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Abstract. Background/Aim: A better understanding of
cementogenesis and cementoblast differentiation would be
useful for periodontal therapy. The aim of this study was to
establish a cell culture system that reflects cementum formation
in periodontal tissue and determine whether or not isolated and
cultured primary human periodontal ligament (PDL) cells could
be used for the study of the differentiation of cementoblast.
Materials and Methods: PDL cells were isolated from the
outgrowths of tissue fragments of human PDL. PDL cells were
incubated for up to 21 days in differentiation medium
containing β-glycerophosphate and ascorbic acid. The changes
in the cells were detected by alkaline phosphatase (ALP) and
von Kossa staining. Real-time polymerase chain reaction was
also performed for cementum protein 1 (CEMP1), which is a
specific marker of cementoblasts and their progenitors. Results:
On day 5, a small number of PDL cells, which were fibrous,
were positive for ALP. On day 7, almost all cells were positive
for ALP. On day 14, mineralization nodules appeared, as seen
by positive von Kossa staining; the nodules increased in number
and size by day 21. The expression of CEMP1 was detected on
day 5, and its expression level increased gradually by day 7,
reached a peak on day 14, and decreased by day 21.
Conclusion: Human PDL cells were used to establish a culture
system that reflects cementum formation. Our results suggested
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that this culture method is convenient and useful for the study
of cementogenesis and cementoblast differentiation.

Periodontal ligament (PDL) tissues contain periodontal stem
cells, which can differentiate into cementoblast-like cells,
adipocytes, and osteoblast-like cells (1-4). A better
understanding of cementogenesis and the differentiation of
periodontal stem cells into cementoblasts would be useful for
periodontal therapy (5, 6). A previous study showed that the
expression of cementum protein 1 (CEMP1) is limited to
cementoblasts, a subpopulation of PDL cells, and to cells
located around vessels in the periodontium (7). This
localization indicates that CEMP1 is a marker of cementoblasts
and their progenitors (8).
The aim of this study was to establish a culture system of
PDL cells that can differentiate into CEMP1-expressing
cementoblast-like cells. A primary culture of human PDL
cells isolated from the root of a tooth, that was extracted for
orthodontic treatment, was prepared. Histochemical staining
for alkaline phosphatase (ALP) and von Kossa stainings
were performed on the cells, to detect mineralized nodules.
The expression of CEMP1 by the cells was examined using
real-time polymerase chain reaction (PCR).

Materials and Methods

Cell culture. This study was approved by the Ethics committee of the
Meikai University School of Dentistry (A1616). The human tooth that
was used in this study was extracted for orthodontic treatment. After
extraction, the tooth was immediately infused with calcium- and
magnesium-free phosphate-buffered saline (Wako Pure Chemical
Industries, Osaka, Japan). Human PDL tissue fragments were scraped
from the root surface with an excavator. The tissue fragments were
cultured in alpha modification of Eagle’s medium (αMEM; Gibco,
Grand Island, NY, USA) supplemented with 10% bovine serum
(Gibco), 100 U/ml penicillin, and 100 μl/ml streptomycin (Gibco) in
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a 10-cm dish (Falcon, Corning, NY, USA) at 37˚C and 5% CO2. The
medium was changed every other day. The PDL cells were obtained
from the outgrowths of the tissue fragments. After reaching a subconfluent state, the cells were detached from the dish with a trypsinEDTA enzyme solution (Gibco), collected and centrifuged at 130 × g
for 5 min. The cells were resuspended in αMEM, and incubated in a
16-cm dish (Falcon) under the same conditions described for the 10cm dish. After reaching a sub-confluent state in the 16-cm dish, the
cells were detached from the dish using the trypsin-EDTA enzyme
solution (Gibco), and were collected and centrifuged at 130 × g for 5
min. Single-cell suspensions were obtained by passing the cells
through a 40-μm strainer (Falcon). To obtain a large number of cells,
the cells were cultured for three passages in 16-cm culture dishes
(Falcon). The cells of the third passage were used for all experiments
in this study. The cells were seeded into 6-multi-well plates (Falcon)
at a density of 2×104/cm2 and cultured in differentiation inducing
medium which is αMEM supplemented with 10% bovine serum, 1
mM β-glycerophosphate (Wako Pure Chemical Industries), 50 μm/ml
ascorbic acid (Wako Pure Chemical Industries), 100 U/ml penicillin,
and 100 μl/ml streptomycin. The medium was changed every other
day, and the cells were incubated for up to 21 days.

ALP staining and von Kossa staining. The cells were fixed with
10% neutral formalin (Wako Pure Chemical Industries) for 5 min at
room temperature, then washed in Tris-Buffered Saline (Takara Bio
Inc., Shiga, Japan) three times. The localization of ALP was
determined by using naphthol AS-MX phosphate (Sigma Chemical
Co., St. Louis, MO, USA) and fast blue BB salt (Wako Pure
Chemical Industries). After determining the localization of ALP in
the cells, von Kossa staining was performed to detect mineralization
nodules formed by the cells. von Kossa staining was performed
according to the method of Yokose et al. (9).

Real-time PCR. The total RNA was extracted from the cultured cells
on days 5, 7, 14, and 21 from the 6-multi-well plates by using RNAiso
Plus (Takara Bio Inc.) according to the manufacturer’s protocol. One
microgram of each total RNA was converted into cDNA by reverse
transcriptase (Takara Bio Inc.). Real-time PCR reactions were carried
out using Thermal Cycler Dice (Takara Bio Inc.), and were performed
in 12.5 μl of solution containing cDNA, forward and reverse primers,
and SYBR Green Real-time PCR Master Mix (Takara Bio Inc.); the
mRNA levels were normalized to the mRNA levels of a housekeeping
gene, GAPDH. The primer pairs used were as follows: forward, 5’CATACTGCCCTCCAGCACCA-3’, reverse, 5’-TGAGTGCCACGG
ATGACCA-3’ for human CEMP1 (Takara Bio Inc.); and forward, 5’GCA CCGTCAAGGCTGAGAAAC-3’, reverse, 5’-TGGTGAAGA
CGCCAGTGGA-3’ for GAPDH (Takara Bio Inc.). GAPDH was used
as an internal control, and the 2–ΔΔCt method was applied to determine
the differences in relative expression.

Statistical analyses. The results are expressed as the means±standard
deviation (SD). Statistical analyses between two groups were
performed with the Mann-Whitney U-test, and those between
multiple groups was performed with the Kruskal-Wallis H test.

Results

ALP staining and von Kossa staining. The human PDL cells
used in this study reached confluence on day 2, and a small
number of the cells, which were fibrous, were positive for
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ALP on day 5 (Figure 1a). The number of ALP-positive cells
increased rapidly by day 7 of culture (Figure 1b). On day 14,
mineralization nodules, which were stained by von Kossa
staining, appeared, but were sparse (Fig. 1c); they were more
numerous and larger on day 21 (Figure 1d).

Real-time PCR for CEMP1 mRNA. The expression levels of
CEMP1 in the PDL cells were determined over the culture
period. The expression levels of CEMP1 gradually increased
from day 5 to day 14. The expression levels of CEMP1 on
day 7 and day 14 were approximately 1.5 and 2.3 times the
level on day 5, respectively. However, the expression level
of CEMP1 was lower on day 21 than on day 14, and was
approximately 1.8 times the level on day 5.

Discussion

It is important to clarify the mechanisms of cementogenesis
for periodontal tissue regeneration therapy. Therefore, an in
vitro experimental system for investigating cementum
formation is necessary. In this study, with the goal of
establishing a culture system that reflects cementum
formation in periodontal tissue, a primary culture of human
PDL cells was prepared. We showed that human PDL tissues
contain a population of cells expressing cementoblast-like
phenotypes, are positive for ALP, form mineralization
nodules (Figure 1), and express CEMP1 (Figure 2). ALP is
an important enzyme in mineralized sites, such as bone,
dentin, and cementum. ALP was thought to be an early
differentiation marker of osteoblasts, odontoblasts, and
cementoblasts (8-11). In this culture system, there were a
few ALP-positive cells on day 5, and the number of ALPpositive cells rapidly increased by day 7. Mineralization
nodules started to form by day 15, and the nodules increased
in number and size by day 21 (Figure 1). Choi et al.
reported, in a primary culture system of human PDL cells
that was designed in their study, that the peak expression
level of ALP was reached on day 7, and that nodule
mineralization started on day 15 and continued to develop to
day 21 (12). These findings strongly corroborate our findings
from the primary culture of human PDL cells.
The expression of CEMP1 has been shown to be limited
to cementoblasts, a subpopulation of PDL cells, and to cells
located around vessels in the periodontium (7). CEMP1
was thought to be a specific marker of cementoblasts and
their progenitors (7, 8). In this study, the expression levels
of CEMP1 were determined throughout the culture period,
even on day 5, when there were only a few ALP-positive
cells, and the expression levels of CEMP1 gradually
increased from day 5 until day 14, when it reached a peak
(Figure 2). Komaki et al. reported that CEMP1-positive
cells were predominantly observed among ALP-positive
cells in in vitro immunochemical analyses of PDL cells (8).
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Figure 1. ALP staining and von Kossa staining of cultured PDL cells on days 5 (a), 7 (b), 14 (c), and 21 (d). A few human PDL cells were positive
for ALP on day 5 (a). The number of ALP-positive cells increased rapidly by day 7 (b). The cells formed mineralization nodules, that were stained
by von Kossa staining on day 14 (c). The mineralization nodules were larger and more numerous on day 21 (d).

Their findings and our results indicate that the cells derived
from the PDL cells in this study consisted of a
heterogeneous population that included cementoblasts
and/or their progenitor cells, which were positive for ALP
and CEMP1, and other undifferentiated cells, which were
negative for ALP on day 5. Our data suggest that almost all
cells that were negative for ALP on day 5 differentiated
into ALP-positive cells, and continued to differentiate into
cementoblast-like cells that expressed CEMP1. In this
study, the expression level of CEMP1 on day 21 was
decreased when compared to the level on day 14 (Figure
2). Choi et al. showed that the expression level of
osteocalcin, a marker of mineralization stage, reached a
peak on day 14, and decreased by day 21 in human PDL
cells in vitro (12). They also described the expression levels
of c-fos, which appeared to increase prior to terminal

differentiation and cell death (13). The expression level of
c-fos reached a peak on day 21 in PDL cells, so they
assumed that the decreased expression level of osteocalcin
on day 21 was related to apoptosis during PDL cell
differentiation (12). There is a possibility that the same
phenomenon relating to cell death occurred in our study
too, but further investigations would be necessary to clarify
the mechanisms behind PDL cell death.
In conclusion, we established a PDL cell culture system
in which cells differentiate into cementoblast-like cells that
form mineralization nodules and express CEMP1, which is
a specific marker of cementoblasts and their progenitors. Our
results demonstrate that this culture system is convenient and
may be useful for investigating the mechanisms of
cementoblast differentiation, which would provide valuable
knowledge for periodontal therapy.
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Figure 2. Changes in the mRNA expression levels of CEMP1 in the PDL
cell culture over time. The expression levels shown were normalized to
the expression level of GAPDH mRNA. The expression level of CEMP1
gradually increased from day 5 to day 14, at which a peak was reached.
The expression level of CEMP1 was decreased on day 21 in comparison
to the level on day 14. Each bar represents the mean of measured
values±SD of four cultures. *p<0.05 when compared to the value on
day 5.
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