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ABSTRACT.- Carvalho Y.K.P, Arg6lo-Neto N.M., Ambrdsio C.E., Oliveira L.J., Rocha A.R,, Silva
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terinaria, Universidade Federal do Piaui, Campus Universitario Ministro Petronio Portella,
Bairro Ininga, Teresina, P 64049-550, Brazil. E-mail: flavioribeiro@ufpi.edu.br

The study aimed to isolate, expand, differentiate and characterize progenitor cells exis-
tent in the dental pulp of agouti. The material was washed with PBS solution and disso-
ciated mechanically with the aid of a scalpel blade on plates containing culture medium
D-MEM/F-12, and incubated at 5% C0%37°C. The growth curve, CFU assay, osteogenic/
adipogenic differentiation and characterization were obtained from the isolation. The cells
began to be released from the explant tissue around the 7th day of culture. By day 22 of cul-
ture, cells reached 80% confluence. At the UFC test, 81 colonies were counted with 12 days
of cultivation. The growth curves before and after freezing showed a regular growth with
intense proliferation and clonogenic potential. The cell differentiation showed formation
of osteoblasts and fat in culture, starting at 15 days of culture in a specific medium. Flow
cytometry (FACs) was as follows: CD34 (positive), CD14 (negative), CD45 (negative), CD73
(positive), CD79 (negative), CD90 (positive), CD105 (positive), demonstrating high speci-
ficity and commitment of isolated cells with mesenchymal stem cells strains. These results
suggest the existence of a cell population of stem cells with mesenchymal features from the
isolated tissue in the explants of agouti dental pulp, a potential model for study of stem cell
strains obtained from the pulp tissue.

INDEX TERMS: Dasyprocta prymnolopha, MSC from dental pulp, cell culture, cell differentia-
tion, cell biology.

RESUMO.- [Isolamento, expansdo e diferenciacio de
progenitores celulares obtidos da polpa dentaria de
cutia (Dasyprocta prymnolopha Wagler, 1831).] Este
estudo teve como objetivo isolar, expandir, diferenciar e
caracterizar células progenitoras existentes na polpa den-
taria de cutia. O material foi lavado em solu¢do de PBS e
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dissociado mecanicamente, com o auxilio de uma lamina de
bisturi, em placas contendo meio de cultura D-MEM/F-12,
e incubadas em 5% de C02-37°C. A curva de crescimento,
o ensaio de CFU, a diferenciacdo osteogénica/adipogénica
e a caracterizacdo foram obtidas a partir do isolamento.
As células comecaram a ser liberadas, a partir do explante,
em torno do sétimo dia de cultura. A partir do 22° dia, as
células atingiram 80% de confluéncia. No teste para UFC,
81 coldnias foram contadas aos 12 dias de cultivo. As cur-
vas de crescimento pré- e pds-congelamento apresentaram
crescimento regular, com intensa proliferacdo e potencial
clonogénico. A diferenciacdo das células mostrou a forma-
¢do de osteoblastos e de células de gordura, a partir de 15
dias de cultura em meio especifico. A citometria de fluxo
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(FACS) apresentou-se como segue: CD34 (positivo), CD14
(negativo), CD45 (negativo), CD73 (positivo), CD79 (nega-
tivo), CD90 (positivo), CD105 (positivo), demonstrando a
grande especificidade e comprometimento das células iso-
ladas com linhagens de células-tronco mesenquimais. Es-
tes resultados sugerem a existéncia de uma populagio de
células-tronco mesenquimais isolada a partir de explantes
da polpa dentdria cutia, um modelo potencial para o estu-
do de linhagens de células-tronco obtidas a partir do tecido
pulpar.

TERMOS DE INDEXACAOQ: Dasyprocta prymnolopha, MSC da polpa
dentdria, cultivo celular, diferencia¢do celular, biologia celular.

INTRODUCTION

Dental pulp (DP) contains mesenchymal stem cells that are
relatively easy to obtain and propagate compared to other
niches in the organism (Sloan & Smith 2007, Kadar et al.
2009, Karaoz et al. 2009). In vitro, these cells can differenti-
ate into odontoblasts, osteoblasts, endothelial cells, smooth
muscle, adipocytes, chondrocytes, and neurons (Kerkis et
al. 2006, Ulmer et al. 2010). Mesenchymal stem cells were
isolated from dental pulp (MSCDP) in several experiments,
which demonstrated high proliferation power and showed
that they are multipotent and capable of self-renewal and
high plasticity (Miura et al. 2003, Kerkis et al. 2006, Mon-
teiro et al. 2009). Atari et al. (2011) obtained mesenchymal
stem cells from dental pulp of third molars and found that
the success in establishing specialized cell types contrib-
uted to their use in potential applications in biological re-
search and regenerative medicine.

The immunophenotypic study of immature cells of the
dental pulp of human deciduous teeth revealed expression
of embryonic markers such as Oct-4 and Nanog and the
positive expression of surface markers proper to mesen-
chymal stem cells such as CD105, CD73 and CD13 (Kerkis
et al. 2006) and in addition, other positive markers such
as CD44, CD90 and CD166, and negative markers such as
CD34, CD31 and CD45 have been observed (Agha-Hosseini
etal. 2010).

Small rodents are often used as an animal model to as-
sist in comprehending the behavior of stem cells in vitro
(Balic et al. 2010) and in vivo (Otsu et al. 2012). The agouti
is a rodent that has been extensively studied (Assis-Neto
et al. 2003, Menezes et al. 2003, Azevédo et al. 2008) and
which shows biological and physiological characteristics
favorable for use in experimental research as a animal mo-
del (Fortes et al. 2005, Conde-Junior et al. 2012, Rocha et
al. 2012). Bone marrow mononuclear cells of this animal
were injected to treat induced renal injury (Cabral et al.
2012) and in culture undifferentiated cells were obtained
through the isolation and expansion by several passages
(Rocha et al. 2012). Despite these preliminary studies in-
volving agouti stem cells, there are few reports in the li-
terature, and therefore, in order to verify the potential of
mesenchymal stem cells from other niches of this animal,
the objective of the present study was to characterize the
behavior of stem cells obtained from incisor tooth pulp in
culture.

MATERIALS AND METHODS

Animals

A total of four 1 to 2-year-old male agouti (Dasyprocta
prymnolopha Wagler, 1831) were used. The animals came
from the Center for the Study and Preservation of Wild Ani-
mals (NEPAS), Agricultural Sciences Center (CCA) of the,
Federal University of Piaui, after routine disposal, becau-
se of humane slaughter conducted periodically by NEPAS
for purposes of population control (withdrawal of old-aged
animals and with severe traumatic injuries after territorial
fighting).

After slaughter, the selected animals were submitted to
radiographic examination of dental arches and only ani-
mals with healthy teeth were included in the study. The
exclusion criteria were: animals showing infectious oral
lesions of any order (acute or chronic), pathological pulp
changes, periodontal alterations, or dental pulp with inter-
nal or external resorption. After this phase, a lower incisor
tooth was extracted and taken to the Morphological Resear-
ch in Animal Science Laboratory-CCA/UFPI. The carcasses
were returned to follow the routine disposal of NEPAS. All
activities performed were authorized by the Ethics Com-
mittee on Animal Experimentation, UFPI, Protocol 044/11;
SISBIO/IBAMA n.29418-1.

Radiographic examination

To carry out the radiographic examinations the animals
were positioned with the forelimbs pulled cranially and the
pelvic limbs pulled caudally in the lateral decubitus posi-
tion on a table for radiological procedures. Radiographs
were obtained in latero-lateral (LL) projections of the skull,
in the region of the mandibular incisors. For this, a mobile
x-ray machine INTECAL CR-7 was used, installed in the De-
partment of Imaging Diagnosis of the Veterinary Hospital
of the Federal University of Piaui. The device was calibrated
with focus-film distance of 1m and exposure techniques of
45 kVp and 0.1 mAs. Images were acquired in 18x24cm
metal radiographic chassis filled by radiographic films
(Kodak®, Brazil). The films were developed and fixed in a
Microtec MX-automatic processor. The radiographs were
digitized and documented for further evaluation.

Obtaining mesenchymal stem cells from the dental
pulp of agouti (MSCDP)

The collected lower incisor teeth were immersed in a
solution of 0.12% chlorhexidine for 5 minutes. After that,
in a laminar flow environment, the pulp chamber was ac-
cessed using diamond bur 1012, compatible with the pulp
chamber, then a Hedstroem n. 15 or 20 file to remove the
dental pulp. The collected material was washed twice in
sterile phosphate buffer solution (PBS, 0.01 M, pH: 7.4) su-
pplemented with penicillin-streptomycin at 3% (100 U/ml
penicillin, 100pg/mL streptomycin) (Fig.1a).

Afterwards, the tissue was mechanically dissociated
with the aid of a scalpel blade into a 35mm Petri dish con-
taining “complete basal” culture medium D-MEM/F-12
(Invitrogen, Cat N210565-018) supplemented with 20%
fetal bovine serum (Invitrogen Corporation, N2 16000-044,
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Fig.1. (a) Pulp tissue after collection and access from the pulp chamber soaked in PBS. Mechanical dissociation process of pulp tissue.
Pulpal tissue soaked in PBS. (b) Pulp tissue undergoing mechanical dissociation in complete basal culture medium D-MEM/F-12
(Invitrogen, Cat N210565-018) supplemented with 20% fetal bovine serum (Invitrogen Corporation, N216000-044, 1000ml), 1%
penicillin-streptomycin, 1% L-glutamine and 1% nonessential amino acids.

1000ml), 1% penicillin-streptomycin, 1% L-glutamine and
1% nonessential amino acids (Figure 1b) and transferred
to 25cm? culture flasks (Fig.1b). Subsequently the material
was incubated in a incubator containing atmosphere of CO,
- 5% at 379C. The culture was monitored daily to assess cell
growth and the medium was changed every three days. The
cultured cells were subcultured when they reached 80%
confluence to prevent cell differentiation.

Assay Colony Forming Units (CFU)

To evaluate the number of colonies of mesenchymal
progenitor cells, tests were performed to identify Colony
Forming Units.

Mechanically dissociated pulp tissue from the agouti
(Dasyprocta prymnolopha Wagler, 1831) was placed in a
25cm? flask containing complete basal medium. The cul-
ture was evaluated daily and the medium was changed
every three days for 12 days of culture, when interaction
and the presence of cell colonies were observed regular-
ly distributed in the culture flask. Thereafter the culture
was washed three times with PBS solution to completely
eliminate traces of culture medium, 3mL of 4% parafor-
maldehyde were then added and incubated at 37 °C for 30
minutes to fix the colonies. After this time, the 4% para-
formaldehyde was removed and the culture stained with
Giemsa and then incubated again at 37°C for 10 minutes.
The flask was washed with distilled water to remove ex-
cess dye and thereby the analysis and counting of the co-
lonies were possible.

Cell growth curve

For the composition of the growth curve, cells in the
third passage (P3) were plated at an initial concentration
of 1x10° cells/ml in 25cm? flasks in a total of 20 flasks
with this initial concentration. This was followed by tryp-
sinization of one flask per day using 0.25% Trypsin/EDTA
and the existent cell concentration was calculated until all
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flasks were trypsinized over 20 days. The culture medium
was changed every three days in the flasks that were wai-
ting for trypsinization. The values concerning the number
and cell concentration were tabulated to make a chart, cha-
racterizing a cell growth curve.

To calculate the cell concentration, an aliquot of 10uL of
cell suspension was taken to the hemocytometer and ob-
served under an optical microscope (10X lens). The con-
centration was determined by counting cells in four dia-
gonal fields, and the total number of live cells, multiplied
by 10* (camera depth and per mL correction), this value
was divided by the number of counted quadrants of the
hemocytometer, as previously described by Meirelles and
Nardi (2003).

Cell freezing

To freeze the cells from the cell culture, the cells of the
dental pulp (CDP) in the second passage (P2) were first
dissociated by 0.25% enzyme trypsin/EDTA (Invitrogen,
Cat N225200-114). The “pellet” of cells was resuspended
rapidly in freezing medium. The medium concentration
used was 45% D-MEM/F-12 (Invitrogen, 10313-039) sup-
plemented with 45% Fetal Bovine Serum (Invitrogen Cor-
poration, N216000-044, 1000 ml), 10% DMSO (Vetec-cat.
Cat. N2590).

The cells were placed in cryotubes (at a concentration
of 1x10° cells/ml/cryotube), and then transferred to a fre-
ezer at -80°C overnight. After 24 hours, the cryotubes were
stored in liquid nitrogen at -196°C.

Post-freeze cell growth curve

For the composition of the post-freeze growth curve,
the cells previously stored in liquid nitrogen were unfrozen
and centrifuged with D-MEM/F-12 basal culture medium
(Invitrogen, Cat N°. 10565-018) supplemented with 20%
bovine fetal serum (Invitrogen Corporation, N216000-044,
1000ml), 1% penicillin-streptomycin, 1% L-glutamine and
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1% nonessential amino acids, 3 times at 1000 rpm rotation
for 5 minutes to complete washing and elimination of any
freezing medium still present.

The obtained cell suspension was plated in a 25cm?
flask and then incubated in CO, - 5% at 37°C atmosphere.
The culture was monitored daily to assess cell growth and
the medium was changed every three days. Cultured cells
were maintained in culture until 80% confluence was rea-
ched to prevent cell differentiation. Then the growth curve
was prepared, following the protocol previously described
for making the pre-freezing curve.

Flow cytometry (FACs)

Cells were subjected to flow cytometry in the fourth
passage (P4) to ensure a sufficiently undifferentiated cell
population for their characterization by analyzing the ex-
pression of membrane proteins by flow cytometry. Flow
cytometry was performed using the Guava EasyCyte Sys-
tem (Guava Technologies®, USA) with a blue laser (488nm).
The cells were trypsinized then centrifuged at 1200rpm
for 5 minutes and resuspended in PBS at a concentration
of 1x10° cells/mL using 10° cells/tube, diluted equally and
resuspended in 200ul PBS, for the subsequent addition of
each antibody in the dark for 45 minutes at room tempe-
rature. The cells were then washed three times with PBS
and resuspended in 0.20ml cold PBS. For samples incuba-
ted with unconjugated antibodies, the secondary antibody
anti-mouse PE was used. The samples were incubated for
15 minutes, washed three times with PBS and resuspended
in 0.20ml cold PBS. Cell viability was assessed using pro-
pidium iodide dye (20ug/ml) that marks cells with loss of
plasma membrane integrity.

The flow cytometer was calibrated using unmarked
cells. Cells were separated by forwardscatter to remove de-
bris. To eliminate a possible autofluorescence, the parame-
ters were adjusted so as to remove any contribution of the
unmarked cells. For each sample at least 9000 events were
counted. The markers: CD34, CD14, CD45, CD73, CD79,
CD90, CD105 were analyzed.

Cell differentiation in vitro

Considering the new types of products available on the
market for induction of differentiation in vitro, this expe-
riment sought to test a commercial product StemPro® kit
(Invitrogen, Sdo Paulo, Brazil), a kit used to induce differen-
tiation of cells obtained from human tissues. Thus, we tes-
ted this kit to induce adipogenic and osteogenic differen-
tiation of stem cells from agouti dental pulp. The acquired
media was manipulated according to the manufacturer’s
instructions (data sheet).

Adipogenic and osteogenic differentiation

The previously cultured CDP were plated in two six-well
plates at an initial density of 10° cells/mL each well, with
“complete basal” culture medium. The plated cells remai-
ned in the incubator overnight. Cell expansion was obser-
ved until 70% confluence. After this time, the culture me-
dium was changed in three of the wells to the osteogenic
differentiation induction medium (StemPro®Osteogenesis

Differentiation Kit, Life Technologies, Brazil) in one of the
culture plates. For the other one, the basal culture medium
was substituted in three of the wells with adipogenic diffe-
rentiation medium (StemPro®Adipogenic Differentiation
Kit, Life Technologies, Brazil), and three wells were main-
tained on each plate as negative control.

The cell differentiation medium was changed every
three days, depending on the pH changes in the culture.
Twenty-one days after beginning the protocol, both adipo-
genic and osteogenic differentiation culture media were re-
moved and the culture fixed in 4% paraformaldehyde. The
culture submitted to osteogenic differentiation was stained
with Alizarin Red (Sottile etal. 2003), to observe intracellu-
lar calcium deposit, red stained. The culture submitted to
adipogenic differentiation was directly assessed under li-
ght microscopy to highlight the presence of dispersed fat
vacuoles in the cell cytoplasm and cellular morphology ty-
pical of adipocytes.

RESULTS

Isolation and expansion of mesenchymal progenitors
dental pulp of agouti (Dasyprocta prymnolopha Wagler,
1831)

In the early days of cultivation a large amount of roun-
ded cells was observed in suspension that were present
due to the mechanical decoupling of the pulp tissue. These
were eliminated in the first washings.

The first adherent cells released by the explant tissue
were observed from the seventh day of cell culture, some
with rounded morphology which gradually elongated be-
coming fusiform and others that presented themselves as
fusiform, arranged around the adjacent pulp tissue.

The culture became mostly homogenous, from the
10*" day of culture, showing fibroblastlike-cell morpholo-
gy (Fig.2a,b). The establishment of a cell monolayer with
well defined substrate occurred by the 22nd day of culture.
At this time, the culture showed elongated cells arranged
in parallel and many adopted typical radial positioning
(confluence) by taking 80% of the area of a flask of 25cm?
(Fig.2c).

After this time the first passage (P1) of the cells was
made, which were subcultured in two 25 cm? flasks and
when the desired confluence was reached, the contents of
each of these flasks was peaked to 75 cm? flasks, thus for-
ming second passage (P2) of the cells.

Regardless of enzymatic dissociation, cells preserved
their growth behavior, thus maintaining fibroblastoid
characteristic and growth by monolayer. These cells were
expanded continuously for seventeen passages (P17) and
kept in culture for ninety days.

Colony forming units (CFU) assay

Study of the Colony Forming Units showed that the PCD
obtained are capable of forming groups of fibroblast cells
in colony form.

At the end of twelve days of cultivation, and soon after
fixing and staining the culture with Giemsa stain, a total of
eighty-one colonies of mesenchymal progenitor cells was
counted. The cells maintained their fibroblastlike-cell cha-
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racteristic. Moreover, it was possible to check the tendency
to form colonies and intense cell-to-cell interaction, sho-
wing intense basophile staining (Fig.3). Only those colonies
with more than twenty grouped cells were considered for
counting. The medium was changed every three days until
the end of the experiment.

Pre-and post-freeze cell growth curve

The study of the growth curve allowed analysis of the
proliferative behavior of cells in culture over twenty days.
Three stages with well-defined characteristics were iden-
tified. The initial phase called “Lag”, from the first to third
day, was characterized by no significant growth and cell
proliferation at a concentration of about 1x10° cel/mL. In
the “Log” phase, from the fourth to eleventh day of culture,
there was an exponential cell growth, reaching a concentra-
tion of 3.0 x 10° cel/mL. From the eleventh until the last day
of the curve, the cells showed a lower rate of proliferation
with cell density decreasing by 1x106, designated the “Pla-
teau” phase.

The post-freeze growth curve showed characteristics si-
milar to those of cells from the primary culture (before fre-
ezing). Well-defined Lag, Log and Plateau phases were ob-
served. The highest rate of cell density was observed on the
tenth day of culture, reaching a concentration of 2.74x10°

cel/mL, and then concentrations declined successively un-
til the 20" day of culture and there was, at this time, a small
growing peak before they reached senescence (Fig.4).

Flow cytometry (FACs)

The progenitor cells isolated from agouti dental pulp
were characterized by analyzing the expression of 07 mem-
brane proteins (CD34, CD14, CD45, CD73, CD79, CD90,
CD105) by flow cytometry. The cell viability was approxi-
mately 96%.

The dental pulp cells undergoing flow cytometry in pas-
sage 4 showed expression of markers as shown in Figures
5 and 6.

Osteogenic differentiation

Osteogenic differentiation was induced for 21 days and
the differentiation medium was changed every three days.
During the first ten days the cells showed continuous gro-
wth and fibroblastoid morphology. From the eleventh day
in culture onwards, changes were observed in their format
and proliferation, large cells in a variety of shapes, gene-
rally cuboidal or slightly elongated, with a spherical core
located in the central region of the cytoplasm. The progeni-
tors acquired morphology similar to osteoblasts in 90% of
the culture at the end of 21 days. After staining, the nucleus

i iy ‘/5' S — : SR .
Fig.2. Cells isolated from agouti dental pulp. (a,b) Pulp tissue in culture after obtaining the adhesion of the explant to the culture flask
from the 10 days of culture. Note the presence of cells with fibroblastoid characteristic adhered adjacent to tissue fragment. (c) Cell
confluence after 22 days of cultivation. Note the elongated aspect of the cells and the radial pattern adopted from a central cell group.
At this point the culture was subjected to dissociation and sub-cultured into other two 25cm? flasks to prevent spontaneous differen-

tiation. (a,b) Bars: 100um, (c) Bar: 50pm.

} -

g ! :
Fig.3. Isolated cells from agouti dental pulp after the test to obtain Colony Forming Units (CFU’s). (a) The overview of a 25cm? flask after
staining with Giemsa. Note the presence of more intense (basophilic) circular markings adhered to the bottom of the flask (colonies).
(b) The view of a cell colony stained by Giemsa. It is noteworthy the characteristic aggregate and the evident cell-to-cell interaction.

(c) Panoramic view of the colonies obtained from the test for UFCs. (b) Bars: 50um, (c¢) Bar: 100pm.
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Pre-and post-freeze Cell Growth Curve
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Fig.4. Pre-and post-freezing growth curve of isolated cells from
agouti dental pulp, demonstrating their basal metabolic ac-
tivity and behavior in culture, in different cell growth pha-
ses.

a Aderente-CD34 b Aderente-CD73

Fig.5. (a-d) Flow cytometry of progenitor cells obtained from
agouti dental pulp for the markers for mesenchymal stem
cells lineages. The cell population studied was found to be mo-
derately positive for the expression of the markers studied, (a)
with a clearer expression of CD34.

appeared with a burgundy red tone and the cytoplasm was
more basophilic and well defined, with presence of calcium
deposits within the cells (Fig.7).

Adipogenic differentiation
The adipogenic differentiation followed a protocol simi-
lar to that used for osteogenic differentiation, over a period

Aderente-CD14 mouse Aderente-CD45

Count
wuun

LERRLLLLL U RLLLL)

10 10

3

C Aderente-CD78

Count

Fig.6. Flow cytometry of progenitor cells obtained from agouti
dental pulp for markers for hematopoietic lineages. The cell
population studied was moderately negative for the expres-
sion of the markers studied.

of 21 days, with successive culture medium changes (diffe-
rentiation medium) every three days.

The cells grew slowly during the first week of culture.
From the second week onwards, modification increased
in the initial cell morphology. Following the third week of
culture, cells were observed with “sprawling” morphology
showing a cytoplasm containing fat birefringent granules.
This situation continued until the end of 21 days differen-
tiation, when the cultures were fixed in 4% paraformal-
dehyde, for subsequent evaluation by light microscopy.

Differentiated cells revealed the presence of clusters of
fat (droplets) filling the cell cytoplasm. Attention was dra-
wn to the cuboid aspect of some cells whose morphology
resembled that of typical fat cells (Fig.8).

DISCUSSION

Although there are protocols using enzymatic dissociations
and still associated to mechanical dissociation in the litera-
ture (Gronthos et al. 2000, Gronthos et al. 2002), we chose
to submit the collected material to the least stress possible
by doing only a mechanical decoupling. For the isolated cul-
tures, although they underwent a quiescent phase (seven
days), after this period they demonstrated a change in mor-
phology and growth adjacent to the explant tissue. Balic &
Mina (2010), also observed that these cells proliferate ra-
pidly and can reach confluence in a few days. Further, Gron-
thos et al. (2000) reported a highly clonogenic population
present in the pulp tissue, showing cell colonies with typi-
cal fibroblastoid morphology.

Pesq. Vet. Bras. 35(6):590-598, junho 2015
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Fig.7. Final stage of osteogenic differentiation of

2 e
AN ¢ D e o

progenitor cells isolated from agouti dental pulp. (a) Overview of differentiatéd osteo-

blasts. (b,c) A greater increase in a typical osteoblast in culture strongly marked by Alizarin Red staining. (a,b) Bars: 50um, (c) Bar:

100um.

Fig.8. Final stage of adipogenic differentiation of progenitor cells from agouti dental pulp. (a-c) Presence of cel containing fat roplets

N : - - Y

dispersed in their cytoplasm, demonstrating sprawling to cuboid aspect. Bar: 25um.

Compared to human dental pulp, the pulp tissue of agou-
ti, at the end of twelve days showed similar CFU’s formation
(Tamaki et al. 2012). However, the observation frequency
of CFU’s formation can vary widely in the literature. Gron-
thos et al. (2000) showed a variation of 22-70 colonies. This
author has shown that colonies of cells of the pulp tissue
appear with greater frequency compared to bone marrow
cells. This is probably due to the difference between the two
connective tissues, since tooth pulp is mostly composed of
fibrous tissue, while in aspirated bone marrow the hema-
topoietic cells appeared in excess (>99% ) (Gronthos et al.
2000). Thus, the CFU’s obtained in this study, when compa-
red to the literature suggest that their efficiency is compara-
ble to previous descriptions (Jo et al. 2007).

After plating to assess the proliferative capacity in cul-
ture, we observed that the samples tested demonstrated
rapid growth, especially in the first 10 days of culture (third
or fourth passages in culture). These cells were cultured in
F12-DEMEM medium and, comparatively, no cellular mor-
phologic changes before or after unfreezing were observed,
with similar proliferation in culture that suggested similar
functional behavior. Similarly, Liezer et al. (2012) observed
proliferative behavior of stem cells in dental pulp culture,
when conducting a pre and post-unfreezing comparative
study for several culture media. These authors demonstra-
ted that DEMEM-F12 allowed proliferative potential simi-
lar to non-frozen and post-cryopreservation cells without
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the induction of spontaneous differentiation. Tamaki et
al. (2012) demonstrated that the proliferative potential of
dental pulp stem cells in culture is more effective than the
bone marrow aspirates. Cell cycle analysis compared to the
growth curve showed that most of the population studied
was in mitosis (Phase G2/M) in relation to stem cells from
bone marrow, which were quiescent (Phase GO/G1). In a
conjunctive evaluation, the results obtained for the prolife-
rative and clonogenic potential of cells obtained from agou-
ti dental pulp explants were similar to those previously re-
ported in the literature (Kerkis et al. 2006, Alge et al. 2010,
Suchanek et al. 2010).

Flow cytometry showed an immunoreactivity profile for
the studied cultures by positive expression of specific ma-
rkers for mesenchymal stem cells (CD34+, CD73+, CD90+,
CD105+) and CD34+, which, although it represents the exis-
tence of a hematopoietic population, it has also been repor-
ted by other authors in immunophenotypic characterization
of dental pulp stem cells (Laino et al. 2005). While positive
for CD34 in expanded in culture stem cells, it clearly indica-
tes their stromal origin because there was negative reaction
for CD45, which recognizes the leukocyte common antigen,
subsets of monocytes and T cells, reinforcing the idea that a
population of hematopoietic cells is absent (Garcia-Pacheco
et al. 2001). Laino et al. (2005) suggested that dental pulp
stem cells are considered CD34+, since these cells also share
Stro-1+ junction sites, also present in the population of den-
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tal pulp stem cells. CD73, CD90 and CD105 were expressed
positively in the cultured stem cells from agouti dental pulp.
These markers have been characterized for their positive
expression in populations of mesenchymal stem cells (Do-
minici et al. 2006). For dental pulp stem cells, these markers
have been described in numerous publications (Gronthos
et al. 2002, Gronthos et al. 2003, Kerkis et al. 2006). The
presence of CD73+, CD90+ and CD105+ cells and negative
for CD14, CD45 and 79, mean that the method of cell selec-
tion and purification of the primary cultures established a
primary cell lineage free of contamination by blood cells.
Additionally, CD105, positively expressed in our cultures, is
a marker commonly expressed by endothelial progenitors
and has been correlated as a marker of multipotency, on its
co-expression with CD133, suggesting the existence of lines
of undifferentiated stem cells (Suchanek et al. 2010). The di-
fferentiation media tested (Stem cell Pro ® kit) demonstrated
potential to induce adipogenic and osteogenic differentia-
tion of agouti dental pulp stem cells of agoutis. The protocol
for media changes followed the criteria previously reported
by Mambelli et al. (2009). Both the osteogenic and adipoge-
nic differentiations were visualized by morphological chan-
ges observed for a phenotype similar to osteoblasts and adi-
pocytes, respectively. For the former, the presence of positive
staining by Alizarin Red showed the formation of minerali-
zed extracellular matrix (Kerkis et al. 2006, Casagrande et al.
2010, Sakai et al. 2010). In fact, odontogenic and osteogenic
progenitors, although distinct in their ontogenesis, contain
similar characteristics for the expression of several proteins
presentin the extracellular matrix of bone and dentin (Olsen,
Reginato & Wang 2000). Morsczeck et al. (2005) discussed
the immunomodulatory properties of dental pulp stem cells,
and their potential to differentiate into odontoblasts, cemen-
toblasts and osteoblasts. For adipogenic differentiation, the
presence of a wide format showing fat granules inside (Miu-
ra et al. 2003), supported references in the literature which
describe the commitment in stem cells from dental pulp to
differentiate in adipogenic strains (Zhang et al. 2006).

CONCLUSIONS

Thus, taking into account all our findings, coupled with
those previously published in the literature, we suggest
that a population of cells isolated from explants of agouti
dental pulp constitutes a representative sample of a popu-
lation of stem cells, and that this species may constitute a
biological model applied to the study of this cell niche and
its use in regenerative therapies.

The Kkits for specific induction of adipogenic and oste-
ogenic differentiation in humans have shown potential for
inducing stem cells from agouti dental pulp.
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