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ABSTRACT: Dental stem cells (DSCs) are multipotent cells with high proliferation capacity and multilineage 
differentiation. Few studies have compared the cellular characteristics and adipogenic differentiation 
potential of DSCs derived from tissues of the same individual. The objective of this work was to evaluate 
the differences in growth characteristics, expression of mesenchymal stem cells (MSCs)-specific markers,
and the proteomic profile in response to adipogenic differentiation, of dental pulp and periodontal 
ligament cells obtained from a single donor. Dental cells were isolated from the third molar of a single 
donor using the outgrowth method. To obtain the proliferation curve of the cells was evaluated by trypan 
blue analysis. After the cells were cultured in adipogenic medium, morphological changes were monito-
red by oil red O staining, as well as adipogenic markers PPARγ and adiponectin by RT-qPCR. Finally, a 
two-dimensional electrophoresis of the proteins isolated from these cells was performed to analyze the 
proteomic profile. The two types of DSCs share similar cellular characteristics; however, their capacity 
for adipogenic differentiation is different. Based on the protein profiling results, we identified five diffe-
rentially expressed proteins between both types of stem cells. Our findings showed that dental pulp and 
periodontal ligament stem cells from a single donor have similar cellular characteristics but a different 
response to adipogenesis, which would explain the differences in the expression of their proteins.
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INTRODUCTION

Mesenchymal stem cells (MSCs) are 
undifferentiated cells, capable of self-renewal 
and associated with high plasticity to produce 
specialized cells. In general, these cells have 
shown osteogenic, adipogenic, and chondrogenic 
differentiation potential (1). Among the popula-
tions, the stem cells of the dental pulp (DPSCs) 
and the stem cells of the periodontal ligament 
(PLSCs) stand out. These cells are multipotent 
with broad cell plasticity, immunomodulatory and 
immunosuppressive capacity, high proliferation, 
and cell viability, which come from noninvasive 
and easily accessible sources (1, 2). These attri-
butes give DPSCs and PLSCs the potential to be 
used as models for studying cell differentiation, 
such as adipogenesis. Adipogenic differentiation 
is a process of interest due to its association with 
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RESUMEN: Las células troncales dentales (CTDs) son células multipotentes con gran capacidad de 
proliferación y diferenciación multilinaje. Pocos estudios han comparado las características celulares y 
el potencial de diferenciación adipogénica de las CTDs derivadas de tejidos de un mismo individuo. El 
objetivo de este trabajo fue evaluar las diferencias en las características de crecimiento, la expresión de 
marcadores específicos de celulas troncales mesenquimales (CTMs) y el perfil de proteínas en respuesta 
a la diferenciación adipogénica, de células de pulpa dental y ligamento periodontal obtenidas de un 
mismo donante. Las células dentales se aislaron a partir del tercer molar de un único donante mediante 
el método de explante. Para obtener la curva de proliferación de las células se evaluó mediante análisis 
con azul tripano. Tras cultivar las células en medio adipogénico, se controlaron los cambios morfológicos 
mediante tinción con rojo O oleoso, así como los marcadores adipogénicos PPARγ y adiponectina 
mediante RT-qPCR. Por último, se realizó una electroforesis bidimensional de las proteínas aisladas 
de estas células para analizar el perfil proteómico. Los dos tipos de CTDs comparten características 
celulares similares; sin embargo, su capacidad de diferenciación adipogénica es diferente. Basándonos 
en los resultados del perfil proteico, identificamos cinco proteínas expresadas diferencialmente entre 
ambos tipos de células troncales. Los resultados mostraron que las células troncales de la pulpa dental 
y del ligamento periodontal de un mismo donante tienen características celulares similares pero una 
respuesta diferente a la adipogénesis, lo que explicaría las diferencias en la expresión de sus proteinas.

PALABRAS CLAVE: Células troncales; Células troncales dentales; Pulpa dental; Ligamento periodontal; 
Adipogénesis.

insulin sensitivity, endocrine action, and metabolic 
homeostasis. During adipogenesis, an undifferen-
tiated cell becomes an adipocyte, which is impor-
tant for maintaining energy balance and storing 
calories in lipid form (3, 4). During adipogenic 
induction, several transcriptional factors partici-
pate, including peroxisome proliferator-activated 
receptor gamma (PPARγ) and CCAAT enhancer-
binding proteins (C/EBPs) (5). Their activation 
allows the transcription of genes like as adipo-
nectin and lipoprotein lipase associated with the 
adipogenic phenotype (5).

On the other hand, several studies suggest 
that proteins, as ultimate executors of genetic 
information, could be associated with regulating 
the adipogenic process, which has increased 
interest in studying adipogenic differentiation from 
a proteomic perspective (6). Proteomic tools have 
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been valuable in studying and generate infor-
mation about protein expression in adipogenesis 
using various cellular models, such as stem cells 
derived from adipose tissue (7, 8) and MSCs (4, 
9-11). However, research is still needed on other 
stem cell models, such as those of dental origin, 
which could be attractive candidates for autolo-
gous cell therapy. This work aimed to assess the 
differences between DPSCs and PLSCs from a 
single donor in their morphology, pluripotency, 
adipogenic differentiation markers, and protein 
profile using two-dimensional gel electrophore-
sis analysis (2D-E). To accomplish this, DPSC and 
PLSC cell cultures were established. Both cultures 
displayed expressions of markers associated with 
their active self-renewal and plasticity. Compa-
rative 2D-E analysis between DPSCs and PLSCs 
before and after differentiation shows protein spots 
that could be the signature of the dental stem cells 
during their cellular differentiation. Understanding 
the molecular events inherent in adipocyte diffe-
rentiation will facilitate the development of thera-
peutic agents for metabolic diseases, including 
obesity and diabetes.

MATERIALS AND METHODS

The ethics research committee approved the 
use of the teeth in the present study of Dr. Hideyo 
Noguchi, Regional Research Center, Universidad 
Autónoma de Yucatán (Approval number CIE-06-
2017).

TISSUE HARVEST AND CULTURE OF DPCS
AND PDLCS

Sample and cell culture of human third 
molar teeth were obtained from the Clinics of the 
Master in Pediatric Dentistry and Oral Surgery, 
Faculty of Dentistry, Autonomous University of 
Yucatan (UADY), with previously signed informed 
consent letters. The periodontal ligament (PL) and 
the dental pulp (DP) were collected from normal 
non-impacted third molars from an 18-year-old 

patient (Figure 1.A). The adhered tissue of the tooth 
root was separated to with a scalpel to obtain the 
PL (Figure 1.B), whereas DP tissue was obtained 
by exposing the pulp chamber with a micromotor 
(Figure 1.C-D) according to Guerrero-Jiménez et 
al. (2019) (12). Then, the PD was retrieved using 
fine-tipped curved dissection forceps to separate 
the tissue from the pulp chamber (Figure E). Once 
obtained, each tissue was minced into small pieces 
(1-2 mm) (Figure 1.F) and placed in 35mm culture 
dishes containing alpha-modified Eagle’s medium 
(α-MEM, Gibco, Grand Island, NY, USA) supplemen-
ted with 15% fetal bovine serum (FBS, Gibco, USA) 
and 1% antibiotic (penicillin/streptomycin, Gibco, 
Grand Island, NY, USA) and subcultured in a T-25 
flask. Morphological characterization of dental 
cell lines was performed using an inverted phase 
contrast microscope (Labomed, TCM 400 Model).

CELL GROWTH AND COLONY-FORMING ASSAYS

Discovering the growth features of the cultu-
res derived from DP and PL was aimed to identify 
the dynamics of cell populations under in vitro 
conditions. To obtain the proliferation curve of the 
cells derived from DP and PL, 1×104 cells/mL from 
cell passages 2 and 4 (P2 and P4) were seeded 
in 35mm petri dishes (two technical replicas 
per tissue) with 1mL of α-MEM medium supple-
mented with 10% FBS and 1% of the antibiotic/
antimycotic solution, changing the medium every 
two days. The growth of the in vitro cultures was 
monitored on days 2, 4, 6, 8, 10, and 12. The cell 
number and viability were assessed after 14 days 
by trypsinization (three replicates for each time 
point), stained with trypan blue (0.4% in PBS 1X) 
(PBS 1X: 138mM of NaCl, 3mM of KCl, 8.1mM 
of Na2HPO4, and 1.5mM of KH2PO4, pH=7.4), 
and counted using a hemocytometer under a 
light microscope. The growing assay was made 
by the Colony Forming Unit (CFU) assays, plating 
at a density of 300 cells/dish (35mm diameter) 
and cultured in basal medium (α-MEM medium 
supplemented with 10% FBS) for 14 days under 
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standard culture conditions. All cell cultures were 
fixed for 10 min with 5mL of 4% paraformalde-
hyde (PFA, Sigma-Aldrich, St. Louis, MO, USA) and 
stained with 0.05% crystal violet (Sigma-Aldrich, 
St. Louis, MO, USA). The cells were washed twice 
with distilled water, and the number of colonies 
was registered. Fifty or more clustered cells were 
considered colonies.

IN VITRO STEM CELL DIFFERENTIATION

To induce adipogenic differentiation, DPSCs 
and PLSCs at a density of 2x104 cell/well at 
passage 4 (P4) were seeded into a six-well plate 
until 80% confluence was reached and cultured in 
the adipogenic medium (growth medium containing 
insulin (1.7µM), dexamethasone (1µM), 3-isobu-
tyl-1methylxanthine (500 µM), and indomethacin 
(60 µM)) for 21 days. The medium was refres-
hed every two days. Morphological changes were 
evaluated in both cell populations at 7, 14, and 21 
days of induction, keeping a photographic record. 
Subsequently, cells were fixed in 4% PFA, rinsed 
twice with 1X PBS, and stained with 0.1% oil red 
O (Sigma-Aldrich, St. Louis, MO, USA) in propa-
nol for 5min, and the intracellular lipid droplets 
were evaluated using an inverted phase contrast 
microscope. The stained area of the cell cultures 
after Oil Red O staining was quantified in terms 
of percentage using ImageJ software (National 
Institute of Health). For osteogenic differentiation, 
2x104 cells/well were seeded plate and cultured in 
proliferation medium (α-MEM medium + 10% FBS) 
supplemented with 50µM of ascorbic acid, 10mM 
of β-glycerophosphate, and 10nM of dexametha-
sone (all purchased from Sigma-Aldrich, USA) 
for two weeks, as described by Gopinathan et al. 
(2013). After osteogenic induction, cells were fixed 
with 4% PFA for 15 min at RT, and mineral forma-
tion under differentiation was identified by staining 
with 2% alizarin red S (Sigma-Aldrich, St. Louis, 
MO, USA). An inverted microscope (Labomed, TCM 
400 Model) was used to capture digital images. 

REVERSE TRANSCRIPTION PCR (RT-PCR) 

RT-PCR was performed to measure the 
levels of mesenchymal stem cell markers (CD73, 
CD90, and CD105), pluripotency-associated gene 
expression (NANOG, OCT4, KLF4), and adipogenic 
markers (PPARγ and ADIPOQ). Total RNA was isola-
ted from dental stem cells (passages 2 and 4) using 
a Direct-zol RNA kit (Zymo Research) according to 
the manufacturer’s instructions. For cDNA synthe-
sis, reverse transcription reactions were performed 
with 1µg of RNA using the SuperScript First Strand 
Synthesis System (Invitrogen, Carlsbad, CA, USA) 
following the manufacturer’s instructions. MyTaq™ 
DNA Polymerase (Bioline, UK), 1µM of each primer, 
and 50ng/µL of cDNA in a 25µL volume were used 
during PCR with the C1000 Touch Thermal cycler 
(BIO-RAD, Foster City, CA, USA). The PCR products 
were electrophoresed in a 1.5% agarose gel and 
stained with ethidium bromide (Sigma-Aldrich, St. 
Louis, MO, USA). Images were acquired using the 
Gel Doc Xr+ System (BIO-RAD). β-Actin was used 
as loading control. 

PROTEIN EXTRACTION AND 2D-E GEL 
ELECTROPHORESIS. 

For analysis of proteome profiles, DPSC and 
PLSC at passage 4 were seeded into six-well plate 
and cultured in standard conditions with α-MEM 
(Life Tech. Inc., USA) supplemented with 10% 
fetal bovine serum (USA), 37°C, 5% CO2. When 
the cells reached 80% confluency, the medium 
was changed to adipogenic medium. After 21 days 
of induced adipogenic differentiation, control and 
differentiated cells were lysed with Mammalian 
Protein Extraction Reagent (MPEB) (GE Healthcare) 
supplemented with 1X protease cocktail inhibi-
tor (Thermo Fisher Scientific). The lysates were 
sonicated three times for 20s with 40% ampli-
tude using U200S sonicator (IKA Labortechnik, 
Germany) and then centrifuged at 20,000 x for 
30 min at 4ºC. Proteins were cleaned by acetone 



ODOVTOS-International Journal of Dental Sciences Marín-Uc et al: Comparative Analysis of Dental Stem Cells From a Single Donor

ODOVTOS-Int. J. Dent. Sc. | Online First, 2024 | ISSN: 2215-3411. 47ODOVTOS-Int. J. Dent. Sc. | Online First, 2024 | ISSN: 2215-3411. 46

precipitation (EM grade; EMS, Hatfield, PA, USA) 
and were resuspended in 150µl rehydration buffer 
without ampholytes (7 M Urea, 0.2 M thiourea, 4% 
CHAPS, 40mM DTT). Protein concentration was 
determined by the Peterson modification of the 
Lowry assay (13). To ensure an optimal focusing 
of the proteins, an ampholyte solution of pH 3-10 
was added in a concentration of 0.2%, and the 
samples were loaded into Zoom Runner system 
(Ready strip IPG, 7cm, Bio-Rad) by rehydration 
for 60 min at RT. The strips were rehydrated and 
focused with the following parameters: 250 V for 
20min, 4000 V for 2h, and finally 20000 V for 1h. 
After IEF, the strips were equilibrated with 2% DTT 
and 2.5% iodoacetamide for 15 min in equilibra-
tion buffer containing 6M urea, 20% glycerol, 10% 
SDS, and 0.375 M Tris-HCl (pH 8.8). Gels were 
run in Laemmli electrophoresis running buffer 
1X (25mM Tris base, 1.92 M glycine, and 0.1% 
SDS). Protein spots were separated in 12% SDS- 
polyacrylamide gels (8x8 cm) for 90 V at 2.5 h. 
Then, proteins were visualized using Coomassie 

brilliant blue G-250 staining. The images of the 
electrophoresis gels in second dimension (2D) 
were obtained from a photodocumenter (BIO-RAD) 
and the PDQuest software package (BIO-RAD) 
to visualize the protein stains on polyacrylamide 
gels (SDS-PAGE stains). SDS-PAGE spots were 
analyzed with SameSpots 5.1.012 software and 
Malenie 9 software. The spots were then matched 
with their homologs in the protein isoelectric point 
database (PIP-DB: http://www. pip-db.org/), and 
the candidate human proteins were determined.

STATISTICAL ANALYSIS

The data were analyzed and expressed as 
the mean ± standard deviation. Student’s t-test 
was used to calculate significant differences in 
relative abundances of protein spot features in 
DPSCs compared with PLSCs. Statistical signi-
ficance was evaluated by independent samples 
t-test using Sigma Statistics software. Statistical 
significance was set at P<0.05.

Figure 1. Processing of the dental organ for dental tissue dissociation. (A) Extracted third molars were washed and disinfected with a PBS 
solution supplemented with antibiotic and antimycotic. (B) Harvesting of the periodontal ligament using a scalpel. (C) Mechanical proces-
sing of the third molar using a micromotor equipped with a rotating disk; (D) Dental pulp found in the exposed pulp cavity. (E) Harvesting 
of the dental pulp using dissecting forceps. (F) Mechanical tissue dissociation of the dental pulp and the periodontal ligament into 1-2mm 
fragments for subsequent cultivation with α-MEM medium supplemented with 10% FBS and 1% antibiotic-antimycotic solution.
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RESULTS

COMPARISON OF THE PROLIFERATIVE CAPACITY 
OF CELLS DERIVED FROM THE DENTAL PULP AND 
THE PERIODONTAL LIGAMENT

Primary cultures of DPSCs and PLSCs were 
successfully established following the outgrowth 
tissue method. The first plastic-adherent cells were 
detected from both cultures between 6 and 10 days. 
Morphological analysis of DPSCs and PLSCs indica-
ted the presence of cells with a large, flattened, 
or fibroblast-like shape (Figure 2.A). No notable 
changes in morphology and growth characteris-
tics were observed throughout the passages. Cell 
proliferation was examined by counting cells at P2 
and P4. The growth curve showed a maximum cell 
concentration for both passages on the 12 days 
of culture (Figure 2.B). The PLSCs demonstrated 
high potential replication compared with DPSCs 
(Figure 2.C). This suggests that DPSCs and PLSCs 
are stable over time under in vitro conditions. 

The CFU assay is the most widely used test to 
analyze the clonogenic potential of isolated MSCs. 
Therefore, we performed a CFU on both cultures, 
which showed that both cultures form clonogenic 
colonies (Figure 2.C). 

EXPRESSION OF SURFACE AND STEM CELL-
RELATED MARKERS IN DENTAL CELLS

To gain insights into the stem cell properties 
of PLSCs and DPSCs, we surveyed the expression 
of surface (CD105, CD90, and CD73) and stem 
cell-related markers (NANOG, OCT4, and KLF4) at 
P4 cultures in control conditions. RT-PCR showed 
the expression of CD90 in both dental lines, while 
CD105 displayed significantly higher levels of 
mRNAs in PLSCs compared with DPSC (Figure 2.D). 
In the case of CD73, a dental stem cells-specific 
marker showed a lower expression in PLSCs compa-
red with DPSCs. Regarding OCT4, NANOG, and 
KLF4 expression, PLSCs showed higher expression 
of these markers than DPSCs (Figure 2.E).

Figure 2. Isolation, proliferation, and gene expression of markers of PLSCs and DPSCs. (A) Isolation of PLSCs and DPSCs using the 
outgrowth from tissue explants derived from the third molar of a single donor (original magnification 4x). During cell expansion, PLSCs 
and DPSCs showed a typical fibroblast-like morphology. (B) The unit-forming colony assay of PLSCs and DPSCs was done after 12 days of 
culture. (C) Growth kinetics of PLSC and DPSCs cultures in α-MEM + 10% FBS for 12 days at a 1 × 104 cells/well density during passages 
2 and 4 (P2 and P4). Error bars represent the standard deviation of the mean (p < 0.05). (D) Mesenchymal stem cell markers, including 
CDC105, CD90, and CD73, and (E) pluripotent markers, including NANOG, OCT4, and KFL-4, were detected at P4 in PLSCs and DPSCs. 
β-actin were used as a loading control.
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DIFFERENTIATION ASSAYS

To evaluate the multipotential characteristics 
of DPSCs and PLSCs, osteogenic and adipogenic 
differentiations were performed (Figure 3). Osteo-
genic differentiation of DPSCs and PLSCs was 
confirmed with alizarin red staining. DPSCs produ-
ced a dense layer of uniform mineralization, while 
PLSCs created nodules with areas of high density 
but surrounded by areas without staining (Figure 3.C 
and Figure 3.D), which indicates that there are diffe-
rent biological fingerprints between both populations. 
DPSCs and PDLSCs were also capable of under-
going adipogenic differentiation in response to 
treatment with adipogenic-inductive supplements 
for 14 days (Figure 3.E and Figure 3.F).

On the other hand, to monitor the progress 
of adipogenic differentiation, a schematic diagram 
of the experimental was developed, as shown in 
Figure 4.A. The morphological results showed that 
the PLSCs formed cellular aggregates with irregu-
lar/spherical morphology from day 7 for PLSCs of 
induction while in the DPSCs until day 14 (Figure 
4.B). After 21 days of culture with an adipogenic 
medium, PLSCs developed more oil red O positive 
lipid-laden fat cells than DPSCs (Figure 4.Bc-Figure 

4.Bg). The morphological observation was confir-
med by a quantitative analysis of the area stained 
with oil red O, which confirmed a higher adipoge-
nic potential in PLSC (2.5%) than in DPSC (1%) 
(p<0.05) (Figure 4.C).

ADIPOGENIC MARKERS EXPRESSION

Adipogenesis in MSCs involves different 
transcriptional factors that regulate the expression 
of genes associated with the adipogenic pheno-
type. PPARγ and ADIPOQ are used as adipogenic 
differentiation marker genes. PPARγ is considered 
a master regulator of adipogenesis, while ADIPOQ 
is a protein secreted by mature adipocytes (14) 
and involved in lipid accumulations. Hence, the 
expression levels of PPARγ and ADIPOQ in DPSCs 
and PLSCs were profiled by RT-PCR. The expres-
sion of PPARγ in PLSCs gradually increased at days 
14 and 21, while in DPSCs, it occurred up to 21 
days. Interestingly, with adiponectin, an increase 
in gene expression could be observed 14 days 
after adipogenic induction in both cell populations 
(Figure 4.D). These findings are consistent with 
the strong capacity of PLSCs compared to DPSCs 
to synthesize lipids, as demonstrated by multilocu-
lar droplets staining with Oil Red (Figure 4.B).
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Figure 3. Proliferation and differentiation capacity in PLSCs and DPSCs. The differentiation capacity of DPSCs and PLSCs was determined 
by osteogenic and adipogenic differentiation using induction media and specific staining. (A, B) PLSCs and DPSCs control cultured in basal 
medium for 14 days and 21 days. (C, D) Osteogenic differentiation was determined by Alizarin Red Staining (ARS) of calcified mineralized 
matrix (black arrowheads) after 14 days of osteogenic induction. (E, F) Adipogenic differentiation was determined by Oil Red O Staining 
(OROS) of lipid droplets (black arrowheads) 21 days after adipogenic induction. These experiments were done in duplicate two times during 
P2 (n=4). 
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PROFILING OF PROTEINS IN RESPONSE TO 
ADIPOGENESIS USING TWO-DIMENSIONAL GEL 
ELECTROPHORESIS ANALYSIS

To compare the proteins expressed in PDSC 
and PLSCs from the same donor, 2D-GE analysis 
was performed. Multiple 2D-GE SDS-PAGE gels 
were made to represent two biological repeats 
with two technical replicates. The reference map 
contained 39 protein spots in both DPSCs and 
PLSCs and was populated between pI from 4 to 8 
and from 16 to 150 kDa molecular masses (Figure 
5.A). Ten differential spots were identified with at 
least a 1.25-fold change and with P<0.05 at the 
one-way ANOVA test (Table 1), and the functions of 
the matched proteins of both lines were revealed 
using the UniProt database. A total of 39 prote-
ins were identified in the DPSCs; however, only 
three spots differed in their expression from the 
undifferentiated stage (D0) and the differentia-

tion stage (D21). Spot #37 was up-accumulated, 
while spots #20 and #21 were down-accumula-
ted, being the identity of the proteins Isoform 4 
of Histone-binding protein RBBP4, Protocadherin 
Fat1, and SRCA_HUMAN Sarcalumenin, respecti-
vely (Figure 5.B and Figure 5.C and Table 1). These 
proteins are associated with biological processes, 
among which are chromatin remodeling factor 
and cellular migration (15). In the case of PLSC, 
four protein spots were identified. Two spots were 
differentially up-accumulated (#17 and #18), 
and two spots were down-accumulated (#31 and 
#15). These proteins are involved in mitochondrial 
oxidative metabolism, which is important within 
MSC differentiation (16). The partial overlapping 
of stain patterns and their accumulation suggest 
that differentiating DPSCs and PLSCs might have 
different and specific molecular pathways toward 
their commitment to adipogenesis in dental tissue 
stem cells.

Figure 4. Adipogenic differentiation of PLSCs and DPSCs. (A) The schematic diagram of the experimental setup. PLSCs and DPSCs 
were induced to differentiate using an adipogenic induction medium for 21 days. Morphological evaluation by OROS, endpoint PCR, and 
two-dimensional electrophoresis (2D-E) was done 21 days post-induction (dpi). (B) Lipid droplet generation during adipogenic induction 
of PLSC and DPSC; black arrowheads indicate the presence of lipid droplets in dental stem cells at 7,14, and 21 dpi. Adipocyte cells with 
lipid droplets were exhibited using OROS at 21 dpi (black arrowheads). (C) Quantification of OROS in PLSCs and DPSCs; quantification was 
done by estimating the percentage of surface covered with OROS at 21 dpi. Error bars represent the standard deviation for mean from two 
independent experiments by duplicate; significant differences were detected between the groups (*) (p < 0.05). (D) Gene expression profile 
by RT-PCR of adipogenic markers at the indicated time.
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Figure 5. Two-dimensional gel electrophoresis profiles of DPSCs and PDLSCs after 21 dpi. (A) After adipogenic differentiation, the red 
arrowheads indicate differential protein spots in dental stem cells. 2D-E was conducted using 7 cm pH 3–10 IPG strips. The two-dimensio-
nal gel electrophoresis (2D-GE) analysis was done with Melanie 9 software, using protein spots that do not change their intensity between 
the gels for normalization. (B) Close-up of protein spots. Each protein spot was compared to the undifferentiated DPSCs or PLSCs. (C) The 
relative intensity of differential protein spots. Bars show the standard deviation.

Cells type Spot Ratio 
Control/
Adipoge-

nesis

Anova (p) Experi-
mental 
Mr ⁄pI

Proteome-
pI Mr ⁄pI*

UniProt entry UniProt annotation

DPSCs 21 2.3 0.0066 40/4.1 40/4.2 H0Y9H4 HUMAN Isoform of Q14517 Protocadherin Fat 1

20 4.5 0.0241 43/4.8 43/4.7 P54727 RD23B_HUMAN UV excision repair protein RAD23 
homolog B

43/4.8 A2RRC6 HUMAN Isoform of Q9C0A1 ZFHX2 protein

43/4.8 Q09028-4 RBBP4_HUMAN Isoform of Q09028 Isoform 4 of Histone-
binding protein RBBP4

37 1.8 0.0350 101/4.3 101/4.3 P54727 SRCA_HUMAN Sarcalumenin

29 1.2 0.0411 26/7.7 260/7.7 C9JKR8 HUMAN Isoform of Q8N5Y2 Male-specific lethal 3 homolog

26/7.6 O75391 SPAG7_HUMAN Sperm-associated antigen 7

26/7.6 Q8TD07-2 N2DL4_HUMAN Isoform of Q8TD07 Isoform 2 of NKG2D 
ligand 4

PLSC 18 1.2 0.0526 42/5.7 42/5.7 H0YBG8 HUMAN Isoform of Q9UKQ2 Disintegrin and metalloprotei-
nase domain-containing protein 28

42/5.8 A0A0A0MQX7 HUMAN Isoform of Q08629 Testican-1

42/5.8 Q9H0C1 ZMY12_HUMAN Zinc finger MYND domain-containing 
protein 12

31 4.4 0.0195 273/4.8

15 2.3 0.0240 46/4.4 46/4.5 Q96JB5-2 CK5P3_HUMAN Isoform of Q96JB5 Isoform 2 of CDK5 
regulatory subunit-associated protein 3

17 2.6 0.0409 52/7.3 52/7.2 O75306 NDUS2_HUMAN NADH dehydrogenase [ubiquinone] iron-
sulfur protein 2 mitochondrial

0 1.7 0.0444 17/8.7 17/8.7 Q9Y281-3 COF2_HUMAN Isoform of Q9Y281 Isoform 3 of Cofilin-2

17/8.7 H3BR94

Table 1. Differential spots in dental tissue stem cells undergoing adipogenesis.

* A database of pI database (Kozlowski LP 2006 Nucleic Acids Res. 2016. doi: 10.1093/nar/gkw978
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DISCUSSION

Recent findings have suggested that DPSCs 
and PDLSCs are valuable sources of cells for the 
development of regenerative therapies due to their 
multilineage capacity (17,18). The present study 
performed a comparison of the multipotent charac-
teristics and proteomic profile between two types 
of dental MSCs isolated from a single donor tooth. 
MSCs isolated from pulp and periodontal ligament 
tissues were compared based on their proliferation 
rate, expression of pluripotency markers, adipo-
genic differentiation capacity, and protein profile 
using 2DE. MSCs are characterized by a high proli-
ferative capacity, however, there are variations in 
features associated with the origin of these stem 
cells (19), so it is considered necessary to evaluate 
this property in vitro cultures of PDLSCs and 
DPSCs from a single donor. Our results revealed 
that these cells had similar morphology (elongated 
fibroblast-like cells) but showed a different rate 
of proliferation (Figure 2.B), which is consistent 
with previous reports (20-22). PLSCs showed a 
better adaptation to in vitro proliferation condi-
tions compared to DPSCs in the same cell passa-
ges (Figure 2.B). This behavior is correlated with a 
better adaptive response of PLSCs to mechanical 
stress in vitro (23). For example, PL is a tissue 
that is part of the periodontium, and that there-
fore is subject to constant mechanical stress due 
to the movements generated during the chewing 
process (24,25), while DPSCs generate odonto-
blasts and can be found in a more quiescent state 
(26) with respect to PLSCs. Likewise, DPSCs and 
PLSCs showed typical MSC properties, such as 
self-renewal, clonogenic capacity, and expression 
profile of mesenchymal markers, supporting the 
presence of stem cell populations (Figure 2) (27). 
Recently, the cell surface markers STRO-1, CD73, 
CD90, CD105, and CD146 have been reported to 
be suitable for identifying putative MSCs (28). Of 
these markers, we examined CD105, CD90, and 
CD73 expression in this study. In previous works, 
the positive expression of CD73, CD90, and CD105 

in PLSCs and PDSCs has been reported (29-31). 
However, it is important to highlight the increa-
sed expression levels of CD105 in PLSC, which 
could be attributed to the biological characteris-
tics of LP and PD. CD105 plays an important role 
in angiogenesis (32). This is relevant because LP 
has a higher capacity for blood vessel sprouting 
(a process linked to angiogenesis), compared to 
PD (33), which could partly explain this finding. 
Self-renewal and pluripotency are the central 
characteristics of stem cells, in which pluripotency 
genes such as OCT4 (Octamer-binding transcrip-
tion factor 4) and Nanog maintain self-renewal and 
suppress differentiation-associated genes, thus 
maintaining cell pluripotency (34). The detection 
of OCT4 and NANOG expression in human MSCs 
from oral cavity is consistent with earlier reported 
data by our group and other authors (20,35). In our 
study, NANOG had a higher expression in PLSCs 
compared to DPSCs. This contrasts with a previous 
observation (36) where a low expression of NANOG 
was noted in PDLSCs. Several authors have repor-
ted that the expression of ESC markers in MSCs 
can vary depending on the source from which 
they are obtained under in vitro culture conditions 
(34,37). Although both cell lines show a similar 
phenotype, this difference in expression in NANOG 
could be due to a heterogeneous mixture of stem 
cells in DPSCs that present differences in their 
self-renewal capacity and potentiality (38,39).

Like MSCs from other sources, cells of 
dental origin can differentiate into multiple cell 
lineages under appropriate in vitro conditions. 
Our results showed that both populations PLSCs 
and DPSCs had the capacity to form mineralized 
material in vitro under osteoblast-inductive condi-
tions; however, they presented different patterns 
of mineral deposition. For example, DPSCs produ-
ced a dense layer of uniform mineralization 
compared to PLSCs. These different “fingerprints” 
of mineralization that they generate in vitro are the 
result of the differentiation mechanism that they 
develop (40). For example, DPSCs are responsible 
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for the formation of dentine tissues (18,41) and 
the biomineralization of the tooth (26,42), while 
PLSCs generate cementoblasts that provide an 
anchorage of the ligament to the tooth (18).

To analyze the response to adipogenic 
differentiation between DPSCS and PDLScs, an 
adipogenic assay was performed to monitor cell 
morphology and expression of adipogenic markers 
(PPARγ and ADIPOQ) (Figure 4). Concerning 
morphology during induction, PLSCs showed an 
earlier shift from fibroblastic/spindle shape to a 
spherical cell shape during differentiation, repre-
senting a clear sign of adipogenic differentiation 
(43). While staining with oil red O revealed low 
adipogenic potential in DPSC (small lipid droplets), 
according to recent reports (44-49). In support 
of these findings, we observed that the expres-
sion of PPARγ mRNA was higher in PLSCs at days 
14 and 21 but not in DPSCs. This interpretation 
is consistent with the fact that PPARγ expression 
levels determine the adipogenic potential (45) and 
that the levels of ADIPOQ are closely related to the 
expression levels of the PPARγ gene. For example, 
Xu et al. (2019) reported that PLSCs expressed 
higher expression levels of genes associated with 
adipogenic differentiation compared to DPSCs. 
This has been explained because DPSCs in human 
models express genes that inhibit adipogenic 
differentiation, such as the WNT10B gene (47). 
Likewise, another factor that our group has repor-
ted to explain these differences is the high expres-
sion levels of DNA methylation-related enzymes 
such as DNA methyltransferases (DNMT1, -3A) 
and ten-eleven translocation (TET1 and TET2) 
proteins, which could be interrupting the transition 
of DPSCs, but not PLSCs, toward adipocytes (50). 
Our previous results demonstrate that DPSCs and 
PLSCs differ in their adipogenic potential, although 
they share some mesenchymal characteristics. 
Therefore, we wondered if there were differences 
in the protein profile of DPSC and PDLSC during 
adipogenic differentiation. In total, 39 proteins 
were identified in both lines. 

When comparing the DPSCs with PDLSCs 
protein profile, we observed no similar proteins 
in each line. The differentiating DPSC showed 
changes in its expression in only three proteins 
(RBBP4, Protocadherin Fat 1, and Sarcalume-
nin) compared with the control (undifferentiated). 
RBBP4 is a chromatin remodeling factor, and its 
activity is correlated with the activation of the 
Wnt/β-catenin pathway (51). The Wnt/β-catenin 
pathway is a molecular switch that, when activated, 
inhibits adipogenesis by repressing PPARγ induc-
tion and CEBPA (52,53). In this sense, an increase 
in the expression of RBBP4 could be generating 
an effect on the activation of the Wnt/β-catenin 
signaling pathway and, consequently, a reduction 
in the levels of expression of PPARγ in DPSCs, as 
seen in this work. Recent work from several groups 
has elucidated the importance of the canonical 
Wnt/β-catenin signaling pathway and adipoge-
nesis in stem cells (53,54). All results collectively 
allow us to hypothesize that the RBBP4 protein is 
an important component in regulating gene trans-
cription in terminal differentiation to mature adipo-
cytes in DPSCs. For this reason, the role of RBBP4 
in the adipogenic differentiation of DPSCs should 
be explored in depth.

Interestingly, we identified an increase in 
the expression of spots #17 and #18 in PDLSCs, 
which could correspond to a calcium-binding 
mitochondrial carrier protein (SCaMC) and NADH 
dehydrogenase [ubiquinone] iron-sulfur protein 2 
(Table 1). Intracellular calcium and mitochondrial 
oxidative metabolism status has been reported as 
a modulator of adipogenesis (55-57). For example, 
it has been observed that changes in cytoso-
lic Ca²2+can increase or decrease the response 
toward differentiation depending on the stage of 
adipogenesis in the murine model (55). SCaMC 
has not previously been identified in the PLSC 
proteome, although it has previously been associa-
ted with other MSCs (55). This finding could infer 
that SCaMC-3 is a molecular component in the 
adipogenesis mechanism in PLSCS. 
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In the literature, there are no reports of the 
proteome during adipogenesis in this type of cell, 
so we had the limitation of contrasting our results. 
However, our findings could infer that the diffe-
rences in the proteome in this type of cells would 
explain the differential response toward adipoge-
nic compromise in vitro in the same donor.

CONCLUSION

In summary, this study is the first to compare 
the cellular and protein characteristics of two types 
of dental stem cells derived from an individual 
donor. The differences in the expression of the 
proteins detected during adipogenesis in DPSCs 
and PLSCs suggest that they could contribute to 
the commitment toward generating adipose lines. 
However, the differences reported here should be 
confirmed in future studies.

AUTHOR CONTRIBUTION STATEMENT

Conceptualization: B.A.R.J.
Writing-original draft preparation: T.H.S., J.A.M.U.,  
V.A.H. and G.N.C.
Methodology: J.A.M.U. and L.B.A.
Data curation: J.A.M.U. and V.A.H.
Writing-review and editing: B.A.R.J. and T.H.S.
All authors have read and agreed to the published 
version of the manuscript.

CONFLICT OF INTEREST 

The authors declare that they have no 
conflicts of interest.

ACKNOWLEDGEMENTS 

We are grateful for the technical support of 
Dr. Victor Loyola. The authors also acknowledge 
the support of the Seeding Labs Program.

REFERENCES

1. Rodas-Junco B.A., Canul-Chan M., Rojas-
Herrera R.A., De-la-Peña C., Nic-Can G.I. 
Stem cells from dental pulp: what epigenetics 
can do with your tooth. Front Physiol. 2017; 
8: 999. 

2. Bansal R., Jain A. Current overview on dental 
stem cells applications in regenerative dentis-
try. J Nat Sci Biol Med. 2015; 6 (1): 29. 

3. Sarjeant K., Stephens J.M. Adipogenesis. 
Cold Spring Harb Perspect Biol. 2012; 4 (9): 
a008417. 

4. Lee H., Lee B., Park S., Kim C. The proteo-
mic analysis of an adipocyte differentiated 
from human mesenchymal stem cells using 
two-dimensional gel electrophoresis. Proteo-
mics. 2006; 6 (4): 1223-9. 

5. Zhuang W., Ge X., Yang S., Huang M., 
Zhuang W., Chen P., et al. Upregulation of 
lncRNA MEG3 promotes osteogenic diffe-
rentiation of mesenchymal stem cells from 
multiple myeloma patients by targeting 
BMP4 transcription. Stem Cells. 2015; 33 
(6): 1985-97. 

6. Khurshid Z., Zohaib S., Najeeb S., Zafar 
M.S., Rehman R., Rehman I.U. Advances of 
proteomic sciences in dentistry. Int J Mol Sci. 
2016;17 (5): 728. 



ODOVTOS-International Journal of Dental Sciences Marín-Uc et al: Comparative Analysis of Dental Stem Cells From a Single Donor

ODOVTOS-Int. J. Dent. Sc. | Online First, 2024 | ISSN: 2215-3411. 55ODOVTOS-Int. J. Dent. Sc. | Online First, 2024 | ISSN: 2215-3411. 54

7. Li L., Zuo Y., Zou Q., Yang B., Lin L., Li 
J., et al. Hierarchical Structure and Mecha-
nical Improvement of an n-HA/GCO–PU 
Composite Scaffold for Bone Regenera-
tion. ACS Appl Mater Interfaces [Internet]. 
2015;151002103911000. Available from: http://
pubs.acs.org/doi/10.1021/acsami.5b07327

8. DeLany J.P., Floyd Z.E., Zvonic S., Smith 
A., Gravois A., Reiners E., et al. Proteomic 
Analysis of Primary Cultures of Human 
Adipose-derived Stem Cells: Modulation 
by Adipogenesis* S. Mol Cell Proteomics. 
2005; 4 (6): 731-40. 

9. Lo T., Tsai C.-F, Shih Y.-R.V., Wang Y.-T., 
Lu S.-C., Sung T.-Y., et al. Phosphoproteo-
mic analysis of human mesenchymal stromal 
cells during osteogenic differentiation. J 
Proteome Res. 2012; 11 (2): 586-98. 

10. Jeong J.A., Ko K., Park H.S., Lee J., Jang C., 
Jeon C., et al. Membrane proteomic analysis 
of human mesenchymal stromal cells during 
adipogenesis. Proteomics. 2007; 7 (22): 
4181-91. 

11. Pelaez-Garcia A., Barderas R., Batlle R., 
Vinas-Castells R., Bartolome R.A., Torres 
S., et al. A proteomic analysis reveals that 
Snail regulates the expression of the nuclear 
orphan receptor Nuclear Receptor Subfamily 
2 Group F Member 6 (Nr2f6) and interleu-
kin 17 (IL-17) to inhibit adipocyte differen-
tiation. Mol Cell Proteomics. 2015; 14 (2): 
303-15. 

12.  Guerrero-Jiménez M., Nic-Can G.I., Castro-
Linares N., Aguilar-Ayala F.J., Canul-Chan 
M., Rojas-Herrera R.A., et al. In vitro histo-
morphometric comparison of dental pulp 
tissue in different teeth. PeerJ. 2019; 7: e8212. 

13.	Peterson	G.L.	A	simplification	of	the	protein	
assay method of Lowry et al. which is more 

generally applicable. Anal Biochem. 1977; 
83 (2): 346-56. 

14. Zuk P.A. The adipose-derived stem cell: 
looking back and looking ahead. Mol Biol 
Cell. 2010; 21 (11): 1783-7. 

15. Zhang X., Liu J., Liang X., Chen J., Hong J., 
Li L., et al. History and progression of Fat 
cadherins in health and disease. Onco Targets 
Ther. 2016; 9: 7337. 

16. Chakrabarty R.P., Chandel N.S. Mitochondria 
as signaling organelles control mammalian 
stem cell fate. Cell Stem Cell. 2021; 28 (3): 
394-408. 

17. Zhou D., Gan L., Peng Y., Zhou Y., Zhou X., 
Wan M., et al. Epigenetic regulation of dental 
pulp stem cell fate. Stem Cells Int. 2020; 
2020: 8876265 

18. Li B., Ouchi T., Cao Y., Zhao Z., Men Y. 
Dental-derived mesenchymal stem cells: 
state of the art. Front Cell Dev Biol. 2021; 9: 
654559.

19.  Drela K., Stanaszek L., Nowakowski A., 
Kuczynska Z, Lukomska B. Experimental 
strategies of mesenchymal stem cell propa-
gation: adverse events and potential risk of 
functional changes. Stem Cells Int. 2019; 6: 
7012692 

20. Mercado-Rubio M.D., Pérez-Argueta E., 
Zepeda-Pedreguera A., Aguilar-Ayala F.J., 
Peñaloza-Cuevas R., Kú-González A., et 
al. Similar Features, Different Behaviors: A 
Comparative In Vitro Study of the Adipoge-
nic Potential of Stem Cells from Human Folli-
cle, Dental Pulp, and Periodontal Ligament. J 
Pers Med. 2021; 11 (8): 738. 

21. Kotova A.V., Lobov A.A., Dombrovskaya 
J.A., Sannikova V.Y., Ryumina N.A., Klausen 
P., et al. Comparative Analysis of Dental 
Pulp and Periodontal Stem Cells: Differences 



ODOVTOS-International Journal of Dental Sciences Marín-Uc et al: Comparative Analysis of Dental Stem Cells From a Single Donor

ODOVTOS-Int. J. Dent. Sc. | Online First, 2024 | ISSN: 2215-3411. 57ODOVTOS-Int. J. Dent. Sc. | Online First, 2024 | ISSN: 2215-3411. 56

in Morphology, Functionality, Osteogenic 
Differentiation and Proteome. Biomedicines. 
2021; 9 (11): 1606. 

22. Navabazam A.R., Sadeghian Nodoshan F., 
Sheikhha M.H., Miresmaeili S.M., Soleimani 
M., Fesahat F. Characterization of mesen-
chymal stem cells from human dental pulp, 
preapical  follicle and periodontal ligament. 
Iran J Reprod Med. 2013 Mar; 11 (3): 235-42. 

23. Frank D., Cser A., Kolarovszki B., Farkas N., 
Miseta A., Nagy T. Mechanical stress alters 
protein O-GlcNAc in human periodontal 
ligament cells. J Cell Mol Med. 2019; 23 (9): 
6251-9. 

24. Chukkapalli S.S., Lele T.P. Periodontal cell 
mechanotransduction. Open Biol. 2018; 8 
(9): 180053. 

25. Trubiani O., Zalzal S.F., Paganelli R., 
Marchisio M., Giancola R., Pizzicannella 
J.,	et	al.	Expression	profile	of	the	embryonic	
markers nanog, OCT-4, SSEA-1, SSEA-4, 
and frizzled-9 receptor in human periodon-
tal ligament mesenchymal stem cells. J Cell 
Physiol. 2010; 225 (1): 123-31. 

26. Tatullo M., Marrelli M., Shakesheff K.M., 
White L.J. Dental pulp stem cells: function, 
isolation and applications in regenerative 
medicine. J Tissue Eng Regen Med. 2015; 9 
(11): 1205-16. 

27. Silvério K.G., Rodrigues T.L., Coletta R. 
Dela, Benevides L., Da Silva J.S., Casati 
M.Z., et al. Mesenchymal stem cell properties 
of periodontal ligament cells from deciduous 
and permanent teeth. J Periodontol. 2010; 81 
(8): 1207-15. 

28. Jang J.Y., Park S.H., Park J.H., Lee B.K., Yun 
J.H., Lee B., et al. In Vivo Osteogenic Diffe-
rentiation of Human Dental Pulp Stem Cells 
Embedded in an Injectable In Vivo-Forming 
Hydrogel. Macromol Biosci. 2016; 1158-69. 

29.	Miletić	 M.,	 Mojsilović	 S.,	 Okić-Đorđević	
I.,	Kukolj	T.,	 Jauković	A.,	Santibanez	 J.,	 et	
al. Mesenchymal stem cells isolated from 

human periodontal ligament. Arch Biol Sci. 
2014; 66 (1): 261-71. 

30.	Piva	E.,	Tarlé	S.A.,	Nör	J.E.,	Zou	D.,	Hatfield	
E., Guinn T., et al. Dental pulp tissue regene-
ration using dental pulp stem cells isolated 
and expanded in human serum. J Endod. 
2017; 43 (4): 568-74. 

31. Diomede F., Rajan T.S., Gatta V., D’Aurora 
M., Merciaro I., Marchisio M., et al. Stemness 
maintenance properties in human oral stem 
cells after long-term passage. Stem Cells Int. 
2017: 5651287. 

32. Duff S.E., Li C., Garland J.M., Kumar 
S. CD105 is important for angiogenesis: 
evidence and potential applications. FASEB 
J. 2003; 17 (9): 984-92. 

33. Saghiri M.A., Asatourian A., Sorenson C.M., 
Sheibani N. Mice dental pulp and periodon-
tal ligament endothelial cells exhibit different 
proangiogenic properties. Tissue Cell. 2018; 
50: 31-6. 

34. Tsai C.-C., Su P.-F., Huang Y.-F., Yew T.-L., 
Hung S.-C. Oct4 and Nanog directly regulate 
Dnmt1 to maintain self-renewal and undiffe-
rentiated state in mesenchymal stem cells. 
Mol Cell. 2012; 47 (2): 169-82. 

35. Kawanabe N., Murata S., Murakami K., 
Ishihara Y., Hayano S., Kurosaka H., et al. 
Isolation of multipotent stem cells in human 
periodontal	 ligament	 using	 stage-specific	
embryonic antigen-4. Differentiation. 2010; 
79 (2): 74-83. 

36. Ponnaiyan D., Jegadeesan V. Comparison of 
phenotype and differentiation marker gene 
expression	profiles	in	human	dental	pulp	and	
bone marrow mesenchymal stem cells. Eur J 
Dent. 2014; 8 (03): 307-13. 

37. Pierantozzi E., Gava B., Manini I., Roviello 
F., Marotta G., Chiavarelli M., et al. Pluri-
potency regulators in human mesenchymal 
stem cells: expression of NANOG but not of 
OCT-4 and SOX-2. Stem Cells Dev. 2011; 20 
(5): 915-23. 



ODOVTOS-International Journal of Dental Sciences Marín-Uc et al: Comparative Analysis of Dental Stem Cells From a Single Donor

ODOVTOS-Int. J. Dent. Sc. | Online First, 2024 | ISSN: 2215-3411. 57ODOVTOS-Int. J. Dent. Sc. | Online First, 2024 | ISSN: 2215-3411. 56

38. Greco S.J., Liu K., Rameshwar P. Functional 
similarities among genes regulated by OCT4 
in human mesenchymal and embryonic stem 
cells. Stem Cells. 2007; 25 (12): 3143-54. 

39.	Trivanović	 D.,	 Jauković	 A.,	 Popović	 B.,	
Krstić	 J.,	Mojsilović	S.,	Okić-Djordjević	 I.,	
et al. Mesenchymal stem cells of different 
origin: comparative evaluation of prolifera-
tive capacity, telomere length and pluripo-
tency marker expression. Life Sci. 2015; 141: 
61-73. 

40. Volponi A.A., Gentleman E., Fatscher R., 
Pang Y.W.Y., Gentleman M.M., Sharpe P.T. 
Composition of mineral produced by dental 
mesenchymal stem cells. J Dent Res. 2015; 
94 (11): 1568-74. 

41. Okajcekova T., Strnadel J., Pokusa M., 
Zahumenska R., Janickova M., Halasova 
E., et al. A comparative in vitro analysis of 
the osteogenic potential of human dental 
pulp stem cells using various differentiation 
conditions. Int J Mol Sci. 2020; 21 (7): 2280. 

42. Korkmaz Y., Imhof T., Kaemmerer P.W., 
Bloch W., Rink-Notzon S., Moest T., et al. 
The colocalizations of pulp neural stem cells 
markers with dentin matrix protein-1, dentin 
sialoprotein and dentin phosphoprotein in 
human denticle (pulp stone) lining cells. Ann 
Anatomy-Anatomischer Anzeiger. 2022; 
239: 151815. 

43. James A.W. Review of signaling pathways 
governing MSC osteogenic and adipogenic 
differentiation.	 Scientifica	 (Cairo).	 2013:	
684736. 

44. Kolar M.K., Itte V.N., Kingham P.J., Novikov 
L.N., Wiberg M., Kelk P. The neurotrophic 
effects of different human dental mesenchy-
mal stem cells. Sci Rep. 2017; 7 (1): 1-12. 

45. Monterubbianesi R., Bencun M., Pagella P., 
Woloszyk A., Orsini G., Mitsiadis T.A. A 
comparative in vitro study of the osteogenic 
and adipogenic potential of human dental pulp 
stem	 cells,	 gingival	 fibroblasts	 and	 foreskin	
fibroblasts.	Sci	Rep.	2019;	9	(1):1-13.	

46. Shen W.-C., Lai Y.-C., Li L.-H., Liao K., 
Lai H.-C., Kao S.-Y., et al. Methylation and 
PTEN activation in dental pulp mesenchymal 
stem cells promotes osteogenesis and reduces 
oncogenesis. Nat Commun. 2019; 10 (1): 1-13. 

47. Fracaro L., Senegaglia A.C., Herai R.H., 
Leitolis A., Boldrini-Leite L.M., Rebelatto 
C.L.K.,	et	al.	The	expression	profile	of	dental	
pulp-derived stromal cells supports their 
limited capacity to differentiate into adipoge-
nic cells. Int J Mol Sci. 2020; 21 (8): 2753. 

48. Xing Y., Zhang Y., Wu X., Zhao B., Ji Y., Xu 
X. A comprehensive study on donor-matched 
comparisons of three types of mesenchy-
mal stem cells-containing cells from human 
dental tissue. J Periodontal Res. 2019; 54 (3): 
286-99. 

49. Um S., Choi J., Lee J., Zhang Q., Seo B.M. 
Effect of leptin on differentiation of human 
dental stem cells. Oral Dis. 2011; 17 (7): 
662-9. 

50. Argaez-Sosa A.A., Rodas-Junco B.A., Carri-
llo-Cocom L.M., Rojas-Herrera R.A., Coral-
Sosa A., Aguilar-Ayala F.J., et al. Higher Expres-
sion of DNA (de) methylation-Related Genes 
Reduces Adipogenicity in Dental Pulp Stem 
Cells. Front cell Dev Biol. 2022; 10: 791667 

51. Li Y.-D., Lv Z., Zhu W-F. RBBP4 promo-
tes colon cancer malignant progression via 
regulating	Wnt/β-catenin	 pathway.	World	 J	
Gastroenterol. 2020; 26 (35): 5328. 

52. Christodoulides C., Lagathu C,. Sethi J.K., 
Vidal-Puig A. Adipogenesis and WNT signa-
lling. Trends Endocrinol Metab. 2009; 20 (1): 
16-24. 

53.	Prestwich	 T.C.,	 MacDougald	 O.A.	 Wnt/β-
catenin signaling in adipogenesis and metabo-
lism. Curr Opin Cell Biol. 2007; 19 (6): 612-7. 

54. De Winter T.J.J., Nusse R. Running against 
the	 Wnt:	 How	 Wnt/β-catenin	 suppresses	
adipogenesis. Front Cell Dev Biol. 2021; 9: 
627429. 

55. Shi H., DiRienzo D., Zemel M.B. Effects of 
dietary calcium on adipocyte lipid metabo-



ODOVTOS-International Journal of Dental Sciences Marín-Uc et al: Comparative Analysis of Dental Stem Cells From a Single Donor

ODOVTOS-Int. J. Dent. Sc. | Online First, 2024 | ISSN: 2215-3411. 59ODOVTOS-Int. J. Dent. Sc. | Online First, 2024 | ISSN: 2215-3411. 58

lism and body weight regulation in energy-
restricted aP2-agouti transgenic mice. FASEB 
J. 2001; 15 (2): 291-3. 

56. Gherardi G., Monticelli H., Rizzuto R., 
Mammucari C. The mitochondrial Ca2+ 

uptake	and	the	fine-tuning	of	aerobic	metabo-
lism. Front Physiol. 2020; 11: 554904. 

57. Zhao J., Zhou A., Qi W. The Potential to 
Fight Obesity with Adipogenesis Modulating 
Compounds. Int J Mol Sci.  2022; 23 (4): 2299.


