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SUMMARY 
 
Stem cells are cells that have the capacity to self-renew in an undifferentiated state, as well as 
differentiate into one or several different cell types. Stem cells can be divided into embryonic 
or tissue specific more differentiated stem cells. Embryonic stem cells are pluripotent and can 
form all cell types in an organism while tissue specific stem cells are multipotent and can 
form all cell types in a certain tissue. Progenitor cells are more differentiated than stem cells 
and can form only one or a few cell types. Stem cells can be found in both embryonic and 
adult organisms, but the number of stem cells is much lower in adults. The nervous system 
develops from a tissue layer called the neuroectoderm. The neuroectoderm contains neural 
stem cells that are multipotent stem cells. The neuroectoderm transforms into the neural tube 
that later, in embryonic development will develop into the central nervous system (CNS), 
consisting of the brain and the spinal chord. Some cells of the neuroectoderm become neural 
crest cells and migrate away to form the peripheral nervous system (PNS), consisting of all 
nervous tissue outside the CNS. Soluble signal molecules and cell-cell contacts regulate the 
nervous system development. It has been shown recently that cells in the nervous system are 
more plastic than was earlier believed. For example, CNS stem cells can change fate and 
become PNS cells if they are allowed to differentiate in cell media from the PNS. This means 
that factors responsible for this change are soluble factors secreted into the cell medium. 
 
In this study CNS neural stem cells were differentiated in collected fractions of PNS cell 
media. Macromolecules in the collected media were fractionated into five different molecular 
size fractions of >10, 10-30, 30-50, 50-100 and >100 kilo dalton (kDa). I investigated if any 
of the fractions could make CNS stem cells change fate and start to express the PNS marker 
p75. My results showed that 1:500 and 1:1000 dilutions of the fractionated media could be 
used in the stem cells cultures without causing cell death. A significant increase of the p75 
marker could be seen when the neural stem cells were differentiated in the 50-100 kDa 
fraction. A clear but insignificant increase was also caused by the 10-30, 30-50 and >100 kDa 
fractions. These results indicate that molecules that can initiate the CNS to PNS change are 
present in several of the fractions.  
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INTRODUCTION 
 
Stem cells 
 
Stem cells are cells that have the capacity to self-renew in an undifferentiated state as well as 
to differentiate into one or several different cell types (Crane and Trainor 2006, Robertson et 
al. 2008). Stem cells can be divided roughly into two different kinds of stem cells: the 
embryonic stem cells and the tissue specific, also called somatic, stem cells (Crane and 
Trainor 2006, Purves et al. 2008). The embryonic stem cells are found during early 
development in the pre-implanted blastocyst and can form all types of cells found in the adult 
organism. Embryonic stem cells are therefore called pluripotent stem cells (Crane and 
Trainor 2006, Robertson et al. 2008). The somatic stem cells are multipotent which means 
that they can differentiate into all types of cells found in that special tissue. Central nervous 
system (CNS) neural stem cells are examples of somatic (multipotent) stem cells and can 
form all cell types found in the nervous tissue of the CNS (Crane and Trainor 2006, 
Robertson et al. 2008). Multipotent cells are more differentiated and restricted than 
pluripotent stem cells. Some somatic stem cells can also be unipotent, which means that they 
can only give rise to one type of differentiated cell (Donovan and Gearhart 2001). Progenitor 
cells are more differentiated than stem cells and can self-renew a limited number of times and 
differentiate into only one or a few different cell types (Crane and Trainor 2006).  
 
 
Stem cells in adult organisms  
 
Stem cells are found both in embryonic and adult organisms but there are fewer stem cells in 
adult organisms since stem cells are replaced with more differentiated progenitor cells. At 
embryonic day 8 (E8) in rat more than 50% of the viable cells from the neural tube are stem 
cells. This number decreases to 12% and 1% in the spinal chord of E12 and postnatal day 1 
(P1) rat respectively (Spradling et al. 2001, Temple 2001). Pre-migratory neural crest (NC)  
cells are also mostly made up of stem cells (Temple 2001).  
 
Adult stem cell are somatic tissue-specific stem cells and provide renewal capacity in the 
tissue where they reside (Crane and Trainor 2006). Adult stem cells can be found in e.g. bone 
marrow as haematopoietic stem cells that produce blood and immune cells (Crane and 
Trainor 2006, Spradling et al. 2001). Neuronal stem cells have been found in certain parts of 
the adult mammalian brain, namely in the hippocampus and the subventricular zone, and 
neurogenesis, the production of new neurons, takes place in these regions. The adult neuronal 
stem cells divide slowly and can differentiate into all neural cells types, both neurons and glia 
cells (Robertson et al. 2008, Temple 2001, Zhao et al. 2008). Neurogenesis can also be 
induced by injury in places outside the earlier named regions, but it has not been elucidated if  
the cells responsible for regeneration originate from the hippocampus and the subventricular 
zone or not (Robertson et al. 2008).  
 
 
Stem cell niche 
 
The number of stem cells decreases substantially during development from embryo to adult 
organism. The remaining adult stem cells stay in a “steady state”, which means that they 
produce one new stem cell and one more differentiated daughter cell at every division 
(Spradling et al. 2001). The regulation of proliferation and differentiation in stem cells is not 
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completely understood but a recent hypothesis is that stem cell function is regulated by more 
differentiated neighboring cells by cell-cell contact and paracrine signaling.  
 
The neighboring cells create a microenvironment called a niche for the stem cell (Spradling 
et al. 2001, Zhao et al. 2008). When the stem cell divides, one of the daughter cells stays 
attached to the niche and remains a stem cell, while the other daughter cell detaches and ends 
up further away from the niche (Figure 1) where it starts to differentiate (Spradling et al. 
2001).   
 

 
Figure 1. The stem cell sits close to the niche cells and when the stem cell divides one of the daughter cells ends 
up further away from the controlling niche and therefore starts to differentiate. 
 
 
Cell types found in the nervous system 
 
The nervous system is made up of two types of cells, neurons and glia cells. Neurons, or 
nerve cells, send electric information in the body and have processes called dendrites and 
axons. The dendrites receive input from other neurons, while the axons send input to other 
neurons or tissue cells (Purves et al. 2008). The glia cells have a supportive function in the 
nervous system and there are about 10 times more glia cells than neurons. The major glia 
cells in the CNS are astrocytes and oligodendrocytes. Astrocytes maintain a good chemical 
environment for the nerve cells e.g. by removing excess transmitter signals released from the 
nerve terminals and controlling the levels of certain ions (Jessen 2004, Purves et al. 2008). 
Oligodendrocytes wrap myelin, a lipid-rich isolation, around axons for better signaling 
transmission. Glia cells in the peripheral nervous system (PNS) are called Schwann cells. 
Schwann cells wrap around all PNS axons but only some Schwann cells myelinate. Glia cells 
are important during the development of the nervous system since they guide neurons to their 
final destination during neuronal migration (Jessen 2004).  
 
 
Development of the nervous system 
 
The mammalian nervous system is divided into the CNS that consists of the brain and the 
spinal chord and the PNS that consists of the nervous system outside the CNS. The enteric 
nervous system (ENS) is a part of the PNS but is relatively independent of the CNS and 
regulates functions in the gut and intestines like the bowel movement (peristaltic) and 
secretions (Heanue and Pachnis 2007).  
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An early step in vertebrate embryonic development is the gastrulation, which forms the three 
germ layers: ectoderm (outer), endoderm (inner) and mesoderm (middle). A notochord that 
defines the embryonic midline is formed from the mesoderm, and the ectoderm just above the 
notochord is the neuroectoderm that gives rise to the whole nervous system (Purves et al. 
2008, Gilbert 2006). The neuroectoderm contains neural stem (NS) cells that will give rise to 
the CNS (Brännvall et al. 2008). The neuroectoderm transforms into the neural tube and a 
cell type called neural crest (NC) cells forms along the neural tube (Figure 2). The 
neuroectoderm and what will be the NC cells separate early in embryonic development. The 
neural tube extends along the embryo from head to tail and will give rise to the CNS, while 
the NC cells will migrate away from the neural tube and give rise to the PNS and ENS 
(Purves et al. 2008, Gilbert 2006). The migrating NC cells contain pluripotent stem cells, NC 
stem cells that can generate all possible cell types in the PNS and ENS (Gilbert 2006, 
Mujtaba et al. 1998). The NC cells also give rise to many non-neural cell types, e.g. pigment 
cells, endocrine cells, connective tissue and vascular smooth muscle (Dupin et al. 2007). The 
NC cells migrate in precise pathways that are highly conserved among vertebrates (Craine 
and Trainor 2006).  
 

 
Figure 2. Development of the nervous system. The neuroectoderm transforms into the neural tube in several 
steps. Parts of the neuroectoderm transforms into neural crest cells that migrate away from the neural tube. The 
embryo is viewed in cross-section form the side.  
 
The neurons and glia of the CNS develop from stem cells and progenitors in a germinal layer 
called the ventricular zone. The produced neurons and glia then migrate out to the different 
regions of the CNS (Purves et al. 2001).  
 
 
Signalling during nervous system development 
 
Many different signal systems and molecules are involved during the nervous system 
development. Cells change the behaviour of nearby cell gatherings by producing signals that 
modify the gene expression in responding cells, called induction. Inducing signals can come 
from soluble molecules that affect nearby cells (paracrine signalling), or from physical cell-
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cell contacts between different tissues or cells (Gilbert 2006). Almost all structures in the 
developing nervous system e.g. the notochord, parts of the neural tube and other close tissues 
give inductive signals. The paracrine signals are secreted growth and differentiation factors. 
Cell-cell contact-based induction happens when membrane proteins of one cell interact with 
receptors on adjacent cells, also called juxtacrine interactions (Gilbert 2006). The formation 
of NC cells is dependent on cell contact-mediated interactions and on a gradient of bone 
morphogenetic protein signalling molecule (BMP) (Craine and Trainor 2006).  
 
Stem cells and progenitor cells can respond differently to factors depending on when they are 
exposed to them. E12 mice CNS cortex stem cells produced more glia than E18 and P0 stem 
cells when they were differentiated after having been grown together with transforming 
growth factor- (TGF-) (Irvin et al. 2003). The cell response also depends on the 
concentration of the factor. When E14.5 rat CNS cortex stem cells were differentiated 
together with different concentrations of BMP2, a higher concentration produced more 
smooth muscle actin cells, cells found in the PNS (Sailer et al. 2005). The mechanisms 
behind these behaviours are not completely understood (Irvin et al. 2003, Temple 2001).  
 
 
Cortex 
 
The Cortex or cerebral cortex is the gray matter of the two cerebral hemispheres. Gray matter 
is regions in the CNS that contain many neuronal cell bodies. The cerebral cortex is a thin 
layer of neural tissue that covers the whole cerebrum, which consists of the two hemispheres 
(Purves et al. 2008). The cerebral cortex is to the biggest part made up of neocortex, which is 
defined as cortex that has six cellular layers. These layers form during development and the 
layers are not completed until in the middle of childhood. Each layer has its own properties 
containing different neurons and connections (Gilbert 2006, Purves et al. 2008).    
 
 
Neurospheres 
 
Neurospheres are free floating cultures of stem cells and progenitors. The neurosphere assay 
is a way of culturing NS cells and progenitors from a single-cell suspension (Jensen and 
Parmar 2006). The cells are grown under serum-free conditions on uncoated plates together 
with basic fibroblast growth factor (bFGF) and epidermal growth factor (EGF), which are 
factors that keep the cells in a proliferative state and preserve the cellular multipotency 
(Brännvall et al. 2008, Caldwell et al. 2001, Gage 2000, Robertson et al. 2008). Only cells 
responsive to bFGF and or EGF will survive in the culture. The surviving cells are the stem 
cells and progenitors (Reynolds and Rietze 2005, Reynolds and Weiss 1996). Round balls of 
cells, spheres, can be seen after a few days. When the spheres are of appropriate size they can 
be separated into single cells and cultured again to form secondary spheres or allowed to 
differentiate by removing bFGF and EGF (Gage 2000). Approximately 2.4% of the viable 
cells from the primary spheres form secondary spheres. This is often interpreted to mean that 
2.4% of the plated cells are stem cells, but this is often an overestimation of the amount of 
stem cells. Early spheres contain both stem cells and progenitors. The sphere forming cells 
need to be separated, cultured and examined for long-time proliferating properties (up to ten 
passages) to accurately reflect the number of stem cells. Examining the long-time 
proliferating capacity reduces or eliminates the number of progenitors. This will in turn give 
a better estimate of the real number of neural stem cells (Reynolds and Rietze 2005).   
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A neurosphere contains cells in different differentiations stages: stem cell, more 
differentiated progenitors and most likely neurons and glia as well. A bigger sphere contains 
more differentiated cells than a small sphere (Jensen and Parmar 2006). Stem cells and 
progenitors are located on the outside of the sphere, while more differentiated cells are 
located inside the sphere. It is more difficult for the bFGF and EGF to diffuse into the cells 
inside the sphere and these cells then can start to differentiate. This is the reason why the 
sphere should be kept quite small (Jensen and Parmar 2006). 
 
 
Plasticity of the nervous system 
 
The cells in the nervous system are more plastic then were previously thought. It was earlier 
believed that CNS stem cells could only differentiate into cells in the CNS and that stem cells 
in the PNS or ENS could only produce PNS or ENS cells. A number of papers now are  
showing that stem cells from the CNS can change their fate and turn into cells with neural 
crest origin (Brännvall et al. 2008, Gajavelli et al 2004, Sailer et al. 2005). When CNS NS 
cells taken from mouse E14 cortex differentiated together with PNS or ENS cultures they 
changed fate and became PNS or ENS cells expressing PNS markers. It has also been shown 
that collected conditioned cell culture medium from PNS or ENS cultures could induce NS 
cells to change and take on a PNS or ENS fate (Brännvall et al. 2008). The result shows that 
soluble factors secreted into the medium from the PNS and ENS cells can induce this change. 
The collected cell culture medium was less effective than co-culturing in inducing this 
change. This indicates that cell-cell contact is important for the change or that the co-culture 
cells constantly produces new factors (Brännvall et al. 2008).  
 
 
Conditioned medium 
 
A conditioned medium is a cell culture medium in which  cells have been cultured for some 
time. The medium has been “conditioned” with different molecules that the cultured cells have 
synthesized and secreted. The secreted molecules are molecules that the cells normally 
synthesize, e.g. signalling molecules for communication. A conditioned medium can be 
analysed for determining what molecules are present in the medium.  
 
 
Hoechst and Propidium Iodine staining 
 
These stains can be used for evaluating the viability among cells that have been exposed to a 
certain treatment. Hoechst 33342 is a nucleic acid stain that stains all cell nuclei and might be 
used to determine the total number of cells in the culture. Propidium iodine (PI) is a stain that 
also binds to nucleic acids but intact cellular membranes are impermeable to PI, which means 
this dye can not enter living cells and therefore only stains dead cells. Hoechst and PI 
fluoresce blue and red respectively. By taking pictures with a fluorescence microscope of 
cells exposed to these stains and comparing the number of blue fluorescent cells with the 
number of (dead) red fluorescent cells its possible to calculate the percentage of living cells, 
also named the viability.  
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Immunocytochemistry 
 
Immunocytochemistry is a method for visualising colourless cellular components and 
involves using antibodies that are coupled to different labels, e.g. fluorescent molecules or 
enzymes (Kroese 2001). The method involves a primary antibody that binds to a certain 
cellular cytosolic or membrane-bound protein and a secondary antibody that binds the 
primary antibody. In this case the secondary antibody is conjugated with a fluorescent 
molecule that can be detected in a fluorescent microscope. The blue fluorescent 4', 6-
diamidino-2-phenylindole dihydrochloride, also known as DAPI, is used to stain the cell 
nuclei because it binds strongly to DNA.  The cells need to be fixed and permeabilized before 
antibodies are applied and this is done by treating the cells with formaldehyde that crosslinks 
DNA and proteins (Kroese 2001). The cells are permeabilized with Triton-X-100, a detergent 
that affects the cell membrane and makes it more permeable to cytosolic antibodies.  
 
 
Stem cell therapies 
 
Neural embryonic and adult stem cells have the capacity to differentiate into many cell types 
found in the adult nervous system and this gives hope for future possibilities in treating some 
neurological diseases. To be able to use stem cells for therapeutic treatments in regenerative 
medicine it is important to elucidate, among many other things, what mechanisms and signals 
that induce stem cells to differentiate into a certain cell type (Busch et al. 2006, Robertson et 
al. 2008).  
 
 
Aims 
 
The aim of this study was to culture NS cells and investigate if molecules in fractions of  
ENS-conditioned media could change the fate of NS cells and make them differentiate into 
neural crest derived cells, PNS cells. This was done by: 
 
a) Evaluating antibodies that could be used to elucidate the possible CNS to PNS change. 
 
b) Investigating what concentrations of the conditioned media could be used together with the     
NS cells without affecting the cells in a negative way. 
 
c) Determining what size fractions of the conditioned media induced a shift from CNS to 
PNS. 
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RESULTS 
 
Evaluating antibodies that could be used for analysing a CNS to PNS change 
 
To be able to analyse visually a change from CNS to PNS or an up-regulation of certain 
proteins it was necessary to evaluate the antibodies to investigate if they worked and what 
they labelled. Antibodies used for evaluation were directed against p75, Brn3a and Islet 1, 
and therefore supposed to bind to PNS membranes, sensory PNS neurons and PNS neurons 
respectively. The targeted proteins are present in the CNS as well, but not in cortex or 
cerebellum (Brännvall et al. 2008) and may thus, in this type of experiments, be used as 
specific PNS markers.  
 
Evaluating anti-p75 and anti-Brn3a antibodies 
The first evaluation was performed using anti-p75 and anti-Brn3a antibodies on CNS 
cerebellar cell cultures and PNS cell cultures from parts called the dorsal root ganglion. After 
immunocytochemistry with these antibodies together with a green and red fluorescent 
secondary antibody directed towards the anti-p75 and anti-Brn3a antibodies respectively the 
results were visualized with a fluorescence microscope. Both red and green signals could be 
seen in the cerebellum but they were very weak and unspecific (results not shown). The 
signals in the PNS cultures were less weak and specific. The Brn3a-positive cells could be 
seen as red spheres (Figure 3A, C) and the p75-positive cells were seen as green membranes 
and processes (Figure 3A-B). The anti-Brn3a antibody binds to both the cell nuclei and parts 
of the cell body. From these experiments I decided to use anti-p75 antibody, but not anti-
Brn3a since this antibody was less specific and very weak compared to the labelling with the 
anti-p75 antibody. 
 

   
Figure 3. Immunofluorescent images showing PNS cell cultures stained for p75 and Brn3a. The anti-p75 
antibody binds PNS membranes and the secondary antibody fluoresces green, while anti-Brn3a antibody binds 
sensory PNS neurons and the secondary antibody fluoresces red. The cell nuclei are stained with DAPI that 
fluoresces blue. White arrows indicates p75 positive membranes (A, B) and red arrows indicate Brn3a positive 
cells (A,C). Panels B and C shows membranes and Brn3a positive cells in a higher magnification. Scale bar 50 
m.  
 
Evaluating anti-Islet1 antibody 
The anti-Islet1 antibody was tested on PNS dorsal root ganglia cultures and on CNS 
cerebellar cultures. After immunocytochemistry with the anti-Islet1 antibody together with a 
red fluorescent secondary antibody the results were visualized with a fluorescence 

B C 
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microscope. The signals in PNS were strong and specific (Figure 4A) and no red signals at all 
could be seen the CNS cultures (Figure 4B). However, I decided to start using the anti-p75 
antibody, since this antibody labels all PNS cells (neurons and glia) while the anti-Islet1  
antibody labels only neurons. 
 

  
Figure 4. Immunofluorescence images showing Islet1 expression in PNS (A) and CNS (B) cultures. The anti-
Islet1 antibody binds to PNS neuron nuclei and fluoresces red and the cell nuclei are stained with DAPI that 
fluoresces blue. Scale bar 50 m. 
 
 
Determining the usable concentrations of conditioned ENS-media  
 
When stem cells are left to differentiate in conditioned media it is important to know what 
concentrations are suitable to use. The conditioned medium should not affect the stem cells 
negatively. To find the most suitable dilutions, the NS cells were allowed to differentiate  
together with six different dilutions of each conditioned media fraction, ranging from 1:25  
up to 1:1000. The cells were then fixed and stained with PI and Hoechst (Figure 5) to  
determine the viability in the stem cells.  
 

   
Figure 5. The neural stem cell nuclei stained with Hoechst  (A) and propidium iodine (B). The Hoechst stain 
fluoresces blue and propidium iodine red. An overlay picture shows a strongly red fluorescent dead cell as a 
pink cell (C). The arrow shows one dead cell. Scale bar 50 m.  
 
When adding the lowest dilutions of conditioned medium to the cells, 1:25 and 1:50, a colour 
change from pink to yellow could be seen in the wells (result not shown). This indicated a 
reaction in the media, most likely depending on the high protein content in the concentrated 
conditioned medium. These low dilutions were not used for viability staining. The viability of 
cells exposed to dilutions of conditioned media ranging from 1:100 to 1:1000 was measured. 
Results are shown in figure 6. The 1:100 and 1:200 dilutions negatively affected the NS cells 

A B 
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in all conditioned media size-fractions. Molecules in the <10 kDa fraction killed all cells in 
the 1:100 dilution (Figure 6A). The 1:500 and 1:1000 dilutions had no negative effects on the 
NS cells in all size-fractions except in the 30-50 kDa size-fraction (Figure 6C) where all 
dilutions affected the viability negatively. The conclusion from these experiments was to 
primarily investigate the 1:500 and 1:1000 dilutions for future tests with the NS cells.  

 

 
Figure 6. The viability of neural stem cells in different 
concentrations of size-fractionated conditioned ENS 
medium after six days of differentiation. The conditioned 
medium fractions were tested together with differentiating 
NS cells in dilutions of 1:100, 1:200, 1:500 and 1:1000. The 
control was NS cells in media without added conditioned 
media. The cells were thereafter stained with PI and Hoechst 
stains to calculate viability. The graphs represent the mean  
SEM n=5-10 from two independent experiments. One or 
several * above a staple represents a significant decrease in 
cell viability (unpaired t-tests).  * P<0.05,  **P<0.01 
***P<0.001.  
 
 

 
Determining what fractions that can induce CNS stem cells to become PNS cells 
 
After having determined that 1:500 and 1:1000 dilutions of the different size-fractions from 
the conditioned medium could be used together with the NS cells, these size fractions were 
analysed for their ability to make the CNS stem cells change fate and become PNS cells. This 
was done by letting NS cells differentiate in medium with 1:500 and 1:1000 dilutions of the 
conditioned medium for six days. The results were analysed by immunocytochemistry with 
the anti-p75 antibody together with a green fluorescent secondary antibody. Results are 
shown in figure 7. Surprisingly I found that the control culture also got labelled with the anti-
p75 antibody. In fact, approximately 40% of the control NS cells were positive for the anti-
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p75 antibody. I therefore decided to look for an increase in the number of anti-p75 antibody 
positive cells. A significant increase in the number of anti-p75 antibody positive cells was 
seen with the 1:500 dilution of the 50-100 kDa size-fraction of the conditioned media  (Figure 
7D). An indication of an increase of anti-p75 antibody positive cells could be seen with the 
1:500 dilutions of the 10-30 and 30-50 kDa fractions (Figure 7B,C). A significant decrease of 
anti-p75 antibody positive cells was seen with the 1:1000 dilution of the 30-50 kDa size-fraction 
(Figure 7C). The conclusion from these experiments was that molecules that can initiate the 
CNS to PNS change are present in at least one of the size-fractions of the conditioned media . 

 

 

     
Figure 7. The fraction of anti-p75 antibody positive cells after NS cells have differentiated with 1:500 and 
1:1000 dilutions of size-fractioned conditioned medium for six days. After differentiation the cells were 
analysed by immunocytochemistry with anti-p75 antibody and the number of positive cells were manually 
counted. The control was NS cells in medium without added conditioned media. The graphs (A-E) represent the 
mean  SEM n=5-10 from two independent experiments (unpaired t-test). Figure C shows the mean from only 
one experiment. * represents a significant increase or decrease in fraction anti-p75 antibody positive cells. * 
P<0.05 stained. Figure F shows examples of anti-p75 antibody positive cells and the white arrow shows a anti-
p75 antibody positive membrane. Cell nuclei are stained with blue fluorescent DAPI. Scale bar 50 m. 
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DISCUSSION 
 
Usable dilutions of the conditioned media 
 
The viability of the NS cells together with different dilutions of the fractionized conditioned 
medium was determined and the experiment gave good results concerning what concentrations  
could be used together with the stem cells. Results showed that the <10 and 30-50 kDa  
fractions were most toxic to the cells. Molecules in the <10 kDa fraction killed all cells at the  
lowest dilution and molecules in the 30-50 kDa fraction affected the cells with all dilutions
tested. The low viability in the 30-50 kDa fraction might be because this fraction contained
a yeast contaminant, turned visible on the last day of experimentation, in the second experiments. 
The cells were nonetheless kept and used for calculation because the cells might not have 
been to affected by the yeast. If looking only at the first of the two experiments conducted
with the 30-50 kDa fraction, then 1:1000 dilution did not have any negative effect on the
cells. These result show that more viability tests have to be done to further evaluate the 
toxicity of the molecules in the 30-50 kDa fraction. The overall results show that 1:500 and 
1:1000 are good dilutions to use when you want to put NS cells in an environment where they 
have the chance to differentiate and react to the soluble factors present in the fraction. 
 
 
The p75 expression in the control 
 
In the control NS cells differentiated in medium without any added conditioned medium and 
were then used for immunostaining with the anti-p75 antibody. The p75 expression in the 
control was a confusing result because it did not corroborate with earlier results. The 
expression in the control was both strong and specific in my case. No expression of p75 at all 
had been seen in NS cells earlier after the same treatment (Brännvall et al 2008). One 
explanation can be that the p75 expression is affected by the medium change from cortex 
stem cell medium, used for growing stem cell neurospheres, to supplemented Neurobasal 
medium, used when the stem cells differentiate with or without conditioned medium. Maybe 
there was something in the Neurobasal medium that mediated this p75 up-regulation seen in 
the control. However according to Åsa Fex Svenningsen (personal communication) this has 
already been tested and the supplemented Neurobasal medium had no effect on the p75 
expression. This experiment will be repeated in the future by letting NS cells differentiate in 
supplemented Neurobasal medium and then evaluating the p75 expression. The result will 
then be compared to NS cells that have differentiated in cortex stem cell medium. There 
could also be differences in the methods used for immunocytochemistry or the antibody itself 
though the antibody is supposed to be exactly the same with the same product number from 
the same company. In order to avoid discrepancies concerning antibodies and the frequent 
counting of cells, reverse transcription PCR (rtPCR) will be used in future experiments. In 
this method NS cells will differentiate in molecular size-fractions of ENS-conditioned 
medium, and mRNA will then be purified from the differentiated cells. The rtPCR will be 
used to synthesize complementary DNA (cDNA) from the collected mRNA, and the amount 
of cDNA will then be measured. With this technique it is possible to see increases or 
decreases in mRNA for many markers at the same time. The rtPCR will be run for many 
CNS and PNS markers at the same time, and would thereby enable me to see a down-
regulation of CNS markers and an up-regulation of the PNS markers in one size fraction at 
the same time.   
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Which fractions contain molecules that can induce a CNS to PNS change? 
 
NS cells have differentiated together with 1:500 and 1:1000 dilutions of the different 
conditioned medium fractions and thereafter been used for immunostaining with the anti-p75 
antibody. A significant increase in the p75 expression could be seen in cells differentiated 
with the 50-100 kDa fractions, and this is reasonable since this together with the >100 kDa 
fraction are the fractions that span over the widest molecular ranges. The statistical chance of 
finding molecules that can induce a stem cell CNS to PNS change is highest in these two 
fractions.  
 
It was only with 1:500 dilution of conditioned medium that a significant or an indication of 
an increase of p75 expression could be seen. This might be because the concentration of the 
molecule or molecules responsible for the CNS to PNS change was too low in the 1:1000 
dilution. It is known that stem cells react differently to different concentrations of the same 
molecule (Sailer et al. 2005). This might indicate that the 1:500 dilution is the dilution best 
resembling the molecular concentrations in the untreated collected ENS-conditioned medium.   
 
It is likely that a combination of molecules can induce a CNS to PNS change (Sailer et al 
2005). The molecules needed in combination for the change to happen might have ended up 
in different fractions when the conditioned medium was divided into five fractions. It is 
therefore reasonable to think that a combination of two or more fractions may give even 
better results and this should naturally be tested as well. However, in this experiment I 
focused on testing one fraction at a time. The hope was to find one or several molecules that 
can be responsible for a CNS to PNS change.  
 
  
What molecules can be found in the ENS-conditioned medium? 
 
Both ENS and PNS conditioned medium have been seen to contain molecules with capacity 
to induce a CNS to PNS change (Brännvall et al 2008). Both types of conditioned medium 
gave approximately the same percentage (~20%) of anti-p75 antibody positive cells. This 
means that either these cultures produce different molecules that give the same result (a CNS 
to PNS change), or they produce similar molecules. The most reasonable is that they secrete 
partly the same kind of molecules, because they both originate from neural crest cells. 
 
It has been seen earlier that BMP2 and FGF2 cooperate to induce CNS stem cells to become 
cells with neural crest origin (Sailer et al. 2005). BMP2 in combination with Insulin-like 
growth factor 1 (IGF1) also induce CNS stem cells to change, but it is much less effective 
than BMP2 together with FGF2 (Sailer et al. 2005). FGF2 is about 17 kDa, BMP2 about 26 
kDa and IGF1 about 7.6 kDa (http://www.abcam.com 2009-01-26). This means that BMP2 
and FGF2 should be found together in the 10-30 kDa fraction and thus induce a CNS to PNS 
change. Earlier results also show that BMP6 and BMP7 can initiate a neural crest 
differentiation program in CNS stem cells (Gajavelli et al. 2004). These BMP molecules are 
approximately 29 kDa (http://www.rcsb.org 2009-01-02) and should therefore also be found 
in the 10-30 kDa fraction, and give an increase of PNS cells. After two experiments only an 
indication of an increase in the expression could be seen with this fraction. More experiments 
need to be done to fully evaluate the different fractions of the ENS-conditioned media. What 
molecule or molecules that are present in the 50-100 kDa fraction and have the capacity to 
induce a CNS to PNS change is unknown to me. 
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Future perspectives 
 
A clear indication of an increase of the p75 expression could be seen in several fractions, and 
these fractions are considered to be interesting. These fractions together with the 50-100 kDa 
fraction will be used for future evaluation with anti-Islet1 antibody. Islet1 is another PNS 
marker and the hope is to se significant Islet1 expression in least the 50-100 kDa fraction and 
hopefully also in the 10-30 kDa fraction where known PNS-inducing molecules should be 
present. The interesting fractions will also be used for rtPCR as discussed above. The fraction 
or fractions that show to give a significant increase of PNS cells after analyzing with anti-p75 
antibody, anti-islet1 antibody and rtPCR will then be analyzed by masspectrometric analysis. 
With this method it is possible to determine what proteins are present in the fraction.  
 
One thing that should be done in the future is to elucidate that the freezing and the 
lyophilization have not negatively affected the proteins in the collected conditioned medium.  
This will be tested by letting NS cells differentiate with whole ENS-conditioned medium that 
have been frozen, dialyzed, lyophilizated and dissolved.  
 
My method of letting stem cells differentiate in size-fractionized conditioned medium and 
then determining what proteins are present in the fractions that contain molecules with 
capacity to induce a CNS to PNS change, is a different way of identifying PNS-inducing 
molecules. Earlier results described by Sailer et al. (2005) and Gajavelli et al. (2004) have 
been obtained by exposing NS cells to different known factors and then evaluating what 
happened to the stem cells. My way of “going backwards” will hopefully identify some 
earlier unknown molecule that can induce this CNS to PNS change. The “backwards” method 
is good because it does not involve spending much time on trying out different potential 
molecules.  
 
The type of evaluation I have performed has worked well over all, but the 
immunocytochemistry, photographing and manual counting takes time. In order to test 
fractions more effectively in the future it may be better to use rtPCR as described above. This 
will hopefully be an easier analysis method and give more result at the same time. 
 
This is only the beginning of an exciting future. If CNS stem cells can become PNS cells then 
it may be possible that PNS stem cells can become CNS cells as well. There is much left to 
be done before the full capacity of NS cells, and the knowledge of what molecules that affect 
the stem cells have been elucidated.  
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MATERIALS AND METHODS 
 
Animals and dissection 
 
Pregnant female mice of the Naval Medical Research Institute (NMRI) albino strain were 
sacrificed by an overdose of CO2 and the neck was broken. The uterus was gently collected 
and put on ice in a 50 ml Falcon tube (Fischer Scientific, Göteborg, Sweden) with Leibovitz’s 
L15 medium (L15) (Invitrogen, Stockholm, Sweden). The embryos were detached from the 
uterus and placentas, put on a  60 mm Petri dish (VWR, Stockholm, Sweden) with Hank’s 
buffered saline solution (HBSS) (10  stock, Invitrogen) supplemented with 44 mM NaHCO3 
(Sigma-Aldrich, Stockholm, Sweden), 16.4 mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES) (1 M, pH 7.4, Invitrogen) and 100 U/ml Penicillin-
Streptomycin (10000 U/ml, Invitrogen). The embryos were decapitated and the heads and 
bodies were separated onto different  60 mm Petri dishes with ice cold supplemented HBSS 
as described above or L15 medium. Tissues were put in supplemented HBSS when making 
stem cells spheres and in L15 when making ordinary cultures. The embryos were collected 
and handled with microscissors and forceps under sterile conditions.  
 
 
Isolation of tissue  
 
ENS cultures were made from NMRI mice embryonic intestine and NS neurosphere cultures 
were made from embryonic cortex. The tissues were collected with microscissors and forceps 
under sterile conditions with the aid of a dissection microscope (Nikon).  
 
Isolation of intestine from mice 
The body was put on the side and the intestines, found right above the umbilical chord inside 
the abdomen, were collected, cleaned from other tissues and put in ice cold HBSS 
supplemented with 44 mM NaHCO3, 16.4 mM HEPES and 100 U/ml Penicillin-
Streptomycin or L15.  
 
 Isolation of cortex from mice 
The head was put on the side and fixed by a forceps by the eye. Cuts were done above the eye 
from the back of the head towards but above the eye. This made it possible to get the brain 
out of the skull. The hemispheres were cut open near the midline and the cut part was flipped 
out, cut off and then put in ice cold supplemented HBSS as described above.   
 
 
Preparation of cell cultures  
 
ENS cell culture 
The intestines were dissected out from E14 NMRI mice. The tissue and the medium was 
collected and spun down at 160  g for 5 minutes and the pellet was resuspended in L15. The 
tissue was treated with 0.125% trypsin (0.25% stock, Invitrogen), by diluting it 1:1 in the 
L15, and incubated for 5 minutes at 37oC, 5% CO2. The tissues were mechanically 
dissociated with a glass pipette. The incubation was repeated if the cells did not become 
single cells. When a single cell suspension was achieved the cells were transferred to a 15 ml 
Falcon tube (Fischer Scientific) over a 70 m cell strainer (VWR). The trypsin was blocked 
with fetal bovine serum (FBS) (Invitrogen) added in the same volume as trypsin. The cells 
were then washed two times in L15 at 160  g for 5 minutes. The pellet was then dissolved in 
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Neurobasal medium (Gibco Invitrogen) supplemented with 2% B-27 supplement designed 
for long-term viability of neurons (Invitrogen) and 0.6 mM L-glutamine (Invitrogen). Cells 
were counted and plated on  13 mm cover slips coated with 100 g/ml poly-L-lysine 
(Sigma-Aldrich) in 4-well plates (VWR) with an approximately cell density of 1  106 
cells/ml. A 50-70 l drop of cell culture was added to the coated cover slip, which was then 
incubated at 37oC, 5% CO2 for three hours, to let the cells adhere, before supplemented 
Neurobasal medium (Invitrogen) described above was added to a total volume of 300-350 l. 
The medium was changed two times a week.  
 
CNS neurospheres 
Cerebral Cortex (CX) was dissected from E14 NMRI mice. Cortex tissue was collected in 
HBSS supplemented with 44 mM NaHCO3, 16.4 mM HEPES and 100 U/ml Penicillin-
Streptomycin. The tissue was spun down at 160  g for 3 minutes and the pellet was 
suspended in 1-2 ml 37oC supplemented HBSS as described above. The tissue was 
mechanically dissociated into a single cell suspension. Supplemented HBSS was added and 
the cell suspension was filtered through a 70 m cell strainer. The filtered cell suspension 
was centrifuged at 160  g for 5 minutes and the pellet was then dissolved in 1 ml neural 
stem cell medium containing Dulbeco’s modified eagles and F12 medium (DMEM:F12) 
(Invitrogen), 2% B-27, 2 mM L-glutamine, 100 U/ml Penicillin-Streptomycin, 0.8% HEPES, 
20 ng/ml epidermal growth factor (EGF) (Peprotech, London, United Kingdom) and 20 
ng/ml fibroblast growth factor-2 (FGF2) (Peprotech). Cells were counted and plated on a  
10 cm un-coated culture plate (VWR) in the neural stem cell medium described above at a 
cell density of 105 cells/ml. Cells were split every 4-5 days.   
 
 
Coating of cover slips 
 
Coating for ENS cultures 
Cover slips ( 13 mm) were put in 24 or 4 well plates. Sterile 100 g/ml poly-L-lysine (5 
mg/ml, Sigma-Aldrich) was added to each well in a volume of approximately 500 l. The 
plate was incubated for at least 4 hours at 37oC, 5% CO2. The poly-L-lysine was removed and 
the plate were washed two times in sterile water and then left to dry at 37oC to the day after. 
 
Coating for CX cultures 
Cover slips ( 13 mm) were put in 24 or 4 well plates. Sterile 50 g/ml poly-ornithine-
hydrobromide (5 mg/ml, Sigma Aldrich) was added to each well in a volume of 
approximately 500 l and incubated at 4oC overnight or at 37 oC for 4 hours. The wells were 
then washed two times with sterile water. Fibronectin 1 g/ml (1 mg/ml, Invitrogen) was then 
added to the plates and incubated at 37 oC for 1-2 hours. The fibronectin was kept in the wells 
until plating.  
 
 
Neurosphere passage into single cells 
 
Neurospheres were passaged every 5 days. The spheres and the medium were transferred to a 
15 ml Falcon tube and the plate was rinsed with 37oC HBSS supplemented with 
supplemented with 44 mM NaHCO3, 16.4 mM HEPES and 100 U/ml Penicillin-
Streptomycin to get all the spheres. The cells were spun down at 160  g for 5 minutes and 
the pellet was resuspended in 1-2 ml 37oC supplemented HBSS as described above.  
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The spheres were incubated at 37oC, 5% CO2 for 5 minutes and then mechanically 
dissociated with a glass pipette. The 5 minutes incubation and mechanical dissociation was 
repeated until single cells could be seen. The cells were counted and then spun down in 37oC 
supplemented HBSS by centrifuging the cells at 160  g for 5 minutes. The pellet from ENS 
cells was re-suspended in DMEM:F12 medium supplemented with 2% B-27, 1% N-2 
(Invitrogen), 8 mM HEPES and 100 U/ml Penicillin-Streptomycin, 20 ng/ml EGF, 20 ng/ml 
FGF2 and 0.5 mM L-glutamine. The pellet from cortex cells was re-suspended in neural stem 
cell medium as described above. The cells were then counted and plated with the cell 
densities described in preparation of cell cultures parts above.  
 
 
Collecting conditioned medium 
 
The ENS culture was prepared and left 1-2 days for the cells to settle. The first medium 
collected was thrown away and the cell medium was then collected each 3-4 days, while 
changing to new medium, during approximately 4 weeks time. The collected conditioned 
medium was kept at -20oC during the period of collecting. The collected medium, 
approximately 50 ml, was dialyzed at 4oC over night with a Slide-A-Lyzer 20000 MWCO 
dialysis cassette (Thermo Fisher Scientific, Rockford, USA) to remove salts. The medium 
was then frozen in two steps first at -20oC for one hour and then at -80oC for four hours. The 
frozen samples were then lyophilizised, or freeze-dried overnight. The dry powder was stored 
at 4oC until usage.  
 
 
Fractionating the conditioned medium 
 
The lyophilizised conditioned medium was dissolved in ammonium acetate (0.15 M, pH 7.5, 
Sigma-Aldrich) into approximately 1.5 ml and separated into fractions of different molecular 
sizes with Millipore Molecular Weight Cut Off (MWCO) filters (Microcon, Belford, USA) 
with molecular weight limits of 10, 30, 50 and 100 kDa. Each filter could be loaded with at 
the most 0.5 ml liquid, so three sets had to be used from the start. The medium was 
centrifuged through the filters at 14000  g at 4 oC for different lengths of time. When 
separating with the 10 kDa filter the centrifugation took 45 minutes whereas the rest took 
about 15 minutes. The filters were used in this order: 10, 100, 50 and 30 kDa. Fractions with 
sizes of  <10, 10-30, 30-50, 50-100 and >100 kDa were obtained by collecting the filtrate or 
the retentate collected on top of the filter (Figure 8). The retentate was dissolved in 
approximately 200 l of the ammonium acetate before being transferred for more 
centrifugation or for drying. The collected fractions (approximately 200-300 l of each size) 
were dried down to 50 l by vacuum centrifuging several hours. Different fractions had 
different drying times so the fractions were checked every half hour because completely 
drying the samples would destroy them. The concentrated medium was then divided into 25 
l aliquots and kept at -20 oC until usage. 
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Figure 8. The fractionated medium was achieved by filtrating the conditioned ENS medium over molecular 
weight cut of filters for 10, 100, 50 and 30 kDa in the given order. The filters with loaded medium were 
centrifuged at 14000  g in 4 oC and the filtrate and the retentate, collected on top of the filter, were collected for 
either continued filtration by centrifugation or for drying down to a smaller volume. The retentate was dissolved 
in approximately 200 l of ammonium acetate and then taken for drying when using the 100 and 50 kDa 
molecular weight cut of filter. When using the 10 kDa filter the retentate was dissolved in ammonium acetate 
and taken for further centrifugation while the filtrate was taken for drying. Finally when the 30 kDa filter was 
used both the dissolved retentate and the filtrate were taken for drying down.  
 
 
NS cells in conditioned medium 
 
To prepare NS cell neurospheres cells to be plated, the cells and the medium were transferred 
into a 15 ml Falcon tube and centrifuged at 160  g for 4 minutes. The pellet was suspended 
in 37oC supplemented HBSS, dissociated and incubated for 5 minutes at 37oC, 5% CO2. Cells 
were further dissociated and spun down 160  g for 5 minutes in 37oC supplemented HBSS. 
The cells were suspended in 1-2 ml (depending on the amount of cells) of neural stem cell 
medium as described above. Cells were counted and plated on 4 or 24 well plates (VWR) or 
8 well slides (Thermo Fisher Scientific) coated with poly-ornithine-hydrobromide and 
fibronectin with a cell density of 25-34000 cells/well and 50-75000 cells/well respectively.  
Approximately 150 and 300 l of neural stem cell medium was added to the 8 well slide and 
4 well plate respectively. Then 50 or 100 l of cells were added to each well on the slide or 
plate to a total volume of 200 l or 400 l. The cells were left to attach at 37oC, 5% CO2 
overnight. The medium was then changed to size fractionized ENS-conditioned medium 
diluted in Neurobasal medium supplemented with 2% B-27 and 0.6 mM L-glutamine, or to 
supplemented Neurobasal medium only for the control. NS cells were differentiated in 
fractions of ENS-conditioned medium for 6 days at 37oC, 5% CO2. The conditioned medium 
was used in 1:25, 1:50, 1:100, 1:200, 1:500 and 1:1000 dilutions. The cells were then either 
fixed for immunocytochemistry or stained for viability as described below.  
 
 
Immunocytochemistry 
 
CNS and ENS cultures were fixed by removing the cell culture medium, rinsing with 
phosphate buffered saline (PBS; 137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 2 mM 
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KH2PO4, pH 7.4) and incubated with 4% paraformaldehyde (Sigma-Aldrich) for 15 minutes 
in room temperature. The cells were then washed 3 times with PBS and incubated in blocking 
solution containing PBS with 2% normal goat serum (Invitrogen) and 0.05% Triton-X-100 
(Sigma-Aldrich) for 60 minutes at room temperature. Primary antibodies (Table 1) diluted in 
blocking solution were added and the mixture was incubated at 4oC over night. After the 
incubation, cells were washed 3 times with PBS. Secondary antibodies (Table 2), diluted in 
blocking solution, were added to the cells, which were then incubated at room temperature 
for 4 hours in darkness, to protect the light sensitive secondary antibodies. The cells were 
washed 3 times in PBS. During the second wash 200 ng/ml nuclear marker 4', 6-diamidino-2-
phenylindole dihydrochloride (DAPI) (Sigma-Aldrich) was mixed with the PBS. The fixed 
cells were mounted with a liquid mounting medium containing 1.25 g 1,4-
Diazabicyclo[2.2.2]octane (DABCO) (Sigma-Aldrich) diluted in 45 ml glycerol and 5 ml 0.5 
M Tris HCl pH 8.6 (Sigma-Aldrich) and covered with cover glass. The slides were stored at 
4oC until use.  
 
 
Table 1. Primary antibodies 
Antibody Host Target                    Dilution    Source 
p75 Rabbit PNS membrane                1:200       Sigma-Aldrich 
     
Brn3a Mouse Sensory PNS neurons      1:200       Millipore, Stockholm, Sweden 
 
Brn3a Rabbit Sensory PNS neurons      1:500       Gift from L. Turner 
 
Islet1 Rabbit PNS neurons                    1:500      AbCam, Cambridge, UK 
 
 
Table 2. Secondary antibodies 
Antibody Host Target Dilution Colour Source 
Cy3 Goat Mouse IgG 1:200 Red Molecular probes, 
     Invitrogen 
 
Alexa 488 Goat Rabbit IgG 1:400 Green Molecular probes,  
                                                                                                              
RRx Donkey Rabbit IgG 1:400 Red GTF and Jackson,  
     Fischer Scientific               
 
RRx Donkey Mouse IgG 1:400 Red GTF and Jackson 
 
FITC Donkey Rabbit IgG  1:200 Green GTF and Jackson 
 
 
Hoechst and propidium iodine staining 
 
Hoechst 33342 (Sigma Aldrich) and propidium iodine (PI) (Sigma-Aldrich) were both diluted 
1:1000 in Neurobasal medium supplemented with 2% B-27 and 0.6 mM L-glutamine. This 
medium was added to NS cells, which had been treated with ENS-conditioned medium 
during 6 days, and the cells were incubated 30 minutes at room temperature in darkness. The 
medium was then removed and the cells were washed two times for two minutes with PBS 
described in the previous part. The cells were mounted with mounting medium described in 
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immunocytochemistry and immediately examined and photographed with a fluorescent 
microscope (Olympus).  
 
 
Evaluating the results 
 
A fluorescence microscope (Olympus) was used to take 5 random pictures from each well 
with the Hoechst and PI staining and where p75+ cells could be seen form the 
immunocytochemistry. The cells were counted and the result was statistically evaluated by 
using Graphpad Prism statistical program. T-tests were used to investigate statistical 
significant differences between the mean from the control and the treated cells.  
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