
84

　Original Contribution Kitasato Med J 2014; 44: 84-94　

Assessment of the osteogenic potential of maxilla-derived
mesenchymal stromal cells and the utilization of

serum-free medium for culture thereof

Masashi Ishiguro, Yasuharu Yamazaki, Kyoko Baba,
Takayuki Sugimoto, Akira Takeda, Eiju Uchinuma

Department of Plastic and Aesthetic Surgery, Kitasato University School of Medicine

Objectives: To examine the osteogenic potential of mesenchymal stromal cells (MSCs), which were
contained in the maxillary pieces in surplus collected during conventional surgery from patients in the
in vitro and in vivo studies in which serum-free medium and fetal bovine serum (FBS)-added medium
were used to culture harvested MSCs.
Methods: Harvested cells were induced into osteoblasts before comparisons with those that were not.
In the in vitro study, alkaline phosphatase, calcium, and osteocalcin were used to assess the osteogenic
differentiation of formed osteoblasts.  Hydroxyapatite was used as the scaffold to histologically
examine the osteogenic potential in vivo of formed osteoblasts.  Areas per visual field of formed bone
tissue were examined.
Results: When cultured with serum-free medium, maxilla-derived MSCs exhibited osteogenic potential
in both in vitro and in vivo studies.  No statistically significant difference was found in the osteogenic
potential between maxilla-derived MSCs cultured with serum-free medium and those cultured with
FBS-added medium.  Specimens for both serum-free and FBS-added medium showed good bone
tissue formation.
Conclusion: These results suggested the osteogenic potential of maxilla-derived MSCs when cultured
with serum-free medium.

Key words: mesenchymal stromal cell, maxilla, osteogenic differentiation, serum-free medium, cleft
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Introduction

or patients with cleft lip and/or cleft palate, bone
formation at the site of the alveolar cleft is essential

to acquire good dental articulation.  We currently perform
grafting of iliac cancellous bone to form bone tissue at
the site of alveolar clefts; however, for most patients
undergoing this procedure, several surgical operations
are required.  Therefore, there is a definite clinical need
to reduce their surgical burdens.  As part of the efforts to
respond to this need, we have performed preclinical
research aiming to improve osteogenesis by transplanting
mesenchymal stromal cells (MSCs) at the site of the
alveolar cleft.1-3  Considering safety and ethics, we prefer
to use cells of autologous tissue origin.4  Previous studies
have reported the presence of mesenchymal stem cells in
a variety of tissues, e.g., bone, fat, and skin.5-7  Recently,

alveolar-derived stem cells were reported.8  The maxilla
is a site where a specimen can be collected without
excessive surgical invasion during the operation that is
conventionally conducted to treat cleft lip and/or cleft
palate and is anatomically adjacent to the site of the
alveolar cleft where we are trying to achieve osteogenesis.
Therefore, we turned our attention to the maxilla as the
supply source of MSCs.

Consideration is essentially required to minimize
immune responses, infections, and other untoward events
related to biomaterials when their clinical application is
intended.9,10  In general, fetal bovine serum (FBS) is used
for cell cultures in preclinical research.  However, the
use of FBS involves issues that must be taken into
consideration prior to its clinical application (e.g., immune
responses induced by residual bovine serum proteins and/
or infections by unknown viruses or prions).  To avoid
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Table 1.  Details of specimens

Patient No. Age (y) Gender Serum Cell status In vitro study In vivo study

- - Conducted  1 25 F FBS ALP/Ca Conducted

- - Conducted  2 18 M FBS - Conducted

- - Conducted  3 44 M FBS - Conducted

  4 27 M - - Conducted

- - Conducted  5 26 F FBS - Conducted

- - Conducted  6 38 F FBS -

- Contaminated  7 19 M FBS Not proliferated

- Contaminated  8 6 m F FBS Contaminated

- Contaminated  9 18 M FBS Contaminated

Free Contaminated10 18 M FBS Not proliferated

- Contaminated11 42 F FBS Contaminated

- Contaminated12 19 M FBS ALP/Ca -

- ALP/Ca -13 19 M FBS ALP/Ca -

- ALP/Ca -14 21 M FBS ALP -

- Contaminated15 26 M FBS ALP/Ca -

- ALP/Ca -16 22 F FBS ALP/Ca -

- ALP/Ca -17 22 F FBS Not proliferated

- Contaminated18 19 M FBS - Conducted

- Not proliferated19 6 m F FBS - Conducted

- Contaminated20 19 M FBS Contaminated

- ALP/Ca, PCR -21 26 F FBS ALP/Ca, PCR -

- ALP/Ca, PCR -22 33 F FBS ALP/Ca, PCR -

23 38 F FBS Not proliferated

24 18 M FBS Contaminated

- ALP/Ca, PCR -25 41 F FBS ALP/Ca, PCR -

- ALP/Ca, PCR -26 20 F FBS ALP/Ca -

- ALP/Ca, PCR -27 20 F FBS PCR -

28 25 M - PCR -

29 18 F FBS Contaminated

- ALP/Ca30 33 M FBS PCR -

FBS, fetal bovine serum; ALP, alkaline phosphatase; Ca, calcium; PCR, polymerase chain reaction
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these risks, therefore, studies using autoserum2,3 and
serum-free medium11-14 in the cultures of mesenchymal
stem cells have been reported.  Autoserum has the
advantage of containing components that are useful for
cell cultures.2  However, blood should be collected from
the patient to obtain autoserum, the volume of collectable
autoserum is limited, especially from neonates and
infants.  On the other hand, commercially available serum-
free medium can readily be purchased.  Therefore, using
serum-free medium would ensure more stable cell cultures
and could supplement autologous serum whenever
needed.  Therefore, the present preliminary study
examined the osteogenic potential of maxilla-derived
MSCs when cultured with serum-free medium.

Materials and Methods

This study was approved by the Ethics Committee at
Kitasato University (B ethics #12−53) that examines
the use of tissues of human cell origin and was conducted
after the acquisition of written informed consent from
the patient or family.

Specimens and cell cultures
Surplus maxillary pieces, harvested during conventional
surgery conducted by the Department of Plastic and
Aesthetic Surgery at Kitasato University, were used in
the present study.  The details of the specimens obtained
are shown in Table 1.  The specimens were randomly
allocated to the in vitro or in vivo studies.

The pieces were cut into 5-mm sections before being
put into a 25-cm2 flask (Sumilon; Sumitomo Bakelite,
Tokyo), and serum-free medium (STK1; Dainippon
Sumitomo [DS] Pharma Biomedical, Osaka) was used to
prepare primary cell cultures at 37℃, in 95% relative
humidity and 5% CO2.  The medium was replaced twice
a week.  Outgrowth cells, which were confluent and
adhered to the flask by the action of Accutase (Innovative
Cell Technologies, San Diego, CA, USA), were detached
and harvested.  A second subculture was conducted by
seeding cells in a 75-cm2 flask (Sumilon; Sumitomo
Bakelite) and by using serum-free medium (STK2; DS
Pharma Biomedical).  After cells became subconfluent,
the harvested cells were seeded into 6-well plates
(Sumilon; Sumitomo Bakelite), 1 × 105 cells/well.
Serum-free medium for the induction of osteogenic
differentiation STK3 (DS Pharma Biomedical) was used
to induce the osteogenic differentiation of the seeded
cells.

In primary cultures and second subcultures in which
FBS was used, α-minimum essential medium (α-MEM;

Invitrogen, Carlsbad, CA, USA)-into which 10% FBS
and antibiotics (penicillin 100 U/ml and streptomycin
100 mg/ml) had been added-was used instead of serum-
free medium.  In the culture of the seeded cells to induce
the osteogenic differentiation thereof, furthermore, α-
MEM-into which 10% FBS, antibiotics (penicillin and
streptomycin), 10-7 M dexamethasone (Dexamethasone;
Sigma-Aldrich, St. Louis, MO, USA), 50μM L-ascorbic
acid (L-Ascorbic Acid; Wako Pure Chemical Industries,
Osaka),  and 10 mM β-glycerophosphate (β-
Glycerophosphate; Calbiochem, San Diego, CA, USA)
had been added-was used.

In vitro study
Alkaline phosphatase (ALP) activity per protein content
in each specimen was determined at 1, 2, and 3 weeks
after induction for osteogenic differentiation.  Cells not
induced for osteogenic differentiation were used as
controls.  There were 10 specimens of each culture using
serum-free medium and FBS-added medium,
respectively.  Cells in the second subculture in each
culture were detached, harvested, and counted, and were
seeded into the 6-well plate (Sumilon; Sumitomo
Bakelite) at a rate of 1 × 105/well.  Cells in each well
were induced for osteogenic differentiation using the
respective medium for osteogenic differentiation
induction.  Furthermore, cells in the serum-free medium
and FBS-added medium, in which osteogenic
differentiation was not induced, were similarly cultured
as controls.  TRACP and ALP Assay Kit (Takara Bio,
Biocompare, Mountain View, CA, USA) was used to
determine ALP activity following the manufacturer's
protocol.  ALP activity was determined with a multimode
microplate reader (SpectraMax M2; Molecular Devices,
Sunnyvale, CA, USA) and its software (SoftMax;
Molecular Devices) at an absorbance of 405 nm.  ALP
activity was measured based on the calibration curve of
the ALP reference standard CIAP (Takara Bio).  Micro
BCA Protein Assay Kit (Thermo Fisher Scientific,
Rockford, IL, USA) was used to assay protein content in
the relevant cell-extracting solution, and ALP activity
per protein content was calculated for correction purposes.

Calcium assay
At 3 weeks after induction for osteogenic differentiation,
10 specimens for cultures using serum-free medium and
9 specimens for cultures using FBS-added medium were
used to assay calcium content.  In each culture, cells
induced for osteogenic differentiation were compared
with cells that were not as a control.

Cells (1 × 105/well) were seeded in the 6-well plate,
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and serum-free medium and FBS-added medium were
used to induce osteogenic differentiation.  The cells were
washed with saline, 0.5 N HCl (1 ml/well) was added,
and then were shaken at 4℃ for 3 hours to extract calcium.
The calcium-extracting solution (10μl/well) (Calcium
Assay Kit; Cayman Chemical, Ann Arbor, MI, USA)
was added into the 96-well plate following protocol.  A
multimode microplate reader (SpectraMax M2;
Molecular Devices) was used to determine calcium
content at an absorbance of 570 nm based on the
calibration curve of the calcium reference standard
(Cayman Chemical).

Expression of osteoblast markers
At 3 weeks after induction for osteogenic differentiation,
6 specimens for cultures using serum-free medium and 5
specimens for cultures using FBS-added medium were
used to determine the expression of osteoblast markers.
Cells (1 × 105/well) were seeded into the 6-well plate,
and serum-free medium and FBS-added medium were
used to induce osteogenic differentiation.  As per a
previous study,15 the expression of the osteoblast markers,
ALP and osteocalcin (OC), was determined by real-time
reverse transcriptase-polymerase chain reaction (RT-
PCR).  Cells not induced for osteogenic differentiation
were used as controls.  The Primer 3 software program
(SourceForge; http://primer3.sourceforge.net/) was used
to design respect ive primers:  for  ALP, I-F:
GTACGAGCTGAACAGGAACAACG and I-R:
CTTGGCTTTTCCTTCATGGTG; and for OC, I-F:
G A C T G T G A C G A G T T G G C T G A  A N D  I - R :
AGCAGAGCGACACCCTAGAC.

In vivo study
Six specimens for cultures using the serum-free medium
and 7 specimens for cultures using the FBS-added
medium were used in the in vivo study.  In reference to a
pervious study,3 the hydroxyapatite (HA) disk
[Ca10(PO4)6(OH2); Pentax, Tokyo; porosity: 85%, pore
diameter: 100−500μm, diameter: 5 mm, and thickness:
2 mm] was used as the scaffold for both culture systems.

When cells become subconfluent in the second
subculture, the serum-free medium and the FBS-added
medium were changed to STK3-added medium and 10%
FBS-added medium, respectively, and the cells were then
cultured in the flask for 1 week to induce the osteogenic
differentiation thereof.  Subsequently, cultured cells were
harvested, the HA disk was placed onto the culture plate,
and the cells (1 × 105/30μl/disk) were seeded before
waiting for cell infiltration into the disk.  The HA disk
seeded with the differentiated cells was then incubated

for 24 hours.  Specimens were subcutaneously implanted
to the dorsum of 7 male nude mice (1 to 2 specimens/
mouse) aged 5 weeks (BLAB/cA Jc1-nu; Clea Japan,
Tokyo) under ether anesthesia in such a manner so that
the cell-seeded side faced the skin side.

At 8 weeks after implantation, one or two specimens
for culturing were removed subcutaneously from the
dorsum of each animal, fixed with 10% formalin, and
decalcified with K-CX solution (Falma, Tokyo).  The
specimen was then embedded in paraffin, cut into 3-μ
m-thin sections with a microtome, and subjected to
hematoxylin and eosin (H&E) staining.

Immunohistochemical staining using OC was
performed to assess osteoblastic activity of the bone tissue
formed in specimens for culturing using serum-free
medium and also to verify that the mitochondria in the
bone tissue formed was of human cell origin.  In
immunohistochemical staining of the anti-human OC
antibody, e.g., the human OC (5-12H), mouse monoclonal
antibody (Takara Bio) was used as the primary antibody,
and Histofin MOUSESTAIN KIT (Nichirei Bioscience,
Tokyo) was used as the secondary antibody.  In
immunohistochemical staining of the anti-human
mitochondria antibody, HistoMouse-Plus Kit (Invitrogen)
was used as the primary antibody and the mouse anti-
human mitochondria monoclonal antibody (Chemicon
International, Temecula, CA, USA) was used as the
secondary antibody.  All the materials were used
according to the manufacturer's instructions.

The portion of the bone tissue formed for each
specimen was measured in one visual field at a low
magnification (×40) under light microscopy, and the
area per visual field was expressed as %Area.  The image
analysis software ImageJ version 1.4.5I-j (NIH; http://
rsb.info.nih.gov/ij/) was used to determine the %Areas
of formed bone tissue in H&E-stained specimens (5
specimens for cultures using serum-free medium and 6
for those using FBS-added medium).

Statistical analysis
Categorical variables were tested according to unpaired
Student's t-test, and the statistical software ystat 2006
package (Igaku Tosho Shuppan, Tokyo) was used for
statistical analyses.  P values of <0.05 were considered
statistically significant.

Results

Among the 30 specimens used for the in vitro study, 11
were infected, and maxilla-induced MSCs collected from
5 specimens discontinued to proliferate.
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Figure 1.  ALP assay per protein content in
the in vitro study

In both specimens for cultures using serum-
free medium and those for cultures using FBS-
added medium, ALP activity per protein content
was higher in maxilla-derived MSCs induced
for osteogenic differentiation than in cells that
were not.  ALP activity per protein content at 1,
2, and 3 weeks after induction for osteogenic
differentiation.  ALP activity per protein content
peaked during the observation period in FBS-
added medium but showed no peak in serum-
free medium.
ALP, alkaline phosphatase; FBS, fetal bovine
serum; MSCs, mesenchymal stromal cells

Figure 2.  Calcium assay in the in vitro study

In both serum-free medium and FBS-added
medium, calcium content was high in maxilla-
derived MSCs induced for osteogenic
differentiation than in maxilla-derived MSCs
that were not.  In both serum-free medium and
FBS-added medium, no significant differences
(P = 0.202) were found in the calcium content
between these MSCs.

Ishiguro, et al.
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Figure 3.  Expression of osteoblast markers (ALP and OC) in the in vitro study

In both serum-free medium and FBS-added medium, ALP content and OC content were higher in maxilla-derived
MSCs induced for osteogenic differentiation than in those that were not.
A. Expression of ALP: cells cultured with serum-free medium
B. Expression of OC: cells cultured with serum-free medium
C. Expression of ALP: cells cultured with FBS-added medium
D. Expression of OC: cells cultured with FBS-added medium
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; OC, osteocalcin

Figure 4.  H&E staining in the in vivo study

Specimens for both serum-free medium and FBS-added medium indicated the presence of bone matrix, bone
lacunae, and osteocytes showing good bone tissue formation.

B. Specimen for culture using FBS-added mediumA. Specimen for culture using serum-free medium

The osteogenic potential of maxilla-derived MSCs
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In both serum-free medium and FBS-added medium,
ALP activity per protein content was higher in cells
induced for osteogenic differentiation than in cells that
were not so induced.  ALP activity per protein content in
cells induced for osteogenic differentiation did not peak
until 3 weeks into the observation period in the serum-
free medium but peaked at 2 weeks in the FBS-added
medium (Figure 1).  At 3 weeks after induction, no
statistically significant differences (P = 0.178) were found
in ALP activity per protein content in cells that were
induced for osteogenic differentiation in any of the
specimens for the two culture systems (Figure 1).  In
both the serum-free medium and the FBS-added medium,
the calcium content was higher in cells induced for
osteogenic differentiation than in those that were not.  In
those induced for osteogenic differentiation for 3 weeks,
no statistically significant differences (P = 0.202) were
found in calcium content between induced and
noninduced cells in the serum-free medium or the FBS-
added medium (Figure 2).

Expression of osteoblast markers by real-time RT-PCR
In both specimens for cultures using serum-free medium
and specimens for cultures using FBS-added medium,
ALP and OC exhibited high levels of expression in cells
induced for osteogenic differentiation than in those that
were not so induced (Figure 3).  The expression of ALP
in cells induced for osteogenic differentiation peaked at
1 to 3 weeks into the observation period in the culture
specimens using the serum-free medium and before 2
weeks of the observation period in the culture specimens

using the FBS-added medium.  The OC expression did
not peak until 3 weeks of the observation period in either
the specimens for cultures using the serum-free medium
or for those using the FBS-added medium.

H&E staining
Specimens for both the cultures using serum-free medium
and the cultures using FBS-added medium exhibited the
areas well stained with eosin in the HA pores, where the
cavities containing cells in their interior were scattered.
These structures were bone tissue. Cells in the cavities
are considered osteocytes.  And all the specimens showed
good bone tissue formation (Figure 4).

Immunohistochemical staining of specimens for cultures
using serum-free medium
Cells adjacent to the bone tissue formed and stained dark
brown were positive for the anti-human OC antibody
(Figure 5) and were demonstrated to be of human cell
origin evidenced by their being stained with the anti-
human mitochondria antibody.

Comparisons of %Areas of bone tissue formed
The mean %Areas of formed bone tissue were 6.7% and
10.9% in maxilla-derived MSCs induced for osteogenic
differentiation that were contained in specimens for
cultures using the serum-free medium and the FBS-added
medium, respectively.  %Area was smaller in specimens
for cultures using the serum-free medium than in those
using the FBS-added medium but showed no statistically
significant differences (P = 0.379) (Figure 6).

Figure 5.  Immunohistochemical staining of specimens for culture using serum-free medium in the in vivo
study

Cells adjacent to formed bone tissue and stained dark brown were positive for the anti-human OC antibody and
the anti-human mitochondria antibody (arrows).

B. Staining of the anti-human mitochondria
antibody

A. Staining of the anti-human OC antibody

Ishiguro, et al.
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Discussion

A variety of tissues have recently been reported as sources
for mesenchymal stem cells,5-7 alveolar bone marrow
being one such source.8  Cells from the maxilla can be
collected without excessive surgical invasion during the
conventional operation to treat patients with cleft lip and/
or cleft palate and is located anatomically adjacent to the
site of the alveolar cleft.  Therefore, we consider that the
maxilla is a useful source of osteogenic cells for patients
with cleft lip and/or cleft palate.

In the present study, cultures using cells from the
maxilla seemed to have produced a greater number of
infections and nonproliferation during the course
compared to the cultures in our previous experiences for
which we used cells from the iliac crest.  Therefore, it
was impossible in the present study to elucidate whether
or not the difference in the number of infections was
attributable to the difference in the proliferative potential
of MSCs that were contained in specimens collected from
the maxilla or those from the iliac crest, which
respectively produce intramembranous and endochondral
ossification.  There was one study that compared the

osteogenic potential between maxilla- and iliac crest-
derived MSCs;16 however, to our knowledge, there are
no studies in the literature that refer to the incidence of
such infections.  We speculate that a possible explanation
for the increased incidence of infections is because the
maxilla easily becomes infected because of its contact
with the oral and nasal cavities through its thin mucosal
tissues.

All maxilla-derived MSCs, expressed the greater
quantities of osteoblast markers than did controls and
indicated the production of ALP and OC.  Furthermore,
in the in vivo study, newly formed bone tissue was found in
the interior of specimens that had been implanted into mice.
Cells of this bone tissue were immunohistochemically
positive for the anti-human mitochondria antibody and
for the anti-human OC antibody, verifying their origin
from human cells.  These results suggest that MSCs
harvested from maxillary tissue can be supply sources of
osteoblasts.  In addition, maxilla-induced MSCs were
also shown to have osteogenic potential in serum-free
medium.  MSCs are considered to present differences in
differentiation capacity according to tissue origin
thereof.16  The osteogenic potential of iliac crest-derived
MSCs reported in our previous study was better than that
for maxilla-derived MSCs.17  Maxilla-derived MSCs are
deemed inferior to iliac crest-derived MSCs with respect
to their osteogenic potential.  Moreover, many specimens
collected from the maxilla are infected or poorly grown;
these facts, therefore, lead us to consider that greater
caution should be taken for the culture processes.
However, we consider that maxilla-derived MSCs are
supply sources useful for osteogenic cells because they
can be harvested without additional surgical invasion
from the same operative field and the maxilla possesses
osteogenic potential.

Our research showed relatively favorable osteogenesis
in the subcutis that is hardly considered optimal for
osteogenesis. Furthermore, cells not induced for
osteogenic differentiation showed a trace quantity of
calcium and also expressed ALP, an osteoblast marker.
In consideration of the results that our research
demonstrated the presence of calcium, along with the
reasoning that it is only poorly supported by the expression
of ALP, the specificity of which is not high, we recognize
the possibility that undifferentiated cells contained some
cells that differentiated into osteoblasts.  Iliac crest-
derived MSCs possibly contain cells that become
osteoblasts without artificial induction for osteogenic
differentiation.18  Maxilla-derived MSCs have also been
suggested to contain such cells, which led us to conjecture
that these cells acted in favor of bone tissue formation

Figure 6.  %Areas of formed bone tissue in maxilla-derived
MSCs induced for osteogenic differentiation that were contained
in specimens for culture using serum-free medium and FBS-added
medium in the in vivo study

%Areas of formed bone tissue were lower in specimens for culture
using serum-free medium than in specimens for culture using
FBS-added medium, without a statistically significant difference
(P = 0.379).

The osteogenic potential of maxilla-derived MSCs
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and to further consider that maxilla-derived MSCs, which
possibly contain these cells, may also be useful for
osteogenesis.

Recently, the applications of regenerative medicine
using mesenchymal stem cells to the maxillofacial region
have been reported.19,20  However, consideration should
be given to the safety and ethical aspects of the materials
used for the approach when considering their clinical
application.  In cell cultures, serum is generally added
into the culture solution in hopes of sustaining and
increasing target cells.  However, it is difficult to use
FBS clinically because of the issues of immune response
and infection.  The use of autoserum is one of the methods
useful for the clinical application of MSCs.2,3,21  However,
the procedure to collect autoserum is invasive; and the
autoserum required for cell culturing may possibly run
short because the quantity that can be obtained from
sampled blood is limited.  Serum-free medium can be
used to supplement autoserum when it becomes
insufficient.  Namely, we consider that the utilization of
serum-free medium, which is always available, leads to
the stable culturing of target cells.  Recent studies have
reported the usefulness of serum-free medium.12-15  Also
in the in vitro and in vivo studies in our research, MSCs
cultured with serum-free medium showed osteogenic
differentiation.  Therefore, serum-free medium can be
considered useful to avoid risks associated with the use
of FBS-added medium in the culturing of MSCs for
forming bone tissue.  However, a potential cancer caused
by serum-free medium was reported.22 In view of current
research, we consider it mandatory to perform long-term
studies on the safety of serum-free medium before its
clinical application.

In the present study in the in vitro study, there was
less calcium production with cells in serum-free medium
than with cells in FBS-added medium.  However, in the
in vivo study, no statistically significant difference was
found in %Area of the bone tissue formed between these
MSCs.  The mean %Areas of the bone tissue formed
were 6.7% and 10.9% in culture using serum-free medium
and culture using FBS-added medium, respectively;
therefore, specimens for cultures using serum-free
medium seemed to afford a lower value.  Furthermore, in
specimens containing maxilla-derived MSCs that were
induced for osteogenic differentiation in the in vitro study,
the expression of ALP peaked at not later than 3 weeks
of the observation period in FBS-added medium but did
not in the serum-free medium.  The timing for the
expression of osteoblast markers differs depending on
the degree of the cell differentiation progression.  ALP is
an osteoblast marker that expresses relatively early.23,24

This suggests that osteogenic differentiation occurred
faster in FBS-added medium than in serum-free medium.
However, the serum-free medium used in the present
research (STK Series) is a medium that declares cell
adhesion acceleration in primary culture, superiority in
cell-proliferating potency, and allowance for highly
efficacious osteogenic differentiation.19  However, the
results from the present study in which the same numbers
of cells were used for comparisons indicated that cell
proliferation in primary culture occurred slower in serum-
free medium than in FBS-added medium and that
osteogenic differentiation was also slower.  These results
imply that cell proliferation and osteogenic differentiation
may occur slowly even when using serum-free medium.
The results also suggest the likelihood that the number of
cells with potential of osteogenic differentiation in
cultured maxilla-derived MSCs is small.  Regarding these
untoward results, consideration should be given to the
following facts: 1. the cells used in the present research
were harvested from the maxillary pieces in surplus that
had been obtained during conventional surgery for the
treatment of cleft lip and/or palate, 2. the cells involved
interindividual differences, and 3. the number of
specimens was insufficient.  However, cells that are to
be applied clinically in practice may differ from cells
prepared for experimental use.  Serum-free medium,
although useful for culturing MSCs, does not afford better
cell-proliferating potency for all classes of MSCs than
does FBS-added medium.  We consider that serum-free
medium possibly generates interindividual differences
in the proliferative potential of maxilla-derived MSCs.

A more secure and efficacious acquisition of
osteogenesis is the challenge to be addressed in the future.
However, our research indicates that serum-free medium,
which can sustain the proliferative potential of maxilla-
derived MSCs, is useful to avoid risks associated with
the use of FBS-added medium and of reducing patients'
surgical burdens.  For the clinical application of maxilla-
derived MSCs, it is mandatory to examine the long-term
effects of the medium-contained components on target
cells, their effects on the implantation bed, and other
safety issues.  In the future, the development of a safer
serum-free medium is anticipated that will more stably
allow the exertion of osteogenic potential of maxilla-
derived MSCs.
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