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In the present we know that each type of tissue possesses stem cells. These have the 
role to replace lost cells due to physiological turnover, injury, or disease and to 
support cell genesis contributing to the cell number homeostasis.  Long time it was 
thought that adult mammalian central nervous system doesn't possess any or few 
regenerative capacity. Nowadays it was demonstrated that also in the brain there 
are stem cells which have the capacity to differentiate into astocytes, 
oligodendrocytes and neurons. 
In few degenerative diseases the stem cells lose the regenerative capacity with 
consequences in diminishing and loss of functional capacity. Stem cell therapy 
represents a novel and promising therapeutic approach to treatment of a variety of 
degenerative disease as multiple sclerosis. For this it is necessary that a efficient 
stem cell source can be found and secondary to be proven that these transplantable 
cells have differential potential into neural tissue. 
In order to be able to possess a stem cell source capable to build an implant it is 
necessary to know the cultivation technology and also the instruments to prove their 
capacity to differentiate into specific cells of the nervous system. These were the 
motives that enabled us to to try to harvest, cultivate and differentiate stem cells 
from the murine central nervous system.  
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Introduction 

 
Stem cells are primitive cells that can self-renew and at the same time generate a 
different progeny. In adulthood, stem cells are found in tissues as dormant cells 
that become activated only when differentiated cells in the tissue are lost and 
require replacement. The main role of stem cells in adult tissues includes 
maintenance of tissue homeostasis and regeneration (1,7,2). A very effective 
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method in isolation and cultivation of neural stem cells is based on exposure of 
stem cells to EGF and bFGF which gives rise to multicellular neurospheres (3,4,5).  
In this study we wanted to isolate and cultivate neuronal stem cells and also to 
obtain differentiated cells. 
 

Materials and Methods 
 
7 days old NMRI mice were decapitated with the scissors and their heads were 
swabbed in 70% ethanol. We performed a midline incision in the skin with the 
scalpel over the entire length of the skull. We applied downward pressure with the 
curved forceps on the floor of the skull under the brain and loosened the brain. We 
transferred the brain into PBS.  
 
 
 
 
 
 
 
 
 
 
  A      B 
 

 
  C      D 
Fig. 1. Cutting the head of 7 days old mice followed by the brain removal (A, B, C) 

and cultivation in DMEM of cells obtained from brain tissue filtered through cell 
strainer BD Falcon (D). 

While all regions of the brain will generate neurospheres, specific zones and 
regions will yield higher number of neurospheres. In our case the entire brain of a 
mouse pup has been used in order to generate a maximum number of neurospheres. 
All steps were made with help of 2 Aesculap forceps No 5 and No 55. We 
performed 5 experiments which included 45 mice. The entire brain was triturate 
and cut to small pieces with the help of the scalpel and by pipetting. We filtered the 
tissue through a 70 µm filter. We centrifuged the supernatant at 1000 rot/ 5 min. 
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We removed the supernatant and added 1 ml collagenase (Sigma C- 9891) and 3 ml 
DMEM (Gibco 10569- 010, F12 Nutrient mixture, B27- Supplement, 25 ug/ml 
Ampicillin, N2 Supplement (Gibco 17502- 048). We incubate for 20 min at 37°C. 
We practice centrifuging for 5 min at 1000 rot/min. We extract the supernatant and 
wash with PBS. We performed enzyme digestion with trypsin for 20 minutes in the 
incubator for 15 minutes at 37ºC. 
Enzyme digestion was stopped by addition of 5% FCS in DMEM media with 
glucose (Invitrogen). For sphere forming we plated cells in Petri dishes in serum 
free high glucose DMEM, F12 Nutrient mixture, B27 supplement and N2 
supplement and we added also 10 ng/ml bFGF and 20 ng/ml EGF. Cells obtained 
from utricles were incubated for 7 days at 37ºC , 5% CO2. 
 
Testing pluripotency of cells obtained from brain tissue 
We extracted spheres from brain tissue and from the utricular epithelia and alos 
from the inner ear and evaluated nestin gene expression in these probes. 
RNA purification: after sphere forming we extract them and we use them for RNA 
purification and analysis. RNA isolation from spheres was practiced using 
Nucleospin RNA Kit (BD Biosciences) and Trizol reagent (Invitrogen). The entire 
RNA amount was quantified using ND- 1000 spectrophotometer (NanoDrop 
Technologies). RNA concentration in sphere derived cells was 13,2 ng/ul and in 
the utricles which compose the spheres from the inner ear it was 3,7 ng/ul. 
RT-PCR: the entire RNA amount was diluted at 3 ng/ul. For reverstranscription we 
used total RNA treated with free RNA DNA-ase (Quiagen) Quiagen OneStep RT-
PCR Kit (cat #210212). 
DNA-ase treatment was practiced to remove genomic DNA. After these washing 
steps we practiced elution in a  20 ul column nuclease free water. We practiced 
cDNA synthesis using High Capacity cDNA Revers Transcripsion Kit from 
Applied Biosystems. 
 
In vitro RT-PCR amplification 
For One step RT-PCR kit (Qiagen) reverstranscription we used total RNA treated 
with free RNA-ase DNA-ase. Parameters fro different probes were optimized in 
order to generate many amplification products. 
Specific parameters were: revers transcription at 50°C for 31 minutes and 
inactivation at 95°C fro 15 minutes followed by x cycles of denaturation at 94°C 
for 1 minute, renaturation at 66°C for 1 minute fro nestin, extension at 72°C for 1 
minute (GenBank Acc. No NM_016701). Numbers of cycles (X)was 30 for nestin. 
We used the following primers: 
 Nestin primers:  5’-GCC GAG CTG GAG CGC GAG TTA GAG-3’ 

694 pb  5’-GCA AGG GGG AAG AGA AGG ATG TCG-3’ 
 
Electrophoresis 
For visualizing the mRNA presence for nestin in neural and utricular sphere cells 
obtained in culture, we used cDNA electrophoresis obtained after nestin mRNA 
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reverstranscription. For this used 2% agarose gel, TAE, 95V, 35 minutes, 10ul 
probe/well. 
 

Results and Discussion 
 
Results regarding in vitro cultivation of stem cells harvested from brain tissue 
At 7 days we determined sphere formation with three layers (endoderm, ectoderm, 
mesoderm). These were partially in suspension, some of them adhering at the 
bottom of the plate. On the bottom of the plate we observed neuron like cells. 
Adult stem cells have the capacity to generate many cell types. Their capacity is 
due to their proliferation and differentiation potential. They are multiplying by 
mitosis and are forming spheres. Our research demonstrated that cells isolated from 
brain tissue, cultivated in DMEM, F12, B27 are multiplying and forming spheres. 
 

Figure 3. Spheres obtained after 2 days of cultivation in DMEM at 37°C 
Obtained spheres vary in size and structure. There are small spheres formed by a 
small amount of cells and spheres of larger size. In the first stages of development 
we can observe whole spheres surrounded by 1 or more cell layers. Later, the cell 
number increases occupying the entire inner surface. In this manner spheres 
become compact. 
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Fig. 4 Neuron like cells with spheres (after 10 days incubation) 

 
Fig. 5 Neuron like cells after 2 weeks incubation 
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Fig. 6 Spheres after 7 days of incubation 

 
 

 
 

Fig. 7 Neuron-like cells 
 
Results regarding brain derived cell pluripotency 
Obtaining in culture of cell aggregates is the first prove that isolated cells from the 
brain are pluripotent stem cells which possess high proliferative capacity. 
In order to convince ourselves that spheres obtained by us in culture are formed 
from neuronal progenitors, we performed RT-PCR for nestin, analysis of mRNA 
with help of electrophoresis.  
We chose the nestin marker because it is a protein present in neuronal precursors of 
the subventricular zone. It is known that it's an intermediate filament protein 
expressed in cells which divide in early stages of CNS, PNS and other mitogenic 
tissue development. After differentiation nestin disappears and is replaced by 
intermediate filament proteins specific to different tissues. Nestin is a type VI 
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protein of intermediate filament. These proteins are expressed mostly in nervous 
cells where they are involved in radial development of the axon. 
 
Reverstranscription 
In order to have an objective and direct argument that isolated cells are pluripotent 
and capable to form spheres, we performed mRNA transcription copied from the 
gene nestin, obtaining cDNA which was transferred in agarosis gel and migrated. 
 
Pluripotency analysis of brain tissue derived cells with help of nestin mRNA 
In order to evidence if nestin gene is active in spheres obtained from the brain 
tissue, we performed electroforetic migration in agarosis gel of cDNA obtained by 
reverstranscription from cells composing spheres in culture. CDNA extracted from 
brain spheres was compared with similar probes obtained from neuronal cells and 
cells which compose the inner ear. In order to know the molecular weight of 
extracted cDNA expressed in base pairs, we used 3 molecular markers with well-
known lengths between 50- 200bp. We show the results in fig. 8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. cDNA probes migration obtained from mRNA which encodes nestin 
gene, extracted from cells composing spheres obtained from brain and utricular 

tissue, together with cDNA of differentiated neuronal cells. 
1) ARN mouse brain; 2) ARN neuronal cells 3) ARN neuronal cells 4) ARN inner 

ear cells 5) negativ control 6) Marker 100 bp Low (Sigma) 7) Marker 50 bp 
(GelPilot Qiagen) 8) Marker 200 bp (GelPilot Qiagen) 

 
In number 1 well we introduced a cDNA probe from mRNA which encodes the 
gene nestin, extracted from brain cells composing the spheres. In well 2 and 3 we 
introduced cDNA from differentiated neuronal cells. In well 4 we introduced a 
cDNA probe from spheres obtained from utricular epithelia of the inner ear.  
Wells 6, 7, 8 contain markers of different molecular weights (100, 50, 200 bp). 
From the image above we can observe that in brain derived cells composing the 
spheres mRNA of nestin gene is present. This affirmation is sustained by the fact 
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that the probe containing cells from the utricle, we can find the same mRNA 
molecule. Compared to other molecular markers we can see that both have 70bp. 
Nestin mRNA was not present in probes containing differentiated neuronal cells 
(2,3) and also in the probe for negative control (5). The presence of nestin in 
obtained spheres is a prove that cells composing the spheres are progenitors of 
pluripotent cells existing in 7 days old mice. 
 

Conclusions 
 

From our work we can conclude: 
7 days old mice brain contains pluripotent adult stem cells capable of forming 
spheres. The presence of active nestin gene demonstrates that cells composing the 
spheres obtained din culture are progenitors of stem cells. Cells capable of forming 
neurospheres constitute a hope in development of cell and molecular therapy fro a 
variety of neurologic diseases. 
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