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History Background: Dental Pulp Stem Cell (DPSC) is one of the ideal mesenchymal stem

Received: 21 Mar 2025 cells (MSCs) for the repair of damaged cells, as it has great proliferative potential and

Accepted: 31 Aug 2025 the ability to regenerate pulp-like complex dentins. However, DPSC has limitations as

Auvailable: 31 Aug 2025 a stem cell sources due to its small number. Induction with human umbilical cord cells
(hUC-MSC) isolates is currently widely developed, considering its advantages such as
being easy to obtain, having proliferative potential and anti-inflammatory effects.
However, its influence and effectiveness on Dental Pulp Stem Cells is not widely
known.
Objective: To prove the effect of umbilical cord cell isolate on the expression of Stro-
1 and CD34 in Dental Pulp Stem Cell (DPSC) culture.
Methods: This study is experimental laboratory with simple random sampling which
is divided into 4 groups, namely 2 control groups and 2 groups of umbilical cord isolate
administration which are observed for 12 hours and 24 hours. Observation of
expression by immunohistochemical staining was then calculated using Qupath
software in 5 fields of view.
Results: The treatment group that was given umbilical cord cell isolate showed the
highest increase in Stro-1 and CD34 expression at 24-hour observation compared to
the untreated group.
Conclusion: There was an increase in the expression of Stro-1 and CD34 in Dental
Pulp Stem Cell cultures after being given umbilical cord cell isolate.
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INTRODUCTION

The prevalence of pulp and periapical diseases in
Indonesia is categorized as high. Based on the National
Basic Health Research (Riskesdas) data from the
Ministry of Health, pulp and periapical diseases occupy
the 11th position out of all outpatient diseases in
Indonesian hospitals with a total of 30.06%. Even in
2018, according to the results of basic health research in
2018, the largest proportion of dental problems in
Indonesia was damaged/cavities/diseased teeth by
45.3%, which shows that the prevalence of pulp disease
in Indonesia is categorized as high.!

Pulp is a soft tissue located in the center of the tooth
and surrounded by enamel and dentin which are the
tissues that form and support the teeth.! Dental pulp in
pulp chambers comes from mesenchymal tissue and has
various functions.? Dental complaints can be caused by
fractures, chemical factors, microorganism infections,
and thermal factors that will cause an inflammatory
response.®> If these complaints are not treated
immediately, it will cause bacteria to enter the open
pulp.?
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Pulp treatment is carried out to maintain the vitality of
teeth damaged by caries or dental trauma, keep the tooth
structure intact and maintain optimal pulp function,
namely formative, sensory, nutritive and protective. Pulp
is involved in the maintenance, support and advanced
formation of dentin.*

In dentistry, treatment in the field of stem cell-based
tissue regeneration is developing rapidly.> Although
human tissue has limitations in regeneration, much
research on stem cells has been conducted and the latest
developments in stem cell research promise new medical
therapeutic prospects in the practice of dentistry in the
future.® Regenerative endodontics promise the
restoration of pulp-dentin complexes in teeth with
necrotic pulp.”

Mesenchymal stem cells (MSCs) are adult stem cells
that are often used in stem therapy. MSCs have the
ability to renew cells independently and have the ability
to differentiate into a wide variety of cell types. MSCs
are suitable for the development of regenerative
medicine because of their multipotent ability,
immunomodulator, and capacity to migrate to affected
tissues and directly initiate tissue repair. The source of
MCSs in humans can be isolated, one of which is from
dental tissue, namely Dental Pulp Stem cells (DPSCs).®

Dental Pulp Stem cells (DPSCs) were first isolated
from the third molar permanent tooth by Gronthos et al
in 2000.° DPSCs isolated from pulp tissue showed
characteristics such as mesenchymal stem cells
considered to be ideal candidates for regenerating
damaged dental pulp tissue due to their multipotent
nature and high proliferation rate Research conducted by
Murray, et al and lohara, et al concluded that DPSCs
have the ability to differentiate into odontoblasts and
play a role in dentin regeneration. DPSCs are known to
express several stem cell markers such as stromal-1
(STRO-1) which is known to be the best MSC marker
and express CD34 but only <2% in number.1

Although DPSC is ideal to be a source of stem cells for
pulp tissue regeneration, collecting human dental pulp
cells is difficult due to some limitations; they need to be
obtained from healthy dental pulp tissue, and the number
is very small.!! Therefore, researchers consider inducing
with another source of MSC, that is human Umbilical
Cord Mesenchymal Stem Cell (hUC-MSC), because it is
easier to isolate, have anti-inflammatory effects, and has
fewer ethical issues, as it is a biological waste that is no
longer needed.'?314, When compared to other sources
of MSC such as Bone Marrow Mesenchymal Stem Cell
(BM-MSC), hUC-MSCs have more primitive cells so
that they can differentiate into different cells, are
multipotent, non-hematopoetic, can repair themselves
and differentiate into other cells such as osteoblasts,
odontoblasts, fatty tissue and chondroblast.'®

This study was carried out by observing cultures to
identify the expression of biomarkers Stro-1 and CD34'¢
in a controlled manner. In vitro studies using cells were
carried out first.’

The research combining DPSC with hUC-MSC has
never conducted before, so researchers are interested in
conducting this study to see whether or not the MSCs
can help regenerate dental pulp tissue, by looking at the
expression of Stro-1 and CD34.

MATERIALS AND METHODS
Research Design

This research is a laboratory expreriment and the
treatment of all samples was carried out simultaneously
and after a long period of treatment, observations were
made using the Postest Only Control Group Design.

Umbilical Cord Isolation

The cord solution for placental collection media was
made by adding 90 mL of deionized water to 10 mL of
HBSS, then adding 100pg/mL gentamicin, 10 mM
HEPES, and 3,7 g/L NaHCO3. The pH was adjusted to
7.4. The solution was then sterilized with a 0.2 pum filter,
and stored at 4°C (for 1 week). As much as 25 ml of
collagenase 0.5 mg/ml was prepared by mixing trypLE
with collagenase (Worthington).

Cord blood was collected into a tube containing the
anticoagulant CDP-A (Terumo, Japan). After the arteries
and veins were removed, the remaining tissue and
umbilical cord are cut into 5 cm sections and placed in
the media (cord solution), and transferred to the
laboratory at a cold temperature. Next, the umbilical cord
is cleaned using sterile water or PBS.

The endothelial isolation of the vein on the umbilical
cord was performed by inserting a cannula into the vein
and then washed with FBS. Collagenase solution were
put into the vein and the umbilical cord was gently
massaged so that the endothelium, fibroblasts, and inner
layer are detached. The detached cells were taken and
placed in a 15 ml tube. The tube was then centrifuged at
2000 rpm for 3 minutes, and the cells pellet were placed
in cell banker. The cells were stored at a temperature of -
80°C. When the umbilical cord isolate will be used, it can
be incubated at 37°C for 2-3 minutes, centrifuged at 800
rpm for 8 minutes, then the pellet is suspended in culture
medium.

Collection of Dental Pulp Cells

Dental pulp cells were obtained from newly extracted
caries-free intact teeth in less than 6 hours. Then, the teeth
were soaked in a physiological solution of 0.9% NaCl or
DMEM in a 15 ml tube, and stored in a box filled with
ice. After that, it is transfered to a petri dish and
disinfected with 0.2% chlorhexidine digluconate. The
soft tissue attached to the tooth was removed with a
scalpel knife, then the teeth were burred using a round
bur to open the pulp chamber. The pulp tissue was taken
using an extirpation needle, and put into a tube containing
culture medium, namely Hepes-buffered Dulbecco's
Modified Eagle Medium (HDMEM). The tube was then
centrifuged at 1000g/min for 10 minutes, the supernatant
is removed and the remaining pellets were dissolved
again in the complete culture medium and stored in an
incubator at 37°C 8,

Dental pulp culture

The dental pulp cells were cultured on several petri
dishes in DMEM medium containing 2.5 g/l HEPES and
10% fetal bovine serum (FBS). The medium is changed
after 72 hours to remove non-attached cells. After
reaching confluency, the cells were dissociated using
trypsin, expanded, counted, and transferred to a fresh
culture medium. They were then collected into a 15 ml
tube and centrifuged at 1000g/min for 10 minutes at
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Figure 1. Stro-1 expression staining with 400x magnification (A) K(12 hour); (B) P(12 hour); (C) K(24 hour); (D) P(24
hour). Please provide Figures that have minimum 300 dpi in resolution
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Figure 2. CD34 expression staining with 400x magnification (E) K(12 hour); (F) P(12 hour); (G) K(24 hour); (H) P(24
hour). Please provide Figures that have minimum 300 dpi in resolution

24°C. The supernatant is discarded, and the precipitated
pellets are re-dissolved in a complete culture medium.
The number of cells was then calculated using a
hemocytometer under a Nikon Diaphot 300 microscope
(4x/0.10 magnification). Furthermore, the pulp cells
were recultured on a 24-well plate with the number of
cells in each well being 2 x 10° cells. Cells wereallowed
to multiply and would form colonies *°.

Stro-1 and CD34 Expression Tests

Immunoperoxidase against STRO-1 and CD34 cell
culture preparations were washed with dH,0 twice for 5
minutes and incubated with PBS solution for 5 minutes.
The preparation was placed in a glass box containing
citrate buffer and then put into the autoclave for 15
minutes to optimize its antigenicity. It was then cooled
at room temperature for 1 hour, and after drying for a

while, the tissue is capped using a pap pen. The
preparation was washed with dH,0 for 5 minutes and PBS
for 5 minutes before incubating with 0.3% H,O, for 15
minutes, rinsed with PBS pH 7.2 3x for 5 minutes each.
Incubation with the blocking solution was carried out for
30 minutes, followed by overnight incubation at 4°C with
a Stro-1 monoclonal Mouse and CD34. The preparation
was then rinsed with PBS pH 7.4 and incubate on a
secondary, HRP-labeled 1gG anti-mouse antibody for 1
h. Next, it was washed with PBS pH 7.4 and incubated
on substrates for HRP and DAB for 5 minutes, washed
again twice with PBS pH 7.4. After washing, it was
counterstained with Mayer hematoxilen for 10 minutes,
rinsed with dH,O, dried and covered with coverglass.
Positive expression of Stro-1 and CD34 is characterized
by a brown color on the preparation. The image was
calculated using Qupath software in 5 fields of view.
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Table 1. Average expression of Stro-1 and CD 34

Group Stro-1 Average P-value CD 34 Average P-value
0.365 0.235
0.226 0.326
K 0.2962 0.2312
0.225 0.125
0.369 0.239
12 hour
0.523 0.564
0.552 0.456
P 0.454> 0.485°
0.356 0.421
0.384 0.498
<0.001 <0.001
0.256 0.369
0.336 0.325
K 0.318b 0.3852b
0.335 0.421
0.345 0.425
24 hours
0.695 0.897
0.697 0.856
P 0.687¢ 0.790¢
0.598 0.652
0.756 0.756
value of <0.05 indicated a significant difference in the
average number of Stro-1 expressions in Dental Pulp
Stem Cell cultures treated with umbilical cord isolates at
o8 ¢ 12 hours. Meanwhile, the T-test on CD34 expression data
07 b I observed at 24 hours showed no significant difference in
06 the average number of Stro-1 expressions in Dental Pulp
o 05 a ab Stem Cell cultures isolated from umbilical cord observed
Z o4 ' at 24 hours. The results of the Pearson correlation test that
03 the expression of Stro-1 and CD34 in Dental Pulp Stem
02 Cell cultures treated with umbilical cord cell isolate
01 showed a correlation between the administration of
0 umbilical cell isolate and the expression of Stro-1 and
rheartQ o @) o ® CD34 observed at 12 hours and 24 hours, meaning that
the number of expressions produced after the
N administration of umbilical cord cell isolate will increase.
0.9 <
08 RESULTS
o7 b In this study, molar 3 tooth pulp cell cultures were
3 g? | ab randomly assigned to either the experimental (treatment)
S0, a I group, or the control group. Treatment group 1 was

0.3

0.2

0.1
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Figure 3. Graphic expression of Stro-1 and CD34.

Data Analysis

Data analysis was carried out using a program SPSS
version 27 with a significance level or probability value
0f 0.05 (p=0.05) and a confidence level of 95% (0=0.05).
Based on the Mann-Whitney test on Stro-1 expression
data observed at 12 hours and 24 hours, p>0.05 showed
that there was no significant difference in the average
number of Stro-1 expression in Dental Pulp Stem Cell
cultures given umbilical cord isolates. Based on the T-
test of CD34 expression data observed at 12 hours, a p

DPSC without administration of umbilical cord cell
isolate, and treatment 2 was DPSC with administration of
umbilical cord cell isolate. The groups were observed,
and the number of Stro-1 and CD34 expressions were
calculated after testing.

There are 4 groups in this study. The control group
consisted of DPSC without administration of umbilical
cord cell isolate, observed at 12 and 24 hours. Treatment
group 1 consisted of DPSC with the administration of
umbilical cord cell isolate, which was observed for 12
hours. Treatment group 2 consisted of DPSC with the
administration of umbilical cord cell isolate, which was
observed for 24 hours.

Preparation for the calculation of Stro-1 and CD34 was
carried out using Qpath with immunohistochemical
staining, then observations were made with Qupath
software in 5 fields of view. The image of Stro-1 and
CD34 expressions were presented in Figure 1 and 2,
respectively.
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The results of the calculation and average expression of
Stro-1 and CD34 in the treatment group are presented in Table
1:

Based on figure 3 the results of the Stro-1 and CD34
expression graphs, it was shown that the 12-hour
treatment group (K) (a) was significantly different from
the 12-hour (P) (b) group (p<0.05), but not significantly
different from the 24-hour group (K) (a,b) (p>0.05)
while the 24-hour group (P) had significant differences
with all treatment groups marked with notation (c).

DISCUSSION

The purpose of this study was to determine the effect
of umbilical cord cell isolate on the expression of Stro-1
and CD34 in Dental Pulp Stem Cells. The Dental Pulp
Stem Cells culture and umbilical cord isolate used in this
study were processed in the Biomedical Laboratory,
Faculty of Medicine, Universitas Brawijaya. The
observations were done at 12 and 24 hours to determine
cell proliferation. Observing at 12 and 24 hours provide
enough intervals to see significant changes in cell
proliferation without waiting too long.2® Another study
showed a decrease in proliferation after 48 hours.?

Stro-1 Expression in Groups Given Umbilical Cord
Isolate Observed at 12 Hours and 24 Hours

The treatment group that was given umbilical cord
isolate and observed at 12 hours showed no difference in
the number of expressions compared to the untreated
group. The treatment group that was given umbilical
cord isolate observed at 24 hours showed a difference in
the increase in the number of expressions compared to
the group that was not treated. The administration of
umbilical cord cell isolate in the Stro-1 group had the
highest average expression in the treatment group,
observed at 24 hours. In the first 12 hours, stable Stro-1
expression showed the ability of cells to maintain
multipotent properties. After 24 hours, a significant
change occurs, signaling a shift in the cell’s potential
differentiation. Although there was no increase in
expression in the group observed at 12 hours, Stro-1
remained the best MSC marker.?

Naturally, MSCs express Stro-1. Stro-1 is a highly
reliable marker for recognizing and isolating different
types of MSCs, especially in dental tissue.?® Expression
of Stro-1 in DPSC shows that DPSC is a multipotent
source of MSCs and can be differentiated into
odontoblasts for pulp regeneration.? Research
conducted by George et al., in 2015 inoculated umbilical
cord cell stem cells on the surface scaffold of human
tooth roots, and the result was that the umbilical cord
cells were attached to the root surface scaffold and the
number of cell attachments increased significantly.
These results showed that the umbilical cord cell isolate
tends to differentiate into odontoblast-like cells.? Chen,
et al in 2015 also conducted a study whose results
showed that umbilical cord cell isolates can be induced
to differentiate into odontoblast-like cells and dentin-like
matrices. Mesenchymal Stem cells (MSCs) of the
umbilical cord (hUC-MSC) have the ability to secrete
various molecules paracrinally.®® Increased Stro-1
expression can occur due to several factors, one of which
is interaction with growth factors.

Growth factors are biologically active molecules that
can be secreted and affect cell growth. Growth factors
can act on specific cell surface receptors that then
transmit their growth signaling molecules to other
intracellular components and ultimately produce altered
gene expression.? Odontoblasts-like cells originate from
pulp cell progenitors that undergo differentiation. These
progenitor cells induce molecular signals to induce the
proliferation, migration, and differentiation of
odontoblast-like cells.  After the differentiated
odontoblast occurs, there is a release of growth factors by
the dentin matrix, which is a molecular signal for the
process of reparative dentin formation by differentiated
odontoblast-like cells. The growth factors that exist in
both dental pulp stem cells and umbilical cord are TGF-
B, which plays a role in proliferation, differentiation, and
other cellular processes. Several growth factors, i.e.
TGF-B, are directly involved in the differentiation of
odontoblast cells.?’ TGF-pl1 and TGF-B3 are growth
factors that can regulate the formation of the dentin
matrix by odontoblasts.?

In addition, mesenchymal umbilical cord growth
factors such as BDNF (Brain-Derived Neurotrophic
Factor), NGF (Nerve Growth Factor), and VEGF
(Vascular Endothelial Growth Factor). These growth
factors play an important role in the development and
regeneration of mesenchymal cells, including
mesenchymal stem cells (MSCs) that have the potential
to replace damaged tissue. Vascular Endothelial Growth
Factor (VEGF) itself has been used in therapy to support
tissue regeneration, including in the use of DPSCs.
VEGF can affect the growth and expression of
biomarkers in DPSCs, indicating the potential of VEGF
in facilitating cell differentiation and new tissue
development.®

Expression of CD34 in Groups Given Umbilical Cord
Isolate Observed at 12 Hours and 24 Hours

The treatment group that was given umbilical cord
isolate observed at 12 hours and 24 hours showed a
difference in the number of expressions compared to the
group that was not treated. Administration of umbilical
cord cell isolate in the CD 34 group had the highest
average number of expressions in the treatment group
observed at 24 hours. The results of these observations
show that the number of cells proliferating increases. In
previous studies, Dental Pulp Stem Cells (DPSC)
naturally only slightly expressed CD34, which was
<2910

Human Umbilical Cord Mesenchymal Stem Cell
(hUC- MSC) is a rich source of Mesenchymal Stem
Cell*® also consists of hematopoietic cells that naturally
express CD34.3! Positive expression of CD34 indicates
angiogenesis or the formation of new blood vessels. This
is supported by research conducted by Zhang, et al, 2020
where hUC-MSC cultures form structures such as blood
vessels and regenerate tissues such as dental pulp.
Angiogenesis is the beginning of the process of tissue
regeneration in the pulp.32 The mechanism of pulp
regeneration begins with the presence of pulp cells that
can release angiogenic and dentinogenesis factors as a
tissue repair process.®® An increase in CD34 expression
can occur due to several factors, one of which is the
interaction with growth factors.
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The interaction between stem cells in umbilical cord
isolates and DPSCs can stimulate increased CD34
expression through the transfer of growth factors or
signals because odontoblasts also produce cytokines as
paracrine signals to recruit immune system cells by
suppressing the secretion of inflammatory factors,
reducing inflammation and oxidative stress, thereby
suppressing cell apoptosis.* MSC paracrination is a
condition in which MSC secretes certain molecules
related to the regeneration process such as angiogenesis
molecules, namely vascular endhothelial growth factor
(VEGF), fibroblast growth factor-2 (FGF-2),
angiopoietin-1 ~ (Ang-1), and proliferation and
differentiation molecules, namely platelet-derived
growth factor (PDGF), insulin like growth factor
(IGF).> The results of the correlation test showed a
strong correlation, indicating that the administration of
umbilical cord cell isolate could increase the expression
of each marker, namely Stro-1 and CD34.

CONCLUSION

The administration of umbilical cord isolate showed
that it affected the expression of markers in Dental Pulp
Stem Cell. From the data obtained, the Stro-1 marker
experienced an increase in expression levels at 24-hour
observations. Meanwhile, the CD34 marker experienced
an increase in the number of expressions at 12 hours and
24 hours of observation. The Stro-1 and CD34 markers
experienced the highest number of expressions increases
at 24-hour observations.

Further research is needed with longer
observation times of 36 hours and 72 hours, as the 12-
hour observation period has not revealed any significant
differences. Additionally, more in-depth research is
required to investigate the effect of increasing markers
on mesenchymal stem cells. In addition, further research
is also needed to see the interactions between cells that
cause increased expression of markers and what growth
factors play a role in the differentiation of odontoblasts.
It is hoped that in future research, the isolation of
umbilical cord cells can be carried out using cell culture.
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