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The present invention is of a method of dynamically gener 
ating human embryoid bodies Which can be used for gener 
ating lineage speci?c cells and cell lines. Speci?cally, the 
present invention can be used to generate ESC-differentiated 
cells for cell-replacement therapy. 
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METHOD OF DYNAMICALLY CULTURING 
EMBRYONIC STEM CELLS 

RELATED PATENT APPLICATION 

[0001] This application is a Continuation of US. patent 
application Ser. No. 10/536,439 ?led on Nov. 28, 2005, Which 
is a National Phase Application of PCT Patent Application 
No. PCT/ IL03/ 01017 having International Filing Date of 
Nov. 30, 2003, Which claims the bene?t of US. Provisional 
Patent Application No. 60/429,574 ?led on Nov. 29, 2002. 
[0002] The contents of the above Applications are all incor 
porated herein by reference. 

FIELD AND BACKGROUND OF THE 
INVENTION 

[0003] The present invention relates to a method of 
dynamically culturing human embryonic stem cells (hESCs) 
Which method can be utilized for large scale production of 
embryoid bodies (EBs) and EBs-derived-cells and cell lines 
and thus is particularly suitable for the generation of cell 
cultures utilized in cell replacement therapy. 
[0004] Human embryonic stem cells (hESCs) are prolifera 
tive, undifferentiated stem cells capable of being maintained 
in an undifferentiated state While preserving their pluripotent 
capacity. 
[0005] ESCs can differentiate into cell types having a par 
ticular, specialized function (i.e., “fully differentiated” cells) 
or to cells capable of being maintained in an undifferentiated 
state (i.e., “pluripotent stem cells”). Upon removal from their 
cultures, ESCs can spontaneously differentiate into three 
dimensional cell aggregates, Which, overtime, increase in cell 
number and complexity and form embryoid bodies (EBs) 
(Thomson et al., 1998). EBs are morphological structures 
comprised of a population of ESCs and/or embryonic germ 
cells (EGCs) Which have undergone differentiation. EBs for 
mation initiates folloWing the removal of differentiation 
blocking factors from ES cell cultures. In the ?rst step of EBs 
formation, ESCs proliferate into small masses of cells Which 
then proceed With differentiation. In the ?rst phase of differ 
entiation, folloWing 1-4 days in culture for human ESCs, a 
layer of endodermal cells is formed on the outer layer of the 
small mass, resulting in “simple EBs”. In the second phase, 
folloWing 3-20 days post-differentiation, “complex EBs” are 
formed. Complex EBs are characterized by extensive differ 
entiation of ectodermal and mesodermal cells and derivative 
tissues. 
[0006] Stem-cell-derived-differentiated cells of speci?c 
lineages are of increasing importance for various therapeutic 
and tissue engineering applications. HoWever, for both tissue 
regeneration and cell-replacement applications there is a need 
to develop methods of e?iciently producing large quantities 
of EBs-derived-differentiated cells. 

[0007] Prior art methods of generating EBs involve the 
initial aggregation of ESCs into spheroid, three-dimensional 
structures. Thus, When undifferentiated ESCs are removed 
from their feeder layers and transferred to liquid media using 
non-adherent tissue culture plates large aggregates of EBs are 
formed (Itskovitz-Eldor et al., 2000). HoWever, the extent of 
EB aggregation should be carefully monitored and controlled 
since large agglomerated EBs are often accompanied With 
extensive cell death and necrosis due to mass transport limi 
tations (Dang et al., 2002). 
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[0008] To overcome these limitations, methods of con 
trolled agglomeration of EBs have been developed. These 
include the hanging drop method in Which the ESCs are 
aggregated in hanging drops for tWo days prior to their trans 
fer to liquid cultures. Another method utilizes semi-solid 
methylcellulose cultures in order to control EB’s agglomera 
tion (as disclosed by Dang et al., 2002 and in US. Pat. Appl. 
No. 20030119107). HoWever, although adequate for small 
scale laboratory purposes these systems are not amenable to 
large-scale clinical production due to the inability to control 
the extracellular components, Which may affect EB’s purity 
and reproducibility, as Well as the cell types Which can be 
readily generated therefrom [Maltepe, E. et al., (1997). 
Abnormal angiogenesis and responses to glucose and oxygen 
deprivation in mice lacking the protein ARNT. Nature, 386: 
403-7; Soria, B. (2001). In vitro differentiation of pancreatic 
beta-cells. Differentiation 68: 205-19; Zandstra, P. W. and 
Nagy, A. (2001). Stem cell bioengineering. Annu Rev 
Biomed Eng 3 :275-305]. On the other hand, prior art attempts 
to culture EBs in spinner ?asks, as a simple, large-scale 
process, resulted in either the formation of large cell-clumps 
Within a feW days (Wartenberg et al., 2001), or in a massive 
hydrodynamic damage to the cells When extensive mixing 
Was used (Chisti, 2001). 
[0009] There is thus a Widely recognized need for, and it 
Would be highly advantageous to have, a method of dynami 
cally generating hEBs devoid of the above described limita 
tions. 

SUMMARY OF THE INVENTION 

[0010] According to one aspect of the present invention 
there is provided a method of dynamically generating embry 
oid bodies comprising culturing embryonic stem cells in a 
bioreactor selected capable of subjecting cells cultured in a 
?uid contained therein to randomized gravity vectors Without 
formation of gas bubbles in the ?uid to thereby obtain 
dynamically generated embryoid bodies. 
[0011] According to another aspect of the present invention 
there is provided a cell culture comprising embryoid bodies, 
Wherein at least 90% of the embryoid bodies fall Within a 
diameter size range of 400-800 pm. 
[0012] According to yet another aspect of the present 
invention there is provided a method of generating expanded 
and/or differentiated cells from embryonic stem cells com 
prising: 
(a) culturing embryonic stem cells in a bioreactor selected 
capable of subjecting cells cultured in a ?uid contained 
therein to randomized gravity vectors Without formation of 
gas bubbles in the ?uid to thereby obtain dynamically gener 
ated embryoid bodies; 
(b) isolating lineage speci?c cells from the embryoid bodies, 
and; (c) culturing the lineage speci?c cells under culturing 
conditions selected suitable for the expansion and/or differ 
entiation of the lineage speci?c cells to thereby obtain 
expanded and/ or differentiated lineage-speci?c cells. 
[0013] According to still another aspect of the present 
invention there is provided a method of treating a disorder 
requiring cell replacement therapy comprising: (a) culturing 
embryonic stem cells in a bioreactor selected capable of sub 
jecting cells cultured in a ?uid contained therein to random 
ized gravity vectors Without formation of gas bubbles in the 
?uid to thereby obtain dynamically generated embryoid bod 
ies; (b) isolating lineage speci?c cells from the embryoid 
bodies; (c) culturing the lineage speci?c cells under culturing 
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conditions selected suitable for the expansion and/or differ 
entiation of the lineage speci?c cells to thereby obtain 
expanded and/ or differentiated lineage-speci?c cells, and; (d) 
administering cells of the expanded and/or differentiated lin 
eage-speci?c cells to an individual in need thereof thereby 
treating the disorder requiring cell replacement therapy. 
[0014] According to an additional aspect of the present 
invention there is provided a method of dynamically expand 
ing embryonic stem cells While maintaining the embryonic 
stem cells in an undifferentiated state, the method comprising 
culturing embryonic stem cells in a bioreactor selected 
capable of subjecting cells cultured in a ?uid contained 
therein to randomiZed gravity vectors Without formation of 
gas bubbles in the ?uid to thereby obtain dynamically 
expanded undifferentiated embryonic stem cell cultures. 
[0015] According to further features in preferred embodi 
ments of the invention described beloW, the bioreactor is 
capable of exerting a microgravitational force on the cells 
cultured therein. 
[0016] According to still further features in the described 
preferred embodiments the microgravitational force is 
selected from the range of 0.05-0.9 G. 
[0017] According to still further features in the described 
preferred embodiments the micro gravitational force is 0.1 G. 
[0018] According to still further features in the described 
preferred embodiments the bioreactor is capable of maintain 
ing the embryonic stem cells in a state of free fall. 
[0019] According to still further features in the described 
preferred embodiments the bioreactor is a tubular vessel hav 
ing at least one vessel port for transferring materials into and 
out of the tubular vessel. 
[0020] According to still further features in the described 
preferred embodiments the tubular vessel is rotating around a 
horizontal longitudinal axis. 
[0021] According to still further features in the described 
preferred embodiments the bioreactor is capable of holding a 
?uid volume selected from the range of 1-500 ml. 
[0022] According to still further features in the described 
preferred embodiments the bioreactor is capable of holding a 
?uid volume of 55 ml. 
[0023] According to still further features in the described 
preferred embodiments a diameter of the tubular vessel is 
selected from range of 254-1524 centimeters. 
[0024] According to still further features in the described 
preferred embodiments culturing of the embryonic stem cells 
is effected in the tubular vessel under a rotational speed 
selected from a range of 15-20 rpm. 
[0025] According to still further features in the described 
preferred embodiments the bioreactor enables oxygenation of 
the ?uid via controlled diffusion of dissolved gasses. 
[0026] According to still further features in the described 
preferred embodiments the embryonic stem cells are cultured 
at an initial concentration of 0.5-0.7><106 cells per milliliter 
medium. 
[0027] According to still further features in the described 
preferred embodiments the bioreactor is a sloW turning lateral 
vessel. 
[0028] According to still further features in the described 
preferred embodiments culturing of the embryonic stem cells 
is effected in a culture medium selected suitable for embryoid 
bodies formation. 
[0029] According to still further features in the described 
preferred embodiments the culture medium includes 80% 
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KO-DMEM, 20% serum, 0.5% Penicillin-Streptomycin, 1 
mM L-glutamine, 0.1 mM [3-mercaptoethanol and 1% non 
essential amino acid stock. 
[0030] According to still further features in the described 
preferred embodiments culturing is effected over a culturing 
period of 1-35 days. 
[0031] According to still further features in the described 
preferred embodiments culturing is effected for 30 days. 
[0032] According to still further features in the described 
preferred embodiments at least 85% of the embryoid bodies 
are devoid of necrotic centers. 
[0033] According to still further features in the described 
preferred embodiments isolating lineage speci?c cells is 
effected by sorting of cells contained Within the embryoid 
bodies via ?uorescence activated cell sorter. 
[0034] According to still further features in the described 
preferred embodiments isolating lineage speci?c cells is 
effected by a mechanical separation of cells, tissues and/or 
tissue-like structures contained Within the embryoid bodies. 
[0035] According to still further features in the described 
preferred embodiments isolating lineage speci?c cells is 
effected by subjecting the embryoid bodies to differentiation 
factors to thereby induce differentiation of the embryoid bod 
ies into lineage speci?c differentiated cells. 
[0036] According to still further features in the described 
preferred embodiments the embryonic stem cells are attached 
to a carrier. 

[0037] According to still further features in the described 
preferred embodiments the carrier is coated With a matrix 
selected capable of supporting a groWth of the embryonic 
stem cells. 
[0038] According to still further features in the described 
preferred embodiments culturing of the embryonic stem cells 
is effected in a culture medium selected suitable for expand 
ing embryoid stem cell cultures in the undifferentiated state. 
[0039] The present invention successfully addresses the 
shortcomings of the presently knoWn con?gurations by pro 
viding methods of dynamically generating human embryoid 
bodies Which can be used for generating lineage speci?c cells 
and cell lines useful in, for example, cell replacement therapy. 
[0040] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of the present invention, suitable methods and 
materials are described beloW. In case of con?ict, the patent 
speci?cation, including de?nitions, Will control. In addition, 
the materials, methods, and examples are illustrative only and 
not intended to be limiting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] The invention is herein described, by Way of 
example only, With reference to the accompanying draWings. 
With speci?c reference noW to the draWings in detail, it is 
stressed that the particulars shoWn are by Way of example and 
for purposes of illustrative discussion of the preferred 
embodiments of the present invention only, and are presented 
in the cause of providing What is believed to be the most 
useful and readily understood description of the principles 
and conceptual aspects of the invention. In this regard, no 
attempt is made to shoW structural details of the invention in 
more detail than is necessary for a fundamental understand 
ing of the invention, the description taken With the draWings 
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making apparent to those skilled in the art hoW the several 
forms of the invention may be embodied in practice. 
[0042] In the drawings: 
[0043] FIGS. la-b schematically illustrate the rotating 
bioreactors utilized by the present invention. FIG. laithe 
sloW turning lateral vessel (STLV) system; FIG. 1b—the high 
aspect rotating vessel (HARV) system. 
[0044] FIGS. 2a-c are photomicrographs of one-month-old 
EBs illustrating a dynamic formation using the various cul 
turing systems. FIG. 2aiSTLV; FIG. 2biHARV; FIG. 
2cistatic petri dishes. ShoWn are Hematoxylin-Eosin 
(H&E) stained histological sections illustrating the formation 
of small and relatively homogenous population of hEBs gen 
erated in the STLV bioreactor (FIG. 2a), big cell clumps in 
EBs generated in the HARV bioreactor (FIG. 2b), and EB 
adherence events generated in the static culture (FIG. 20, 
arroW). SiZe bar represents 100 pm. 
[0045] FIGS. 3a-d illustrate the e?iciency of hEBs forma 
tion in STLV versus static petri dish cultures. ShoWn are light 
photomicrographs of representative ?elds of hEBs generated 
using the STLVbioreactor (FIGS. 3a-b) or the static petri dish 
cultures (FIGS. 3c-d), one (FIGS. 3a, 0) or tWo (FIGS. 3b, d) 
Weeks folloWing hESC seeding. Note the cyst formation and 
the EB adherence events (FIG. 3d, arroW and arrowhead, 
respectively) in hEBs generated in the static culture as com 
pared With the multiple, small-siZe EBs generated in the 
STLV bioreactor. SiZe bar represents 100 pm. 
[0046] FIGS. 3e-h are time-course analyses comparing 
DNA and protein concentrations in EBs generated using the 
STLV bioreactor or the static petri dish cultures. FIG. 
36*1‘21W data of Hoechst absorbance; FIG. 3ficalculated 
DNA concentration; FIG. 3giraW data of 562 nm absor 
bance; FIG. 3h4calculated protein concentration; dashed 
line:STLV, solid line:static petri dishes. 
[0047] FIGS. 4a-l illustrate cell viability during hEBs for 
mation and cultivation in STLV and static cultures. FIGS. 
4a-d are time-course analyses comparing the viable cells 
(XTT) and lactate dehydrogenase (LDH) activity in EBs gen 
erated using the STLV bioreactor or the static petri dish cul 
tures. FIG. 411*1‘21W data of XTT; FIG. 4b4calculated XTT; 
FIG. 4ciraW data LDH; FIG. 4diLDH leakage; dashed 
line:STLV, solid line:static petri dishes. FIGS. 4e-h are pho 
tomicrographs depicting cell viability using Ethidium 
homodimer-1 (EthD-1) staining in hEBs generated using 
STLV (FIGS. 4e-f) or static (FIGS. 4g-h) cultures. FIG. 
4eilight photomicrograph; FIG. 4fi?uorescence photomi 
crograph; FIG. 4gilight photomicrograph; FIG. 4hi?uo 
rescence photomicrograph. Note the faint red staining 
observed in EBs generated using the STLV bioreactor (FIG. 
4]’) as compared With the strong red staining observed in EBs 
generated using static cultures (FIG. 4h). FIGS. 4i-l are ?uo 
rescence photomicrographs of representative EBs depicting 
DNA strand breaks folloWing a tunnel assay. FIGS. 4i-ji 
EBs generated using the STLV bioreactor; FIGS. 4k-liEBs 
generated using the static cultures. Note the presence of sig 
ni?cant green ?uorescence in EBs generated using the static 
cultures as compared With the nearly absence of green ?uo 
rescence in EBs generated using the STLV bioreactor. 
[0048] FIGS. 5a-f are graphs illustrating medium meta 
bolic indices in STLV and static cultures along the culture 
period. FIG. 5aimeasured glucose level in medium; FIG. 
5b4calculated glucose consumption rate; FIG. Scilactic 
acid production; FIG. SdipH; FIG. 5eipO2; FIG. 
SfipCOZ; Data represent the average of 3 independent 
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experiments; Dashed lines or black columns:STLV bioreac 
tor, solid lines and gray columns:static cultures. Note the 
enhanced metabolism detected in the STLV system using the 
glucose consumption, lactic acid production and pH indices. 
[0049] FIGS. 6a-f are photomicrographs illustrating the 
differentiation stage of EBs generated using the STLV (FIG. 
6a-c) or the HARV (FIG. 6d-j) bioreactors. ShoWn are H&E 
stained histological sections of one-month-old EBs. Note that 
While the STLV-generated EBs differentiated into epithelial 
neuronal tubes (FIG. 6a, arroWs), blood vessels (FIG. 6b, 
arroWs) and glands (FIG. 60, arroWs) the HARV-generated 
EBs included a large necrotic area (FIG. 6d) as Well as some 
indication of differentiation mainly observed at the edges of 
the cell clumps, such as primitive blood cells (FIG. 6e) and 
cartilage-like structures (FIG. 6]). SiZe bar represents 100 pm. 
[0050] FIGS. 7a-c are immunohistochemistry analyses 
depicting the expression of differentiation markers in one 
month-old hEBs generated using the STLV bioreactor. 
ShoWn are light photomicrographs of hEBs labeled With anti 
glial ?brillary acidic protein (GFAP, FIG. 7a), anti CD34 
(FIG. 7b) and anti somatostatin (FIG. 70) antibodies. Note the 
positive staining of the primitive neuronal tubes With GFAP 
staining, the blood vessels With CD34 staining and the Well 
organiZed pillari epithelial tubes With somatostatin staining. 
SiZe bar represents 100 pm. 
[0051] FIG. 7d illustrates RT-PCR determination of the 
expression of various genes representing all three embryonic 
germ layers in hEBs. NF:Neuro?lament 68 KD (GenBank 
Accession No: AY156690); CKIOICytokeratin 10 (Gen 
Bank Accession No: XMi352919); otCA:ot-cardiac actin 
(GenBank Accession No: NMi005159); Renin (GenBank 
Accession No: AY436324); CMPIcartilage matrix protein 
(GenBank Accession No: NMi002379); CD31 (GenBank 
Accession No: NMi000442); GATA4 (GenBank Accession 
No: NMi002052); Albumin (GenBank Accession No: 
AF542069); otFP:ot-fetoprotein (GenBank Accession No: 
BCO27881); Oct4 (GenBank Accession No: 881255); 
GAPDH:glyceraldehyde-3-phosphate dehydrogenase (Gen 
Bank Accession No: 104038). Lane 1i7-day-old hEBs gen 
erated using the STLV culture; lane 2i30-day-old hEBs 
generated using the STLV culture; lane 3i7-day-old hEBs 
generated using the static culture; lane 4i30-day-old hEBs 
generated using the static culture; The speci?city of the reac 
tion Was veri?ed in the absence of RNA (FIG. 7d, lane 5). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0052] The present invention is of a method of dynamically 
generating human embryoid bodies Which can be used for 
generating lineage speci?c cells and cell lines useful in, for 
example, cell replacement therapy. 
[0053] The principles and operation of the method of 
dynamically generating human embryoid bodies according to 
the present invention may be better understood With reference 
to the draWings and accompanying descriptions. 
[0054] Before explaining at least one embodiment of the 
invention in detail, it is to be understood that the invention is 
not limited in its application to the details set forth in the 
folloWing description or exempli?ed by the Examples. The 
invention is capable of other embodiments or of being prac 
ticed or carried out in various Ways. Also, it is to be under 
stood that the phraseology and terminology employed herein 
is for the purpose of description and should not be regarded as 
limiting. 
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[0055] Human embryonic stem cells (hESCs) are of 
increasing importance as a potential source of all types of 
differentiated cells useful in various therapeutic and tissue 
engineering applications. 
[0056] Although there are numerous approaches for gener 
ating stem cell-derived-differentiated cells, approaches 
Which employ an embryoid body (EB) forming step are pres 
ently preferred since they imitate embryogenesis. 
[0057] EBs are formed folloWing the removal of ESCs from 
feeder layer-, or matrix-based cultures into suspension cul 
tures. The ?rst and mo st critical step in the development of EB 
is the formation of ESC aggregates. The extent of aggregation 
should be carefully monitored and controlled since large 
agglomerated EBs are often characterized by extensive cell 
death and necrosis due to mass transport limitations (Dang et 
al., 2002). 
[0058] Previous attempts to generate EBs utilized the hang 
ing drops (Kuo, H. C. et al., 2003. Differentiation of monkey 
embryonic stem cells into neural lineages. Biol Reprod. 68: 
1727-35) or the semi-solid methylcellulose culture 
approaches (Dang et al., 2002; US. Pat. Appl. No. 
20030119107 to Dang, S. et al). Although such culturing 
conditions might be suitable for research purposes, they are 
limited by variable and uncontrolled extracellular compo 
nents. 

[0059] Attempts to dynamically generate EBs in spinner 
?asks resulted in either the formation of large cell-clumps 
Within a feW days (Wartenberg et al., 2001), or in a massive 
hydrodynamic damage to the cells When extensive mixing 
Was used (Chisti, 2001). Moreover, oxygenation and suspen 
sion of cells using prior art methods have subjected the ESCs 
to the destructive forces caused by gas bubbles. 
[0060] While reducing the present invention to practice, the 
present inventors have devised a novel culturing approach 
Which is particularly suitable for generating EBs under 
dynamic culturing conditions and thus can be used for large 
scale production of lineage speci?c-differentiated cells. As is 
illustrated in Examples 1 and 2 of the Examples section Which 
folloWs, EBs generated using such an approach Were devoid 
of necrotic centers and consisted of a homogenous, small-size 
EB culture, i.e., at least 90% of the EBs exhibited a diameter 
size of 400-800 pm. 
[0061] Thus, according to one aspect of the present inven 
tion there is provided a method of dynamically generating 
embryoid bodies. 
[0062] The method is effected by culturing embryonic stem 
cells (ESCs) in a bioreactor capable of subjecting cells cul 
tured in a ?uid contained therein to randomized gravity vec 
tors Without formation of gas bubbles in the ?uid. 
[0063] Such conditions assure that cultured ESCs are sub 
jected to a constant gentle movement, With increased cell-cell 
interactions, and yet are not exposed to destructive forces 
Which can result from ?uid ?oW and/ or presence of gas 
bubbles. 
[0064] As used herein, the term “randomized gravity vec 
tors” refers to subjecting the cells to varying gravity vectors 
during culturing in order to prevent the dictation of a groWth 
direction by a single gravity vector. Thus, cells and/ or tissues 
cultured under randomized gravity vectors can groW in all 
directions. 
[0065] To generate randomized gravity vectors the biore 
actor used by the present invention is preferably a tubular 
shaped vessel capable of rotating around its central spin axis, 
preferably around a horizontal longitudinal axis. 
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[0066] Preferably, the diameter of the tubular shaped biore 
actor used by the present invention is in the range of 2.54 to 
15.24 cm., more preferably, in the range of 2.54 to 7.62 cm., 
most preferably the diameter of the tubular bioreactor is 2.54 
cm. 

[0067] To minimize the effect of a gravitational force on the 
cultured ESCs, the bioreactor is preferably capable of exert 
ing a microgravitational force Which enables the cells to 
freely interact With each other Without being dictated by a 
gravitational force. 
[0068] Preferably, the microgravitational force exerted by 
the bioreactor of the present invention is selected from the 
range of 0.05-0.9 G, more preferably 0.05-0.5 G, most pref 
erably 0.1 G. 
[0069] Thus, cells cultured in the bioreactor according to 
the teachings of the present invention are subjected to ran 
domized microgravity vectors Which in essence generate an 
environment in Which the cells are in a state of constant “free 
fall”. Under these conditions the ?uid and the cells contained 
therein are mixed and suspended Without being subjected to 
destructive or stressful forces, such as those present in other 
dynamic methods using stirrers, airlifts and/ or agitators. 
[0070] Moreover, by exposing the cells to random gravity 
forces, the cultured cells are capable of multi-directional 
groWth and are therefore capable of e?iciently aggregating 
into three-dimensional structures. 

[0071] To optimize gas and oxygen supply to and from the 
ESC culture, the bioreactor further includes one or more 
vessel ports for transferring materials such as oxygen and 
other gasses into and out of the tubular vessel. 

[0072] Preferably, the bioreactor is equipped With a mem 
brane diffusion gas exchange system. Thus, oxygenation is 
effected by active or passive diffusion Which results in the 
exclusion of all but dissolved gasses from the reactor cham 
ber, yielding a vessel devoid of gas bubbles and gas/?uid 
interfaces. 

[0073] Moreover, the bioreactor used by the present inven 
tion is preferably designed to enable e?icient gas exchange by 
providing a high ratio betWeen the membrane area and the 
volume of medium. 

[0074] Suitable bioreactors for use along With the present 
invention, include, but are not limited to, the rotating cell 
culture systems (RCCS) developed by NASA, Which are 
described in details in US. Pat. Nos. 5,763,279 and 5,437,998 
to SchWartz et al., Examples of RCCS include the SloW 
Turning Lateral Vessel (STLV) and the High Aspect Ratio 
Vessel (HARV) Which are further described in Example 1 of 
the Examples sections Which folloWs. Brie?y, the STLV 
bioreactor is a tubular shaped chamber With a central gas 
transfer cord, and the HARV bioreactor is a disc shaped 
culture chamber in Which the oxygenator membrane forms 
the inside Wall of the vessel. 

[0075] Preferably, the bioreactor utilized by the present 
invention is the STLV. As is shoWn in Example 1 of the 
Examples section Which folloWs, EBs generated folloWing 
one month of culturing using the STLV bioreactor exhibited 
relatively homogenous small aggregates of viable cells. 
[0076] As is mentioned hereinabove, the ESCs are cultured 
in a ?uid contained Within the bioreactor. Preferably, the 
bioreactor of the present invention is capable of holding a 
?uid volume in the range of 1-500 ml. more preferably, 
10-250 ml. most preferably 20-150 ml. 


































