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Abstract

Equine mesenchymal stem cells (MSCs) are promising for bone tissue engineering (BTE) because of
their capabilities of differentiating into osteoblasts. Cell therapy using equine MSCs has been introduced.
Recently, dental-derived MSCs have gained significant attention due to their capabilities and ease of collection
with minimally invasive collection methods. Dental stem cells show high plasticity, accessibility, and
applicability for regenerative medicine and are thus considered alternative sources of MSCs. This study
evaluated the characterization, osteogenic differentiation potential, and migration assay of equine dental pulp
stem cells (eDPSCs) as compared with equine periodontal ligament stem cells (ePDLSCs). Equine dental stem
cells from eDPSCs and ePDLSCs (n = 4) were isolated and expanded to passage 3. The morphology, colony-
forming capability, cell proliferation assay, stemness and surface markers, trilineage differentiation potential,
and migration assay were investigated in vitro. Both eDPSCs and ePDLSCs exhibited a fibroblast-like
morphology; showed a colony-forming capability; were able to proliferate based on the results of the cell
proliferation assay; expressed stemness and surface markers (NANOG, CD29, CD44, CD90, CD18);
maintained the ability to differentiate into osteocytes, chondrocytes, and adipocytes and demonstrated
migration capacity based on the migration assay. Surprisingly, ePDLSCs showed significant differences in
matrix mineralization, quantification of Alizarin Red staining by cetylpyridinium chloride, and mRNA
expression of the osteogenic marker RUNX2. ePDLSCs and eDPSCs may be better alternative MSCs than
dental stem cells for the further design of therapeutic regimens for BTE and wound-healing therapy.
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INTRODUCTION

Cell therapy is considered an innovative
treatment for the restoration, repair, and
regeneration of the normal function of cells and
tissues affected by aging, injury, or diseases. Over
the past decade, stem cells have been extensively
studied and are considered promising for
restoring, repairing, and regenerating damaged
tissues. Mesenchymal stem cells (MSCs) are
commonly obtained from the bone marrow,
umbilical cord, placenta, and adipose tissue.
However, dental stem cells obtained from the oral
cavity have garnered significant interest as

alternative MSCs due to their capabilities and the
minimally invasive techniques used in their
collection (Bundgaard et al., 2018; Egusa et al.,
2012; Ishikawa et al., 2017). Researchers have
characterized dental stem cells as dental pulp stem
cells (DPSCs), stem cells from exfoliated
deciduous teeth, periodontal ligament stem cells
(PDLSCs), and gingival mesenchymal stem cells.
These dental stem cells have the same ability as
MSCs obtained from sources such as bone
marrow, umbilical cord, and adipose tissue
(Purbantoro et al., 2024; Purwaningrum et al.,
2023a; Purwaningrum et al.,, 2021) for the
treatment of degenerative diseases and also bone
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defects that often occur in horses. Equines
frequently sustain injuries to joints, muscles, and
bone, and MSC therapy shows promise as a
therapeutic option for tissue and bone engineering
(TE and BTE) (Carvalho et al., 2013). MSCs
derived from dental stem cells have advantages,
including their ease of being obtained because
they are unused waste and their ability to
differentiate into various lineages, such as
ectoderm, mesoderm, and endoderm (Rodas-
Junco et al., 2017; Gugjoo and Sharma, 2019;
Kawamura et al., 2019).

In this study, we aimed to isolate,
characterize, and evaluate the osteogenic
differentiation potential of equine DPSCs
(eDPSCs) and equine PDLSCs (ePDLSCs). To
date, there have been no adequate comparisons
between eDPSCs and ePDLSCs for treatment
consisting of autologous, allogenic, and exogenic
TE and BTE (Kornicka et al., 2019) to repair cells
and damaged tissues. Autologous and allogeneic
MSC therapy is expected to become the gold
standard for treating equine bone defects.

MATERIALS AND METHODS

Ethical Approval

The current study protocol was approved by
the Ethics Committee, Faculty of Veterinary
Medicine, Universitas Gadjah Mada (approval
code: 078/EC-FKH/Int./2024).

Study Period and Location

This research was conducted from May to
November 2024 at the Stem Cells and Molecular
Biology Integrated Laboratory, Faculty of
Veterinary Medicine, and the Biochemistry and
Molecular Biology Laboratory, Faculty of
Veterinary Medicine, Universitas Gadjah Mada,
Yogyakarta.

Cell Isolation, Culture, and Expansion

We collected eDPSCs and ePDLSCs from
stallions and mares aged 8 to 15 years. The
isolation protocol, adapted from previous studies,
involved the tissue explant technique (n = 4)
(Banyatworakul et al., 2021; Nowwarote et al.,
2018; Purbantoro et al., 2022; Purwaningrum et

al., 2023b; Tantilertanant et al., 2019). Briefly,
we collected eDPSCs and ePDLSCs from the
tooth cavity and the middle-third tooth root,
respectively. The eDPSCs and ePDLSCs were
grown in a 35-mm cell culture plate containing
culture medium. Once the cells reached 80%
confluence, they were subcultured to three new
35-mm cell culture plates (TPP®, Switzerland) in
Dulbecco’s modified Eagle’s medium (Gibco™,
USA) supplemented with 15% fetal bovine serum
(Gibco™), 2% antibiotic—antimycotic (Gibco™),
and 1% Glutamax (Gibco™) at 37°C and 5%
CO,. The culture medium was refreshed every 48
hours. We evaluated the stemness-related marker
(NANOG) and surface markers (CD29, CD44,
CD90, and CD18) using reverse transcription
guantitative polymerase chain reaction (RT-
gPCR). Cells in passages 3 to 5 were used in all
experiments.

Colony-Forming Assay

Following an earlier published protocol, 500
cells of eDPSCs and ePDLSCs were grown for 2
weeks in a 60-mm culture dish (TPP®)
(Nowwarote et al., 2020; Purbantoro et al., 2022;
Purwaningrum et al., 2023a). After washing with
phosphate-buffered saline (PBS), we fixed the
cells in cold methanol (Sigma Aldrich
Corporation, USA) for a further 20 minutes at
4°C, followed by 5 minutes of staining with
crystal violet (Sigma Aldrich Corporation), as
outlined (Nantavisai et al., 2020; Purbantoro et
al., 2022; Purwaningrum et al., 2023a) (n = 4). At
least 50 aggregated cells were counted as a
colony.

Proliferation Assays

We assessed cell proliferation after
incubating the cells with 5% alamarBlue™
(Sigma Aldrich Corporation) in culture medium
for 3 hours (n = 4). The absorbance of each
sample was measured at 570 nm using
spectrophotometry. To measure cell viability
quantitatively, the reduction percentage was
computed according to
guidelines.

the manufacturer’s
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Trilineage Differentiation

The isolated eDPSCs and ePDLSCs (n = 4)
were differentiated to the osteogenic lineage, and
the cells were grown in a 24-well plate (TPP®) at
2 x 10* cells/well. After 1 day, the cells were
cultured in an osteogenic medium containing 25
mg/mL  ascorbic acid (Sigma  Aldrich
Corporation), 50 nM dexamethasone (Sigma
Aldrich  Corporation), and 5 mM j-
glycerophosphate (Sigma Aldrich Corporation)
until day 21. We examined the mineralization of
the extracellular matrix using 2% Alizarin Red
(Sigma Aldrich  Corporation) staining and
RUNX2 osteogenic mRNA expression by RT-
gPCR using undifferentiated cells as the control
group.

For chondrogenic induction, the cells were
grown at 3 x 10* cells/well in chondrogenic
induction medium containing L-glutamine 1%
(Gibco™), 50 mg/mL ascorbic acid (Sigma
Aldrich Corporation), 40 mg/mL L-proline
(Sigma  Aldrich  Corporation), 0.1 uM
dexamethasone (Sigma Aldrich Corporation),
insulin-transferrin-selenium 1% (Sigma Aldrich
Corporation), and 10 ng/mL TGFB3 (Sigma
Aldrich Corporation) until day 21 in a 24-well
plate (NUNC Sigma Aldrich Corporation) 1 day
after plating. To assess the presence of
glycosaminoglycans, we evaluated chondrogenic
induction using Alcian Blue staining.

For adipogenic induction, the cells were
cultured at 5 x 10* cells/well in adipogenic
induction medium supplemented with 1 uM
dexamethasone (Sigma Aldrich Corporation), 0.1
mM indomethacin (Sigma Aldrich Corporation),
1 mM 3-isobutyl-1-methylxanthine (Sigma
Aldrich Corporation), and 0.1 mg/mL insulin
(Sigma Aldrich Corporation) 1 day after seeding
in a 24-well plate (NUNC Sigma Aldrich
Corporation) over 3 days, followed by adipogenic
maintenance medium supplemented with 0.1
mg/mL insulin (Sigma Aldrich Corporation) for 1
day. The adipogenic induction cycle was repeated
four times over 28 days. The cells were stained
with Oil Red O solution (Sigma Aldrich
Corporation) for 1 hour to visualize the
intracellular lipid droplets under a microscope.

Mineralization Assay

In accordance with previous studies, we
assessed the mineral deposit using Alizarin Red
staining at day 21 of osteogenic induction (n = 4)
(Nantavisai et al., 2020; Rodprasert et al., 2021).
The eDPSCs and ePDLSCs were rinsed with PBS
and fixed in cold methanol at 4°C for 15 minutes.
After washing three times with deionized water
(pH 4.2), we stained the cells for 5 minutes at
37°C with Alizarin Red solution 2% (Sigma
Aldrich  Corporation).  The cells  were
subsequently rinsed with deionized water (pH
4.2) three times to eliminate any excess stain.
Calcium deposition, indicating mineralization,
appeared as a red color under the inverted
microscope. Cetylpyridinium chloride (CPC)
(Sigma Aldrich Corporation) 10% was used to
elute each well to quantify Alizarin Red staining,
and the absorbance was recorded at 550 nm using
pDrop™ DUO (Thermo Fisher Scientific, USA).

RT-qPCR

We extracted total eDPSCs and ePDLSCs
RNA using TRIzol® reagent (Invitrogen
Corporation, Carlsbad, CA, USA) (n = 4) and
Direct-zol™ RNA Miniprep kit (ZymoResearch,
USA), followed by quantification with
NanoDrop™ (Thermo Fisher Scientific). We
performed RT-PCR to synthesize complementary
DNA from 500 ng of mRNA using the ImProm-
II™ Reverse Transcription System kit (Promega).
RT-gPCR was carried out on Rotor-Gene Q
(Qiagen) using SYBR™ Green (Thermo Fisher
Scientific); the primer sequences are provided in
Table 1. The mRNA expression levels were
normalized to the GAPDH (housekeeping gene)
using the formula 2724, in which AACt = [Ct gene
of interes—Ct cappH] group of treatment—[Ct gene of
interest—C1t cappr] group of control to determine the
relative mRNA expression.

Migration Assay

We evaluated the migration of eDPSCs and
ePDLSCs based on the number of confluent cells
after 48 hours of scratching on a 60-mm culture
dish as the parameter.
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Data Analysis compared using the Mann-Whitney U test. We

We analyzed the results using SPSS version  set the statistically significant difference at a
28.0 for Mac (IBM Corporation, Armonk, NY,  probability (p) value of <0.05 (n = 4). The
USA). The two independent groups were graphics were generated using Prism9.

Table 1. List of primer sequences

Gene Accession Forward and Reverse Primer sequence Tm°C GC% Length
Number (bp)

GAPDH NM_0011 5’-CCACCCCTAACGTGTCAGTC-3’ 60.04 60 215
63856.1 5’-AAAGTGGTCGTTGAGGGCAA-3’ 60.11 50

NANOG XM_0236 5’-TCCTGCCTTTTTGCATGAGTG-3’ 59.39 47.62 186
43093.1 5’-TGGAGGAAGGCAGAGGAGAGA-3> 61.76 57.14

CD29 NM_0013 5’-TGCCAAATGGGACACGCAAG-3’ 61.80 55 179
01217.1 5’-TTTGCACAGCGAGTGCTCAT-3’ 60.89 50

CD44 NM_0010 5’-TCCACACCCACCTTCCAACC-3’ 60 60 177
85435.2 5’-TGCTTGCCCCACCTTCTTGA-3’ 62.01 50

CD90 XM_0702 5’-CCGCCACACCCATCCAGTAT-3’ 61.98 60 182
73787.1 5’-GCATGTGTAGAGCCCCTCGT-3’ 61.96 60

CD18 NM_0011 5’-GGAACCTCAGGACTGGGCAT-3’ 61.57 60 194
14177.4 5’-CACACCCTAAGCACGGGTCT-3’ 61.83 60

RUNX2 XM_0236 5’-GGAGTGGACGAGGCAAGAGT-3’ 61.54 60 127
24253.1 5’-TGCCTGGGGTTTCTGGGTT-3’ 61.40 57.89

! € . 7 7 "/';o

Figure 1. Morphological appearance of the isolated (A) eDPSCs and (B) ePDLSCs.
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Figure 2. Colony and total colony count for (A) eDPSCs and (B) ePDLSCs.
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Figure 3. Proliferation days 1, 3, and 5, as determined by alamarBlue™.
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Figure 7. Migration assay for (A) eDPSCs and (B) ePDLSCs. (C) Percentage wound closure at the
time points during the scratch wound assay. Bars indicate the statistically significant

difference between the groups (p < 0.05).
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RESULTS AND DISCUSSION

The isolated eDPSCs and ePDLSCs attached
to the plastic surface and exhibited a fibroblast
like morphology within 3 days. The adherent cells
proliferated after 5 days (Figure 1). We observed
the colony-forming capability of eDPSCs and
ePDLSCs. We observed round colonies in several
areas of the culture dish (Figure 2). We
determined the growth curve of cells in passage 3
by alamarBlue for 5 continuous days. After
reseeding, both eDPSCs and ePDLSCs were in
the adaptive phase for three time points on days 1,
3, and 5 (Figure 3). The relative mMRNA
expression of the stemness marker (NANOG) and
surface markers (CD29, CD44, CD90, CD18)
was detected by RT-gPCR (Figure 4), and the
trilineage differentiation is represented in Figure
5.

We performed osteogenic differentiation by
maintaining the eDPSCs and ePDLSCs in the
osteogenic medium. After 2 weeks of osteogenic
induction, the phenotypic results of the
extracellular calcium deposit of the mineral were
detected by Alizarin Red staining (Figure 6A, B)
and then eluted to quantify Alizarin Red staining
by 10% CPC (Figure 6C). We determined the
genotypic results of mRNA marker expression
using RT-gPCR (Figure 6D). In addition, these
results demonstrated the in vitro differentiation
potential of eDPSCs and ePDLSCs toward the
osteogenic lineage. After 48 hours of scratching,
the wound area was almost completely covered by
eDPSCs and ePDLSCs (Figure 7A-C).

This is the first in vitro comparison of the
osteogenic induction potential of eDPSCs and
ePDLSC:s. In this study, we successfully isolated,
characterized, and evaluated the osteogenic
differentiation potential of both eDPSCs and
ePDLSCs. Moreover, eDPSCs and ePDLSCs
showed proliferative  capacity, clonogenic
capability, expression of stemness and surface-
related markers (NANOG, CD29, CD44, CD90,
CD18), migration ability, and in vitro
differentiation potential toward osteogenic,
chondrogenic, and adipogenic lineages. These
results align with previous findings on eDPSCs,
which have been described as fibroblast-like in

shape, proliferative, clonogenic, and expressing
CD11a/CD18, CD29, CD44, CD90, CD105,
MHC class | and 11, in vitro differentiation into
osteogenic, adipogenic, and chondrogenic
lineages (Ishikawa et al., 2017; Radcliffe et al.,
2010). An additional report of foal DPSCs found
that they can differentiate into angiogenic and
epidermal stem cells (Srionrod et al., 2016).
Furthermore, a previous study reported that
ePDLSCs were characterized as expressing Ki67
(Mukhtar and Alqutub, 2020; Pdschke et al.,
2018; Warhonowicz et al.,, 2006) and
differentiated into chondrogenic cells, adipogenic
cells, and tenocytes; similar results regarding
their osteogenic differentiation potential were
also reported (Mensing et al., 2011; Pdschke et
al., 2018; Safitri et al., 2024). Collectively, these
findings highlight MSC characteristics similar to
those of non-dental stem cells, including bone
marrow—derived mesenchymal stem cells that
exhibit fibroblast-like shaped, proliferative,
clonogenic, express OCT4, SOX2, and NANOG,
multilineage differentiation into osteogenic,
chondrogenic, adipogenic, and tenocytes (Violini
et al.,, 2009); adipocyte-derived mesenchymal
stem cells that showed fibroblast-like shaped,
proliferative, clonogenic, express CD14, CD29,
CD44, CD73, CD90, CD105, CD140b, and
CD164, Oct4, TRA1-60, and TRA1-81 (Alipour
et al., 2015; Braun et al., 2010; Delaiah et al.,
2024), lack of CD34, differentiation into
osteogenic, adipogenic, and chondrogenic lineage
(Alipour et al., 2015; Braun et al., 2010; Vidal et
al., 2007); and umbilical cord— employed for
chondrogenic and hepatogenic lineage (Reed and
Johnson, 2008).

This study is the first to report and validate
the finding that ePDLSCs might have a better
capability of differentiating toward an osteogenic
lineage than eDPSCs from the mineral deposit
and to quantify Alizarin Red S staining by CPC as
well as RUNX2 expression. The results of the
present study confirmed that the teeth are attached
to the alveolar bone by the periodontal ligament
(Men et al., 2020). The periodontal ligament,
which is a specialized connective tissue located
between the cementum and alveolar bone, is a
promising cell source for stem cell therapy due to
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its high osteogenic differentiation ability and its
need to support and remodel the alveolar bone and
cementum for repairing bone defects (Han, 2021,
Wu and Gong, 2024).

CONCLUSION

In this study, we successfully isolated,
characterized, and evaluated the osteogenic
differentiation potential of both eDPSCs and
ePDLSCs. Collectively, these results highlight
the MSC-like properties of eDPSCs and
ePDLSCs. These findings provide evidence of the
proliferation capability, clonogenic capacity, and
migration ability of eDPSCS and ePDLSCs.
However, as compared with eDPSCs, ePDLSCs
showed superior osteogenic differentiation
potential from the mineral deposit as well as
better MRNA expression of bone markers This
finding is important for identifying the most
suitable dental MSC source, which may enable
the design of improved therapeutic regimens for
allogenic and/or exogenic TE and BTE.

ACKNOWLEDGEMENTS

This project was supported by the Doctoral
Competency Improvement Program (Program
Peningkatan =~ Kompetensi ~ Doktor) 2024
(6541/UN1.P1/PT.01.03/2024) from Universitas
Gadjah Mada, Yogyakarta. The authors thank
Pradityo Yoga Wibowo, DVM, and Suwardi,
DVM, for assistance with obtaining the samples.

AUTHORS’ CONTRIBUTIONS

MP was responsible for conceptualization,
methodology, validation, formal analysis,
investigation, resources, data curation, writing —
original draft, visualization, project
administration, and funding acquisition. MP and
CS contributed to software development, while
MP, AH, CS, and YK contributed to writing —
review and editing. Supervision was carried out
by MP, AH, and CS. All authors read and
approved the final manuscript.

COMPETING INTERESTS

The authors declare that they have no
competing interests.

REFERENCES

Alipour, F., Parham, A., Mehrjerdi, H. K., &
Dehghani, H. (2015). Equine adipose-
derived mesenchymal stem cells: phenotype
and growth characteristics, gene expression
profile and differentiation potentials. Cell
Journal (Yakhteh), 16(4), 456.

Banyatworakul, P., Osathanon, T., Chumprasert,
S., Pavasant, P.,, & Pirarat, N. (2021).
Responses of canine periodontal ligament
cells to bubaline blood derived platelet rich
fibrin in vitro. Scientific Reports, 11(1), 1-
13.

Braun, J., Hack, A., Weis-Klemm, M., Conrad, S.,
Treml, S., Kohler, K., Walliser, U., Skutella,
T., & Aicher, W. K. (2010). Evaluation of
the  osteogenic and  chondrogenic
differentiation capacities of equine adipose
tissue-derived mesenchymal stem cells.
American Journal of Veterinary Research,
71(10), 1228-1236.

Bundgaard, L., Stensballe, A., Elbak, K. J., &
Berg, L. C. (2018). Mapping of equine
mesenchymal stromal cell surface proteomes
for identification of specific markers using
proteomics and gene expression analysis: an
in vitro cross-sectional study. Stem Cell
Research & Therapy, 9, 1-10.

Carvalho, A. d. M., Yamada, A. L. M., Golim, M.,
Alvarez, L., Jorge, L., Conceicdo, M.,
Deffune, E., Hussni, C. A., & Alves, A.
(2013). Characterization of mesenchymal
stem cells derived from equine adipose
tissue. Arquivo Brasileiro de Medicina
Veterinaria e Zootecnia, 65, 939-945.

Delaiah, D., Aswin, A., Susilowati, H., Wijaya,
A. Y. Maulana, F. K., Rodprasert, W.,
Puspitasari, Y., Dhamayanti, Y. &
Kuncorojakti, S. (2024). Epidermal growth
factor promotes E6 and CCL-81 Vero cells
proliferation under serum-free condition.
Jurnal Medik Veteriner, 7(1), 1-6.

J Med Vet 2025, 8(2):262-272. pISSN 2615-7497; eISSN 2581-012X | 270



Jurnal Medik Veteriner

Medania Purwaningrum, et al

Egusa, H., Sonoyama, W., Nishimura, M., Atsuta,
l., & Akiyama, K. (2012). Stem cells in
dentistry—Part 1I: Clinical applications.
Journal of Prosthodontic Research, 56(4),
229-248.

Gugjoo, M. B., & Sharma, G. T. (2019). Equine
mesenchymal stem cells: properties, sources,
characterization, and potential therapeutic
applications. Journal of Equine Veterinary
Science, 72, 16-27.

Han, Y. (2021). High concentrations of calcium
suppress osteogenic differentiation of human
periodontal ligament stem cells in vitro.
Journal of Dental Sciences, 16(3), 817-824.

Ishikawa, S., Horinouchi, C., Murata, D.,
Matsuzaki, S., Misumi, K., lwamoto, Y.,
Korosue, K., & Hobo, S. (2017). Isolation
and characterization of equine dental pulp
stem cells derived from Thoroughbred wolf
teeth. Journal of Veterinary Medical
Science, 79(1), 47-51.

Kawamura, M., Yamamoto, T., Yamashiro, K.,
Kochi, S., Yoshihara-Hirata, C., ldeguchi,
H., Aoyagi, H., Omori, K., & Takashiba, S.
(2019). Induction of migration of periodontal
ligament cells by selective regulation of
integrin subunits. Journal of Cellular and
Molecular Medicine, 23(2), 1211-1223.

Kornicka, K., Geburek, F., Rdcken, M., &
Marycz, K. (2019). Stem Cells in Equine
Veterinary Practice—Current Trends, Risks,
and Perspectives. Journal of Clinical
Medicine, 8(5), 675.

Men, Y., Wang, Y., Yi, Y., Jing, D., Luo, W,
Shen, B., Stenberg, W., Chai, Y., Ge, W. P.,
& Feng, J. Q. (2020). Glil+ periodontium
stem cells are regulated by osteocytes and
occlusal force. Developmental Cell, 54(5),
639-654.

Mensing, N., Gasse, H., Hambruch, N., Haeger,
J.-D., Pfarrer, C., & Staszyk, C. (2011).
Isolation and characterization of multipotent
mesenchymal stromal cells from the gingiva
and the periodontal ligament of the horse.
BMC Veterinary Research, 7(1), 1-13.

Mukhtar, A. H., & Alqutub, M. N. (2020).
Osteogenic ~ Potential of  Periodontal
Ligament Stem Cells Cultured in Osteogenic

and Regular Growth Media: Confocal and
Scanning Electron Microscope  Study.
Journal Contemporer Dental Practice, 21,
776-780.

Nantavisai, S., Pisitkun, T., Osathanon, T.,
Pavasant, P., Kalpravidh, C., Dhitavat, S.,
Makjaroen, J., & Sawangmake, C. (2020).
Systems biology analysis of osteogenic
differentiation ~ behavior by  canine
mesenchymal stem cells derived from bone
marrow and dental pulp. Scientific Reports,
10(1), 1-18.

Nowwarote, N., Manokawinchoke, J., Kanjana,
K., Fournier, B. P., Sukarawan, W., &
Osathanon, T. (2020). Transcriptome
analysis of basic fibroblast growth factor
treated stem cells isolated from human
exfoliated deciduous teeth. Heliyon, 6(6),
e04246.

Nowwarote, N., Sukarawan, W., Kanjana, K.,
Pavasant, P., Fournier, B. P., & Osathanon,
T. (2018). Interleukin 6 promotes an in vitro
mineral deposition by stem cells isolated
from human exfoliated deciduous teeth.
Royal Society Open Science, 5(10), 180864.

Pdschke, A., Krahling, B., Failing, K., & Staszyk,
C. (2018). Molecular characteristics of the
equine periodontal ligament. Frontiers in
Veterinary Science, 4, 235.

Purbantoro, S. D., Osathanon, T., Nantavisai, S.,
& Sawangmake, C. (2022). Osteogenic
growth  peptide enhances osteogenic
differentiation of human periodontal
ligament stem cells. Heliyon, e09936.

Purbantoro, S. D., Taephatthanasagon, T.,
Purwaningrum, M., Hirankanokchot, T.,
Peralta, S., Fiani, N., Sawangmake, C., &
Rattanapuchpong, S. (2024). Trends of
regenerative tissue engineering for oral and
maxillofacial reconstruction in veterinary
medicine. Frontiers in Veterinary Science,
11, 1325559.

Purwaningrum, M., Giachelli, C. M., Osathanon,
T., Rattanapuchpong, S., & Sawangmake, C.

(2023a). Dissecting  specific ~ Wnt
components governing osteogenic
differentiation ~ potential by  human

periodontal ligament stem cells through

J Med Vet 2025, 8(2):262-272. pISSN 2615-7497; elSSN 2581-012X | 271



Jurnal Medik Veteriner

Medania Purwaningrum, et al

interleukin-6. Scientific Reports,
9055.

Purwaningrum, M., Giachelli, C. M., Osathanon,
T., Rattanapuchpong, S., & Sawangmake, C.

13(D),

(2023Db). Dissecting ~ specific ~ Wnt
components governing osteogenic
differentiation  potential by  human

periodontal ligament stem cells through
interleukin-6. Scientific Reports, 13(1), 1-
19.

Purwaningrum, M., Jamilah, N. S., Purbantoro, S.
D., Sawangmake, C., & Nantavisai, S.
(2021). Comparative characteristic study
from bone marrow-derived mesenchymal
stem cells. Journal of Veterinary Science,
22(6), 231.

Radcliffe, C. H., Flaminio, M. J. B., & Fortier, L.
A. (2010). Temporal analysis of equine bone
marrow aspirate during establishment of
putative mesenchymal progenitor cell
populations. Stem cells and Development,
19(2), 269-282.

Reed, S. A., & Johnson, S. E. (2008). Equine
umbilical cord blood contains a population
of stem cells that express Oct4 and
differentiate  into  mesodermal  and
endodermal cell types. Journal of Cellular
Physiology, 215(2), 329-336.

Rodas-Junco, B. A., Canul-Chan, M., Rojas-
Herrera, R. A., De-la-Pefia, C., & Nic-Can,
G. I. (2017). Stem cells from dental pulp:
what epigenetics can do with your tooth.
Frontiers in Physiology, 8, 999.

Rodprasert, W., Nantavisai, S., Pathanachai, K.,
Pavasant, P., Osathanon, T., & Sawangmake,
C. (2021). Tailored generation of insulin
producing cells from canine mesenchymal
stem cells derived from bone marrow and
adipose tissue. Scientific Reports, 11(1), 1-
17.

Safitri, E., Purnobasuki, H., Purnama, M. T. E., &
Chhetri, S. (2024). Efficacy of mesenchymal
stem cells cultured low oxygen tension

*k*k

ameliorates apoptotic inhibitors, viability,
and differentiation of ovarian tissue: A study
in a rat model with ovarian failure.
F1000Research, 12, 24.

Srionrod, N., Bootcha, R., & Petchdee, S. (2016).
Foal Deciduous Teeth Stem Cells Enhance
Wound Healing in Rabbit Wound Model.
The Thai Journal of Veterinary Medicine,
46(1), 155-161.

Tantilertanant, Y., Niyompanich, J., Everts, V.,
Supaphol, P., Pavasant, P., & Sanchavanakit,
N. (2019). Cyclic tensile force-upregulated
IL6 increases MMP3 expression by human
periodontal ligament cells. Archives of Oral
Biology, 107, 104495.

Vidal, M. A., Kilroy, G. E., Lopez, M. J,,
Johnson, J. R., Moore, R. M., & Gimble, J.
M. (2007). Characterization of equine
adipose  tissue-derived  stromal cells:
adipogenic and osteogenic capacity and
comparison with bone marrow-derived
mesenchymal stromal cells. Veterinary
Surgery, 36(7), 613-622.

Violini, S., Ramelli, P., Pisani, L. F., Gorni, C., &
Mariani, P. (2009). Horse bone marrow
mesenchymal stem cells express embryo
stem cell markers and show the ability for
tenogenic  differentiation by in vitro
exposure to BMP-12. BMC Cell Biology, 10,
1-10.

Warhonowicz, M., Staszyk, C., Rohn, K., &
Gasse, H. (2006). The equine periodontium
as a continuously remodeling system:
morphometrical analysis of cell
proliferation. Archives of Oral Biology,
51(12), 1141-1149.

Wu, Y., & Gong, P. (2024). Scopolamine
regulates the osteogenic differentiation of
human periodontal ligament stem cells
through lactylation modification of RUNX2
protein.  Pharmacology Research &
Perspectives, 12(1), e11609.

J Med Vet 2025, 8(2):262-272. pISSN 2615-7497; eISSN 2581-012X | 272



