ORIGINAL ARTICLE
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INTRODUCTION

ABSTRACT

Hyaluronic acid (HA) has the capability to influence dentin niche which is important in
regenerative process. The CD44 as a specific receptor of HA was found to be related to
dentin mineralization process. Meanwhile, transforming growth factor 31 (TGF-1) has a
vital role in the transition from proliferation into the differentiation of human dental pulp
stem cell human dental pulp stem cells (hDPSCs) to become odontoblast cells and dentin
mineralization. This study aims to analyzed HA's effect on dentin mineralization through
CD44 and TGF-31 expressions. Stem cells were cultured in four different supplemented
conditioned media (control, +10 ug/mL, +20 ug/mL, and + 30 ug/mL of HA). Evaluation
of CD44 expression was analyzed using flow cytometry and TGF-31 was analyzed using
enzyme-linked immunosorbent assay reader. Qualitative result using Alizarin red test after
21 days was done to confirm the formation of mineralization nodules. It was shown that
HA expression of CD44 and TGF-$1 on hDPSCs were higher in AH groups compared to
the control group and 30 ug/mL HA induced the highest TGF-f1 expression on hDPSCs.
Alizarin red test also showed the highest mineralization nodules in the same group.
Therefore, from this study, we found that supplemented 30 ug/mL of HA was proved in
initiating hDPSCs differentiation process and promote dentin mineralization.
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adipocytes, osteoblast or chondroblast, neuron cells, and
form dentin or pulp-like tissues, respectively, for repair

Dental pulp stem cells Human dental pulp stem cells (hDPSCs),
are having a mesenchymal stem cells phenotype, which have
therapeutic and have a high capacity to proliferate and
differentiate into different cell types including odontoblast,
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process after injury.™? This differentiation process regulates
by the modulation of growth factors, transcriptional factors,
extracellular matrix proteins, and receptor molecules.!*?

Extracellular proteins and growth factors induce stem
cells differentiation depending on their niche biology.**!
Hyaluronic acid (HA) is a glycosaminoglycan and the main
component of the extracellular matrix that can create an
adequate microenvironment, accelerate cell proliferation
and improve healing which is important in tissue
regeneration.’!
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In the human body, at homeostatic conditions, HA is in
high molecular weight (HMW) but can degrade into low
molecular weight when inflammation occurs.*» HMW HA
can regulate cell’s adhesion, motility, proliferation, and
migration to the injury area.”” La Noce et al., studied the
effect of HA on hDPSCs with different molecular weights.
The result showed that HMW HA can induce osteogenic
differentiation of hDPSCs, where this process begins
with proliferation, followed by matrix production, and
mineralization. It was also showed increasing mineralization
nodules at 14 and 21 days. From this study, we concluded
that HA’s molecular weight substantially affects biological
processes and tissue regeneration.!"”

HA regulates cells activity by binding with a specific-targeted
cell surface receptor, CD44, which was found to be
expressed in cells undergoing remineralization processes
such as ameloblasts, odontoblasts, and osteoblasts.”*1112
HA-CD44 interaction allows a better cell adhesion,
migration, proliferation rates, and stimulates transforming
growth factor B (TGF-B)-mediated differentiation which is
crucial in the healing process./”*?!

Chen et al. conducted to see the effect of CD44 on
mineralization by providing CD44 knockdown and the
results showed a decrease in hDPSCs mineralization. This
result concluded that CD44 plays a role in the mineralization
process of hDPSCs.!" Furthermore, Umemura et al.
conducted a study of additional 10 pg/mL HMW-HA
influence hDPSCs and proof a significant increase in CD44
expression of hDPSCs culture within 5 min incubation.
This study also proved significantly increased alkaline
phosphatase (ALP) values after 1-week cultures in HA.!!
Another study by Chen et al. used HMW HA, proving
the same result of ALP value. These researches indicated
that the higher the concentration of HA, the higher the
ALP value, as a marker of differentiation of osteoblasts and
odontoblasts expressed.[1415]

The transition from proliferation to differentiation in the
cell cycle depends on the inhibition of the proliferation
process and activation of specific gen cells, which created
different types of cells. One of the growth factors that play
role in this transition is TGF-$1.0971 In addition, TGF-B1 also
plays arole in cell growth, extracellular matrix production,
apoptosis, angiogenesis, and immune response.F! It was
known that the differentiation of hDPSCs into odontoblast
cells and dentin mineralization regulate by TGF-f1, but
there was no study proving this related to the addition
of HA as supplemented conditioned media in hDPSCs
Culture.[10,16,18,19]

The present study aimed to analyze the expression of CD44
and TGF-B1 on hDPSCs by adding different concentrations
of HA in hDPSCs culture media. Therefore, by knowing the
potency of additional HA in hDPSCs culture media will
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give a new perspective in terms of the future use of HA in
regenerative endodontic therapy.

MATERIALS AND METHODS

This study was approved by the Ethical Committee
Faculty of Dentistry, Universitas Indonesia (No. 82/ethical/
approval/FKGUI/IX/2019; No. Protocol: 070940819) and
conducted at Prodia Stem Cell (ProStem) Laboratory,
Jakarta, Indonesia. (No.13/Ethical Approcal/FKGUI/III/2022
No. Protocol: 050160222).

Human dental pulp stem cells

hDPSCs biological stored raw material
(from the previous study) at passages 3 and 4, was incubated
ina humidified atmosphere of 5% CO, at 37°C until reaching
80% confluence. After 24 h incubation, culture media was
supplemented using 10 mM f3 glycerophosphate, 50 ug/mL
ascorbic acid, and 10-8 M dexamethasone to create an
osteogenic condition. Cells were then starved by replacing
the cell culture supplement with Dulbecco’s Modified Eagle
Medium (DMEM) (DMEM; Thermo Fisher Scientific Inc.,
MA, United States) with 1% fetal bovine serum for 24 h. Then,
hDPSCs were cultured into four different supplemented
conditioned media (control [DMEM], DMEM +10 ug/mL,
DMEM +20 pg/mL, and DMEM +30 ug/mL of HA).

Hyaluronic acid

HA (Zfill deep®, New-Ulm, Germany) which consisted of HA
23 mg/ml. HA was sterilized and diluted with DMEM until
reaching a concentration of 10 ug/mL, 20 ug/mL, and 30 pg/mL.

CD44 expression of the hDPSCs

hDPSCs cells were divided into 24 microtubes that contain
1 x 10° cells/microtube and then centrifugated for 5 min
with a centrifuge machine (Thermo Fisher Scientific,
Inc., Massachusetts, United States). The hDPSCs cells
groups were incubated for 5 min before given 5 ul CD44
antibody (BD Biosciences, California, United States).
Then, samples were analyzed by flow cytometry (Becton,
Dickinson, and Company [BD], New Jersey, United States).

Transforming growth factor p1 expression of the
hDPSCs

Human dental pulp stem cells (hDPSCs) were placed
in 96 wellplate, each well containing 5 x 10° cells then
given all groups of culture media. TGFB-1 expression was
measured after 7 and 14 days of incubation, enzymelinked
immunosorbent assay (ELISA) test was following the
manufacturer’s protocol, on an ELISA microplate
reader (Bio-Rad Laboratories, Inc., California, United
States) under a wavelength of 405 nm, a detection range of
31.25-2000 pg/mL, and a sensitivity value of 18.75 pg/mL.

Statistical analysis
The statistical analysis was performed using IBM SPSS
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Statistics Software, version 22.0 (IBM Corp., Armonk, NY,
United States). All the data were analyzed using one-way
ANOVA with a significance level of 95% (P < 0.05).

Alizarin red test

After 21 days, all groups were undergoing the alizarin red
staining test (Sigma-Aldrich, Massachusetts, United States).
This test was conducted as qualitative result of the formation
mineralization nodules.

RESULT

CD44 expression of hDPSCs

Adding 10 pg/mL, 20 ug/mL, and dan 30 pug/mL of HA
in hDPSCs culture media compared to control groups,
showed an increase of CD44 expression after 5 min of
incubation (P < 0.05) with the highest expression observed
in 10 ug/mL group [Table 1], as seen in the flow cytometry
chart [Figure 1].

Transforming growth factor f1 expression on hDPSCs
TGF-B1 expression in hDPSC was evaluated using the ELISA
reader after incubation for 7 days and 14 days. Compared
to control groups, all experimental groups showed increase
in TGFB-1 expression for both times (P < 0.05) with the
highest expression observed in 30 ug/mL group after
incubation for 7 days [Table 2]. When comparing each
group, after incubation for 7 days, 20 ug/mL, and 30 pg/
mL of HA significantly increased TGFf-1 expression
compared to the control group while 30 ug/mL significantly
increased compared to 10 ug/mL and 20 ug/mL of HA. After
incubation for 14 days, 10 ug/mL and 30 ug/ml significantly
increased compared to the control group while 20 pg/
mL was significantly different compared to 30 pg/mL of
HA [Table 3].

Alizarin red test

After 21 days of incubation, qualitative result from
alizarin red staining it was confirmed that there was an
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Figure 1: Flowcytometry result of 10 ug/mL HA after 5 min
incubation. HA: Hyaluronic acid
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increased mineralization nodule, especially in 30 pg/mL
HA conditioned media of the hDPSCs group [Figure 2].

DISCUSSION

Umemura et al. proved that 10 ug/mL HA conditioned media
can increase CD44 expression on hDPSCs.!"!! Based on that
study, we used an HMW HA with different concentration;
10 ug/mL, 20 ug/mL, and 30 ug/mL. This study showed that

Table 1: Analysis of CD44 expression of
human dental pulp stem cell in three different
concentration of hyaluronic acid cultured media

Treatment n Mean (SD) P
Control 3 23 (1) 0.023*
10 ug/mL HA 3 30 (2.5)

20 pg/mL HA 3 27 3)

30 pg/mL HA 3 28 (1)

*One-way ANOVA, P<0.05. HA: Hyaluronic acid, SD: Standard deviation

Table 2: Analysis of expression transforming
growth factor p-1 of human dental pulp stem
cell in different concentration of hyaluronic acid

Conditioned TGF-1 expression on hDPSC after
media incubation for 7 days and 14 days,
groups mean (SD)

7 days 14 days
Control 424.3 (15.7) 673.2 (28.6)
HA 10 ug/mL 535.6 (26.8) 569.5 (50.5)
HA 20 pg/mL 677.1 (71.6) 641.2 (43.8)
HA 30 ug/mL 1142.3 (150.1) 504 (23.6)
P 0.028* 0.003*

*One-way ANOVA P<0.05. TGF-B1: Transforming growth factor -1, hDPSC:
Human dental pulp stem cell, HA: Hyaluronic acid, SD: Standard deviation

. —
Figure 2: Qualitative result seen under Microscope (ZEISS, Primovert
Inverted Cell Culture Microscope) using Alizarin red staining on
hDPSC culture media supplemented with HA, then incubated for

21 days. (a) Control group (b) 10 pg/mL HA, (c) 20 uug/mL HA,
(d) 30ug/mL of HA. HA: Hyaluronic acid
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Table 3: Comparison of transforming growth
factor-p1 expression on human dental pulp
stem cell in 10 pg/mL, 20 pg/mL, and 30 pg/mL
hyaluronic acid culture media

Conditioned media groups P

comparison 7 days 14 days
Control versus HA 10 ug/mL 0.146 0.010*
Control versus HA 20 ug/mL 0.006* 0.335
Control versus HA 30 ug/mL 0.000* 0.001*
HA 10 ug/mL versus HA 20 ug/mL 0.075 0.051
HA 10 pg/mL versus HA 30 ug/mL 0.000* 0.069
HA 20 ug/mL versus HA 30 ug/mL 0.000* 0.002*

*Post hoc LSD, P<0.05. HA: Hyaluronic acid, LSD: Least significant difference

all experimental groups had a higher CD44 concentration
compared to the control group. This was in accordance with
Umemura et al. and La Noce et al. which found that HMW
of HA can induce CD44 expression.['®!!! Other previous
studies by Chen et al. showed that CD44 as a marker of
hDPSCs differentiation, therefore, to be able to prove the
initial process of hDPSCs differentiation, in this study will
also observe TGF-B1 expression as one of the regulator in
hDPSCs differentiation.!

TGF-p1 will form odontoblast-like cells, and result
in the expression of specific odontogenic proteins
such as dentin matrix protein 1 (DMP-1) and dentin
sialophosphoprotein (DSPP).? Growth factors will activate
the proliferation signaling network to initiate the process
of cell differentiation or apoptosis (cell death), senescence
(cell aging), or stop proliferation and begin to differentiate.['’]
The proliferative phase in the wound healing process, begin
around day 3-5, which can be continued by simultaneous
differentiation or transition from proliferation starting
from day 3 to 7, then deposition of extracellular matrix
formation of hard tissue can last up to day 21.2" Therefore, if
proliferation occurs continuously, tumorigenesis will occur,
so an increase in TGF-B1 expression is expected to regulate
the cell cycle process by inhibiting proliferation and starting
the differentiation process by reducing inhibitor protein
binding DNA (Id).*7201

This study considered that TGF-B1 has an important role
in regulating this process. The observation time used was
7 days and 14 days, based on research by La Noce ef al. that
used HA on hDPSCs culture media with an observation
time of 7 days, 14 days, and 21 days. That research observed
the expression of differentiation osteoblast hDPSCs with
markers of osteocalcin, osteopontin, and bone sialoprotein.
It was shown that HA increased osteocalcin expression on
day 14 and there was a significant increase in osteopontin
expression on day 7 and day 14.1'

The result of this study showed that there were various
potential concentrations of HA in hDPSCs culture media
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on TGF-B1 expression within 7 days of observation. This
is in line with a previous study by Umemura et al., which
showed HA can increase the induction of odontoblast
differentiation of hDPSCs in culture media with DSPP and
DMP-1 markers through CD44 signaling with the addition
of HA concentration of 10 pg/mL in hDPSCs culture
media. In 7-day observation, compared to other groups
and the control group, HA 30 pg/mL was the most potent
concentration. Other studies proved that HA can induce
osteoblast differentiation and hard tissue mineralization.!!

However, the results of this study have not been carried
out by previous studies that showed the relationship
between increased TGF-B1 expression and the addition
of HA on hDPSCs. Nevertheless, this study was in line
with the previous study that reported ALP differentiation
markers increased on hDPSCs cultured with AH 1 ug/mL,
AH 5 pg/mL, AH 10 ug/mL, and 20 pg/mL for 7 days, and
increased ALP values compared to controls (highest ALP
at 20 ug/mL).0"

In accordance with another study by Chen et al.,!> the
administration of HA 20 ug/mL on hDPSCs can increase
mineralization at 3 and 7 days of observations. It was also
proven that there was an increase in ALP value, mineral
deposition in hDPSCs, and an increase in the activity of
bone morphogenetic protein 1 (BMP-1), which is a family
of TGF-B1, on 3 days and 7 days of observation. The study
by Suzuki et al. also showed that an increase in BMP will
increase odontoblast differentiation and the formation of
mineralized nodules in hDPSCs.[*41>%1

A study by Sabbagh et al. showed the process of odontoblast
differentiation of hDPSCs began on day 3-day 7. This also
explains the results of this study which showed an increase
in HA concentration was directly proportional to TGF-f1
expression on day 7 and a decrease in TGF-B1 hDPSCs
expression at 14 days of observation. This phenomenon
explains that the transition from proliferation to differentiation
of hDPSCs peaks on day 7 and decreases on day 14.*!

In, accordance with the previous study results of the
[Figure 2] qualitative picture in this study also showed
mineralized nodules that were increasing at 21 days of
observation of 30 ug/mL HA group.[''!

However, the result of this study was limited to CD44
and TGF-B1 expressions as a regulator for hDPSCs
differentiation using specific HA.

CONCLUSION

HA proven in inducing CD44 and TGF f-1 expressions on
hDPSCs. Further study still needs to conduct, to determine
the mechanism of HA on the dental pulp differentiation.
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