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Culture of human dental pulp cells at
variable times post-tooth extraction

Abstract: The aim of this study was to investigate the viability of
human dental pulp cells from extracted teeth kept at standard room
temperature and atmospheric pressure for different periods of time.
Twenty-one healthy permanent teeth were used. They were divided into
five groups according to the expected time from extraction to processing,.
One group was tested immediately after extraction; the other groups
were each tested at one of the following time points: 30 minutes, 1 hour,
2 hours, and 5 hours post-extraction. Cell morphology was analysed by
light microscopy; cell proliferation was analysed using MTT assay and
by counting the viable cells in a haemocytometer. Similar results were
observed in all groups (p < 0.05). A delay of up to five hours for tooth
processing and tissue collection does not preclude the establishment of
dental pulp cell cultures, affect the morphology of these cells, or reduce
their proliferative potential.
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Introduction

Tooth as a source of autologous stem cells was a very significant
discovery. Human dental pulp stem cells (hDPSCs) have the potential
for infinite applications in reconstruction and regenerative therapies
and tissue repair.

Human dental pulp stem cells are easily accessible and histocompatible.!
DPSCs with high proliferative capacities only demonstrated impaired
differentiation following prolonged expansion.? Moreover, there are no
ethical or religious conflicts surrounding their use and research. Such
conflicts are causing many scientists to choose to work with mesenchymal
stem cells which are not derived from embryos.?

Dental pulp stem cells (DPSCs) have been differentiated* into
odontoblasts;>¢ osteoblasts;! adipocytes, chondrocytes, and osteocytes;”®
nerve cells;® and hepatocytes.? Furthermore, the combined use of tissue
engineering and DPSCs has enabled the regeneration of a dentin-pulp
complex,'’ the generation of functional roots," and even the production
of a complete tooth.'?

Dental pulp stem cells have survived and proliferated in a self-assembling
peptide hydrogel that could conceptually be used in regenerative
endodontics, allowing stem cell therapy inside the root canal.”®
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Besides that, DPSCs were effective in regenerating
bone tissue,*'51® hair follicles,” heart muscle,’®
neuronal cells,?® and corneal epithelium.?!
Furthermore, these stem cells are immunoprivileged
and have the ability to modulate immune and
inflammatory responses.?

Autologous DPSCs were successfully combined
with buccal fat pad stromal vascular fraction to repair
a mandibular defect caused by the resection of an
ameloblastoma.?® Moreover, hDPSCs demonstrated
pro-angiogenic capability and are able to exert a
positive effect in the regeneration of nerve tissue
in vivo.?

Daily, many live teeth are extracted for many
reasons, such as avulsion and exfoliation or during
orthodontics and periodontics. These teeth are usually
discarded rather than being put to use.

The infinite potential of DPSCs, their accessibility,
and the possibility of cryopreservation make them a
promising source for tissue regeneration® and stem
cell banks.?*?

Dental pulp stem cells can be cryopreserved, usually
with DMSO (10%-20%), for up to two years and still
maintain their high proliferation rate, multipotency,
karyotype, and stem cell surface markers.”

Considering that most dental offices are not
prepared to perform cryopreservation procedures,
the teeth must be taken to a specialized location.
In clinical practice, it is very useful to know how
much time a patient would have to take his or
her own extracted, avulsed, or exfoliated tooth to
a tissue culture laboratory before the pulp cells
become unviable.

After an avulsion or extraction, the rupture of the
neurovascular bundle causes cell death, but it is not
precisely known how quickly this occurs. It is very
important to establish how long pulp cells are viable
in order to construct a pulp cell preservation protocol.

Other studies either do not mention the length
of the interval between tooth extraction and
placement of the pulp into an appropriate culture
medium’® or they report that the transfer was
immediate.”” In other instances, the extracted teeth
were immediately placed into sterile, chilled vials
containing collection/transport solutions and
transported on ice to a laboratory.*

2 Braz. Oral Res. 2018;32:e003

If dental pulp stem cells are viable for longer
periods, their isolation and storage will be more
feasible and accessible.

This study aimed to investigate the amount of time
that teeth can be kept at room temperature outside
the culture medium and still have viable pulp cells
and proliferation potential.

Material and methods

Cell culture

This study was submitted to and approved by
the Ethical Committee of Health Science Centre at
the University of Brasilia (Brazil) under the Number
CAAE: 0030.0.012.000-10; CEP 035/10.

Human dental pulp was obtained from healthy
extracted permanent teeth (n = 21; 11 donors aged
13-36 years) from healthy individuals after obtaining
informed consents. Using a random number table,
the teeth were distributed into five groups (Oh, 0.5h,
1h, 2h, and 5h). Each sample received a random
number and all tests were conducted by trained,
masked observers.

The period of time between tooth extraction and
pulp removal was recorded with a chronometer. In
the first group, the pulp was immediately removed
and immersed in the culture medium (Oh).

In the other four groups, the teeth were not housed
in special conditions after extraction. They were
wrapped in a gauze pad and left on the surgical table,
without any cleaning process, at room temperature,
without any liquid medium until the time established
to pulp removal. After 30 minutes (0.5h), 1 hour (1h),
2 hours (2h), and 5 hours (5h) the pulp was removed
and immersed in the culture medium.

After the defined period of time, the following
procedures were performed on each sample: a
longitudinal furrow was made using a flexible
diamond disc (KG Sorensen, ref. 7020, Zenith Dental
ApS, AgersKov, Denmark) without touching the pulp
tissue, then the teeth were sectioned using a dental
elevator. The pulp tissue was gently separated with
a sterile dentinal excavator.

The pulp tissue was transported to the laboratory
in polystyrene microtubes (Corning Incorporated,
New York, USA) containing the following



preservatives, all purchased from GIBCO™, Grand
Island, New York, USA: Dulbecco’s Modified Eagle’s
Medium supplemented with 20% foetal bovine
serum, sodium salt, streptomycin sulphate, and
amphotericin B as Fungizone® Antimycotic in 0.85%
saline) and antibiotic/antimycotic 1% (GIBCO-BRL
[10,000 units of penicillin-base; 10,000 pg of
streptomycin-base; and 25 pg of amphotericin
B/ml utilizing penicillin G].

Pulp cell cultures were established by explant
culture outgrowth in 6-well plates. The cells were
cultured in the same medium at 37°C in a humidified
5% CO, atmosphere. The culture media were changed
every three days. After one passage, when the cultures
were confluent, the cells were frozen at -80°C and,
after one day, they were transferred to liquid nitrogen
(-196°C). The cryopreservation medium was 5% DMSO
in foetal bovine serum.

One week before testing, all cells were thawed
at 37°C and then re-suspended in culture medium
on the same day. They were pelleted at 1,200 rpm
for 10 minutes, the supernatant was removed, and
fresh medium was added to the tube. The cells were
re-suspended and moved to culture flasks.

Morphological analysis

For morphological analysis by light microscopy,
10* cells of each sample were moved to each well of
24-well plates. After 48 hours, they were analysed in
an inverted microscope (Zeiss, Germany, Axiovert
100) and digitally photographed (Zeiss, Germany,
AxioCam MRC). After that, the cells were fixed for
15 minutes with 4% paraformaldehyde, stained with
Giemsa (4% in methanol) for 10 minutes, and analysed
again under the same microscope.

Cell proliferation

In order to test whether or not the delay in
the acquisition of the sample would affect cell
viability, cell proliferation was inferred by MTT
assay (3-(4,5-dimethyl)-2,5-diphenyl tetrazolium
bromide) and assessed by counting the cells using
a haemocytometer. To perform each test, 10° cells of
each sample were passed, in triplicate, to each well
of eight 96-well plates containing 200 pl of regular
medium. After 24, 48, 72, and 96 hours, two plates
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were analysed, one using the MTT assay and the
other by counting the cells using a haemocytometer.

For the MTT assay, the storage medium was
replaced by a fresh one containing 100 mg/ml MTT
(Invitrogen, Waltham, MA, USA) and the plates were
incubated for three hours at 37 °C in a humidified
5% CO, atmosphere. The medium was then removed
and the cells were treated with 200 pl of DMSO
(Mallinckrodt chemicals, New Jersey, USA) for
30 minutes. The optical density of the cell lysate was
measured at 595 nm using a microtiter plate reader
(SpectraMax M2, Molecular Devices, Sunnyvale,
California, USA). The relative cell viability was
calculated as a percentage of the first analysed
samples (24h).

After the pre-defined periods of time, the cells
were detached from the plate using trypsin-EDTA
solution (GIBCO-BRL). The cell suspensions were
mixed with 10 pl of 0.4% trypan blue (GIBCO-BRL) at
a1:1 ratio and living cells (not stained) were counted
manually using a haemocytometer. The relative cell
viability was calculated as a percentage of the first
analysed samples (24h).

Statistical analysis

The intraclass correlation coefficient (ICC) test
was performed to analyse repeatability and to
examine whether there were variations intrinsic to
the experimental system. All the ICC values above
0.7 are considered good repeatability and all the data
used were higher than this parameter.

The data was statistically normalized based on
the first day of culture for each experimental group.
The effects of time from dental extraction and pulp
culture on cell proliferation were measured by MTT
and cell counting. For this, we performed a two-way
ANOVA with Bonferroni post-hoc test. The level of
significance was 5%.

Results

Cell culture

Regardless of the time between the tooth extraction
and the pulp removal and immersion into the culture
media, the establishment of the culture was similar
in all groups. The migration of the cells from the
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tissue fragment to the plate occurred around the
tenth day. Adherent cells continued to proliferate,
and confluent monolayers were formed.

Morphological analysis

The primary cultures of all experimental groups
were very homogeneous at the morphological level and
proliferated with a well-spread attached morphology.
They had a star- or spindle-shaped appearance and
polygonal contours with cytoplasmic extensions,
displaying a fibroblast-like morphology. The cytoplasm
had a relatively homogeneous aspect and cytoplasmic
projections bound one cell to another. The nucleus
was spherical or ovoid, with fine and slightly granular
chromatin. One or more nucleoli was evident. The
cells exhibited longer and thinner shapes in confluent
culture. The cells were resistant and presented
proliferation even when the culture was confluent.

The morphology of thawed cells was identical to
that observed in fresh ones (Figures 1 and 2).

Cell proliferation

All groups had excellent proliferation rates.
Delaying the removal of pulp tissue up to five hours
did not impair cell proliferation.

On MTT evaluation after 72 hours, cell proliferation
only decreased in the Th group when compared with other
groups. After 96 hours, the cell proliferation decreased
in the 0.5h and 1h groups, while it was increased in the
5h group as compared to the control group.

The viable cells were counted and the growth
curve was charted. All the groups were viable and
proliferated well. After 48 hours, the cell proliferation
decreased only in the 1h group as compared to the
Oh group. The 2h and 5h groups appeared to increase
the number of viable cells, but the difference was not
statistically significant. After 72 hours, the number of
cells in the 2h and 5h groups decreased as compared to
Oh. The 5h group showed little growth after 96 hours
when compared with other groups.

Comparing the proliferation of permanent
dental pulp cells obtained by the outgrowth method
showed that all the groups demonstrated viability.
A delay of up to five hours in removing the pulp
tissue in order to establish the culture did not appear
to damage cell proliferation.
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Discussion

To date, dentistry has been conservative and
the need of transferring the scientific models of
regenerative dentistry into clinical practice is
becoming a necessity?'.

A delay in processing the pulp after tooth extraction
does not appear to influence cell viability or cell count.

Considering the potential of dental pulp in tissues
regeneration®®, it is necessary to increase scientific
knowledge of the cells” behaviour.

Studies indicate that DPSC isolation is feasible
for at least five days after tooth extraction if the
extracted teeth are stored at 4°C in a variety of

collection/transport media®*. The present study
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Figure 1. lllustrative phase micrographs of dental pulp
cells presenting colony-forming activity stained with Giemsa.
A) immediate culture; B) cultivation delay of 5 hours from
the extraction.



was designed to assess whether a delay of up to
five hours in the establishment of a dental pulp cell
culture would harm cell viability. The expectation
was that there would be a great rate of cell death after
only a few minutes because other studies describe
that, after tooth extraction, the pulp cells were
immediately immersed in culture medium."*”* In
this study, however, the pulp cells survived at least
five hours without the blood supply coming from
the neurovascular bundle and at standard room
temperature and atmospheric pressure. The same
cell morphology appeared in all groups (Figures 1
and 2). Moreover, cryopreservation maintained the
phenotype described in other studies.®

Cell adherence, migration, and proliferation
occurred in all groups.

Figure 2. lllustrative phase micrographs of dental pulp cells
stained with Giemsa. A) immediate culture; B) cultivation delay
of 5 hours from the extraction.
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MTT assay and cell counting methods were
used to measure cell proliferation and viability.
The similarity between the results confirms that
all groups had normal proliferation and behaviour
through four days. On the fourth day, all groups had
at least doubled in cell number (Figures 3 and 4).

The results of this study challenge the traditional
view that pulp cells will die after only a few minutes
without a media culture.
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*p < 0.05, ANOVA one-way, Bonferroni post-hoc test.

Figure 3. Comparison of cell viability among different times
of pulp extraction and different times of cell culture. Data were
normalized with the first day of cell culture (24 h) and expressed
as mean = standard error of two independent experiments
performed in triplicates.
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Figure 4. Effects of time between the tooth extraction and
pulp removal and immersion into the culture media on the
cell count. Data were normalized with the first day of cell
culture (24 h) and expressed as mean = standard error of two
independent experiments performed in friplicates. Different
letters indicate statistical difference (p < 0,005, ANOVA
two-way, Bonferroni post-hoc test)
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The proliferation of the cells was estimated by
evaluating metabolic activity. All the groups were
viable and proliferated well.

Human dental pulp tissue resides in a low-oxygen
environment. This might explain the long survival
of dental pulp cells after extraction. The ambient
hypoxia might be suitable for the establishment and
maintenance of hDPC lines.*

It was suggested that DPSCs and human deciduous
pulpal fibroblasts are capable of organizing a rapid
response to experimentally-induced changes in
oxygen tension. They can induce complex and cell
type-specific pro-angiogenic responses.*®

Hypoxia seemed to decrease the DNA damage from
oxidation and amplified the numbers of progenitor
cells from human dental pulp. However, it is important
to determine whether DPCs react differently to
signalling molecules, which might change their
differentiation potential.”

Hypoxia suppressed the osteo/odontogenic
differentiation of hDPCs in vitro and increased
the number of cells expressing STRO-1, an early
mesenchymal stem cell marker.*

In other studies, the sterilization of teeth to prevent
contamination was the primary obstacle to successfully
establishing DPSC cultures. Although teeth were
externally sterilized before being processed, some
cultures became contaminated.*

In this study, the teeth were not sterilized prior to
processing. The working hypothesis was that viable
DPSC cultures could not be established for a few minutes
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