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Dental pulp stem cells express proteins
involved in the local invasiveness of
odontogenic myxoma

Abstract: Little is known about the histogenesis of the odontogenic myx-
oma (OM). Dental pulp stem cells could be candidate precursors of OM
because both OM and the dental pulp share the same embryological ori-
gin: the dental papilla. For the purpose of comparing OM and stem cells,
this study analyzed the expression of two proteins related to OM inva-
siveness (MMP-2 and hyaluronic acid) in human immature dental pulp
stem cells (hIDPSCs). Three lineages of hIDPSCs from deciduous and
permanent teeth were used in this study. Immunofluorescence revealed
positive reactions for MMP-2 and hyaluronic acid (HA) in all hIDPSCs.
MMP-2 appeared as dots throughout the cytoplasm, whereas HA ap-
peared either as diffuse and irregular dots or as short fibrils throughout
the cytoplasm and outside the cell bodies. The gene expression profile
of each cell lineage was evaluated using RT-PCR analysis, and HA was
expressed more intensively than MMP-2. HA expression was similar
among the three hIDPSCs lineages, whereas MMP-2 expression was
higher in DL-1 than in the other cell lines. The expression of proteins re-
lated to OM invasiveness in hIDPSCs could indicate that OM originates
from dental pulp stem cells.

Descriptors: Stem Cells; Dental Pulp; Myxoma; Odontogenic Tumors.

Introduction

The odontogenic myxoma (OM) is a benign odontogenic tumor (OT)
characterized by local invasiveness and a tendency to recur.?* Although
little is known about the histogenesis of this neoplasm, it is believed to
arise from odontogenic ectomesenchyme, since it bears close microscopic
resemblance to the mesenchymal portion of a developing tooth, a portion
from which the dental pulp also develops.? Dental pulp stem cells could
therefore be considered candidate OM precursor cells.

The invasive behavior of OM could be related to the expression of
matrix metalloproteinases (MMPs) and extracellular matrix (ECM)
components, especially hyaluronic acid (HA). MMPs and HA share the
ability of promoting tumor invasion, insofar as HA favors invasion by
remodeling the ECM, while MMP-2 facilitates cell proliferation and mi-
gration.>” OM expresses MMP-2 and MMP-9,° as well as high amounts
of HA

MMPs are enzymes collectively capable of degrading all components
of the ECM. These enzymes can be divided into five groups:
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collagenases (MMP-1, MMP-8, MMP-13),
gelatinases (MMP-2, MMP-9),

stromelysins (MMP-3, MMP-10, MMP-11),

° membrane-type MMPs (MT-MMP-14, MT-
MMP-15, MT-MMP-16, MT-MMP-17, MT-
MMP-23, MT-MMP-24, MT-MMP-25) and
other novel MMPs, 31

High concentrations of gelatinases are found in
invasive tumors, and allow tumor cells to invade
normal tissues.!>12

The ECM of OM is rich in chondroitin sulfate
and HA."® HA is a ubiquitous and non-sulfated gly-
cosaminoglycan (GAG) with a pseudo-random coil
configuration. It measures 2 to 25 um in length, and
its molecular weight ranges from 105 to 107 kda.!*!
High concentrations of HA in a tumor prompt the
formation of loose, hydrated matrices with a myx-
oid appearance, capable of facilitating cell division
and migration.'®”

Our studies have focused on the expression of
ECM proteins in human immature dental pulp
stem cells (hIDPCSs)."® These cells are considered
more immature than those studied by Miura et al.’
since they are able to express adult and some em-
bryonic stem cell markers.2® hIDPSCs are able to ex-
press type I collagen, fibronectin and tenascin,'® all
proteins present in the developing tooth??? and in
OMj” however, there are no data on the expression
of HA and MMPs in dental pulp stem cells.

One approach to comparing dental pulp stem
cells and OM would be to search for the proteins
related to OM invasiveness in dental pulp stem cells.
Therefore, this study analyzed the distribution and
gene expression of MMP-2 and HA in three differ-
ent lineages of human immature dental pulp stem

cells (hIDPSCs).

Methodology

This study was previously approved by the Re-
search Ethics Committee, University of Sdo Paulo
(Protocol #39/06).

Cell culture

Three lineages of human immature dental pulp
stem cells (hIDPSCs) were used. The hIDPSCs were
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isolated from the teeth of three different individu-
als, as follows: two hIDPSC lines were derived from
exfoliated human deciduous teeth from a 5- and a
7-year-old child (DL-1 and DL-4, respectively) and
the others were obtained from a retained third mo-
lar, extracted from a 15-year-old boy (DL-2). DL-1
was obtained from a deciduous tooth with partial
root resorption, whereas DL-4 was derived from a
deciduous tooth presenting total root resorption.
The cells were isolated and characterized as hIDP-
SCs by Kerkis et al.?°

Cells grown between the sixth and the tenth
passages were used. After thawing the criovials in
a 37°C water bath for 60 seconds, the cells were cul-
tured in DMEM/Ham’s F-12 culture media (1:1, In-
vitrogen, Carlsbad, USA), supplemented with 15%
fetal bovine serum (FBS, Hyclone, Logan, USA),
100 U/mL penicillin (Invitrogen), 100 ug/mL strep-
tomycin (Invitrogen), 2 mM L-glutamine (Invitro-
gen) and 2 mM non-essential amino acids (Invit-
rogen).?’ The cells were cultured in an incubator at
37°C in humid atmosphere containing 5% CO,. The
cultures were maintained semiconfluent in order to
prevent cell differentiation. The cells were passed
every 4-5 days by washing the flasks twice in PBS,
followed by dissociation in a 0.25% trypsin solu-
tion (Invitrogen). Cell culture media was changed
each 2 or 3 days, depending on cell metabolism. For
the freezing procedure, cells were re-suspended in
a medium containing 20% FBS, 70% DMEM, and
10% dimethylsulfoxide (Sigma, St. Louis, USA) and
submitted to lowering temperatures until =70°C was
reached. Afterwards, the cells were transferred to
liquid nitrogen.

Immunofluorescence protocol

The cells plated on glass coverslips were fixed
with a 4% paraformaldehyde solution in calcium-
and magnesium-free phosphate buffered saline
(PBSA) for 1 h and further permeabilized with a
0.1% Triton X-100 solution in PBSA for 10 min.
The cells were then incubated with a 5% bovine se-
rum albumin (BSA) solution in PBSA for 30 min.

Next, the cells were incubated with the pri-
mary antibodies to detect MMP-2 and hyaluronic
acid. All antibodies were diluted in a 5% BSA so-



lution in PBSA. Optimum antibody concentrations
were determined prior to the experiments, using
DL-1, DL-2 and DL-4 cells. MMP-2 was detected
by a monoclonal mouse antibody from Calbiochem
(Calbiochem, Cambrigde, USA), diluted 1:50. Hy-
aluronic acid was detected by a monoclonal mouse
antibody from Biogenesis (Biogenesis, Munich, Ger-
many), diluted 1:50. The secondary antibody was
the sheep-anti-mouse antibody conjugated to fluo-
rescein (FITC) from Amersham (Amersham Co.,
Arlington Heights, USA), diluted in PBSA (1:500)
at room temperature. All the incubations were con-
ducted for 60 min at room temperature, and omis-
sion of the primary antibodies served as a negative
control.

Observation and photographic recording were
carried out under a fluorescence microscope (LSM
410 Zeiss, Oberkochen, Baden-Wiirttemberg, Ger-
many). At least 100 cells were observed for each re-
action.

Total RNA extraction and RT-PCR analysis

Total RNA was extracted from hIDPSCs using
the RNeasy Mini kit (Qiagen, Dusseldorf, Germa-
ny), according to the manufacturer’s instructions.
RNA quality was determined by agarose gel elec-
trophoresis and ethidium bromide staining. The 18S
and 28S RNA bands were visualized under ultra-
violet light. The concentration and purity of RNA
were determined by measuring absorbance at 260
and 280 nm. Expression of the hyaluronic acid and
MMP-2 genes was analyzed on cDNA fragments
obtained with the QIAGEN OneStep RT-PCR Kit
(Qiagen) using the primers described in Table 1. The
products were electrophoresed on 1.5% agarose
gels, stained with ethidium bromide, and visualized
with the Gel Logic 100 Imaging System transillumi-
nator (Kodak, New Haven, USA), using Kodak 1D
Software, v. 3.6.5 K2 (Kodak).

Table 1 - List of primers used for RT-PCR.
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Results
The immunofluorescence results and the gene ex-
pression reactions are illustrated in Figure 1.

RT-PCR analysis

Figure 1, top shows the agarose gel images de-
picting the total RNA bands of the 2 genes ana-
lyzed. All hIDPSCs studied expressed MMP-2 and
HA genes. The three hIDPSC lines exhibited simi-
lar HA gene expression. Total RNA for the MMP-2
gene was expressed markedly in the DL-1 cell line
and to a lesser extent in the other two cell lines.

Immunofluorescence

Positive reactions to both antibodies tested were
observed irrespective of the hIDPSC lineage ana-
lyzed (Figure 1, bottom). MMP-2 appeared as dots
throughout the whole cytoplasm. HA appeared
either as diffuse and irregular dots or short fibrils
throughout the cytoplasm. Moreover, positive label-
ing of HA was also observed in the glass coverslip,
outside the cell bodies.

Discussion

The current knowledge of the odontogenic myx-
oma (OM) still has significant gaps. One of them is
related to the histogenesis of this odontogenic neo-
plasm. A parallel between this neoplasm and dental
pulp stem cells was made in an attempt to bring new
data to the study of OM histogenesis. This study fo-
cused on the expression of proteins related to OM’s
invasive behavior. The chosen proteins were the ma-
trix metalloproteinase-2 (MMP-2) and hyaluronic
acid (HA), since both proteins have been implicated
in OM’s local invasiveness.®” As expected, MMP-2
and HA were expressed by the three different lin-
eages of human immature dental pulp stem cells
(hIDPSCs) tested. HA gene expression was evident
and similar in all hIDPSCs, whereas MMP-2 was
expressed markedly in the DL-1 cell line and to a

Gene Forward 5’ >3’ Reverse 5'>3’ Product size (bp) Annealing
MMP-2 AATGAAGGGACACAGAGGTTTC CCAGTAGCACCATCATTTCCAC 198 61
Hyaluronic acid GGTCAGTCCTACAAGATTGGTG CTTCTCCCAGGCAAGTACAATC 223 61
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DL-1 DL-2 DL-4

MMP-2

DL-1 DL-2 DL-4

Figure 1 - Representative image of MMP-2 and HA expression: molecular level (gene expression, top) and cellular level (im-
munofluorescence, bottom). Observe that HA gene expression is similar in all hIDPSCs, whereas the gene expression of MMP-2

varies among the cell lines.

lesser extent in the other two cell lines.

In adult vertebrates, hyaluronic acid is distribut-
ed ubiquitously in tissues that require hydrodynamic
properties and interactions with other components
of the extracellular matrix, such as vitreous syno-
vial fluid and the dermis.'*23-2° This protein can also
be found in high quantities in inflammation and
wound healing processes.'* Jaeger et al.” have found
high quantities of HA in OM and in a cell line de-
rived from this neoplasm.

High concentrations of HA in embryonic tis-
sues are related to a high rate of proliferation and
cell migration. The similarity between the behav-
ior of developing tissues and that of tumors sug-
gests that HA may be a relevant factor for tumor
growth.>* In fact, high levels of HA may stimulate
tumor progression.?®?” As an example of this HA
activity, stromal levels of HA have been linked to
a worse prognosis in cases of ovarian carcinoma.?
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The exuberance of this ECM protein in OM ob-
served in vivo and in vitro strongly suggests that it
has a definitive role in the local invasiveness of this
neoplasm. Thus, it would be expected that a precur-
sor cell of OM should be capable of producing this
protein. All hIDPSCs expressed HA at the molecu-
lar and cellular levels. These results — along with the
previous observation of other ECM molecules (e.g.,
type I collagen, fibronectin and tenascin) expressed
by these cells and present in the tumor'® — are indic-
ative of at least a strong resemblance between hIDP-
SCs and OM cells.

Matrix metalloproteinases (MMPs) are enzymes
capable of degrading components of the extracellu-
lar matrix (ECM).®? High concentrations of these
enzymes can be found in more invasive tumors, en-
abling tumor cells to invade normal tissues.!"!'> Mi-
yagi et al.® have found a high expression of MMP-2
in a cell line derived from an OM. These authors



have chosen to search for MMP-2 because this ge-
latinase is frequently involved in the invasive phe-
notype of some lesions. This characteristic is based
on its ability to degrade type IV collagen.? Other
authors have also found a high expression of MMP-
2 in OM. Bast et al.’® reported MMP-2 expres-
sion in 90% of the OM cases studied. Although all
hIDPSCs expressed MMP-2 in our study, the level
of expression was dependent on the hIDPSC lineage
considered. Based on this parallel between OM and
dental pulp stem cells, the positive reactions ob-
served at the molecular and cellular levels corrobo-
rate the hypothesis that dental pulp stem cells could
be precursors of OM. However, the observed differ-
ences in expression warrant further investigation.
In a previous study, we observed differences in
the expression of ECM proteins among different
hIDPSCs.!"® These differences were observed in the
expression of type I collagen and were explained
based on the donor tooth conditions (deciduous or
permanent, retained or erupted, and degree of root
resorption).'® The DL-2 cells derived from a retained
permanent tooth had the lowest expression of type
I collagen, whereas the DL-1 and DL-4 cells derived
from erupted teeth had a significantly higher expres-
sion.'® In this study the highest expression of MMP-
2 was observed in DL-1, followed by DL-2, and the
lowest was observed in DL-4. The expression of this
enzyme declines with donor tooth aging. In fact, the
DL-4 cell line was derived from a deciduous tooth at
an advanced stage of root resorption, whereas DL-1,
although also derived from a deciduous tooth, was
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at an early stage of root resorption. On the other
hand, MMP-2 expression was intermediate in DL-2
cells, although the donor tooth from which this cell
line was derived had a non traumatized dental pulp,
and was also an older tooth. Based on these obser-
vations, it may be assumed that MMP-2 expression
could also be related to donor tooth conditions.

Conclusion

The expression of MMP-2 and HA observed in
all the hIDPSCs studied reveals an interesting re-
semblance between OM cells and dental pulp stem
cells. These results, combined with those of a previ-
ous study showing other ECM proteins expressed by
OM also found in hIDPSCs,'® strongly suggest that
dental pulp stem cells can be the precursors of OM.
New studies either searching for other similarities
between this neoplasm and dental pulp stem cells,
or seeking to reproduce the neoplasm by inducing
hIDPSCs, among other research possibilities, may
contribute to clarifying the histogenesis of odonto-
genic tumors.
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