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Abstract
Background. Stem cells isolated from human exfoliated deciduous teeth (SHED) are highly capable of proliferation and
differentiation into odontogenic, osteogenic, adipose tissue and neural cells. The aim of this study was to investigate the
effect of CEM cement on increasing mineralization in stem cells of exfoliated deciduous teeth.

Methods. Dental pulps were isolated from extracted exfoliating primary teeth and immersed in a digestive solution. The
dental pulp cells were immersed in α-MEM (modified culture medium) and 10% fetal bovine serum (FBS) was added. The
culture cells were used for mineral deposit formation after the third passage. The cells were cultured in osteogenic cell culture medium in the control group and in osteogenic culture medium supplemented with CEM cement in the case group.
Alizarin red staining was used to evaluate the mineral deposit formation on day 21. Statistical significance was determined
with t-test.

Results. Quantification of alizarin red staining showed that cells exposed to CEM cement induced more mineralized nodules (P=0.03).

Conclusion. Mineral deposit formation in SHEDs was stimulated by CEM cement. Based on these data it might be suggested that CEM could improve osteoblastic differentiation.
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Introduction

D

uring tooth development, interactions between
epithelial and mesenchymal cells lead to differentiation of odonotoblasts which deposit specialized
mineralized dentin.1 Cell division and secretion of

odontoblasts in the adult pulp are limited, but after
dentinal damage these processes might be reactivated, resulting in the formation of tertiary dentin, including reactive and reparative dentin. In response to minor injuries, primary odontoblasts remain intact and reactionary tertiary dentinogenesis
occurs but reparative dentin is formed after severe
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injuries that lead to odontoblast death.2These data
demonstrate that postnatal dental pulp contains cells
which can have stem cell properties.3
Mesenchymal stem cells (MSCs) isolated from
various adult tissues are common candidates for tissue engineering. These cells are highly proliferative
and multipotent with the capability to differentiate
into several cell types; therefore, they have been
considered as a potential cell source for bone regenerative therapies.4,5 Dental pulp stem cells (DPSCs)
are considered a good source of multipotent mesenchymal stem cells and have the ability to differentiate into odontoblasts, osteoblasts, chondrocytes, myocytes and adipocytes.6 Dental stem cells can be isolated from several dental sources, including DPSCs,3
stem cells from human exfoliated deciduous teeth
(SHEDs),7 periodontal ligament stem cells
(PDLSCs),8 stem cells from the apical papilla
(SCAPs)9
and dental follicle precursor cells
(DFSCs).10
SHEDs have the capacity for self-renewal and
multilineage differentiation and can differentiate into
osteogenic and odontogenic cells, adipocytes and
neural cells.11 Previous studies showed that the proliferation rate of SHEDs was greater than DPSCs
and bone marrow-derived mesenchymal stem cells
(BMMSCs).12
SHEDs have several specific advantages over dental pulp stem cells. One of advantages is that they
can be easily isolated from a readily accessible tissue
source. Lack of tissue destruction at donor site, reduction or elimination of discomfort and pain and
the possibility of obtaining pulp cells from younger
patients are other advantages of these cells.13 Therefore these cells can be regarded as valuable sources
of stem cells for tissue engineering and cell replacement therapy in different fields such as bone regeneration.7 Another field of research following the isolation of stem cells from the tissue source is to find
appropriate materials to add to the cell culture medium so that the most efficient material for the proliferation and differentiation of stem cells is introduced.
Calcium-enriched mixture (CEM) cement, a new
material which has been introduced to dentistry,
comprises water-soluble calcium and phosphate (calcium hydroxide, calcium oxide, calcium sulfate, calcium phosphate, calcium carbonate and calcium silicate), and forms hydroxyapatite after setting.14 CEM
can also stimulate hard tissue healing.15 Several investigations with different cell culture systems have
demonstrated that CEM has low cytotoxicity and
high biocompatibility. Fresh CEM is water-soluble
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and has also demonstrated good cell viability values.15 This study was designed to investigate the effect of CEM cement on mineral deposit formation
(alizarin red staining) of stem cells of exfoliated deciduous teeth.
Methods
Exfoliated deciduous teeth were collected from 10
systematically healthy patients (6‒11 years old); the
teeth were free of carious lesions. Prior to extraction,
the patients received oral health education, professional prophylaxis was carried out for each patient,
and they used 0.2% chlorhexidine mouthwash for
one minute. Immediately after extraction, the teeth
were immersed in basic medium (Dulbecco’s Modified Eagle’s Medium, DMEM), and transported to
the laboratory. Under aseptic conditions, the dental
pulp was extracted with a dental broach, and was
immersed in a digestive solution containing 100
U/mL of penicillin, 100 mg/mL of streptomycin, 500
mg/mL of clarithromycin and 0.25 mg/mL of amphotericin B in 4 mL of 0.1 M phosphate-buffered
saline (PBS) with the addition of 4 mg/mL of dispase
and 3 mg/mL of type I collagenase for 1 hour at
37°C. The solution was filtered through 70-μm Falcon strainers (Falcon; Fisher, USA). After filtration,
the cells were immersed in α-MEM (minimum essential medium) (Gibco; Germany), supplemented
with 10% fetal bovine serum (FBS) (Gibco; Germany), 100 μm of 2P-ascorbic acid, 2 mM of Lglutamine, 100 μg/mL of streptomycin and 100
U/mL of penicillin. The cell suspension was centrifuged and placed in 25-mL flasks. The flasks were
maintained in a 5% CO2 atmosphere at 37°C, and the
culture medium was refreshed twice a week.16
Mineralization assay
After the third passage, the cells were isolated from
the culture plate by using 25% trypsin-EDTA and
cultured for 24 hours. When the cell density reached
80%, they were used for osteogenic differentiation.
As the control group, the cells were cultured in osteogenic cell culture medium containing α-MEM, 10%
FBS, 50 μg/mL of L-ascorbic acid 2-phosphate, 50
mM of β-glycerophosphate, and 0.1 μM of dexamethasone (Sigma). As the case group, the cells were
cultured in osteogenic culture medium supplemented
with fresh CEM cement.The differentiation process
was repeated 12 times. The medium was replaced
with fresh medium every 3‒4 days. After 21 days of
culture, the mineralization was analyzed by alizarin
red staining (ECM 815; Millipore, USA). For alizarin red staining, the plates were rinsed three times
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with FBS and fixed with 10% formaldehyde. Then,
the cultures were stained with alizarin red solution
for 20 minutes at room temperature. Excess dye was
removed in case of over-staining by washing three
times with distilled water. Digital images were captured using an inverted microscope. The total mineralized tissues were counted according to the manufacturer's instructions of alizarin red. Forquantitative
evaluation of alizarin red staining, the OD405 (optical density) values of a set of known alizarin red
concentrations were determined and compared with
the obtained values.17,18
All the statistical calculations were performed with
SPSS18.0, using t-test. A 𝑃-value ≤ 0.05 was considered significant. For the analysis of normal distribution of data, non-parametric Kolmogorov-Smirnov
test was used.
Results
Morphologic findings
The medium was observed under an inverted light
microscope on the first, third and seventh day and in
the third passage. SHEDs exhibited fibroblast-like
morphology and during cell passage the morphology
of the cells remained constant (Figure 1).
Alizarin red staining
The effect of CEM cement on increasing mineralization in SHEDs was analyzed by alizarin red staining.
Quantification of alizarin red staining showed that
cells exposed to CEM cement induced more mineralized nodules (P=0.03) (Table 1, Figure 2).

Figure 1. Dental pulp stem cells of deciduous teeth on
day 3 (×100 magnification).
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Table 1. The t-test results of alizarin red staining
Group
Case
Control

Number of
examination
8
8

Mean
(μM/Ml) ± SEM
85.07±358.33
73.32±673.21

P-value
P=0.03

Discussion
In this study, cells were isolated from the normal
dental pulp tissue of exfoliated deciduous teeth of
healthy patients. The osteogenic differentiation of
stem cells is a complex process, which is influenced
by multiple materials.19 CEM cement has been recently introduced as a useful dental material for various clinical indications. The ability of CEM cement
to release calcium ions during setting has been associated with its biocompatibility and the subsequent
binding of calcium with phosphorus to form hydroxyapatite crystals. This process facilitates hard tissue
healing.20 This study aimed to isolate dental pulp
stem cells from exfoliated deciduous teeth and evaluate the effects of CEM cement on mineralization of
these cells.
SHEDs are postnatal stem cells that have extensive
proliferation and differentiation potentials. Mesenchymal stem cellshave been extensively characterized in vitroby the expression of markers such as
STRO-1, CD146 or CD44.18 One limitation of this
study was that we could not carry out flow cytometric analysis of cell surface due to financial and technical resources limitations.

Figure 2. Alizarin red staining of mineralized deposits
without (A, B, C) and with (D, E, F) CEM cement.
Osteogenic differentiation before staining at ×40 (A
and D), after staining at ×40 (B and E) and after staining at ×400 magnifications (C and F).
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Deciduous teeth therefore may be a suitable resource of stem cells to induce bone regeneration.7
Regeneration of damaged bone is an important topic;
bone tissue engineering methods consist of three elements: a donor cell source, osteoinductive growth
factors and a three-dimensional scaffold.21 Therefore, a suitable osteogenic factor for bone tissue engineering is critical for the success of osteogenic differentiation. Therefore, many studies have been undertaken to find appropriate methods for achieving
this aim.22
Based on previous studies, differentiation of mesenchymal stem cells such as DPSC and SHED into
osteoblast-like cells is induced by dexamethasone,
ascorbic
acid,
B-glycerophosphate
and
19,23
1α,25(OH)2D3.
Osteoblastic differentiation in
DPSCs and DFPCs was stimulated by both
1α,25(OH)2D3 and 25OHD3.24 Osteoblast differentiation in SHEDs was also stimulated by
1α,25(OH)2D3.19
In the present study,to evaluate the effect of CEM
cement on mineralization after the third passage, the
cells were cultured in routine osteogenic culture medium with and without the addition of CEM cement.
After three weeks, alizarin red staining was measured.
Alizarin red staining is a marker of osteogenic differentiation. Khanna et al reported that dental follicle
stem cells and dental pulp stem cells formed more
mineralized nodules when treated with vitamin D3
metabolites in osteogenic differentiation culture.24
Mojarad et al showed that SHEDs formed more mineralized matrix in cell culture treated with
1,25(OH)2D3.19 Here we showed that CEM increased alizarin red staining in cell culture. Therefore, the response of deciduous dental pulp stem
cells was the same when treating with CEM and vitamin D metabolites.
TEGDMA (0.25 mM, 0.1 mM) and HEMA (0.5
mM and 0.1 mM) reduce the alizarin red staining,
resulting in osteogenic culture differentiation,17
which is different from the effect of CEM and vitamin D3.
Conclusion
This study demonstrated that mineral deposit formation in SHEDs was stimulated by CEM cement.
Based on these data it might be suggested that CEM
could improve osteoblastic differentiation. Further
research is needed to suggest CEM as a useful therapeutic agent when osteogenic differentiation is desired.
Acknowlegements
JODDD, Vol. 12, No. 4 Autumn 2018

The authors would like to thank Dr Motahareh Mortazavi
for her helpful suggestions in this study.
Authors’ contributions
AJ and RR conceived the idea. AJ and IA carried out the
experiments, and collected and analyzed the data. AJ and
RR prepared the manuscript. All authors have read and
approved the final manuscript.
Funding
This study was financially supported by Hamadan
University of MedicalSciences.
Competing interests
The authors decalre that they have no competing
interestswith regards to the authorship and/or publication
of this article.
Ethics approval
The study protocol was approved by the Research Ethics
Committee of Hamadan University of Medical Sciences.

References
1. Thesleff I. Epithelial-mesenchymal signalling regulating
tooth morphogenesis. J Cell Sci. 2003;116(9):16478.doi: 10.1242/jcs.00410
2. Mitsiadis T, Rahiotis C. Parallels between tooth development and repair: conserved molecular mechanisms following carious and dental injury. J Den Res. 2004;83(12):896902.doi:10.1177/154405910408301202
3. Gronthos S, Mankani M, Brahim J, Robey PG, Shi S. Postnatal human dental pulp stem cells (DPSCs) in vitro and in
vivo. Proc Natl Acad Sci U S A. 2000;97(25):1362530.doi:10.1073/pnas.240309797
4. Caplan AI. Mesenchymal stem cells. J OrthopRes.
1991;9(5):641-50.doi:10.1002/jor.1100090504
5. Caplan AI. Adult mesenchymal stem cells for tissue engineering versus regenerative medicine. J CellPhysiol.
2007;213(2): 341-7.doi:10.1002/jcp.21200
6. Chamieh F, Collignon A-M, Coyac BR, Lesieur J, Ribes S,
Sadoine J, et al. Accelerated craniofacial bone regeneration
through dense collagen gel scaffolds seeded with dental
pulp
stem cells.
Scie
Rep.
2016;6:38814.doi:
10.1038/srep38814
7. Miura M, Gronthos S, Zhao M, Lu B, Fisher LW, Robey
PG, et al. SHED: stem cells from human exfoliated deciduous teeth. Proc Natl Acad Sci U S A. 2003;100(10):580712.doi:10.1073/pnas.0937635100
8. Gronthos S, Mrozik K, Shi S, Bartold P. Ovine periodontal
ligament stem cells: isolation, characterization, and differentiation potential. Calcif Tissue Int. 2006;79(5):3107.doi:10.1007/s00223-006-0040-4
9. Sonoyama W, Liu Y, Fang D, Yamaza T, Seo B-M, Zhang
C, et al. Mesenchymal stem cell-mediated functional tooth
regeneration
in
swine.
PloS
one.
2006;1(1):79.doi:10.1371/journal.pone.0000079
10. Morsczeck C, Götz W, Schierholz J, Zeilhofer F, Kühn U,
Möhl C, et al. Isolation of precursor cells (PCs) from human
dental follicle of wisdom teeth. Matrix Biol.
2005;24(2):155-65.doi:10.1016/j.matbio.2004.12.004
11. Eslaminejad MB, Nazarian H, Shariati M, Vahabi S, Falahi
F. Isolation and in vitro characterization of mesenchymal

CEM Cement Effect on Stem Cell Mineralization

12.

13.

14.

15.

16.

17.

stem cells derived from the pulp tissue of human third molar
tooth. Iran J Med Scie. 2015;35(3):216-25
Nakamura S, Yamada Y, Katagiri W, Sugito T, Ito K, Ueda
M. Stem cell proliferation pathways comparison between
human exfoliated deciduous teeth and dental pulp stem cells
by gene expression profile from promising dental pulp. J
endod.
2009;35(11):153642.doi:10.1016/j.joen.2009.07.024
Zhang N, Chen B, Wang W, Chen C, Kang J, Deng SQ, et
al.
Isolation,
characterization
and
multi-lineage
differentiation of stem cells from human exfoliated
deciduous teeth. Mol Med Rep. 2016;14(1):95-102.doi:
10.3892/mmr.2016.5214
Asgary S, Moosavi SH, Yadegari Z, Shahriari S. Cytotoxic
Effect of MTA and CEM Cement in Human Gingival
Fibroblast Cells. N Y State Dent J.2012;78(2):51-54.
Asgary S, Eghbal MJ, Parirokh M, Ghanavati F, Rahimi H.
A comparative study of histologic response to different pulp
capping materials and a novel endodontic cement. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod.2008;106(4):60914.doi: 10.1016/j.tripleo.2008.06.006
Laino G, d'Aquino R, Graziano A, Lanza V, Carinci F, Naro
F, et al. A new population of human adult dental pulp stem
cells: a useful source of living autologous fibrous bone tissue (LAB). J Bone Miner Res. 2005;20(8):1394402.doi:10.1359/JBMR.050325
Bakopoulou A, Leyhausen G, Volk J, Tsiftsoglou A,
Garefis P, Koidis P, et al. Effects of HEMA and TEDGMA
on the in vitro odontogenic differentiation potential of
human pulp stem/progenitor cells derived from deciduous

JODDD, Vol. 12, No. 4 Autumn 2018

18.

19.

20.

21.

22.

23.

24.

237

teeth.
Dent
Mater.
2011;27(6):608-17.doi:
10.1016/j.dental.2011.03.002
Masoum T, Amiri I, Rafatjou R. Effect of chitosan on
osteogenic properties of mesenchymal stem cell of
exfoliated deciduous teeth. J Dent Med. 2013;26(1):55-63
Mojarad F, Amiri I, Rafatjou R, Janeshin A, Farhadian M.
The Effect of 1α, 25 (OH) 2D3 on Osteogenic
Differentiation of Stem Cells from Dental Pulp of
Exfoliated Deciduous Teeth. J Dent. 2016;17(4):348.
Naghavi N, Ghoddusi J, Sadeghnia HR, Asadpour E,
Asgary S. Genotoxicity and cytotoxicity of mineral trioxide
aggregate and calcium enriched mixture cements on L929
mouse fibroblast cells. Dent MaterJ. 2014;33(1):64-9
Qing W, Guang-Xing C, Lin G, Liu Y. The osteogenic
study of tissue engineering bone with BMP2 and BMP7
gene-modified rat adipose-derived stem cell. BioMed Res
Intern. 2012;2012:1-7.doi:10.1155/2012/410879
Lieberherr M. Effects of vitamin D3 metabolites on
cytosolic free calcium in confluent mouse osteoblasts. J
Biol Chem. 1987;262(27):13168-73.
Gupta A, Leong DT, Bai HF, Singh SB, Lim T-C, Hutmacher DW. Osteo-maturation of adipose-derived stem
cells required the combined action of vitamin D3, βglycerophosphate, and ascorbic acid. BiochemBiophy Res
Commun.
2007;362(1):1724.doi:10.1016/j.bbrc.2007.07.112
Khanna-Jain R, Vuorinen A, Sándor GK, Suuronen R,
Miettinen S. Vitamin D3 metabolites induce osteogenic
differentiation in human dental pulp and human dental
follicle cells. J Steroid Biochem Molecul Biol.
2010;122(4):133-41. doi: 10.1016/j.jsbmb.2010.08.001

