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Abstract. Gingiva‑derived stem cells have been applied for 
tissue‑engineering purposes and may be considered a favor-
able source of mesenchymal stem cells as harvesting stem cells 
from the mandible or maxilla may be performed with ease 
under local anesthesia. The present study was performed to 
fabricate stem‑cell spheroids using concave microwells and to 
evaluate the maintenance of stemness, viability, and differen-
tiation potential. Gingiva‑derived stem cells were isolated, and 
the stem cells of 4x105 (group A) or 8x105 (group B) cells were 
seeded into polydimethylsiloxane‑based, concave micromolds 
with 600 µm diameters. The morphology of the microspheres 
and the change of the diameters of the spheroids were evalu-
ated. The viability of spheroids was qualitatively analyzed via 
Live/Dead kit assay. A cell viability analysis was performed 
on days 1, 3, 6, and 12 with Cell Counting Kit‑8. The mainte-
nance of stemness was evaluated with immunocytochemical 
staining using SSEA‑4, TRA‑1‑60(R) (positive markers), and 
SSEA‑1 (negative marker). Osteogenic, adipogenic, and chon-
drogenic differentiation potential was evaluated by incubating 
spheroids in osteogenic, adipogenic and chondrogenic induc-
tion medium, respectively. The gingiva‑derived stem cells 
formed spheroids in the concave microwells. The diameters 
of the spheroids were larger in group A than in group B. The 
majority of cells in the spheroids emitted green fluorescence, 
indicating the presence of live cells at day 6. At day 12, the 
majority of cells in the spheroids emitted green fluorescence, 
and a small portion of red fluorescence was also noted, which 
indicated the presence of dead cells. The spheroids were 
positive for the stem‑cell markers SSEA‑4 and TRA‑1‑60(R) 
and were negative for SSEA‑1, suggesting that these spher-
oids primarily contained undifferentiated human stem cells. 
Osteogenic, adipogenic, and chondrogenic differentiation was 
more evident with an increase of incubation time: Mineralized 

extracellular deposits were observed following Alizarin Red 
S staining at days 14 and 21; oil globules were increased at 
day 18 when compared with day 6; and Alcian blue staining 
was more evident at day 18 when compared with day 6. Within 
the limits of this study, stem‑cell spheroids from gingival 
cells maintained the stemness, viability, and differentiation 
potential during the experimental periods. This method may 
be applied for a promising strategy for stem‑cell therapy.

Introduction

Mesenchymal stem cells are clonogenic, self‑renewing progen-
itor cells that are able to generate one or more specialized cell 
types (1). Stem cells may be postnatally isolated from different 
tissues including adipose tissue, muscle, bone marrow, and 
periosteum (2). Mesenchymal stem cells are a valuable source 
of stem cells for regenerative medicine, and the transplanta-
tion of mesenchymal stem cells is a promising treatment 
for many diseases (3,4). However, conventional techniques, 
which consist of cells being cultured as a monolayer, typically 
result in slow cell proliferation and insufficient yield to fulfill 
clinical demands (3). Furthermore, the loss of stemness, which 
is the ability to self‑renew and differentiate, of mesenchymal 
stem cells during in vitro expansion reduces the therapeutic 
efficacy (4).

Three‑dimensional culture systems have been used to 
demonstrate the importance of intercellular interactions in 
regulating stem cell self‑renewal and differentiation (5). Due 
to their rich biological content and superior ability to mimic 
the in vivo environment compared with two‑dimensional cell 
cultures, such multi‑cellular spheroids are currently receiving 
increased attention with regard to their applications and 
production (6). Typically, cells in a spheroid culture exhibit 
various properties that are distinct from monolayer cells (7). 
Cells grow with similar characteristics to in vivo tissue and 
these cultures are able to simulate native tissue behaviors 
much more accurately than two‑dimensional cultures (7). A 
recent study has demonstrated that the stemness properties 
of mesenchymal stem cells are retained in the in vivo micro-
environment, which comprises cell‑cell interactions, soluble 
growth factors, and cell‑matrix interactions (4).

Human mesenchymal stem cells have been isolated and 
characterized from the periodontium including the gingiva (8), 
and gingiva‑derived stem cells have been utilized for 
tissue‑engineering purposes (9). Gingiva‑derived stem cells 
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from the maxillofacial region may be considered a favorable 
source of mesenchymal stem cells as harvesting stem cells 
from the mandible or maxilla may be easily performed under 
local anesthesia (8,10). The present study was performed to 
produce stem‑cell spheroids using concave microwells and to 
evaluate the maintenance of stemness, viability, and differ-
entiation potential. To the best of our knowledge, this study 
is the first to evaluate the maintenance of stemness, viability, 
and differentiation potential of gingiva‑derived stem‑cell 
spheroids.

Materials and methods

Isolation and culturing of gingiva‑derived stem cells. 
Gingiva‑derived stem cells and cultures were obtained using 
a previously reported method  (8). Gingival tissues were 
harvested from healthy patients during crown lengthening 
procedures from July 2013 to August 2015 visiting the Depart-
ment of Periodontics, Seoul St. Mary's Hospital. Exclusion 
criteria were as follows: i) Severe medical or psychological 
disease or ii) hemorrhagic disease. The design of the present 
study was reviewed and approved by the Institutional Review 
Board of Seoul St. Mary's Hospital, College of Medicine, 
Catholic University of Korea (Seoul, Korea; KC11SISI0348) 
and informed consent was obtained from the patients.

Attached keratinized gingival tissues were immediately 
placed in sterile phosphate‑buffered saline (PBS; Welgene, 
Daegu, South Korea) with 100 U/ml penicillin and 100 µg/ml 
streptomycin (Sigma‑Aldrich; Merck Millipore, Darmstadt, 
Germany) at 4˚C until use. The tissues were de‑epithelialized 
with a surgical blade, processed into 1‑2 mm² fragments, and 
digested in an α‑modified, minimal essential medium (α‑MEM; 
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
containing dispase (1 mg/ml) and collagenase IV (2 mg/ml; 
both from Sigma‑Aldrich; Merck Millipore). The cells were 
incubated at 37˚C in a humidified incubator with 5% CO2 
and 95% O2 for 24 h. Non‑adherent cells were subsequently 
washed with PBS (Welgene), replaced with a fresh medium 
(α‑MEM) containing fetal bovine serum (both from Gibco), 
and penicillin, streptomycin and ascorbic acid 2‑phosphate (all 
from Sigma‑Aldrich; Merck Millipore) every 2 to 3 days.

Formation of spheres. Stem‑cell spheroids were formed in  
silicon elastomer-based concave microwells (StemFIT 3D; 
MicroFIT, Seonnam, Republic of Korea) with 600 µm diame-
ters. Subsequently, 4x105 (group A) or 8x105 (group B) stem cells 
were seeded in each concave micromold and cultured to investi-
gate cellular behavior (Fig. 1). The difference between group A 
and group B was only the number of cells per spheroid. Cell 
aggregation and spheroid formation were observed and images 
were captured using an inverted microscope (Leica DM IRM; 
Leica Microsystems GmbH, Wetzlar, Germany). The diameters 
of spheroids were measured from the captured images.

Determination of cell viability. Viability of spheroids was 
qualitatively analyzed using a Live/Dead assay kit (Molecular 
Probes; Thermo Fisher Scientific, Inc.). The assay is based on 
the principle that the activity of intracellular esterase induces 
non‑fluorescent, cell‑permeant calcein acetoxymethyl to 
become intensely fluorescent, giving the viable spheroids a 

green fluorescence. Ethidium homodimer enters into damaged 
cell membrane and binds to nucleic acids, thereby producing a 
red fluorescence in dead cells.

Stem‑cell spheroids were cultured at 37˚C in α‑MEM 
containing 15% fetal bovine serum (Gibco; Thermo Fisher 
Scientific, Inc.), 100 U/ml penicillin, 100 µg/ml streptomycin, 
200 mM L‑glutamine and 10 mM ascorbic acid 2‑phosphate 
(all from Sigma‑Aldrich; Merck Millipore). These spheroids 
were washed twice with PBS, followed by suspension in 1 ml 
α‑MEM containing 2 µl 50 mM calcein acetoxymethyl ester 
working solution and 4 µl 2 mM ethidium homodimer‑1 for 
15  min at room temperature. The spheroids stained with 
calcein acetoxymethyl ester and ethidium homodimer‑1 were 
observed under a fluorescence microscope (Axiovert 200; 
Zeiss AG, Oberkochen, Germany) at days 6 and 12.

A cell‑viability analysis was performed on days 1, 3, 6, 
and 12, by adding 2‑(2‑methoxy‑4‑nitrophenyl)‑3‑(4‑nitrop
henyl)‑5‑(2,4‑disulfophenyl)‑2H tetrazolium monosodium 
salt (WST‑8; Cell Counting Kit‑8; Dojindo Molecular Tech-
nologies, Inc., Kumamoto, Japan) to cultures, and spheres 
were incubated for 1 h at 37˚C. Viable cells were identified by 
the assay, which relies on the ability of mitochondrial dehy-
drogenases to oxidize WST‑8 into a formazan product. The 
spectrophotometric absorbance of the samples was measured 
using a microplate reader (BioTek Instruments, Inc., Winooski, 
VT, USA) at 450 nm.

Evaluation of maintenance of stemness. Following cultiva-
tion for six days, spheroids were retrieved. Antibodies were 
purchased from R&D Systems, Inc., (Minneapolis, MN, USA), 
and diluted to 50X. Human SSEA‑4 conjugated to NHL493 
(green) and human TRA‑1‑60(R) conjugated to NL557 (red) 
antibodies (cat. no. SC023; Live Cell Imaging kit) were used 
as positive markers of human stem cells. Human SSEA‑1 
conjugated to NL557 (red) antibody (cat. no. SC023; Live Cell 
Imaging kit) was used as a negative marker. The cells were 
incubated for 30 min. The antibody‑containing media were 
removed, and cells were washed with fresh media and re‑fed 
with fresh media. The spheroids were visualized via fluores-
cence microscopy.

Osteogenic differentiation. Spheroids were grown at 37˚C 
in osteogenic induction medium (STEMPRO Osteogenesis 
Differentiation kit; Gibco; Thermo Fisher Scientific, Inc.). 
The medium was replaced with a fresh induction medium 
every 3 to 4 days. At days 14 and 21, Alizarin Red S staining 
(Sigma‑Aldrich; Merck Millipore) was performed to detect 
calcium formation. Bound dye was solubilized in 10 mM 
sodium phosphate containing 10% cetylpyridinium chlo-
ride and quantified spectrophotometrically at 562 nm. The 
morphological evaluation was performed using an inverted 
microscope (Leica DM IRM) and experiments were performed 
in triplicate.

Adipogenic differentiation. Spheroids were grown at 37˚C 
with adipogenic induction medium (STEMPRO Adipogenesis 
Differentiation kit; Gibco; Thermo Fisher Scientific, Inc.). The 
medium was replaced with a fresh induction medium every 3 
to 4 days. Oil Red O staining (Sigma‑Aldrich; Merck Milli-
pore) was performed at days 6 and 18 to detect the oil globules.
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Chondrogenic differentiation. Spheroids were grown at 37˚C 
in a chondrogenic induction medium (STEMPRO Chondro
genesis Differentiation kit; Gibco). The medium was replaced 
with a fresh induction medium every 3 to 4 days. Alcian blue 
staining (Sigma‑Aldrich; Merck Millipore) was performed 
following 14 days to detect the presence of cartilage‑specific 
proteoglycan core protein.

Statistical analysis. Data are presented as means ± standard 
deviations of the experiments. A test of normality using a 
Shapiro‑Wilk test was performed and a Student's t‑test or a 
two‑way analysis of variance with post hoc Tukey testing was 
performed to determine the differences between the groups 
using SPSS 12 (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 
were able to form spheroids in concave microwells. The 
morphology of the spheroids at day 1 is shown in Fig. 2A and B. 
The morphology of the spheroids at day 3 was similar to that 

of day 1 (Fig. 2C‑D). The diameters of spheroids in group B 
were larger compared to those of group A. The mean spheroid 
diameters in group A were 210.0±3.0 and 152.5±17.8 µm 
at days 1 and 3, respectively  (Fig.  3). The mean spheroid 

Figure 1. Schematic illustration of generation of the spheroids with gingival‑derived stem cells. 

Figure 3. The mean diameter (± standard deviation) of spheroids at days 1 
and 3. *P<0.05 vs. group B at day 1.

Figure 2. The morphology of the stem‑cell spheroids at days 1 and 3. The scale bar indicates 200 µm (original magnification, x200). (A) Group A at day 1; 
(B) group B at day 1; (C) group A at day 3; (D) group B at day 3. 
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diameters in group B were 212.0±19.3 and 157.1±27.2 µm at 
days 1 and 3, respectively.

Determination of cell viability. The majority of cells in the 
spheroids emitted green fluorescence, and the morphology was 
round without marked changes at day 6 (Fig. 4). At day 12, the 

majority of cells in the spheroids emitted green fluorescence; 
however a small portion of red fluorescence was noted.

The results of cell viability using Cell Counting Kit‑8 
following culturing at days  1, 3, 6, and 12 are presented 
in Fig. 5. The cell viability in group B was typically higher 
than that in group A at each time point, although this did not 
reach statistical significance (P>0.05). The Cell Counting Kit‑8 
assay values of groups A and B at day 1 were 0.285±0.027 and 
0.320±0.074, respectively. The viability values of groups A 
and B at day 3 were 0.413±0.080 and 0.345±0.005, respec-
tively. The Cell Counting Kit‑8 assay values of groups A and B 
at day 6 were 0.267±0.001 and 0.269±0.006, respectively. The 
Cell Counting Kit‑8 assay value of groups A and B at day 12 
were 0.320±0.032 and 0.325±0.018, respectively.

Maintenance of stemness. Spheroids were stained with 
NL493‑conjugated SSEA‑4 (green) and NL557‑conjugated 
TRA‑1‑60(R) (red) antibodies or with NL493‑conjugated 
SSEA‑4 (green) and NL557‑conjugated SSEA‑1 (red) anti-
bodies (Fig. 6). The spheroids were positive for the stem‑cell 
markers SSEA‑4 and TRA‑1‑60(R), and were negative for 
SSEA‑1, which suggests that these spheroids primarily 
contained undifferentiated human stem cells.

Osteogenic differentiation. Mineralized extracellular deposits 
were observed following Alizarin Red S staining at days 14 
and 21 (Fig. 7). A marked increase in mineralized deposits was 
observed in group B compared with group A. The quantitative 

Figure 5. Mean absorbance (± standard deviation), indicative of cellular 
viability on days 1, 3, 6, and 12. *P<0.05 vs. group A at day 1.

Figure 4. Live/dead cell imaging of spheroids at days 6 and 12. The scale bar indicates 200 µm (original magnification, x200). (A‑C) Group A at day 6; 
(D‑F) group B at day 6; (G‑I) group A at day 12; (J‑L) group B at day 12.
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Figure 6. Evaluation of the maintenance of stemness with immunocytochemical staining at day 6. Spheroids were stained with NL493‑conjugated SSEA‑4 
(green), NL557‑conjugated TRA‑1‑60(R) (red) and NL557‑conjugated SSEA‑1 (red) antibodies. SSEA‑4 and TRA‑1‑60(R) served as positive markers for 
stem cells, and SSEA‑1 was used as a negative marker. The scale bar indicates 200 µm (original magnification, x200). (A‑F) Group A at day 6; (G‑L) group 
B at day 6.

Figure 7. Osteogenic differentiation at days 14 and 21. The scale bar indicates 200 µm (original magnification, x100). (A) Group A at day 14; (B) group B at 
day 14; (C) group A at day 21; (D) group B at day 21.



LEE et al:  STEM CELL SPHEROIDS AND DIFFERENTIATION1762

results regarding bound dye were presented in Fig. 8. Quan-
titative values at day 14 were 0.107±0.001 and 0.122±0.001 
for groups A and B, respectively. The values at day 21 were 
0.130±0.006 and 0.487±0.018 for groups A and B, respectively. 
Values for group B were significantly higher than in group A 
at each point (P<0.05).

Adipogenic differentiation. The results of adipogenic differen-
tiation are shown in Fig. 9. Oil globules were increased in both 
groups at day 18 compared with day 6.

Chondrogenic differentiation. The results of chondrogenic 
differentiation are shown in Fig.  10. The spheroids were 
stained with Alcian blue, and staining was more evident at day 
18 when compared with day 6 in both groups.

Discussion

In the present study, the stemness, viability, and differentiation 
potential of gingiva‑derived stem‑cell spheroids were main-
tained during the experimental periods.

Figure 9. Adipogenic differentiation at days 6 and 18. The scale bar indicates 200 µm. (A) Group A at day 6 (original magnification, x100); (B) group B at day 6 
(original magnification, x100); (C) group B at day 18 (original magnification, x50); (D) group B at day 18 (original magnification, x100).

Figure 8. Quantitative results of osteogenic differentiation at days 14 and 21 (mean absorbance ± standard deviation). *P<0.05; #P<0.05 vs. group A at day 14; 
##P<0.05 vs. group B at day 14.
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Spontaneous cell aggregation only occurs in a fairly limited 
number of cell lines, and stem cells with self‑renewing capacity 
typically possess spheroid‑forming capacity (7). It is possible 
to generate spheroids in several ways, such as hanging‑drop 
culture, pellet culture, dynamic culture including spinner 
flask, or rotary cell‑culture systems  (4,11,12). Microwell 
culture systems have been developed to generate homogenous 
stem‑cell colonies of defined sizes and shapes, and to study 
how colony morphology may affect cell fate (13). The authors 
of the present study have recently demonstrated that stem‑cell 
spheroids may be produced with gingiva‑derived stem cells 
using microwells  (14). This method seems convenient for 
generating cell aggregates without causing shear stress 
damage (4). The decrease of diameter in spheroids may be 
explained by the increased cell‑cell contact from neighboring 
cells in three‑dimensional culture (5,15).

Accumulating evidence has suggested that the cellular 
microenvironment has an important role in determining 
stemness properties (4,16,17). The present study demonstrated 
that the spheroids maintained viability and stemness during 
the experimental period using polydimethylsiloxane‑based 
concave micromolds. It has also been demonstrated in previous 
that the aggregation of adult human mesenchymal stem cells to 
produce three‑dimensional cellular spheroids helped to main-
tain the expression of stemness marker genes in cells, which 
was reiterated by the present findings (4,6). A recent study 
has also indicated that rabbit corneal stromal‑cell‑derived 
spheroids positively expressed mesenchymal and stem‑cell 
phenotypes, which were immunopositive for vimentin and 
cluster of differentiation 34 (a mesenchymal cell marker and a 

stem cell marker, respectively), as well as the mRNA expres-
sion of nestin and Nanog (a neural stem cell marker and a stem 
cell marker, respectively) (7).

The present study study also demonstrated that viability 
was maintained during the experimental period. It was 
recently suggested that a spheroid culture of mesenchymal 
stem cells may meet the requirement of adherent growth and 
improve culture efficiency (3). A recent report showed that 
compact cellular spheroids were formed with adipose‑derived 
stem cells, and spheroids remained viable when cultured in a 
microgravity bioreactor (4).

The present study clearly showed that osteogenic, adipo-
genic, and chondrogenic differentiation were present within the 
spheroids. The increase of differentiation was noted with an 
increase in the number of cells. Enhanced chondrogenic differ-
entiation potential of human gingival fibroblasts was previously 
evaluated via spheroid formation on chitosan membranes (18).

Conclusively, stem‑cell spheroids were demonstrated to 
form gingival cells which maintained stemness, viability, and 
differentiation potential during the experimental period. These 
findings suggest that this convenient method may be applied as 
a promising strategy for stem‑cell therapy.
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Figure 10. Chondrogenic differentiation at days 6 and 18. The scale bar indicates 200 µm. (A) Group A at day 6 (original magnification, x100); (B) group B at 
day 6 (original magnification, x100); (C) group A at day 18 (original magnification, x100); (D) group A at day 18 (original magnification, x200). 
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