Japanese Dental Science Review (2015) 51, 75—83

Available online at www.sciencedirect.com
apanese

ScienceDirect -

cience

eview

journal homepage: www.elsevier.com/locate/jdsr

Review Article

Ability of stem and progenitor cells in @cfossMark
the dental pulp to form hard tissue

Akihiro Hosoya (DDS, PhD)*, Hiroaki Nakamura (DDS, PhD)

Department of Oral Histology, Matsumoto Dental University, 1780 Gobara Hirooka, Shiojiri,
Nagano 399-0781, Japan

Received 12 November 2014; received in revised form 24 February 2015; accepted 13 March 2015

KEYWORDS Summary Dental pulp has an important ability to form mineralized hard tissue in response
Dental pulp; to a variety of external stimuli. The formation of mineralized tissue within the pulp cavity
Odontoblast; has been widely examined in both clinical and animal studies. Despite these studies focusing
Stem cells; on the phenomena of reparative dentin and dentin bridge formation, the mechanisms of their
Dentin formation; induction remain unknown. Recently, several morphological studies revealed that the source
Differentiation; of cells for hard tissue formation is the dental pulp itself, even after pulp injury. This finding
Pulp biology; indicates that the dental pulp tissue contains undifferentiated cells participating in dentin and
Oral anatomy; pulp regeneration. Additionally, stem and progenitor cells isolated from the dental pulp were
Oral biology found to differentiate into odontoblasts as well as osteoblasts. This review presents current evi-

dences for the multipotent ability of dental pulp cells and their usefulness in tissue engineering
applications as a cell resource.
© 2015 Japanese Association for Dental Science. Published by Elsevier Ltd. All rights reserved.

Contents
LIPS 1o Yo (U7 o o 76
2 U o T et=1 et 13 (of- 1 o o 1 76
3. Stem and progenitor cells in the dental PUIP ... .vu ittt e e e ettt e et e et e e eneenaeens 77
3.1, Dental pulp Stem €IS (DPSCS) ..ttt ettt ettt ettt ettt ettt e et e e te et e e e taenraeenenenanns 78
3.2.  DPSCs mobilized by G-CSF (MDPCS) . . . ..ttt ettt ettt et e e e et ettt e et e et e et e e e eaeaenns 78
3.3, Side popUlation (SP) CellS. ...ttt e et ettt ettt e 78
3.4, Label-retaining COLS (LRCS) ..t u ettt ettt ettt ettt te e e e eaeeaaaaneneneaaaseseneneasesenenenenenenns 78
3.5.  Cells in the subodontoblastiC laYer .. ..c.vnue ettt e ettt ettt et e e et e e eneneneenensnenennns 78

* Corresponding author. Tel.: +81 263512043; fax: +81 263533456.
E-mail address: hosoya@po.mdu.ac.jp (A. Hosoya).

http://dx.doi.org/10.1016/j.jdsr.2015.03.002
1882-7616/© 2015 Japanese Association for Dental Science. Published by Elsevier Ltd. All rights reserved.


dx.doi.org/10.1016/j.jdsr.2015.03.002
http://www.sciencedirect.com/science/journal/18827616
www.elsevier.com/locate/jdsr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jdsr.2015.03.002&domain=pdf
mailto:hosoya@po.mdu.ac.jp
dx.doi.org/10.1016/j.jdsr.2015.03.002

76

A. Hosoya, H. Nakamura

4. Inducing factor for pulp calcification.......................
PerspPeCtiVe. .ottt et
6. CONCLUSIONS . \vte ettt eneete et eieeeeeenrnenaenenneaennns
Conflict of interest statement.............ccovvivuiinennn.
Acknowledgement........ouviiiiiiiiii e
[0S (] (=] (o=

i

1. Introduction

Dental pulp is a loose connective tissue surrounded by
dentin. Because hard tissue formation by odontoblasts and
pulp cells is an important protective response to external
stimuli, every effort must be made to maintain their vitality
and function. Four distinct zones are histologically distin-
guishable in the dental pulp. The outermost layer of the
pulp is termed the odontoblast layer, which is composed of
odontoblasts forming dentin under normal physiological con-
ditions. Beneath this layer, a cell-free zone (zone of Weil) is
observed specifically in the coronal pulp, and it connects
with a cell-rich zone characterized by high cell density.
These cell-free and cell-rich zones are collectively referred
to as the subodontoblastic layer [1]. Besides the surface
cell layers, the central region of the pulp is populated by
the major vessels and nerves as well as by dental pulp
cells and extracellular matrix. The dental pulp tissue con-
tains several types of cells such as odontoblasts, fibroblasts,
macrophages, dendritic cells, as well as undifferentiated
mesenchymal cells that regulate the homeostatic function
of the dentin—pulp complex [2].

Recent progress in identifying stem and progenitor cells
from adult tissues suggests their potential application for
clinical use in some fields [3,4]. Mesenchymal stem cells
have been recognized in many organs and tissues such as
skeletal muscle and central nervous system [5,6], as well
as classically in hematopoietic lineage, skin, and gut [7—9].
In addition, the existence of stem cells within the dental
pulp has been reported in the case of human permanent [10]
and deciduous [11] teeth. These dental pulp stem cells show
self-renewal ability and multilineage potential [12,13]. The
pulp tissue also contains a wide variety of undifferentiated
cells that can differentiate into odontoblast-like cells. Many
morphological studies have suggested that the dental pulp
is capable of forming hard tissues including dentin and bone
[14,15]. The mechanisms of pulp calcification have also been
analyzed by use of in vivo experimental techniques such as
tooth [16] and pulp [17] transplantation.

This review focuses on pulp function regarding the for-
mation of hard tissue. Additionally, we introduce recent
findings on a cell population having hard tissue-forming abil-
ity, and thereafter discuss the potential of pulp stem cells
for regenerative therapy.

2. Pulp calcification

The formation of mineralized tissue within the pulp cavity
has been widely examined in both clinical and experimen-
tal animal studies. Many reports have described reparative

dentin and dentin bridge formation following injuries such
as dental caries [18,19], cavity preparation [20—25], and
direct pulp capping [26—30]. Of interest, bone-like tissues
are found after tooth replantation [31—33], traumatic injury
[34], and laser irradiation [35—37], in addition to dentin for-
mation. During the reparative process in the injured pulp,
primary odontoblasts lost as a result of extensive damage are
replaced by newly differentiated hard tissue-forming cells
secreting a dentin- or bone-like matrix [38]. This process
consists of the sequential steps of proliferation, migration,
and differentiation of stem and progenitor cells, along with
reinnervation and revascularization [39].

The cell origin of the hard tissue-forming cells after
pulp injury is still controversial. Several possibilities can
be proposed to explain the origin of cells involved in pulp
regeneration. One is that bone marrow-derived mesenchy-
mal cells participate in osteoblast-like cell differentiation.
Such undifferentiated cells might be supplied to the injured
pulp via the bloodstream and then differentiate into hard
tissue-forming cells [40,41]. A second possibility is that stem
and/or progenitor cells in the dental pulp itself differenti-
ate into odontoblast- or osteoblast-like cells and form hard
tissue. This possibility is supported by earlier reports indi-
cating that undifferentiated mesenchymal cells exist within
the dental pulp [10,11]. The majority of these stem cells are
found at the periphery of blood vessels in the central region
of the pulp [42,43]. The cells in the subodontoblastic cell-
rich layer have also been shown to have high mineralization
ability and form a bone-like matrix in vivo [44]. Moreover,
the periodontal ligament (PDL) is thought to be a source
of hard tissue-forming cells. PDL cells possess high alkaline
phosphatase activity [45] and produce bone matrix pro-
teins [46] and mineralized nodules [47] under osteoinductive
culture conditions. Indeed, they extensively migrate after
transplantation [48,49]. In this context, several morphologi-
cal studies demonstrate that hard tissue formation in dental
pulp cells is mainly caused by the pulp cells themselves,
and merely formed by mesenchymal cells that entered from
outside (Table 1).

Several reports have described hard-tissue formation in
the pulp cavity of rat molar after tooth transplantation into
subcutaneous tissue [14,50,51]. Because pulp calcification
can be investigated without inflammation due to infection,
this study model is very useful and reproducible. After trans-
plantation, the coronal pulp cavity becomes necrotic at the
early period, and then three distinct types of mineralized
hard tissue are formed in the pulp. Cell-rich hard tissue is
formed at the root apex and is immunonegative for dentin
sialoprotein (DSP), which is a marker of the dentin matrix
[52,53]. This tissue resembles bone from both histolog-
ical and immunohistochemical perspectives. Additionally,
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