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Thespatial organization of the pulp cells may modify the cytodif-
ferentiation process. The purpose of this study was to compare the
two- versus three-dimensional cell culture systems for differentia-
tion of human odontoblastic cells in vitro. Pulpal cores from freshly
extracted human third molars were cultured in vitro in a perfu-
sion device on two types of membranes: polyester membrane (two-
dimensional [2D] cell culture) and nylon mesh (three-dimensional
[3D] cell culture). The cells were incubated with minimum essen-
tial medium containing (a) substitute serum, (b) 10% fetal calf
serum (FCS), (c) 10% fetal calf serum + 2 mM B-glycerophosphate
(BGP), and (d) 10% fetal calf serum -+ transforming growth factor
(TGF)B1. Immunohistochemistry was used to evaluate the expres-
sion of collagen I, osteonectin, and nestin. Small differences were
observed between 2D and 3D cell culture systems. This was partic-
ularly evident in the 10% FCS group. B-Glycerophosphate in the
3D system seems to stimulate the osteogenic cell phenotype, as a
considerable induction of osteonectin is observed.
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INTRODUCTION

Odontoblasts are postmitotic cells synthesizing the organic
matrix of dentin, Since odontoblasts cannot be cultured in vitro
by traditional cell culture methods, several innovative culture
systems have been proposed [1-3]. Forresearch purposes, dental
papillae of neonatal rodents have been extensively used with suc-
cess [ 1]. However this system is not suitable to evaluate the inter-
actions between restorative materials used in common dentistry
and pulpal cells. Pulp slices from extracted human teeth cultured
for 30 days [3] or young rodent teeth [2] cultured up to 28 days
behaved similar to pulpal cells in vivo, thus offering a nice
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model for studying the factors affecting pulp repair. However,
the disadvantage of this system is that reparative dentin secre-
tion cannot be studied; reparative dentin implies differentiation
of pulp cells into odontoblasts, and this process is absent from
the slices since all the preexisting odontoblasts remain intact.

In addition to that culture system, classical two-dimensional
(2D) cell culture systems have been used. Pulp stem cells have
been cultured in presence of various chemicals in order to induce
the differentiation of pulp cells into odontoblastic cells in vitro.
These cells exhibit an elongated shape and secrete several pro-
teins that are specific to odontoblasts such as dentin sialoprotein
(DSP). Differentiation of odontoblastic cells may be induced
by B-glycerophosphate [4], calcium hydroxide [5], dexametha-
sone [6], ascorbic acid [7], and several growth factors (8, 9].
These well-established systems may reproduce the physiolog-
ical and molecular events of lluman dentin production in vitro
(10]: In spite of these in vitro models, a three-dimensional (3D)
cell culture system might be useful and necessary for pulp tissue
engineering [11-13] or for cytotoxicity testing [14]. This opens
new fields of research based on a biological approach of dental
therapy. As a matter of fact, human pulp fibroblasts have been
grafted onto synthetic scaffolds [11] in order to replace dental
pulp after root canal therapy [12, 13]. Furthermore, the newly
used pulp chamber with 3D cell cultures has been found to be
a good in vitro model for testing cytotoxicity of restorative ma-
terials [14], since this system is less sensitive than conventional
2D systems.

The purpose of the present study was to compare a 2D and
a 3D culture system for in vitro differentiation of human pulp
cells into odontoblastic cells.

MATERIALS AND METHODS

Reagents

All materials used for culture media preparation were pur-
chased from Gibco BRL (Life Technologies, Inc., Grand Island,
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