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Abstract
Developing stem cells require specific culture media for each cell culture. Unexpected chemical reactions may occur between the components of the culture medium 
and the products secreted by the stem cells.

In this study we used two human bone fragments: mandibular alveolar bone and tuberosity bone. Mesenchymal stem cells derived from the bone tissues were isolated 
using the explant method and cultured in specific culture medium DMEM/F-12 (Dulbecco’s modified Eagle’s medium / Nutrient mixture F-12). Cell cultures were 
maintained at a humidity of 99%, a temperature of 37 °C and 5% CO2. The bone stem cells were examined by optical inverted microscopy and scanning electron 
microscopy with energy-dispersive X-ray spectroscopy (EDAX) qualitative and quantitative elemental analysis. In primary cultures, the first stem cells emerged from 
the explants after 7 days (from tuberosity bone) and after 11 days (for the mandibular alveolar bone). The light microscopy examination revealed, in the developing 
stem cells cultures, spherical-oval masses, of varying size, with amorphous pearly white aspect and hyperchromatic centre. The scanning electron microscopy and 
EDAX qualitative and quantitative elemental analysis showed that these masses consisted of natrium chloride (NaCl) crystals precipitated around organic material. 
The masses of precipitated crystals progressively increased in size and number within the cell cultures, limiting the cell proliferation and development to reach 
confluence.

Stem cells derived from human maxillary and mandibular bones promoted the precipitation of NaCl crystals in culture medium, which influenced the cells’ 
development.
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Introduction
Nowadays, stem cells are considered for multiple uses in 

regenerative medicine and tissue engineering applications [1-3]. In 
order to be used for these purposes, extensive research regarding their 
properties and ability to replace the tissue at the implantation site 
need to be conducted [2,4,5]. It is particularly challenging to isolate 
and culture functional tissue-specific cells that would provide effective 
results. Another challenge is to determine whether the cells used for 
regenerative therapy will function at the site of implantation as they 
were in the native tissues. Many methods previously used for tissue 
engineering failed to assess the structural, mechanical and biochemical 
properties that enabled the cells’ and tissues’ functions. This applies in 
particular to the bone tissue.

The ultimate goal of tissue engineering used in bone defects is 
to promote bone formation. In the body, bone develops through a 
complex process based on a three-dimensional matrix. Even though, 
when grown under mineralizing conditions, mesenchymal stem cells 

(MSCs) are capable to form a mineralized extracellular matrix similar 
to the bone matrix [6,7], it is still unclear if the mineralized material 
formed in vitro is similar to the native bone matrix [8].

Several studies demonstrated that under appropriate culture 
conditions, MSCs are capable to differentiate towards an osteoblastic 
lineage and to form mineralized material in vitro [1,9-11]. There are 
multiple sources of MSCs that can be harvested from the oral cavity 
[12-15]. Teeth and the surrounding periodontal tissues are accessible 
for isolating cells with MSCs-like properties when cultured in vitro. 
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The oral cavity can be the source of many types of stem cells: (i) soft 
tissues, such as dental pulp, dental papilla, periodontal ligament, 
remnant gingival tissue or (ii) hard tissues, such as mandibular alveolar 
bone, tuberosity bone, deciduous or adult teeth [13,16-18].

Previous studies confirmed the capacity of neonatal calvarial 
osteoblasts (OB), adult bone-marrow derived mesenchymal cells 
(MSCs) and embryonic stem cells (ESC) to form mineralized nodules 
in vitro [1,19,20]. However, little attention has been given to the 
composition and the origin of this extracellular matrix.

A detailed understanding of the biomolecular processes, 
mechanical properties, and growing conditions is required in order 
to conduct further successful applications of the tissue engineering 
strategies [21,22].

Developing stem cells require specific culture media for each 
cell culture, to enable transplantation, preservation or further 
differentiation [23-26]. Since the development of the culture medium 
in the early 1900s, regenerative medicine and culture methods have 
been significantly improved. However, there was no substantial 
change in the composition of commercial cell culture mediums [27]. 
Therefore, there is a debate over whether all of the culture medium 
components are safe for application in the transplantation of cells 
and if they do not interact with the seeded cells [28-30]. Unexpected 
chemical reactions between culture medium and secretory products of 
stem cells may occur, changing dramatically the outcome of the stem 
cells transplantation into the human body.

Thus, a detailed analysis of the mineralized nodules formed in cell 
culture medium should be performed, in order to assess the interaction 
between different types of cells and the components in the culture 
medium [31-34].

In this study, we used scanning electron microscopy and energy-
dispersive X-ray spectroscopy (EDAX) qualitative and quantitative 
elemental analysis to examine the composition of mineralized nodules 
formed in vitro in association with two types of mesenchymal stem 
cells isolated from bone tissues from the oral cavity.

Materials and Methods
Cell harvesting and isolation

In order to reduce the risk of contamination, the tissues 
were harvested from clinically healthy subjects, without any oral 
inflammatory processes and untreated caries or periodontal diseases. 
The study was approved by the Ethics Committee from the «Iuliu 
Hatieganu» University of Medicine and Pharmacy, Cluj-Napoca, no. 
343 / 02.10.2014. Patients have expressed their informed consent to 
participate in the study.

After harvesting, the tissues were immediately immersed in a 
specific medium and refrigerated at 4 °C for 24 hours. The samples 
were washed three times with Phosphate-buffered saline (PBS) and 
disinfected with a 70% alcohol solution during 15 seconds, then washed 
again three times with PBS (in order to neutralize the harmful effect of 
alcohol on the cells and to maintain the viability of the MSCs in the 
deep layers of the tissues).

During the primary processing, the samples were immersed in a 
DMEM/F-12 medium with 15% of fetal bovine serum (FBS) (Dulbecco’s 
Modified Eagle’s Medium: Nutrient Mixture F-12) enriched with 2 mM 
L-Glutamine, 1% antibiotics (Penicillin and Streptomycin), 1% non-
essential amino acids (NEA). The F-12 is a complex medium, including 

various microelements and can be used with or without bovine serum. 
The proportion of the two components of the medium is 1:1.

The isolation of the MSCs was performed using the explant method, 
consisting in the fragmentation of the harvested tissue in small pieces 
with “bone shaver” type pliers. This method is indicated only for the 
hard tissues harvested from the oral cavity. The samples were placed on 
a Petri dish and a drop of FBS was added on each bone fragment. Then, 
the samples were incubated for one hour, at 37 °C temperature and 5% 
CO2 atmosphere; afterwards, 2.5 ml of DMEM/F-12 medium with 15% 
FBS were added by dripping, in order to prevent the detachment of the 
bone fragments from their initial positions (Figure 1).

Isolation of MSCs derived from the tuberosity bone: The 
tuberosity bone tissue was harvested from the impacted upper right 
third molar. After the initial chemical and mechanical processing, the 
tuberosity bone samples were incubated at 37 °C temperature and 
5% CO2 atmosphere until the first stem cells emerged from the bone 
explants, on the 9th day (Figures 1A-1G).

Isolation of MSCs derived from mandibular alveolar bone: The 
mandibular alveolar bone tissue was obtained after the extraction of 
an inferior left third molar, erupted in the oral cavity. The tooth was 
extracted for orthodontic reasons. After the extraction, the fragment 
of inter-radicular bone fractured from the buccal aspect of the alveolar 
bone and remained attached between the mesial and distal roots, was 
harvested. The bone fragment was processed using the same procedure 
as for the tuberosity bone (Figure 2).

Assessment of cells’ morphology and medium characteristics: 
The morphology and phenotype of the stem cells derived from the oral 
cavity bone were assessed by optical inverted microscopy (Zeiss) and 
scanning electron microscopy (SEM) FEI Quanta 3D FEG 200/600 
system with EDAX qualitative and quantitative elemental analysis.

Results and Discussion
Primary stem cell cultures derived from the bone tissue emerged at 

different intervals of time after isolation.

On the 9th day there was a significant proliferation of MSCs derived 
from the tuberosity bone tissue in the primary culture, even though 
some stem cells could be noticed from the 7th day around an explant at 
the periphery of the Petri dish. Given the fact that the MSCs’ isolation 
was performed in Petri dishes, which are not specific recipients for 
cell cultures, the medium conditions at the periphery of the dish were 
superior to the ones in the center, probably due to the evaporation of 
the culture medium, which could not be controlled in these dishes.

On the 11th day, the first MSCs derived from the mandibular 
alveolar bone were seen in the primary culture.

In light microscopy, during the development of the MSCs, we 
observed in the primary culture of both oral cavity bone derived stem 
cells, spherical-oval masses, of varying sizes, with an amorphous pearly 
white aspect and hyperchromic center. The number and size of these 
amorphous masses grew progressively, showing a curve-like shape of 
an arc of circle. These aspects were not observed in the further passages 
of the stem cells harvested from the bone tissues (Figure 3).

In optical microscopy, under 200X, and 1000X magnification, the 
amorphous masses exhibited a crystallin structure (Figure 4).

SEM and EDAX analyses demonstrated that the masses consisted 
of natrium chloride (NaCl) crystals precipitated around some organic 
substrates, apparently the proteins from the bone matrix (Figure 5).
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Figure 1. Isolation of mesenchymal stem cells derived from the tuberosity bone. A – Radiographic image of the impacted upper right third molar with the highlight of the cortical bone 
covering the occlusal surface of the tooth (circular red marking); B – The harvested bone fragment; C – Disinfection and PBS washing of the harvested sample; D – Mechanical processing 
using a bone shaver; E – The obtained bone fragments; F – Covering of the bone fragments with fetal bovine serum; G – primary culture of the MSCs derived from the tuberosity bone, on 
the 9th day (100X)

Figure 2. Isolation of mesenchymal stem cells harvested from the mandibular alveolar bone. A – The bone fragment between the mesial and distal roots of the inferior left third molar, 
detached from the buccal aspect of the alveolar bone; B – Mechanical processing of the sample using the bone shaver; C – Covering of the bone fragments with fetal bovine serum; D – 
Primary culture of MSCs harvested from the mandibular alveolar bone, on the 11th day (100X)
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Figure 3. Primary culture of mesenchymal stem cells harvested from tuberosity and mandibular alveolar bone tissues. The presence of amorphous, pearly-white masses between the stem 
cells could be noticed (100X)

Figure 4. Primary culture of mesenchymal stem cells harvested from the tuberosity bone.  A – The presence of amorphous structures, with an internal crystal shape, (200X); B – 
Amorphous, pearly-white structures located within the mesenchymal stem cells culture, interfering with the cells’ growth and migration from the explant (100X)

These precipitated NaCl crystals increased in size and number 
during the development of bone stem cells. Thus, these precipitates 
limited the stem cells’ proliferation and prevented cells’ conglomeration 
towards confluence.

The NaCl crystal precipitates grew in number at the same time 
with the development of the MSCs derived from the bone tissues and 
interfered with the cellular growth and proliferation. These aspects 
were not noticed in the primary cultures of other types of stem cells 
isolated from the oral cavity tissues [35].

The growth and proliferation of the MSCs is essential for the tissue 
engineering strategies. The outcome of seeding MSCs on specific cell 
culture mediums can be predicted by knowing the possible interactions 
between each type of stem cell and the components of the culture 
medium [36,37].

It has been shown that cells’ development depends on the 
composition of the culture medium, as well as on the substrate onto 
which they are seeded [38]. Several in vitro studies evaluated the 
effects of cell-seeding density, cell source, culture follow-up, scaffold 
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composition and architecture on matrix deposition and mineralization 
[39-42].

The results of Meinel, et al. suggest that osteogenesis in MSCs 
cultures can be modulated by scaffold properties and flow environment 
[43]. They conducted a study on MSCs isolated from human bone 
marrow. In static culture, calcium deposition was similar for MSCs 
grown on collagen scaffolds and films. Under medium flow, MSCs on 
collagen scaffolds deposited more calcium and had a higher alkaline 
phosphatase (AP) activity than MSCs on collagen films.

Osteogenic differentiation of the cells may also be influenced by the 
material on which they are seeded. Arpornmaeklong, et al. studied the 
osteoconductive effect of beta-tricalcium phosphate (ß-TCP) scaffolds. 
It was concluded that these scaffolds created an environment in which 
cells could function to express a rich extracellular matrix, promoting 
survival and differentiation of human embryonic stem cells (hESCs)-
derived neural crest stem cells and osteoprogenitor cells [39].

In our study, spherical or oval mineral masses, of varying sizes, 
and a pearly white color with hyperchromic center and amorphous 
appearance were formed while cultivating MSCs isolated from the oral 
cavity bone on a complex culture medium.

The composition of the mineral masses may vary, depending on 
the reaction between the cells and the medium. While in our case, these 

minerals were NaCl crystal precipitates, Volponi, et al. showed that 
different types of stem cell populations isolated from dental and other 
tissues produced materials with different mineral composition [44]. In 
their in vitro study, Volponi, et al. obtained a highly mineralized matrix 
from the BCMP (bone chip mass population), SCAP (stem cells from 
apical papilla), and SHED (stem cells from human-exfoliated deciduous 
teeth) cells when compared to that produced by PDL (periodontal 
ligament), DPA (dental pulp adult), and GF (gingival fibroblast) cells. 
These results are similar to ours, even though the interaction between 
the cells and the medium was not invoked as a particular reason of 
the more carbonate-substituted mineral from the DPA cells and a less 
crystalline material from the SCAP, SHED, and GF cells, compared to 
the hard tissue cells and the native tissue.

Another approach in underlining the factors that influence the cell 
growth and proliferation is to study the culture medium used in cell 
transplantation and the culture surface [45-48].

While we used a classical stem cell medium, Lee, et al. proposed 
a modified culture medium – medical fluid-based culture medium 
(FCM), designed by using various injectable drugs and fluids that are 
already permitted for use in clinical medicine. It was adjusted in order 
to be similar to the commercial Dulbecco’s modified Eagle’s medium 
(DMEM). The FCM medium was able to induce the growth of FS-MSC 
and H9c2 cells, showing no difference between the results obtained 

Figure 5. SEM and EDAX analyses of the amorphous precipitate from the primary cultures of bone mesenchymal stem cells.  A – SEM image – aspect of a precipitated amorphous material 
(500 µm); B – SEM image – suggestive aspect for NaCl precipitated crystals (5 µm); C – EDAX showing the elemental analysis, confirming the NaCl composition of the crystals
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when seeding the cells on a DMEM medium. Moreover, it was more 
cost-efficient. Despite its benefits, however, there are issues that have not 
been resolved when using this new medium, concerning the efficiency 
of FCM in culturing other types of cells, such as MSCs, embryonic stem 
cells, inducible pluripotent stem cells, particularly for longer periods. 
Nonetheless, this approach could be beneficial in the future, while 
studying different types of cell culture mediums, capable to promote 
optimal cell proliferation, cell morphology, passage conditions and 
physiology characteristics. Ahmadian Baghbaderani, et al. described 
the development of a robust, defined and xeno-free human pluripotent 
stem cells (hPSC) medium that supports reliable propagation of hPSCs 
and generation of human induced pluripotent stem cells (hiPSCs) 
from multiple somatic cell types, proving its capacity to sustain an 
every-other-day (EOD) schedule of medium replacement for both 
the generation and long-term cultivation of hPSCs. The reliability of 
this defined medium formulation allowed hPSCs to be reproducibly 
propagated under conditions where critical supporting supplements 
and factors were not limiting. Importantly, the medium played an 
integral role in establishing a good manufacturing practice (cGMP)-
compliant process for the manufacturing of hiPSCs that can be used 
for generating clinically relevant cell types for cell replacement therapy 
applications [49]. Multiple various modified mediums were proposed, in 
order to provide a reliable, reproducible and controllable cell culture systems 
and promote the proliferation and growth of the seeded cells [50-52].

Another study conducted by Zanicotti, et al. examined the 
development of adipose-derived stem cells (ADSC) under serum-
free conditions, which affected the proliferative and differentiating 
potential of ADSC [53]. Similar results were obtained by Zhu, et al. 
while studying cancer stem cells [54]. This may represent an alternative 
approach to developing an appropriate culture medium.

Conclusion
That there is a valid hypothesis that the bone matrix from the 

maxillary and mandible bones contributes to the precipitation on 
NaCl crystals in the complex culture medium specific for the isolation 
of the mesenchymal stem cells. Salts precipitates altered the growth, 
proliferation and confluation of the seeded cells. Our results showed 
the importance of the interaction between different types of cell 
populations and the components of the culture medium.

Understanding the process and the potential factors that influence 
the in vitro biochemistry involving the formation of various mineralized 
substrates could enable the use of the mesenchymal stem cells derived 
from the oral cavity for regenerative tissue engineering applications.
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