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ABSTRACT

Background: Dental pulp stem cells are one of mesenchymal stem cell that are very important in the
field of regenerative medicine. It is necessary to identify the expression level of specific genes in human
dental pulp stem cells. Dentinosialo-phosphoprotein (DSPP) is an odontogenic marker gene in
odontoblastic differentiation, which plays a role in the process of tooth organogenesis. Ameloblastin
(AMBN) is a specific gene protein found in tooth enamel and important in the process of differentiating
epithelial cells of teeth into ameloblasts to form enamel. One biological mediator in the field of dentistry
is enamel matrix derivative (EMD). Aim: This study determines the effect of EMD on the DSPP and
AMBN expression level of human dental pulp stem cells (hDPSCs). Material and Method: This study
used hDPSCs from canines and premolars, mRNA expression of DSPP and AMBN was measured by
Real-Time PCR after being treated with EMD and without EMD. Results: DSPP and AMBN showed
the highest expression level in EMD addition within 24 hours, and there was a significant difference
(p<0.05) between the treatment group and the control group. Conclusion: The present study showed

that biological mediator significantly increased DSPP and AMBN expression of hDPSCs.

Keywords: Human Dental Pulp Stem Cells, Dentinosialo-phosphoprotein, Ameloblastin, Biological

mediator, Enamel Matrix Derivative



INTRODUCTION

A stem cell is a unique type of cell, which yet to have a true form and specific function,
such as other cells in the body. According to the growth stages of the original cell, there are
two types of primary stem cells, to date most used in many tissues manipulation research and
clinical application, which are Embryonic Stem Cell (ESC) and Adult Stem Cell (ASC). Adult
stem cell isolation does not cause any ethical problem and rarely cause the development of
teratoma or immune system rejection, which make the ASC the most used for research purpose
and clinical trial. The role of stem cells in regenerative medicine and the tissues restoration of
human body organs, such as cardiac muscle, neuronal cells, and many more, is now rapidly
developing dan shows promising results.!?> Stem cell has also stepped into dentistry, especially
tissue manipulation, which called regenerative dentistry. Mesenchymal Stem Cells (MSCs) are
one of the ASC types which can be isolated for bone marrow (Bone Marrow Stem
Cells/BMSCs) and other sources, such as the liver, umbilical cord, adipose tissue, synovial
membrane, and even from teeth.?

Human teeth consist of dentin, cementum, enamel, and dental pulp. Dentin is formed
by odontoblast, cementum is formed by cementoblast, while enamels are formed by
ameloblast. In the past few years, many types of MSCs have been identified from those
dental tissues. Various research showed that stem cell was found in dental tissue, such as
the pulp of deciduous and permanent teeth, periodontal ligament, apical papilla of the third
molar, tooth follicle and gingiva.!->* Several in-vitro and in-vivo investigation showed
plasticity and differentiation potential of dental stem cells, which can be useful to
regenerative dentistry. Those research aim to identify the role and regenerative ability of
dental stem cell, which are used in periodontal tissue therapy, > bio-tooth development,

6.7.8.9 pulp tissue regeneration for endodontic therapy, !!! dental implant therapy '?> and



craniofacial structure regeneration. '3

Stem cells generated from dental pulp (Dental Pulp Stem Cells/DPSCs) have similar
characteristics to the BMSC. The only difference is that dental pulp can differentiate into
odontoblast, a dentin-forming cell. Isolated DPSCs from the third molar have a
proliferation rate £30% faster than BMSC and can differentiate in-vitro into odontoblasts,
osteoblasts, neurogenic cells, adipogenic cells, myogenic cells, chondrogenic cells, and
melanocytic cells.!'4. DPSCs are MSC that, in the dental pulp, are a potential source for
cell-based therapies in regenerative medicine because of the less-invasive procedure. Yan
and colleagues (2011) showed that isolated stem cells from the human dental pulp could
differentiate into ameloblast, odontoblast, and cementoblast cells to form enamel, dentin,
cementum, and also form a tissue similar to dental pulp and dentin-pulp complex.’

The odontogenesis process involved several genes, which are known as gene networks
in tooth development, whereas the environment of the oral cavity only has a minor role. Until
these days, it has been reported that there are three hundred patterns of gene expression
involved in the process of dental development, studied in the laboratory all over the world.
Most of those gene data were gained through the study of rats, but other studies reported that
those genes are also primarily expressed in mammals and even in humans.!> Even only a few
mutations in some genes will cause a defect in the growth and development of the teeth in
animals and humans.

In the last step of dental development, odontogenic cells start to secrete specific
extracellular matrixes, which work to develop enamel layers and dentin produced in order by
the epithelial-derived ameloblast and mesenchymal-derived odontoblast. Research
conducted on experimental animals, showed that odontogenic differentiation of dental pulp
stem cells can be observed by the expression of odontogenic genes such as DSPP and
AMBN.%!¢  Dentinosialo-phosphoprotein (DSPP) is an odontogenic marker gene in

odontoblastic differentiation, which plays a role in the process of tooth organogenesis. DSPP



is a member of the Small Integrin-Binding Ligand N-linked Glycoprotein, which is part of
the extracellular matrix glycophosphoproteins and is expressed by differentiating
ameloblasts and odontoblasts.!6:!7 Ameloblastin is one of the enamel matrix protein expressed
by differentiation ameloblast and play a vital role in the differentiation process of a dental
epithelial cell into ameloblast to form the enamel layers. Ameloblastin or also known as
amelin, is a protein-specific gene found in the enamel. Enamels consist of less than 5%
protein, and 5-10% of all enamel protein is consists of ameloblastin. The ameloblast excretes
those proteins at the beginning of the last step of maturation in the amelogenesis
process.!7-18.19.2021

A biologic mediator is a result material from recombinant technology which can be used
in tissue manipulation technology. In the beginning, the biologic mediator contains many
growth factors and morphogen/morphogens, but with the DNA recombinant technology,
some of the growth factors and morphogen has been generated in the exact amount for
clinical application. Enamel Matrix Derivative (EMD) is one of the biologic mediators used
in regenerative dentistry, other than Mineral Trioxide Aggregate (MTA) and Platelet-Derived
Growth Factor (PDGF). EMD contains various proteins with low molecular weight,
stimulating cell growth and mesenchymal cell differentiation, including osteoblast. EMD
also contains amylogen, an extracellular matrix metalloproteinase (MMP) component, and
various growth factors, such as TGF-1, BMP-2, and BMP-4. A study by Wu and colleagues
(2014) showed that the effect of EMD on cell proliferation and osteogenic differentiation of
human gingival mesenchymal stem cells (hGMSCs) appear in the first and second week after
100 pg/ml of EMD administration, while in the group of no EMD and the administration and
25 pg/ml of EMD administration, the cell proliferation and osteogenic differentiation
hGMSCs appear in the third and fourth week of Alizarin red staining.?> Based on that result,
the EMD used in this study is expected to increase odontogenic hDPSCs differentiation,

which was shown by the increased expression of odontogenic marker genes ameloblastin



(AMBN) in the ameloblast differentiation and dentinosioalo-phospoprotein (DSPP) in the

odontoblastic differentiation, which plays a role in the dental organogenesis process.

MATERIALS AND METHODS

This study used dental pulp stem cells isolated from impacted canine pulp tissue in the
patient's upper jaw indicated for odontectomy and from the upper jaw premolar tooth of the
patient indicated for orthodontic treatment. Isolated hDPSCs from dental pulp tissue were done

by a modified enzymatic digestion method.

Human dental pulp stem cells

Dental pulp tissue was washed with sterilized Phosphate Buffer Saline (PBS) and then
was cut carefully until thin. Type 1 collagenase (Life Technologies, Carlsbad, CA, USA) was
added and incubated in 95% O; (5%C0O;) at 37°C temperature for 45 minutes. The cell was
centrifuged and then planted in a 10 cm petri which contain Dulbecco’s Modified Eagle
Medium (DMEM) + 20% Fetal Bovine Serum (FBS) + 1% Pen-Strep-fungizone, and then
incubated until the cell stick to the base of the petri and the cell was harvested after reaching
confluency with 8.8 x 10° cell/10 cm density in the petri. The cell was then incubated with a-
MEM (InvitroGen, Grand Island, NY, USA) in 6-well culture plates until it reaches the density
of 1.2x10° cell/well to obtain 1 unit of hDPSCs sample. The cell was treated after reaching
passage 6.
Characterization of mesenchymal stem cell

Immunocytochemical labeled Fluorescence isothiocyanate (FITC) was used to
characterize the mesenchymal stem cell from hDPSCs: a monolayer cell was split into a single
cell, incubated at 37°C for 2 hours, and then fixated with 4% buffer formalin for 15 minutes,
after that it was washed with PBS and left dried. A 10% FBS blocking was conducted for 15

minutes, and then a secondary antibody coloring was given. Mesenchymal stem cell



characterization was done using surface marker antigen CD105, CD90, CD73, and CD45. The
identification was made using a fluorescence microscope. The coloring of CD105, CD90, and
CD73 was positive when the cell with CD105, CD90, and CD7 labels flourished greenishly.
In comparison, the CD45 was negative and did not show greenish fluorescence color.
Cytotoxicity assay

The cytotoxic effect of EMD (Emdogain®; Straumann AG, Basel, Switzerland) to the
hDPSCs tested with the MTT assay, a monolayer cell was split into a single cell and was
planted in the M-96 plate as much as 3000-5000 cells per well, incubated in the CO» incubator
with 37°C temperature for about 24 hours. The cell was given 200 pl/well of EMD with various
concentrations (5, 25, 50, 100, and 125 pg/ml) then incubated for 20 hours. A 5 mg/ml MTT
reagent was dissolved in the PBS, and then as much as 25 pg/well was incubated for 4 hours.
The more formazan crystals formed, the higher the cell viability and the tested material was
not toxic to cells at the concentration used. The result of the MTT assay showed the highest
percentage of cell viability with the EMD concentration of 125 pg/ml.
Real-time PCR to measure AMBN Expression

mRNA AMBN expression in the control group without EMD and the treatment group
after EMD addition for 24 hours, 72 hours, and 7 days, was measured with Real-Time
Polymerase Chain Reaction (RT-PCR) using SYBR Green RT-PCR Master Mixes
(Thermofisher Scientific, USA). All the experiment was repeated three times. In the current
study, all the procedures had been approved by the Research Ethics Commission, Faculty of

Medicine, Udayana University.

RESULTS
The result of the characteristic test showed a negative result of CD45 where a greenish
fluorescence was not shown in the fluorescence microscope, with a percentage value of <

2%, and a positive result of CD105, CD90, CD73 was a greenish fluorescence shown in the



fluorescence microscope with a percentage value of > 95%. This result in this study showed
that canines hDPSCs and premolar hDPSCs have an MSCs phenotype characteristic.

This study used 18 samples of hDPSCs from canines and 24 samples of hDPSCs from
premolars. The control group was not given EMD, and the treatment group was given 125
pg/ml EMD, based on the results of the MTT assay. The results were obtained in the form of
AMBN expression level data. The expression levels of these genes showed varied results in

both the control and treatment groups and between Canine and Premolar hDPSCs.

Overview of DSPP Gene Expression Levels in Canine and Premolar hDPSCs

The DSPP gene was found to be expressed in Canine and Premolar hDPSCs in both the
control and treatment groups (Figure 1). The DSPP gene tends to be found with high
expression in canine hDPSCs when compared to premolar hDPSCs in some groups. The
expression of the DSPP gene in both canine and premolar hDPSCs was found with the highest
expression level in the group with EMD addition within 24 hours, which was 10008.45 in
Canines and 2527.97 in Premolars. In the group with EMD addition, the DSPP gene was found
with the lowest expression level in the Canines hDPSCs within 7 days (1550,06), whereas in

the Premolar hDPSCs it was found in the group with EMD addition within 72 hours (1212,47)
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Figure 1. DSPP expression. hDPSCs Canine (blue bar), hDPSCs



premolar (red bar).

The Comparison of DSPP Gene Expression between Canine and Premolar and EMD
Administration Time

Comparability analysis aims to compare the mean DSPP gene expression between canine
and premolar hDPSCs and between times of addition of EMD. The results of the analysis are
presented in Table 1. Comparing canines and premolars uses an independent t-test, while

comparing the times of EMD addition uses the One Way Anova test.

Table 1. The Comparison of DSPP Gene Expression between Canine and Premolar and

EMD Administration Time

hDPSCs Canine hDPSCs Premolar
Variable Group Mean+SD Mean+SD P
(fg/ul) (fg/ul)
Control 951.67+121.37 2077.42+210.86 <0,001"
24 Hours 10008.45+265.98 2527.97+887.44 <0,001"
DSPP 72 Hours 4856.51+655.79 1212.474+246.823 <0,001"
Expression 7 Days 1550.06+£671.41 1325.92+445.87 0,615
P <0,001" 0,005°
*Significant

Table 1 shows that the mean DSPP gene expression between canines and premolars
after treatment was significantly different (p<0.05), except for the 7-day group (p>0.05).
There was a significant difference in the mean DSPP gene expression between the control

group and the group after treatment (p<0.05). In canines and premolars, there was a significant



difference between the time of EMD addition (p<0.05).

The Pos Hoc test was carried out using the LSD test to determine the difference in the
mean expression of the DSPP gene between times of EMD addition. The results of the
analysis are summarized in Table 2. In Canines, the results obtained are that the control group
were significantly different from the addition of EMD for 24 hours and 72 hours (p<0.05),
while the control group with 7 days of EMD did not have a significant difference in value
(p>0.05). There was a significant difference between 24 hours, 72 hours and 7 days EMD group
(p<0.05). In Premolars, the control group where significantly different in the mean value from
the addition of EMD for 72-hour and 7 days (p<0.05), and between the 24-hour EMD group
and the 72-hour and 7-day (p<0.05). However, there was no significant difference between the

control and the 24-hour, and between 72 hours and 7-day EMD groups (p>0.05).

Table 2. p-value significance between groups in the Post-Hoc Test of Difference in the Mean

Expression of DSPP gene.

EMD administration time

Variable Group
Control 24 Jam 72 Jam 7 Hari
Control -
DSPP
24 hours <0,001" -
Expression of
72 hours <0,001" <0,001" -
Canine
7 days 0,102 <0,001" <0,001" -
Control -
DSPP
24 hours 0,230 -
Expression of
72 hours 0,028" 0,002* -
Premolar
7 days 0,053 0,004" 0,758 -

*Significant



Overview of AMBN Gene Expression Levels in Canine and Premolar hDPSCs

The AMBN gene was found to be expressed in canine and premolar hDPSCs in both the
control and treatment groups (Figure 2). The AMBN gene was highly expressed in Premolar
hDPSCs compared to Canine hDPSCs in all groups. AMBN gene expression in both canine
and premolar hDPSCs was found with the highest expression level in the group with EMD
addition within 24 hours, which was 605.93 in canines and 1595.84 in premolars. The AMBN
gene was found to be expressed with the lowest expression level in canines hDPSCs in the
control group (50.01), whereas in Premolar hDPSCs, it was found in the group receiving EMD

at 14 days (212.13).
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Figure 2. AMBN expression. hDPSCs Canine (blue bar), hDPSCs

premolar (red bar).

The Comparison of AMBN Gene Expression between Canine and Premolar and EMD
Administration Time
Comparability analysis aims to compare the mean AMBN gene expression between

canine and premolar hDPSCs and between times of administration of EMD. The results of the



analysis are presented in Table 3. Comparing canines and premolars uses an independent t-test,

while comparing the times of EMD administration uses the One Way Anova test.

Table 3. The Comparison of AMBN Gene Expression between Canine and Premolar and

EMD Administration Time

hDPSCs Canine hDPSCs Premolar
Variable Group Mean+SD Mean+SD p*
(fg/ul) (fg/ul)

Control 50,01+4,62 671.50+89.71 <0,001

AMBN 24 hours 605,93+97,44 1595.84+195.71 0,001
Expression 72 hours 324,77+£79,21 798.63+59.33 <0,001

7 days 83,81+7,60 363.68+132.89 0,016

pxx* <0,001 <0,001

* Independent t-test;, ** One Way Anova test

Table 3 shows that the AMBN gene expression was obtained on average higher in the 24-
hour EMD group than in the other groups in the Canines and Premolars. There was a significant
difference between the control group and the group after treatment (p<0.05). Both Canines and
Premolars, there was a significant difference in the mean AMBN gene expression between
EMD additions (p<0.05).

A Pos Hoc test was performed using the LSD test to determine the difference of the mean
AMBN gene expression between the times of EMD administration. The results of the analysis
are summarized in Table 4. The results obtained are that the control group Canines were
significantly different from the administration of EMD for 24 hours and 72 hours, the 24-hour

EMD group was significantly different from the EMD group for 72 hours and 7 days (p<0.05),



while the control group with 7 days of EMD did not have a significant difference in value

(p>0.05).

Table 4. p-value significance between groups in the Post-Hoc Test of Difference in the

Mean Expression of AMBN gene.

EMD administration time

Variable Group
Control 24 Jam 72 Jam 7 Hari
Control -
AMBN
24 hours <0,001* -
Expression of
72 hours <0,001* <0,001* -
Canine
7 days 0,478 <0,001* <0,001* -
Control -
AMBN
24 hours 0,002* -
Expression of
72 hours 0,615 0,005* -
Premolar
7 days 0,232 <0,001* 0,097 -
*significant

In premolars, there was a significant difference in the mean value between the control group

and the 24-hour EMD group (p<0.05) and between the 24-hour EMD group and the 72-hour

and 7-day EMD group (p<0.05). However, there was no significant difference between the

control, the 72-hour and 7-day EMD groups (p>0.05).

DISCUSSION

Odontogenesis is a tooth development and formation that originates from the interaction between

the two major embryonic components, the dental epithelium and the ectomesenchyme. These

ectomesenchyme interactions are mediated by growth factors and transcription factors that control

various stages of tooth development such as tooth initiation, enamel knots, cell proliferation and



differentiation.'® The initiation phase is a process that determines the position/location where the growth
of teeth and jaw is a link process of patterning and morphogenesis.” In the late stages of tooth
development, odontogenic cells begin to secrete specific extracellular matrices that function to form
layers of dentin and enamel, which are produced respectively by epithelial-derived ameloblasts and
mesenchymal-derived odontoblasts. Epithelial cells form enamel-forming ameloblasts, while
mesenchymal cells form dentin-forming odontoblasts and dental pulp cells.'® Extracellular matrix
proteins were identified as important factors mediating epithelial-ectomesenchyme communication, in

addition to growth factors and transcription factors.5

The International Society for Cellular Therapy (ISCT) sets three minimum criteria to define MSCs,
one of which is that 95% of the cell population expresses CD105 (endoglin), CD73 (ecto 5'
nucleotidase) and CD90 (Thy-1), and does not express CD45, CD34, CD14 or CD11b, CD79 or CD19
and HLA-DR .?*?° Based on these criteria, a characterization test to identify the character of MSCs using
surface marker antigens CD105, CD90, CD73 and CD45 against Canine hDPSCs and Premolar

hDPSCs, showed that these hDPSCs have potential MSCs phenotypic characters.

Mesenchymal stem cells are essential in the field of regenerative medicine and are a source of
transplantable cells. In dentistry, research on stem cells has been carried out to determine the
differentiation potential of mesenchymal stem cells/MSCs for regenerative therapy based on tissue
engineering concepts. Three important factors that establish the base of the concept of tissue
engineering are (1) cells, (2) scaffold, (3) growth factor (GF).2° Based on the triad of tissue engineering
concepts, this study used canine hDPSCs and premolar hDPSCs and EMD containing several GF

components.

Dental pulp stem cells can be induced into osteogenic, odontogenic, neurogenic, and adipogenic
cells because they have multipotent differentiation capabilities. The ability of stem cells to differentiate
into odontogenic cells is characterized by the formation of odontoblasts, ameloblasts, cementoblasts,
and tissues resembling dental pulp and dentin pulp complex. Research conducted on experimental
animals showed that the dental pulp's differentiation of odontogenic stem cells could be observed by
expressing odontogenic genes such as DSPP and AMBN.%! Ameloblastin (AMBN) is one of the

enamel matrix proteins expressed by ameloblast and Dentin sialophosphoprotein (DSPP) is part of the



extracellular matrix glycophosphoproteins. The extracellular matrix is important for the formation of
enamel and dentin,'®!” where extracellular matrix proteins were identified as important factors that
mediate epithelial-ectomesenchymal communication, in addition to growth factors and transcription

factors.®

Enamel matrix proteins (amelogenin, ameloblastin, and enamelin) are secreted early in
mineralization, where the mineral ribbons grow lengthwise and are required to form enamel ribbons.?’
Biological mediators of EMD are pure acid extracts derived from germinal enamel matrix protein. They
mainly contain amelogenin as the main component, matrix metalloproteinase (MMP), as well as several
growth factors, including transforming growth factor 1 (TGF-f1), bone morphogenetic protein-2
(BMP-2), and bone morphogenetic protein-4 (BMP-4) in low concentrations.?>*®* The increased
expression of DSPP and AMBN hDPSCs in this study may be related to the role of the EMD
component. DSPP expression may be induced through the BMP signaling pathway together with other

factors, including Runx2, DIx5 and Msx1 in undifferentiated mesenchymal cells.?**°

In the process of tooth morphogenesis, AMBN is required for enamel formation. Ameloblastin is
naturally expressed by ameloblasts, which are enamel-forming cells derived from epithelial
differentiation when interacting with mesenchyme. Enamel hypoplasia and amelogenesis imperfecta
are tooth enamel abnormalities due to the absence of AMBN expression in the morphogenesis process.
Thus, AMBN expression in hDPSCs is needed in the future to obtain an alternative source that allows
for reprogramming the formation of ameloblast-like cells, where the potential for odontogenic
differentiation of hDPSCs in clinical applications for the manufacture of ameloblasts from stem cells
specifically induced can be applied in the field of tooth regeneration, especially in the field of enamel
regeneration. It is necessary because AMBN, secreted by the enamel-specific extracellular matrix, is
lost after tooth eruption. When the enamel matrix is formed, the ameloblasts will absorb water, reduce
the protein content of the enamel during the maturation stage of amelogenesis, an apoptotic process
occurs, and the mature enamel will become acellular. It is a natural cause, and the ameloblast cannot
regenerate itself, repair or replace damaged enamel on teeth that have erupted.

Similarly, DSPP expression in hDPSCs, where DSPP can be induced from undifferentiated dental

pulp stem cells, but cannot be expressed in differentiated dental pulp cells. The mechanism by which



EMD affects pulp cell function is not completely understood. The function of odontoblasts or pulp cells
may have been stimulated by EMD to produce a collagen matrix for calcification. In addition, TGF-B1
or amelogenin peptide present in EMD is involved in cell signaling to stimulate matrix-formation and
mineralization. Another study reported that EMD-induced BMP-expressing macrophages may play an
important role in reparative dentin formation.?

In this study, the addition of biological mediators of EMD to hDPSCs of canines and premolars is
expected to increase the potential for odontogenic differentiation of hDPSCs, characterized by increased
markers of odontogenic marker genes, one of which is Ameloblastin (AMBN) in ameloblastic
differentiation. In this study, the EMD addition was proven to increase DSPP and AMBN gene
expression compared to no addition. The highest DSPP and AMBN expression level was seen in the
24-hour EMD group. This study showed an increase in DSPP and AMBN expression that plays a role
in the ameloblastic and differentiation process, so it can be said that the odontogenic differentiation
potential of hDPSCs increased within 24 hours after 125 g/ml EMD addition. This finding is as reported
in the research by Wu et al. (2014) on gingival stem cells, where AMBN expression in osteogenic
differentiation was observed starting at 3 hours and increased significantly within 6 hours after addition
of 25 g/ml and 100 g/ml EMD.*

Biological mediators of EMD contain growth factors, which may play a role in inducing the
odontogenic potential of hDPSCs-Canines and hDPSCs-Premolars with the mechanism of increasing
mineralization of hDPSCs through increased AMBN expression. The mechanism of action of EMD is
by stimulating cell growth and differentiation of mesenchymal cells, where hDPSCs-premolars are
mesenchymal stem cells which in response to EMD can be explained as biomimetic agents acting in
general. The mechanism of odontogenic differentiation characterized by the expression of the AMBN
odontogenic differentiation gene increased on EMD addition. However, the absolute value of the
mRNA level of the gene was different between canines and premolars because the two teeth had
different morphology and eruption location in the arch, which was influenced by the characteristics of
each of these genes specific marker odontogenesis. The increased expression of these genes in the
administration of biological mediators of EMD as a signaling molecule containing amelogenin, MMP
and several growth factors causes an increase in the potential for odontogenic differentiation of hDPSCs

because odontogenic, and homeobox genes are specific markers that play a role in the odontogenesis



process. This contributes to increasing the potential for hDPSCs to develop further tooth regeneration

based on tissue engineering concepts.

CONCLUSION

The present study showed that biological mediator significantly increased DSPP and AMBN
expression of hDPSCs. The expression rates of AMBN and DSPP in canine-hDPSCs and premolar-
hDPSCs were higher in the addition of EMD than without EMD. There was a difference in the
expression rates of DSPP and AMBN in canine-hDPSCs compared to premolar-hDPSCs with EMD

addition.
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ABSTRACT

Introduction: Dental pulp stem cells (DPSCs) are Mesenchymal Stem Cells (MSCs) with
multipotent differentiation capabilities. It is necessary to identify the expression level of
specific genes in human dental pulp stem cells (hDPSCs) that are thought to play a role in
forming various cxtracellular matrices specific to form dentin and cnamel layers.
Ameloblastin (AMBN) is an important enamel matrix protein in the process of differentiating
epithelial cells of teeth into ameloblasts to form enamel. The use of biological mediators can
increase cell population, induce cell formation or cell regeneration. One biological mediator
in the field of dentistry is enamel matrix derivative (EMD). The purpose of this study is to
determine the effect of EMD on the ameloblastin expression level of human dental pulp stem
cells (hDPSCs).

Methods: AMBN mRNA expression after being treated with EMD and without EMD,
measured by Real-Time PCR, using SYBR Green Real-Time PCR Master Mixes.

Results: AMBN expression had the highest increase in EMD 125 pg/ml within 24 hours, and

the one-way ANOVA test shows a significant difference (p<0.05) compared with EMD

administration for 72 hours, 7 days and control group. The-addition-of EMD-in-dentistiy-is-

Conclusion: The present study showed that EMD significantly increased AMBN expression

of hDPSCs. The addition of 125 pg/ml EMD in dentistry is expected to increase the potential

for _odontogenic differentiation of hDPSCs. This is characterized by an increase in the
1




odontogenic marker gene, namely AMBN. AMBN is a specific gene protein found in tooth

enamel that plays a role in the ameloblastic differentiation process

Keywords: Human Dental Pulp Stem Cells, Ameloblastin, Enamel Matrix Derivative

INTRODUCTION

A stem cell is a very special type of cell, which yet to have a true form and specific
function, such as other cells in the body. According to the growth stages of the original cell,
there are two types of primary stem cells, to date most used in many tissues manipulation
research and clinical application, which are Embryonic Stem Cell (ESC) and Adult Stem Cell
(ASC). Based on the nature of cell plasticity, stem cells have a wide variety of potential
degrees, starting from totipotent, pluripotent, multipotent to unipotent. Adult stem cell
isolation does not cause any ethical problem and rarely cause the development of teratoma or
immune system rejection, which make the ASC the most used for research purpose and
clinical trial. The role of stem cells in the medical field for regenerative medicine and the
restoration of tissues and human body organs, such as cardiac muscle, neuronal cells, and
many more, is now rapidly developing dan shows promising results.'? Stem cell has also
stepped into dentistry, especially tissue manipulation, which called regenerative dentistry.
Mesenchymal Stem Cells (MSCs) are one of the ASC types which can be isolated for bone
marrow (Bone Marrow Stem Cells/BMSCs) and other sources, such as the liver, umbilical
cord, adipose tissue, synovial membrane, and even from teeth.

Human teeth consist of enamel, dentin, cementum, and pulp tissue. Enamels are
formed by ameloblast, dentin is formed by odontoblast, while cementum is formed by
cementoblast. In the past few years, many types of MSCs have been identified from
those dental tissues. Various research showed that stem cell was found in dental tissue,

such as the pulp of deciduous and permanent teeth, periodontal ligament, apical papilla



osteogenic differentiation of human gingival mesenchymal stem cells (hGMSCs) appear in
the first and second week after 100 pg/ml of EMD administration, while in the group of no
EMD and the administration and 25 pg/ml of EMD administration, the cell proliferation
and osteogenic differentiation hGMSCs appear in the third and fourth week of Alizarin red
staining.”~Based on that result, the EMD used in this study is expected to increase
odontogenic hDPSCs differentiation, which was shown by the increased expression of
odontogenic marker genes ameloblastin (AMBN) in the ameloblast differentiation, which

plays a role in the dental organogenesis process.

METHODS_
This study used dental pulp stem cells isolated from impacted canine pulp tissue in
the patient's upper jaw indicated for odontectomy care and from the upper jaw premolar tooth

of the patient indicated for orthodontic care._The tooth was cleaned with normal saline

solution. Then the tooth was decapitated using steriliezed bur to open the pulp cavity, then

the pulp tissue was extracted using extirpation needle and dull forceps. T'he pulp tissue was

inserted into_the falcon tray consist of first cleaning medium, was left for three to five

minutes, and then moved to the falcon tray which consist of second cleansing medium and

left for three to five minutes. After that it was inserted into the falcon tray consist of transport

medium to_isolate hDPSCs. _lsolated-hPRSCo~f lental—pulp—tissue— lone—by

diblied 44 A.t;ee“eg “*e‘h"d
ri
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ABSTRACT

Introduction: It is necessary to identify the expression level of specific genes in human dental
pulp stem cells (hRRSEs) that are thought to play a role in forming various extracellular .-

matrices specific to form dentin and enamel layers. One biological mediator in the field of

dentistry is enamel matrix derivative (EMD). EMD has the ability to induce expression

throughout the process of Osteogenic Human Gingival Mesenchymal Stem Cells (3GMSGS) |

differentiation. The purpose of this study is to determine the effect of EMD on the amglahlastin

Methods: [Dental pulps and premolar tooth isolated from impacted canine pulp tissue indicated ~

for gdonsssiomy.and orthodontic care. Isolated JRRSGS from dental pulp tissue was done by a N\

modified enzymatic digestion method with type 1 collagenase until reaching passage 6.

I ytochemical labeled F1 isothiocy (FITC) was used to characterize the

mesenchymal stem cell from JRBSECs with surface marker antigen CD105, CD90, CD73, and

CD45. We tested he cytotoxic effect of EMD (Epdagain®) to the BRRSGs with the MTT

assay.|AMBN mRNA expression after being treated with EMD and without EMD, measured
by Real-Time PCR, using SYBR Green Real-Time PCR Master Mixes. P 'I
administration for] |3 days, and 7 days and control group. Thell N ‘
Conclusion: The present study showed that EMD significantly i d AMBN expressi 1
of hlRRS&s, The addition EMD in dentistry is expected to increase the potentia Ifor odontogenic |
differentiation of WRRSEs, This is ch ized by an i in the od. marker gene,

namely AMBN.
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46 f stem Cell Ts7a very special fype of cell, which yet fohave a Trie form and specific
47  function, such as other cells in the body. The role of stem cells in the medical field for
48  regenerative medicine and the restoration of tissues and human body organs.'2 Stem cell
49  has also stepped into dentistry, can be isolated from the teeth and surrounding tissue,
50  which called regenerative dentistry.? In the past few years, many types of MSCs have been
51  identified from those dental tissues. Various research showed that stem cell was found in
52  dental tissue, such as the pulp of decid and per teeth, periodontal lig t
53 apical papilla of the third molar, tooth follicle and gingiva.'-2# Several in-vitro and in-vivo
54  research showed plasticity and differentiation potential of dental stem cells, which can be
55  useful to regenerative dentistry. Thase research aim to identify the role and regenerative
56 ability of dental stem cell, which are used in periodontal tissue therapy,® bio-tooth
57  development,5789 pulp tissue regeneration for endodontic therapy, !%!! dental implant
58  therapyl2 and craniofacial structure regeneration.!?
59 Stem cells generated from dental pulp (Dental Pulp Stem Cells/DPSCs) have similar
60

characteristics to the BMSC. The only difference is that dental pulp can differentiate into

61  odontoblast, a dentin-forming cell. Isolated DPSCs from the third molar have a
62  proliferation rate £30% faster than BMSC and can differentiate in-vitro into odontoblasts,
63  osteoblasts, neurogenic cells, adipogeuin cells, myogenic cells, chondrogenic cells, and
64  melanocytic cells.!:!¥. DPSCs are MSC that, in the dental pulp, are a potential source for
65 ell-based therapies in regenerative medicine because of the less-invasive procedure
66  Isolated stem celis from the human dental pulp could differentiate into guelRlesh -
67  odontoblast, and ¢grentablasicells to form 1, dentin, t and also form a
68 tissue similar to dental pulp and dentin-pulp complex.?
69 Research in isolated DPSCs from the dental pulp of rat’s teeth was aimed to identify the
70  ability of cell differs into osteoblast, odontoblast, aelahlast and cgmentablast when

71  interacting with the epithelial cell in the odontogenesis process. The rat study showed that
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growth factors and morphogen/morphogens, but with the DNA recombinant technology,
some of the growth factors and morphogen has been generated in the exact amount for
clinical application. Enamel Matrix Derivative (EMD) is one of the biologic mediators used
in regenerative dentistry, other than Mineral Trioxide Aggregate (MTA) and Platelet-Derived
Growth Factor (PDGF). EMD contains various proteins with low molecular weight,
stimulating cell growth and mesenchymal cell differentiation, including osteoblast. EMD

also contains amylogen, an extracellular matrix metalloproteinase (MMP) component, and

various growth factors, such as TGF-$1, BMP-2, and BMP-4. The effect of EMD on cell

proliferation and osteogenic differentiation of human gingival mesenchymal stem cells

while in the group of no EMD and the administration and 25 pg/mL. of EMD administration,
the cell proliferation and osteogenic differentiation hGMSCs appear in the third and fourth
week of Alizarin red staining.?' Based on that result, the EMD used in this study is expected
to increase odontogenic hRRSCs differentiation, which was shown by the increased
expression of odontogenic marker genes amglohlastin. (AMBN) in the ameloblast

differentiation, which plays a role in the dental organogenesis process.

METHODS

This study used dental pulp stem cells isolated from impacted canine pulp tissue in the
patient's upper jaw indicated for gdontectmy care and from the upper jaw premolar tooth of
the patient indicated for orthodontic care. The tooth was cleaned with normal saline solution.
Then the tooth was decapitated using sfgriligzed bur to open the pulp cavity, then the pulp tissue
was extracted using extirpation needle and dull forceps. The pulp tissue was inserted into the
falcon tray consist of first cleaning medium, was left for three to five minutes, and then moved
to the falcon tray which consist of second cleansing medium and left for three to five minutes.

After that it was inserted into the falcon tray consist of transport medium to isolate hRRSGs.
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Biological Mediator Addition Increased Dentinosialo-Phospoprotein
and Ameloblastin Expression of Human Dental Pulp Stem Cells

Tri Purnami Dewi'*

1. Department of Oral Biology, Faculty of Dentistry Mahasaraswati Denpasar University, Denpasar — Indonesia.

Abstract

Dental pulp stem cells are one of mesenchymal stem cell that are very important in the field of
regenerative medicine. It is necessary to identify the expression level of specific genes in human
dental pulp stem cells. Dentinosialo-phosphoprotein (DSPP) is an odontogenic marker gene in
odontoblastic differentiation, which plays a role in the process of tooth organogenesis. Ameloblastin
(AMBN) is a specific gene protein found in tooth enamel and important in the process of
differentiating epithelial cells of teeth into ameloblasts to form enamel. One biological mediator in
the field of dentistry is enamel matrix derivative (EMD). This study determines the effect of EMD on

the DSPP and AMBN expression level of human dental pulp stem cells (hDPSCs).

This study used hDPSCs from canines and premolars, mRNA expression of DSPP and AMBN
was measured by Real-Time PCR after being treated with EMD and without EMD.

DSPP and AMBN showed the highest expression level in EMD addition within 24 hours, and
there was a significant difference (p<0.05) between the treatment group and the control group.

The present study showed that biological mediator significantly increased DSPP and AMBN

expression of hDPSCs.

Experimental article (J Int Dent Med Res 2023; 16(1):
Keywords: Human Dental Pulp Stem Cells, Dentinosialo-phosphoprotein, Ameloblastin,

Biological mediator, Enamel Matrix Derivative.
Received date:

Introduction

A stem cell is a unique type of cell, which
yet to have a true form and specific function,
such as other cells in the body. According to the
growth stages of the original cell, there are two
types of primary stem cells, to date most used in
many tissues manipulation research and clinical
application, which are Embryonic Stem Cell
(ESC) and Adult Stem Cell (ASC). Adult stem cell
isolation does not cause any ethical problem and
rarely cause the development of teratoma or
immune system rejection, which make the ASC
the most used for research purpose and clinical
trial. The role of stem cells in regenerative
medicine and the tissues restoration of human
body organs, such as cardiac muscle, neuronal
cells, and many more, is now rapidly developing
dan shows promising results.-2
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Stem cell has also stepped into dentistry,
especially tissue manipulation, which called
regenerative dentistry. Mesenchymal Stem Cells
(MSCs) are one of the ASC types which can be
isolated for bone marrow (Bone Marrow Stem
Cells/BMSCs) and other sources, such as the
liver, umbilical cord, adipose tissue, synovial
membrane, and even from teeth.®

Human teeth consist of dentin, cementum,
enamel, and dental pulp. Dentin is formed by
odontoblast, cementum is formed Dby
cementoblast, while enamels are formed by
ameloblast. In the past few years, many types
of MSCs have been identified from those
dental tissues. Various research showed that
stem cell was found in dental tissue, such as
the pulp of deciduous and permanent teeth,
periodontal ligament, apical papilla of the third
molar, tooth follicle and gingiva."?* Several in-
vitro and in-vivo investigation showed plasticity
and differentiation potential of dental stem
cells, which can be useful to regenerative
dentistry. Those research aim to identify the
role and regenerative ability of dental stem cell,
which are used in periodontal tissue therapy,®
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bio-tooth  developmen pulp tissue
regeneration for endodontic therapy,'®'! dental
implant therapy'®> and craniofacial structure
regeneration. ™

Stem cells generated from dental pulp
(Dental Pulp Stem Cells/DPSCs) have similar
characteristics to the BMSC. The only
difference is that dental pulp can differentiate
into odontoblast, a dentin-forming cell. Isolated
DPSCs from the third molar have a
proliferation rate £30% faster than BMSC and
can differentiate in-vitro into odontoblasts,
osteoblasts, neurogenic cells, adipogenic cells,
myogenic cells, chondrogenic cells, and
melanocytic cells."'*. DPSCs are MSC that, in
the dental pulp, are a potential source for cell-
based therapies in regenerative medicine
because of the less-invasive procedure. Yan
and colleagues (2011) showed that isolated
stem cells from the human dental pulp could
differentiate into ameloblast, odontoblast, and
cementoblast cells to form enamel, dentin,
cementum, and also form a tissue similar to
dental pulp and dentin-pulp complex.®

The odontogenesis process involved
several genes, which are known as gene
networks in tooth development, whereas the
environment of the oral cavity only has a minor
role. Until these days, it has been reported that
there are three hundred patterns of gene
expression involved in the process of dental
development, studied in the laboratory all over
the world. Most of those gene data were gained
through the study of rats, but other studies
reported that those genes are also primarily
expressed in mammals and even in humans.”
Even only a few mutations in some genes will
cause a defect in the growth and development
of the teeth in animals and humans.

In the last step of dental development,
odontogenic cells start to secrete specific
extracellular matrixes, which work to develop
enamel layers and dentin produced in order by
the epithelial-derived ameloblast and
mesenchymal-derived odontoblast. Research
conducted on experimental animals, showed
that odontogenic differentiation of dental pulp
stem cells can be observed by the expression of
odontogenic genes such as DSPP and
AMBN.%'® Dentinosialo-phosphoprotein (DSPP)
is an odontogenic marker gene in odontoblastic
differentiation, which plays a role in the process
of tooth organogenesis. DSPP is a member of

the Small Integrin-Binding Ligand N-linked
Glycoprotein, which is part of the extracellular
matrix glycophosphoproteins and is expressed
by differentiating ameloblasts and
odontoblasts.'®'"Ameloblastin is one of the
enamel matrix  protein  expressed by
differentiation ameloblast and play a vital role in
the differentiation process of a dental epithelial
cell into ameloblast to form the enamel layers.
Ameloblastin or also known as amelin, is a
protein-specific gene found in the enamel.
Enamels consist of less than 5% protein, and 5-
10% of all enamel protein is consists of
ameloblastin. The ameloblast excretes those
proteins at the beginning of the last step of
maturation in the amelogenesis
prOCGSS.17’18'19’20'21

A biologic mediator is a result material from
recombinant technology which can be used in
tissue manipulation technology. In the beginning,
the biologic mediator contains many growth
factors and morphogen/morphogens, but with
the DNA recombinant technology, some of the
growth factors and morphogen has been
generated in the exact amount for clinical
application. Enamel Matrix Derivative (EMD) is
one of the biologic mediators used in
regenerative dentistry, other than Mineral
Trioxide Aggregate (MTA) and Platelet-Derived
Growth Factor (PDGF). EMD contains various
proteins with low molecular weight, stimulating
cell growth and mesenchymal cell differentiation,

including osteoblast. EMD also contains
amylogen, an extracellular matrix
metalloproteinase (MMP) component, and

various growth factors, such as TGF-1, BMP-2,
and BMP-4. A study by Wu and colleagues
(2014) showed that the effect of EMD on cell
proliferation and osteogenic differentiation of
human gingival mesenchymal stem cells
(hGMSCs) appear in the first and second week
after 100 ug/ml of EMD administration, while in
the group of no EMD and the administration and
25 ug/ml of EMD administration, the cell
proliferation and osteogenic differentiation
hGMSCs appear in the third and fourth week of
Alizarin red staining.?? Based on that result, the
EMD used in this study is expected to increase
odontogenic hDPSCs differentiation, which was
shown by the increased expression of
odontogenic marker genes ameloblastin
(AMBN) in the ameloblast differentiation and
dentinosioalo-phospoprotein (DSPP) in the

Volume - 16 - Number - 1 - 2023




odontoblastic differentiation, which plays a role
in the dental organogenesis process.

Materials and methods

This study used dental pulp stem cells
isolated from impacted canine pulp tissue in the
patient's upper jaw indicated for odontectomy
and from the upper jaw premolar tooth of the
patient indicated for orthodontic treatment.
Isolated hDPSCs from dental pulp tissue were
done by a modified enzymatic digestion method.

Human dental pulp stem cells

Dental pulp tissue was washed with
sterilized Phosphate Buffer Saline (PBS) and
then was cut carefully until thin. Type 1
collagenase (Life Technologies, Carlsbad, CA,
USA) was added and incubated in 95% O
(5%CO0,) at 37°C temperature for 45 minutes.
The cell was centrifuged and then planted in a 10
cm petri which contain Dulbecco’s Modified
Eagle Medium (DMEM) + 20% Fetal Bovine
Serum (FBS) + 1% Pen-Strep-fungizone, and
then incubated until the cell stick to the base of
the petri and the cell was harvested after
reaching confluency with 8.8 x 10° cell/10 cm
density in the petri. The cell was then incubated
with a-MEM (InvitroGen, Grand Island, NY, USA)
in 6-well culture plates until it reaches the density
of 1.2x10° cell/well to obtain 1 unit of hDPSCs
sample. The cell was treated after reaching
passage 6.

Characterization of mesenchymal stem
cell

Immunocytochemical labeled
Fluorescence isothiocyanate (FITC) was used to
characterize the mesenchymal stem cell from
hDPSCs: a monolayer cell was split into a single
cell, incubated at 37°C for 2 hours, and then
fixated with 4% buffer formalin for 15 minutes,
after that it was washed with PBS and left dried.
A 10% FBS blocking was conducted for 15
minutes, and then a secondary antibody coloring
was given. Mesenchymal stem cell
characterization was done using surface marker
antigen CD105, CD90, CD73, and CD45. The
identification was made using a fluorescence
microscope. The coloring of CD105, CD90, and
CD73 was positive when the cell with CD105,
CD90, and CD7 labels flourished greenishly. In
comparison, the CD45 was negative and did not
show greenish fluorescence color.

Cytotoxicity assay
The cytotoxic effect of EMD (Emdogain®;

Straumann AG, Basel, Switzerland) to the
hDPSCs tested with the MTT assay, a monolayer
cell was split into a single cell and was planted in
the M-96 plate as much as 3000-5000 cells per
well, incubated in the CO; incubator with 37°C
temperature for about 24 hours. The cell was
given 200 pl/well of EMD with various
concentrations (5, 25, 50, 100, and 125 ug/ml)
then incubated for 20 hours. A 5 mg/ml MTT
reagent was dissolved in the PBS, and then as
much as 25 pg/well was incubated for 4 hours.
The more formazan crystals formed, the higher
the cell viability and the tested material was not
toxic to cells at the concentration used. The
result of the MTT assay showed the highest
percentage of cell viabilty with the EMD
concentration of 125 pg/ml.

Real-time PCR to measure AMBN
Expression

mMmRNA AMBN expression in the control
group without EMD and the treatment group after
EMD addition for 24 hours, 72 hours, and 7 days,
was measured with Real-Time Polymerase Chain
Reaction (RT-PCR) using SYBR Green RT-PCR
Master Mixes (Thermofisher Scientific, USA). All
the experiment was repeated three times. In the
current study, all the procedures had been
approved by the Research Ethics Commission,
Faculty of Medicine, Udayana University.

Results

The result of the characteristic test showed
a negative result of CD45 where a greenish
fluorescence was not shown in the fluorescence
microscope, with a percentage value of < 2%,
and a positive result of CD105, CD90, CD73
was a greenish fluorescence shown in the
fluorescence microscope with a percentage
value of =2 95%. This result in this study showed
that canines hDPSCs and premolar hDPSCs
have an MSCs phenotype characteristic.

This study used 18 samples of hDPSCs from
canines and 24 samples of hDPSCs from
premolars. The control group was not given EMD,
and the treatment group was given 125 pg/ml
EMD, based on the results of the MTT assay.
The results were obtained in the form of AMBN
expression level data. The expression levels of
these genes showed varied results in both the
control and treatment groups and between
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Canine and Premolar hDPSCs.

Overview of DSPP Gene Expression
Levels in Canine and Premolar hDPSCs

The DSPP gene was found to be expressed
in Canine and Premolar hDPSCs in both the
control and treatment groups (Figure 1). The
DSPP gene tends to be found with high
expression in canine hDPSCs when compared to
premolar hDPSCs in some groups. The
expression of the DSPP gene in both canine and
premolar hDPSCs was found with the highest
expression level in the group with EMD addition
within 24 hours, which was 10008.45 in Canines
and 2527.97 in Premolars. In the group with EMD
addition, the DSPP gene was found with the
lowest expression level in the Canines hDPSCs
within 7 days (1550,06), whereas in the Premolar
hDPSCs it was found in the group with EMD
addition within 72 hours (1212,47)

DSPP Expression
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6000 2077,42
4000

951,67
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rriy 212,47 155006132592

EMD 72h
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EMD 7d

mhDPSCsC  m hDPSCs P

Figure 1. DSPP expression. hDPSCs Canine
(blue bar), hDPSCs premolar (red bar).

The Comparison of DSPP Gene
Expression between Canine and Premolar
and EMD Administration Time

Comparability analysis aims to compare the
mean DSPP gene expression between canine
and premolar hDPSCs and between times of
addition of EMD. The results of the analysis are
presented in Table 1. Comparing canines and
premolars uses an independent t-test, while
comparing the times of EMD addition uses the
One Way Anova test.

Table 1 shows that the mean DSPP gene
expression between canines and premolars
after treatment was significantly different
(p<0.05), except for the 7-day group (p>0.05).
There was a significant difference in the mean
DSPP gene expression between the control
group and the group after treatment (p<0.05). In
canines and premolars, there was a significant
difference between the time of EMD addition
(p<0.05).

hDPSCs hDPSCs Premolar

Variable Group Canine Mean+SD P

Mean+SD (fg/ul)

(fg/u) ]

Control 951.67+121.37 2077.42+210.86 <0,001

24 Hours 10008.45+265.98 2527.97+887.44 <0,001"

DSPP 72 Hours 4856.51£655.79 1212.47+246.823 <0,001"

Expression 7 Days 1550.06+671.41 1325.92+445.87 0,615

P <0,001 0,005

*Significant
Table 1. The Comparison of DSPP Gene
Expression between Canine and Premolar and
EMD Administration Time

The Pos Hoc test was carried out using
the LSD test to determine the difference in the
mean expression of the DSPP gene between
times of EMD addition. The results of the
analysis are summarized in Table 2. In Canines,
the results obtained are that the control group
were significantly different from the addition of
EMD for 24 hours and 72 hours (p<0.05), while
the control group with 7 days of EMD did not
have a significant difference in value (p>0.05).
There was a significant difference between 24
hours, 72 hours and 7 days EMD group (p<0.05).
In  Premolars, the control group where
significantly different in the mean value from the
addition of EMD for 72-hour and 7 days (p<0.05),
and between the 24-hour EMD group and the 72-
hour and 7-day (p<0.05). However, there was no
significant difference between the control and the
24-hour, and between 72 hours and 7-day EMD
groups (p>0.05).

EMD administration time

Variable Group
Control 24 Jam 72 Jam 7 Hari

Control -

Exgiggon 24 hours  <0,001" -

of Canine 72 hours  <0,001 <0,001‘ -
7 days 0,102 <0,001 <0,001

DSPP Control -
Expression 24 hours 0,230 -
of 72 hours 0,028 0,002" -
Premolar 7 days 0,053 0,004 0,758
*Significant

Table 2. p-value significance between groups in
the Post-Hoc Test of Difference in the Mean
Expression of DSPP gene.

Overview of AMBN Gene Expression
Levels in Canine and Premolar hDPSCs

The AMBN gene was found to be expressed
in canine and premolar hDPSCs in both the
control and treatment groups (Figure 2). The
AMBN gene was highly expressed in Premolar
hDPSCs compared to Canine hDPSCs in all
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groups. AMBN gene expression in both canine
and premolar hDPSCs was found with the
highest expression level in the group with EMD
addition within 24 hours, which was 605.93 in
canines and 1595.84 in premolars. The AMBN
gene was found to be expressed with the lowest
expression level in canines hDPSCs in the
control group (50.01), whereas in Premolar
hDPSCs, it was found in the group receiving
EMD at 14 days (212.13).

AMBN Expression
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600 j 32477
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Figure 2. AMBN expression. hDPSCs Canine
(blue bar), hDPSCs premolar (red bar).

The Comparison of AMBN Gene
Expression between Canine and Premolar
and EMD Administration Time

Comparability analysis aims to compare
the mean AMBN gene expression between
canine and premolar hDPSCs and between times
of administration of EMD. The results of the
analysis are presented in Table 3. Comparing
canines and premolars uses an independent t-
test, while comparing the times of EMD
administration uses the One Way Anova test.

hDPSCs Canine hDPSCs Premolar

Variable Group Mean+SD Mean+SD P*
(fgrul) (fgrul)
Control ~ 50,01+4,62 671.504£89.71 <0,001
AMBN 24 hours 605,93+97,44 1595.84+195.71 0,001
Expression 72 hours 324,77+79,21 798.63+59.33 <0,001
7 days 83,81+7,60 363.68+132.89 0,016
pP** <0,001 <0,001

* Independent t-test; ** One Way Anova test

Table 3. The Comparison of AMBN Gene
Expression between Canine and Premolar and
EMD Administration Time

Table 3 shows that the AMBN gene
expression was obtained on average higher in
the 24-hour EMD group than in the other groups
in the Canines and Premolars. There was a

significant difference between the control group
and the group after treatment (p<0.05). Both
Canines and Premolars, there was a significant
difference in the mean AMBN gene expression
between EMD additions (p<0.05).

A Pos Hoc test was performed using the
LSD test to determine the difference of the mean
AMBN gene expression between the times of
EMD administration. The results of the analysis
are summarized in Table 4. The results obtained
are that the control group Canines were
significantly different from the administration of
EMD for 24 hours and 72 hours, the 24-hour
EMD group was significantly different from the
EMD group for 72 hours and 7 days (p<0.05),
while the control group with 7 days of EMD did
not have a significant difference in value (p>0.05).

EMD administration time

Variable Group
Control 24 Jam 72 Jam 7 Hari
Control -
EXA':’;E:OH o 24hours  <0,001" -
CaFr)line 72 hours <0,001* <0,001* -
7 days 0,478 <0,001* <0,001*
Control -
o oy of 24 hours  0,002"
Pr;’molar 72hours 0615 0005 -
7 days 0,232 <0,001* 0,097
*significant

Table 4. p-value significance between groups in
the Post-Hoc Test of Difference in the Mean
Expression of AMBN gene.

Discussion

In premolars, there was a significant
difference in the mean value between the control
group and the 24-hour EMD group (p<0.05) and
between the 24-hour EMD group and the 72-hour
and 7-day EMD group (p<0.05). However, there
was no significant difference between the control,
the 72-hour and 7-day EMD groups (p>0.05).

Discussion

Odontogenesis is a tooth development and
formation that originates from the interaction
between the two major embryonic components,
the dental epithelium and the ectomesenchyme.
These ectomesenchyme interactions are
mediated by growth factors and transcription
factors that control various stages of tooth
development such as tooth initiation, enamel
knots, cell proliferation and differentiation.’® The
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initiation phase is a process that determines the
position/location where the growth of teeth and

jaw is a link process of patterning and
morphogenesis.” In the late stages of tooth
development, odontogenic cells begin to secrete
specific extracellular matrices that function to
form layers of dentin and enamel, which are

produced respectively by epithelial-derived
ameloblasts and mesenchymal-derived
odontoblasts. Epithelial cells form enamel-

forming ameloblasts, while mesenchymal cells
form dentin-forming odontoblasts and dental pulp
cells."® Extracellular matrix proteins were
identified as important factors mediating
epithelial-ectomesenchyme communication, in
addition to growth factors and transcription
factors.®

The International Society for Cellular
Therapy (ISCT) sets three minimum criteria to
define MSCs, one of which is that 95% of the cell
population expresses CD105 (endoglin), CD73
(ecto 5' nucleotidase) and CD90 (Thy-1), and
does not express CD45, CD34, CD14 or CD11b,
CD79 or CD19 and HLA-DR.?*?° Based on these
criteria, a characterization test to identify the
character of MSCs using surface marker
antigens CD105, CD90, CD73 and CD45 against
Canine hDPSCs and Premolar hDPSCs, showed
that these hDPSCs have potential MSCs
phenotypic characters.

Mesenchymal stem cells are essential in the
field of regenerative medicine and are a source
of transplantable cells. In dentistry, research on
stem cells has been carried out to determine the
differentiation potential of mesenchymal stem
cells/MSCs for regenerative therapy based on
tissue engineering concepts. Three important
factors that establish the base of the concept of
tissue engineering are (1) cells, (2) scaffold, (3)
growth factor (GF).?® Based on the triad of tissue
engineering concepts, this study used canine
hDPSCs and premolar hDPSCs and EMD
containing several GF components.

Dental pulp stem cells can be induced into
osteogenic, odontogenic, neurogenic, and
adipogenic cells because they have multipotent
differentiation capabilities. The ability of stem
cells to differentiate into odontogenic cells is
characterized by the formation of odontoblasts,
ameloblasts, cementoblasts, and tissues
resembling dental pulp and dentin pulp complex.
Research conducted on experimental animals
showed that the dental pulp's differentiation of

odontogenic stem cells could be observed by
expressing odontogenic genes such as DSPP
and AMBN.®'"® Ameloblastin (AMBN) is one of
the enamel matrix proteins expressed by
ameloblast and Dentin sialophosphoprotein
(DSPP) is part of the extracellular matrix
glycophosphoproteins. The extracellular matrix is
important for the formation of enamel and
dentin,'®"” where extracellular matrix proteins
were identified as important factors that mediate
epithelial-ectomesenchymal communication, in
addition to growth factors and transcription
factors.®

Enamel matrix proteins  (amelogenin,
ameloblastin, and enamelin) are secreted early in
mineralization, where the mineral ribbons grow
lengthwise and are required to form enamel
ribbons.?” Biological mediators of EMD are pure
acid extracts derived from germinal enamel
matrix protein. They mainly contain amelogenin
as the main component, matrix metalloproteinase
(MMP), as well as several growth factors,
including transforming growth factor 1 (TGF-31),
bone morphogenetic protein-2 (BMP-2), and
bone morphogenetic protein-4 (BMP-4) in low
concentrations.??%2° The increased expression
of DSPP and AMBN hDPSCs in this study may
be related to the role of the EMD component.
DSPP expression may be induced through the
BMP signaling pathway together with other
factors, including Runx2, DIx5 and Msx1 in
undifferentiated mesenchymal cells.?*

In the process of tooth morphogenesis,
AMBN is required for enamel formation.
Ameloblastin  is  naturally expressed by
ameloblasts, which are enamel-forming cells
derived from epithelial differentiation when
interacting with mesenchyme. Enamel hypoplasia
and amelogenesis imperfecta are tooth enamel
abnormalities due to the absence of AMBN
expression in the morphogenesis process. Thus,
AMBN expression in hDPSCs is needed in the
future to obtain an alternative source that allows
for reprogramming the formation of ameloblast-
like cells, where the potential for odontogenic
differentiation of hDPSCs in clinical applications
for the manufacture of ameloblasts from stem
cells specifically induced can be applied in the
field of tooth regeneration, especially in the field
of enamel regeneration. It is necessary because
AMBN, secreted by the enamel-specific
extracellular matrix, is lost after tooth eruption.
When the enamel matrix is formed, the
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ameloblasts will absorb water, reduce the protein
content of the enamel during the maturation
stage of amelogenesis, an apoptotic process
occurs, and the mature enamel will become
acellular. It is a natural cause, and the
ameloblast cannot regenerate itself, repair or
replace damaged enamel on teeth that have
erupted.

Similarly, DSPP expression in hDPSCs,
where DSPP can be induced from
undifferentiated dental pulp stem cells, but
cannot be expressed in differentiated dental pulp
cells. The mechanism by which EMD affects pulp
cell function is not completely understood. The
function of odontoblasts or pulp cells may have
been stimulated by EMD to produce a collagen
matrix for calcification. In addition, TGF-B1 or
amelogenin peptide present in EMD is involved in
cell signaling to stimulate matrix-formation and
mineralization. Another study reported that EMD-
induced BMP-expressing macrophages may play
an important role in reparative dentin formation.?

In this study, the addition of biological
mediators of EMD to hDPSCs of canines and
premolars is expected to increase the potential
for odontogenic differentiation of hDPSCs,
characterized by increased markers of
odontogenic marker genes, one of which is
Ameloblastin (AMBN) in ameloblastic
differentiation. In this study, the EMD addition
was proven to increase DSPP and AMBN gene
expression compared to no addition. The highest
DSPP and AMBN expression level was seen in
the 24-hour EMD group. This study showed an
increase in DSPP and AMBN expression that
plays a role in the ameloblastic and differentiation
process, so it can be said that the odontogenic
differentiation potential of hDPSCs increased
within 24 hours after 125 g/ml EMD addition. This
finding is as reported in the research by Wu et al.
(2014) on gingival stem cells, where AMBN
expression in osteogenic differentiation was
observed starting at 3 hours and increased
significantly within 6 hours after addition of 25
g/ml and 100 g/ml EMD.??

Biological mediators of EMD contain growth
factors, which may play a role in inducing the
odontogenic potential of hDPSCs-Canines and
hDPSCs-Premolars with the mechanism of
increasing mineralization of hDPSCs through
increased AMBN expression. The mechanism of
action of EMD is by stimulating cell growth and
differentiation of mesenchymal cells, where

hDPSCs-premolars are mesenchymal stem cells
which in response to EMD can be explained as

biomimetic agents acting in general. The
mechanism of odontogenic differentiation
characterized by the expression of the AMBN
odontogenic differentiation gene increased on
EMD addition. However, the absolute value of
the mRNA level of the gene was different
between canines and premolars because the two
teeth had different morphology and eruption
location in the arch, which was influenced by the
characteristics of each of these genes specific
marker odontogenesis. The increased expression
of these genes in the administration of biological
mediators of EMD as a signaling molecule
containing amelogenin, MMP and several growth
factors causes an increase in the potential for
odontogenic differentiation of hDPSCs because
odontogenic, and homeobox genes are specific
markers that play a role in the odontogenesis
process. This contributes to increasing the
potential for hDPSCs to develop further tooth
regeneration based on tissue engineering
concepts.

Conclusions

The present study showed that biological
mediator significantly increased DSPP and
AMBN expression of hDPSCs. The expression
rates of AMBN and DSPP in canine-hDPSCs
and premolar-hDPSCs were higher in the
addition of EMD than without EMD. There was a
difference in the expression rates of DSPP and
AMBN in canine-hDPSCs compared to
premolar-hDPSCs with EMD addition.
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