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Abstract A major concern in human embryonic stem cell
(hESC)-derived cell replacement therapy is the risk of
tumorigenesis from undifferentiated hESCs residing in the
population of hESC-derived cells. Separation of these
undifferentiated hESCs from the differentiated derivatives
using cell sorting methods may be a plausible approach in
overcoming this problem. We therefore explored magnetic
activated cell sorting (MACS) and fluorescence activated
cell sorting (FACS) to separate labelled undifferentiated
hESCs from a heterogeneous population of hESCs and
hepatocellular carcinoma cells (HepG2) deliberately mixed
respectively at different ratios (10:90, 20:80, 30:70, 40:60
and 50:50) to mimic a standard in vitro differentiation
protocol, instead of using a hESC-differentiated cell
population, so that we could be sure of the actual number
of cells separated. HES-3 and HES-4 cells were labelled in
separate experiments for the stem cell markers SSEA-4 and
TRA-1–60 using primary antibodies. Anti-PE magnetic
microbeads that recognize the PE-conjugated SSEA-4
labelled hESCs was added to the heterogeneous cell
mixture and passed through the MACS column. The cells
that passed through the column (‘flow-through’ fraction)
and those retained (‘labelled’ fraction’) were subsequently
analysed using FACS. The maximum efficacy of hESCs
retention using MACS was 81.0±2.9% (HES-3) and 83.6±

4.2% (HES-4). Using FACS, all the undifferentiated hESCs
labelled with the two cell-surface markers could be
removed by selective gating. Both hESCs and HepG2 cells
in the ‘flow-through’ fraction following MACS separation
were viable in culture whereas by FACS separation only the
HepG2 cells were viable. FACS efficiently helps to
eliminate the undifferentiated hESCs based on their cell-
surface antigens expressed.
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Introduction

The isolation of human embryonic stem cell (hESC)-like
cells from the inner cell mass of human blastocysts [4]
followed by the derivation of a hESC lines [22, 29] has
made hESC-derived tissue transplantation therapy a future
possibility for the treatment of a variety of incurable
diseases. In fact, successful engraftment of hESC-derived
neurons, pancreatic islets and cardiomyocytes have been
recently reported in Parkinsonian [32], diabetic [27] and
ischaemic [13] animal models. However, hESC-derived
tissue transplantation is fraught with major hurdles which
need to be overcome before this science can enter human
clinical trials. These problems include (1) inadequate cell
numbers for treatment (2) immunorejection and (3) tumor-
igenesis. Generally, pluripotent cells of human or mouse
origin induce teratomas in normal and immunosuppressed
mice. Thus far, hESCs derived from surplus IVF embryos,
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induced pluripotent stem cells (iPSCs) and human embry-
onal carcinoma cells (hEC) have been confirmed to induce
teratoma formation in mice [1].

How teratomas are actually formed in vivo in mice when
hESC-derived tissues are transplanted have not been
properly studied to help understand what would actually
happen when such tissues are transplanted in the human.
Mouse embryonic stem cell (mESC)-derived insulin pro-
ducing islets [9], mESC-derived cardiomyocytes [5] and
mESC-derived neurons [8] produced teratomas when
injected into immunosuppressed mice. Undifferentiated
mESCs consistently formed teratomas when injected into
normal and infarcted hearts of nude mice [18]. However,
injection of hESC-derived cardiomyocytes [13] and osteo-
cytes [3] into ischemic hearts and malformed bone
respectively did not yield teratomas within one month of
injection. Injection of hESC-derived neurons into the brain
of Parkinsonian rats did not yield teratomas after 12 weeks
[2] and in a more recent study, hESC-derived neurons
injected into the brain of immunosuppressed fetal mice did
not generate teratomas after 8 weeks [32].

Certain organs appear to favour teratoma formation
while others do not. For example the rate of teratoma
formation with hESCs in immunodeficient mice was site-
dependent with a 25–100% incidence when injected
subcutaneously, 60% intratesticularly, 12.5% intramuscu-
larly and 100% when injected under the kidney capsule
[20]. In another study, the pancreas appeared to be partially
site-privileged while the thymus and lung had the highest
incidence of teratoma formation [26].

It is also not clear as to how many undifferentiated
hESCs actually induce a teratoma in vivo. Lawrenz et al.
[15] carried out studies in the mouse where they injected
defined numbers of mESCs together with normal lung cells
(MRC-5) under the kidney capsule of nude mice and
separately with matrigel subcutaneously. They reported that
as few as 2 mESCs induced teratoma formation. Different
results were obtained with hESCs when Shih et al. [26]
injected hESCs into immunosuppressed mice. In all mice
studied by them, up to 5,000 hESCs were required to
produce teratomas while up to 50 hESCs did not produce
teratomas at all in any of the animals studied. Thus, at the
present moment in time it is not clear as to what the
minimum number of hESCs are that will induce a teratoma
at least 8 weeks after injection which is the usual cut-off
time for any teratoma formation in the conventional
teratoma assay in SCID mice used for hESCs. It is also
not clear in all the above studies whether actual single cells
in suspension were injected or whether the cells aggregated
into clusters at the time of injection. It is also possible that
the longer hESCs are encouraged to differentiate in vitro,
the lesser the risk of teratoma formation from any left-over
undifferentiated hESCs.

Various strategies have been suggested to eliminate
rogue undifferentiated hESCs residing in differentiated
hESC-derivatives. These include the selective induction of
apoptosis of the hESCs in the heterogeneous cell popula-
tion, the development of antibodies that specifically target
undifferentiated hESCs, the separation of the undifferenti-
ated hESCs from the differentiated cell population prior to
transplantation using cell sorting methods alone or in
combination with density gradient separation, deliberate
extended differentiation of hESC-derivatives to allow any
undifferentiated hESCs to differentiate into an undesirable
cell type. If one approach alone is not successful, it is
possible that combinations of two or more of the above
approaches may be required. In this paper we report the
preliminary results of an attempt at separation of un-
differentiated hESCs from a mixed heterogeneous cell
population containing hESCs and somatic cells using
surface antigen labelled hESCs with magnetic activated
cell sorting (MACS) and fluorescent activated cell sorting
(FACS).

Materials and Methods

Cell Culture

HepG2 cells were used instead of normal somatic cells in
this study because (1) they were freely available in our
laboratory, (2) their large nuclear size and phenotype helps
to distinguish them more easily from undifferentiated
hESCs and any left-over differentiated hESCs from culture
and (3) they closely resemble normal hESC-derived liver
cells.

Ethical approval for the use of hESC lines (HES-3, 46XX
and HES-4, 46XY); ES Cell International, Singapore) and
the commercially available human hepatocarcinoma cell
line, HepG2 (American Type Culture Collection, Rockville,
MD, USA) was obtained from the Institutional Review
Board, National University of Singapore. The hESC lines
were maintained in DMEM/F12 medium containing 20%
knock-out serum-replacement, 2 mM L-glutamine, penicillin
(50IU), streptomycin (50 μg/ml), 1× nonessential amino
acids, and 0.1 mM β-mercaptoethanol (Invitrogen Life
Technologies, CA, USA) cultured on mitomycin-C-treated
mouse embryonic fibroblasts (MEFs; 1.8×104/cm2) and
passaged weekly using Type IV collagenase (Invitrogen) at
a 1:4 ratio. Individual colonies were mechanically cut with
sharp hypodermic needles into small pieces and transferred
to fresh mitomycin-C-treated MEFs (MMC) at each passage.
HepG2 was maintained in DMEM containing 10% fetal
bovine serum (Biochrom), and propagated as a monolayer
culture. Cells were maintained at 37°C in a humidified
incubator of 5%CO2/95% air.
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Dissociation, Labelling and Mixing of Cells

HES-3, HES-4 and HepG2 cells were dissociated using
TrypLE Express (Invitrogen) for 5 min at room tempera-
ture. Subsequently, the cells were spun down at ×1,000 rcf
for 5 min and resuspended in 10 mL wash buffer (PBS−

containing 4 mM Hepes buffer and 5% normal goat serum;
0.22 μm filtered). Dissociated cells were filtered through a
40 μm cell strainer cap (Becton Dickinson, BD) to eliminate
cell clumps before cell counts were performed on the single
cell suspension for both HES-3, HES-4 and HepG2.

The cells were labelled with two different primary
antibodies: mouse IgM α-TRA-1–60 (10 μg/ml; Chemicon),
and Phycoerythrin (PE) conjugated mouse IgG3 α-SSEA4
(0.6 μg/ml; eBioscience) and their respective secondary
antibodies: goat α-mouse IgM fluorescein isothiocyanate
(FITC) conjugate (6.5 μg/ml; Sigma) and magnetic α-PE
microbeads (Miltenyi Biotech) for 15 min at room
temperature. The magnetic microbeads recognise SSEA-4
positive hESCs, which aid in their retention upon passing
through the MACS column, and were used at a concentra-
tion of 20 μl for 107 cells as per the manufacturer’s
protocol. Based on the initial cell counts, labelled hESCs
were then mixed with HepG2 at the ratios of 10%, 20%,
30%, 40% and 50%.

Magnetic Cell Sorting and Flow Cytometry

For MACS, cell mixtures were washed with MACS buffer
(PBS containing 2 mM EDTA and 0.5% BSA). The washed
cells were re-suspended and applied to the MS column of
MiniMACS magnetic separation kit (Miltenyi Biotech).
The cell mixture was then passed through the magnetic
column followed by a series of three washes (500 μl each).
The total effluent was collected as the ‘flow-through’
fraction. The MS column was then removed from the
magnet and by the means of a plunger, 1 ml of MACS
buffer was used to flush the microbead labelled cells out
from the column which were initially retained by the
magnetic field. The effluent was collected as the ‘labelled’
fraction. To investigate the purity of the magnetically
separated cells, both the ‘flow-through’ and ‘labelled’
fractions, together with the unsorted cell mixture (the
original cell mixture that were not subjected to the MS
column) were subsequently analysed using fluorescence
activated cell sorting (FACS).

The FACS analyses of the MACS separated cells were
performed using a FACS-Altra instrument (Beckman),
whereas cell sorting were performed using a FACS-Vantage
SE (BD). For each experiment, the background fluores-
cence was measured using both unlabelled cell mixture and
cell mixture labelled with the appropriate concentration of
isotype-matched controls: α-mouse IgM (10 μg/ml; Caltag)

and PE-conjugated α-mouse IgG3 (0.6 μg/ml; eBioscience).
These set the gating parameters between the positive and
negative cell population. Data obtained were evaluated using
winMDIv2.8 program (http://facs.scripps.edu/software.
html) and expressed as Mean ± standard deviation.

Results

Efficacy of MACS to Separate hESCs from HepG2 Cells

FACS analysis of the starting cell populations showed that
77.2±8.4% of HES3 cells were SSEA-4 positive (Fig. 1A)
and 71.6±7.5% of HES-3 cells were TRA-1–60 positive
(Fig. 1B). HES-4 showed 88.8±1.6% for SSEA-4 expres-
sion (Fig. 1C) and 77.7±5.6% for TRA-1–60 expression
(Fig. 1D). HepG2 cells showed artifactual staining of 1.2±
0.7% and 2.1±1.2% for the SSEA-4 (Fig. 1E) and TRA-1–
60 (Fig. 1F) groups respectively.

WhenMACSwas used, the retentions of SSEA-4 positive
HES3 and HES4 cells (PE tagged magnetic microbead
bound to SSEA-4) varied between the different mixed ratios.
The efficacy of MACS to deplete SSEA-4 positive HES3
and HES4 cells from the heterogeneous mixture of hESCs
and HepG2 cells was calculated using the formula:

E efficacyð Þ ¼ 1

� %SSEA� 4 positive cells detected in the 'flow� through' fraction

%SSEA� 4 positive cells in the unsorted starting population

As such, the retention of the SSEA-4 positive cells on
the magnetic column were 81.0%, 79.7%, 75.8%, 74.8%
and 64.6% for HES-3 and 83.6%, 82.7%, 82.7%, 78.4%,
75.1% for HES-4 when mixed with HepG2 in ratios of
10:90, 20:80, 30:70, 40:60 and 50:50 respectively
(Fig. 2A). It appears that the efficacy of separation
decreased as the percentage of hESC ratios increased. The
‘unlabelled’ flow-through fraction showed that the percent-
age of SSEA-4 positive HES-3 cells decreased linearly
from 18.1±3.5% to 2.7±0.5% as the ratios of HES-3 to
HepG2 cells in the heterogeneous population decreased
from 50% to 10% (Fig. 2B; Table 1). Similarly, TRA-1–60
labelled HES-3 cells also decreased linearly from 21.7±
4.3% to 4.0±2.0% as the ratios of HES-3 cells decreased
from 50% to 10% (Table 1). The overall expression of
TRA-1–60 positive cells was greater than then SSEA-4
positive HES-3 cells. Similar observations were seen in
studies using the second hESC line (HES-4; Table 1).

To understand why the microbead-labelled hESCs were
not efficiently retained by the MACS column, we separately
analysed the two hESC lines HES-3 and HES-4 as three
different fractions viz., the ‘unsorted’, ‘flow-through’ and
‘labelled’ by FACS following MACS separation. The levels
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of background fluorescence for SSEA-4 and TRA-1–60
were determined using the appropriate isotope-matched
controls (Fig. 3A). Based on the above control, four
subpopulations of hESCs were observed: SSEA-4 positive /
TRA-1–60 positive (63.9±1.1% for HES-3 and 71.7±4.2%
for HES-4); SSEA-4 positive /TRA-1–60 negative (21.8±
1.9% for HES-3 and 17.0±5.3% for HES-4); SSEA-4
negative /TRA-1–60 positive (6.7±3.1% for HES-3 and
6.0±0.2% for HES-4); and SSEA-4 negative /TRA-1–60
negative (7.5±0.7% for HES-3 and 5.3±1.3% for HES-4;
Fig. 3B). The purity of the SSEA-4 positive hESCs isolated
using MACS (‘labelled’ fraction) were over 97%. However,
it was evident from our data that 72.8±1.7% (HES-3) and
78.3±5.9% (HES-4) of these SSEA-4 positive hESCs were
also TRA-1–60 positive; whereas 25.8±1.3% (HES-3) and
19.3±6.7% (HES-4) were not (Fig. 3C). For the flow-

through fraction obtained, 46.3±2.2% of the SSEA-4
positive HES-3 cells were Tra-1–60 positive while 18.8±
3.1% was Tra-1–60 negative. Similarly, for HES-4, 48.1±
3.9% of the SSEA-4 positive cells were Tra-1–60 positive
while 10.6±4.6% were Tra-1–60 negative (Fig. 3D). Inter-
estingly, in comparison to the SSEA-4 positive hESCs
isolated using MACS, these SSEA-4 positive hESCs had
lower levels of fluorescence.

Discussion

Complete differentiation of pluripotent embryonic stem
cells (ESCs) into a particular cell type is not possible and
almost always at least a few ESCs would escape differen-
tiation and such rogue cells pose a great risk of teratoma

Fig. 1 Representative flow
cytometric plots of human
embryonic stem cell (hESCs)
HES-3 labelled with antibodies
for A SSEA-4, and B TRA-1–
60; and HES-4 for C SSEA-4,
and D TRA-1–60, each with
their respective isotype-matched
negative controls (clear plot
with black lines). The hepato-
cellular carcinoma cells
(HepG2) used in this study did
not express E SSEA-4 or
F TRA-1–60. All values are
expressed as Mean ± SD
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formation in cell transplantation. Human embryonic stem
cells express a specific set of markers which include surface
marker antigens such as the SSEA, and TRA series. All
these markers are commonly used to monitor differentia-
tion during embryogenesis in mammalian embryos and
embryonic stem cells [24, 11, 12]. Conventionally, SSEA-4
positiveness and SSEA-1 negativeness are used as a reliable
characterization test for human and non-human primate
embryonic stem cells. The most commonly used methods
for cell sorting are magnetic activated cell sorting (MACS)
and fluorescence activated cell sorting (FACS) as the total
time required to process the cells, the range of cell samples
sizes that can be processed, and the relative cost of the two
methods are comparable to each other. However, as
observed by us and others, each of these has its own

limitation ranging from cell recovery and survival in terms
of cell viability post-sorting, and their capacity to separate
the labelled cells in terms of the efficacy of the separation
protocol [10, 23]. Nevertheless, adaptation of MACS and
FACS protocol has been shown to contribute to the successful
sorting and purification of other specific cell types following
the directed differentiation of hESCs [19, 21].

Recently, Shibata et al. [25] used SSEA-4 as a marker
together with FACS for the negative selection of undiffer-
entiated cell fractions from among cynomolgus embryonic
stem cell (cyESC)-derived progenitor cells. When their
differentiated tissues were purged of SSEA-4 labelled
undifferentiated ESCs and then transplanted, tumours were
no longer detected in their monkeys. They thus concluded
that purging SSEA-4 labelled pluripotent cells with MACS

Fig. 2 The heterogeneous
populations of hESCs and
HepG2 were mixed respectively
at different ratios (10:90, 20:80,
30:70, 40:60 and 50:50) and
separated using magnetic acti-
vated cell separation (MACS).
A Graph showing the efficacy of
MACS in separating HES-3 and
HES-4 from HepG2 using the
cell-surface marker SSEA-4.
B Histogram showing the per-
centages of SSEA-4 positive
hESCs found in the unsorted,
unlabelled (‘flow-through’ frac-
tion) and labelled fractions of
the various HES-3:HepG2 mix
ratios and C the various HES-4:
HepG2 mix ratios following
MACS as analysed by FACS
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was an efficient separation method and that the same
protocol would be a promising approach of producing
clinical progenitor cell preparations using human ESCs
[25].

In order to eliminate these undifferentiated cells, we
explored in the present study two different strategies
namely MACS and FACS to evaluate the separation of
undifferentiated hESCs from a mixed population of normal
human embryonic stem cells (HES-3 and HES-4) and
hepatocellular carcinoma cells (HepG2). Rather than use a
hESC-derived cell population for this study we chose to
deliberately mix known cell numbers in different ratios to
closely mimic a standard in vitro differentiation protocol so
that we would know the actual numbers of undifferentiated
cells in the population and more reliable cell sorting
percentages could be obtained. Additionally, in our study
we used two well characterised monoclonal antibodies,
namely SSEA-4 and TRA-1–60, to detect hESC surface
antigens as a basis for elimination of hESCs using either
MACS or FACS technology. Using MACS, although there

Table 1 Expression levels of both SSEA-4 and TRA-1–60 hESCs

Ratio of
heterogeneous cell
mixture

Flow-through fractions

HES-3 HES-4

SSEA4
[%]

TRA-1–
60 [%]

SSEA4
[%]

TRA-1–
60 [%]

hESC 100% 48.8±11.1 57.1±4.7 55.0±10.9 65.0±8.9
hESC:HepG2 (10:90) 2.7±0.5 4.0±2.0 2.6±0.5 3.4±0.5
hESC:HepG2 (20:80) 5.1±1.5 7.1±3.8 4.9±1.1 5.3±2.1
hESC:HepG2 (30:70) 9.1±1.1 12.1±4.5 6.6±2.9 8.8±3.5
hESC:HepG2 (40:60) 11.1±2.2 14.0±5.9 9.4±4.7 12.7±5.4
hESC:HepG2 (50:50) 18.1±3.5 21.7±4.3 14.9±7.4 19.3±8.6

The heterogeneous population of human embryonic stem cells (HES-3
and HES-4) and hepatocellular carcinoma cells (HepG2) were mixed
respectively at different ratios (10:90, 20:80, 30:70, 40:60 and 50:50)
and separated using magnetic activated cell sorting (MACS). The cells
in the various ‘flow-through’ fractions following MACS were re-
analysed by fluorescence activated cell sorting (FACS) for the
expression of both SSEA-4 and TRA-1–60 positivity. The values are
expressed as Mean ± SD

Fig. 3 Representative fluores-
cence activated cell sorting
(FACS) expression profiles of
A 100% hESCs labelled with
isotype-match negative controls,
B the unsorted hESCs express-
ing SSEA-4 and TRA-1–60,
C the expression of SSEA-4 and
TRA-1–60 of cells retained in
the magnetized column follow-
ing MACS, and D the expres-
sion levels of SSEA-4 and
TRA-1–60 of hESCs within
the ‘flow-through’ fraction.
Separate data for HES-3 (blue)
and HES-4 (red) are annotated
in each of the representative
expression profiles. The values
are expressed as Mean ± SD
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was no complete elimination of undifferentiated hESCs,
more than 80% elimination was achieved when the
differentiated cell type mixed was 10%. The inability to
eliminate undifferentiated hESCs completely is probably
due to the existence of various sub-populations of hESCs as
well as the sensitivity of the MACS technology. This was
confirmed when the ‘flow-through’ fraction of each mix
ratio was further subjected to FACS analysis. Generally, the
percentages of SSEA-4 positive hESCs that escaped the
MACS separation procedure as analysed by FACS ranged
between 18.9% to 35.4% for HES-3 and 16.4% to 24.9%
for HES-4 for the various ratios of hESCs and HepG2 cell
mixtures studied (Table 1). In our pilot studies when 100%
hESCs were initially run through the MACS column we
were surprised to find over 60% of SSEA-4 positive hESCs
escaped the MACS column. However, based on subsequent
FACS analysis we noticed that hESCs retention by the
MACS column was clearly limited to those hESCs
expressing high-levels of SSEA-4. The majority of the
hESCs that escaped the separation protocols using MACS
had low expression of SSEA-4 (SSEA-4LOW) relative to the
overall expression profile of SSEA-4 positive hESCs.
These results highlight the critical limitation of MACS for
hESC separation. Our findings are consistent with that of
Geens and co-workers who also reported that depletion of
malignant mouse testicular tumour cells was insufficient by
using MACS [10]. Additionally it has been postulated that
within a colony of undifferentiated hESCs, subpopulations
of hESCs exist that are positive for different surface marker
antigens and with serial passaging the same hESCs change
their surface marker characteristics (M. Pera, personal
communication). Therefore due considerationmust be applied
to interpret the efficacy when hESC-labelled sorting is done
with either MACS or FACS.

Moreover, in our ‘flow-through’ fractions, out of the
65.1% and 58.7% of the hESCs which were identified to be
SSEA-4LOW, as much as 46.3±2.2% and 48.1±3.9% were
highly expressing the TRA-1–60 cell surface antigen
(TRA-1–60HIGH) for HES-3 and HES-4 respectively, fur-
ther confirming the existence of subpopulations within
hESCs. Although, the identification of hESCs displaying
such phenotypes is unclear, Laslett and co-workers showed
that lineage commitment of hESCs is dynamic whereby
quantitative expression levels of different cell-surface
markers represents subpopulations of hESCs expressing
varying levels of both pluripotency and lineage specific
genes [14]. Although Shibata et al. [25] suggested the
elimination of pluripotent cells with a single cell-surface
marker SSEA-4 is efficient in producing clinically relevant
progenitor cell preparation for transplantation of primate
ESC-derivatives in an allogeneic setting, our present study
clearly showed that use of a single cell-surface marker may
not be sufficient (6.7±3.1% for HES-3 and 6.0±0.2% for

HES-4 of SSEA-4 negative hESCs were TRA-1–60 positive)
to have complete depletion of hESCs. Therefore great
emphasis and more studies may have to be carried out on
the use of multiple antibodies detecting different epitopes
expressed by hESCs. Moreover, monoclonal antibodies can
alter cellular homeostasis and this fact needs consideration
while using antibodies to enrich the necessary cell popula-
tion for cell based therapies [16, 28].

In conclusion, our results demonstrate that MACS is not
efficient in complete depletion of hESCs from a heteroge-
neous population of cells. This limitation is compounded by
the expression intensity of specific cell-surface antigens
expressed by the hESCs. On the other hand, complete
elimination of the undesirable hESCs may be possible using
FACS by negative selection. However, the viability of cells
(hESCs or their derivatives) may be compromised with
FACS unlike MACS. Considering cell viability retention
following MACS separation, it may be worthwhile to study
further the efficiency of MACS following the use of
multiple magnetically labelled antibodies for the different
cell surface antigens.

Other approaches for the separation of rogue hESCs
residing in hESC-derived cell populations such as the use
of apoptotic agents that selectively destroy the rogue cells,
the use of density gradients and development of antibodies
that specifically target the rogue hESCs may be feasible but
have not as yet been properly worked out. Recently, Choo
et al. [6] used a cytotoxic antibody recognizing podocalyin-
like protein-1 to select against undifferentiated hESCs.
Complete elimination of rogue hESCs may not be brought
about by a single approach but perhaps a combination of
two or more approaches followed by extended in vitro
differentiation of any left-over rogue hESCs.

Also, improvements to current FACS methodologies for
sorting hESC-derivatives [19]; the adaptation to hESCs of
recently developed methods for the capture and enrichment
of haematopoietic and bone marrow stem and progenitor
cells [17, 31]; incorporation of technical advances such as
the usage of Rho-associated kinase inhibitor [30]; sub-
sequent co-culture of the sorted cells with an equivalent cell
population [7]; may contribute to eliminating the problem
of tumorigenesis induced by hESCs.

Until such time as studies have conclusively confirmed
the minimum numbers of hESCs required to that generate
teratomas in animal models, it is mandatory that the above
laboratory approaches at hESC separation be researched so
as to make hESC-derived cell therapy a safe clinical
application.
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