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ENTERIC STEM CELLS CAN DIFFERENTIATE 
INTO CNS NEURONS AND GLIA 
 
A THESIS BY EMELIE PERLAND 

 
Abstract 
Neurodegenerative diseases are a group of diseases that are uncurable today. Some of 
these diseases are partly due to the death of one or several cell species of the brain. One 
cure for such ailments may be stem cells therapy. To find a peripheral source of cells 
that could be used in the central nervous system (CNS) would be of great interest as a 
possible solution for cell therapy.  

Stem cells exist in parts of the adult CNS and some of these cells can differentiate 
into all kinds of CNS neurons and glia. In fact, some CNS stem cells can also transdif-
ferentiate into peripheral nervous system (PNS) neurons and glia. What factors that in-
fluence the differentiation toward a specific cell type are no not fully understood. To 
test the hypothesis that stem cells from the PNS can differentiate into cells of the CNS, 
stem cells from the fetal enteric nervous system from green fluorescent protein hetero-
zygote embryonic mice were cultured. The cells were cultured as neurosperes which 
were then dissociated and exposed to various environments. The differentiation was in-
vestigated after 10 days in culture. Interestingly the enteric stem cells transdifferenti-
ated into CNS neurons and glia when they were in contact with cells from cerebellar 
cultures. Even stem cells that were only in contact with soluble molecules, secreted 
from cerebellum cells, transdifferentiated into CNS cells. The conclusion is that embry-
onic enteric stem cells can differentiate into various cell types, depending on envi-
ronmental cues. 
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1.0 Introduction 
 
Neurodegenerative diseases such as Alzheimer and Parkinson are common around the 
world; due to the aging population. One common denominator in these diseases is that 
the actual cause is unknown. Another is that it is not known exactly what actually kills 
the cells of the brain. There is no known cure for the diseases (Feany 2010). Studies on 
Parkinson patients have shown that dopaminergic neurons, transplanted in the striatum, 
can survive and even re-innervate parts of the brain (Chen and Palmer 2008, Sharp and 
Keirstead 2009) and thereby reduce the disease. This has opened a new field where 
transplantation of human tissue may cure the diseases. Today it is well known that part 
of the embryonic and adult CNS include multipotent stem cells that can differentiate 
into neurons, astrocytes and oligodendrocytes (Weiss et al. 1996, Brännvall et al. 2008). 
Unfortunately, such cells cannot be used for transplantation in large numbers because 
of ethical reasons and the limited amount of tissue that can be collected (Chen and 
Palmer 2008). For these reasons scientists all over the world are trying to find new stem 
cells sources. 

It has previously been demonstrated that neural crest stem cells (NCSC) exist in parts 
of the embryonic and adult peripheral nervous system (PNS), for example in the gut 
(Kruger et al. 2002), skin (Teng and Labosky 2006, Kruger et al. 2002) and dorsal root 
ganglia (Dromard et al. 2007). From these regions neurospheres (NS) can be cultured 
for further experiments (Schäfer, Hagl and Rauch 2003). NS are heterozygous aggre-
gates of cells containing some stem cells that have multipotent self-renewing quality 
(Dromard et al. 2007, Rao 2004, Jensen and Parmar 2006). During the NS formation 
epidermal growth factor (EGF) and fibroblast growth factor (FGF) are needed to keep 
the stem cells in a proliferate and undifferentiated state (Brännvall et al. 2008, Mujtaba, 
Mayer-Proschel and Rao 1998, Rao 2004). When these inhibiting agents are removed, 
differentiation occurs (Gage 2000). Depending on the environment in which the NS are 
when the agents are removed, the stem cells will differentiate into various types of cells 
(Brännvall et al. 2008, Rao 2004). 

In the embryonic dorsal root ganglion (eDRG) the environment plays an important 
role for cell differentiation. The eDRG is a peripheral tissue which consists of satellite 
cells that are multipotent glial precursors. This means that Schwann cells, oligodendro-
cytes and astrocytes can be established from these cells, even though the cells have a 
peripheral, neural crest origin. The cell type that come into existence depends on the 
presence or absence of different agents, e.g. anti-mitotic agents (Fex Svenningsen et al. 
2004). 

For NCSC the presence of cells or just conditioned medium affect the differentiation 
(Brännvall et al. 2008). This may be true for stem cells with a neural crest background 
as well, although it has not been demonstrated.  

The experiments in this thesis were created with the hypothesis that embryonic en-
teric stem cells could develop to CNS cells.  

The intestines from green fluorescent protein (GFP) heterozygote embryonic mice 
were used to collect stem cells; which exists in all of the embryonic enteric nervous 
system (ENS) (Dromard et al. 2007). Both green fluorescent protein positive (GFP+) 
and green fluorescent protein negative (GFP-) animals were used and the stem cells 
from both populations were cultured as neurospheres (NS). Cocultures were made with 
GFP+ stem cells; these cells were mixed with GFP- cerebellum cells for transdifferenti-
ation. By using dissimilar GFP tissues the green stem cells could easily be distin-
guished from the colourless cerebellum cells even after the mixture. The NS from the 
GFP- intestines were mixed with medium that hade been used during the cultivation of 
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the cerebellum cells, instead of the actual cells. The medium contained molecules se-
creted from the cerebellum cells. This culture was made to investigate if it was the se-
creted molecules or the contact with the cells in cerebellum that made the stem cells 
differentiate. 

The results of the GFP+ cocultures demonstrate that the enteric stem cells developed 
into CNS neurons, astrocytes and oligodendrocyte precursors when cultured on cerebel-
lum cells. It was also clear that the GFP+ cells developed into the same cell types that 
were present close by, in the feeder culture. Even the GFP- stem cells differentiated into 
CNS neurons and glia; just by being in contact with conditioned medium collected from 
cerebellum cultures. It may therefore be concluded that soluble molecules secreted 
from cerebellum cells has affect on the differentiation of embryonic enteric stem cells. 
By comparing the two different experiments it was clear that the stem cells in both co-
cultures differentiated into CNS-like cells. Though, the stem cells which were in con-
tact with the cerebellum cell differentiated more efficient. The conclusion became that 
the hypothesis was correct; that embryonic enteric stem cells can transdifferentiate into 
CNS cells, with right environmental cues.  

 
2.0 Material and methods 
 

2.1 Animals 
Green fluorescent protein (GFP) heterozygote C57BL/6J embryonic day 14 (E14) mice 
were used for the production of stem cells. The mothers were euthanized with CO2 and 
the spinal cord was severed. A caesarean section was performed under sterile condi-
tions. The embryos were kept in cold Leibovitz’s (L15) (Gibco) before dissection 
started. 
 

2.2 Dissection 
2.2.1 Intestine 

The intestines from both GFP+ and GFP- E14 mice were cut out under a dissection mi-
croscope and put in separate tubes with cold Hank’s buffered saline solution (HBSS) 
(Invitrogen) supplemented with 44 mM NaHCO3 (Sigma-Aldrich), 16.4 mM HEPES 
(Invitrogen) and 100 U/ml Penicillin/streptomycin (Invitrogen) to keep the tissue in a 
good environment. All was done during sterile condition for later neurosphere estab-
lishment. 
 

2.2.2 Cerebellum 
For the collection of cerebellum only GFP- embryos were used. The dissection was 
done in L15 or HBSS during sterile conditions in a microscope. The skin of the skull 
was removed so that the brain was revealed and by using a fine scissor a cut was done 
to disengage the cerebellum from the rest of the brain. The tissue was kept in cold 
HBSS till it was time for dissociation. 
 

2.3 Plate preparation 
2.3.1 Cover slip preparation 

Cover slips (14 mm in diameter) were washed in soap solution and rinsed twice in de-
ionised water. The glasses were washed in 96 % ethanol before they were dipped in 
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acetone and put on lint-free paper to dry. They were sterilized in an autoclave before 
one cover slip was put in each well, of four wells plates (Nunc). Before use, the wells 
were coated with different media.  
 

2.3.2 Poly-HEMA coating – for stem cell cultures 
Poly-HEMA (Sigma; 120 mg/ml) and 96 % ethanol were mixed in a tube and put on a 
roller drum over night. The mixture was spread in overflow onto wells of 4-well plates, 
with prepared cover slips in the bottom. The solution was removed again and the plates 
were left to dry in a sterile bench at room temperature. This coating is supposed to repel 
cells so they stay in the medium instead of adhering to the glass in the bottom of the 
well. 
 

2.3.3 Poly-D-Lysin coating – for cerebellar fedder cultures 
Sterile poly-D-Lysin (PDL) (Sigma) was poured into the wells that had been prepared 
with cover slips in the bottom. This was incubated for at least 1 hour (often over night) 
at room temperature before the PDL was removed again. The wells were washed three 
times in sterile water before they were left to dry in a sterile bench. They were stored in 
a freezer before use. PDL changes the polarity of the cover slip so that the cells adhere 
better to it. 

 

2.4 Neurosphere establishment 
Both GFP+ and GFP- intestines were dissociated using 25 % trypsine (Gibco) or Col-
lagenase/Dispase (Roche; 1 mg/ml) with DNase (Sigma; 1 mg/ml). The cells were then 
manually titurated in order to get single cells. When all tissue were dissociated, 25 % 
horse serum (Gibco) was added to stop the trypsine digestion and blocking medium 
consisting of EBSS (Gibco), BSA (Sigma) and HEPES (Gibco) was used to end the 
collagenas/dispase/DNase reaction. The solution was centrifuged (6o C, 910 rpm for 5 
min) so that all supernatant could be removed. The pellet was resolved in PNS stem cell 
medium containing DMEM/F12 (Gibco), N2 (Gibco), L-Glutamin (Gibco), 50 % glu-
cose, insulin (Sigma) and Penicillin/Streptomycin (Gibco). A small amount of the cells 
were then diluted with 0.5 % trypan blue (1:1); which colours dead cells. The amount 
of living cells could then be counted in a Bürker chamber. The rest of the cells were di-
luted to 100 000 cells/ml in PNS medium supplemented with epidermal growth factor 
(EGF) (Pepro Tech; 1 µl/1 ml medium) and fibroblast growth factor (FGF) (Pepro 
Tech; 0.8 µl/1 ml medium). The cells diluted in medium were plated in the poly-HEMA 
coated 4 well plates. The plates were then placed in the incubator (37o C, 5 % CO2) for 
NS accumulation. New EGF and FGF were added two to three times a week as nutri-
tion and to keep the cells in an undifferentiated state. The PNS medium was changes 
when needed (often 1-2 times a week), considering the size of the NS. If they grow to 
big the centre of the aggregate starts to differentiate because of lack of growth factors 
(Jensen and Parmar 2006), so the NS were kept small to maintain them as stem cells. 
By looking in an invert microscope, the NS development was followed and this was 
used to determine when new medium was required. The cells were cultured between 10 
and 20 days before the cocultures were made. 
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PNS + EGF + FGF 

2.5 Cerebellum cultures 
By manually mixing the dissected cerebellum in the HBSS medium with a pipette, the 
tissue was easily dissociated. The suspension was centrifuged (6o C, 910 rpm for 5 min) 
and the pellet was saved and dissolved in Neurbasal (Invitrogen) supplemented with 2 
% serum substitute B27 (Invitrogen) and 0.6 mM L-glutamine (Invitrogen). The cells 
were counted, with 0.5 % trypan blue, in order to get 100 000 live cells/ml. 300 µl sus-
pension/well were added to the PDL coated plates before they were placed in the incu-
bator. Five days later the neurobasal medium and many dead cells were removed and 
new neurobasal was added. The living cells were now adhering to the bottom of wells 
(see figure 4). After that, the medium was changed twice a week. The cerebellum cul-
ture was grown for the collection of conditioned medium and the use as environment 
for the cocultures 

 

2.6 Cocultures 
2.6.1 GFP+ NS and GFP- cerebellum 

The GFP+ NS that had been grown to a good size were collected from the plate together 
with its PNS medium. Collagenas/dispase and DNase were added to dissociate the 
spheres into single cells. The enzyme digestion was stopped by the same blocking me-
dium as before and the solution was centrifuged (6o C, 910 rpm for 5 min) to get a stem 
cell pellet. The pellet was dissolved (100 000 cells/ml) in PNS with EGF and FGF and 
spread onto GFP- cerebellum cultures (see figure 1). The cultures were kept in the incu-
bator for 10 days before they were fixed with 4 % paraformaldehyd in phosphate-
buffered saline (PBS) pH 7.3. During the 10 days the medium was changed 2 times. 
 
 

 
 
 
 
 
 
 

Fig. 1. Positive green fluorescent protein (GFP+) NS from E14 intestines were plated on wild type (GFP-) 
cerebellum (CB) cultures in PNS medium, supplemented with EGF and FGF. This experiment was per-
formed to find out if the brain cells could affect the stem cell differentiation. By using GFP+ NS and GFP- 
cerebellum the cells could be separated after the mixture. The stem cells from the intestines were green 
and the cerebellum cells were colourless. 

 
2.6.2 GFP- NS and conditioned medium 

GFP- NS in PNS medium was dissociated using collagenas/Dispase and DNase. When 
the aggregates were completely dissolved into single cells the reaction was stopped by 
the blocking medium that has been described previously. The mixture was centrifuged 
(6o C, 910 rpm for 5 min) and the pellet was resolved in conditioned medium collected 
from the cerebellum cultures (see figure 2). The stem cells were diluted and it were 
supposed to be 100 000 cells/ml but the cell amount was low so in most cultures it be-
came less then 100 000 cells/ml. The cell suspension was spread on PDL plates so they 
could adhere to the cover slip during their differentiation. Afterwards the plates were 
put into an incubator and the medium was changed to new conditioned medium twice a 

GFP+ NS GFP- CB culture GFP+ NS + GFP- CB cells 
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CB 
medie GFP- 

NS 

week. After ten days the wells were fixed with 4 % paraformaldehyd in phosphate-
buffered saline (PBS) pH 7.3. 

 
 
 
 
 
                                     
                                    

 
 
Fig. 2. Negative green fluorescent protein (GFP-) NS were mixed with conditioned medium, which had been 
collected from the cerebellum (CB) cultures. The cells were plated on poly-D-Lysin (PDL) coated plates 
(10 000 cells/ml medium). This experiment show if the soluble molecules secreted from the cerebellum cells 
had an effect on the NS differentiation. The enteric stem cells were the only cells in this experiment. 

 

2.7 Immunocytochemistry 
Both the GFP+ and the GFP- cocultures were visualized by immunocytochemistry in the 
same way and with the same antibodies. When the GFP+ cultures were labeled only red 
fluorescent secondary antibodies could be used since green fluorescent cells were al-
ready included in the experiment. In the GFP- cultures the cells had no colour so two 
different antibodies could be used at the same time to visualize more cells in the same 
sample.  

The cover slips with cultures on were rinsed in phosphate buffered saline (PBS) (PBS 
tablet (Medicago) dissolved in water, pH7.3) three times. Primary antibodies were di-
luted in blocking solution (PBS tablet, 0.25 % Triton X-100 (Sigma), 0.25 % BSA 
(Sigma) and water) and added to the samples. The antibodies that were used during the 
immunocytochemistry were specific for different cell types, CNS neuron, astrocytes 
and oligodendrocyte precursors; see table 1. The samples, with the primary antibodies 
on, were incubated in the fridge over night in a moist environment so that they would 
not dry up. After the incubation the cover slips were washed with washing solution 
(PBS tablet, 0.25 % Triton X-100 and water). The secondary antibodies, diluted in 
blocking solution, were added. Table 2 shows which secondary antibodies that were 
used. After two hours of incubation at room temperature the samples were washed 
again with washing solution before they were covered with DAPI (Invitrogen; 1:500) in 
tris buffer saline (1x TBS) (50 mM Tris, 150 mM NaCl and water. The pH was ad-
justed to 7.3 with HCl) for 5 min. DAPI goes into all the nucleuses, which gives an op-
portunity to see all the cells in the sample and not only those that has been labeled with 
antibodies. Afterwards the samples were rinsed again with PBS and then mounted with 
a liquid mounting medium (1.4-Diaxabicyclo[2.2.2]octane (DABCO) (Sigma) diluted 
in preheated glycerol. 0.5 M Tris-HCl (sigma) was added to get pH 8.6). Photos were 
then taken in a fluorescent microscope. 

 
Tab. 1. The primary antibodies that were used during the immunocytochemistry 

Antibody Host Target Dilution Source 
β-tubulinIII Isoform  Mouse CNS neurons 1:1000 BioSite 
S-100 Rabbit CNS glial cells 1:250 DAKO 
GFAP Chicken Astrocytes 1:500 AbCam 
NG2 Rabbit Oligodendrocytes 1:500 Chemicon 

 

GFP- NS + CB medie 
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Tab. 2. Here are the secondary antibodies that were used during the experiment. For the GFP+ cultures 
only read fluorescence was used so that the green stem cells could be separated from the colourless cere-
bellum cells even after the immunocytochemistry. The antibodies were chosen so that they were anti the 
host on the primary antibody in the same immunocytochemistry. 

 

 
All experiments were done at least three times to increase the reliability.  

 
3.0 Results 
 
3.1 Stem cells and cerebellum cultures 
For the generation of NS, the PNS medium was supplemented with EGF and FGF. This 
worked very well and small neurosperes could be seen after just 2 days in culture. In 
figure 3a, b and c the NS development can be followed. Note how the neurospheres are 
growing; figure 3a show a culture only one day after set up and the cells has started to 
cluster to each other. 3b and c are 10 respectively 14 days after culture set up and in fig-
ure 3c real neurospheres are formed.  

In some of the cultures the stem cells adhered to bottom of the well instead of staying 
as free floating aggregates in the medium. Poly-HEMA coated wells, which are sup-
posed to repel the cells from the cover slip, were used but it did not work in all cultures. 
Even other scientist have had the same problems, that the ENS NS adhered to the cover 
slips in the bottom of the wells (Schäfer et al. 2003). These cells could still be used, as 
long as the cells were loosened from the plate first. The NS could then easily be harvest 
for cocultures. 

Changing the medium in the NS cultures was done under a microscope, so that no 
spheres would be lost. Most of the medium had to be removed, without taking away the 
aggregates that were floating around in it. This was difficult and it is impossible to not 
take away a small amount of cells. To know the cell number in the cocultures the cells 
needed to be counted again; before the cocultures were made. 

The cerebellum cultures were easier to work with because of the use of PDL coated 
plates. The coating makes the living cells adhere to the glass instead of staying in the 
medium. When the neurobasal medium was changed all medium could easily be re-
moved before new was added. Figure 4 shows how cerebellum cells have adhered to 
the cover slip and started to grow on it. 

 
 
 
 
 
 
 
 
 
 
 

Antibody Target Dilution Colour Source 
A488 anti-chicken 1:400 Green Milli Pore 
A488 anti-rabbit 1:400 Green Milli Pore 
RRx α   anti-mouse 1:400 Red Jackson 
RRx α  anti-rabbit 1:400 Red Jackson 
A555 anti rabbit 1:200 Red Alexa 
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                      3a                                                3b 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

                              
      3c 

 
 
 
 
 
 
 
 
 

 
 
Fig. 3. Neurospheres (NS) created from E14 mice intestines; cultured in PNS medium, with EGF and FGF. 
3a are NS in developmental time, one day after culture set up. The cells have already started to cluster to 
each other (arrows in 3a). The arrows in 3b show NS 10 days after the culture was created and 3c is a 14 day 
culture; where the arrows show fine NS. 
 

                                                                                         4b 
4a 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
Fig. 4. GFP- cerebellum cells in neurobasal medium on a PDL plate. The cells have adhered to the bot-
tom and started to grow out on the plate. 4b is an enlargement of 4a. Note the processes between the cell 
clusters. The processes are axons making connections between the cells.  
 

A 

A 
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3.2 Cocultures and immunocytochemistry 
3.2.1 GFP+ NS and GFP- cerebellum 

When the GFP+ NS was added to the GFP- cerebellum cultures, the cerebellum cells 
started to die. So when the cultures were fixed after ten days only some cerebellum 
cells were still alive. This resulted in an opportunity to compare stem cells affected of 
other cells and stem cells with no direct environmental influence. The result was that 
the living cerebellum cells clearly had an effect on the stem cell differentiation when 
they were in close or direct contact. By using an antibody specific for neurons (β-
tubulin); cells could be found where the nerve cells overlapped with the GFP+ cells. 
These cells were neurons, differentiated from enteric stem cells (see figure 5). The in-
clusion of DAPI in every immunocytochemistry made it possible to see every nucleus 
in the preparation and not only the cells coloured with antibodies. The stem cells that 
developed into neurons (red-green in figure 5c, 5f and 5i) looked similar to the wild 
type neurons of the culture. 
Stem cells that were not in direct contact with the CNS cells but still had some connec-
tion with them differentiated into astrocytes (figure 6a) and oligodendrocyte precursors 
(figure 6c-d). The GFP+ cells that had no contact to the cerebellum cells stayed in an 
undifferentiated shape (figure 6b). Migrating cells and fibroblasts were also found in 
these cultures (data not shown). The morphology of the produced cells correlated with 
CNS cells morphology. 
 

               β-tubulin             GFP+      β-tubulin/GFP+/DAP 
 
  5a              5b                   5c  
 
 
 
 
 
 
   

 
5d             5e                                              5f 

 
 
 
 
 
 
 
  
     5g            5h                                              5i 
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Fig. 5. Green (GFP+) cells differentiated into neurons, which can be seen with β – tubulin (red). The cells 
where GFP+ cells imbricate with the red neurons (arrows in figure 5c, 5f and 5i) are the differentiated enteric 
cells. All nuclei were labeled with DAPI (blue). In both 5f and 5i there are a lot of nuclei. This means that 
there were a lot of cells around the differentiated enteric cells.  

 

               GFAP/GFP+/DAPI                     6a        GFP+/DAPI   6b 
 

                                                                                    
 

 
  

    
         

 
                       NG2/GFP+/DAPI                6c     NG2/GFP+/DAPI                               6d 
 
 
 
 
 
 
 

 
 

Fig. 6. In 6a an astrocyte is visualized with GFAP (red). The red cell overlapped with the green GFP+ en-
teric cell which means that it is a stem cell which has differentiated to an astrocyte. 6c-d are stem cells 
which have differentiated into oligodendrocyte precursors. The oligodendrocyte precursors are in differ-
ent staged in development. DAPI shows that there are some other cells around the glial cells but it is not 
as many as when stem cells apparently choose to become neurons (figure 5f and 5i). Most nuclei in 6c-d 
are the nuclei of glial cells. Figure 6b is undifferentiated GFP+ cells where no other cells are present; the 
only nucleus that is visible is those from the undifferentiated cells.  

 

3.2.2 GFP- NS and cerebellum medium 
The antibodies β-tubulin (neurons), GFAP (glial cells) and NG2 (oligodendrocyte pre-
cursors) were used in these cultures. The only existing cells in this experiment were the 
stem cells; which differentiated into either neurons or glial cells in presence of condi-
tioned medium. Both the labeling and the morphology of the cells supported this. It 
could also be seen that the stem cells diluted to less then 100 000 cells/ml differentiated 
mostly to glial cells (figure 7). Few cells were left in these cocultures before the fix-
ation, which affected the differentiation so that no neurons could be found. In the cul-
tures where the cell amount was 100 000 cells/ml both neurons and glia could be found. 
Both GFP+ and GFP- cocultures differentiated into CNS-like cells and by comparing 
them with each other the latter had less efficient differentiation.  
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     GFAP/DAPI                              7a            NG2/DAPI                                 7b 
 
 
 
 
 
 
 
 
 

 
 
Fig. 7. Both astrocytes and oligodendrocyte precursors could be found in all GFP--conditioned medium 
cultures. 7a are astrocytes labeled with GFAP and the nucleus is coloured with DAPI. 7b are oligoden-
drocyte precursors where DAPI also is included. By the use of DAPI it can be seen that there are few 
cells left in these cultures, which affected the differentiation so that no neurons could be found. Where 
the cell amount was higher, even neurons were developed.  
 

4.0 Discussion 
 
There are several different methods used to culture enteric NS (Jensen and Parmar 
2006), with or without EGF and FGF. EGF is used to keep the stem cells in an undif-
ferentiated and proliferative state (Reynolds and Weiss 1996) so that NS can be created. 
The use of FGF is more discussed. Some groups say that FGF is required for some NS, 
especially those made from young tissues (less then embryonic day 14) and that EGF 
are needed when culturing cells from E14 mice and older (Rao 2004). Meanwhile oth-
ers claim that FGF increase astrocyte proliferation in the cultures (Silver and Miller 
2004) or that it only acts as a general mitogen factor (Sailer et al. 2005). Usually, both 
EGF and FGF are used (Gage 2000) since no other results are especially convincing. In 
this work both EGF and FGF were used and this method worked well, yielding many 
neurospheres. 

For the NS cultures PNS medium including insulin and sugar was used. In previously 
experiments; our group compared different culture medium and it was found that PNS 
medium with sugar and insulin was the best medium for enteric NS cultures. The rea-
son for this may be that the insulin increases the uptake of sugar and that the sugar 
gives extra energy for efficient cell division. Using this media, neurospheres started to 
appear just a couple of days after plating.  

When the stem cells were mixed with the cerebellum cells the brain cells started to 
die. The death of the brain cells could depend on the medium that was used for these 
cocultures (PNS supplemented with EGF and FGF) or the contact with the enteric cells. 
It was probably not the age of the cerebellum cultures that resulted in cell death because 
in previously experiment, resembling cultures have been kept alive for several months 
without a notable change in cell number. Unfortunately there was no time to find out 
what in fact that killed the cells. Though, the death of cerebellum cells created an op-
portunity to see that stem cells without affective cues did not differentiate (figure 6b). 
This confirms the hypotheses that the environment is important for stem cell fate de-
termination.  

In the GFP+-cerebellum cocultures, it was clear that stem cells in direct contact with 
brain cells more often became neurons. The farther away the stem cells were from the 
cerebellum cells in general, the fewer nerve cells and more glial cells were formed. 
This means that the close contact with the more differentiated brain cells affected the 
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differentiation towards neurons. At this stage, with as few experiments as here has been 
done, it cannot be said if the cell-cell contact between the stem cells and the brain cells 
was essential for the differentiation or if it was the constant high concentration of sol-
uble factors excreted from the cerebellum cells that had this effect. It may even be both.  

From the experiments where only conditioned media from cerebellar cultures were 
used a differentiation towards a CNS fate could be seen. By comparing the images of 
the different cultures with immunocytochemistry it was clear that the cocultures, in-
cluding cerebellum cells, more effectively affected the stem cells.  

The concentration of soluble molecules was likely higher in the GFP+-cerebellum co-
culture; where the stem cells were in close proximity or direct contact with differenti-
ated CNS cells. These soluble factors were also replenished all the time, while new 
conditioned media was supplied to the GFP- cells every third day.  

If we were to continue working on this project there are few suggestions of what we 
would like to do. 

In order to further analyze what the stem cells have become, a more thorough investi-
gation should be made concerning antigen display. Perhaps immunocytochemistry with 
other antibodies or possibly FAX sorting.  

It would also be of interest to investigate the number of GFP+ and GFP- cells that dif-
ferentiated into oligodendrocytes, astrocytes and neurons in culture. This in order to in-
vestigate how much more potent the cocultures actually are.  

The most important would naturally be to investigate the capacity of adult ENS stem 
cells. 

The ultimate goal would of course be to find out if adult ENS stem cells have the ca-
pacity to become CNS cells. If so, ENS cells from patients with a neurodegenerative 
disease could be used to create NS. These NS would be differentiated into CNS cells 
and transplanted into the brain. By using autolog tissue for transplantation there would 
be a reduced immunological response (Sharp and Keirstead 2009) compared with an al-
logen graft and no immunosuppressive drugs would be necessary.  

Another thing to investigate is if NS can be directly transplanted to the brain or if they 
need to differentiate to CNS cells in vitro and then transplanted as nerve and glial cells. 
It has been shown that NS have a high migration capacity and that they can cross the 
blood-brain barrier (BBB) without destroying it on their way to the lesion (Dromard et 
al. 2007). Though, it is not known how the NS actually work inside the brain and their 
action will most likely depend on the diverse surroundings of the brain (Rao 2004). NS 
may also help with regeneration by recruiting other cell types to the lesion and NS may 
even reduce glial scars (Dromard et al. 2007, Chen and Palmer 2008). The glial scar 
helps with the reparation of the BBB and thereby reducing the inflammatory response 
in the brain (Silver and Miller 2004). 
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