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Aims: The aim of this research was to set up an in vitro system to trans-diﬀerentiate haematopoietic stem cells
(HSCs) into embryo-like stem cells in order to de-diﬀerentiate them. In this more naive state they should be cultivated
more easily in order to augment them for consecutive diﬀerentiation and autologous transplantation for use in clinical
practice.
Methods: Using the principle of the methodology of blastocyst injection, HSCs were co-cultivated with mouse
embryonic stem cells (mES) with and without cell to cell contact. After co-cultivation HSCs were analyzed by ﬂowcytometry using haematopoietic markers (CD34, CD45, CD133) and embryonic stem cell markers (SSEA-4, Tra-1-60,
Tra-1-81).
Results: No ES cell markers were detected on the former HSCs. A decrease in HSC marker intensity was the only
ﬁnding. This implies that no de-diﬀerentiation took place.
Conclusions: We hypothesize that the unnatural situation of a mixture of two cell types originating in diﬀerent
species may have led to this outcome. To achieve our goal of in vitro de-diﬀerentiation we need to use a purely human
culture system without animal additives.
INTRODUCTION
Each new ﬁnding on stem cells raises hopes for their
use in the clinical ﬁelds of regenerative medicine and
transplantations. A few years ago, the ﬁnding of the transdiﬀerentiation phenomenon was a major step forward in
stem cell research1-8. This is the ability of tissue-speciﬁc
stem cells to acquire the character of cell types diﬀerent
from the tissue of origin, regardless of germ layer origin.
However, it is not deﬁnitely conﬁrmed, whether there is
true trans-diﬀerentiation in vivo or cell fusion, and what
kind of biological relevance these phenomena have. It remains however, that trans-diﬀerentiation is a basic notion
underlying the potential use of stem cells in the clinical
ﬁeld.
One interesting aspect of trans-diﬀerentiation is the
possibility of inﬂuencing stem cells to become more naive, that is – to be “de-diﬀerentiated”. De-diﬀerentiation
occurs in vivo and in vitro. An indication for the capacity of adult stem cells to trans-/de-diﬀerentiate into an
embryo-like state is seen in the model of blastocyst injection, where adult stem cells are injected into mouse
blastocysts9. These cells take part in the development of
the mouse. In such a chimeric mouse, derivatives of the
former adult stem cells were found in several diﬀerent tissues. This ﬁnding indicates that the adult stem cells must
have been incorporated into the inner cell mass (ICM)

of the blastocyst and de-diﬀerentiated as derivatives of
the injected adult stem cells are not exclusively found in
the tissue of origin. Injected cells have also been found in
the epithelium of the gastrointestinal tract, the skin, the
brain and other organs10, 11. These experiments suggest
that adult cells could become naive (embryo-like) in an
embryonic surrounding.
The aim of the present experiments was to set up an
in vitro system to trans-diﬀerentiate easily-accessible adult
stem cells, haematopoietic stem cells (HSCs) from umbilical cord blood (UCB) into embryo-like stem cells and
to establish a pool of cells for transplantation. In this
more naive state it should be easier to cultivate and to increase them (because of their regained renewal potential,
comparable with embryonic stem cells) for consecutive
diﬀerentiation and autologous transplantation. Such dediﬀerentiated cells could also be a tool for investigating
embryonic-like human stem cells without ethical or moral
concerns.

MATERIALS AND METHODS
Puriﬁcation of umbilical cord blood stem cells.
It has been shown that HSCs are highly enriched in
the population of CD34+ cells 2, 12-14. For this reason we determine CD34+ cells as HSCs. Sodium citrate was added
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as an anticoagulant to the UCB. HSCs were then enriched
by Ficoll density gradient puriﬁcation15, 16 followed by an
immunomagnetic selection (Direct CD34 Progenitor
Cell Isolation Kit, Midi-MACS System, Miltenyi Biotec,
Bergisch Gladbach, Germany) for CD34+ cells. Their purity was determined by ﬂow-cytometry.
Flow-cytometry analysis of CD34+ cells.
Flow-cytometry was performed on a FACSCalibur system (Becton Dickinson, Franklin Lakes, USA) and analysed with CELLQuestPro software (Becton Dickinson,
Franklin Lakes, USA). Approximately 3x104 cells were
acquired from each sample. Forward- and side-scatter
plots were used to exclude dead cells and debris from
the analysis after staining cells with 5μl/ml of propidium
iodide (PI). Necrosis correlates with a small decrease in
forward scatter and in increase in side scatter of the PIpositive population whereas apoptosis is associated with
a decrease in both forward scatter and side scatter of the
PI-positive population. Dot plot analysis was used to estimate HSC purity and histogram analysis for estimating de-diﬀerentiation events. The following antibodies
were applied for sorting HSCs: CD133/2-PE (Miltenyi
Biotec, Bergisch Gladbach, Germany), CD34-PerCPCY5.5 (Becton Dickinson, Franklin Lakes, USA), and
CD45-FITC (Becton Dickinson, Franklin Lakes, USA).
Only fractions with >90% CD34+ were used for further
experiments.
To check de-diﬀerentiation, the embryonic stem cell
markers SSEA-4 (Chemicon, Temecula, CA), Tra-1-60
(Chemicon, Temecula, CA) and Tra-1-81 (Chemicon,
Temecula, CA) were used, each linked with anti-mousebiotin (DakoCytomation, Glostrup, Denmark) and
streptavidin-APC (Becton Dickinson, Franklin Lakes,
USA). Adequate negative isotype controls were used in
the experiments.
Co-culture system.
For co-cultivation Transwell® System (Corning, NY,
USA) for a 6-well tissue culture plate was used. Diﬀerent
cell types are cultured in this system – grown in the same
medium but separated by a membrane (0.4 μm pore),
permeable only to soluble molecules.
Experiment 1: Mouse embryonic stem cells (mES)
(mES Sv129 provided by Dr. L. Schoonjans, KU Leuven,
Belgium) were grown on feeder cells, mitotic inactivated
mouse ﬁbroblasts (MEF) in the lower compartment and
HSCs [1x105/ml] were cultured in the upper compartment. As control feeders without mES were grown in the
lower compartment, the upper compartment was seeded
with HSCs.
Experiment 2: Murine ES were replated before cocultured with HSCs.
Experiment 3: To allow cell to cell contact, the membrane was directly positioned on the mES. The mES cells
were plated on gelatinised wells.
In all experiments the TX-WES medium (ThrombX,

Leuven, Belgium) charged with FCS (foetal calf serum)
(10%) and L-Glutamine (2 mM) was used.
Immunocytochemistry.
To check the diﬀerentiation status of mES, the cells
were stained against alkaline phosphatase (AP) (Alkaline
Phosphatase Substrat Kit III,Vector Laboratories, Inc.,
Burlingame, CA, USA), cytokeratin (EPOSTM Antihuman Cytokeratin/HRP; DakoCytomation, Glostrup,
Denmark) and vimentin (EPOSTM Anti-Vimentin/HRP;
DakoCytomation, Glostrup, Denmark). Mouse ES cells
were ﬁxed with paraformaldehyde (1%) and then rinsed.
According to the protocol recommended by the company,
cells were stained with AP. After checking for the presence
of AP, cells were stained for cytokeratin and vimentin. The
ﬁxed cells were blocked with mouse serum and then incubated with cytokeratin/HRP (1:10) and vimentin/HRP
(1:10). After incubation the cells were rinsed and admixed
with peroxidase substrate diaminobenzidine (DAB).

RESULTS AND DISCUSSION
The aim of the experiments was to set up an in vitro
system to de-diﬀerentiate adult HSCs into embryonic like
cells. Inspired by the generation of chimeras using blastocyst injection, the HSCs were co-cultivated with embryonic stem cells with and without cell to cell contact.
In the ﬁrst experiment, co-cultivation of MEFs, mES
cells and HSCs took place. With this experiment it was
not possible to detect ES cell markers. Only the intensity
of the HSC cell marker decreased. CD45 is more strongly
expressed in HSCs than CD34 and CD133 and it was
also the most stable marker. The intensity of CD34 and
CD133 dropped more rapidly. No diﬀerences were seen
whether co-cultivation was carried out with or without
mES cells. Therefore it was reasonable to leave MEFs out
of the co-culture, as the feeder cells may cover the eﬀect
of the mES cells.
In experiment 2, mES were replated and their diﬀerentiation status was checked by staining against AP, cytokeratin and vimentin. The collagen matrix of the MEFs
should support the growth of the mES without the inﬂuence of the soluble factors released by MEFs. Murine
ES do not retain their embryonic status without MEFs
for long. Therefore fresh replating had to be carried out
once every day. The insert with the HSCs was placed
every day into a fresh replated well. No ES cell markers
were detected on the former HSCs, only a decrease of the
HSCs marker intensity was noticed.
In recent years a series of reports17-21 have been published suggesting that trans-diﬀerentiation in co-culture
experiments often needs a cell to cell contact between
the diﬀerent cell types. To take care of this, in the third
experiment the cell to cell contact of mES and HSCs was
allowed, MEFs were avoided. As in the previous experiments, only a decrease of the HSCs marker intensity was
detected. Thus, in our setting, the cell to cell contact did
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not support the de-diﬀerentiation of the cells. Of note was
the fact that mES diﬀerentiated faster when they were in
direct contact with the membrane.
We hypothesize that the failure of our de-diﬀerentiation strategies is caused by the fact that the cells derived
from diﬀerent species. In the experiments two sorts of
stem cells were used and each of them requires completely
diﬀerent environment for the maintenance in fundamental
stage – the mESc need leukemia inhibitory factor (LIF)
and HSCs need activin/nodal molecules22, 23. To reach our
goal of in vitro de-diﬀerentiation we will need to change
our strategy towards a pure human culture system without
any animal additives.

LIST OF ABBREVIATIONS
FCS – foetal calf serum
HSCs – haematopoietic stem cells
ICM – inner cell mass
LIF – leukemia inhibitory factor
MEFs – mitotic inactivated mouse ﬁbroblasts
mES cells – mouse embryonic stem cells
hES cells – human embryonic stem cell
UCB – umbilical cord blood
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