line obtained by the nmethod according to claim11-17 or 25 for the
manuf acture of a nedicanent for the prevention or treatnent of pathol ogies
or di seaswe 0B/0539b2 nervous sys- tem 31. Use accordi ng toPclraiPoe/8895i n

whi ch the disease is selected fromth® group consisting 25 of multiple
schl erosis, spinal chord injury, encephal opathies, Parkinson's disease,
Hun- tingdon's disease, stroke, traumatic brain injuries, hypoxia induced

brain injuries, ische- ma induced brain n uri E .C gr int.
i nj uri es, 3dolertneg for eragiusipadsressentially pur PQ@&@OW %gﬁﬁ“ %’Pgﬁ“ﬁ“? I‘F@e(%“ and
neur opat hi Fe% ét&ng;:%ﬁs Q:%Hp??fﬁ@%e Q@{jygps system 30 32. A kit for perfor m ng

t he netho accor r|S|n

f ol | owi ng comamwdtng ﬁulin%éfﬂaiitéﬂ@t'@éﬂ’{ﬁ%%tﬁ@rﬁegs 959"‘(5?%%95355’&%‘ mﬁ?tB'ﬁ&esde
BS-cel | dfegﬁé %’)Jé? ﬁmabrg)hl,gg,uﬁ{rbr yoni ¢ feeder cells. 33. Kit
aim urt

according to er conpri si n% bl astocysts with an, |3act zona
pel | &di ca 35 genesyiog blastasystderivad steancll kasiasiysdissoogang $P grmed in

PCT EP02/ 14833, Didg ey E@QQQ& OF PRRRAHFLNG, BloeapBydlibifing ot aggre.

preparation sulir'n erenti - ated stemcells I‘ISI
the steps ofgated oemparddah@plllaMW-Bdb@EObWa'@%fS“(?@EP Wrﬁr‘%ﬁﬁc}’gatﬁgp

these on an inactiyvat ed feeder cell layer in a suitable nedium ||)
generating bRAUSTEEHY - deri ved stem cel | bodi es by di ssociating col oni es
formed in siipplaiing thethtasiomysi-derivad gtarg aelbbodies inrgntaingiain %éP'Fag)'e edigled by
transferring a| d.a I n- adher ent

cont'al ners ?eée‘ftwg&egpgg?%@u R%ur%l'}?%&gggiﬁlm ﬁ@énﬁgéﬁgﬁfum iii) plating

t he bl ast ocyﬁ)temﬂandmgdasd:reahncw’ndocbm@lpmehmr@@m i, N@rrgediimecosmprisi B2fedi um

10 iv) select éag nestI (a@osm a\é%fm%glgglttgf&ﬂﬁq%&&rs in I TFSn medium v)

expandi ng paf rogeni cel n, N2-medi um conpri si ng

B27 nmedia Cﬂﬁ’ﬁﬁeﬁ@mythamﬁbduamt«zafaabmdlbrmstgrthh fedtercires N2wmediwRangi ng t he
mediumto a basic fibroblast growh factor-free N2 nedium 15 35. A net hod
according to claim34 in which the hurman bl astocyst-derived stemcells are
obt ajgied k. Aheetisd hocbraing to diaing 34 in whigh e Human biestocystrasriMedisigar6elliag t o

bl ast ocysEPRTUAAE e G FEcorly (f Eama v eP 1) 1s humen

36. A method according to claims 34-35 in which the medium used in step i) is human
blastocyst-derived stem cell medium.

20
37. A method according to claim 34 36 in WhICh the medium used in step i) is blastocyst—

derlved stem cell body medium.

38. A method according to claims 34-37 in which the medium used in step iii) is blasto-

25 cyst-derived stem cell body medium.

39. A method according to claims 34-38 in which nicotinamide is added after step vi).

40. An essentially pure preparation of differentiated stem cells, wherein the cells display
30 the expression of pancreatic cell type markers, including at least one of insulin, Glut-2,

Pdx-1, glucokinase, glucagon and somatostatin.

41. The preparation according to claim 40, which is capable of producing at least about
320 ng insulin/mg total protein such as at least about 380 ng insulin/mg total protein or at

35 least about 420 ng insulin/mg total protein.



20 37. A nethod according to claim34-36 in which the mediumused in step
ii) is blastocyst- derived stemcell body nmedium 38. A nethod according to
cl ai rs 34w®03iossoshi ch the mediumused in step iii) is bl aPCeEPAD14895
cyst-derived stemcell body nmedium 3% A nmethod according to clains 34-38
in which nicotinam de is added after step vi). 40. An essentially pure
preparation of differentiated stemcells, wherein the cells display 30 the
expression of pancreatic cell type markers

| _ Jncludin ah. | east one. of
i nsul i n, @LThepreparation agtardiogith&Aims 4P Q& 44dA @83%&3 QR ﬁﬁ R{Ppﬁ"%_"“?ﬂe
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46. The preparation according to claims 45, obtained by the method according to claims

34-39.
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47. An essentially pure preparation of cells obtainable by the method according to claims

34-39.

48. Use of a preparation according to claims 40-44 for the manufacture of a medicament

25 for the prevention or treatment of pathologies or diseases in the pancreas.
49. Use according to claim 48, in which the disease is diabetes.

50. Use according to claim 48 or 49, in which the disease is type 1 diabetes.

30
51. Use of a preparation according to claims 45-46 for the manufacture of a medicament

for the treatment of pathologies or diseases in the nervous system.

52. Use according to claim 51, in which the disease is selected from the group consisting
35 of multiple schlerosis, spinal chord injury, encephalopathies, Parkinson’s disease, Hun-

tingdon’s disease, stroke, traumatic brain injuries, hypoxia induced brain injuries, ische-
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