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Stem cells are undifferentiated cells that have the capacity to self-renew. They have been discovered in many adult tis-
sues, mcluding teeth. The Dental Pulp Stem Cells are involved in dentinal repair by activation of growth factors,
released afier caries process and have the ability to regenerate the dentin-pulp-like complex. The molecular/cellular
research raises the possibilities to grow new tissues and biological structures jfor clinical application, providing cells
Jor therapies including cell transplantation and tissue engineering.
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INTRODUCTION

e stem cells are defined as clonogenic unspecialized cells
capable of both self-renewal for long periods and multi-line-
age differentiation, contributing to regenerate specific tissues.

They can theoretically divide without limit to replenish other cells as
long as the person is still alive.

In living organisms, stem cells are important for many reasons. In
the 3 to 5 day old embryo, called the blastocyst, stem cells in devel-
oping tissues give rise to the multiple specialized cells types that
make up the heart, lung, skin, and other tissues. Stem cells generate
replacements for cells that are lost through normal wear, injury or
disease. The specific conditions that allow stem cells to remain
unspecialized and the signals inside and outside cells that trigger
stem cells differentiation poses a challenge for the researcher.

There are two types of stem cells: the embryonic stem cells and
the adult stem cells.

Embryonic stem cells are derived from embryos that are typical-
ly four or five days old called the blastocysts. These cells in the early
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embryo are pluripotent, i. e. they have the capacity to form all tis-
sues. The cells of the inner cell mass of the blastocyst contribute to
all tissues of the adult (Gilbert, 2000). Successful culture of stem
cells from human embryos was reported for the first time in 1988
(Thompson, 1998). Stem cells could be exposed to specific combi-
nations of growth and differentiation factors 7z vizro, which would
induce their differentiation in desired directions. Different types of
tissue could then be grown in culture and afterwards transplanted to
patients. Also, pluripotent embryonic stem cells could be directly
implanted into the patient’s tissues, where they would then differen-
tiate into specific cell types after encountering the appropriate niche.
There is, in fact, some evidence that damage tissues may exert
chemotactic influences on the stem cells and, thereby, stem cells
might be specifically guided to sites where they are needed for tis-
sue regeneration.

Adult stem cells are an undifferentiated cell that typically gener-
ates the cell types of the tissue in which they reside. They can renew
themselves and the primary roles in a living organism are to main-
tain and repair the tissue in which they are found. Adult stem cells
may also exhibit the ability to form specialized cell types of other
tissues, which is known as transdifferentiation or plasticity.
Scientists have found adult stem cells in many more tissues than
they once thought possible. A number of experiments have suggest-
ed that certain adult stem cells types are pluripotent. Adult blood
forming stem cells from bone marrow have been used in transplants
for 30 years.

Certain kinds of adult stem cells seem to have the ability to differ-
entiate into a number of different cell types, given the right condi-
tions. Stem cells are thought to reside in a specific area of each tis-
sue where they may remain quiescent for many years until they are
activated by disease or tissue injury. The adult tissues reported to
contain stem cells include brain, bone marrow, peripheral blood,
blood vessels, skeletal muscle, skin and liver, and more recently,
found in the dental pulp.
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Properties of dental pulp stem cells (DPSC)

Post-natal stem cells have been found in various tissues, including
bone marrow, neural tissue, skin, retina and, more recently, in den-
tal epithelium (Harada et al 1999; Fuchs and Segre 2000; Blau ez a/.
2001).

The bone marrow stromal stem cells (BMSCs), which have been
defined as pluripotential adult stem cells, are a well known undiffer-
entiated cell and have the potential to develop into osteoblasts, chon-
drocytes, adipocytes, myelossuportive fibrous stroma, and neural tis-
sues (Freidenstein ez a/, 1978; Pittenger ez a/., 1999). They are char-
acterized by their high proliferative capacity ex v7vo, whereas main-
taining their ability to differentiate into multiple stromal cell lineag-
es. The tissue-specific differentiation of BMSCs seems to be
dependent on their state of differentiation and commitment, and the
microenvironment in which they are located.

The similarity between bone marrow stromal stem cells and den-
tal pulp stem cells in the gene expression profiles have already been
shown (SHI e7 @/ 2001). Dental pulp stem cells (DPSC), like
osteoblasts, express bone markers such as bone sialoprotein, alka-
line phosphatase, type I collagen, and osteocalcin (Kuo ez @/, 1992;
Tsukamoto ez @/, 1992; Nakashima ez @/, 1994; Butler ez a/, 1997,
Shiba ez a/, 1998; Buurma ez @/, 1999; Buchaille ez /., 2000).
Previous reports have demonstrated that various bone formation reg-
ulators, including TGF B (transforming growth factor 3) and others
cytokinas, are members that regulated their differentiation (Shiba e7
al, 1998; Onishi ez a/, 1999).

Research has been made in order to compare the proliferative and
differentiation potential between BMSCs and DPSCs cells. The 7
vitro experiments of colony-forming efficiency and cell proliferation
from dental pulp tissue and bone marrow indicated that the inci-
dence of colony-forming cells is more clonogenic in dental pulp
than in bone marrow (Gronthos ez a/, 2000).

According to Gronthos e @/, (2002), the DPSCs have the ability
to regenerate the dentin-pulp-like complex. Following 77z vzvo trans-
plantation, they were capable of forming ectopic dentin and associ-
ated pulp tissue, representing a novel adult stem cell population that
possesses the properties of high proliferative potential, the capacity
of self-renewal, and multi-lineage differentiation. Analysis of the
dentin matrix formed by single-colony-derived strains demonstrated
a mineralized dentin matrix, containing organized collagen fibers,
similar to that formed by multi-colony-derived DPSCs. Although,
DPSCs of single-colony-derived strains differ each other with
respect to their rate of odontogenesis, showing that DPSCs possess
stem-cell-like qualities, including self-renewal capacity and multi-
lineage differentiation.

The ethical aspects related to the utilization of embryonic stem
cells in the tissue engineering and cells therapies have risen to the
search for auxiliary resources of high quality of stem cells. The tran-
sition from primary teeth to adult permanent teeth is a unique and
physiologic process in which the development and eruption of per-
manent teeth is coordinated with the resorption of the roots of pri-
mary teeth. Recently, a population of high quality human stem cells
was found in the exfoliated human primary teeth (Miura ez @/, 2003).
The stem cells from human exfoliated primary teeth (SHED) were
identified to form part of a highly proliferative, clonogenic cells
capable of differentiating into a variety of cell types including neu-
ral cells, adipocytes, and odontoblasts. In comparison with BMSCs
and DPSCs, SHED showed a significantly higher proliferation rate.
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The SHEDs have the osteoinductive capacity 7 vivo, but failed to
reconstitute a dentin-pulp-like complex, perhaps in order to have
more immature characteristics than other post-natal stem-cell popu-
lation (Miura ez a/., 2003).

The human post-natal stem cells from accessible resources, like
the ones derived from exfoliated primary teeth, can constitute in a
potential clinical application, providing cells for stem cell therapies
including cell transplantation and tissue engineering.

The application of molecular biology and DPSC in conservative
pulp therapies

Strong evidence suggest the presence of resting progenitor or
stem cells in dental pulp (Gronthos er @/, 2000, 2002; Shi and
Gronthos, 2003; Miura ez a/., 2003). Reparative dentin synthesis is
a complex biological process that requires the presence of progeni-
tor cells for their proliferation, migration, recruitment and activation
at the injury site. Little is known about the activation and migration
of these cells in response to injury.

Dentinal repair in post-natal organism occurs through the activity
of specialized cells, called odontoblasts, which are thought to be
maintained by an as yet undefined precursor population associated
with pulp tissue. In restorative dentistry, moderate carious lesions
stimulate the secretory activity of the odontoblasts to elaborate
reparative dentin (Tziafas, 1995; Smith ez @/, 1995) while, deep cav-
ity preparation or severe carious lesions may lead to partial destruc-
tion of the odontoblastic layer. These conditions attracted cells to
the injury site and differentiated into odontoblast-like cells that can
replace the necrotic odontoblasts and secrete a reparative dentin
matrix (about ¢z a/., 2000).

Third human molars after deep cavity preparation involving pul-
pal exposure demonstrated that perivascular progenitor cells can
proliferate in response to odontoblasts injury (Técles ez a/, 2005).

Dentin matrix can be considered a reservoir of growth factors,
since growth factors such as transforming growth factors (TGF B),
bone morphogenic protein (BMP), fibroblast growth factor (FGF)
and insulin-like growth factor (IGF) are secreted by functional odon-
toblasts and pulp fibroblasts (Finkelman ez @/, 1990; Ruch er a/,
1995). These factors are released after dentin demineralization by
caries process and seem to be involved in the proliferation and dif-
ferentiation of pulp cells, providing chemotactic signals to recruit
progenitor pulp cells at injury site and to initiate tissue repair
(Martin, 1997; D’Souza ez a/, 1998).

The deposition of tertiary dentin matrix is an occurrence that can
be observed in the indirect pulp capping (IPC). In this procedure,
non-remineralizable tissue is removed and a thin layer of caries is
left at the deepest site of the cavity avoiding the possibility of pulp
exposure (Mc Donald and Avery, 1994; AAPD, 2001). It is believed
that IPC cause a mild grade injury, and the odontoblasts and other
pulpal cells are stimulated or up-regulated to secrete a reactionary
type of tertiary dentin matrix. In this case, reparative dentinogenesis
needs recruitment of progenitor cells from the pulp population, their
differentiation into odontoblast-like cells and then stimulation of
matrix secretion. Growth factors provide the molecular signal for
this induction of odontoblast differentiation and the subsequent
stimulation of matrix secretion by these cells.

The dental pulp has a naturally high vascularized tissue and con-
servative pulp procedures like direct pulp capping and pulpotomy
result in the injury of blood vessels. The injured endothelial cells
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release chemotactic factors signaling molecules to initiate the
inflammatory process, and express adhesion molecules necessary
for the recruitment of inflammatory and progenitor cells for initiat-
ing the healing process (Martin, 1997; Tedder ez a/, 1995). It was
suggested that the endothelial injury is involved in the recruitment of
odontoblast-like cells at the injury site (Mathieu ez @/ 2005). This
information raises the speculations about the use of stem cells and
signal molecules in conservative pulp therapies and in trauma to
teeth, with incomplete root formation, leading to a more biological
approach.

Future studies must be focused on the molecular and cellular
events that play an important role in tooth regeneration, physiolo-
gy/embryology, treatment related events and therapies related with
stem-cells, contributing to a better clinical dental practice.
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