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Abstract

Objective: To establish cultures of cells from the pulp
of permanent teeth by the explant method assessing pa-
rameters usually presented by stem cells, such as the
expression of certain markers and the differentiation
ability into osteogenic, adipogenic, and chondrogenic
lineages. This study also aimed to assess the expression
of ALDH1 (aldehyde dehydrogenase 1) enzyme acti-
vity on the isolated cells. Materials and method: The
pulp tissue, obtained from wisdom teeth, was placed
in a 6-well plate containing proper culture medium,
and stored at 37 °C and 5% CO, for cell proliferation
and plastic adherence. Cells were tested for the expres-
sion of surface markers and for ALDHT enzyme activi-
ty, by flow cytometry. In addition, cells were assessed
for multi-differentiation potential. Results: The isolated
cells showed high expression of CD44 (98.8%), CD73
(100%), and CD90 (97.2%), and moderate expression
of STRO-1 (18.4%) and ALDH1 (16.2%), by flow cyto-
metry. Similarly, the cells showed differentiation ability
into all three lineages of cells tested. Conclusion: Our
results suggest that the explant method - or cell prolife-
ration method - is suitable for the isolation and culture
of stem cells from dental pulp of permanent teeth. The
isolated cells may be considered stem cells, based on
the current criteria for their characterization, such as
plastic adherence, expression of certain markers, and
the absence of others, as well as multi-differentiation

potential, which showed to be promising for the appli-
cation in tissue regeneration.
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Introduction

Over the last years, dentistry has been explo-
ring the potential application of stem cells from
different origins in the regeneration of oral tissues
that were lost or damaged by disease or traumal.
Mesenchymal stem cells (MSCs) constitute one of
the most promising types of stem cells, because they
are available in tissues, show multi-differentiation
potential, lack ethical issues, and do not form te-
ratomas?. Mesenchymal stem cells may supply cell
demands of the tissue they belong to, acquiring lo-
cal phenotypic characteristics. When necessary, and
after receiving the appropriate molecular signals
from the microenvironment, MSCs create progeni-
tor cells committed to a particular cell lineage?.

However, currently, there is no specific marker
or a combination of markers able to identify MSCs.
Hence, the isolation of MSCs also depends on biologi-
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cal characteristics, such as colony-forming ability, fi-
broblast-like morphology (these cells are also known
as colony-forming unit fibroblasts - CFU-Fs), plastic
adherence, proliferative ability, and self-renewal and
multi-differentiation potential®. Despite the lack of
specific markers, MSCs often express STRO-1, CD44,
CD73, CD90, and CD105, and are negative for CD31,
CD34, CD45, CD80, CD86, and HLA-DR®®. The al-
dehyde dehydrogenase 1 (ALDH1) is an intracellu-
lar enzyme that has been used to isolate and purify
different populations of stem cells, as hematopoietic,
neural, and cancer stem cells, but not MSCs"%.

Stem cells were first isolated from dental pulp
by Gronthos and co-workers, in the year 2000°. The-
se cells, called dental pulp stem cells (DPSCs), usu-
ally express mesenchymal stem cell markers. Only
one study in literature was able to identify ALDH1
enzyme activity on DPSCs, through the immu-
nocytochemistry analysis?®.

Dental pulp stem cells are not only able to di-
fferentiate into odontoblasts, but they can form
an organized dentin-pulp-like complex lined with
odontoblast-like cells, when seeded onto a scaffold
and transplanted into immunocompromised mice!.
Similarly, DPSCs may also differentiate into the
osteogenic, chondrogenic, and adipogenic cell linea-
ges, considering this multi-differentiation potential
is the minimum requirement for DPSCs to be con-
sidered stem cells®-12, Thus, the stem cells isolated
from dental pulp present a great utility potential in
regenerative dentistry!.

However, there is a large variation regarding
isolating methods and culture conditions of stem
cells, as well as different origins of tissues and spe-
cies, which would explain the large variation in the
expression of surface markers among MSCs, and
perhaps the lack of a specific marker to identity and
purify this special group of cells?. The two most wi-
dely applied isolation methods for harvesting stem
cells may be the enzymatic digestion of tissue and
the explant method. The explant method is ba-
sed upon the plastic adherence of MSCs and sub-
sequent outgrowth of cells from tissue fragments,
whereas the enzymatic digestion involves the use
of collagenase 1 and dispase to digest pulp tissue to
acquire single-cell suspensiong?1%13,

Therefore, this study aimed to establish cell cul-
tures of pulp cells by the explant method, assessing
parameters usually presented by mesenchymal
stem cells, such as the expression of certain ma-
rkers and the multi-differentiation potential. We
also aimed to verify the expression of ALDH]1 enzy-
me activity on the isolated cells.

Materials and method

This study was approved by the Ethics Commit-
tee of the Federal University of Bahia (Brazil), re-
gistered under n. 06/11, in accordance with national
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and international guidelines and regulations of the
Declaration of Helsinki. All the patients or patient’s
guardians signed an informed consent form.

Isolation and culture of dental pulp cells

After the extraction of wisdom teeth from pa-
tients aged 16 to 18 years, grooves were made with
a diamond bur, at high speed and constant irriga-
tion, to access the pulp chamber, being careful not
to reach the soft tissue. Inside the hood, teeth were
cracked open and the pulp was removed. Next,
the connective tissue was cut into pieces of 1 mm?;
transferred to a 6-well plate with Dulbecco’s modi-
fied Eagle’s medium - DMEM (Gibco, Invitrogen,
Grand Island, NY, USA); supplemented with 10%
fetal bovine serum (Laborclin, Pinhais, Brazil), 100
U/mL of penicillin, 100 ug/mL of streptomycin, and
10 pg/mL of amphotericin B (Gibco); and stored at
37 1)C and 5% CO, for cell proliferation, through the
explant method and plastic adherence. The culture
medium was changed every 3 or 4 days. When the
culture reached about 90% confluence, cells were
collected with 0.25% trypsin-EDTA (Gibco), and
transferred to culture flasks until a new passage
was required.

Flow cytometry

A total of 5 x 105 cells per tube was incubated
for 15 min, at 4 °C with 5 puL of CD44, CD45, CD73,
CD90 (BD Biosciences, Mountain View, CA, USA),
STRO-1 (Invitrogen) or IgG (BD Pharmingen™),
conjugated with FITC or APC (BD Pharmingen™)
fluorochromes. The Aldefluor kit (Stem Cell Tech-
nologies, Durham, NC, USA) was used for detec-
tion of ALDH1 enzyme activity. A total of 1 x 10°
cells was briefly suspended with either activated
Aldefluor substrate (BODIPY-aminoacetaldehyde
— BAAA) or negative control (diethylaminobenzal-
dehyde — DEAB), for 45 min at 37 °C. Flow cyto-
metry analysis was performed on cells in the fifth
passage. Data were obtained with the FACSDiVA
Cell Sorter (BD Biosciences) flow cytometer, whe-
rein 200,000 events were collected and analyzed.

Cell differentiation in vitro

In order to assess the ability of isolated cells to
differentiate into osteogenic, adipogenic, and chon-
drogenic lineages, fifth-passage cells were seeded
on a 12-well plate, at a density of 5 x 10? cells/cm?.
When cultures reached 60% confluence, the growth
medium was replaced by a specific induction me-
dium (STEMPRO™ Osteogenesis, Adipogenesis or
Chondrogenesis Differentiation Kit, Invitrogen),
which was replaced every 3 or 4 days. The cells
were maintained in each of these differentiation
mediums, from 2 to 4 weeks. For each experiment,
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we used a negative control consisting of the same
cells maintained in conventional culture medium.

After the period of differentiation, cultures were
washed with deionized water and fixed in 4% pa-
raformaldehyde, for 1 h. The cells subjected to os-
teogenic differentiation were stained with Alizarin
Red (Sigma-Aldrich, St Louis, USA), for adipogenic
differentiation - Oil Red (Sigma-Aldrich), and for
chondrogenic differentiation - Alcian Blue (Sigma
Sigma-Aldrich).

Results

Isolation and culture of dental pulp cells

The establishment of cell cultures by the ex-
plant method was considered successful. After 48
h of pulp culture, cells started to migrate from the
tissue and proliferate on the plate. About two we-
eks after the beginning of culture, the cells reached
about 90% confluence on the plate and showed a fi-
broblastoid shape.

Immunophenotyping

The results from flow cytometry analysis confir-
med the MSCs characteristics of the isolated cells.
More than 90% of the cells in the culture were posi-
tive for CD44, CD73, and CD90, whereas moderate
labeling was observed for STRO-1 and ALDH1. The

cells showed negative expression for CD45 and for
the controls. The percentage values found in the
flow cytometry tests are listed in Table 1.

Table 1 — Representation of percentage values obtained in flow cyto-
metry analysis of the dental pulp isolated cells

Cell Markers Percentage Values
CD44 98.8%
CD73 100%
CD90 97,2%
STRO-1 18.4%
CD45 0,13%
ALDH1 16,2%

Cell differentiation in vitro

The isolated cells were able to differentiate into
the three cell lineages tested. The multi-lineage di-
fferentiation potential of the cells was confirmed by
using standard immunocytochemical staining. After
4 weeks of induction, Oil Red O staining presented
lipid droplets in the cultures subjected to adipogenic
differentiation. The osteogenic differentiation was
observed by the calcium deposits stained with Aliza-
rin Red, and the chondrogenic differentiation could
be seen by the Alcian Blue staining of the glycosa-
minoglycans. Both osteogenic and chondrogenic di-
fferentiated cells were visualized after 2 weeks of
induction. Figure 1 shows the differentiated cells.

Figure 1 — Multiple lineage differentiation properties of the isolated dental pulp cells. (a) Osteogenic differentiation visualized by calcium depo-
sits stained with Alizarin Red. (b) Adipogenic differentiation visualized by Oil Red staining showing lipid vacuoles. (c) Chondrogenic
differentiation visualized by Alcian Blue staing of glycosaminoglycans. Scale bars: 50 um.

Discussion

Method of isolation, cell proliferation, and ex-
pression of stem cell markers are important aspects
for the successful use of dental pulp stem cells. Di-
fferent isolation methods are described in the litera-
ture and there is no current consensus established
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regarding the preferred or the most appropriate
and practical isolation method!2. Previous studies
that have used either the explant or the outgrowth
method for DPSCs isolation (by which stem cells
grow directly from the tissue into the flask, with
proper culture medium and without the use of en-
zymes) showed similar results to those described in
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the present study, regarding the establishment of
cultures, morphological characteristics of cells, ex-
pression pattern of surface antigens, and multi-di-
fferentiation potentiall*®, When both the explant
method and the enzymatic digestion were compa-
red, no significant differences were found between
cell cultures from same donors, suggesting that
both methods may be applied to obtain DPSCs*2.

In terms of cellular morphology, adherent elon-
gated fibroblast-like cells could be visualized in this
study, after 24 or 48 hours, which agrees with pre-
vious observations®!12, A 90% confluence of DPSCs
is usually reached after 10 to 14 days of culture,
with the explant method!%!". Our results showed si-
milar 90% cell confluence after two weeks of tissue
culture, demonstrating the effectiveness of the iso-
lation method employed.

Phenotypically, the DPSCs are characterized
by expressing a set of cell surface markers and by
the absence of others. However, there is no specific
marker for characterizing these cells!®. Thus, diffe-
rent cell markers have been described and tested in
order to define this population of cells. In our stu-
dy, the isolated pulp cells showed positive expres-
sion for the mesenchymal stem cell markers CD44,
CD73, CD90, and STRO-1, and showed no expres-
sion for the hematopoietic marker CD45, agreeing
with previous reports®11:12.17%19,

STRO-1 shows a variable expression level by
flow cytometry in human pulp cells (1.2% to 9.56%),
despite being considered a genuine marker of me-
senchymal stem cells®!#?°, In bone marrow, STRO-
1- cells were unable to form colonies, meaning they
do not contain CFU-Fs2?.. On the other hand, MSCs
isolated from the umbilical cord blood, based on
the expression of this marker, showed an increased
ability to engraft to the affected areas when trans-
planted into immunosuppressed mice??. In addition,
STRO-1* cells are able to differentiate into adipoge-
nic, chondrogenic, and osteogenic lineages?. In this
study, the expression of STRO-1 was 18.4%, which
can be considered a high value when compared to
other reports®!$2°, However, the expression of this
marker may be lost during successive passages of
the cells?’. Therefore, the results of this study sug-
gest that STRO-1 could be used in association with
other MSCs markers, such as CD44, CD73, and
CD90, to characterize DPSCs.

The activity of the cytosolic enzyme ALDH1
has been used to identify and purify different stem
cell populations, such as cancer, neural, and hema-
topoietic stem cells #°. According to Douville et al.®
(2009), different populations of stem cells show high
ALDHI1 activity, and flow cytometry aided by Alde-
fluor™ could be considered a “universal marker” for
the isolation of stem cells from several origins. This
is the first study that assessed the expression of
ALDH on DPSCs through flow cytometry. Although
there are no references in the literature regarding
the activity of ALDH1 on DPSCs, the expression le-
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vel found in this study for the isolated pulp cells
may be considered high (16.2%), since the percen-
tage of ALDH1 positive cells in distinct stem cell
cultures is usually low, ranging from 0.96 to 3.5%%*.
In addition, ALDH* cells would be more primitive,
with a more undifferentiated profile’.

According to the International Society for Cellu-
lar Therapy, another criterion to define mesenchy-
mal stem cells is the in vitro multi-lineage differen-
tiation potential®. The isolated dental pulp cells in
this study presented potential for differentiation into
osteogenic, adipogenic, and chondrogenic cell linea-
ges, proving that the explant method is viable and
accessible for the isolation of dental pulp stem cells.

Conclusions

The establishment of cell cultures by the explant
method was considered successful, since a suitable
population of DPSCs was obtained. These data su-
ggest that the isolated pulp cells may be considered
stem cells, since they met some basic criteria, such
as plastic adherence, expression of certain surface
markers, and the absence of others, in addition to
the multi-differentiation potential. It is also sugges-
ted that ALDH1 enzyme activity could be used to
isolate and characterize DPSCs. Further studies as-
sessing a few stem cell parameters of ALDH* pulp
cells, such as stem cell expression and embryonic
markers, are required to enable the use of these
cells in studies in vivo, for the regeneration of da-
maged and/or lost tissues.
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Resumo

Objetivo: estabelecer culturas de células da polpa de
dentes permanentes por meio do método explant, ava-
liando nessas células pardmetros usualmente apresen-
tados por células-tronco, como a expressao de determi-
nados marcadores e a capacidade de diferenciagdo nas
linhagens osteogénica, condrogénica e adipogénica. O
estudo também teve como objetivo avaliar a expressao
da atividade da enzima ALDH1 (aldeido dehydrogena-
sel) nas células isoladas. Método: o tecido pulpar obtido
a partir de terceiros molares foi acondicionado em pla-
ca de seis pogos contendo meio de cultura apropriado
e armazenado a 37° C e 5% de CO, para a proliferacao
celular e aderéncia ao plastico. As células foram testa-
das quanto a expressdo de marcadores de superficie e
a atividade da enzima ALDH1, por meio da citometria
de fluxo. Além disso, as células foram avaliadas quan
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to a capacidade de multidiferenciagdo. Resultados: as
células isoladas mostraram alta expressao para CD44
(98,8%), CD73 (100%) e CD90 (97,2%) e uma expres-
sdo moderada para STRO-1 (18,4%) e ALDH1 (16,2%),

por meio da citometria de fluxo. Da mesma forma, as

células foram capazes de se diferenciar nas trés linha-

gens celulares testadas. Conclusdo: os resultados suge-

rem que o método explant, ou de proliferagcao celular, é
adequado para o isolamento de células-tronco da polpa
de dentes permanentes. As células isoladas podem ser
consideradas células-tronco, de acordo com os crité-
rios correntes para caracterizacdo de tais células, como
aderéncia ao plastico, expressao de certos marcadores e
auséncia de outros, assim como capacidade de multidi-
ferenciagao, apresentando um potencial promissor para
a aplicacdo na regeneragao tecidual.

Palavras-chave: Células-tronco. Polpa dentaria. Isola-
mento. ALDHI1.
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