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Dental Pulp Stem Cells from Natal Teeth:
Isolation and Morphological Study

ABSTRACT
Introduction: Stem cells have a remarkable capacity for self-
regeneration and have the potential to originate different types
of cells and tissue. There is a significant occurrence of natal
teeth in newborn babies and usually the treatment consists of
surgical removal.

Aim: To isolate and extensively characterise stem cells derived
from human natal dental pulp. For this characterisation,
proliferation capacity, ultrastructural morphological evaluation
and trace elements were utilised.

Materials and Methods: The study was carried out in the oral

pathology laboratory during October 2016. Cells from the pulp
of two natal teeth were isolated through the explant technique

INTRODUCTION
Dental eruption is a normal physiological process that begins
with the lower central incisors, when the child is about six-
month-old. However, natal teeth appear at birth or in the first
month after birth [1,2].

Natal teeth can cause complications such as discomfort during
suckling, irritation, and trauma to the baby’s tongue, sublingual
ulceration (Riga-Fede disease), laceration of the mother’s breast,
and a risk of aspiration due to mobility [3-7]. Prolonged gingival
irritation may increase the incidence of gingival fibrous dysplasia.
The teeth may be hypermobile, necessitating extraction [3-7].

The discovery that there are stem cells in the dental pulp was first
described by Gronthos S et al., and since then it has become one
of the most widely researched areas in dentistry [8,9]. The reason
for this is that dental pulp is one of the most easily accessible and
minimally invasive sources of mesenchymal origin for stem cells,
which can be extracted from permanent teeth such as the third
molars, as well as through the exfoliated deciduous teeth [10-
12]. Stem cells from human exfoliated deciduous teeth represent
an easily accessible and noninvasive method of harvesting
stem cells, thus these stem cells can be isolated, cultured and
expanded in vitro, and through the manipulation of cell culture
conditions, using induction mixtures with different components,
these cells can be successfully differentiated in vitro and in vivo
into odontoblasts, osteoblasts, chondrocytes, adipocytes and
neural cells.

Stem cells are undifferentiated cells with a significant capacity for
regeneration and tissue repair and will be of great value to science,
since these cells have extremely interesting characteristics that
can help fight diseases such as spinal cord injury, Alzheimer’s
disease, autoimmune diseases and neurological disorders such as
Parkinson’s disease [13]. Nowadays, stem cells are harvested from
the most varied types of dental tissue such as adult dental pulp,
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and separated with a STRO-1 marker. The colony forming units,
cell proliferation and cell viability after plating and the growth
curve were analysed. The cells were morphologically analysed
through Scanning Electron Microscopy (SEM) and the trace
elements were analysed using Energy Dispersive Spectroscopy
(EDS).

Results: The predominant cellular morphology, observed in the
stem cells separated with the STRO-1 biological marker, was
fibroblastic. The study of trace elements using EDS detected
chlorine, sodium and sulfur.

Conclusion: Natal teeth extracted for medical reasons could be

an opportunity for everyone to preserve stem cells, permitting
their use in future experimental studies.

Keywords: Cell culture, Colony forming assay, Cell viability test

deciduous tooth pulp, exfoliated teeth, periodontal ligament, dental
follicle, apical papillae and alveolar bone tissue [14].

Due to root resorption of the deciduous teeth, for exfoliation
to occur, it is more delicate to obtain stem cells in this period
as there is less pulp tissue. On the other hand, obtaining stem
cells from natal teeth can lessen this difficulty, since this tooth
usually ends up being extracted and discarded after surgery.
Thus, these stem cells can be isolated, cultured and expanded
in vitro, and through manipulation of cell culture conditions,
using induction mixtures with different components, these cells
can be successfully differentiated, both in vitro and in vivo, into
odontoblasts, osteoblasts, chondrocytes, adipocytes and neural
cells [11,14].

Therefore, we investigated the possibility of isolating stem cells
from the dental pulp of these teeth. It is of paramount importance
that the dentist is fully equipped, not only to make a clinical
diagnosis of natal teeth, but he must also have a knowledge of
the biology of stem cells in order to clarify any queries put by
the parents and to decide on the possibility of using these in the
future.

MATERIALS AND METHODS

For this in vitro study, the extraction and expansion of stem cells
obtained from the dental pulp of two natal teeth in a four-day-old
newborn [Table/Fig-1] was performed. The study was carried out
in the oral pathology laboratory of the University of Sdo Paulo, in
October 2016.

The teeth were mobile and the child’s mother asked for them to
be extracted. Immediately after surgery, the teeth were placed in a
test tube containing transportation matter comprising 3 mL aMEM
(Minimum Essential Medium Eagle-a modification, Sigma®) plus 2%
antibiotic-antimycotic solution (Gibco®), placed in a box containing
ice and taken to the Oral and Maxillofacial Pathology cell harvest
laboratory of the Faculty of Dentistry at the University of Sdo Paulo,
where all the harvesting procedures were performed.
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[Table/Fig-1]: Clinical aspect of the natal teeth, four-day-old newborn.

Primary Culture

Both teeth were washed five times using a buffer solution
called Phosphate-Buffered Saline (PBS) with 2% antibiotic and
antimycotic (Sigma®). The dental pulp was removed using a size
15 Kerr endodontic file, as shown in [Table/Fig-2]. The explant
technique was used, where the pulp tissue was fragmented and
placed on a Petri dish containing harvested material, previously
described by Gronthos S et al., [8]. Four days after harvesting,
cells started migrating and adhering to the dish. The harvested
material was replaced, according to the cell's metabolic needs.
Cell growth was monitored using an inverted phase microscope.
After reaching 75% confluency, the cells were sub-harvested, the
cell monolayers were washed with PBS (no calcium or magnesium,
pH 7.2) and the cells were split using a solution of 2 Ml by single-
cell enzymatic dissociation (trypLEE-Invitrogen) at 37°C. Cells in
suspension were centrifuged at 1500 rpm for five minutes at room
temperature. The cell precipitation was re-suspended in freshly
harvested material and prepared for freezing. On attaining 75%
confluency, the cells were detached from the dishes with the aid of
the trypsin enzyme.

Isolation of the Stem Cells Utilising Magnetic-
Activated Cell Sorting [15]

Cells were expanded up to 1x107 so that the stem cells could
be isolated using magnets. The positive selection protocol
consisted of marking the cell fractions with antibodies conjugated
to magnetic microspheres. Cells from the pulp tissue were then
separated with a STRO-1 marker. A total of 107 cells were
transferred to a 15 mL Falcon test tube, and centrifuged at
1500 rpm for 10 minutes. The floating portion was aspirated and
cells were subsequently re-suspended in 80 yL of buffer solution,
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10 pL of blocker with 10 pL of the antibody and incubated for
an hour. After this, the cell/reagent solution was homogenised
under refrigeration for 10 minutes and subsequently centrifuged
at 1500 rpm for 10 minutes.

The supernatant was removed using 500 pL of buffer solution to
which 10 pL of blocker and 20 yL of secondary antibody, associated
with isolation microbeads, were added. The solution containing
the cells was passed through a magnetic column attached to a
separator.

Cell Viability Test [16]

An MTS assay was performed in order to verify the number of
viable cells and if there was an increase in cell viability inhibition
at different moments of the experiment: 3, 6, 9 and 12 days after
plating. The test was performed on a 96-well ELISA plate. The
number of plated cells was 3,500 per well, per 100 L of matter.
The cell viability test was performed with the Cell Titer 96 kit
(Promega, Madison, Wisconsin, USA). A 20 uL of the Cell Titer
96° solution was placed in each well, followed by incubation for
18 minutes in a CO, incubator at 37°C. This reaction is based
on the cell conversion of the colorless tetrazolium salt (MTS) into
a blue formation through dehydrogenase enzymes present in the
metabolically active cells. Consequently, the wells that have more
viable cells will produce more formazan salt, turning the material
blue. The optical density reading, performed using an ELISA
(ELX 800 Bio-TEK Instruments Inc.) device with a 490 nm filter, is
proportional to the number of viable cells.

Colony Forming Assay [8]

To assess the efficiency of a single-cell derived colony formation
{Colony Forming Unit Fibroblast (CFU-F) assay}, 10 cells were
seeded on to 10 cm? dishes in a milliliter of the above mentioned
medium. Single-cell derived colonies were defined as those units
with more than 50 cells. The colonies were stained using toluidine
blue solution and were counted after 7-10 days.

Analysis of Morphological Characteristics
A coverslip was placed in each well of a 12-well plate. Each tissue
cell was plated in a density of 1x10° cells per well.

Cells were grown on glass coverslips (~13 mm) in 24-well plates
(~110 cells per well) for 24 hours.

Afterwards, the laminates with the cultured cells were fixed with
2.5% glutaraldehyde for two hours. Three 5-minute washes were
performed with 0.1 M phosphate buffer and the coverslips were left
for 20 minutes in the osmium.

The process continued with further 35-minute washes with 0.1
M phosphate buffer, then the dehydration process was begun,
in solutions of increasing concentrations of ethanol (30%, 50%,
70%, 90%, 95%, 100% each one for 5 minutes). After the last
solution had been used, the samples were dried by immersing in
Hexamethyldisilazane (HMDS, Ted Pella Inc., Redding, CA, USA)
for 60 minutes and kept in a vacuum desiccator for 24 hours.
Subsequently, the samples were plated with gold-palladium alloy
for scanning electron microscopy (Quanta 600 FEG, FEI Company,
Hillsboro, Oregon, USA), operated in secondary electron mode at a
voltage of 10 kV. Each image was recorded and analysed using the
Image J program.

Energy Dispersion Spectroscopy (EDS) [17]

The quantitative information for the trace elements present in the
cells, by atomic percentage or in weight, was obtained by means
of the EDS technique, which is a feature of the SEM that permits a
compositional analysis of the studied structure (Quanta 600 FEG,
FEI Company, Hillsboro, Oregon, USA).
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RESULTS

This study has shown that it is possible to isolate stem cells from
the dental pulp of natal teeth using the STRO-1 biological marker.
Adherent cells were observed at the bottom of culture flasks within
four days. After 7-10 days, the adherent cells proliferated, and round
colonies developed in several areas of the culture. They proved to
be clonogenic and proliferous. Based on a study of the cell growth
curve, increasing linear expansion of the cells was observed after
3, 6, 9 and 12 days of culture in the laboratory. The most prevalent
morphology of the stem cells was found to be fibroblastic. In the
morphological study, using scanning electron microscopy, the
cells, after being separated with STRO-1 markers, presented a
morphological appearance similar to fibroblast cells [Table/Fig-3].
These same cells were analysed in back-scattered EDS mode with
the same microscope, in which the most common trace elements
were Chlorine (Cl), Sodium (Na) and Sulfur (S).

EG

ells.

Among the trace elements, we observed the presence of the basic
structure of living cell matter. The oxygen and carbon elements were
discarded, as their combinations form organic molecules such as
sugars (glycogen and starch). These elements represent 99% of the
mass of the cells. The osmium was also discarded because it was
material used in the cell preparation process for analysis under the
MIiCroscope.

DISCUSSION

Problems of babies born with birth teeth relate to incomplete or
irregular formation of the tooth root, that causes the tooth to become
mobile [2]. In addition, it is difficult for the mother to breastfeed
because she may be injured or unable to encourage lactation
because sometimes the baby may develop a pathology called Riga-
Fede (a condition characterised by ulceration on the ventral surface
of the tongue or on the inner surface of the lower lip) [18,19].

As far as the treatment of natal teeth is concerned, the literature
unanimously opts for extraction [18], the differential being
the surgical opportunity of each case. In this case report, the
intervention was performed on a four-day-old patient. The
possibility of finding stem cells in the dental pulp has already been
evidenced in tissue engineering studies. These studies began in
2000 with Gronthos S et al., whose proposal was to use teeth
as a source of stem cells [8], and these responded with a high
potential for in vitro proliferation, in addition to being accessible
in a less traumatic way than with bone marrow and also being
an organ that is usually discarded after exfoliation, with a rich
therapeutic viability and induction of tissue regeneration [20-
22]. Another study aimed to isolate stem cells from exfoliated
deciduous teeth and identify their phenotype and multilineage
differentiation potential [11,12,14]. In vitro induction experiments
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have shown the potential of stem cells for osteogenic, adipogenic
and neurogenic differentiation. In the morphological study using
scanning electron microscopy, the cells, after being separated
with STRO-1 markers, presented a morphological appearance
similar to fibroblast cells. These same cells were analysed in
back-scatter EDS mode using the same microscope, in which
the most commonly found trace elements were noted. Using
the EDS method presented, the presence of trace elements
was observed. These elements represent 99% of the mass of
the cells. Therefore, these elements were disregarded. We also
excluded the osmium element because it is a heavy target used
in the preparation of cells for microscopy analysis. Sodium, sulfur
and chlorine represent the elements most frequently observed.
These elements make up between 1% and 2% of the total cell
mass. These elements, essential for cell function as observed in
the potassium sodium pump and chlorine, are connected with the
post-synaptic transmission of the cell membrane, together with
Na as a mechanism for conveying cellular fluid and regulation of
cell volume [23-25].

CONCLUSION

The cells isolated from this tissue could successfully form CFU-F
units with appropriate cell surface marker STRO-1 and differentiation
potential, all fulfilling the criteria per the definition of mesenchymal
stem cells by the International Society of Cellular Therapy. However,
more sensitive, complementary molecular tests are required as well
as in vitro and in vivo differentiation to enable cell-based therapy in
the future.
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