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Formation of size-controllable spheroids using
gingiva-derived stem cells and concave microwells:
Morphology and viability tests
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Abstract. Human mesenchymal stem cells have previ-
ously been isolated and characterized from the gingiva,
and gingiva-derived stem cells have been applied for tissue
engineering purposes. The present study was performed to
generate size-controllable stem cell spheroids using concave
microwells. Gingiva-derived stem cells were isolated, and the
stem cells of 1x10° (group A) or 2x10° (group B) cells were
seeded in polydimethylsiloxane-based, concave micromolds
with 600 ym diameters. The morphology of the micro-
spheres was viewed under an inverted microscope, and the
changes in the diameter and cell viability were analyzed. The
gingiva-derived stem cells formed spheroids in the concave
microwells. The diameters of the spheroids were larger in
group A compared to group B. No significant changes in shape
or diameter were noted with increases in incubation time.
Cell viability was higher in group B at each time point when
compared with group A. Within the limits of the study, the
size-controllable stem cell spheroids could be generated from
gingival cells using microwells. The shape of the spheroids
and their viability were clearly maintained during the experi-
mental periods.

Introduction

Interest in stem cell research is increasing as mesenchymal
stem cells provide an advantageous alternative therapeutic
option for tissue regeneration (1,2). The fates of stem cells,
including survival, self-renewal and differentiation, are regu-
lated by chemical and mechanical stimuli presented in their
three-dimensional microenvironment (3). The majority of
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stem cell studies have been performed on two-dimensional
substrates (3). Conventional stem cell culture methods do not
enable the control of the microenvironment (4). A previous
study used poly(ethylene glycol) microwells to produce easily
retrievable cell aggregates with high viability and controlled
sizes and shapes defined by the geometry of the microw-
ells (5). Other materials, including polydimethylsiloxane
and polyurethane, have been applied to create three-dimen-
sional cultures using photolithography (6,7). Additionally,
poly(ethylene glycol) diacrylate, polymethylmethacrylate,
poly(N-isopropylacrylamide) and polyester have been applied
for the culture platform, while bypassing lithography (8-10). A
previous study proved that three-dimensional culture systems
have demonstrated the importance of intercellular interactions
in regulating stem cell self-renewal and differentiation (3).

Human mesenchymal stem cells have previously been
isolated and characterized from the gingiva (11), and
gingiva-derived stem cells have been applied for tissue-engi-
neering purposes (12). Thus, the present study was performed
to generate size-controllable stem cell spheroids using concave
microwells. To the best of our knowledge, this is the first study
to create size-controllable spheroids using gingiva-derived
stem cells.

Materials and methods

Isolation and culture of gingiva-derived stem cells. Gingival
tissues were collected from healthy patients undergoing
clinical crown-lengthening procedures. The design of the
study was reviewed and approved by the Institutional Review
Board of Seoul St. Mary's Hospital (College of Medicine,
Catholic University of Korea, Seoul, Republic of Korea)
(no. KC11SISI10348), and informed consent was obtained from
the patients.

The gingival tissues were immediately placed in sterile
phosphate-buffered saline (PBS; Welgene, Inc., Gyeongsan-si,
Gyeongsangbuk-do, Korea) with 100 U/ml penicillin and
100 pg/ml streptomycin (Sigma-Aldrich Co., St. Louis, MO,
USA) at 4°C. The tissues were de-epithelialized, separated
into 1-2 mm? fragments, and digested in 0.2 ym filtered, modi-
fied, minimal essential medium-a (Gibco, Thermo Fisher
Scientific, Inc., Waltham, MA, USA) containing dispase
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(I mg/ml; Sigma-Aldrich Co.) and collagenase IV (2 mg/ml;
Sigma-Aldrich Co.). The cell suspension was filtered with a
70-pum cell strainer (Falcon, BD Biosciences, Franklin Lakes,
NIJ, USA), and the cells were incubated at 37°C in a humidi-
fied incubator with 5% CO,. After 24 h, the non-adherent cells
were washed with PBS, replaced with fresh medium every 2-3
days.

Formation of spheres. Polydimethylsiloxane-based concave
micromolds (Prosys® StemFit 3D; Prodizen Inc., Seoul, Korea)
with 600 ym diameters were generated using soft lithography
techniques (Fig. 1). Spheroids were formed in the concave
microwells. Subsequently, 1x10° (group A) or 2x10° (group B)
stem cells/concave micromold were seeded and subsequently
cultured for <8 days to investigate the cellular behavior.

Evaluation of cellular morphology. The morphology of the
microspheres was viewed under an inverted microscope (Leica
DM IRM; Leica Microsystems, Wetzlar, Germany) on days 1,
2,3,4,5 and 6. The images were saved as JPEGs.

Determination of cell viability. A cell viability analysis was
performed on days 1, 3 and 8. 2-(2-Methoxy-4-nitrophenyl)-3-
(4-nitrophenyl)-5-(2 ,4-disulfophenyl)-2H tetrazolium, mono-
sodium salt (WST-8) [Cell Counting kit-8 (CCK-8); Dojindo,
Tokyo, Japan] was added to the cultures, and the spheres were
incubated for 1 h at 37°C. Viable cells were identified using
a CCK-8 assay, which relies on the ability of mitochondrial
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Figure 1. Schematic illustration of the spheroid fabrication using gingival-derived
stem cells.

dehydrogenases to oxidize WST-8 into a formazan product.
The spectrophotometric absorbance of the samples at 450 nm
was measured using a microplate reader (BioTek, Winooski,
VT, USA).

Statistical analysis. The data are represented as mean + stan-
dard deviation of the experiments. A test of normality was
performed, and a Student's t-test or a two-way analysis of
variance with post hoc test was performed to determine the
differences between the groups using a commercially avail-
able program (SPSS 12 for Windows; SPSS Inc., Chicago,
IL, USA). P<0.05 was considered to indicate a statistically
significant difference.

Results
Evaluation of cell morphology. Gingiva-derived stem cells

formed spheroids in concave microwells. The morphology of the
spheroids at day 1 is shown in Fig. 2A and B. The morphology

Figure 2. Morphology of the stem cell spheroids at days 1,2 and 3. Group A at days (A) 1, (C) 2 and (E) 3 (original magnification, x150). Group B at days (B) 1,

(D) 2 and (F) 3 (original magnification, x150). The scale bar indicates 200 ym.
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Figure 3. Morphology of the stem cell spheroids at days 4, 5 and 6. Group A at days (A) 4, (C) 5 and (E) 6 (original magnification, x150). (B) Group B at days
(B) 4, (C) 5 and (E) 6 (original magnification, x150). The scale bar indicates 200 ym.
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Figure 4. Spheroid diameter changes. Statistically significant differences
were noted between groups A and B at days 1" and 3™.

of the spheroids at days 2 and 3 were similar to that of day 1
(Fig. 2C-F). No significant changes were noted with the longer
incubation time (Fig. 3). The diameters of the spheroids were
larger in group A, compared to those of group B. The average
spheroid diameters in group A were 142.7+11.1, 167.8+12.6,
166.4+12.8, 144.1£23.9, 151.0+11.1 and 144.1+6.4 ym for
days 1-6, respectively (Fig. 4). The average spheroid diameters
in group B were 200.0+8.7, 188.8+11.1, 214.8+18.9, 194.8+27.9,
176.2+15.1 and 186.0+4.8 ym for days 1-6, respectively. The
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Figure 5. Cellular viability on days 1, 3 and 8. Statistically significant differ-
ences were noted when compared with groups A™" and B*** at day 1.

diameters of the spheroids were maintained throughout the
incubation time without statistically significant differences
(P>0.05).

Cell viability. Cell viability was measured in the spheres
made from polydimethylsiloxane-based concave micro-
molds after culturing at days 1, 3 and 8 (Fig. 5). The cell
viability in group B was higher compared to group A at each
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time point, although there were no statistically significant
differences (P>0.05). The relative CCK-8 assay values of
groups A and B at day 3 were 153.1+7.6 and 167.8+6.8%,
respectively, assuming that the CCK-8 result of group A on
day 1 was considered 100% (100.0+1.8%). The relative CCK-8
assay values of groups A and B at day 8 were 130.8+2.3 and
149.2+0.6%, respectively, assuming that the CCK-8 result of
group A on day 1 was considered 100% (100.0+1.8%). The
relative viability of groups A and B at day 8 were 85.5+1.5 and
88.9+0.3%, when compared with the viability of each group
at day 3.

Discussion

In the present study, size-controllable stem cell spheroids were
generated using microwells. The study clearly showed that
the shape of the spheroids and their viability were maintained
during the experimental periods.

To the best of our knowledge, this is the first study to apply
gingiva-derived stem cells to three-dimensional spheroids.
Stem cells can be obtained intraorally, including from the
maxilla and mandible; this was suggested as a treatment option
in tissue-engineering fields (13,14). The gingiva, periosteum
and bone marrow from the maxillofacial region are considered
favorable sources of stem cells, as stem cells can be harvested
from the jaw bone under local anesthesia (13,15). Additionally,
stem cells may be obtained intraorally, including from dental
pulp and the periodontal ligament, but only a limited number
of times; however, the gingiva is an easily accessible tissue
source with wider availability (16).

In the present study, the size of the spheroids were
controlled by the number of cells loaded initially, and their
morphology was controlled by the shape of the well (5). The
shape of the microwell can be modified into different shapes,
including rectangles and triangles (3). Various cell types have
been applied to microwells, including embryonic stem cells,
islet cells and hepatocytes (5,17,18). A previous study suggested
that size may be an important parameter that influences cell
differentiation (19).

Various methods may be applied to evaluate the viability
of the spheroids. A protein assay may be considered an indi-
rect measurement of cell viability, as it measures the protein
content of cells, regardless of cell death (20). The trypan blue
assay may be applied as the assay is based on the principle that
live cells possess intact cell membranes that prevent penetra-
tion of the dye (21). The MTT assay may be more sensitive
for assessing stem cell viability as it measures viability by
determining mitochondrial dehydrogenase activity (22,23).
However, further treatment is required to solubilize formazan
crystals, and the MTT agent may be toxic to cells (23). Thus,
a cell counting kit utilizing a water-soluble tetrazolium salt
test was applied for the viability test as it is reported to be
more sensitive than the MTT assay and less toxic to the tested
cells (23,24).

The three-dimensional culture system for cell differentia-
tion and proliferation may improve the current understanding
of the structure-function association under normal and
pathological conditions (25). It was reported that the
three-dimensional behaviors of stem cells were different from
the two-dimensional behaviors and that the three-dimensional
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system simulates the real situation more closely (26).
Additionally, a three-dimensional spheroid system may be
applied as a tool for skeletal tissue regeneration (27).

The co-culture method may be applied for enhanced func-
tionality. Single primary islet cells have been co-cultured with
adipose-derived stem cells in concave microwells, resulting
in improved viability and function (17,18,28). Stem cells may
have significant potential to protect primary cells from damage
during culturing and may be employed to improve cell survival
and function prior to transplantation (17). Another study used
primary pancreatic islets and hepatocytes for the three-dimen-
sional co-culture model, and these two types of cells appeared
to strongly support the functions of each other as spheroids,
even though smaller proportions of each cell type were
evaluated when compared to the mono-culture models (18).
Size-controllable spheroids with primary hepatocytes and
hepatic stellate cells secreted more albumin compared to the
mono-culture hepatospheres, and the enzymatic activity of
co-cultured heterospheres was higher compared to that of a
mono-culture of hepatospheres (28).

Within the limits of the present study, size-controllable
stem cell spheroids were generated from gingival cells using
microwells. The shape of the spheroids and the viability were
clearly maintained during the experimental periods.
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