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Background: Our group has developed a novel method for spontaneous spheroid formation
using a specific low-adherence culture plate with around 90-degree water contact angle. In this
study, this method was applied for oral mucosa-derived cells. First, the feasibility of
spontaneous spheroid formation was tested. Next, the characteristics of spontaneous spheroids
from oral mucosa- and skin-derived cells were compared with special focus on stemness and
neuronal differentiation capability.

Methods: Oral mucosal cells, skin cells and compact bone cells were obtained from C57BL/6J
mice. Passage 2-3 cells were inoculated into the specific low-adherence culture plates to form
spontaneous spheroids. The effect of basic fibroblast growth factor (bFGF), epidermal growth
factor (EGF) and B27 supplement on spheroid formation and maintenance was assessed.
Immunofluorescence and quantitative reverse transcription-polymerase chain reaction
(QRT-PCR) were performed to investigate the expression of pluripotency markers, cell
proliferation and apoptosis markers and neurogenic differentiation markers.

Results and Discussion: Using this culture plate, spontaneous spheroid formation was feasible.
This process depended on the presence of serum but was independent of the additives such as
bFGF, EGF and B27 supplement, although they improved the efficiency and were essential for
spheroid maintenance. The spheroids from oral mucosa-derived cells expressed stem cell
markers, such as Sox2, SSEAL, Oct4, Nanog, and neural stem cell markers such as Nestin. The
expressions of Sox2, fucosyltransferase 4/FUT4 (SSEAL), and Nestin were relatively higher
under the presence of those additives. The expression of Sox2 in the spheroids from oral
mucosal cells was higher than that in spheroids from skin-derived cells, which was not affected
by the presence of those additives. Both spheroid-forming cell types had the ability to
differentiate into neural and Schwann cells after neurogenic induction, although significantly
higher MAP2, MBP, Nestin and Nurrl gene expression was noted in the cells from oral
mucosa-derived spheroids. The expression of MAP 2, MBP, and Nestin in the oral mucosal
spheroid-derived cells were exceedingly higher than those in the spheroid-forming cells from
compact bone-derived mesenchymal stem cells. Despite our expectation, the expression levels
of most of the tested stem cell markers were identical except for Sox2. Sox2 is localized in
these neural crest-like cells, and the cells are a possible source of spheroid-forming cells. The
higher expression of Sox2 in spheroids from oral mucosa-derived cells might be a reflection of
their abundance in oral mucosa.

Conclusions: The results showed that spontaneous spheroids from oral mucosa-derived cells
contain highly potent stem cells, which were as good as skin-derived stem cells. The high
expression of certain neuronal marker genes suggests an advantage of these cells for
regeneration therapy for neuronal disorders.
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Objectives: Spheroid culture has been reported beneficial for tissue engineering and cell
therapy, since it is regarded as more physiological and may better preserve the characteristics of
stem cells than conventional two-dimensional culture. Although compact bone-derived cells
(CBDCs) have been reported as an abundant cell source for mesenchymal stem cells, the
character of spheroids from CBDCs is not well known. The results from our recent study
showed the presence of two distinct spheroid-forming mechanisms, i.e. spontaneous and
mechanical. In this study, we focused on the spontaneously formed spheroids and the character
of spontaneously formed spheroids from mouse CBDCs was explored.

Materials and Methods: CBDCs were isolated from mouse (C57BL/J) leg cortical bone after
dissection and collagenase treatment. The cells were cultured on a conventional dish and the
cells at passage 2 or 3 were used for the following experiments. Spontaneous spheroid
formation was achieved on a low adherent culture plate, which can achieve spontaneous
spheroid formation. The expression levels of embryonic stem cell markers and mesenchymal
stem cell markers were analyzed using immunofluorescence and quantitative reverse
transcription polymerase chain reaction. Then, the cells from spheroids were induced into
osteogenic and neurogenic lineages.

Results and Discussion: The spontaneously formed spheroids from CBDCs were positive for
ES cell markers such as SSEA1, Sox2, Oct4, and Nanog. Additionally, the expressions of
fucosyltransferase 4/FUT4 (SSEAL), Sox2, and Nanog were significantly higher than those in
monolayer cultured cells. The gene expression of mesenchymal stem cell markers was almost
identical in both spheroids and monolayer-cultured cells, but the expression of Sca-1 was higher
in spheroids. After osteogenic induction, ALP activity of induced spheroid-derived cells was
significantly higher than that of induced monolayer cultured cells. The relative expression
levels of osterix, BSP and DMP1 in spheroid-derived cells was significantly higher than those
in monolayer cultured cells. After 2 weeks of neurogenic induction, the spheroid-derived cells
showed a significantly higher Nestin, MAP2, NGRF and NeuroD expression than those in
induced monolayer cells. Immunofluorescent images showed that the expression of nestin and
Bl-tubulin was observed with neuronal cell-like morphology only in spheroid-derived cells. In
contrast, monolayer-cultured cells showed no positive staining for either Nestin or BIII-tubulin. .
These results show the potential usefulness of spheroid-forming cells from CBDCs for future
clinical applications in bone tissue engineering. The results from neurogenic differentiation also
support a potential of future usage of spheroid-forming cells from CBDCs for
neurodegenerative disorders.

Conclusion: Spontaneously formed spheroids expressed stem cell markers and showed
enhanced osteogenic and neurogenic differentiation capabilities than cells from the
conventional monolayer culture, which supports the superior stemness.




