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Abstract
The objective was to investigate the effects of Thai white Portland cement mixed

with bismuth oxide and white ProRoot® MTA on gene expression and alkaline phosphatase
activity of human cementoblast-like cell line.  Human cementoblast-like cell line was
cultured with extracted media of white Portland cement mixed with bismuth oxide or
white ProRoot® MTA at different extraction time points (days 1, 3 and 7). The expression
of alkaline phosphatase, bone sialoprotein, type I collagen and osteocalcin were examined
by quantitative real time polymerase chain reaction and alkaline phosphatase activity
was also determined by enzymatic assay. Differences in relative expression ratio and
alkaline phosphatase activity were analyzed by Kruskal-Wallis test. (p < .05) The results
showed that Both white Portland cement mixed with bismuth oxide and white ProRoot®

MTA statistically significantly upregulated alkaline phosphatase and bone sialoprotein
gene expression at day 3. But only Thai white Portland cement mixed with bismuth oxide
significantly increased type I collagen expression at day 1. However, gene expression of
osteocalcin was significantly decreased by both Thai white Portland cement mixed with
bismuth oxide and white ProRoot® MTA-treated cells at day 3. Alkaline phosphatase
activity was statistically significantly increased at day 7 in Thai white Portland cement
mixed with bismuth oxide-treated cells comparing to control, but there was no statistically
significant difference between white ProRoot® MTA and control groups. In Conclusion,
Thai white Portland cement mixed with bismuth oxide and white ProRoot® MTA could
induce alkaline phosphatase and bone sialoprotein expression of human cementoblast-
liked cell line.

Key words: alkaline phosphatase activity; cementoblast; gene expression; mineral trioxide
aggregate;  white Portland cement

Introduction

Root end-filling material is the key factor of endodontic periapical surgery to
prevent the passage of microorganisms and their products from the root canal system to
the periradicular tissues. Mineral trioxide aggregate is currently a favorable root end-
filling material because of its sealing ability1-3 insolubility in tissue fluid3 biocompatibility4

insusceptibility to the presence of moisture3 antimicrobial effect5 radiopacity and
dimensional stability3,6 as well as of its capability of promoting periradicular hard tissue
formation.7-11 However, mineral trioxide aggregate is very expensive, difficult to manipulate
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and also has long setting time.12 Portland cement has similar
chemical composition to mineral trioxide aggregate (Tulsa Dental,
OK, USA) except for bismuth oxide which is a constituent of
mineral trioxide aggregate for radio-opacity.12 Many studies
indicated that Portland cement and mineral trioxide aggregate
have similar physical properties, pH, setting time, solubility,
dimensional change, compressive strength, in vitro and in vivo
biocompatibility and antimicrobial effect.6,13,14

The deposition of cementum after endodontic periapical
surgery is considered a desired healing response and a
prerequisite for the reformation of a functional periodontal
attachment.15 Many histological studies have shown the presence
of new cementum tissues in contact with the mineral trioxide
aggregate retrofilling material on defective tooth roots in
monkeys9 and dogs.7, 8, 16, 17 In vitro study revealed that mineral
trioxide aggregate permitted murine cementoblastic cell (OCCM-
30) expressing mRNA involved in cementoblastic differentiation,
alkaline phosphatase (ALP), bone sialoprotein (BSP), collagen
type I (COL I) and osteocalcin (OCN)18,19 and induced a
biomineralization of these cells.19 Portland cement also allows
the expression of mineralization related genes, such as
osteonectin (ON) and dentin sialoprotein (DSPP) and  induces
ALP activity in early stage of mineralization on cultured human
pulp cell.20,21

Portland cement, which is comparatively inexpensive
material, has been proposed to use as an alternative retro-filling
material. The previous studies showed that Thai white Portland
cement mixed  with bismuth oxide had similar chemical
constituents and physical properties to white ProRoot®  MTA22,23

and was also biocompatible with primary human alveolar bone
osteoblast.24 However, the effects of Thai white Portland cement
mixed with bismuth oxide on the expression of mineralization
markers have not been investigated.

The purposes of present study were to investigate the
effects of Thai white Portland cement mixed with bismuth oxide
and white ProRoot® MTA on the mRNA expression of markers of
cementoblastic differentiation in human cementoblast-like cell
line, as well as to examine the effects of these materials on
cellular ALP activity as a potential indicator of cementogenesis.

Materials and methods

Cell culture  An immortalized human cementoblast cell
line (HCEM) used in this study was a gift from Dr. Masae

Kitagawa and Dr. Mutsumi  Miyaichi, Hiroshima university. The
study was approved by the Ethics Committee of the Faculty of
Dentistry, Chulalongkorn University. These cells have been
previously isolated and characterized.25 Cells were cultured in
minimum essential medium alpha (·-MEM, Invitrogen, Grand
Island, NY) supplemented with 10% fetal bovine serum (FBS)
plus penicillin G solution (10 U/ml) and streptomycin (10 mg/ml)
in a humidified atmosphere of 5% CO

2
 at 37°C.

Samples and extract media preparation Retrofilling
materials used in this study were Thai white Portland cements
mixed with bismuth oxide (PC) and white ProRoot® MTA (MTA)
(Tulsa Dental, OK, USA). PC was Thai white Portland cements
mixed with bismuth oxide (Fluka, Spain) and sterilized with
ethylene oxide gas. MTA was prepared according to the
manufacturer’s instructions. For PC, one gram of powder was
mixed with 0.3 ml of sterile distilled water.22 Standard cylinder
discs of 6 mm. in diameter and 1 mm. in height of each tested
material were prepared using plastic molds under aseptic
conditions, and then incubated for three hours in 95% humidity
at 37°C. After removing the specimens from the molds, the
samples of each material were placed into a 60-mm. tissue culture
dish. Extract preparation was adapted from International
Standard ISO 10993-12 (1999). Extracts of the retrofilling
materials were prepared as follows: 220 µl/ sample of the cell
culture media supplemented with 10% FBS and penicillin G
solution (10 U/ml), and streptomycin was placed over the material
discs, then incubated at 37°C in a humidified atmosphere of 95%
air and 5% CO

2
. The extract medium was pipette off the dish

each day for usage. Subsequently, new medium was added to
the dish for the following day extraction.

Real-time Polymerase chain reaction 3X105 HCEM
cells were seeded into 60-mm. tissue culture dish and cultured
as previously described overnight. The culture media were
replaced with extraction media every day. At days 1, 3 and 7,
total RNA was extracted using the RNeasy Mini  Kit (Qiagen
K.K., Japan)  and a reverse transcription was performontroled
using Improm- II reverse transcriptase (Improm-IITM, Promega
Corp, USA) as follows: 1 µg of RNA was added to 5 µl of reverse
transcription mixture (1 µl of Oligo DT and Rnase-free water).
The mixture was denatured at 70°C for 5 min and chilled
immediately on ice. Four microliters of ImProm-II™ 5X Reaction
Buffer, 4.8 µl of MgCl

2
, and 1.0µl of dNTP Mix (final concentration

0.5 mm. for each dNTP), 0.5 µl of Recombinant RNasin®

Ribonuclease Inhibitor and 1.0 µl of ImProm-II™ Reverse
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Transcriptase were added and incubated at 25 °C for 5 min
followed by 42°C for 1 hour. The reactions were inactivated by
heating at 70°C for 15 min. A reaction without reverse
transcriptase was used as a negative control.

Real-time polymerase chain reaction (PCR) was
performed on a mixture of 5 µl of complementary DNA and 15 µ
L of master mix containing 10 µL SYBR Green PCR Master Mix
(Invitrogen, USA), 1 mM of primers, and PCR-grade water using
Lightcycler® 480 Real-Time PCR System (Roche Applied
Science, Germany). The specific primers used in this study were
ALP, BSP, COL-I and OCN. Beta-2-microglobulin (B2M) was used
as a reference gene. Dnase free water was used as a negative
control. The specific primer sequences were as follows: ALP (120
bp) forward 5’ – GACAAGAAGCCCTTCACTGC-3’, reverse 5’ -
AGACTGCGCCTGGTAGTTGT-3’26; BSP (208 bp)  forward 5 ’-
GGGCAGTAGTGACTCATCCGAA-3’, reverse 5-
TCCATAGCCCAGTGTTGTAGCAG 3’27; COL I (114 bp) forward
AAGGTCATGCTGGTCTTGCT 3’, reverse 5’
GACCCTGTTCACCTTTTCCA 3’28; OCN (70) forward 5’
GAAGCCCAGCGGTGCA 3’, reverse 5’
CACTACCTCGCTGCCCTCC 3’28; B2M (114 bp) forward 5’
GATGAGTATGCCTGCCGTGT 3’, reverse  5’
CAATCCAAATGCGGCATCT 3’29.  A four-segment Light Cycler
TM PCR amplification and melting curve protocol were used. The
program was set at 10 minutes denaturation step at 95°C followed
by 45 amplification cycles at 95°C, 60°C and 72°C for 10 seconds.
Melting curve analysis was performed at 95°C for 5 seconds,
65 °C for 1 minute and heating to 97°C using a ramp rate of
0.11°C/sec with continuous monitoring of fluorescence. The
protocol was ended with a cooling segment (40 °C). Lightcycler®

480 software (Roche Applied Science, Germany) was used to
estimate the threshold cycle numbers (crossing points; Cp). Data
obtained by relative quantification with efficiency correction based
on the crossing points calculated by the Light-CyclerTM software
(Roche Applied Science, Germany). The relative quantification
in gene expression was determine using 2-Ct method described
previously.30 The quantification of each mRNA expression was
evaluated by performing real-time PCR in triplicate.

Alkaline Phosphatase activity 1X105 HCEM cells were
plated per well in 24-well plates. After an initial attachment period
of 24 hours, they were exposed to an extracted media. The
extracted media was replaced every day. After 1, 3 and 7 days in
culture, cells were lysed with 400 µl of cell lysis buffer and
centrifuged at 300 X g for 3 minutes. The 100 µl of each cell

lysate were added to 100 µl p-nitrophenylphosphate (pNPP)
(Sigma- USA, product code. P7998)  in 96-well plates.  After 30
min of incubation at room temperature, the reaction was stopped
by addition of 50 µl of 3 N NaOH solution. The absorbance was
read at 405 nm using a microplate reader (Anthos Zenyth 200rt,
UK). To determine the specific activity of ALP, protein concentra-
tions in each lysate were determined using the DC protein assay
(Bio-Rad, USA). 5 µl of each cell lysate were added into 96-well
plates.  After that, 25 µl of reagent A (an alkaline copper tartrate
solution) mixed with 200 µl of reagent B (a dilute Folin Reagent)
was added into each well. They were incubated for fifteen minutes
at room temperature with gentle agitation. Absorbance was
measured at 750 nm using the microplate reader. The ALP activity
was expressed as µmol/µg of protein/second. The experiments
were performed in triplicate.

Statistical analysis The data were expressed as the
means of each group+standard deviations (s.d.). Group
difference was evaluated using Kruskal-Wallis test followed by
Conover-Inman test for post hoc multiple comparisons. Statistical
significance of differences was defined as p < .05.

Results

Expression of cementoblastic differentiation marker
genes by real-time quantitative RT-PCR

We examined the cementoblastic marker gene
expression of HCEM at days 1, 3 and 7 in culture with regular
medium (control), PC extracted medium and MTA extracted
medium. The levels of ALP, BSP, COL I and OCN were
determined by real-time quantitative RT-PCR using B2M as
reference gene. The normalized relative quantification of each
samples are shown in Fig. 1.

ALP ALP expression was significantly increased at day
3, then decreased at day 7 in all three groups. PC and  MTA
upregulated  ALP expression at day 1 but there was no statistically
significant difference comparing to control group.  At day 3, the
significant increase in ALP expression was observed in PC and
MTA-treated cells when compared with the control group. (Fig.
1A)

BSP There was no significant difference in BSP
expression among the three groups at day 1 and day 7. However,
both PC and MTA significantly increased BSP gene expression
compared with the control group at day 3. (Fig. 1B)
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Fig. 1 Relative expression ratio of ALP (A), BSP (B), COL I (C), OCN (D) of HCEM treated with PC or MTA extract at days 1, 3 and 7. The Relative

quantification real-time PCR was performed as described in Materials and Methods. B2M was used as a reference gene. The bar represents

the mean+standard deviation.  An asterisk (*) indicates that p < .05, two asterisks (**) indicates that p < .001 in comparison with the control.

ALP = alkaline phosphatase, BSP = bone sialoprotein, COL I = type I collagen, OCN = osteocalcin, PC = Thai white Portland cement mixed

with bismuth oxide, MTA = white ProRoot ® MTA.

COL I PC significantly increased COL I expression
compared with control and MTA groups at day 1. (Fig. 1C)
However, there was a significant decrease expression in both
PC and MTA groups compared with the control group at day 3
and day 7.

OCN There was no difference among three groups at
day 1and day 7. However, PC and MTA groups decreased OCN
expression compared with the control group at day 3. (Fig. 1D)

ALP activity   ALP activity of three groups was observed
at day 3 and increased at day 7.  The ALP activity was statistically
significantly higher in the PC group at day 7 comparing to MTA
and control group. However, there was no significant difference
between MTA and control group. (Fig. 2)
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Fig. 2 Alkaline phosphatase activity of HCEM treated with material extracts and untreated control media at days 3 and 7. The bar represents the

mean+standard deviation.  An asterisk (*) indicates that p < .05 in comparison with the control. PC = Thai white Portland cement mixed with

bismuth oxide, MTA = white ProRoot ® MTA.

Discussion

Cementogenesis is a critical event for regeneration of
periodontal tissue. This study utilizes the human cementoblast-
like (HCEM) cell lines that have been established from human
extracted tooth by tranfection of hTERT gene and shown to
express specific marker of cementum, cementum-derived protein
(CP-23). These cell lines were suggested to be useful cell models
for investigating the mechanism of differentiation of human
cementoblasts.25

This study used extract media method. Previous study
showed that this concentration of extracted media was
biocompatible in primary human alveolar bone osteoblast.24

Under clinical conditions, interstitial tissue fluids circulate
constantly through the vascular system. Therefore, this study
changed the extracted solution daily to mimic the clinical situation.

ALP is a phosphate-releasing enzyme which is believed
to participate in cementum mineralization.31-35 Mineral trioxide
aggregate induced ALP expression and activity in both PDL and
gingival fibroblasts.36 Although, there have not been fully clarified
the detailed mechanism regulating cementoblastic differentiation
but cementoblasts share many phenotypical features with
osteoblast. Therefore, there is a possibility that expression profile
of molecular factor regulated cementoblastic differentiation in
similar manner as osteoblast. In this study, ALP mRNA expression
of all groups showed the peak level at day 3 and decresed at
day 7. This may be indicated that ALP gene expression elevated
in a matrix maturation stage and declined in mineralization stage.

MTA induced the ALP expression in many cell types such
as human periodontal ligament fibroblast37 human dental pulp
stromal cells (DPSCs)38 and human osteosarcoma cell line
(MG63)39 and murine cementoblast cells (OCCM-30).18 In this
study, PC and MTA upregulated ALP expression compared to
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control group at day 3. However, Nakayama et al’s study40

showed that there was no difference in expression of ALP mRNA
in rat bone marrow cells (RBM) in the control group and MTA
group at days 1, 2 and 3.

In this study, ALP activity was not detectable at day 1
because the amount of alkaline phosphatase protein may be too
small to detect the activity or high pH during setting stage of the
materials caused protein denature.41 The result of this study
showed no significant difference of ALP activity between MTA
and control groups similar to the studies in rat bone marrow cells
(RBM) and osteoblast-like cell line (MG-63) in which mineral
trioxide aggregate maintained a level of ALP activity equivalent
to unstimulated cells.40,42 In addition, our results showed
increased ALP activity at day 7 in PC group consistent with the
study of Min et al21 which discovered that Portland cement and
Portland cement mixed with bismuth oxide increased ALP activity.

We also found that ALP gene expression at day 1 is in
agreement with the level of ALP activity. On the contrary, ALP
mRNA level in MTA group was higher than PC group at day 3
and day 7 but the enzyme activity was less than PC group. The
inconsistent ALP gene expression and ALP activity in PDL and
gingival fibroblasts has been previously reported.36

The possible mechanism that regulates ALP activity is a
state of alkalinity. The high pH of calcium hydroxide stimulates
the mineralization through activation of tissue enzymes like ALP43

whereas changing in calcium ion does not appear to affect
enzymatic activity.44 Previous study revealed that Thai white
Portland cements mixed with bismuth oxide and white ProRoot“

MTA showed high pH level similar to calcium hydroxide.22

However, the exact mechanism how PC or MTA regulate ALP
activity is still unclear. Further studies should be carried out to
investigate this phenomenon.

BSP is one of major noncollagenous glycoproteins that
are specially expressed in mineralized connective tissues.45-47 It
is chemotactic to pre-cementoblasts and promotes their adhesion
and differentiation.48 High level of BSP expression is associated
with initiating formation of the mineralizing cementum matrix46,47

and this protein is a useful and reliable marker for cementoblast
differentiation.49 In the previous study, BSP expression by MC3T3-
E1 cells from 24 to 72 hours was evident in MTA-treated and
control cultures50 and BSP expression was also found to be
upregulated in MTA-treated human dental pulp cells.51  These
findings  were consistent with our results that PC and MTA
upregulated BSP expression when compared to control group
at day 3.

COL I is an essential component of the extracellular matrix that
is required to mineralize matrix formation.52 In cementum,
collagen promotes cellular attachment, functions to maintain the
integrity of hard and soft tissue, and is active in their development,
maturation, and repair.35  Previous study revealed that mineral
trioxide aggregate suppressed COL I expression in rat bone
marrow osteoblast-like cells.40 It is consistent with our current
study that  both white ProRoot“ MTA and PC significantly
decreased COLI expression at day 3 and day 7 but only PC
upregulated COL I expression at day 1.

A study on murine immortalized cementoblast (OCCM-
30), adding white ProRootÆ MTA powder into cultured media at
various concentrations found that 0.02 and 0.002 mg/ml
concentrations could upregulate BSP and COL mRNA expression
on days 3 and 5.19 In this study, MTA also increased BSP
expression in HCEM cell line at days 3 and 7. However, our result
showed COL I expression decreased at days 3 and 7 which could
be due to different methods of sample preparation.

An in situ hybridization study has shown that OCN
expression was selective to root lining cells and was not present
throughout the periodontal ligament in CD-1 mice. These findings
indicated that OCN is marker selective to cementoblast.53 The
result of this study showed that OCN gene expression markly
decrease in PC and MTA-treated groups compared with the
untreated control group at day 3. This finding agrees with a report
in OCCM-30 that OCN expression was not increased in the
presence of white ProRoot® MTA.19 However, our finding does
not agree with Thomson et al’s study which demonstrated that
cementoblasts maintain expression of OCN in the presence of
mineral trioxide aggregate by confocal microscopy18 and Koh et
al’s study which used ELISA assays to found that OCN production
was enhanced when osteoblasts (MG-63) were grown on mineral
trioxide aggregate.39 The differences between these studies and
ours could be because of different detection methods.

One possible mechanism that PC and white ProRoot®

MTA contribute to increased cementoblastic differentiation is the
Si ion which is released from calcium silicate, one of the main
constituents in both PC and white ProRoot“ MTA. This Si ion has
been previously reported to increase gene expression of the
differentiation markers, COL I ,OCN, ALP, and  ALP activity of
MG-63 osteoblast-like cells.54 Therefore, the ionic dissolution
products releasing from PC and MTA are probably beneficial to
the differentiation of HCEM. Further studies are necessary to be
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performed to indicate the bioactive components releasing from
PC and MTA.

Based on these results, PC and MTA could induce ALP
and BSP expression and ALP activity which are known to be
involved in differentiation of human cementoblast. Therefore, PC
and MTA could be beneficial in cemental repair after apicoectomy
and root-end filling with these materials.

Conclusion

Thai white Portland cement mixed with bismuth oxide and
white ProRoot® MTA could induce cementoblastic differentiation
of human cementoblast like cell line. Therefore, this study
suggested that Thai white Portland cement mixed with bismuth
oxide may be an alternative material for retrofilling procedure.
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 ’¢“«∑’Ëº ¡∫‘ ¡—µÕÕ°‰´¥å®–°√–µÿâπ°“√∑”ß“π¢Õß‡Õπ‰´¡åÕ—≈§“‰≈πåøÕ ø“‡µ  Õ¬à“ß¡’
π—¬ ”§—≠∑“ß ∂‘µ‘„π«—π∑’Ë 7  √ÿª‰¥â«à“æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑’Ëº ¡
∫‘ ¡—µÕÕ°‰´¥å·≈–‰«∑å¡‘‡πÕ√—≈‰µ√ÕÕ°‰´¥å·Õ°°√‘‡°µ°√–µÿâπ°“√· ¥ßÕÕ°¢Õß¬’πÕ—≈§“‰≈πå-
øÕ ø“‡µ ·≈–‚∫π‰´Õ–‚≈‚ª√µ’πµàÕ‡´≈≈å √â“ß‡§≈◊Õ∫√“°øíπ™π‘¥´’‡¡π‚µ∫≈“ ‰≈§å‡´≈≈å‰≈πå
¢Õß¡πÿ…¬å

µ√’ ÿ§π∏å ‡Õ°∫√√≥ ‘ßÀå
π‘ ‘µ∫—≥±‘µ»÷°…“  ¿“§«‘™“∑—πµ°√√¡À—µ∂°“√
§≥–∑—πµ·æ∑¬»“ µ√å  ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

™ÿµ‘¡“ √–µ‘ ÿπ∑√
ºŸâ™à«¬»“ µ√“®“√¬å  ¿“§«‘™“∑—πµ°√√¡À—µ∂°“√
§≥–∑—πµ·æ∑¬»“ µ√å  ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

µ‘¥µàÕ‡°’Ë¬«°—∫∫∑§«“¡:
ºŸâ™à«¬»“ µ√“®“√¬å ∑—πµ·æ∑¬åÀ≠‘ß ¥√. ™ÿµ‘¡“-
√–µ‘ ÿπ∑√
¿“§«‘™“∑—πµ°√√¡À—µ∂°“√
§≥–∑—πµ·æ∑¬»“ µ√å  ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
∂ππÕ—ß√’¥Ÿπ—ßµå ª∑ÿ¡«—π °√ÿß‡∑æœ 10330
‚∑√»—æ∑å/‚∑√ “√: 02-2188795
E-mail: chootima@gmail.com

∫ ∑ «‘ ∑ ¬ “ ° “ √
Original Article
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