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Abstract: Bone regeneration after trauma, pathologic 
and surgical procedures is considered a major medical 
challenge. Due to limitations in using conventional 
approaches, cell based regenerative strategies may 
provide an alternative option to address such issues. In 
the current study, we sought to determine the osteogenic 
potential of dental pulp stem cells (DPSCs) isolated from 
impacted 3rd molars. DPSCs were isolated from human 
dental pulp tissue (n=6) using explant culture. Growth 
characteristics of DPSCs were determined using plating 
efficiency, and the number and time of population 
doublings. After characterization, DPSCs were induced 
to differentiate into osteoblasts and were assessed using 
polymerase chain reactions (PCR) and histological 
analysis. Results indicated that DPSCs can be isolated 
from impacted human third molars, and that DPSCs 
exhibited typical fibroblastic morphology and excellent 
proliferative potential. In addition, morphological 
changes, histological analysis and expression of lineage 
specific genes confirmed osteogenic differentiation of 
DPSCs. In conclusion, DPSCs isolated from impacted 3rd 
molars have high proliferative potential and ability to 
differentiate into osteoblasts.

Keywords: human dental pulp stem cells, impacted tooth, 
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1  Introduction
The refinement of bone imperfection and defects due to 
trauma, pathological conditions and surgical procedures 
is a significant challenge [1]. Currently, allografts, 
autologous bone grafts or alloplastic materials are used to 
overcome the above-mentioned defects. However, certain 
limitations such as inadequate quantity of grafting bones, 
deformity, donor site morbidity, poor biocompatibility, 
immunogenicity and compromised vascularity restrict 
their use for optimum clinical conditions [1, 2]. Cell-based 
tissue engineering strategies can offer unique therapeutic 
alternative approaches to address these issues. Isolation 
of stem cells (SCs) from human adult and deciduous teeth 
has been reported in the last decade [3]. Adult stem cell 
sources, such as dental pulp (a soft living tissue within 
teeth) is a source of MSC (mesenchymal stem cells) like 
cells and may be used for the repair of large bone defects 
in dentoalveolar and craniofacial regions [4-8]. It has 
been observed that mesenchymal stem cells (MSCs) can 
differentiate into bone-like cells when the appropriate 
environment is provided. As dental pulp stem cells 
(DPSCs) exhibit MSC like characteristics, we aimed to 
isolate human dental pulp stem cells (hDPSCs) from the 
impacted 3rd molar and induce them to differentiate into 
osteoblasts.

The use of DPSCs can be very cost-effective, less 
invasive, convenient, and safer with fewer complications 
and no ethical issues as compared with other MSCs 
sources such as bone marrow, peripheral blood, and 
umbilical cord blood etc. [9]. These cells can easily 
be cultivated and expanded for autologous, as well 
as allogenic medical use. Further, these cells can be 
cryopreserved, are immunoprivileged and also when 
grafted into allogenic tissues exhibit anti-inflammatory 
abilities. Highly proficient interaction with biomaterials 
makes it a favorable choice for bone engineering [10].

In oral, and maxillofacial surgery, the restoration 
of function, such as facial expression, occlusion and 
mastication is exquisitely complex and the unconventional 
possibilities of enhancing bone regeneration should 
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be considered [11-13]. Since MSCs can be induced to 
differentiate into osteoblasts, the current study aims to 
evaluate the osteogenic potential of DPSCs which exhibit 
MSC-like characteristics and is a new unconventional 
source of stem cells. In addition, cryopreservation of 
DPSCs will allow use of these autologous cells at the time 
of care when needed [14, 15].

The present study is intended to assess the osteogenic 
potential of MSCs harvested from dental pulp of extracted 
impacted 3rd molar. DPSCs were isolated from the pulp 
using an explant culture method. Cells were characterized, 
and their proliferation was determined using parameters 
such as plating efficiency, population doubling time 
and population doublings. DPSCs were then induced to 
differentiate into osteoblasts and their differentiation 
was assessed using various parameters. Results indicated 
that dental pulp of 3rd molars can be used for isolation of 
stem cells that are highly proliferative and demonstrate 
osteogenic potential. This study will provide opportunity 
for the use of extracted teeth as an autologous cell source 
for patient care to restore bone defects.

2  Material and methods
This in vitro experimental study was conducted in 
the Tissue Engineering and Regenerative Medicine 
Laboratory, Department of Biomedical Sciences at King 
Edward Medical University/Mayo Hospital Lahore. Six 
samples of human healthy third molars were removed 
for orthodontic or prophylactic measures in the Oral 
and Maxillofacial Surgery Department of Mayo Hospital 
Lahore. Wisdom teeth with deep caries, periapical and 
periodontal disease, sclerosed pulp chamber or donors 
positive for HCV, HBV and HIV were excluded from study.

Informed consent: Informed consent has been obtained 
from all individuals included in this study.

Ethical approval: The research related to human use has 
been complied with all the relevant national regulations, 
institutional policies and in accordance the tenets of 
the Helsinki Declaration, and has been approved by the 
Institutional Review Board (IRB) and AS&RB (Advance 
Studies and Research Board) at King Edward Medical 
University, Lahore. The ethical approval letter is #188/ RC/
KEMU.

2.1  Isolation and Culturing of DPSCs

Before extraction of healthy impacted 3rd molars, each 
subject was evaluated for systemic and oral infections. 
Immediately after extractions, the tooth was placed 
in phosphate buffer saline (PBS) supplemented with 
1% penicillin (100U/ml) and streptomycin (100ug/ml). 
Before the extraction of pulp, molars were washed with 
ethanol (70%). An incision was made at the enamel 
and cementum junction using a cylindrical turbine bur. 
Pulp from tooth was removed with sterilized forceps or 
barbed brochae [6]. Pulp tissue was then washed with 
PBS and minced into 1–2 mm fragments. Tissue fragments 
were cultured in α-MEM (Minimum Essential Medium-
Alpha, Caisson MEL07-500ML) supplemented with 1% 
non-essential amino acids (Caisson cat# 02161008), 1% 
penicillin/streptomycin solution (Capricorn PS-B, cat# 
CP13-1019), 1% L-glutamine (Hyclone cat# SH30034.01), 
1% sodium pyruvate (Hyclone cat# SH30239.01) and 10% 
fetal bovine serum (FBS, Biochorm cat# 0878C). Six-well 
plates containing tissue pieces were incubated at 37°C, 
and 5% CO2 in humid environment. After 24 hours, the 
medium was replaced and cell cultures were observed 
daily. When a sufficient number of colonies was observed, 
tissue pieces were removed and fresh medium was added. 
When cultures reached 80–90% confluence, they were 
dissociated using trypsin-EDTA, counted and plated for 
subsequent experiments. DPSCs, like MSCs were defined 
by their fibroblastic morphology and plastic adherent 
properties [16].

2.2  Growth Characteristics of Dental Pulp 
Stem Cells

Growth characteristics of DPSCs were determined by 
using parameters such as plating efficiency (PE), number 
of population doublings (PD) and population doubling 
time (PDT).

2.3  Plating Efficiency (PE)

To determine plating efficiency, DPSCs at passage 1 
were plated in low numbers as described by Choudhery 
et al [15]. Briefly, passage 1 DPSCs were trypsinized and 
counted using a hemocytometer. DPSCs were plated at a 
concentration of 40 cells per cm2 (1000 cells per 25 cm2 
culture flasks). Complete culture medium was added, 
and cultures were incubated at 370C at 5% CO2 under 
humid conditions. After two weeks, absolute methanol 
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was used to fix resultant colonies. Colonies of cells were 
then stained with 0.1% crystal violet dye, and counted. 
The following formula was used for measuring the plating 
efficiency [15]:

Plating Efficiency (P.E.) = (No. of colonies counted/
No. of cells initially plated) × 100

2.4  Population Doubling and Doubling Time

The number of population doublings was determined 
by passaging the cells serially at a 1:10 dilution. Initial 
and final cell numbers were determined at each passage 
for up to ten passages. Population doublings (PD) and 
population doubling time (PDT) was calculated using the 
following formulae [14, 15]:

cPDs = Log N/ No ×log 2
DT = CT/cPDs

Where, “cPDs” represents cumulative population 
doublings, and “No” represents cell number plated, “N” 
represents cell number harvested, “DT” is doubling time 
and “CT” is total time in culture.

2.5  Osteogenic differentiation of DPSCs

For in vitro osteogenic differentiation, passage two DPSCs 
at a concentration of 5×104 cells were plated in 6-well tissue 
culture plates with complete expansion culture media. 
When DPSCs cultures became 80%-90% confluent, the 
primary culture medium was replaced by osteogenic 
induction medium (Osteolife LM-0023, LOT NO 05007) 
supplemented with 1% penicillin/streptomycin solution 
(Capricorn cat# PS-B, Cat no CP13-1019). Osteogenic 
differentiation medium was replaced with fresh media 
after every 3-5 days and experiments were terminated after 
21 days.

2.6  Assessment of Osteogenic Differentiati-
onVon Kossa staining

The assessment of DPSCs differentiation into osteoblasts 
was determined by “Von Kossa” staining [10]. Briefly, 
after 14 and 21 days of induction, the osteogenic 
differentiation medium was discarded, and cells were 
fixed with 10% formalin for 15 minutes. Cells were stained 
using a commercially available Von Kossa staining kit 
(MASTER TEC STAIN KITS lot No. AAEWD005) according 
to manufacturer instructions. Stained cultures were 
observed by bright field microscopy and images were 
captured.

2.7  Alizarin red staining

In addition to Von Kossa Staining, the osteogenic induced 
cultures were also stained with alizarin red S (Cat no 
22889). Differentiated DPSCs were fixed with 10% formalin 
for 15 minutes and were stained with 2% Alizarin Red S 
for 15-30 minutes. Cultures were then thoroughly washed 
with deionized water and viewed under light microscope.

2.8  Polymerase chain reaction (PCR)

To evaluate the expression of lineage specific genes, 
polymerase chain reaction was performed. Briefly, RNA 
was isolated after day 14 and 21 of osteogenic induction 
by TRIZOL (Invitrogen) and cDNA was synthesized using 
reverse transcriptase (Wizscript cDNA synthesis kit). For 
PCR, WizPure™ PCR 2X Master Mix was used. Sequences 
for the primer pairs and their product lengths (bp) are 
given in Table 1 [10].

Table 1: List of used primers and their sequences

Sr # Genes markers PCR product (bp) PCR primer set (5’-3’)

1 Beta actin 137 Forward primer: CGCATGGGTCAGAAGGATTC
Reverse primers: TAGAAGGTGTGGTGCCAGATTT

2 OCN 229 Forward primer: CTCACACTCCTCGCCCTATT
Reverse primer: CCTCCTGCTTGGACACAAA

3 RUNX 250 Forward primer: ACCTTGACCATAACCGTCTTCAC
Reverse primer: TCCCGAGGTCCATCTACTGTAAC

The following PCR conditions were used; denaturation for 5 minutes at 95°C; followed by annealing for 30 seconds at 55°C and extension at 
72°C. PCR products were visualized by agarose gel electrophoresis.
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2.9  Data analysis

Statistical analysis was performed using GraphPad Prism 
6 (Graphpad Software, Inc). Plating efficiency, population 
doublings and doubling time were presented as mean ± 
standard deviation.

3  Results

3.1  Isolation and Characterization of DPSCs

MSCs from human dental pulp were successfully isolated 
from the pulp of third molars from all samples (n=6). 
After 4-6 days in culture, cells started to grow out of the 
small tissue segments and attached to the plastic surface. 
After approximately two weeks of culture, adherent cells 
became 70%-80% confluent and formed a monolayer 
within three weeks as shown in Figure 1. MSCs were 
characterized by their plastic adherent properties and 
fibroblastic morphology.

3.2  Growth Characteristics of Dental Pulp 
Stem Cells

Growth characteristics of DPSCs were defined by 
parameters such as plating efficiency, number and time 
of population doublings. Plating efficiency was performed 
to evaluate the clonal expansion capacity of DPSCs. 

DPSCs grew into colonies with different densities within 
two weeks (Figure 2A). DPSCs from all donors produced 
colonies of different sizes (Figure 2B, C), and exhibited 
high plating efficiency (5.35% ± 1.18) as demonstrated in 
Figure 2D.

When cultured DPSCs reached 80-90% confluence, 
they were trypsinized and serially passaged at 1:10 
dilution to determine cumulative population doublings 
up to passage ten. DPSCs showed excellent proliferative 
potential and expanded rapidly in culture. The number 
of cPDs of DPSCs culture for ten passages was 24.38 ± 1.11 
(Figure 3E). Similarly, the population doubling time of 
DPSCs was 1.95 ± 0.080 days as shown in figure 3F.

3.3  Osteogenic Differentiation of DPSCs

In osteogenic induction medium, the morphology of DPSC 
was changed from fibroblast to polygonal. After 21 days 
of induction, newly differentiated osteoblasts grew in 
multiple layers and stained positive for “Von Kossa” as well 
as “Alizarin red”, confirming the differentiation of DPSCs 
into osteoblasts. Positive RUNX2 expression was also 
observed at day 14 and 21, and significant up regulation 
of osteocalcin (OCN) was also observed after day 14 as 
shown in figure 4. RUNX2 transcription factor is known 
to appear at the initiation of osteogenic differentiation, 
and is considered the earliest and most precise marker for 
bone formation. The OCN protein marker is considered a 
late phase marker of osteogenic differentiation.

Figure 1: OPG, extract tooth and explant culture. A) An OPG showing impacted tooth. B) Extracted tooth in PBS. C) Pieces of pulp. D) MSCs 
started coming out of small DP pieces at 6-10 days. DP-MSCs at approximately 2 weeks after culture E) Cells formed monolayer after 14-21 
days. OPG: orthopentomogram, DP: Dental pulp; MSCs: Mesenchymal stem cells.



Human Dental Pulp Stem Cells Exhibit Osteogenic Differentiation Potential   233

Figure 2: DPSC derived colonies and plating efficiency. A) showing colonies (low and high density) derived from DPSCs after 14 days. Colo-
nies were stained with crystal violet dye. B) Low density colony of DPSCs and C) showing high density colony of DPSCs. D) Shows plating 
efficiency of all samples with different ages (n=6).

Figure 3: Proliferative potential of DPSCs. Passaging of DPSCs A) passage 1 B) passage 3 C) passage7 D) passage 10 E) cumulative popula-
tion doublings of all six samples with different age groups from p0 to p 10 F) population doubling time of DPSCs was calculated for all six 
samples from P0- P10 ,  which was 1.95days ± 0.080, DP-MSCs shows an ideal PDT proving that these cells are easily expendable.
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selected explant culture method as it is inexpensive and 
gives a pure population of stem cells [21]. Within 3-4 days 
after primary culture, a certain number of cells (DPSCs) 
appeared in culture that resembled MSCs as defined by 
their spindle shape, fibroblastic morphology and plastic-
adherent growth as documented previously [22, 23]. The 
International Society for Cellular Therapy (ISCT) defines 
the criteria for characterization of MSCs. According to this 
criteria, these cells exhibit positive expression of certain 
markers such as CD44, CD73, CD90, CD146 and CD166 
while they are negative for hematopoietic lineage markers 
such as CD14, CD19, CD34 and CD45, as were exhibited 
by cells from other MSC sources [21-23]. Studies indicate 
that cells isolated by explant culture method are pure as 
compared to cells isolated by enzymatic digestion. DPSCs 
were isolated from the 3rd molars of donors of different 
ages. To evaluate growth characteristics, the cultures 
of DPSCs at 80%-90% were serially passaged up to 
passage 10. All resultant cultures of DPSCs showed high 
proliferative ability as indicated by their high number of 
population doublings (24.38 ±1.11) and low population 
doubling time (1.95 days ± 0.080). These results are in 
agreement with other similar studies by Huang et al [23], 
Suchánek J et al [24], Gronthos et al [22] and Kellner M et 
al [6]. DPSCs also exhibited high plating efficiency (5.35 
± 1.188), similar to the findings of Eslaminejad et al [25]. 
Stem cell numbers in dental pulp tissue when evaluated 
alongside other MSCs, i.e. bone marrow or adipose tissue, 
were shown to be less differentiated, bearing greater 

4  Discussion
The use of MSCs for regenerative medicine has garnered 
a significant consideration in recent years. Already, bone 
marrow stromal stem cells, adipose derived stem cells, 
cord blood and cord tissue have shown to be potent 
sources of MSCs [14-17]. For the regeneration of bone, 
three components are required, namely; cells, scaffolds 
and growth factors [2]. Until now, BMSCs have been 
extensively exploited for osteogenic research and bone 
tissue restoration, but limited differentiation competence 
and proliferation potential makes it a less ideal source for 
MSCs [1, 2]. DPSCs possess a high proliferative potential and 
their source is readily available. Consequently, extracted 
wisdom teeth can serve as an ideal source of MSCs for 
tissue engineering. The development of the third molar 
teeth is a unique organogenesis event that occurs after the 
birth, being the last tooth to be developed at the age of 
six. Up until this point, prior to development initiation, 
embryonic tissue from the dental lamina remains dormant 
and undifferentiated with in the jawbones. Completion of 
crown formation occurs between the ages of 12-16 years 
and root development is completed at 18-25 years. These 
teeth can provide an optimal quality of dental pulp tissue 
with the presence of more cells and less fibers [4]. The main 
goal of this study was to isolate DPSCs from the dental 
pulp of healthy molars and differentiate these cells into 
osteoblasts. DPSCs can be isolated either by enzymatic 
digestion of pulp or by explant culture method [18, 20]. We 

Figure 4: Differentiation potential of DPSCs. A) controlled, B, C) Von kossa staining at day 14 and 21 respectivly, confirming mineral depo-
sition by newly formed osteoblasts D) alizarin red staining at day 21  E) showing positive results of RUNX2 and OCN at day 14 and 21 of osteo-
genic differentiation through polymerase chain reaction.
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proliferative potential and ability to differentiate into 
osteoblasts and therefore could be used for regenerative 
medicine applications in oral and maxillofacial surgery.
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