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replace cells and tissues that are damaged or diseased. So far, most research has

20  focused on two types of stem cells, embryonic and somatic stem cells. Embryonic stem
cells are derived from the preimplanted 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 referred to as hlastocyst-derived stem cells or

25 (BS cells) can give rise to all cells in the organism, including the germ cells, somatic
stem cells have a more limited repertoire in descendent cell types.

In 1998, investigators were for the first time able to isolate hBS cells from human
fertilized oocytes and to grow them in culture see e.g. US 5 843 780 and in US 6 200
30 806.

The procedure used in the patent specifications mentioned above depends on the use
of blastocysts with an intact zona pellucida. Furthermore, the method disclosed in
these patents specifically use inner cell mass cells that have been isolated by

35 immunosurgery for plating on mouse embryonic feeder cells. This method has several
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Unfortunately, using feeder cells increases production costs, impairs scale-up, and
produces mixed cell populations that require the pluripotent stem cells to be separated
25  from feeder cell components. Furthermore, for therapeutic applications it will be of
greatest importance that the hBS cells are cultured without xenogenic tissue contact,
such as, e.g. feeder cells. Thus, there is a need for developing methods for
propagating human blastocyst-derived stem cell lines without the use of feeder cells.

30  Other potential applications of hBS cells themselves and cell populations derived there
from are found e. g. in the drug discovery process in the pharmaceutical industry and in
toxicity testings of all kinds of chemicals. Today, large-scale and high throughput
screening of drug candidates usually relies on biochemical assays that provide
information on compound binding affinity and specificity, but little or no information on

35 function. Functional screening relies upon cell-based screens and usually uses
organisms of poor clinical relevance such as bacteria or yeasts that can be produced



3 cheaply and quickly at high volune. Successive rounds of screening use
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A "conditioned medium" is prepared by culturing EF cells or other fibroblasts in a

20 medium, and then harvesting and filtering the medium.

By the terms "feeder celis" or "feeders" are intended to mean cells of one type that are
co-cultured with cells of another type, to provide an environment in which the cells of
the second type can grow. The feeder cells may optionally be from a different species

25  as the cells they are supporting. The feeder cells may typically be mitotically inactivated
when being co-cultured with other cells by irradiation or treatment with an anti-mitotic
agent such as mitomycin ¢, to prevent them from outgrowing the cells they are
supporting.

30 By the terms "feeder-free culture system", "feeder cell free" or "feeder free" is intended
to mean cultures or cell populations wherein less than 10% of the total cells in the
culture are feeder cells, such as, e.g., less than 5%, less that 4%, less than 3%, less
than 2%, less than 1%, less than 0.5%, less than 0.1% and less than 0.01%. It will be
recognized that if a previous culture containing feeder cells is used as a source of hBS

35 celis for the culture to which fresh feeders are not added, there will be some feeder



4 cells that survive the passage. However, after the passage the feeder
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derived from a group of cells called the inner cell mass, which is a part of the

blastocyst. A blastocyst is a 4-5 days old fertilized oocyte, which only upon implantation

in the uterus can develop to an embryo. Once removed from the blastocyst, the cells of

the inner cell mass can be cultured into blastocyst-derived stem cells. The blastocyst-
25 derived stem cells are not intended to devslop into embryos.

In a previous patent application published as WO 03/055992 (to the same Applicant) a
method for establishing hBS cells is described. Although it is contemplated that in the
future it may be possible to establish such cells without use of feeder cells, the current
30 methods available use feeder cells. However, future replacement therapies involving
hBS cells or tissues will require that the cells and tissues are produced without contact
with any animai (e.g. non-human) sources. Furthermore, the use of hBS cells also
relies on the availability of routine large-scale culturing protocols for undifferentiated
hBS cells. The present invention addresses this issue by providing a suitable method
35  for transferring hBS cells from a feeder culiure systemn to a feeder-free culture system.



hBS cells can be derived fromthe inner cell mass of the devel oping

bl ast ocyst and naintained undifferentiated for an extended period of
passages while retaining stable karyotype and phenotype. hBS cells have the
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conpar ed WrdrBntiRZpEERLdC ifines0@rad i on. A critical step seens to bee the
initial step for transfer of the 30 hBS cells to a feeder-free culture

system Accordingly, the present invention provides a nethod for transfer
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Matrigel™. However, the present inventors have found that the hBS cells were stable
26 for up to 35 passages on Matrigel™, still expressing the markers for undifferentiated
hBS cells, even after a cycle of freezing/thawing and growth rates remained roughly
comparable. Furthermore, a significantly higher number of surviving colonies were
observed two days after plating, when mechanical dissociation was compared with
enzymatic dissociation. A critical step seems to bee the initial step for transfer of the
30  hBS celis to a feeder-free culture system. Accordingly, the present invention provides a
method for transfer of hBS cells to a feeder-free culture system, wherein the hBS cells
are mechanically cut from the feeder. In the examples herein, only the centre part of
each colony was used, whereas in previous work by Xu et al., the whole colonies were
detached by enzymatic treatment with the risk of contaminating the cultures with feeder
35 cells. Furthermore, the use of enzymes, at the very delicate step of transferring the
feeder cultured hBS cells to a feeder-free surface, may cause inactivation of important
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di ssect i oAlSORKE®Remy be perforned by using a sterile sharpened gl ass
capillary, wwth a 25 degree angle and a 200 or 300 m croneter | unen,

desi gned for cutting, ni pul ation, and transfer of hBS colonies, or parts
of thgcoITEﬂ‘fP’sééF’}qqsg?"é’sgqaf‘?ﬁﬂ?:refgﬁedi‘/"’pagﬁfécff’ed Lab International AB, Billdal,

Sweden. Subsequent to dissection of the inner cell mass, the inner cell mass cells are co-
cuitured with feeder cells to obtain a blastocyst-derived stem (hBS) cell line. After
obtaining the hBS cell line, the cell line is optionally propagated to expand the amount
of cells. Before propagation of the hBS cells in a feeder-free system, the hBS cells may

25  be transferred to a feeder-free system.

As mentioned herein and further demonstrated in the Examples a critical factor for the
success in the propagation of the hBS cells is the method by which the hBS cells is
transferred from a feeder culture system to a feeder-free culture system. Accordingly,

30 the hBS cells must be transferred to the feeder-free culture system by mechanical
dissection, which may be performed by using a sterile sharpened glass capillary, with a
25 degree angle and a 200 or 300 micrometer lumen, designed for cutting,
manipulation, and transfer of hBS colonies, or parts of hBS colonies. It is produced by
Swemed Lab International AB, Billdal, Sweden.

35
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a. transferring the blastocyst-derived stem cells from feeder to feeder free

culture by mechanical treatment.

20 b. optionally, culturing the blastocyst-derived stem cells under feeder cell
free growth conditions in a suitable growth medium and/or on a suitable
support substrate, and

c. optionally, passaging the blastocyst derived stem celi line every 3-10
days by enzymatic and/or mechanical treatment.

25  In specific embodiments of the invention all steps i) - iii) are included.

Transfer of hBS cells from a feeder culfure system to a feeder-free culture system
The transfer step has been found to be a critical step as mentioned above. Accordingly,
the transfer should be done by means of mechanically dissociation or mechanical

30 dissection of the calis in the feeder culture system. This mechanical treatment may be
done by means of any suitable cutting tool such as a tool having a sharpened end and
a size that is appropriate for the cuiting. The tool may be made of any suitable material
such as, e.g., plastic or glass and an example of a suitable tool is a cutting tool that is a
sterile sharpened glass capillary, with a 25 degree angle and a 200 or 300 micrometer



sterile sharpened glass capillary, wth a 25 degree angle and a 200 or 300
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| t.one

bopul 21 | SRUESTanCELae s SRR IS IodPRaTNyY HEUHMAL PREH SR 1B 5 “such as

e. g. noussurtarbs yiohe dssukidoiarb watis, s.e. ihemeniidnbelatdsas bsnethod; &herdin thes deri ved

fromthe Sr% %gclﬁhr%'and/or the support substrate in step b) comprises substances that
inhibits differentiation and/or promotes survival and proliferation of the blastocyst-
derived stem cells. Furthermore, the cells may need some kind of coating (support

25 medium) to be able adhere to the surfaces of e.g. the tissue culture wells, that may be

used for culturing the cells.

Such substances may be added to the media. Another way of preparing a medium
comprising the suitable substances for promoting proliferation and inhibiting
30 differentiation is to culture a first population of cells in 2 medium, and then harvesting
and filtering the medium (now denoted "conditioned medium”). The first population of
cells may be cells normally used as feeder cells, such as e.g. mouse embryonic
fibroblasts, human fibroblasts or cell lines derived from the same cells.
One suitable medium for the culture of hBS cells is VitroHES™-medium (Vitrolife AB,
35  Kungsbacka, Sweden) supplemented with 4 ng/ml human recombinant bFGF (basic
fibroblast growth factor) or alternatively a medium termed “hBS-medium " which may
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Another culture condition, which has been found to be favourable when growing hBS
cell without feeder cells is the presence of a support substrate, i.e. the invention relates
to a method, wherein step a) is performed on a support substrate. The support

25 substrate is a surface or surface treatment on e.g. tissue culture wells, which promotes
the adhesion and growth of hBS cells in an undifferentiated state, i.e. the support
substrate may comprise adhesion and proliferation promoting components and
components inhibiting differentiation, such as, e.qg., extra cellular matrix components
such as, e.g., Matrigel™, human extra cellular matrix (ECM) from placenta or laminin,

30  orother components, such as, e.g. gelatine, polyornithine, fibronectin, agarose, poly-L-
lysine or collagen type L.

Passaging the blastocyst derived stem cell line every 3-10 days by enzymatic and/or
mechanical treatment

35  In a specific embodiment of the invention, the cells are passaged. Then the cells have
to be passaged every 3-10 days, such as, e.g. about every 3rd day, about every 4"



mechani cal treatnment 35 In a specific enbodi nent of the invention, the cells
are passaged. Then the cells have to be passaged every 3-10 days, such as,
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cel l I|ne$ ? ‘é’_g gresent |nventorﬁ have fOLg:Bd t hat |he hBS“feI | s were
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for umndi ffamntenpasshgiog HBSrzemhbiic rearaentafas dsund to by sligeriak td meerniegl t hawi ng and
growt h ra{ea%meqrral ned roughly conparable. 20 Characterization As described

above, the present invention provides a nethod for propagating hBS cells
wi t hout feeder cells as described above where the hBS cells maintain normnal

caryotypeg, éﬁﬂé‘éhﬁ %E{ofrservﬁﬁdhocﬂe &"f’rfﬁnt%?é %%&gﬁ;ﬁ%{ %é’#r%p\ﬁrtaﬂ_ thér cells are

capable o erat| I'n a erenti at nore than 12
nmont hs whiba pgttp@swonmﬂéBS cebender fﬂeé%l' fepecaneitionsn isi the dersity phiheleBls cel s, which

are cy t upedh Rded orit@‘?rﬂa‘v‘é #pbﬁ%ubs‘ﬁ‘é{éd'r?dr%lsto uﬁér%@e %910&%@&'9"& fh‘i‘ayw ker s

associated wth undiffere hernmore, the cells are able to

Govel 0o CRIRPRPLREPRLEAT 57 BOA00.090 s denepeing shiife palliBeS Ugson
di f f er enttaf pregent vihtbisthave $ound that the hBS cells were stable for up to 60 passages

on Matrigel ™, still expressing the markers for undifferentiated hBS cells, even after a
cycle of freezing/thawing and growth rates remained roughly comparable.
20
Characterization
As described above, the present invention provides a method for propagating hBS cells
without feeder cells as described above, where the hBS cells maintain narmal
caryolype, stable proliferation rate and telomerase activity. The cells are capable of
25 proliferating in an undifferentiated state for more than 12 months when grown under
feeder free growth conditions. The hBS cells, which are cultured under feeder-free
conditions, also expressed the markers associated with undifferentiated cells.
Furthermore, the celis are able to develop differentiated progeny from all three germ
layers upon differentiation in vitro.
30
Methods used to study hBS cell degree of differentiation and pluripotency
Immunohistochemistry
The hBS cells maintained in culture are routinely monitored regarding their state of
differentiation. Cell surface markers used for monitoring the undifferentiated hBS celis
35 are SSEA-3, SSEA-4, TRA-1-60, TRA-1-81. Human BS cells are fixed in 4% PFA and
subsequently permeabilized using 0.5% Triton X-100. After washing and blocking with
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the sli covere h a '‘cover Y/18 is mxed with CEP
hybri di zati on buffer and added 25 in the sane way to another slide.

Denat yg i ng,ub,%s WH dri é%go,f: m n foll owed by hybridization at 37C
in a noist cha '? a three steg washi ng procedure the

nucl ei ar®® @Pé?lﬂ@cpfﬁﬁlﬁ omape 'T"Pfe&h@"ﬂﬁ@m@ff pigdeingriglap ithehegmesemer t
Ni Cr 0SCOPgpeRMHH 'pFUB@Q THid RcRRGELRAIWS hEmblidd §rfetid RBeaiondds Be tététEY]iST ON,
Applied eréger:t Igor thlg analysis a commercially available kit was used, which contains probes
for chromosome 13, 18, 21 and the sex chromosomes (X and Y) (Vysis. Inc, Downers
20  Grove, IL, USA). For each cell line at least 200 nuclei are being analyzed. The cells are

resuspended in Carnoy’s fixative and dropped on positively charged glass slides.

Probe LSI 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

25  inthe 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 nuciei are stained with DAPI 1l and the slides analyzed in an invert
microscope equipped with appropriate filters and software (CytoVision, Applied
Imaging).

30
Karyotyping
Karyotyping allows all chromosomes to be studied in a direct way and is very
informative, both numerical and larger structural aberrations can be detected. In order
fo detect mosaicism, at least 30 karyotypes are needed. However, this technique is

35  both very time consuming and technically intricate. To improve the conditions for the
assay the mitotic index can be raised by colcemid, a synthetic analog to colchicin and a
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Telomerase activity
Since a high activity has been defined as a criterion for hBS cells the telomerase
activity is measured in the hBS celi lines. it is known that telomerase activity
successively decrease when the cell reaches a more differentiated state. Quantifying
25  the activity must therefore be related to earlier passages and control samples, and can
be used as a tool 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 performed according to the manufacturer's instructions. The
30  results from this assay show typically a high telomerase activity (>1) for hBS cells.

Teratoma formation in immunodeficient mice

One method to analyze if a human BS cell line has rerained pluripotent is to xenograft

the cells to immunodeficient mice in order to obtain tumors, teratomas. Various types of
35 tissues found in the tumor should represent all three germlayers. Reports have showed

various tissues in tumors derived from xenografted immunodeficient mice, such as
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herein, thgph&lgyeel I's that have undergone passaging can be cryopreserved
and subsequently thawed. After thawing all cell lines survived and started
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cryopr esemfyaﬁrbmvamatnbmvﬂ@ 25 Use of hBS cell s obt ai ned according to the
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can be cryopreserved and subsequently thawed. After thawing all cell lines survived

and started to grow on Matrigel™ coated plates in similar patterns as before

cryopreservation and thawing.

25  Use of hBS cells obtained according fo the invention - cardio-refated diseases
The hBS celis obtained by a method according to the invention may be used in
medicine.

Coronary heart disease accounts for 50% of all cardiovascular deaths and nearly 40%
30 of the incidence of heart failure. Sudden occlusion of a major coronary artery and acute
myocardial ischemia may lead to rapid death of myocytes and vascular structures. In
the past, recovery of cardiac function has been fully dependent on the growth of the
remaining non-infarcted portion of the ventricle. However, this is connected with a
dilated myocardium, heart failure and death.
35
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suffering. When stem cells transplantation o damaged myocardium becomes a clinical
25 reality, this treatment has the potential to be the first of choice for millions of patients
worldwide.

The hBS cells obtained by a method according to the invention may be used for the
manufacture of a medicament for transplantation of hBS cells into a mammal for the

30 prevention or treatment of a disease such as, e.g., a cardio-related disease including
late myocardial infarction, chronic ischemic cardiomyopathy, idiopathic dilated
cardiomyopathy, secondary cardiomyopathies such as, e.g. toxic, diabetic,
pregnancy, amyloidosis, sarcoidosis, Fabry and haemochromatosis, end stage
hyperirophic cardiomyopathy with LV dysfunction or heart failure, restrictive

35 cardiomyopathy, end-stage hypertensive heart disease, acute myocardial infarction,
angina pectoris, fulminant myocarditis, AV-block Il, specific forms of congenital heart
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and to glve the cells optimal possibilities to enter and to be established in the host

tissue. The colonies are partly or completely dissociated using mechanical or
enzymatic treatment. The enzymatic treatment may be performed with any suitable
enzyme, such as, e.g. a solution of huffered collagenase or trypsin. Any suitable

25  coliagenase may be used, such as, e.g., collagenase |, I, H, IV, V, IV etfc. In the
Examples is mentioned a specific example of collagenase used. Also mechanical
treatment with a pipette of the cell colonies in an EDTA-solution has been found
efficient. After desired sizes of the cell-aggregates are achieved, the cell solution is
centrifuged, washed and the pellet dissolved in an appropriate buffer for

30 transplantation.

Administration

The hBS-cells are administered to animals as a sterile, buffered solution of cells, or

cell-colony fragments by use of different equipment and via different routes. A sufficient
35  amount of cells are used. It is contemplated that about 10°-10® cells are suitable. The

cells are aspirated into a sterile syringe and injected either directly into the animat or
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differentceﬂgents may be before, concomtantly or after the adm nistration of
the hBS cells. The admnistration of the cells may be prophylactically,
acute or after sonme tinme of progress of the disease. 20 The invention

rel at es alksadministratipntal the ¢alls maypemirephiigetipally, agate on aft¢rrsomedtitoe of second
conponent p,logregggp{hgtdgegggrpartrrents The components may conprise an agent

t hat
The invention relates also relates to a kit comprising at least a first and a second
component in separate compartments. The components may comprise an agent that
improves the engraftment and viability of the hBS cells, the hBS cells, one or more
agents that improve differentiation of the hBS celis, and one or more pharmaceutical
25  and/or Immunosuppressing agents. )

The kit may further comprise a second cell-type that improves engraftment and survival
of the hBS cells.

30 The kit may further comprise undissociated or dissociated differentiated human BS-cell
colonies.

As mentioned above, the invention also relates to the use of differentiated cells such

as, e.g., cardiomyocyte-like hBS cells. Below follows a description of the development
35 of such differentiated cells. In the following the invention is described with specific

reference to cardiomyocyte-like cells. However, other ceils that differentiate from hBS
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20  Alternatively the hBS celis have the ability to differentiate into cardiomyocyte-like cells
characterized by their organization into contracting colonies, which are abie to increase
or decrease their frequency if a- or gf-agonists or antagonists are administered to the
culfuring media.

25  The biastocyst-derived stem cells that are capable of being made into differentiated
cells may be characterised with electron microscopy and display a certain degree of
myofibrillar organisation, consisient with early-stage cardiomyocytes.

In another aspect, the invention relates to the use of a preparation of differentiated cells
30  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
cardio-related diseases, such as e.g., myocardial infarction, cardiomyopathy, angina
pectoris and heart failure secondary to valvular disease and the diseases mentioned
above.
35
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pr epar at i onwohowdiobdser enti ated cells 30 derived from t hechlmsio9sissis- deri ved
stemcell s obtained by a nethod accor?éeng to the invention for the

manuf acture of a nedi canent for the prevention or treatnent of

car di o- r elaa,fkbrdbReesrese in§éﬁ§3n?§tog¥l ide dBNOHAE Haibe UBERYGF tHeQeparation

cardi onyopat hy, angi na pectoris heart failure secondary to val vul ar
di sease afbflisdicamaaifociscsiiog Ene/Reprevanyng diseagss it mny. cell

PCT/ EP20046Ré5aB 3y théd Serf ol borisisO Rjresint Bk geheratioh/efiewodkils Sudhtaspr ovi de cel |'s
that may be used for the pre gjré%tg# on, of ) mﬁd{'hc nent for treating and/or
prevent i néfra’iﬁdfoé'y&@@%&t”ﬁﬁ'i""g'ﬁ% SFELYBSS @' RRPP e@%@@‘i’ ¥3SCURL the term "cel |
genesi §" isgudcteragt the generation of new cells such as cardi onyocytes,
neurons, and/or different types of endotheliumand vascular 5 structures.

Treatnment of the differentiated cells before adm nistration The

di f f er ent iTaabdentel the diffoyetfiatad eells befolerndntidsicaioe way as descri bed above for
the undif i Qgé‘g j '8 -cpl' B ﬁéated cells
The di ffer-rja]ﬁ'ltrd ﬁ%téggﬁtgglcglsﬁﬁnn%ﬁbégeagé%nm sta@lr]ée\géf%\ét%é:ﬂ é%n%g%y&;s t he

undi f f er ennfliierentiaterBEB8 eellss. 15 The invention also relates to a kit
conpriqging at feast a first and a second conponent in separate

conmpartments. The conponents may conprise an agent that inproves the
engr af t med@miigraior gl giffergntsted ¢REShBS cell's, the hBS cells, and one or nore

phar maceutrhe alffeRiEARH cEINTHAPES BEMAB RN A¢esinge waPadihe Unidiiferhsiatbdir t her
conpri se %B%e?gﬁnd cell-type that inproves engraftment and survival of the

hBS cel | s. %it may further conprise undissociated or dissociated
undi fferentiated human BS- cell colonies. 25 O her aspects of the invention

B i, S 7@iheRioN3Ab elbedy ' dUoRPATRY St 156k St BHE o Rhodi R UBILR SR H 9"
separate compartments. The components may comprise an agent that improves the
engraftment and viability of the hBS cells, the hBS cells, and one or more

pharmaceutical and/or immunosuppressing agents.

20  The kit may further comprise a second cell-type that improves engraftment and survival
of the hBS cells.

The kit may further comprise undissociated or dissociated undifferentiated human BS-
cell colonies.
25
Other aspeacts of the invention
hBS cells can be used in high throughput screenings by combining high capacity with
improved clinical significance. The ability to precisely maodify the genome using gene
targeting in hBS cells with or without differentiation of the genetically modified cells into
30 various cell types allows the application of this technology to the identification of novel
therapeutically active substances through primary and secondary screening.

Accordingly, in other aspects the invention relates to the user of the hBS cells obtained
by a method according to the invention defined for
35 i) the production of monccional antibodies,

ii) in vitro toxicity screening,



I nproved clinical significance. The ability to precisely nodify the genone
using gene targeting in hBS cells with or without differentiation of the
genetically nodified cells into 30 various cell types allows the application
of this teowaobagyseo the identification of novel ther 2pemtrroabdsyszacti ve
substances through prinmary and second?éy screening. Accordingly, in other
aspects the invention relates to the user of the hBS cells obtained by a

met hod ac @ idiirdsdr@erintofipotepnbl iy sldktaness, bpr 35 i) the production of
nonocl onal, g%t bbogi es, I i.g Jﬁn vitro toxicity screening, W 2004/099394
PCT/ EP2004) §1578t$3M0m @ Rofqnfialigiug, SYsiANEes ceni ng of potential drug substances,
or iv) identification of potential drug substances. The heart is the first
functiona o n : t Q- ike: 5
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i nvent i on thrdevelPrgeridn therfpeicompated with acganbp! aserib dcerrdinglyothe@heve-nvent i on

appear {1 aiEniidARBEAS 8rinS irieifon s gieiainbanaid parti cul ars descri bed
above and in the clains and relating to the nethods according to the

i nvention apply mutatis nutandis to the other aspects of the invention. The
i_nventéI pon IczjﬂserfeumblbiﬁfBelnisl c{flﬂ% ihvt?éri(?ign faypéalﬁ fointhé amiten@e? bﬁmﬁ@srfhe déﬁ\i}#whr ﬁ as
egends: Figure 1. astocyst (.before pronase treatnen rom whi c uman
col| 1t ne PARRBRlesELRE PP I Bieme 2 Fiop i e tbee R o

t r eat ment hef inamtiohamdly utass niBanol tb the atieer 8 gectmsf th@ thvestiabl | shed. Fi gure 3.
Bl ast ocyst 167 two days after plating on enbryonic nouse fibrobl asts.

Figure 4. Human BS cells at passage 71 cultured on enbryoni c nouse

fi br obl asfTbe invEitgparisfuBheriliustratesiriydomfoddwing fimfres:he two di fferent techni ques
used figr hES cell dissociation (Collagenase and Mechanical treatnent), when

establrshing the cell lines 25 on Matrigel TM'. The relative colony area
(mR) was Fiwphegandset ween the two different dissociation techni ques, on

day 2 andg iYe §. Bb$t8Eyst (LR BfonBbe Fré&mBREPIERIMHch IUMBEE celfitst1gres to
Metri gel -Iv:las established. (
Figure 2. Blastocyst (after pronase treatment) from which human BS cell line 167 was
20  established.
Figure 3. Blastocyst 167 two days after plating on embryonic mouse fibroblasts.
Figure 4. Human BS cells at passage 71 cultured on embryonic mouse fibroblasts.
Figure 5. A comparison chart of the two different techniques used for hES cell
dissociation (Collagenase and Mechanical treatment), when establishing the cell lines
25  on Matrigel ™. The relative colony area (mm?) was compared between the two different
dissociation techniques, on day 2 and day 6 after transfer of the hES celis from mEF
cultures to Matrigel ™,
Figure 6. Example of undifferentiated colony growth for cell line SA 167 cultured on
Matrigel ™ for (a) 2 hours, (b) 10 hours, (c) 1 day, (d} 2 days, (e) 3 days, (f) 4 days, {g)
30 5days and (h) 6 days after seeding.
Figure 7. Colony morphaology of undifferentiated colonies of all four ceil lines (SA 002,
A8 038, SA 121, SA 167) cultured on Matrigel™ on day 4 after seeding.
Figure 8. Examples of staining for alkaline phosphatase (AP) activity and fluorescent
immunostaining performed on the undifferentiated cell line SA167 cultured on
35 Matrigel™ and after a cycle of freeze/thaw; (a) AP, (b) SSEA-1, (c) SSEA-3, (d) SSEA-~
4, (e) Tra-1-60, (f) Tra-1-81 staining.



Figure 6. Exanple of undifferentiated colony gromh for cell line SA 167
cultured on Matrigel Tmfor (a) 2 hours, (b) 10 hours, (c) 1 day, (d) 2
days, (e) 3 days, (f) 4 days, (g) 30 5 days and (h) 6 days after seeding.
Figure 7. Gubamgosssphol ogy of undifferentiated col oni epcaferddoyodsossr cel |
lines (SA 002, AS 038, SA 121, SA 165@ cultured on Matrigel Tmon day 4
after seeding. Figure 8. Exarrpl es of Staining for al kaline phosphatase (AP)
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teratom O@Méw(s%ctéé&m%m@ﬁtMn %L.fo@étsaerhatd) %so@&HIa@@iﬁé@ﬂ@Jtﬁh (¢)
nmesodermal differentiation, cartilage (d). endoder mal di fferentiation,

col ummar &¥lieg®and ansiﬂdemﬁbql@%r@nwem @p'urrmr grifhelum pith pperoys opkiepcR
anal ysns t@k. Oct-4 expression perforned for aII four cell lines (SA 002, AS

038, SA 121, shnent. on e M an aft r a cycle of
freeze/th wurel-ﬁ%]%ljg’cﬁénf&gg/?%@%l Iéseé‘preET‘%n R f’ﬁoréfl P de. {1) 100
bp DNA | amj@ts OE(BZBA(S:IQII,ISA i 68} aﬁ&'gﬁﬂﬂaslﬁrﬁéntmﬂli\hathgmé’ﬂ SAd éﬂéra tﬁyﬂ;be ufglC I I4i g(e:R SA
167, (5 1 n n [ t-

pr oduf:t) /?th%‘% iggetlfﬁa'#’gggﬁg?%ggﬁ%&eﬁ%a&@éﬁ“gb° d% 13$I S é%)Nday 3 of

cul ture; @ddemmlcelislme $/e00% 63) cehiine BAS2t.dH) celldind SArEd, () celblineeASnbr yoni ¢
feed I 21 Fi 14.

FlegwLe ?: a(rat%fa E?@)ﬁg@cgﬁpwmé&@@sgéﬁq gﬁ t'OdUH 'Qgﬁ?u e z)n rrloggreef eeder, 20
transf er Flgureddereantagecf celisie mitesis ﬁtﬁﬂy 3 of cumgeraemparﬁpeée%\@gﬂm and

I nj ectionpeg cetfélﬂuit%ﬁgn%uké ehIB%nfc'?@edéV RS FhEFyaRY bR Ma’iﬁgél"wrﬁféllBS cells

fromfeeder-free culture in the rat myocard. Human cell are detected using
an anti - hife$ARISl ear antigen antibody (green). Surroundl ng rat

Figure 14. Flow-chart of the hBS cell line establishment, culture on mouse feeder,

20  transfer to feeder-free culture, culfure in the feeder-free system and injection of
cultured cells into the myocard.
Figure 15. Human BS cells from feeder-free culture in the rat myocard. Human cells
are detected using an anti-human nuclear antigen antibody (green). Surrounding rat
myocard cells are stained with the nuclear stain DAPI (blue).
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cells. Na ' 19 971+ | t abl i shnment
of an essBe(H'ltE:‘ g’fﬂﬁg’mgﬁjr‘%?%?‘éﬁér“a‘%i"“%rﬁ%‘f@’ﬁ%gﬁ%‘ﬁéﬁt‘@f{e ﬁ[é{?é eﬁd(':ne s from
spont aneo&®bryonigtsisme dells| MatRietpehnol 2001H9: W &tocyst s were derived from frozen
or fresh human in vitro fertilized enbryos. Spontaneously hatched

bl ast ocysts were put directly on feeder cells (EF) in VitroHES 15

TA4- medi ufXamBlsBenent ed with 4ng/ M hunan reconmbi nant bFGF (basic fi brobl ast
gr owt Rof agkampleand 0. 125 nmg/ m hyal uronic acid. After plating the

ar ge. onobaHBhgAmRaRAn ssaotalll e ZERERGTLR LMo oM SR St 81 0l ot | ng & he
i nner cel froffgsontandcustetistchet blaswegstsf rom ot her cel |l types and expanded by
o on R SRS e Y BIRUR e T Il e BRUEREETROBSLY, P
zona pel | 8pordaneously hatched blastocysts were put directly on feeder cells (EF) in VitroHES
15  ™.medium supplemented with 4ng/mi human recombinant bFGF (basic fibroblast
growth factor) and 0.125 mg/ml hyaluronic acid. After plating the blastocysts on the EF
cells, growth was monitored and when the colony was large enough for manual
passaging approximately 1-2 weeks after plating the inner cell mass celis were
dissected from other cell types and expanded by growth on new EF celis.
20 '
Example 2
Establishment of an essentially pure preparation of undifferentiated stem cells
from blastocysts with an intact zona pellucida
For blastocysts with an intact zona pellucida (fig 1), a brief pronase (10 U/ml, Sigma)
25 incubation in rS2 (ICM-2) medium (Vitrolife, Gothenburg, Sweden) was used to digest
the zona (fig 2), after which the blastocyst was put directly on the EF cell layer in hBS
medium supplemented with hyaluronic acid (0.125 mg/mi) (fig 3).

Example 3
30 Preparation of conditioned VitroHES ™-medium (k- VitroHES ™-medium) for
feeder free cultures
To prepare mEF cells for conditioning of VitroHES ™-medium, a confluent monolayer
of mEF cells (passage two) was Mitomycin C treated and seeded in a concentration of
59 000 cells/cm? in a gelatin (0.1%; Sigma) coated culture flask in Dulbecco’s Modified
35 Eagle Medium (D-MEM) supplemented with 1% Penicillin/Streptomycin (PEST;
10000U/ml), 10% Fetal Bovine Serum (FBS) and 2 mM GLUTAMAX ™-| Supplement



For bl astocysts with an intact zona pellucida (fig 1), a brief pronase (10
Um, Signma) 25 incubation in rS2 (ICM2) nmedium (Vitrolife, Gothenburg,
Sweden) was used to digest the zona (fig 2), after which the bl astocyst was
put direct!| womoo4dsessleF cel | |ayer in hBS nedi um suppl emamtyeebovsootnss

hyal uronic acid (0.125 ng/m) (fig 3).,Exanple 3 30 Preparation of

condi tioned VitroHES T1-nmedi um (k- Vi ??OHES TM nmediun) for feeder free
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(G bcoRLI |46 rogen) prior to use. The k- VitroHES T"'-nedi um may be used
for up to one week if stored at +4C. Wen stored at 10 -20C for up to two
nont hs, OEﬁ»agﬂ’g g reduced bioreactivity could be detected upon usage.
Exarrple4 $ rring of hBS cell lines to feeder free growh conditions 15
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ang mi ot RS BABRC fofp ol et AieTET RSP ATR o
di ffer ent Raééamﬁqnégmmtblﬂéﬂmfdﬁﬁ’@dmdmm svrpierenied with ﬂ,mgltnh@f H#B!?ncel s from
f eeder ZQ)a‘éfdlfbgﬂ)Fasfﬁ'o f%bﬂ?*bFG\F?W pl ates, one w th nechani cal

di ssoci ati on and one”w t col l agendsé treatnment. The hBS cells were cut in
square pieces, which represented the mddle of the colony, by using a stem

cel | cutt i difbnttSMPREs Wak ARiualid ibitktdnsferring of the hBS cells from feeder

20  culture to Matrigel™ coated plates, one with mechanical dissociation and one with
collagenase treatment. The hBS cells were cut in square pieces, which represented the
middle of the colony, by using a stem cell cutting tool (Swemed Lab AB, Billdal,
Sweden), and carefully detached and fransferred the cells to HBSS solution. The stem
cell tool is a sterile sharpened glass capillary, with a 25 degree angle and a 200 or 300

25  micrometer lumen, designed for cutting, manipulation, and transfer of hBS colonies, or
parts of hBS colonies. It is produced by Swemed Lab International AB, Billdal,
Sweden.

Enzymatic treatment with collagenase (for comparison)

30  After washing in HBSS the cell clusters were transferred to a Collagenase iV solution
(200 U/mi; Sigma) for enzymatic dissociation. The cells were incubated for 30 minutes
at 37°C and 5% CO,. During the incubation period, repeated mechanical dissociations
with a pipette were performed and the dissociation process monitored in an inverted
micrascope. After the incubation period the cell suspension was pelleted (400 G for 5

35  minutes) and washed once in KnockQut ™ D-MEM (GibcoBRL/Invitrogen) before being
resuspended in K-VitroHES medium.



Sweden), and carefully detached and transferred the cells to HBSS sol ution.
The stem cell tool is a sterile sharpened glass capillary, with a 25 degree
angle and a 200 or 300 25 microneter |unmen, designed for cutting,

mani pul ati on, and transfer of hBS colonies, or parts of hBS colonies. It is
produced by Swened Lab International AB,, Billdal, Sweden. Enzymatic
treatnment with coll agenase (for conparison) 30 After washing in HBSS the
cell clusters were transferred to a Coll agenase |V solution (200 U mn;
Sigma) for enzymatic dissociation. The cells were incubated for 30 m nutes
at 37C and Msshaaizal dixacciation aesordieduiodhe wepidni od, repeated mechani cal
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two and si x%%@dégf ee"s\(%%%r?;&g@@%ﬁg nunb%épgfxvéggy(t:% %’Eﬁ%ﬂzg %ﬂ}b . Results
of exanpl e Basealculatéd (fipb)opti m ze the transferring of the hBS cultures from
feeder to feeder-free conditions, two different techniques were eval uated;
one with nechani cal dissociation and one wth enzymatic dissociation.
Mechani cal Mésdecf exdamie BesdWted in a nore efficient attachment of cells to
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af ter platidlgyiBereb@dunsk O Kighfieshy RighBPndREDR R 56RMAY colanies were
20 observed two days after plating, when mechanical dissociation was compared with
enzymatic dissociation (fig 5). The total area of all colonies generated on Matrigel ™
after dissociation with the two different techniques, respectively, was compared
(P<0.001). Furthermore, six days after plating the total colony area in the mechanically
dissociated cultures ware significantly increased compared with the enzymatically
25  dissociated cultures (P=0.036) (fig 5).

Example 5
Culture and Passage of hBS cells cultured on Matrigel™
Four different cell lines SA 002, AS 038, 8A 121 and SA 167 were used in all
30 experimenis. The cell lines were propagated on Matrigel™ for up to 35 passages and
the morphological appearénce and other hBS characteristics remained unaltered even
after a cycle of freeze/thawing. All cultures consisted of well defined colonies of hBS
cells without merphological signs of differentiation. After about 3-6 days the cells were
passaged by taken away the medium and 1 ml of Collagenase IV (200U/m)) solution
35



di ssociated cultures were significantly increased conpared with the
enzymatically 25 dissociated cultures (Ps0.036) (fig 5. Exanple 5 Culture
and Passage of hBS cells cultured on Matrigel 1M Four different cell lines SA
002, AS 038yvoanBoand SA 167 were used in all 30 expemcrmrb@anishs cel |
lines were propagated on Matrigel TMfgy up to 35 passages and the
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col | agenase 1V for 20-30 mnutes to separate the cells from each ot her
before freezing. After centrifugation the cells were transferred to

freezi ng frxdmpite 6 whi ch contains k- VitroHES TM nedi um cont ai ni ng 10% DVSO,

30% sggumg,; @ntration of 1
0SQ5 rfaa.egfwﬁqn.} A trawt mh% cgﬁ)ﬁ]@tﬁﬁed ol M‘atﬁﬁ@ﬁ

mllion cel reezin Ium suspensi on was a

mi xt ure of OWCAIeTeNt gl dnascsA gt?%wer (38, BACPTape B 167rere roaletimid (0.5.1.0 ni
of cell S%I&%@ﬁéé&ﬂi/ Y2030 rﬂﬁhfﬂs%o Eép’ﬁﬂﬁé & &4ls remMks atRr bepRZirdtdingont ai ner
for stora es in _-80 C over rg at least for 2 hours before_longterm
storage i ATtes Qﬁﬂtr&ugatlon the cells were transferred to freezing medium, which contains k
VitroHES ™-medium containing 10% DMSQ, 30% serum replacement and 4 ng/mi of
20  bFGF, in a concentration of 1 miliion celis per ml freezing medium. The final cell )
suspension was a mixture of both single cells and cell clusters. The cryotubes (0.5-1.0
ml of cell suspension) were rapidly transferred to Nalgene freezing container for
storages in -80° C over night or at least for 2 hours before long-term storage in Liquid
Nitrogen.
25
Thawing of the hBS cells
k-VitroHES ™-medium has to be prepared and preheated before thawing the cells by
placing the cryotubes in 37°water bath until all of the cell suspension was thawed. The
cell suspension was transferred to the preheated medium for 5 minutes before
30  centrifugation (400 G in § minutes). Matrigel™ thin layer coated (BD} wells were
rehydrated by adding 1 ml of k-VitroHES ™-medium to the welis and incubate 30
minutes in 37° C, The cell pellet was resuspended in k-VitroHES ™-medium and

transferred fo either 24~ or 6-well Matrigel™ plates.

35 Example 7
Characterization of feeder free cultured hBS cells
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manuf act ure I nstructions u5| aval | e kit
( Si gna- Al freresgent microscope (Nikon Eclipse EZOOO U) Alkaline phosphatase (AP) stalmng

of the Matrigel ™ culiured hBS cells was carried out according to the manufacturer 's
20  instructions using a commercially available kit (Sigma-Aldrich).

Telomerase activity: Matrigel™ cultured hBS celis were harvested, lysed and
telomerase activity analyzed by a PCR-based ELISA (Roche Diagnostics GmbH,
Mannheim, Germany) according to manufacturers instructions.

25
Karyotyping and FISH: The Matrigel™ propagated hBS cells designated for
karyotyping were incubated for 1 fo 3 hours in colcemid (0.1 g/ml, Invitrogen, Carlsbad,
CA, USA), dissociated, fixated, mounted on glass slides and the chromosomes
visualized by using a modified Wrights staining (#WS-32, Sigma). Preparation of

30  metaphase plates was performed as previously described. For the fluorescence in situ
hybridization (FISH) analysis, a commercially available kit (MultiVysion ™ PB
Multicolour Probe Panel; Vysis, Inc., Downers Grove, IL) containing probes for
chromosome 13, 18, 21 and the sex chromosomes (X and Y) was used according to
the manufacturer’s instructions. Slides were analyzed using an invert microscope

35 equipped with appropriate filters and software (CytoVision, Applied imaging, Santa
Clara, CA).
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Pol ymarase I nV| trogen reaction i ncl four initial step-down

cycl es, F“b‘fb’@ﬁ?@t&d Eydesier \eFy aepingdameanatuse w@ﬁ?@ampe forwi t h

denat ur at '19|§e<f,dPIHs allgu-BesAMdSindenPéfaturd Adre 8l seBshds T BET BidEPE ah@®r 15 seconds at
66 to 60Ce%ensnon for 30 seconds at 72°C. The following cycles included 35 repeats with
annealing temperature at 58°C. The forward and reverse primer sequences for Oct-4
were previously described. -actin primers were used as internal controls (sense, 5'-
TGGCACCACACCTTCTACAATGAGC-3; antisense, 5'-
GCACAGCTTCTCCTTAATGTC-ACGC-3"; 400 bp product). The PCR products were
25 size fractioned by gel electrophoresis using a 1.5% agarose gel. Human liver was used

as a positive control and water as negative control for the PCR reaction,

Resuits of example 6 and 7
Cell lines SA 002, AS 038, SA 121 and SA 167 were frozen and thawed by using

30 cryopreservation techniques to see if any changes in the characterization could be
found. After thawing all four cell lines survived and started to grow on Matrigel™ coated
plates in similar pattern

Pluripotency and maintenance of the four different hBS celi lines in feeder-free
35 conditions was demonstrated and compared to previous results for feeder cultures of
the respective cell lines. These characterizations were performed by examining the



20 extension for 30 seconds at 72C. The followi ng cycles included 35 repeats
with annealing tenperature at 58C. The forward and reverse priner sequences
for Cct-4 were previously described. -actin priners were used as internal
control s (§enmeso9bssa TGCGCACCACACCTTCTACAATGAGC- 3' ; ant | MEFER2N04E05033
GCACAGCTTCTCCTTAATGIC- ACGC- 3; 400 bp E.;oduct) The PCR products were 25
size fractioned by gel electrophoresiS using a 1.5% agarose gel. Human |iver
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reaction le 6 and 7 Cell lines SA 002, AS 038, SA 121 and
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pr opagat edowdltd havertégh leﬂﬂsﬁételmnmrmeac&wlyl(ﬁg 8): Anal ysis was preforned on
three of the Matrigel TMcultured hBS cell lines (AS 038, SA 121 and SA
167). The hBS cells cultured on Matrigel TMwere found to have high |evels
of t el oner@seimigiandtySH.IKagy@yne acatygistwasipreformed an tep.of ke Malrigeld” anal ysi s was
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121. Three ee ce fromce 't ne AS 038 and of twelve cells
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abnormal kary pi Cc cBanges seem
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feeder-fr aernhnﬁiscaﬂfrrgeévlen@ldffeupreaﬁ:ngémcmtlnnﬁg foF el féedey ahy flederfiéd MBS s  Of

f eeder CU| tchu?tures n thlS s{u%ly Weryotypnc analysis of feeder cultured hBS cells were
comparable with resuits after Matrigel ™ propagation, suggesting that the hBS celi
karyotype remains normal and stable under these feeder-free conditions. FISH analysis
was performed on two of the Matrigel ™ propagated ceil iines (SA 121 (XY) and SA
167 (XX)). Analysis was performed for chromosomes X, Y, 18, 13 and 21. For both cell

25 lines tested at least 93% were normal. The results from the FISH analysis were

comparable with results from feeder cultured hBS cell fines.

Teratoma formaltion: Teratoma formation was performed for two Matrigel ™ cultured
hBS cell lines, SA 167 and SA 002, and the results showed that teratomas formed

30 consisting of differentiated cells and tissue representative from all three germ layers
{(endoderm, mesoderm and ectoderm (fig 11), providing evidence that the Matrigel ™
propagated hBS cuftures have retained their pluripotency.

Oct-4 expression: Oct-4 expression was high in all four cell lines cultured on Matrigel
35 ™ (fig 12).



conparable with results after Matrigel TM propagation, suggesting that the
hBS cell karyotype remains normal and stable under these feeder-free
conditions. FISH analysis was perfornmed on two of the Matrigel TM
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as for fectHéyrepweisaguaniathp E@neéamynd 3&BOLE$<)zﬁ$ﬂORafe§d€rrPa¢Pﬁgﬁ'®dthﬁS esis.of
Matrigegl TM cultured cells to a rat heart Human bl astocyst-derived stem cell
col oni es prepared as descri bed above are dissociated with a 0.5 nl

col | agena¥¥a8wie?i on (Col | agenase Type |V, |yophilized 179

Transplantation of Matrigel™ cultured cells to a rat heart
Human blastocyst-derived stem cell colonies prepared as described above are
dissociated with a 0.5 ml collagenase-solution (Collagenase Type IV, lyophilized 179
20  units/mg, Gibco, Invitrogen Corporation, dissolved in HBSS to 200 U/mi), and
transferred to a 15 ml tube (described in P10391 PC/ P10387). The tube is centrifuged
at 400 x g for 5 minutes. The supernatant (collagenase solution) is discarded and the
pellet is dissolved in 5 ml pre-warmed sterile HBSS (37°C). The tube is centrifuged
again at 400 x g for 5 minutes. The supernatant is discarded and the pellet Is dissclved
25  in 25 yl pre-warmed sterile HBSS (37°C). The cells are transferred o a sterile syringe
and transported to the animal surgery room.
The celis were administered to the anaesthetized and ventilated rat either via 1-2 direct
myocardial-injections, via injection into the feft ventricle, or via systemically intravenous
administration.
30
More detailed, male Sprague-Dawley rats ~ 200 g were used and Ml was induced by
direct cryo-injury using 3 mm probe. This procedure resulted in anterior Ml engaging ~
156-20 % of left ventricle (LV). The hBS cells were transplanted by intramyocardial
injection into the viable myocardium close to the infracted area or via systemically
35  intravenous administration directly after cryo-injury. Al animals were investigated with



20 units/ng, G bco, Invitrogen Corporation, dissolved in HBSS to 200 Umnm),
and transferred to a 15 m tube (described in P10391 PC/ P10387). The tube
is centrifuged at 400 x g for 5 mnutes. The supernatant (coll agenase

sol ution) iwodiwdarded and the pellet is dissolved in SarEmerovmsired
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at 3790"“ tfor 18%% B’Io&(lrggl sbo Lﬂ%n (as a ove Eme slides were then incubated 2-3 h at 37°C

with secondary antibody (goat anti-mouse) and washed 3 x 5 min in TBS. All slides
were then DAPI-stained for 2 min and washed 5 min in PBS. Finally, the slides were
mounted in fluorescence medium (83023, DAKQ), and human cells were identified
using a fluorescencemicroscope.

25
Results of example 9
hBS cells for treating cardio-related diseases by administration of hBS cells were
cultured in different ways. As appears from the examples herein (figure 15), the
outcome of administration of hBS cells is dependent of how the cells are cultured. If

30 hBS cells were cultured on MEF, few or ng cells have been found. If hBS cells were
cultured on Matrigel™ and transplanted as in this example, a large amount of cells
were identified 24 h after transplantation using the technique described above. This
suggests that the Matrigel™ culturing technique dramatically increase the viability of
the celis, or the possibility for the cells to establish in the host tissue.

35



human nucl eus). The slides were then washed 3 x 5 mn in TBS, followed by

i ncubation 20 for 15 mn in blocking solution as above. The slides were then
i ncubated 2-3 h at 37C w th secondary anti body (goat anti-nouse) and washed
3 x 5 mn iWorIB099RP4 slides were then DAPI-stained fomrci/erenmdsyarsdsanwashed 5
mn in PBS. Finally, the slides were ggrounted in fluorescence nmedi um (S3023,
DAKO, and human cells were identified wusing a fluorescencen croscope. 25
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conprlses 1T 284 0ocyt & opt 1 ona havi ng a
grade 1 ofnngrcallanasistcgiln a bI astocyst optional ly haV| ng a grade Aor B, ii)
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cel I's by fHeenaHiEag omhggr@&ricglhmaqsg,gellgmtigtgegigqqql{@tq)qubt@lﬁg Hlasteyskel | nass
cells wtRefivvademealine. to obtain a bl astocyst-

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

20  As a 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.The human
blastocysts in step i) of the method may be derived from frozen or fresh human in vitro
fertilized oocytes. In the following is described a procedure for selecting suitable
oocytes for use in a method according WO 03/055992. i was found that an important

25  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 fuffilling the

general requirements (described below) is low.

Donated fresh fertilized oocytes: On day 0 the oocyte is aspirated in Asp-100 (Vitrolife),

30  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 cocyte
evaluation:

Grade 1 fertilized oocyte: Even blastomers, no fragments
35  Grade 2 fertilized cocyte: <20% fragments
Grade 3 fertilized oocyte: >20% fragments



derived stemcell line. v) optionally, propagation of the blastocyst-derived
stemcell line. 20 As a starting material for this procedure, fertilized
oocytes are used. The quality of the fertilized oocytes is of inportance
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Donated frozen fertilized oocytes: At day (after fertilization) the
fertilized oocytes are 10 frozen at the 4-cell stadiumusing Freeze-Kit
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devel 95 ! Bpo%ably due to the higher quality of the fertilized oocytes. 11% of the blastocysts

derived from fresh fertilized cocytes develop into a stem cell line, while 15% of the

XL

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 ling, and 7% of frozen fertlized oocytes that were
25  putinto culture developed into a stem cell line,

The culturing of the fertilized ococyte 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),

30  Handbook of in vitro fertilization, second edition. CRC Press, Boca Raton, pp. 205-264;
Gardner et al, 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, Biof Reprod,
62, Suppl 1, 248.

35  After establishment of blastocysts in step i) optionally derived from fertilized oocytes
having grade 1 or 2, the blastocysts having grade A or B are co-cultured with feeder



bl astocysts is 19% while 50% of the frozed fertilized oocytes develop into
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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 hBS cell line, the cell line is optionally propagated to expand the amount

25  of cells. Thus, the blastocyst-derived stem cell line may be propagated e.g. by passage
of the stem cell ine every 4-5 days. If the stem cell line is cultured fonger than 4-5 days
before passage, there is an increased probabilily that the cells undesirably will
differentiate.

30 A specific procedure of passaging the cells in a feeder culture system is given in
Esteblishment example 5 herein.

Human BS cell lines may be isolated either from spantaneously hatched blastocysts or
from expanded blastocysts with an intact zona peliucida. In the method described

35 above the blastocyst in step i} is a spontaneously hatched blastocyst. For hatched
blastocysts the trophectoderm may be left intact, Either hatched blastocysts or



differentiation of these cell lines commercially feasible. Froma total of
122 bl astocysts, 19 cell lines were established (15.5% . 42 bl astocysts
were processed by immunosurgery and 6 of these resulted in successfully
est abl i sheawoebhdd/obdsaes (149 . Eighty bl astocysts were poraeamedosoys t he
present method and 13 cell Iines werez20 established (16% . Subsequent to
di ssection of the inner cell mass, the inner cell mass cells are co-

cul tured piakldcfReaR a ¢@hdvediod palikini rmavdd b episddadaay eputsinem (BS) cel |

line. After ,og%téginin%lishe hBS cell line, the cell line is optionally
pr opagat e oEVABAIERP A% anpunt 25 of cells. Thus, the bl astocyst-derived
stemcell line may be propagated e.g. by passage of the stemcell |ine
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cell lines may be isolated elther from spontaneously hatched bl astocysts or
from expaRtE8%®| ast ocysts with an intact zona pellucida. In the nethod
descri bed 35 above the blastocyst in step i) is a spontaneously hatched

bl ast ocyst. For hat ched | ast o ts .the trophectoderm .pe left intact.
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t r eat nent inactvatesifeedar caiy fellavdngiihe pepase keatoeht.as, e.g., ZDTM 10 (Vitrolife,
CGot henburg, Sweden), one or nore enzymes or mxture of enzymes such as

pronase. A brief pronase (Sigma) treatnment of blastocysts with an intact
zona pel | irethe gsiebisment method steptih énd/engieriv) bRy PR pedomed ivgnagertyidls of

pr ot e3§es jihrbibsithe afiadieRt oﬁﬁ%lh@tbg@[@ér@?&%_ml@%ﬂtﬁé MnércelrRgeausmay al so be
used. The bl astocysts can be plated onto said _inactivated feeder cells

f ol I owi ng'a e fendshealls- A suiablpssvbstapee fon thisgatrpgseiis abYRIURBICASH- step i) and/ or

step iv) may be performed in an agent that 15 inproves the attachnent of
T € 1 ORI R A R S
sui t abl e _tadlimapbt ebmpleaienttd withehybluamicits Wbichsbems eeplemotethes can be
hBS- ”58' ' Ulachment of the blastocysts on the feeder cells and growth of the inner cell mass.
Hyalurenan (HA) is an important glycosaminoglycan constituent of the extraceliular
matrix in joints. It appears to exert its biological effects through binding interactions with
at least two cell surface receptors: CD44 and receptor for HA-mediated motility
(RHAMM), and to proteins in the extracellular matrix. The positive effects of HA during
25  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 ¢all mass or blastocyst
which may resulf in increased efficiency in binding to the feeder cells. Alternatively, HA
may bind to its receptors on the inner cell mass or blastocyst and/or to the feeder celis
30  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 Inthe method describe above culturing of the feeder cells is of importance for the
establishment of the hBS cell line. The propagation of blastocyst-derived stem cell line



that may be conpl enented with hyal uronic acid, which seens to pronote the 20
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The blastocyst-derived stem cell line obtained by the establishment method described

above maintains selfrenewal and pluripotency for a suitable period of time and,

25  accordingly it is stabie for a suitable period of time. In the present context the term
"stable" is intended to denote proliferation capacity in an undifferentiated state for more
than 21 months when grown on mitotically inactivated embryonic feeder cells.

The stem cell line obtained by the establishment method described above fulfils the
30  general requirements. Thus, the cell line
i) exhibits proliferation capacity in an undifferentiated state for more than 21
months when grown on mitofically inactivated embryonic feeder cells,
i) exhibits normal eupioid chromosomal karyotype,
iiiy maintains potential to develop into derivatives of all types of germ layers both
35 in vifro and in vivo,



contenplated that a suitable density can be found for other types of feeder
cells as well. Based on the findings of the present inventors, a person
skilled in the art will be 20 able to find such suitable densities. The
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According to the above, the method proveds an essentially pure preparation of
pluripotent human BS cells, which i) exhibits proliferation capacity in an undifferentiated
state for more than 21 months when grown on mitotically inactivated embryonic feeder

25  cells; ii) exhibits normal euploid chromosomal karyotype; iii) maintains potential to
develop into derivatives 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 prolein core of
a keratin sulfate/chondroitin sulfate pericellular matrix proteinglycan recognized by the

30  monoclonal antibody GCTM-2 v) does not exhibit molecular marker SSEA-1 or other
differentiation markers, and vi) retains its pluripotency and forms teratomas in vivo
when injected info 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) and are also described above.

35



expression of the carbohydrate epitope SSEA-1 or other differentiation

mar kers. Furthernore, pluripotency tests in vitro and in vivo (teratoms)
denonstrate 20 differentiation into derivatives of all germlayers.
Accor di ng twotiweombsve, the nethod proveds an essenti al pgTmezoes/prsepar ati on
of pluripotent human BS cells, whichgd) exhibits proliferation capacity in
an undifferentiated state for nore t%an 21 nmonths when grown on mtotically
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exhi bi t - maLgethas HiBRIKkRin a?gé]p&s 8 a ?érE&H skilid firf BB 2R h%ﬁqghtfsﬁé fi8feSn and vi)

retains |tsr(gl ur | pot ency ornms teratomas I n vivo ninjected into

i mruno- coRprlomMnder GPcalmosAleei i) is capable of differentiating. Procedures

for the detection of cell markers can be found in Gage, F. H., Science,
287:1433- 1438 00) and are al so described gboye, 35 W) 2004/ 099394
PCT/ EP2004186Y m@‘é’”ﬁ“ﬁ’ée%égttﬁqus%%é?ﬁ’ MRS P ESRRILT R B B i n the

f ol | owd ng coepiisel lof; khogkolt DelerpisaddificliERgR'sEMediinh esuppletnantr] withezbodher ei n f or

Il lustrative rposes only and e, not intended to Lim¢t the.scope of the
I nventi onk? kgwe\ﬂ%w .rep%FSXEER%’?‘Gg%e @PWE‘QSCO"SS'&?@?SI %3‘&9'%@?%? 'V%P%aqwel | known
to a per sooncskirdtioest S0ruritsieni pemicibinds0ad/int stesgodpemtcin, 8ridmb! rioutdsserstiahr e readi | y
avai |l abl e |t ﬁmr' . ' | amel| -
establi shggﬁ{or%@%b% S | ﬁﬁ%ﬂéhﬁa@gsﬁgﬁé#ﬁ%{;@%@%ﬁi?ﬂ?%g@jrﬁénm%ﬁ%rﬂg\ﬁ?& All

i ncubat i oREGtuékasia fiprobgastgromfeitactos). CO2 at nosphere. One suitabl e nedi um used
is tegged "BS-cell mediunt or "BS-nmediunt and may be 10 conprised of;

knockout Dul becco's Mdified Eagle' s Medium supplenented with 20% knockout
Ser um r epPaetbaesitakla mediven s oBF ol edvaaedivm? thisimay be comarisedrasdpleysi ve fi nal

concent r akhdursut Cefbeebd's %Hﬂﬁe@ﬁﬁ%@%|Médﬁum,§9p;ﬂérﬁ§nt§a WRRROMMoBko®, 1 MM
non- essent.i al a(%go acids, 2 L- gl ut am ne M - nmer capt oet hanol , 4

, i L-gl ut 100 M -
ng/ M hun®RYEEs fH%’H@""HF@“%&%P‘%‘SFW”SP%BF thsir rePEEve indkt or). 15 Anot her
sui tabl e e®tbeniations. "Initeirl poaIclin BIY/HEtreptdhyiinTav BR rprgsseszd as fol | ows;

20  amino acids, 2 mM L-glutamine and 100 M -mercaptoethanol.

in the present context the term "stable" is intended to denote proliferation capacity in
an undifferentiated state for more than 21 months when grown on mitotically
inactivated embryonic feeder cells.

25
Establishment examples

Establishment example 1
Establishment of an essentially pure preparation of undifferentiated stem cells
30 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 hBS cell
medium (KNOCKOUT Dulbecco's Modified Eagle's Medium, supplemented with 20%
KNOCKOUT Serum replacement, and the following constituenis at the final
35  concentrations: 50 units/ml penicillin, 50 g/m! streptomycin, 0.1 mM non-essential
amino acids, 2mM L-glutamine, 100 M -mercaptoethanol, 4ng/mi human recombinant



knockout Dul becco's Modified Eagle' s Medium suppl enented with 20% knockout
Serumrepl acenent and the follow ng constituents at their respective final
concentrations: 50 units/m penicillin, 50 g/m streptomycin, 0,1 nmM

non- essent i Wb 28@s0ay89n0 aci ds, 2 mM L-glutam ne and 100 Mcmemeapbsasi hanol .
In the present context the term"stabé " is intended to denote proliferation
capacity in an undifferentiated state for nore than 21 nont hs when grown on
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blngst ocystalonyewas idejei ened%l‘i foo Eﬂahuat;masagmgfapesiximmmn-z \m_aa}dstaﬁler plafing) | i é ed
enbryos. 0 r eeder

col 1 5 Er R AP R dors Ao ferer R s b cRbAr Rl Y g A PSR
suppl ePrentedewittFcef9% KNOCKOUT Serum repl acenent, and the fol | owi ng
constituents at the final 35 concentrations: 50 units/m penicillin, 50 g/m

streptonycin, 0.1 nMnon-essential amno acids, 2nmM L-glutam ne, 100 M
_mer capt oEstablishmentayampiednan reconmbi nant WO 2004/ 099394 PCT/ EP2004/ 005033

37 bFGF ( BabfishimbhOd ansdsseh@iilyburd préaratic ol fiiifsrentatedistel kS M/ n

hyal uroni¢c acid. After_plating the blastocysts on the EF cells, growh was
moni to_redframjblﬂﬁfé’ﬁyftﬁé"’“bﬂw %aga P&“‘@fé"%no_ugh for manual passagi ng
appr oxd mared Hastocyswwaahsandhth€zoRh piuaeih, a bief prdtaee (1ElIminsigmagel | s were

di ssected, from ot her, | .. types d.expapnded by, ar h 5 on new EF cells.
Est abl i shf%ﬂtfamg%{hﬁzéf@'éwégw%&ﬂ@ﬁ%’ §‘P{P‘§Hb%§s%‘ﬁ‘?‘1%\évﬁ 1'gs Hﬁ?@oﬁfgeeﬁ ration of
undi f f er efitei zaheacaftet ehich ¢d idastbaystwid @d tivestistog the ER caelhlayertiabBSzona pel | uci da
10 For bl ' i . ZOF lucida, a brief pronase (10 U mnl,
Si gma) |ﬁ%ﬁ@ﬁ%ﬁ‘emﬁkggw?lr&%ﬁ%mcfre%agfnﬁ%ﬁb@l | fe, Gothenburg, Sweden) was
used to digest the zona, after which the blastocyst was put directly on the

EF cekt | ayghik Hﬁﬂé gm suppl emented with hyal uronic acid (0.125
ng/ m). 1% %st a@??@h%r)r(gnt exanpl e 3 Histo-chem cal staining for alkaline
phosphat ablisto-chemical staining for alkaline phosphatase

The cells were harvested for RT-PCR and histological (alkaline phosphatase) and
immunocytochemical analysis (see below). RNA isolation and RT-PCR. Total cellular
RNA was prepared using Rneasy Mini Kit (Qiagen) according to the manufacturer's
20 recommendations. The cDNA synthesis was carried out using AMV First Strand cDNA
Synthesis Kit for RT-PCR (Roche) and PCR using Platinum Tag DNA Polymerase
(Invitrogen). Histochemical staining for alkaline phosphatase was carried out using
commercially available kit (Sigma) following the manufacturer's recommendations.

25 Establishment example 4
Preparation and culturing of hBS cell line
Mouse embryonic fibroblasts feeder cells were cultivated on tissue culture dishes in
EMFl-medium: DMEM (Dulbecco's Modified Eagle's Medium), supplemented with 10%
FCS (Fetal Calf Serum), 0,1 M -mercaptoehanol, 50 units/ml penicillin, 50 g/ml

30  streptomycin and 2 mM L-glutamine {(GibcoBRL). The feeder cells were mitotically
inactivated with Mitomycin C (10 g/ml, 3 hrs). Hurnan BS celi-colonies were expanded
by manual dissection onto inactivated mouse embryonic fibroblasts feeder cells.

Human BS celis were cultured on mitotically inactivated mouse embryonic fibroblasts
35 feeder cells in tissue culture dishes with hBS-cell medium: knockout Dulbecco's
Modified Eagle's Medium, supplemented with 20% knockout Serum replacement and



The cells were harvested for RT-PCR and histol ogi cal (al kaline phosphatase)
and i mmunocyt ochem cal analysis (see below). RNA isol ation and RT-PCR

Total cellular RNA was prepared using Rneasy Mni Kit (Q agen) according to
t he manuf acwWQrem 089320 r econmendat i ons. The cDNA synt hesiesTiesoog/arsnized out
using AW First Strand cDNA SynthesiggKit for RT-PCR (Roche) and PCR using
Pl ati num Tag DNA Pol ynerase (Invitrogen). Hi stochem cal staining for

al kal i ne pledsidmtpsmstiasnts at thieie cespadtive Sinal goncanitratorst B Liyitsavigpdnaiiine ki t
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50 g/ P 3@°%¢$.ept omycin and 2 mM L-gl utam ne (G bcoBRL). The feeder cells

were mtotically inactivated with Mtonycin C (10 g/m, 3 hrs). Human BS
cell -col onies re expanded b | .dissection onto inactivated npuse
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factor). Ré@gﬁg‘f‘ﬁ%ﬁ%ﬁgﬁé%&@éﬁ% the col onies were | arge enough to

generate odi es. cell colonies were cut with glass
capillaries into 0.4x0.4 nm pieces and plated on non-adherent bacteri al

cul turg diesh@fishmBheéxdinisle 8BS cel | body nedi um knockout Dul becco's

Modi fied Eagle' s Mediu suppl emented with 20% knockout Serum 10 repl acenent
and the f&PPERAER] PEGHe8lISt uents at their respective final concentrations: 50
units/ m pefrspadsage thiethES ddils atd hptogmihod usidg & NIRdnEdipeSTEZ0004) am no aci ds,

2 mM L- glut ne and 1 - Me[.capt oe The hBS cell, bodi es, including
cystic hotvear Moo (0N shiRehel Bhd s DN Sego o Pfoee GaoR8E 2R shirent
exanpl e 5paddagedgerpl-shBs.Cle colonies are big enough to be passaged when they can
20 be cutin 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.

The colonies are focused, one by one, in a stereo-microscope and cut in a checkered
pattern according fo the size above. Only the inner homogeneous structure is

25 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 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

30  changed twice that particular week. Normally a "half change” is made, which means
that only half the medium is aspirated and replaced with the equai amount of fresh,
tempered medium. If necessary the entire volume of medium can be changed.

Establishment example 6
35  Vitrification of hBS cells



Bef ore passage the hBS cells are photographed using a N kon Eclipse TE2000- U
inverted m croscope (1 OX objective) and a DXM 1200 digital canera. Col onies
are passaged every 4-5 days. The colonies are big enough to be passaged
when t hey oem2@@odeaoscut in pieces (0.1-0.3 x 0.1-0.3 mpcr/ERndmoseds time the
cells are passaged, they have grown r 1-2 weeks and can be cut in

approxi mately four pieces. The coloniées are focused, one by one, in a
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the entir g cHelubewitdistemdiiiereCiflodd®. changed.  Establishment exanple 6 35
Vitrification of hBS cells WO 2004/ 099394 PCT/ EP2004/ 005033 39 Col oni es
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chanmber. The cells are diluted to a final concentration of 170K cells/m

EMFi nmedium The gelatin in the IVF-dishes is replaced wwth I nm cel

. suspensi on and placed in an incubatogg EMFi nmediumis changed the day after
the -seeding. 20 40 Cains 1. A nmethod for transfer hBS cells into a
f.eeder-free culture system the nmethod conprising the step of a.
transferring the hBS cells fromfeeder to feeder-free culture w thout
enzymatic _5 treatnment but solely by nmechanical treatnment. 2. The met hod of
claim1 fJf8H8% conprising the step of b. culturing the blastocyst derived
stem cel | s1,wethod eerdansfechBS teiledntg adedder-free bdliure systerh th@mathobabl e growt h
medi um and/ or_on ) itaPIe support substrate. 3. The nethod of claim1l1 or
2 further %ﬂ%ﬁ?W?ﬁW@s?ﬁg step of 10 c. passaging the bl astocyst derived stem
cell line every 3-10 days by nechanical treatnent. 4. The nmethod of any of

t he precedi ng. Gramsfiarringtthe RBS cellscromeader (o ddeder-ffeé bEiflre withoupetidyaiated by

di ssociation or, dissect]o e hBS jn the feeder culture system by neans
of a suitable ct[ﬁafrf'ﬁrg%PL%qI??l)?E%H‘thaﬁHC@'hﬁ‘ﬁg[ﬂt' according to claim4, wherein
the hBS cells to be transferred is a colony of hBS cells, pieces is cut

fromthe cazmheensthod dfeidirnlidonhertomptsimethdatepiof a sui table nediumas cell
clusters. 20 6. The nethod according to claim4 or 5, wherein the cell

clusters are di ssoci ate nmechani,cally o or re tiges. 7. The net hod
accordi ng toPcl %ﬁﬁHﬁ'r@, ‘P‘G\ﬁ@F@FYFTgﬁ'é"eﬁ&%%ﬁ&gélndﬁfngégg%icﬁﬁ%gri%mber f or med

until the cell windaibeyis awitablegowtiemetiam arti/atonl aesttbble Qlpprtcibstiate.e. 9., at
the npst about 25 40% at the nost about 30% at the npbst about 20% at the

nost about % or, at the nost, about 5%.0f that qQf the original colony. 8.
The net ho&‘é&‘eﬁﬁp?ﬁQf,d%ér‘gi%rf”ﬁ?éC@'?"E%S"i‘%thﬁéﬁeé’r‘ﬁi ned as the dianeter of the
cluster or colony, respectively. 30 9. The nmethod according to any of

cl ai me12- 8, wheiRbaging B bibstdcystitlefifed 1BE comlie e\VBRPPI0 HaysiyshedHaicgionpr i si ng
a conponent, ”}?éaﬁgﬂ' bits differentiation and/ or pronotes

4. The method of any of the preceding claim, wherein the mec¢hanical treatment is
petformed by dissociation or dissection of the hBS in the feeder culture system by
means of a suitable cutting tool.

15
5. The method according to claim 4, wherein tha hBS cells to be transferred is a colony
of hBS celis, pieces is cut from the centre of the colony and suspended in a suitable
medium as cell clusters.

20 6. The method according to claim 4 or 5, wherein the celi clusters are dissociated
mechanically one or more times.

7. The method according to claim &, wherein the mechanical dissociation is performed
until the cell clusters have a size that is at least 50% such as, e.g., at the most about

25  40%, at the most about 30%, at the most about 20%, at the most about 10% or at the
most about 5% of that of the original colony.

8. The mathad of claim 7, wherein the size is determined as the diameter of the cluster
or colony, respectively.

30
8. The method according to any of elaims 2-8, wherein step b) is performed on a
support substrate comprising a component, that inhibits differentiation and/or promotes



41 survival and proliferation and/or adhesion of the blastocyst-derived
stemcells, such as, e.g., gelatin, polyornithine, fibronectin, agarose,

- poly-L-lysine or collagen type | and/dk an extra cellular matrix conponent,
such as, e.g.; MatrigePA, lamnin or human Extra Cellular Matrix from

pl acenta (hECM. 5 10. The nmethod according to claim9, wherein the extra
cellular matrix conponent is MatrigelT'. 11. The nethod according to any of

clainms 2-10Q, erei ' e Q.a,qrow h Lum
conpri si ng ¥R e b aRor i BRhRFFEpthE PRPoR - drtRoR el Bl R % vi va
and prol i f egatgetatinofolyanmithirBSfitrenéctin, dgdrosa, paly-hdysineomraotbgey type |@ndiom 11,
wherein th l i Il -free i ™ : .

- hES med O GtIEE e comeBngf adch o e B MellGerr: SMAIPS R XS, 1 oned by
previ ous efstidanMatok fromguraentadhEEM).13. A net hod according to any of clains
3-12, wherein step c) conprises dissociation of the hBS cells by enzymatic
treatment. 20 14. A nethod according to claim13. wherein the enzyne is a
col | agenas@9. Bgonethed acearding tocdaimh agenin they extiscelinlanmaibxrorpenedisng to any
of clains % wherein step c) conprises dissociation of the hBS cells by

mechani cal dissection. 25 16. A nmethod according to any of clainms 3-14,
wherein step c) conprises dissociation of the hBS cell by subjecting the

hBS cel I's o, B Rbthéd a6dordih tbanwofc@inﬁM-h@.duma@e@hrwc&@?ﬂegitmt Js%boéwhm%lrei nh
e NDS abou sSucC

t he concentration of the EDTA solutjon is. 30 at, t

e e o8 aighwB bl Somer eitaARRIheIIoHs ARl 2T RamaEbut 75 M
from about sGrvRatandgiroitérabich oivhe ABSRei@Oout 0.4 to about 25 mM or about 20
mM or | ess, about 15 mMor |ess, about 10 nMor |ess, about 5 mMor |ess,
about 1 mMor |ess or about 0.5 nMor less. 35 18. A nethod according to any
of the prededhngifeldaicosrdingtie clalm 11, hhendiSthearbwth4iedidm iscx Califree medidrn,f er ati on

capacity in undi f.f erentiated. o e oot hs when grown
under feedéc'P&P?seg' rkoﬁﬁpn@g@m'?i%{ﬁ@%i)ﬁggﬁﬁb?r%%r gﬁg'fj d chronosonal
kar yot e, conditjored by pegvious exposurabf feededesltsl. op i nt o derivatives of all types
of germ |l ayers both

13. A method according to any of claims 3-12, wherein step ¢} comprises dissociation
of the hBS cells by enzymati¢ treatment.

20 14. A method according to claim 13, wherein the enzymae is a collagenase, such as,
©.g., collagenase 1V.

156. A method according to any of claims 3-14, wherein step ¢) comprises dissociation
of the hBS celis by mechanical dissection.

25
18. A method according to any of claims 3-14, wherein step ¢) comprises dissociation
of the hBS cell by subjecting the hBS cells to an EDTA solution.

17. A method according to claim 16, wherein the concentration of the EDTA solution is

30  at the most about 100 mM such as e.g., from about 0.1 to abaut 100 mM, from about
0.2 to about 75 mM, from about 0.3 to about 50 mM, from about 0.4 t0 about 25 mM, or
about 20 mM or less, about 15 mM or lass, about 10 mM or less, about 5 mM or less,
about 1 mM or less or about 0.5 mM or less.

35 18. Amsthod according to any of the preceding claims, whersin the hBS cells



5invitro and in vivo, iv) exhibit at |east two of the follow ng markers
OCT- 4, al kaline phosphatase, the carbohydrate epitopes SSEA-3, SSEA-4, TRA
1-60, TRA 1-61, and the protein core?dbf a keratin sul fate/ chondroitin

sul fate periceltular matrix proteinglycan recognized by the nonocl onal

anti body GCTM2, 10 v) do not exhibit marker SSEA-1 or other differentiation
markers. vi) retain its pluripotency and forns teratomas in vivo when
injected into j no- conpron sed nice, and/or vji re capabl e of
differentiate. Mg Pr&{'?%g?%@paew an H@d'?%eﬁtlaé?drﬁg‘ﬁ?ﬁ'@”ﬁﬂéﬁ%T% passaged
hBS cel | s have rhdmthsabhdr grownluinddrugddaefreslyholver emditiohs ng I nto cardio-1i ke
cells relating ..ﬁo Cagdi ac, ti 3@#’9‘? 20. Almet hod to claim19, wherein the
passaged hBS cdl PERLIAIMALRURIGT phrpmasgmal KapWPet i ating i nto cardio-1i ke

cel I s rel ati ng it)onaictaidi patentialds develoghhiohietdvativk syl dlitgpedtf gupn Rysis@atrof

cardi onyocyte markers, .including at | east one of a-nyosin heavy chain
a-acti %y tropoﬁ’f'ﬁ']f!?aaﬁghi'%%oni nll or at |east one of the cardionyocyte
speci fi c genes,iv) gxhiblt atileasf (A bRMe fdlwihgInarkert/BCT-4) dkdinophosiRatagsd,. A net hod
according to clai : kR 4r 1| J 25

cardi onyocyt e- ltﬁig%réé?;{&gat%%gﬁoyégéﬁége%@‘g&ﬁt@{ﬁa r JO?Agjirrﬁléta?b%{dﬁH?o
contracting colmeiciagore oftd kematinysulifatipichondsoifimsulfatesperiseiWranaiis e t heir
frequency when g APRBS Sz dYy thAML RS ihBhCcReR.»i stered to the

cul turing nedi Jﬁoggg@i\ n%teg%‘ﬁdfeacgér d[?&r?g to?g%l@'bg)?)?ci%gmrr% 19-21, wherein the
anount10of car di\)dpinreexhiiitmarkg BIGA-¢ ar ofher difeTeRtiation mafkerhe pl uri pot ent human

BS cel | line is;hb@hais tepeyaid fori®terdtohad inViRUNerdhjetiBs irie! | S Wi thin the
culture, such aé) e.g. h‘?{‘gﬁ’gr than 35% e(r)r hi gik?er1 t ;r? l20%Io’$ hi gher than

45% or hi gher MARROSEMpPIOmsediRise ANOIRSd according to any of claims 1, 2,
4-22, further oginpreicapile bh@fisrematf 43 c. passaging the bl astocyst derived

stemcell line every 3-10 days by enzymatic and/or mechanical treatnent.
15  19. A method according to claims 3-18, wherein passaged hBS cells have the ability of
further differsntiating Into cardio-like cells retating to cardiac tissue.

20. A method to claim 19, wharsin the passaged hBS cells have the abillity of
differentiating into cardio-like cells relating to cardiac tissus, which display the

20 expression of cardiomyocyte markers, including at least one of a-myosin heavy chain
a-actin, troponin land troponin |l or at least one of the cardiomyocyte specific genes,
including GATA4, Mkx2.5, a-MHC, 3-MHC or ANF.

21, A method according to ¢laim 12 or 20, wharein the cardio-like celis are

25  cardiomyocyte-like cells characterized by their organization into contracting colonies,
which are able to increase or decrgase their frequency when a or B agonists or
antagonists are administered to the culturing media.

22. A method according to any of claims 19-21, wherein the amount of cardio-like celis

30  which are derived from the pluripotent human BS cell line is higher than 25% of the
total amount of the cells within the culture, such as e.g. higher than 35%, or higher than
40%, or higher than 45%, or higher than 50%.

23. The method according to any of claims 1, 2, 4-22, further comprising the step of
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c. passaging the blastocyst derived stem cell line every 3-10 days by enzymatic
and/or mechanical treatment.



