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Abstract. – OBJECTIVE: The clinical use of 
mesenchymal  stem cells (MSCs) in regener-
ative medicine either in  tissue repair or tissue 
reconstruction has given highly interesting re-
sults thanks to their particular nature. Sourc-
es that have attracted the attention of medical 
scientists from where stem cells (SCs) in adults 
could be obtained are different and, dental tis-
sues have certainly become an optimal source 
of MSCs. Dental tissue is a main reservoir of two 
types of MSCs dental bud (DBSCs) that consti-
tute the immature  precursor  of the tooth and 
dental pulp (DPSCs) that are derived from den-
tal inner pulp and partly from dental follicle tis-
sue and can differentiate into several cell pheno-
types as osteoblast, chondrocyte, hepatocytes, 
cardiomyocytes, neuron and β cells. 

PATIENTS AND METHODS: Normal impact-
ed third molars and tooth buds were collected 
from adults and adolescents underwent to ex-
tractions for orthodontic reasons. The expres-
sion of the five stemness genes Nanog, OCT4, 
Sox2, c-Myc and Klf4 were investigated by qRT-
PCR in two different dental stem/progenitor 
cells: dental pulp stem cells (DPSCs) and stem 
cells from dental bud (DBSCs), differentiated to-
ward osteoblastic phenotype and not.

RESULTS: Both DPSCs and DBSCs are easy 
to access and we found their expression of the 
typical mesenchymal stemness makers and os-
teogenic capacity due to the effective presence 
of embryonic gene regulators like Nanog, OCT4, 
Sox2, c-Myc and Klf4. Both DBSCs and DPSCs 
could represent a valid tool in regenerative med-
icine and translational applications. 

CONCLUSIONS: The results depicted here 
provide, for the first time to our knowledge, a 
comparative outcome about the stemness prop-
erties generated from accessible tissues such 
as DPSCs and DBSCs. These two types of SCs 
showed few different distinctive genetic traits 
supposedly in relation to their origin, location 
and stage of maturation. Certainly these SCs re-
serve solid potential for human clinical appli-
cation in autologous procedure for bone, hard 
tissue and soft tissue regeneration, easy to iso-
late, ready availability, high-biocompatibility and 
safety and no ethical restrictions. 
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Introduction

Currently different types of stem cells (SCs) have 
been isolated from dental and surrounding tissue. 
Their involvement in tissue repair and regeneration, 
local bone and teeth homeostasis and maintenan-
ce has been proved1. It is difficult to characterize 
exclusive dental stem cells using just surface pro-
tein markers by Flow-cytometry or gene expres-
sion by Real-time PCR (qRT-PCR) due to their 
ubiquitous characteristics, since these markers are 
equally expressed by all different typology of stem 
cells2. Gene expression of multipotent and pluripo-
tent markers such as Kruppel-like factor 4 (Klf4), 
octamer-binding transcription factor 4 (OCT4), ho-
meobox transcription factor Nanog (Nanog), v-myc 
avian myelocytomatosis viral oncogene homolog 
(c-Myc), SRY (sex determining region Y)-box 2 
(Sox2), osteocalcin (OCN), dentin matrix pro-
tein-1 (DMP-1) and protein markers such as CD44, 
CD73, CD90, CD133, CD34, CD45, CD14, Nestin, 
Stage-specific embryonic antigen-3 (SSEA-3) and 
Transcription-associated protein 1 (Tra1) are in 
fact evidence of stemness which is specific feature 
of stem cells from the bone marrow (BM), umbi-
lical cord blood (UCB), placenta, peripheral blo-
od (PB) as well from teeth tissue 2-4. Dental tissue 
and more specifically dental bud and dental pulp 
are prominent source of these types of multipotent 
and pluripotent stem cells, known as dental-derived 
stem cells (d-DSCs). The focus on these cells has at-
tracted highly interest not only within dentists and 
orthopedics but also in the Regenerative Medicine 
community. Both dental bud and dental pulp stem 
cells (DBSCs-DPSCs) have shown great potential 
in dental tissue repair and regeneration and con-
firmed the expression of transcription factors like 
Nanog, OCT4, Sox2, c-Myc, and Klf4 that play a 
key regulatory activity in the stem cell self-renewal 
process in replenishing mature cells that constant-
ly die due to normal and constant tissue turnover 
reprogramming. The DPSCs and DBSCs both di-
splayed a similar plasticity and typical features of 
pluripotency/multipotency typical of other sub-set 
of mesenchymal stem cells (MSCs)5-7. The human 
dental pulp cells from deciduous and permanent 
teeth can undergo reprogramming to establish plu-
ripotent stem cell lines without c-Myc. These surgi-
cal residues, usually regarded as medical waste, can 
be used as an alternative source of pluripotent stem 
cells for personalized medicine5-7. The role of OCT4, 
Nanog and Sox2 in keeping the pluripotency status 
of stem cells has been well confirmed either in em-
bryonic stem cells (ESCs) or in induced pluripotent 

stem cells (iPS). Takahashi and Yamanaka9 showed 
in 2006 that the introduction of these specific genes 
encoding transcription factors could convert adult 
cells into pluripotent SCs8-15. The OCT4, Sox2 and 
Nanog are mutually involved in the regulation of em-
bryo growth, modulating the cellular differentiation 
at the very early passages; OCT4, Sox2 and Nanog 
directly work on ESCs keeping them in a stemness 
state preventing their differentiation, and sustaining 
their self-renewal16-20. The active participation of 
Klf4 and c-Myc in this stemness activity has been 
confirmed though the way they interact has not been 
fully understood yet21-26. The data about c-Myc are 
sometimes discordant probably due to the multilevel 
expression of this gene. In normal cell c-Myc par-
ticipate in proliferation and growth mechanism, an 
interesting feature is that c-Myc is generally low in 
quiescent cells as could be the case of MSCs in BM 
niches or in PB circulation; conversely, c-Myc swi-
tch on quick and become highly active once induced 
by growth factors10. Intriguingly, outcomes from 
c-Myc knockout mouse lead to embryonic death and 
can act the same as Klf4 either as an oncogene or 
tumor suppressor. This redundancy was described 
by Chang et al26 who reprogrammed  human den-
tal pulp cells from deciduous and permanent teeth 
into pluripotent stem cells without inserting c-Myc. 
Similarly, Klf4 participate in cell proliferation and 
growth expressed in different tissues regulating the 
final commitment of stem cell differentiation as well 
apoptosis21. These results suggest that both Klf4 and 
c-Myc may exert differently depending on general 
micro-molecular condition, nevertheless they both 
are involved in the important modulatory function 
ESCs stemness, self-renewal and pluripotency as it 
was shown in Yamanaka’s iPS project9,21-26. The aim 
of this study was to investigate the natural stemness 
feature of both DPSCs and DBSCs in the view to 
considered they as non-conventional, valid alterna-
tive source of MSC like cells that might be used for 
autologous cell therapy and drug screening applica-
tions, in particular in oral and maxillofacial practice.

Patients and Methods

Culture of d-DSCs
Dental bud stem cells (DBSCs) and dental 

pulp stem cells (DPSCs) were cultured as pre-
viously reported5,7. In brief, unerupted third mo-
lars and dental buds were obtained from healthy 
paediatric male donors (8-12 years) underwent 
to surgical extractions for orthodontics reasons. 
Written informed consent to tooth extraction by 
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piezo-surgery equipment (Silfradent Surgybone, 
S. Sofia, Italy) was obtained from all patient’s 
guardians and parents. 

Culture of MSCs
Dental bud stem cells (DBSCs) and dental pulp 

stem cells (DPSCs) were cultured for 7 days in a 
basal medium containing 10% fetal bovine serum 
(FBS) (Gibco Ltd., Uxbridge, UK), 100 μM L-a-
scorbic acid-2-phosphate, 100 U/ml penicillin, 2 
mM glutamine and 100 µg/ml streptomycin (Gibco 
Limited, Uxbridge, United Kingdom), incubated 
in a Thermo Scientific Heracell CO2 (5%) at 37°C 
(Thermo Fisher Scientific, Waltham, MA, USA).

For osteogenic experiments, DBSCs and 
DPSCs cells were cultured for 7 days with oste-
ogenic medium containing α-MEM (Sigma-Al-
drich, St. Louis, MO, USA), 20% fetal bovine 
serum (FBS (Invitrogen, Carlsbad, CA, USA) 
with 10 mM β-glycerophosphate (Sigma-Aldri-
ch, St. Louis, MO, USA), 100 nM dexamethasone 
(Sigma-Aldrich, St. Louis, MO, USA), 0.2 mM 
L-ascorbic acid-2-phosphate (Sigma-Aldrich, St. 
Louis, MO, USA), 0.1 mg/mL streptomycin, 0.25 
mg/mL amphotericin B and 100 U/mL penicillin 
(Gibco Limited, Uxbridge, United Kingdom). 

Total RNA Extraction and qRT-PCR
Total RNA was extracted from DBSCs and 

DPSCs using the Purelink™ RNA mini kit (Ap-
plied Biosystems, Monza, Italy) and RNA were 
reverse-transcribed using M-MuLV reverse tran-
scriptase (Applied Biosystems, Monza, Italy). The 
cDNA samples were amplified by Real-time PCR 

(qRT-PCR) using primers sequences (Table I) speci-
fic for the kruppel-like factor 4 (Klf4), octamer-bin-
ding transcription factor 4 (OCT4), homeobox 
transcription factor Nanog (Nanog), v-myc avian 
myelocytomatosis viral oncogene homolog (c-Myc), 
SRY (sex determining region Y)-box 2 (Sox2) and 
hypoxanthine phosphoribosyltransferase (HPRT). 
The qPCR reactions were performed using a Piko-
real 96 system (Thermo Fisher Scientific, Wal-
tham, MA, USA). The qRT-PCR conditions were: 
an initial denaturation step at 95°C for 10 min; 40 
cycles of 10 s at 95°C and 1 minute at 60°C. Melting 
curve analyses were performed at the end of each 
PCR assay to verify the specificity of the PCR pro-
ducts. mRNA expression levels were calculated by 
the 2−ΔΔCt method with the levels of gene expression 
normalized to the housekeeping gene hypoxanthine 
phosphoribosyltransferase (HRPT). 

Statistical Analysis
All experiments were performed in triplicate. 

Data is shown as means ± standard deviations 
(SD). Data was evaluated by unpaired two-tailed 
Student’s t-test (GraphPad Prism software packa-
ge, La Jolla, CA, USA). The differences between 
groups were considered statistically significant 
when p-values were less than 0.05. 

Results

In this study, we compared the expression of five 
stemness genes (OCT4, Sox2, c-Myc, Nanog and 
Klf4) DBSCs vs. DPSCs in basal medium and during 

Table I. Primer sequences used for quantitative Real-Time PCR.

Gene	 Sequence (5’-3’)	 NCBI Accession Number

Klf4	 Forward: CCATCTTTCTCCACGTTCG	 NM_004235.4
	 Reverse: AGTCGCTTCATGTGGGAG	
OCT4	 Forward: GTATTCAGCCAAACGACCATC	 NM_002701.5
	 Reverse: CTGGTTCGCTTTCTCTTTCG	
Sox2	 Forward: GACTTCACATGTCCCAGCACTA	 NM_003106.3
	 Reverse: CTCTTTTGCACCCCTCCCATT	
Nanog	 Forward: ATTCAGGACAGCCCTGATTCTTC	 NM_024865.3
	 Reverse: TTTTTGCGACACTCTTCTCTGC	
c-Myc	 Forward: GCTGCTTAGACGCTGGATTT	 NM_002467.4
	 Reverse: TAACGTTGAGGGGCATCG		
	 Reverse: TGAAACTCAACCTTCCCTTGGT	
HPRT	 Forward: TGACACTGGCAAAACAATGCA	 NM_000194.2
	 Reverse: GGTCCTTTTCACCAGCAAGCT

Klf4, Kruppel-like factor 4; OCT4, octamer-binding transcription factor 4; Sox2, SRY-related HMG-box 2; Nanog, 
homeobox transcription factor Nanog; c-Myc, v-myc avian myelocytomatosis viral oncogene homolog; HPRT, hypoxanthine 
phosphoribosyltransferase.
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osteogenic differentiation process. Gene expression 
levels showed that DBSCs cultured in basal medium 
express significantly higher mRNA levels of Sox2 
(2.2-fold) and c-Myc (2.2-fold) than DPSCs. 

On the contrary, DBSCs express significantly 
lower levels of Klf4 mRNA (0.21-fold) when com-
pared to DPSCs at the same conditions (Figure 1). 
Furthermore, Real-time PCR (qPCR) analyses 
were performed to determine if osteogenic me-

dium influenced the expression of the major stem-
ness-associated genes OCT4, Sox2, c-Myc, Nanog 
and Klf4 in DBSCs vs. DPSCs. Gene expression 
levels showed that DBSCs cultured in osteoge-
nic medium express significantly higher mRNA 
levels of OCT4 (1.8-fold), Sox2 (1.4-fold), c-Myc 
(1.68-fold) and Nanog (3.77-fold), whereas they 
express significantly lower levels of KLf4 mRNA 
(0.55-fold) when compared to DPSCs at the same 

Figure 1. Expression of the stemness molecular markers in human DBSCs compared to DPSCs in basal medium. mRNA 
expression of the stemness genes OCT4, Sox2, c-Myc, Nanog and Klf4 in DBSCs compared to DPSCs cultured in basal me-
dium for 1 week. Results are represented as fold increase compared to the level expressed in DPSCs cultured in basal medium. 
*(p < 0.05); **(p < 0.01); ***(p < 0.001); (NS.= not significant).

Figure 2. Expression of the stemness molecular markers in human DBSCs compared to DPSCs cultured in osteogenic me-
dium. mRNA expression of the stemness genes OCT4, Sox2, c-Myc, Nanog and Klf4 in DBSCs compared to DPSCs cultured 
in osteogenic medium for 1 week. Results are represented as fold increase compared to the level expressed in DPSCs cultured 
in basal medium *(p < 0.05); **(p < 0.01).



A. Ballini, S. Cantore, S. Scacco, L. Perillo, A. Scarano, S.K. Aityan, M. Contaldo, et al. 

1630

aled that Sox2 is arranged into a heterodimeric com-
plex with OCT4 with a spacer of 3bp that is in char-
ge of regulating the expression of fibroblast growth 
factor-4 (Fgf4) gene. This spacer is exactly located 
in between the Sox and OCT4, CATTGTCATGCA-
AAT, important for Fgf4 expression35-37. 

Detection of OCT4, Sox2 and Nanog expres-
sion in human MSCs from BM, UCB, adipose tis-
sue, PB and many other tissues is consistent with 
earlier reported data by many other authors6,38-42. 
Although currently these genes are better un-
derstood we still need to know more clear their 
functional role in different sub-sets of adult stem 
cells as these genes ubiquitously may refer either 
to adult stem cells or embryonic like stem cells 
that are kept in quiescent state in special niches, 
in circulation or organ tissues. 

In fact, our data indicated that both DBSCs and 
DPSCs cultured in vitro expressed a hetero-gene-
ous assortment of markers associated with em-
bryonic stemness, showing a well consolidated 
self-renewal capability and multilineage diffe-
rentiation potential to chondrocytes, adipocytes, 
odontoblasts, and neural-like cells under appro-
priate induction conditions32-34. 

Despite other sources of MSCs like BM, UCB, 
PB, skin, brain, liver in the adult body the dental 
tissues are formed at a later stage and are a sour-

conditions (Figure 2). Comparative image of total 
stemness expression pattern for both d-DSCs is 
reported in Figure 3.

Discussion

Mesenchymal stem cells were first discovered as 
fast growing, high plasticity and adherent colony for-
ming like-fibroblastic cells present in bone marrow 
stroma; however, they also present in fat tissue, um-
bilical cord blood, placenta and peripheral blood. Me-
senchymal stem cells sub-set was also obtained from 
different typology of oral cavity tissues. These MSCs 
have been studied and used with different typology of 
scaffolds showing a very interactive activity with the 
internal scaffold microenvironment27-34. 

The co-expression of gene like OCT4, Nanog, 
Sox2, c-Myc and Klf4 certainly proved the stem-
ness attribute of these cells. Of note, in order to 
appreciate entirely the interactivity of these genes 
it is crucial to understand that they dynamically 
intersect each other. For instance, mouse and hu-
man cells studies showed that OCT4 as transcrip-
tion factors (TF), also includes the homeobox pro-
tein of Nanog and homebox transcription factors 
of Sox2 that maintain pluripotency in ESCs. 

Another research performed on blastocytes reve-

Figure 3. Gene expression of OCT4, Sox2, c-Myc, Nanog and Klf4 in DBSCs compared to DPSCs in both basal medium and 
osteogenic medium. mRNA expression obtained from two lines of cells at day 7 cultured in either basal medium or osteogenic 
medium (without the adjunct of other osteo-inducers such as vitamin D, Dexamethasone and BMP2) were compared. The DBSCs 
eventually at day 7 expressed in osteogenic medium environment higher level of OCT4, Nanog and Sox2 with a remarkable de-
crease of Klf4 and no valuable changes in c-Myc. Conversely, the DPSCs did not show as much fluctuance in gene expression in 
comparing; however, in the osteogenic medium it has been noted a decrease in c-Myc whilst OCT4 and Kfl4 showed no valuable 
changes. The c-Myc down expression in both samples might be related to the fact that this gene need a presence of different in-
ducers such as vitamin D, in addition the expression of c-Myc, OCT4 and Klf4 indicate cells osteo-differentiation in later period 
which is between 21 day for mature osteoblasts and SCs and as early as 14 days for emerging undifferentiated SCs.
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ce of large amount of stem cells, caused by late 
completion of odontogenesis process and tooth 
eruption. 

Additionally wisdom tooth that are mature and 
at the stage of germ, can be a source of DPSCs 
and DBSCs. Wisdom teeth are not essential for 
human masticatory function and frequently ex-
tracted for orthodontic reasons or dysodontiasis. 
The tooth extraction, by piezo-surgery technique, 
is less invasive when compared to bone marrow 
or other tissue biopsy. 

The challenge of new bone formation and graft 
integration is strictly dependent on recruitment 
and adhesion of stem cells on the scaffolds, to 
attain a successful cell differentiation and inte-
raction with the microenvironment. 

In this study, the expression of five stemness 
genes namely OCT4, Sox2, c-Myc, Nanog and 
Klf4 were compared during expansion for DBSCs 
and DPSCs (Figures 1, 2, 3). The results conclu-
ded that DBSCs cultured in basal medium signi-
ficantly expressed higher mRNA levels of both 
Sox2 and c-Myc almost twice than DPSCs. This 
was revealed in the course of gene expression 
analysis. In contrast, when associated to DPSCs 
in similar conditions, DBSCs showed significant 
lower levels of Klf4 mRNA. Similarly, real-time 
PCR (qPCR) analyses was performed to determi-
ne if osteogenic medium had any influence on the 
expression of the major stemness-associated ge-
nes OCT4, Sox2, c-Myc, Nanog and Klf4 in DB-
SCs with respect to DPSCs. 

Gene expression levels showed significantly 
higher mRNA levels of OCT4 (1.8-fold), Sox2 
(1.4-fold), c-Myc (1.68-fold) and Nanog (3.77-
fold), however they express significantly lower 
levels of Klf4 mRNA (0.55-fold) when compared 
to DPSCs under same culture condition. So, we 
can speculate that d-DSCs are fitting for stemness 
potential related clinical applications since their 
effortless isolation, easiness of culture conditions 
and reprogramming aptitude. It may be suitable 
to apply these cells to achieve the regeneration of 
tissues/organs, in particular for head and neck tis-
sues regeneration such as the gingiva, the tooth 
and salivary gland, which are formed through the 
interaction of epithelial and mesenchymal tissues 
during organogenesis43-50. This study evaluated 
and confirmed at least in vitro the stemness state, 
the multipotency and pluripotency of both line of 
cells obtained from oral tissues, the DPSCs and 
DBSCs. We are, therefore, highly confident that 
these SCs could be an alternative and a real va-
lid solution to be used in Regenerative Medicine 

for soft tissue and bone regeneration due to their 
distinctive biological features and safety. Howe-
ver, any gene variation that has been showed in 
this study may be the results of few variabilities 
that, in part, indicate the substantial differences 
that contradistinguish the two lines of cells, one 
from the pulp the others from Bud. The differen-
ces might be related to the medium used in vitro 
culture and the intrinsic natural final commitment 
towards different types of tissues and cell phe-
notypes of both DPSCs and DBSCs; the lack of 
different stimulators in osteogenic medium that 
has been directly connected with OCT4, c-Myc 
and Klf4 gene over expression such as vitamin 
has probably to be considered as an adjunctive 
cause; eventually we should also consider the pe-
riod of culture that in our case was 1 week, which 
is probably too short to see a fully expression of 
those genes as showed by different data in which 
either 14 or 21 days is the right time to either iden-
tify iPS formation and osteoblast maturity confir-
med by the additional characterization of alkaline 
phosphatase (AP)51. Last but not least, we should 
highlight the structural limitations of the in vitro 
microenvironment and the lack of molecular and 
bio-chemical influences that eventually contribu-
te to cell behavior and maturity. 

Conclusions

We showed for the first time in vitro the genetic 
expression existing between DPSCs and DBSCs 
under different media induction and their stem-
ness pertinence that put them at the same level of 
other sub-set of adult SCs and MSCs.
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