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The purpose of the ongoing research is to improve our current skills and knowledge in 
stem cell isolation, cultivation and differentiation from the utricular and saccular 
epithelia of young mice. We harvested utricles and sacculi from 7 days old NMRI mice. 
Utricles were trypsinized in order to isolate single cells. Obtained cells were cultivated 
in DMEM with F12 Nutrient mixture, B27, N2 supplement, IGF-1 and EGF. Sphere 
pluripotency was established with stem cell markers Nanog and Oct-4. We mechanically 
dissociated primary spheres and cultivated. Secondary spheres were placed on 
fibronectin coated tissue culture slide chambers in the absence of IGF-1 and EGF. Cells 
were characterized by immunofluorescence and immunohistochemistry for myosinVIIA 
(hair cell marker) and nestin (intermediate filament VI marker). Vestibular epithelia 
contain pluripotent stem cells able to form cell clusters (spheres). Pluripotency was 
demonstrated by the expression of nanog, oct 4 and nestin markers (cell progenitors). 
Also sphere dissociation and separate cultivation of the isolated cells lead to the 
formation of larger spheres and in higher amounts compared to the original spheres, 
proving that these cells are not only pluripotent but also capable of self-renewal. Single 
spheres harvested and cultivated on fibronectin produced through differentiation 
different cell types including neuron like-cells, positive for myosin VIIA and nestin. 
Keywords: stem cell isolation, cultivation, differentiation, inner ear. 

 
Introduction 

 
Some drugs like the group of aminoglycosides, strong noise, chemotheraputic agents, 
aging, provoke different degrees of hypoacusia or even complete hearing loss. All 
these are due to irreversible auditory hair cell loss within the organ of Corti, especially 
through apoptosis (2, 3). Their regeneration is present only in some species of birds, by 
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spontaneous differentiation induction of adult stem cells in the inner ear. Li et al (8, 1, 
2) revealed that both the utricle and the saccule and semicircular canals, contain 
pluripotent stem cells that could be induced to differentiate into auditory hair cells(4, 5, 
6, 7). The purpose of the ongoing research is to improve our current skills and 
knowledge in stem cell isolation and cultivation from the utricular epithelia of the 
mouse and than to precise their pluripotency. 

 
Material and Methods 

 

Stem cell isolation 
We obtained organotopypic cultures of utricles (n= 150) from postnatal day seven (p7) 
NMRI mouse pups. For each experiment we dissected 5-8 utricular maculae. The mice 
were sacrificed by decapitation. The temporal bones were dissected in PBS at pH 7,3 
under sterile conditions. The utricles were dissected using sterile technique and were 
cultured free-floating (8 utricles per well) in 24-well tissue culture plates. We removed 
the overlying otoconia and the extramacular epithelial tissue together with the remains 
of the nerve fibers and separated the cells by an 15 min treatment with trypsin in PBS 
at 37°C. Afterwards the utricles were triturated in order to separate the cells. The 
enzymatic digest was stopped by addition of 5% FCS in DMEM\ high glucose medium 
(Invitrogen). Finally, the cells together with other cell aggregates and debris were 
passed through a 70 μm cell strainer. For sphere formation we plated the cells in 
plastic Petri dishes into serum free high glucose DMEM and F 12 Nutrient mixture, 
B27 supplement and N2 supplement. The utricles were incubated for 7 days hr at 37°C 
in a 5% CO2 and 95% air environment. 
 

 
 
Fig. 1. Utricle and semicircular canals 

 
 

 

Utricle 

Ampullae of semicircular canal 
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Results and Discussions 
 
Results regarding the in vitro cultivation of epithelial cells harvested from the 
utricle 
Adult stem cells are able to generate many cell types of the organism. Their capacity is 
due to their proliferation and differentiation potential. They are multiplying by mytosis 
and are forming spheres and embryoid bodies. Our research demonstrated that isolated 
cells from utricular epithelia, cultivated in a proper manner for seven days in DMEM, 
F12, B27, are multiplying and forming spheres.  
Obtained spheres were different both from the size point of view and the structure. We 
encounter both small spheres formed by a small number of cells, as well as large 
spheres. In the first stages of development we can observe the so called "hole spheres" 
surrounded by one or more cell layers. Later the cell number grows occupying the 
entire inner surface. In this way the spheres are more compact. 
Spheres are formed from single cells originating in the sensory epithelia of the utricle 
macula. In figures 2 c, d, e and f we show certain aspects of spheres with different 
shapes and sizes. 
 
 

 
 

Figure 1. a) Utrcicles after otoconia removal b) Utricular sensorial cells c) 2 days 
spheres derived from utricular cells d) Spheres formed after 4 days e) Spheres at 7 

days 
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Results regarding self renewal and differentiation of cell composing the spheres 
One way of identifying cell pluripotence is by testing their capacity of self renewal and 
not last their capacity of differentiation into specialized cells. In order to evidence the 
presence of these characteristics in cultivated cells we used 2 ways of analysis. Those 
were the following: 
1. Individualisation and dissociation of cells composing a sphere and their separate 
cultivation in the culture media in order to obtain information about their power of 
replication and self renewal. 
2. Adding to the culture media growth factors like EGF and IGF-1 in order to 
intensify cell multiplying and evidencing the capacity of sphere cells to differentiate 
into specialized cells. 
 
Analysis of the self- renewal capacity in cells composing the spheres 
From ears harvested from ≈ 15 mice/ experiment we harvested selected cells supposed 
to be stem cells, which were cultivated after in the incubator following the method 
mentioned above. After 7 days the incubated cells formed aprox. 130 spheres. 
In order to detect if utricular cells which form the spheres are capable of self- renewal, 
we mechanically dissociated the spheres into individual cells which we cultivated in a 
fresh nutrient media. After their individual cultivation in the same conditions as the 
ones they belonged, in the presence of IGF-1 and EGF, at 3 days we detected a number 
of aprox. 230 secondary spheres. Continuing their cultivation another 7 days, their 
number reached 350 secondary generation spheres. 
All this demonstrates that sphere dissociated individual cells are capable to replicate 
and to keep their capacity to stay nearby their ascendants forming spheres. 
Adding EGF and IGF-1 to the culture media intensified from simple to double 
dissociated cell replication from the structure of spheres. The number of spheres 
obtained from the second generation doubled after adding growth factors to the culture 
media compared to the cultivation in their absence. 
 
Analyzing the differentiation capacity of cell composing the spheres 
In order to obtain certain data regarding the pluripotence of cells obtained by us from 
the inner ear of young mice (7 days), which form spheres "in vitro", we tried to 
provoke their differentiation. For this we transferred the spheres, one by one, with the 
help of the pipette, on a culture media containing fibronectin on chamber slides, and 
FCS 100% in other nuncs, with the purpose of determining their attachment to the 
bottom of the plate. The used culture media was DMEM high glucose and FCS 10%. 
The media was replaced after 16 hours of cultivation with serum free high glucose 
media DMEM, F12 Nutrient mixture, B27 supplement and N2, without growth factors.  
This media was changed daily with fresh media. After 1 day we could observe both 
complete adhered spheres beginning to differentiate as well as spheres in suspension. 
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Followed under the microscope, the cells took different shapes and morphologies, 
some with elongations, others poliedric, or neuron like. During cultivation they formed 
an entire net, in which cells interconnected with their elongations. For us it was clear 
that these cells formed by in vitro differentiation of pluripotent stem cells harvested 
from the inner ear. The results we expose in the following pictures. 

 

 
Adhered spheres with circularcell  expansion presenting tendency of occupying the 

bottom of the plate 
 
 

 
Mycroscopic image in phase contrast : neuron like cells which interconnect 

accompanied by cells with diveres morphologies resulting after sphere derived  cell 
differentiation  
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Phase contrast image: cells with diverse morphologies resulting after sphere derived 

cell differentiation 
 
 
Describing the nature of cells originating from spheres 
In order to convince ourselves that cells composing the spheres obtained in culture are 
the result of differentiation into neuronal cells, neuron- like or sensorial cells, we 
stained them by immunoflorescence or immunohistochemistry. For this we used the 
following techniques. 
1) Sphere derived cells staining by immunoflorescence   
In order to evidence the characteristics of cells composing the first and second 
generation spheres we performed the staining with primary monoclonal mouse anti 
mouse antinestin (Santa Cruz Biotehnologies) and monoclonal goat anti mouse 
antibody (Santa Cruz Biotechnologies). Secondary antibodies were Alexa 546 goat anti 
mouse anti nestin (Invitrogen Molecular Probes) and FITC donkey anti goat (Santa 
Cruz). 
After in vitro differentiation we evidenced the presence of cells with neuron like 
extensions which were immunopositive for nestin. Cell morphology was different and 
we observed neuron like cells which were interconnecting as well as elongated or 
pavement epithelia. We didn’t detect the presence of myosin VIIA marker. 
We expose the results in the following pictures: 
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Immunoflorescence: positive red stained nestin cells of star shape, elongated, poliedric 
shape, resulting after sphere derived cell differentiation. Positive Dapi nuclei 

 
Immunohystochemical analysis 
In order to characterize in detail differentiated cells we used specific antibodies for 
myosin VIIA (hair cell marker), nestin (marker for intermediary filament type VI), 
synaptophysine (glycoprotein from synaptic vesicles). 
For immunohystochemistry we used the following antibodies> policlonal primary 
antibody antihuman antisynaptophysin (Dako), antinestin rabbit anti mouse policlonal 
antibody (Abcam), anti myosin VIIA goat anti mouse (Santa Cruz). As secondary 
anibody we used the LSAB+ Dako kit, which stains in red all the cells disregarding teh 
primary antibody. Nuclei were stained blue with the help of hematoxilin eosin. Stained 
cells were positive for nestin, myosin VIIA, but negative for synaptophysin (probably 
because of the antihuman sinaptophysin antibody). 
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Immunohistochemistry: nestin positive neuron like cells next to red poliedric cells 

resulted after sphere derived cell differentiation. Blue hematoxilin eosinstained nuclei 
 

 

 
Immunohistochemistry: nestin positive neuron like net resulted after sphere derived 

cell differentiation. Blue hematoxilin eosinstained nuclei 
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Immunohistochemistry: myosin VII A positive red cells (hair cell marker) resulted 

after sphere derived cell differentiation. Blue hematoxilin eosinstained nuclei 
 
 

 
Immunohistochemistry:negative  synaptophysin  stained cells (lack of red staining) 

resulted after sphere derived cell differentiation. Blue hematoxilin eosinstained nuclei 
 
 

Conclusions 
 
1. Utricular epithelia of seven days old mice contains sufficient pluripotent stem cells 
which, under special conditions, can generate spheres 
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2. Cells harvested from utricular epithelia are pluripotent stem cells which, under 
special conditions, can give rise to spheres or precursors of the 3 embryonar germ 
layers: endoderm, mesoderm, ectoderm 
3. Cells obtained from utricular epithelia are pluripotent due to the fact that after 
sphere aggregation they manifest markers for nanog, oct 4 as well as markers for nestin 
gene, characteristic for cell progenitors 
4. Individualization and dissociation of cells composing spheres and their separate 
cultivation in culture media lead to formation of a larger number of spheres than the 
number from which we initially started, proving the fact that cells composing spheres 
are pluripotent and capable of self renewal 
5. Adding of growth factors like EGF and IGF-1 to the culture media intensified the 
replication of cells and evidenced the capacity of differentiating into specialized cells 
which compose the spheres 
6. Spheres cultivated on fibernectin gave rise through differentiation to cells of 
different sizes: star- like cells, neuron- like cells. These cells were positive for myosin 
VII A (hair cell marker), nestin (intermediate filament marker type VI), but negative 
for synaptophysin, a glycoprotein present in synaptic vesicles. This fact can be due to 
the used antibody, which has antihuman specificity. 
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