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Pl uri pot encyes bESttRe @N@eﬁ]%ﬂﬁeﬁﬂ@’%, PURIAEHSs dika s8I Y& HegeRdration of the

bl ast ocyst-derived stemcells (hereafter 30 referred to as

bl astoﬁst-@é‘iﬁmegbx@m%éﬁw&e%mhmc%gﬁwy- can give rise to all cells in the
or- ganism including the germcells, somatic stemcells have a nore limted
repertoire in de- scendent cell types. In 1998, investigators were for the
first tinme Hpckgroyndafithg iovertion s from human fertilized 35 oocytes and to
grow themin culture see e.g. US 5 843 780 and in US 6 200 806.

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 to 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.

CONFIRMATION COPY



CONFI R(VATI ON COPY 28 SEPTEMBER 2006 WO 031055992 PCT/ EROEpT48ER2 006l NE
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destruction of tissues of the body. Today, do- nated organs and tissues are

often used tV8 'Q'E?fl"%ﬁ%"eﬁﬁl ing or destroyed tissue. Unfortu- nately, the
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efficient ﬁmbhﬂﬁ&cﬁedrargumtdbtrhgadtdiwste and allows for derivation of hBS cell lines after platmg
blastocysts onto feeder cells.

20 One of the difficulties with previously described methods has been to achieve an efficient
attachment of the blastocysts to the feeder celis. 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-
nately, 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
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WO 03/ 055992 PCTI EP02114895 3 Description of the i nvent I on The inventors
have established a novel nethod for establishing a pluripotent human bl as-
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quality of the resultlrQ%H%I asto St S, %ﬁlqe net hod of the present

i nvention, t hel)&gwcaityr HPSfQﬁ WEF"{?QFF Weﬁﬁagwesor mere cplepies Ofred as

descri bed bel opnherldas ntdsgwmsilsh! astocysts In step ) of the method may 25 be

derived from frozen or fresh manl V|tr | i zed oocytes. In the
following is d®i ‘g?tfrlgetaeé{'"ﬁFB 'éH%ﬁsé’e pyrgg %ss?ﬁ'?'hbl e oocytes for use
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derived stem cellline.

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

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 resuiting 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 ococytes. 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: |
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following scale is used for fertilized oocyte 35 evaluation: 28 SEPTEMBER
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Fertilized oocytes of grade 3 are transferred to ICM2 (Vitrolife). The fer-
tilized_ oocytes are further cultured for 3- ay 5-7 after

] [ 5 days gﬁ.‘e._d /
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(after fertidytgatd ShlustdtPadcefding toZeslfolewilg Scaledr € 15 frozen at the 4-cell
stadiumusing Freeze-Kit (Vitrolife). Frozen fertilized oocytes are stored

in liquid nitrogen. Infornmed consent is obtained fromthe donors before the
5-year 10! i MG@radéa Riestcoyst: EXpendee mith ldistieet irmee ydllafasyr @CVhawesy 61si ng Thaw- Ki t

(Vitrolife),.and e.pro-,cedure described ahove is,followed fromday 2. 20
As descri beé;ra%%gg?asltcfcggthNpg?){gapg%cgtaﬁg Bl r%(a?‘?‘(o)‘m grade 3 quality, and

frozen fertiGradel Blastoogyst doasisiblé IGWh grade 1 and 2. According to data

obt ai ned by the nethods of the pre- sent invention, the percentage of fresh

fertilized oocytes that develop into blastocysts is 19% while 50% of the
frozed f ert iDonated foaey feetlizdd vedytgs: Ahday D(afiet fedijization) thbifertiiedroocythatre t he

frozenjfertidi i ] Ol ' . st.s,
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limit has passed. The fertilized oocytes are thawed using Thaw-Kit (Vitrolife), and the pro- .

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 fo 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, Suppl 3, O-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.
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20 tablished cell lines (14%). Eighty blastocysts were processed by the present method and

13 cell lines were established (16%).

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
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A suitable substance for this purpose is a hyaluronic acid.

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 celis is of importance for the
establishment of the hBS cell line. In one embodiment, the propagation of blastocyst-
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for other types of feeder cells as well. Based on the findings of the present inventors, a

person skilled in the art will be able to find such suitable densities.

20
In a method according to the invention, the feeder cc_alls 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
ii) 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



cell line may accordingly by propagated by cul turing thmssHperMBERI28060M t h
feeder cells of a density of |ess than about 60,000 cells per cnR2, such as
e.g. |ess twanseksoes 55,000 cells per cniZ, or |ess than 3leulponfes00 cells
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denote prolif- eration capacity in an undifferentiated State for nore than
21 nont hs when cgmpiamisad mice. angt i cal | y i nactivated enbryonic feeder cells. 30

The stem cel | Ljiecrbpl defdintibti®y. Present invention fulfils the general
requirenents. 'I)hus, the cell line i) exhibits proliferation capacity in an

undi fferentiated state for nore than 21 nonths when grown on mtotically

i nactivgt ed eidindRtréntbRRAAES 6hs bScording!td the pRXBhtIEHtiBRsRIin& IR} Bk follow-
chronosonmal kary mai nt ai ns pot ent to develop into
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derivati ves B9 ceria;itigyauergisqiaiedirprfwmen per-imAiantation ferfiized pecytes.jevblastang 28

SEPTEMBER 20&)gts, 43 &b HoRreridn Eafathl hBMundfetantiay Btdi wbemrowpamtmit wo of
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core of a kejrads tppisalIniarkers ¢dramdifferentiated WBS abks, pey. OO, Wllatinephdspkatase,
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a keratin sulfate/chondroitin sulfate pericellular matrix proteinglycan recognized by the
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 inven_tic_)n 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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and in- 35 clude nethods such as RT-PCR or inmmunol ogi cal assays where
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met hods for of cell markers, hybridisation nethods, karyotyping,
met hods f or TheemRNA lagel$ &r deetrarseription factdryDcids measur@B uShirRENEERaAd géne

specific primer sets (65'-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 LSl
30 13/21 is mix with LS| 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 |l and the slides analyzed in an invert microscope equipped
35 with appropriate filters and software (CytoVision, Applied Imaging).
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line at | east 200 nuclei are being analyzed. The cells are resus- pended in
Carnoy's fixative and dro .on _positively charged gl ass slides. Probe LSI
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merase |. An agarose gel electrophoresis is performed to control the size of resuilting

DNA fragments (600-2000 bp). Test and reference DNA is precipitated and resuspended

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,
"0,1g/ml 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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Hybridi zation is 20 perfornmed on denatured gl ass slides with netaphases for
3 days at 37C in a npist ext ensi ve washi ng one drop of
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that xenografting into kidney is as effective in generating tumors as in testis. Thus, a fe-
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-
Iyzed by immunohistochemical methods. Specific markers for all three gekmléyers 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 g-llI-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 g-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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h of

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 -1l 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.
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SEPTEMBER 2 t, the
I nsulin pro@gﬁtfﬁmeg%vgﬁ %utggy@to Feas@gi%out %gés In”t gnﬁggogjﬁgﬂ%{g ot al
protei B sucﬂiab@eamdUélagﬁla@Q@@ttymo ng insulin/ng tot aI prote| n or at | east
about 450 ng insulin/ng total protein. 5 The bl astocyst-derived stemcells
may have the abili te/asto differentiate into differentiated cells, which

di spl ay t heTheqiffereniiated eglls gigrvecdiam thediastoaystrsierived stepscelliline phigingd may | east
one ' nSérILé Be uééovfbr t%e nﬁ’éimféoturg |oF'5 %Hf&%@nt f&l tHe %E%nﬁ&ﬂoﬁt%%é}ﬁfo%éﬁ

AIternatlv y the hBS cells have the abil X differentiate into
i nsul i n- pr o#legigg cediseases in R AICROLE FYSIID: sﬂ»ﬂ? tdﬁéfa?esdf‘@blﬁ’ﬁ pwittiplgrpchigeasis,

i sl et -1lpi ke ﬁﬁ#@ﬁ&&ﬁ?ur?%ébﬁélé&ﬂﬁéb PARGsof'S HRede, leunﬁ dow s&we%@élra%de by an
outer layer of neuron- e cells qph neuron-ty s disp

expr essi on %?U"éﬁt'clbéaé%tm‘ﬁﬁé RypoKig induge Wﬁﬁ“d@“rﬂf'éu'rs |ad|éqqceg 9{%‘" Wﬁﬁ"ﬁ%r S,
i ncl udi ng b@pcerﬁaeafa.ﬁ lnﬁJr'@s I ddgeherbﬂUel disorderd 8 the NeHus Byidth séeainttimors

tyrosi ne hy as An object of the invention is also to
provi de an %’Bds'l%‘fqpéﬁ]";ﬁ'[imeegwp@ﬁr O§NVYHS YFBS stem cells that can be rade
to differentiate into oligodendrocytes, and also to provide an es- sentially
pure reparatl end it es..prepared this
0O i god@ndr o SSE fur@gherggo@ﬁ\gpg&e)ﬁwe?g ﬁ?ﬁ??sﬁtg aa%/tef ?]%rgorron*ngqg? Metfodas s such
s RP, (&l Cbotndm@tbthéﬂw@hmmrrasktbcgmpnsdeat least adfrgrandel sexobdedmporentiapabl e of
bei ng made t ' at | east
oneof "t ho SBPRSEFP GRS Spbieni Byt abh ek RattBIES kakBln S TFTC
p- I Il tubul mentcTtheblastoeysts, a Digeblive@gent, B$-®ngiunearrdjmfe&qerasll§ or mixtures
thereof.

20
. The kit may further co_mprise'_l_)lastogys»t_s 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.



and Map 2. 25 In a still further aspect, the invention:gekpipeBER2dobe use of
a preparation of differentiated cells derived fromthe bl astocyst-derived
stem cel | s wooassed by a nethod according to the inventi eorkpéyiue

manuf acture of a medi canent for the pnevention or treatnent of pa- thol ogies
or di seases caused by tissue degeneration. 30 A further object of the

I nvention is to provide cells that may be used for the preparation of a
medi canment for treating and/or preventing di seases that may be cured by
"cel | genesiT§e manpgl digsection mey beperfosmad By ysing glagpaanillaris agaettingitesh of new
cells such as neurons, oli- godendrocytes schwann cells, astroglial cells,
all blood cells chondroc tes, cardionyo- cytes Ilgodendroglla astroglla

and/ or di ffJP%HH"‘??B@t%YStéiﬁﬂY%t?’UﬁF"seﬁ%?Wél'”th?.aqoi"%@ﬁnt'o@ﬁ Rethad ace

bone-, connggidaiethbés shtamed labl BEsdribs&$ Herein, €xocrine and endocrine gl and
tlssue ells. 28 SEPTEMBER 2006 WD 03/055992 PCT/ EP02/ 14895 13 In an

enbodi ment, the invention relates to the use of a preparation of
di fferenti alveee sRiclfigallytns meaitlint tseanin bep bh@ﬁarﬁmsltastdwsjt-uemeats@ém eéll ins-

obtained for, the manufacture qf a .npdica- ation

t r eat ment oF'“HhﬁWdF%%F@?SSF' q@%@ég@a?tﬂ"}fsﬁger Héfeé’éggg ”r@ Qﬂdg{ﬁ%t es
i ncl udi ng dnAressedyip etep.iii) Thidastodysederived aﬂe&nbecueiohy mdaerumzed fromthe

bl ast ocyst-derived stemcell |ine obtained may also be used for the

manuf acture of a medi canent for the prevention or treatnent of pa- thol ogies
or di sl@ases Niootihdneide atay besaddgd aftenstepudh di seases i nclude nultiple

schl erosis, 10 spinal chord injury, encephal opathies, Parkinson's disease,
Hunti ngdon's di sease, stroke, traumatic brain injuries, hypoxia induced
brai n i nj ur Addt,aceardingio theiincantienimby aiso be appliedds the abppegientienddométhad.rin

| njuries, dﬁ@seéb%{e%b%ﬁ c%ﬁﬁéé@e‘e&?eagf mfo*b‘?trf&%l ﬂﬁgl@af-ﬁpﬁo%htsl?ﬁ ét&{éﬁ

neuropat hl es 1 n eral nervous sys e UI’
embodi ment , p@rtmentsxmmnnmn € B wedive, BSicel bedyrmedivmolTiBFngmediem,nil- hod ac-

cording to g BoMmedh sufpfertent, n?dBHﬁHrhné@%n@tka#aSt a first and a second

conmponent in separate conpartnents. The components conprise an agent that
| nproves the attach- nent of the bl astocysts a digestive agent, BS-cell

medi um and/ ¢fe kieRES furfil ESmBrserdsdélly e heREn bRBtocyst-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: Blastoc.:yst' (brefdre' prbﬁasé ireafment) 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 celis (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-



The kit may further conprise blastocysts with an i ntachsZpPEENIBER 2dd6Ca Or
spont aneously hatched bl astocysts. |In another aspect, the invention rel ates

to a met hodvdeswsessaduci ng an essentially pure 25 prepar api-pRp@iiasos
insulin-producing differentiated stemsgells, conprising the steps of; i)
expandi ng human bl ast ocyst-derived stemcells by grow ng these on an

I nactivated feeder cell layer in a suitable nedium ii) generating

bl ast ocyst -derived stemcell bodies by dissociating colonies forned in step
) I nto snativecfior 8§BA)datasnobd shawrgiand S6RA-4 ¢E) Immunobbsitivechument B&oalf eslo-i ng

sai d aggre- %g fc?%51 8b a'nHQH {f’i) gcglallgAC‘P é §h(§vﬁn %@w%ﬂgﬁ’é%%?tﬁg g{a?ﬂsnﬁ/faam\ﬁ'h ere

t hey are int ed’1n-asu I an
bl ast ocyst - dation#®d. st em cel | bodi es in cont al ners in a suitable medium iv)

sel ecting n ghrecursors in I TFSn nedium v) expanding
pancreatic Eﬁg}&rﬁ Ek(r%é) EY.P eﬁtﬁtg(;)‘?éllcel | s in, N2-medium conprising B27 35 nedi a

conpl efent Bigdrepidk Teratarpa amlm Bgnewt h factor: vi ) changing the nediumto a

basi ¢ fi broplasti19 asd fdﬁﬁ‘a 2 medium 28 SEPTEMBER 2006 WO
03/ 055992 wb?%&&ﬂ%%%%é 14)%rl @ ual dissection nmay be perforned by using

gl ass capi | Fighiegi?: feratoraa analygis: tsbélpta| mMy$Ee hunan bl ast ocyst-derived stem
cells enpl OyﬁﬁmH@ fd?&toﬁ%%ﬁ%rygﬁnklhﬁﬁﬁﬂorﬁ@rhhw are typically those obtained

as described™herein More specifically the nediumused in step i) is human
bl ast ocyst - Bleure\ﬂédTg&a@ma;emaly%Roa?ftﬂﬁof betsalppitheliimused in step ii) is

bl ast qgyst - F‘i?ﬁﬂeW%dTéﬂa?dﬁéﬁﬁélyéw@(adE@ﬁféﬁﬂhemﬂﬁi the mediumused in step iii)
I s bl astocysi-derived stem cel dy nmediuym 10 Nicotinam de may be added

after step Gigyre 1& I?ﬁat%%ﬁ?W%Muﬁmfsrﬂoﬁ‘%f@rﬁﬂ"ﬂﬁ'%y al so be applied to the
above- ment i pig&@d 1meHOARN B cellb Qifferen@ate in L€ inkd Al g‘é?ﬁﬂéyé?%éll §es.tespid-of the

Lol oo RSt RSP ESARTE WGl o o o
ni cot i nam dearkarstafer &6 daydia vitid. (Arand Blshotvasxamples lof Béuraectedermal ¢allk ey~ pur e
human lgl astg preX S|r'ﬁg rgeesrtln?gren%u%nea%recursorsdAr)] and B-H1-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 cells.

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



obtai ned by the nethod according to the present invent2ssEpTEMBER2006 VENti on
Is further illustrated by the follow ng figures: Figure 1: Bl astocyst

(bef ore prompaasioneat ment) from which human BS cel | |i ne pfr/Epy®$4895
established. Figure 2: Blastocyst (afier pronase treatnent) from which human
BS cell line 167 was es- 25 tablished. Figure 3: Blastocyst 167 two days
after plating on enbryonic nouse fibroblasts. Figure 4: Human BS cells at
passage 69 cultured on enbryonic nouse fibroblasts. Figure 5 Human BS
cells at pasls&gsse?ﬁlalcaﬂﬂhmaeids,drm?dr‘rbglytaniine, oM [Fmnbroaploathiasol, 4 Agimihe- 6:

Al kal i ne phos hat ase | |. S, i 7: Al kal i ne phosphat ase in
BS cells (4 %ml?ga :bpéfgﬁéséiﬁ'b t%b(?%%t g?%%gé%f mar kers for

undi fferentiated human BS cells. (A RT- PCR analysis of total RNA extracted
fromundiff ( t; |u£l;',l'Hm'? I for

t he pr esencghgﬁ%g{'ﬁgle Mé&urﬁ?&tﬁé&%ﬁ{é r{vgﬁ['ﬁ;éa{é ﬁlsege'th)d% nﬂﬁﬁ ﬁ'gY b8
control% theomprsedss follawss KNO@K&AH ®\Smtbe@nm s Me;dlfl(ad Rayle'stMediun; supplemeatedas
housekeepi n S 0 S€ by

I mrunost ai ngﬁéép%e@ﬁ(ap@ﬁ%% Prﬁ%dége Fogs‘f"lﬁggPB&\ng&?s Eﬁé' Tal ysi s of
SSEA- 1 expr eﬁam@élﬂlial comntrawnai 50 umsmil penioillinf $@pg/n smmdntwnmm B¥ oei-1 ‘
col oni es. I fferenti cel | s PTENBER 2006
VO 03/ 055992 %ﬁ%éﬂﬁiﬁ? 39 ’ﬂé— WgRIneAn §§§A&5Vggu ‘%i’??ﬁﬂ*?a@ &\ﬁh VitziidagsEa. 4
(BE) | nmunopgséttal.veodmyiman BS cell col o- nies for TRA-l 60 and in (F) for

TRA- 1-6% showing their undifferentiated status. Mgnifi- cation 40X. Figure
9: Karyotyping of BS cells 5 Figure 10: Teratona anal ysis: Bone Figure 11:
Ter at oma an#l e ipeesefibedntdxathe teri Gtabie” innteﬁeedatbmeaoiarmblyabBon Gipatigtialannuscl e

RoSet tes of CHOTMENIALGY He Dyoleiitz SRR nes bl hrhonee LA AVRRARA 5, =

epi t hel i um bryonic feeder cells.

15 The invention will now be described with reference to the following examples. The exam-
ples are included herein for illustrative purposes 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 png/mi 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



Figure 16: Teratoma anal ysis: Micous-produci ng epithel 2RISEFTEMBER 30066 Hunman
BS cells differentiate in vitro into all germlayer cell types. Correspond-
i ng fluoreaxendnssder ographs show i munoposi tive cel | s st apaggpmiigdsger m

| ayer specific markers after 10 daysitn vitro. (A and B) show exanpl es of
neur oect odermal cells ex 15 pressing nestin for neuronal precursors(A) and
-1ll1-tubulln for postmtotic neurons (B) while (C shows exanpl es of
mesodermal cells i mmunoreactive for Desmn; (D) exanples of cells.

expressi ng forrenoginassdging #pgoxiroately. 1-2 weeksoafter platingidhe nenealitmassioells n vitro

differentia yﬁ.rgg%] s [Uls I ni insulininin
vitro di ffeﬁvg%té?at e d%ﬁaﬁhéécegﬁeg%nggl%nghgg}'%bmﬁlﬁ m%‘gﬁs%{"?ﬁ ng
forp-1ll-tubullninin vitro differentiated human BS cells. Definitions and

abbrevi ati opg ﬁﬁle‘hsed herein, the term "bl astocyst-derived stemcell” is
denot ed BS cel , and the human 25 formis ternmed "hBS cells". As used

her ei n,5 t heEstablistiméntafanessentialiypurepreparation obuntlifferentigtedstemcellsBS cel |
bodi es". S LR . " EE " means "enbryonic fibrobl ast
feeder ™. Tﬁﬁgé @g?tllag{'%%%%"&%&?@? ggﬁéijrj%m any mamrmal , such as nouse or
human. One suitable nediumused in the invention is terned "BS-cell nediunt

" BS- medi pyd' : - - Xy i.fied
Bagl o s Medt rpiedsEinah (fG6PiohS BeEide, Ao g IS afa intfioh °€
t he fol | ow ingS2dedt-2) medive (Yitrolifs, Bpthienburasiyasieniway ised to digestthe zena, @fisr 50

T/ goe Ot ! "o
units g&fﬁ@@%ﬁ'é masts sOWAY p it WirEEty UMk BF cBli thydPYh %&ﬁ&ﬁgﬁ%&@.ﬂ@d \

03/ 05 02114895 16 non-essential am no acids, - gl utam ne,
100 M ( 3- nevignpyabseniaasd (0.425g9fM)-hu- man reconbi nant bFGF (basic fi brobl ast
grow h factor). Another suitable mediumfor the present invention is "BS
cell body nediuni, this may be 5 conprised as follows; KNOCKOUT(r)

Dul becco' s FXRMPIBSd Eagl e' s Medi um suppl emented with 20% KNOCKOUT(r) Serum

repl acerrentngcﬁmicfapgda%ggo,q}mmetmgﬁa@get heir re- spective final
concentrations: 50 units/m “penicillin, 50 g/m streptonycin, 0,1 mM non-

essentlﬁ_al amno acids, 2 nmM L-giutam ne and 100 M p-ner capt oet hanol
(1'tskovit z-fldedis were hétvestéd for RIGERR and histological (alkaline phosphatase) and immu-

nocytochemical 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 Tagq 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 EMF}-
30 medium: DMEM (Dulbecco’s Modified Eagle’s Medium), supplemented with 10% FCS
(Fetal Calf Serum), 0,1 pM B-mercaptoehanol, 50 units/ml penicillin, 50 pg/mi 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



10 I'n the present context the term"stable" is intended,g %
proliferation capacity in an undifferentiated state for %&g ﬁzo%l nont hs

when grown (i@ dilok cally inactivated em bryonic feeder cells. 15 The

i nvention wil Imnoﬁbibe described with rgference to the fol IBHHEYER%pI 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
nmet hods descri bed herein are well known to a person skilled in the art and

al | reagent Hunitth B8 EdIRNVeré EGtur@Boh itotreamy .ha&tivatederhddaenamwmmmmédty or
por son Sk | eber FEIBe B U st Bk Poviel recnt KekKOUpabbsciapiod: * %0
at nospher e. fifEagRlsMediA GippletneAtedifthaiobd ﬂh@@kbmf@ SHuRTERESdnnt ¥nd tHee

preparation of undifferentiated stemcells from spontaneously hatched
bl ast ocyst s felewing aonsévents ak theiaspecive fina gonseptaliansz ek urits/mhregicilituRBn i n

vitro fertil ngt@mw&ﬁ o1$rm%ﬁ@§£éﬁﬁé%nhﬁ6§é?&dzmnﬁ§ m—yrﬁfhé e [ﬂngecco .

directly on feeder (EF) in BS dium

Modi fi ed Eagdnescaptogianohs @!rp Wﬁe@ﬂww bﬁ%(mmmmasegrwhff@mrécenent
and the fol lsaueddayaQmeE badsass iheeb*oldnh!é viér@@lrgé:érﬂfagmcr @ene}éterms celBodigb t s/
penicillin, 50 g/m streptonycin, 0.1 nmM non-essential am no acids, 2nM
L-gl utam ne, 100 M p- ner capt oet hanol 4ng/ M hurman reconbi nant bFGF (basic

fibrobl ast WSl RoloAet Wete cut Withlghize @bﬁnbrwrho 0.4%22 nﬁm/piécebréﬁd blafaidh gl d.
After plating the 35 blastocysts on the EF cells, growh was non tored and

when t H ¢ orEhsrenihactesiabrulture slisies sentapingEigaest bogy medin: (YRSt

PCT/ EP02114885ry s]{ﬁoélf?éd BRGNS MRS AUPPIEMEREY Rifth Qf@%‘ﬂNOéK@U"FBSKﬁmﬁFé-er
pl ating) the inner cel ells were dissected fromother cell types and

m
expanded by Plcenert asd th@fnl@mne &pnsdituents,at thairgespestivasinabenoeREations50an
essential |y \Ril/a1 fErfdfs, @ol@mmtreHMﬁ,Beé ¢%m %ﬁ«esssénﬁm #nhd scidd, 29 L-

bl astocysts with an i ntact zona l'uci da F | astocysts W th an i ntact

zona pel | ucigtigamiae Brd 4001 Bringy @aRtQQihflﬂlohﬂtSk@#t@%O i €ti@lat2080). The BS cell
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 cut in 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.



inrS2 (ICM2) medium (Vitrolife, Gothenburg, Sweden) vwesepEMBER20859€est the
zona, after 10 which the blastocyst was put directly on the EF cell |ayer

in BS nmedi uspssipsedanmented w th hyaluronic acid (0.125 nypgdkpomiger! € 3
Hi st o-chem cal staining for al kaline phosphatase 15 The cells were

harvested for RT-PCR and histol ogi cal (al kaline phosphatase) and i nmu-
nocyt ochem cal analysis (see below). RNA isolation and RT-PCR Tot al
cellular RNA was prepared using Rneasy Mni Kit 20 (Q agen) according to
t he manuf acExamplesé r econmendati ons. The cDNA synthesis was carried out

usi ng AW FiLst. Stran Synthesis Kit for RT-PCR (Roche) and PCR us- ing
Pl ati num Taéﬁ'ﬂhﬁaﬁ%’ ?/ﬂﬁggélil nvitrogen). Hi stochem cal staining for

al kal i ne phos- phatase was carried out using conmercially avail able kit
(Sigma) follown - or' s, j

brepar at i on R S BEP o Mo el EATRRAGAL R e o R BPBL a8 o

f eeder Xel | passage. 100-200wvaltligdidanitrages ssusterile fikared inth g befficient dahdtint oBOyateloksum
DVEM ( Dul becgg!' i fi ' j ' 9 FCS  (Fet al
Gal  Sorumy | oA hES BERP bRRScUIR! diD AR TRA 1BE rehisd, i pES
streptony- tenrglyolé andriion 4 BMSQiE: 680 LICEtye FBRLYith TRhErdhaloder 200! letylanegle:
mtoticall Y chiB 3R bU@&lﬁS’M%b?jQBd Metc%mﬁté's%ré:glgé& iﬁw]ijor 1 ﬁ}iﬁlﬁé%d F{L’ér?d? 2§§ec-

cell -col oni es wer e eXxpanded by manual di ssec- tion onto Inactivated nouse
enbryoni ¢ f phdsoBlased strawsargrused to store3be frazepRpitRBERtOTDE coloyied BaGHZPn?

PCT/ ERQR/ 14 L%%E% ; : ' L I Lvat ed
nouse 1g)znbr ygaﬁséeﬁt?o aé"ét'3 ? |§fr{erte31éér@gg\alﬁgﬂ ﬁ#t g%e%i%ﬂ%?%‘?ég r?g?g\%mht h
BS-cel |l medi um KNOCKQOUT(r) Dul becco's Modi- fied Eagle's Medium

suppl enment eﬁXWﬂbﬂ 20% KNOCKQUT'  Serum repl acenment and the follow ng

constituents at their respective final concentrations: 50 units/m
peni ci | | i n, Seeding of embryonic mouse feeder (EMFi) cells

15 The cells are inactivated with EMFi medium containing Mitomycin C by incubation at 37°C »
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 Birker chamber. The cells are diluted

20 to a final concentration of 170K cells/ml EMFi medium. The gelatin in the I[VF-dishes is
replaced with 1 mi cell suspension and placed in an incubator. EMFi medium is changed
the day after the seeding.
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5 g/m streptonycin, 0,1 nM non-essential anmino acids, 22sbbteMbig sg¥sne, 100
M O- nercaptoethanol, 4 ng/m human reconbi nant bFGF (basic fibrobl ast
grow h factweopsosssseven days after passage the col onies V\BF’@T/IE?&% 9(snough to
generate BS cell bodies. BS cell colonpes were cut with glass cap? | ari es
into 0.4x0.4 mm pi eces and plated on non- 10 adherent bacterial culture

di shes containing BS cell body nmedium KNOCKOUT(r) Dul - becco's Mdified
Eagl e' s Medi um suppl enented wi th 20% KNOCKOUT' Serum re- placenent and the
fol | owi ng cbnst iJober. K. dtazehdi 6.,Midlpe At.iDugichi Djatdjeyvin be M. Baticiays R. BOSin-

units/m penicil})i 0. t.OpyCl - ' i no acids,
2 L g ut an (08 BREGRTe Mo ElsBIFordien ot TpD e GRERR 1k SRR P
2000). The BS cailetvolls systeineGenasrizdvd, AtRE4GH(1996BS cel | bodi es, forned over a
7-9-day period. Exanple 5 Passage of hBS cells 20 Before passage the hBS

cells are photographed using a N kon Eclipse TE2000-U in- verted m croscope
(1 OX bbj edi velumebikyg NDXt/al RDiferahtigiicredf ecdongonic. stélolcelts tesnsulie-seastingsaged

cut in pi covs (UGuESsRIef B sl ORI Kl Pad” BRESEIGE O LY O °°

passaged, they have grown for 1-2 weeks and can be cut in approxi mately
four piece 25 cal onk-es._ar e Ko = 9N ) €, A i [g Croscope
and cut inssa cheBcgger‘rég" ga;rgﬁ'f:%fr;ﬁj Té&fc%(\;/rg |'r§£gRtgl{?%%’og‘i%gpg%ﬁ\?gfsﬁ&ﬁ@%ﬂ he i nner
hptrrﬁgeneoEs_ ?tr@mpu‘ campal nparsBR YRR T-St_E;Ialbmes@da\#eemb‘asalge newlseruyn-]treedrme;lamvelclI

Wi e knife, ed.in r ¥Ys72hil ed on new feeder cells
(wt hWhe maxi nﬂmé‘é’ﬁ%ﬁ&?"dya&g?@%’% f()ags%euar éé%agr%z' pl aced evenly 30 in
every new | VF-di sh. The dishes are left five to ten mnutes so the cells can
adhere to he r t I B3 i r he. hBS, nedi um i s
changed t hr71ée t ;&ﬁn&qoggg?miégg&ﬂ?’f@'?ﬂ'é%%gﬁrjji"églcg@é d]ﬁ}g'g%eg(d?" %@l’%ﬁ%gc hanged
twi ce that part iaqwtent indeesr of engnonne Hiffegentiationfin ewltwresbhuran fetallpanaigatich neans

that only half t} .U%gwmeisﬁz?%@éé-é‘éﬂ%gaﬁ.“d replaced with the equal anount
me

of fresh, tenpere Ium necessary the entire 35 volune of nedium can
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8. Assady, S., Maor, G., Michal, A., ltskovitz-Eldkor, J., Skkorecki, K.L. & Tzuker-
man, M., insulin Production by human Embryonic Stem Cells. Diabetes 50, 1691-
1697, 2001. '

o

20 9. Gardner et al, Embryo culture systéms, In Trounson, A. O., and Gardner, D. K.
- (eds), Handbook of in vitro fertilization, second edition. CRC Press, Boca Raton,
pp. 205-264;
10.  Gardner et al, Fertil Steril, 74, Suppl 3, O-086;
25
11.  Gardner et al, Hum Reprod, 13, 3434,3440;
12. Gardner et al, J Reprod Immunol, In press;

30 13.  Hooper et al, Biol Reprod, 62, Suppl 1, 249.

14.  Gage, F. H., Science, 287:1433-1438 (2000).



Exanple 6 Vitrification of hBS cells Col onies with the2apprrEMBER 2006

undi fferenti ated norphology fromthe cell line are cut as for 5 passage.
100-200 m liquid nitrogen is.sterile filtered into a sufficient anount of
cryotubes. Two solutions A and B are prglpared (A: 8001 Cryo PBSwith 1 M
Trehal ose, 100 pl ety- len glycole and 100 pl DVMSO, B: 600 pl Cryo PBS with
1 M Trehal O%fa" s200 pl etylen gly- cole and 200 pl DVMSO) and the colonies are
placed in A 9" 1 minute and in B for 25 sec- onds. Cosed straws are used
to store thé frokmethodforestadishing 4 sable, plaripaénthuman blastecyaterivetiQtent @nsihgrred to
a straw, erile filtered

it .S di at.ely. ced in.a cryotubg with. s
ot ogen. | AEmEESERY iR e e Ha Y el fpe oy mom lonigs The
cel | s are i nfsoth inadreell magshietihddi celisehyi manual disteation of gaid/tdlaiiysdntd plecdywhiclc ubat i on
at 37C for 3 hours.,|VF-dishes,are coat,e ith gelatin. The diumis
aspi rated afl ¥ AErELIqniss °a}£2‘?{e°a" Ws[sﬁ%rlbﬁg.cgsgéve’lpégf%%QEWEﬁ'qeﬁ%Y FY¥psin to
det ach the celutisg a Bihdteystidariveddtomontertilifed ootyte/wish faedee tdlly; doyeuitaringtsaip potted t h
EMFi nmedium The,cells .are then collected.b ntrifuga- tion, diluted 1:5
N oaarh e kRt Rt Rpeal Bl e e B el iesl Ut bd 20 to
a final consasboystderivedatenilceflls anétheAfrdr plopigatingadid binstody3ed@ Rt céIB by he
| VF-di shes is replaced w nsion and placed in an

th, 1 nm cell susp
i ncubat or. ERECINITIHPE §a"iﬁ%{%%°‘(?fb]f’ﬁ%°y§fé€" fep cF'llFee"g'é(e“cfP%é‘?ysté‘Flér ences 25
1. Itskovi t paskdgi@istep domgrisinglmanbilfyfdisseting thée hamogaicol MimEuR P EddEIdhissbem cel | s

into enbry-_old bodi.es conprom sing the.three emyryonic germlayers. Ml Med
6 8o 05, DO eSS O ReceR oG KOS S Tpos R e

di f f er ent i aitoticallf inestivate® feader cellscéxolding el step of éoiultnng the blastooystavithdiebider. Pr oc
Nat) Acad Sci U S A 77, 457-61. (1980). Lee, .S. , _Lunmel sky, N., Studer,
L., Auer bacffllsgnd wﬁ'@ﬁé"gﬁ""ﬁ""%“@f‘%‘isEagrf'tom aﬂé’H’é’?’ﬁ"f‘%‘?‘me m dbrai n and

hi ndbrai n neurons from nouse enbryonic stemcells. 35 Nat Bi otechnol 18,
675-9. (2009.)' 2A§ mgt oP aEcl\c/cl?rIE:il?lgztg c(:)lgim IYQh(e)r:éljn(gaﬁg 8r%§ag§%/o§':% Lﬂéﬁgcggt-derived stem

cell line comprises culturing said blastocyst-derived stem cells with feeder cells at a density of

less than about 60,000 cells per cm2.

3. A method according to claim 2, wherein said propagation of said blastocyst-derived stem

cell line comprises culturing said stem cells with feeder cells at a density of about 45,000 cells

per cm2,

4, A method according to any of claims 1 to 3, wherein said propagation of said blastocyst-

( derived stem cell line comprises passage of the feeder cells by up to three times.
5. A method according to any of claims 1 to 4, wherein said co-culturing of said inner cell
mass—derived cells is performed in an agent that improves the attachment of said inner cell
mass—derived cells to the feeder cells.

6. A method according to claim 5, wherein the agent is a hyaluronic acid.

7. A method according to any of claims 1 to 6, wherein said feeder cells are embryonic

feeder cells.
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Sci ence, 23‘7: 143methades clomeshin clapw 1 BVBEF?‘YZ’G@HC'“E%OTE:F’%CH%“ in Exampieet hod f or
establ i shi DGxampleaRk Bxanitlied.i pot ent, human bl astocyst-derived stemcell Iine,
said method conprising isolating human inner cell mass-derived cells from
ohe or nore colonies of such inner cell mass-derived cells by manual

di ssection of said colonies into pieces, which



one or nore colonies of inner cell mass-derived cells bayEPTRMVBHERONGE Y been
obt ai ned by co- culturing a bl astocyst derived froma fertilised oocyte with
feeder cells; co-culturing said isolated inner cell mass-derived cells with
mtotically inactivated feeder cells to formcolonies of blastocyst-derived
stemcells; and thereafter propagating said bl astocyst-derived stemcells by
repeat edl y passagi ng sai d col oni es of bRastocyst-derived stemcells every 4
to 5 days, each passaging step conprising manually dissecting t he

honpgeneoys sty r t I ells to
form pi ecgg of '{lﬁté%gg%;bfbgn gdﬁpglgllpﬁghtggp blla%%: S dgl?l%? %tglgﬁceh }r/nl?et’ glt% ?T%gﬁo{}y

i nacti vat edmﬁréméhescﬂewfs excl uding the step of co-culturing the bl astocyst
with feeder ' ol an
human bl ast ocy t. lﬁégﬁgﬂ%fﬁ%gﬂe’gg‘ggg%?ﬁgﬁt%gc Ogﬁﬁnlacbq el%‘lrglvlf,g21 %%r'%%;ngatl on
of said bl astoByst-derived stem cell I|ine conprises cuI turing said

bl ast ocyst - der j; T%dcuﬁa,%{gtﬁee&és%cwt blin FE8A BL11s T8 cbiolBhin BofleR Hokaofthies bSS 1 han
about 60, 000 ce ."A nethod according to claim2, wherein said
propagation of ingericgll ppgseieyst - deri ved stem cell line conprises culturing
said stem cel | ﬁl)Wofahnétﬁ@%}ér ERInhs c@lisb?n@@tﬁ%ic&l)&s@éctl@qpo‘lt 45,000 cells per
cn2. 4. A nethod according to any cl ai ns 3, wherein said propagation
of said bl ast o8y se-culyeng 1§‘@"éﬁ‘?”d§45ii cq“isWéh%ﬁiﬁﬁﬁ?l@é%olﬁ%eab@wdft-the f eeder
cells by up togdRe@€ed tdiBife. 51 A nmethod according to any of clainms | to 4,
wherein said co culturlng of said inner cell mass-derived cells is
performed in ak cpberlytrepeeatiop pidbeasesustderivad s sell e sai d i nner cel |
mass-derived cells to the feeder cells. 6. A nmethod according to claimb5,
wher ei n the agent is a hyaluronic acid. 7. A method according to any of
claims | tié 6, AMpreodifer °§§rr%flgfaé&la@f>teaté1uwgn %!ﬁSéOCéﬁﬁFwHFtem celbliRfethe gt 28
SEPTEI\/BERC&QIQnga%S&pS&f nmet hod according to any of cl al ne | to 7, V\/nerel n

t he feeder cel ls use? for, co- cultmy ng sai d % ss-derived cel |'s
ori gi nate fronDafn&hfei}zed Qo opian 8%68f8?%€°ft o PRI BESYHEr ei n sai d
feeder cells ansingfagfeeor®, human origin. 10. A nethod as claimed in any

Dl 2t ocyst - der NS LY alh eyt 6790 e aihsy b B ik g RGeS 1 andl
substanti al | y amervel masskelispr e descri bed in Exanpl e

iii) isolating the inner cell mass cells by mechanical dissection,

iv) co-culturing of the inner cell mass cells with feeder cells to obtain a blastocyst-

derived stem cell line.

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

14. A method for obtaining a pluripotent human blastocyst-derived stem cell line, the method
comprising the steps of

i) using a fertilized oocyte optionally, having a grade 1 or 2, to obtain a blastocyst,

having a grade A or B, |

ii) co-culturing the blastocyst with feeder cells for establishing one or more colonies of

inner cell mass cells,

iii) isolating the inner cell mass cells by mechanical dissection,

iv) co-culturing of the inner cell mass cells with feeder cells to obtain a blastocystderived stem

cell line.

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



1, Exanple 2 or Exanple 4. 28 SEPTEMBER 2006 23 12. A =HHT®EMHEER 2006t ai ni ng

a pluripotent human bl astocyst-derived stemcell |ine, the nethod
conprising the steps of i) using a fertilized oocyte, having a grade 1 or 2,
to obtain a blastocyst, having a grade A or B, ii) co-culturing the

bl astocyst with feeder cells for establishing one or nore colonies of inner
cell mass cells, i1ii) isolating the i nnéf cell mass cells by mechani cal

di ssection, iv) co-culturing of the inner cell nass cells with feeder cells
to obtainiga bl asiMod$érobBfidghSuripbR@N R blhdtddst- dyr)vee@&memluheyme Rlefip@gat i on

of the bl astocyst-derived stemcell line. 13.7 A nethod for obtaining a

pl uri pot eﬁ?mll’fmﬁ‘aﬁ“etﬂea%?focyst derived stemcell Ii ne, the nmethod conprising
the steps of i} usag mrtalzéc%acytle bﬁtﬁﬂalﬁl)ﬁéﬂﬂr%a%%b 0BAd iy oAy b Blsiecy@tl ade | or 2,
to obtain a blastoc avi n rade B, ii) co- culturing the

bl ast ocyst wi tﬁptf"é@éé’ia‘”%i‘g@dq Pr%stabl i shing one or nore col onies of inner

cell mass cell g) coLdult.)ndgssH Hdstodght WIR fedbn €411s G6tlebtatIBBifig 6:R1dr fokycoBIEHIGMNi cal
di ssection, iv) co-culturing of the inner cell nass cells with feeder cells

to obtain a bl EFSEYERESS gl ved stemcell line. v) optionally, propagation

of the bl ast ocygisodeig tHethn&iceimas ckllsibly ikchahidal disdvabt)od for obtaining a
pl uri pot ent hu n bl ast oc st derived s t hod conprising

Il 1ine, .the
Phe steps of || ) ESPHGIE FaRinter sUE o eyt Bbfeses relF iy OB 0 PRYS gr ade. | or
to obtain a bl agivecytsth cell layi ng a grade A or B, ii) co-culturing the

bl ast ocyst w t feed for e Shl n r e es of inner
cell mass cell¥ pr?‘iaﬁ lof'ggt}hféﬁ aﬁﬁcyftﬁ%we fer cglgﬁlll Hg'ééngé jiegn ‘b@ m[y&hani cal
di ssection, i VJeedmdeellslof aiddnsigy afflest then abomied0,00etdlls pass’ ceth 5 e leds thaneder cel | s
to obtain a bl gbsotup 553,/0%)5 geq{slp\ére cqn2 or?ess than about 50,000 cells per cm such as about 45,000 cells

2
per cm”.

16. A method according to any of the claims 12-15 in which the blastocyst in step i) is a

spontaneously hatched blastocyst.

17. A method according to any of the claims 12-16 in which the blastocyst-derived stem cell line

is stable.

18. A method according to any of the claims 12-17 wherein the blastocyst-derived stem cell line is

propagated.

19. A method according to claim 18, in which the propagation of blastocyst-derived stem cell line

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

20. A method according to claims 18-19, 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’.

21. A method according to claim 20, 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’.



cell line. v) optionally, propagation of the bl astocysissiprevaEtroesm cel
line. 28 SEPTEMBER 2006 24 15. A nethod for obtaining a pluripotent human

bl ast ocyst-derived stemcell line, the method conprising the steps of i)
using a fertilized oocyte optionally, having a grade | or 2, to obtain a

bl astocyst, optionally having a grade A or B, ii) co-culturing the

bl astocyst with feeder cells for establ2%hing one or nore colonies of inner
cell mass cells, iii) isolating the inner cell nmass cells by nechani cal

di ssection, iv) co-culturing of the inner cell nmass cells with feeder cells
to obtain a blastocyst- derived stemcell line, v) propagation of the

bl ast ocys2.der Avethod renrdigltd clhimad8€ Lilin whicinthe propagatiemefbiistosystiverived staseekdr
cells of as e.qg.
ess t hanoa P pfit 85y KOAReARALhe R pHRes Rch e Bl 0B GUE%ET 1 < per
cn2, such as about 45, 000 cells 2 per cm. 16. A nethod according to any of
the clainmg; 12- l;%e'tﬁ&d‘é&bﬁi‘ih t@%hymfﬂx%tcféﬁ%{ssltz 22" §B1@lpthk)zoﬂa§)eﬁlmd§99fm: @B&&f&'

hat ched b astoc st. according to any of the clainms 12 in
whi ch thehaslbamaéhey%paré@liydr@dteéprmtccsémn)l ine is stable. 18. A nethod
according to any of the clains 12-17 wherein the bl astocyst-derived stem
cell line is propagated. 19. A nethod according to claim 18, in which the
propagati & of Atmeﬁyg aecgriingde plpige &3 inrviishdls 203 pefecidaal ﬁlﬁrbilaé@@/sm begatledst t he
stem cel | pldifif dR¥QEYwith édlgeam agéf? sel At Blohakk FGHAOAPMGNnd Rided rédciBg shBsiahdes, | N
whi ch the propagati on of astocyst derived stemcell " line conprises

cul t uri ngetaeesNd MXWEY Bergift h f eeder cells of a density of |ess than about
60, 000 cells per 2z, such as e.g. less than about 55,000 cells per ch or
| ess than_about 50,000 cells per met.hod accordjn glalm

20, in whfth tﬁ@eﬂwes%aaimgdﬁarafofmealﬂﬁ%%4 laé‘ihfc\l}éﬁpgi N{CE SF 1) 1o perortne

in an agent that improves the attachment of the blastocysts and/or if relevant the inner cell mass cells

to the feeder cells.

26. A method according to claim 25 wherein the agent is a hyaluronic acid.
27. A method according to any of the claims 12-26 in which the feeder cells are embryonic feeder
cells.

28. A method according to any of the claims 12-27 in which the feeder cells employed in steps ii)

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

29. A method according to claim 28 wherein the feeder cells are of mouse or human origin.
30. A method according to any of the claims 12-29, wherein the feeder cells are mitotically
inactivated.

31. A method according to any of the claims 12-30, 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
vitro and in vivo, and

iv) exhibits at least two of the following molecular markers OCT-4, alkaline phosphatase, the



i ne conprises culturing the stemcells with feeder ceidsEpoEMBE®R06d ty Of
about 45,000 cells per cnR2. 28 SEPTEMBER 2006 25 22. A nethod according to
clainms 18-21, in which the propagation of blastocyst-derived stemcell 1line
conpri ses passage of the feeder cells at the nost 3 tines, such as e.g. at
the nost 2 tinmes. 23. A nethod according@to any of the clains 12-22 in which
the zona pellucida of the blastocyst h been at l|east partially digested
prior to step ii). 24. A nethod according to claim23 in which the zona
pel l uci da of the blastocyst has been at |east partially digested with a

di gestive agent selected fromthe group conprising acidic reacting
subst ances, efrSohedatg pritopes&SEASS SPT BTA 1-96 TRA hal. leditha crreteidicpig of ® any of

the clai ms 12- gdudnRyiMi/GHan&b@R siifale RAIHE: HtEPplotin i/y@arﬂ@éo%@i%@f} thd N an agent
that inproves the attachnment of the blastocysts an§ or if relevant the inner

cel | mass cel | monaclynilpetitodeeTMc2prd. 26. A nethod according to claim25

wherein the ag@ioed vt &hiidhdlicORt RarR&SYEAL lor ofhe B aBGLA4Urs)End O any of the
claims 12-26 in which the feeder cells are enbryonic feeder cells. 28. A

met hod according to any of the clains 12-27 in which the feeder cells

enpl oyed in st gpgididskts pRRFotént) af Brmish@aSABEN Ofvo Whéd iBJe68d indithnfnd-gi nate from
ani mal source. 29. A nethod according to claim 28 wherein the feeder cells

are of mouse ofompipisfdgiryPH  30. A nethod according to any of the clains
12- 29, wher ei nyihhecahfosdifepdntistear e mtotically inactivated. 31. A nethod
according to any of the clainms 12-30, wherein the stemcell line i) exhibits
proliferation capacity in an undifferentiated state for nore than 21 nonths
when grows2.on UkdFilietanby blastagitidemted ste@ B MrRbbainke ByidE metbd Sccording td dny of

exhi bits nor pal | oi d chronpsonpal,. karyqtype, and iii) nmaintains potentia
to develOBRFH%Wlggﬂi@é@?eﬁgmﬂFmQ?EﬂF§%@§88%ggern1Iayers both in vitro and
in vivo, and iv) exhibits at |least two of the foll ow ng nol ecul ar markers
OCT-4, alkalin osphat as t he 28 SEP R 2006 = 26 r hohydr at.e epitopes
S 3, "B % TRIbRE SEsBt ot 4R o 13O g gl AR e S of

differentiating into an insulin producing cells.

34, A method according to claim 33, wherein the insulin producing cells are capable of forming

islet-like structures.

35. A method according to claims 33 or 34, wherein the amount of insulin producing B-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%.

36. A method according to claims 33-35, 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 total protein or at least

about 450 ng insulin/mg total protein.

37. A method according to any of the claims 12-31 or 33-36, wherein the blastocystderived 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, glucokinase, glucagon

and somatostatin.

38. A method according to any of the claims 12-31 or 33-37, wherein the blastocyst-derived stem
cells have the ability to differentiate into insulin-producing cells characterized by their organization

into islet-like structures comprising an inner core of B-cells surrounded by an outer layer of neuron-



keratin sulfate/chondroitin sulfate pericellular matri 28 $EPIEMBER 200@n
recogni zed by the nonoclonal antibody GCTM 2, and v) does not exhibit

nol ecul ar marker SSEA-1 or other differentiation markers, and vi) retains
its pluripotency and fornms teratomas in vivo when injected into inmuno-
conprom sed mce, and vii) is capable o% differentiate. 32. Use of the human
bl ast ocyst-derived stemcell |ine obtai d by the nethod according to any of
the clains 12-31, for the preparation of differentiated cells. 33. A method
according to any of the clainms 12-31, wherein the stemcell line has the

ability of differentiating into an insulin produci cells. 34. A nethod
accor di nthPSCQHSaWW%PrOW‘P@gé?IH display F’fPé‘iﬁ?‘?‘hOfﬁF]B%quﬁgg’@éﬁ?l}"é”"%néu@%é e of
form ng gk earkeiskificl6difigutelitoh 8 fecifizFR-1Fub®In{DU) 19,06ANAIDOD Id0art il Hirddme 33 or 34,
wherein the a untné%}‘[a@i nsulin producing 13-cells which are derived fromthe

pl uri pot eBYIAYREH? ét1 line is higher than 25% such as e.g. higher than
35% or higher than 40% or higher than 45% or higher than 50% 36. A

met hod acg¢ording to cl ai 33- 35, erej.n the insulin producing cell 1ine
oy otucee B8 | eAdieRdBrEGH o tRRT Iy YSE p e et S oy
about 380 capgble BBkeirighiady intcdi fbrefiact @él3, witictadisplay alst expreistintof d96hstape ofithell | n/ Ny
total protein. 37. A nethod according to any of the clains 12-31 or 33-36,

wherein the bl astocystderived stem cells have the ability to differentiate
i nto diff ésllewingatwonat edlll tgpe mdnkets) indiugipy agurdnkspecifici¥-Bltsbuwdin (6E11),pNendr eat i ¢ cel |
type markeys.. dncluding,at | ea ﬁge f insulin, dut-2, Pdx-I, glucokinase,
gl ucagon ga"H‘%leds"étr‘%‘a yéossfngthyé{?xygagsg n%pt%od according to any of the clains
12-31 or 33-37, wherein the blastocyst-derived stem cells have the ability

to di f fer Q@t i abg qutp?eiplatg&#ll (i{ '&If%e?lﬂélgd s (?e%%dsfro%b@é %ﬁgtggylstz(ﬁqv&ysteﬁlpc%lg

organi zation 1nto islFet-Tike structures conprising an-inner core of B-cells
sur r oundedbthipeddlry tharmeshod agyadingfo aneofitbacld@s SEPTENVBER fa0lomar@iactuegpd acel | s,

whi ch ’ 4 ; of o ) | o

e ooy BRSSP AR 354000l Bl 82l e il 0" 70
(TUJl), NeuN, DoubleCortin, tyrosine hydroxylase and Map 2. 39. A nethod

22? F; d;pg 41.QsBBYa Repatdin 6f HelfBntikea Sekis dWVRE Bbi thetBasRLABIARY S e Blifs ¥EGinSd €M
by the method according to any of the claims 12-31 or 33-38 for the manufacture of a medicament for

the prevention or treatment of pathologies or diseases in the pancreas.
42. Use according to claim 41, in which the disease is diabetes.
43, Use according to claim 39 or 40, in which the disease is type 1 diabetes.

44, Use of a preparation of differentiated cells derived from the blastocyst-derived stem cell line
obtained by the method according to any of the claims 12-31 or 39 for the manufacture of a

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

45. Use according to claim 44, in which the disease is selected from the group consisting of
multiple schierosis, spinal chord injury, encephalopathies, Parkinson’s disease, Huntingdon's disease,
stroke, traumatic brain injuries, hypoxia induced brain injuries, ischemia induced brain injuries,
hypoglycemic brain injuries, degenerative disorders of the nervous system, brain tumors and

neuropathies in the peripheral nervous system.



capabl e of being made into differentiated cells, whi ch2sSEMTEMBERD006
expression of at |east one of the follow ng neuronal cell type markers,

i ncl udi ng neuron-specific 13-111 tubulin (TUJ1), NeuN, DoubleCortin,

tyrosi ne hydroxylase and Map 2. 40. Use of a preparation of differentiated
cells derived fromthe bl astocyst-derived stemcells obtained by the nethod
according to any of the clains 12-31 or283-39 for the manufacture of a

medi canent for the prevention or treatnent of pathol ogies or diseases caused

by tissue ,degengsal 4 | ' i L f f AL | cells

derived f r4g'm t %g%J£ grcnilré h %Ig?@?/g c@rg g%%%gf ﬁitsthégﬂ?g{srllggi’ cglg}s{%@t#@tg%od

accor di ng btagtoeyity with an l¢act4oad palludiga @ spantang®isi3 Battleed biastecystsand atcheast evoof tha

medi canen 1 j {€s or diseases in
tfolfo%nf Zc?nﬁl@c)sx]@ﬁ@}ﬁes@édré?@co%pa&&ﬁgs} g?a%_orﬁclf %cpoak{agﬁgt $

t he pancreas. e according to c e disease is

di abet es. cdBmedikye apd¢wmagiongoese ewbapiie Bodepeellay, in which the disease is type
| diabetes. 44. Use of a preparation of differentiated cells derived from

t he bl astocyst-derived stemcell |line obtained by the nethod according to
any of thd7cl aprmeethod fapreguciggar espentiply poigrprdparetiar of insplimgprogusingdiffeeantiatedr t he

preventi ogte@ircelqsgg@,;pqxp,,g%thggtepsagfpol ogi es or diseases in the nervous system
45. Use according to claim44, in which the disease is selected fromthe

group consi st i Agexpandingumppplastecyitdsrivsd jstem cell by growipgthepe op pyingctivated
encephal opat hi @gder Bal kiR aPIkuiatid §&ASH, Huntingdon's disease, stroke,
traumatic brain injuries, hygoxi a induced brain injuries, ischem a induced

brai n injuri esl) e asoriskdsived fem llhodissby drspdsive selpvies famedidspd) of t he
nervous system brain tunors and neuropathies in the peripheral nervous
system 28 SEPTEMBER 2006 28 46, A kiE for performing the nmethod according
to any of the &FaimalerpgersgatesOpingividunleglisnioharcd byIaRY NS ARRTERISAT i nt act
zona pel | uci dajrarvidapaeliae aenadhyreiabaibiags Whas thog ys irtuind iRk suibslasmkditmo of t he
fol |l owi ng conpqne

t.s in separate conpar nts; hyal uroni ¢ acid, pronase, BS
col 1 “redi um At PG BES gt SRS Bt abemeperisa s Refisbhod f of
produci ng an essedMdcting heptiPpusRivp hapd prtirets i@ ITHSASEdiuay, pr oduci ng
differentiated stemcells, .conprising the ste of ,. i) expandj.ng hunan
bl st ooyst - dor PSETSRE eGSR IR BUEOT HOLE DA am haERRIRRA° f ocdor
cell layer in aedibtdmidnennadibagic fibrbhlasggmethahdtergvipdhasdigrisinedan tioed st em cel |
bodi es by disspci ati col oni.es forped i.n step i) into smaller aggregates
or i ndividual ESlcﬁléb,m%%gﬁqr%@éacgo)?ﬁte?g%g}e%‘?’?]i ng sai d aggregates or

48. A method according to claim 47 in which the human blastocyst-derived stem cells are

obtained by the method according to any of the claims 12-31.

49. A method according to claims 47-48 in which the medium used in step i) is human blastocyst-

derived stem cell medium.

50. A method according to claim 47-49 in which the medium used in step ii) is blastocyst-derived

stem cell body medium.

51. A method according to claims 47-50 in which the medium used in step iii) is blastocyst-

derived stem cell body medium.

52. A method according to claims 47-51 in which nicotinamide is added after step vi).



i ndi vidual cells to non-adherent containers where they_are incubated in a
suitable nmedium iii) plating the blastocyst-derived BERTEMBERLIMN o5 in
containers in a suitable nedium iv) selecting nestin-positive neural
precursors in I TFSn nmedi um v) expandi ng pancreati c endocrine progenitor
cells in, N2-nmedium conprising B27 nedia conplenent and basic fibrobl ast
grom h factor, vi) changing the nedi um a basic fibroblast growth
factor-free N2 nedium 48. A nmethod according to claim47 in which the human
bl ast ocyst-derived stemcells are obtained by the nethod according to any
of the clains 12-31. 49. A nethod according to clains 47-48 in which the
medi um usgd i n i j 3 : pum 50. A
Tot hod acgor di e raiay gk AR ERRAHRK ALK L AR G ST

bl ast ocy stxpussian\oé pancrsptéomell &ipk matkdsp, indellingnt legst ongrofripsuhio Gletde Béxdl.ng to cl ai ns
47-50 in e i n step iii) is blastocyst- derived stem cell
body mdi%oﬁ@@s%ﬂgﬁ:cﬁ@?ﬁﬁ&&lo&%@%tﬁ{ Ing to clains 47-51 in which nicotinamide is
added after step vi). 28 SEPTEMBER 2006 29 53. An essentially pure

prepar atian Ofrdbldh @il fith LRI 68!\ ifen WOHRAL B ek SastibRI33 nd e

expression of pancreatic ce type markers, inc ng at |east one o

i nsul i n, iGulin/mg totglgpratdin such jagetdieptrahews 38Qnaiewlamesetdl Psaieia pas degstiapout 420 ngThe
prepar at i Qii;iRafpQ5aigeih0 Clai m 53, which is capable of producing at |east
about 320 ng insulin/ng total protein such as at |east about 380 ng
insulin/ng total protein or at |east about 420 ng insulin/ng total protein.

55. The p55.epar"ﬁﬁ1%:|pFEPal€t%cheer]ﬁ’g foQ1afths3108 5HR wichfephdtidHh€ PropdrBRAdratslidn t he
proportion of insulin producing cells is at |east 25% such as e.g. at

| east 359prodyeing eells ispé feast 30%, yeh apte-g etdst Bier B Bast#h%. Prblsayt A% on accor di ng
to clainms 53-55 characterized by its organization into islet-1like

structures conprising an jnner core of 13-cells surrounded hy an outer | ayer

of neur o VisePrenaraien acgprding to claims 23 ppRcteriet By Hy ypmigtiandpeddeilish of at

| east onesu@fulehnipBbih®M ner B6M bORAMIIs 6@tdunded BE al Bt @4ySs of nkitoh-ti@k Bdlls, which
neuron-specific B-111 tubulin (TUJ1), NeuN, DoubleCortin, tyrosine

hydr oxyl ase and Map 2. 57. The preparation according to clainms 53-56,
obt ai ned Ryrohlige BEIsIRHIaREHRAbMES & Rast bidd ITEhedditondng nedBnal A8l §pSARKéEal |y pure

reparation of differentiated st e wherein the cells displ t he
Prep including neuron-specitic B(-jﬁl tﬂ)uﬁn ?H}J?), Het?N, Double ortrlln, tyrosine hydroxy asera)mg1 IXIap 5'
57. The preparation according to claims 53-56, obtained by the method according to claims 47-52.
58. An essentially pure preparation of differentiated stem cells, wherein the cells display the
expression of at least one of the following neuronal cell type markers, including neuron-specific B-I11
tubulin (TUJ1), NeuN, DoubleCortin, tyrosine hydroxylase and Map 2.
59. The preparation according to claim 58, obtained by the method according to claims 47-52,

60. An essentially pure preparation of cells obtainable by the method according to claims 47-52.

61. Use of a preparation according to claims 53-57 for the manufacture of a medicament for the

prevention or treatment of pathologies or diseases in the pancreas.
62. Use according to claim 61, in which the disease is diabetes.

63. Use according to claim 61 or 62, in which the disease is type 1 diabetes.



expression of at |east one of the follow ng neuronal cmsSEPTEMBERROéES S,

i ncl udi ng neuron-specific 13-111 tubulin (TUB), NeuN, DoubleCortin,

tyrosi ne hydroxyl ase and Map 2. 59. The preparation according to claim 58,
obtai ned by the nethod according to clains 47-52. 60. An essentially pure
preparation of cells obtainable by the nethod according to clains 47-52.

61. Use of a preparation according to c3%i ms 53-57 for the manufacture of a
medi canment for the prevention or treatnment of pathol ogies or diseases in

t he pancreas. 62. Use according to claim®61, in which the disease is

di abetes. 63. Use according to_claim®6l or 62, in which the disease is type
| di abet ¥ 2d/sspPrpRpsEatiop aesgrdingdo glaims o9 for thy mepefactyrg of dedieasspidPifhe t o
cl ai ms  58ydafinchdt phiiSlo BV iRGA iR tHehe@outBFiRNMENt fOr the treatment of

pat hol ogi es or diseases in the nervous system 65. Use according to claim
64, in which the disease is selected fromthe group consisting of nultiple
schl erosi g, spisaatcofdiftd claini ¥4,Yn whioE P BRéePiR bdéRs, frofathK koGO nSistiigSLase,
Hunt i ngdon' s di %fase, _s} roke, . traum%ti C hrajin injuries, é‘fpﬂoéi a j.nduced
brain i njTHREschiesdsitetping! hAtIRER- BeeRhAlopat)ics Paskinson's disengt o Vi

I nj uri es, stdRg Nt bram iﬁﬁiuﬁés[ hgﬁbbﬁia cnfdudeheranﬂﬁjuﬁusis&ﬁéﬁﬁaaﬁdufcwtahiﬂ iI‘?LU‘féB,r s anﬂ
neuropat hi es .in the . periphera ervous s em 66. Kit for perfqgrmng the
ot hod acBBreeHE B s cagresave GRS T hE oot sl bl R M8 | F orl ow ng
conponent eutopatbiegia tigtperigergp asrtam sisem. m t onycin C, hBS nedi um BS cel |l body
medi um | TSFn- medi um N2- medi um B27- nedi a suppl enment, nicoti nam de, and
bFG-. 67. Kit according to claim®66, further conprising an essentially pure

human bl a&t ocyisit fbepérforreig thetnerhod edcbrdingneclaibis 752 dolprisidpent leedt habfalecor di ng to

any of t hf%llc():vxlliggl cg)smp%gé %]in separate compartments; mitomycin C, hBS medium, BS cell body medium,

ITSFn-medium, N2-medium, B27-media supplement, nicotinamide, and bFGF.

67. Kit according to claim 66, further comprising an essentially pure human blastocystderinved

stem cell line obtained by the method according to any of the claims 12-31.





