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While several research groups have focused on
establishing the role of periodontal ligament (PDL)
cells in the local environment during periodontal
wound healing, in vivo and in vitro (see reviews 1,
2), questions remain regarding the “osteoblast-like™
properties of PDL cells. Recent results from our lab-
oratory prompted us to query whether cultured PDL
cells express mRNA for mineral-associated proteins
in the same manner as freshly extracted tissues.
First, we noted that bone sialoprotein (BSP) was ex-
pressed in cells lining the root surface during molar
root development and in developed roots in mice in
situ (3), but expression in cultured PDL cells was
minimal. Secondly, exposure of PDL cells to dexa-
methasone, an agent which promotes osteoblast dif-
ferentiation, resulted in a significantly greater par-
athyroid hormone (PTH)-mediated cAMP response,
when compared with untreated cells (4). These stud-
ies suggest that in vitro cultures of PDL are selec-
tive for a more “fibroblast-like” cell, as seen with
many other cell types with passage, in vifro, e.g.
chondrocytes and osteoblasts (5). However, defini-
tive data to demonstrate differences in protein ex-
pression in cultured vs. freshly extracied PDL cells
have not been provided.

The purpose of the present investigation was to
determine whether freshly extracted PDL cells ex-
press mRNA for proteins associated with mineral-

ized tissues, and to compare steady state mRNA
levels from freshly extracted cells with cultured
PDL cells.

Materials and methods
Tissue isolation and culture

Porcine anterior teeth and mandibular bone were
extracted immediately after sacrifice of animals, at a
local abattoir. These extractions were performed on
3 separate occasions. PDL fibroblasts were isolated
and cultured as reported in detail previously (4).
The mandibular bone included portions of cortical
and trabecular bone rinsed free of marrow. Com-
parable PDL tissues were either used for RNA
extraction or for explantation. For explantation the
PDL tissues were cut into small pieces, rinsed with
biopsy media (DMEM with 10% FBS, 250 ug/ml
Amphotericin B, 5 pg/ml Gentamicin Sulfate, 100
units/ml penicillin, 100 pg/ml streptomycin; Gibco
BRL, Gaithersburg, MD), placed in tissue culture
dishes and glass cover slips were placed over the tis-
sue to prevent floating. After a 24 h attachment
period the biopsy medium was replaced with culture
medium (DMEM with 10% FBS, 100 units/ml peni-
cillin and 100 pg/ml streptomycin). When cells
around the explants reached confluence, they were
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Fig. 1. Autoradiograph of Northern blot analysis for type I col-
lagen (Type 1), bone sialoprotein (BSP), osteopontin (OPN), al-
kaline phosphatase (Alk Phos), PTH/PTHrP receptor (PTH-R),
osteonectin (ON), and 185 rRNA (18S) in total RNA samples
from alveolar bone (Bone), periodontal ligament tissue freshly
extracted from porcine teeth (PDL-fresh) and periodontal liga-
ment cells extracted from porcine teeth and cultured in virro
(PDL-cult), rat osteosarcoma cells (ROS), mouse calvarial pre-
osteoblastic cells (MC3T3-El), and human osteosarcoma cells
(Sa0S). This is a representative blot where similar results were
obtained from tissues obtained on 3 separate occasions.

passaged with 0.25% trypsin-0.1% EDTA and used
at third passage for RNA extraction.

RNA extraction and Northern blot analyses

Total RNA was extracted from freshly harvested
PDL, bone tissue, and cultured PDL cells obtained
from animal tissues on 3 separate occasions. In
addition, total RNA was isolated from ROS 17/2.8
rat osteosarcoma, Sa0S-2 human sarcoma and
MC3T3-E1 mouse pre-osteoblastic cells and evalu-
ated adjacent to porcine tissues as standards for
osteoblast specific gene expression and to ensure
that the probes were adequate for detection of spe-
cific RNAs. The fresh PDL and bone were pulver-
ized in ice-cold guanidinium isothiocyanate (4 m)
with a mortar and pestle, cell culture cells were
extracted from the tissue culture flask with the addi-
tion of guanidinium isothiocyanate followed by vor-
texing. Total RNA was isolated using guanidinium
isothiocyanate, phenol and chloroform extraction,
quantitated by spectroscopy at 260 nm, electro-
phoresed (20 pg) on 1.2% agarose formaldehyde
gels, and transferred to nylon membranes as previ-
ously described (6, 7). The following cDNA probes
were hybridized with the immobilized RNA: mouse
collagen type I (o,I) (8), rat parathyroid hormone/
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Fig. 2. Relative values for signal intensity of fresh PDL and cul-
tured PDL samples from autoradiograph in Fig. 1. Scanning

densitometry was performed and relative values expressed in
relation to 18S rRNA signals.

parathyroid hormone related protein receptor (PTH/
PTHrP receptor; PTH-R) (9), mouse alkaline phos-
phatase (AP) (10}, human osteopontin (OPN) (11),
mouse bone sialoprotein (BSP) (12) and rat
osteonectin (ON) (13). All cDNA probes were
labeled with **P-dCTP (NEN Dupont, Boston, MA)
using random primer labeling (Stratagene Inc., La
Jolla, CA), nylon membranes were hybridized,
washed and exposed as described (8). Blots were
also stripped and reprobed with a cDNA probe for
18S rRNA as a control for even loading (14). Auto-
radiographs were evaluated for relative signal den-
sity with NIH Image Software on a Macintosh
computer and data expressed as a ratio of signal
density for probe of interest/18S rRNA.

Results and discussion

Representative Northern blots for steady state
mRNA levels of ON, OPN, AP, PTH-R, type I col-
lagen and BSP in freshly isolated bone and PDL tis-
sue, and cultured PDL, ROS 17/2.8, Sa0S-2, and
MC3T3-El cells are shown in Fig. 1, where similar
results were obtained from 3 separate experiments.
The relative density (probe of interest vs. 185
IRNA) of the signal for fresh PDL, and cultured
PDL was plotted in Fig. 2, to provide a comparison
of signal intensities for this representative blot.
There was a 3.3-fold and 2.3-fold increase in steady
state AP and ON mRNA, respectively, in cultured
vs. fresh PDL tissues. In contrast, there was a 5.3-
fold reduction in steady state OPN mRNA for cul-
tured vs. fresh PDL tissues. Steady state mRNA lev-



els for type I collagen and PTH/PTHIP receptor
were similar in fresh vs. cultured samples. Freshly
extracted PDL were positive for BSP mRNA, while
cultured PDL cells had 2.3-fold lower mRNA lev-
els.

The results from these studies provide informa-
tion critical to our understanding of the PDL in ma-
ture tissues and important to our continued progress
in the development of regenerative materials. First,
it is clear that the PDL contains cells that express
RNA for proteins associated with mineralized tis-
sues, e.g. bone sialoprotein, osteopontin, alkaline
phosphatase, PTH/PTHrP receptor and type I colla-
gen. Secondly, clear differences were noted in RNA
levels for proteins obtained from freshly extracted
tissues vs. RNA obtained from cells, in vitro. For
example, RNA expression for BSP and OPN was
detectable in cells obtained from freshly isolated tis-
sue, with much lower levels in cultured PDL cells.
Importantly, BSP, a mineralized tissue specific ad-
hesion molecule, is considered to have a role in the
initiation of mineralization (15). Osteopontin is an
adhesion molecule associated with mineralized tis-
sues, but also identified in several other tissues, in-
cluding the PDL (16 and references sited). Sug-
gested functions for OPN in mineralized tissues in-
clude roles as a regulator of osteoclast activity, and
of early stages of mineralization (see review, 17). In
addition, higher levels of RNA for osteonectin (ON)
were found in cultured PDL cells compared with
freshly extracted RNA from comparable cells. This
is in agreement with previous studies showing that
PDL cells, in vitro, express ON (18, 19). Although
the exact function(s) of ON is not known, it has
been called a culture shock protein since increased
protein levels are observed in cells in vitro (20).
RNA levels for the PTH/PTHrP receptor and type I
collagen were similar in cultured vs. fresh tissues.
Expression of the PTH/PTHrP receptor is associated
with active osteoblast-like cells producing a differ-
entiating matrix, both in vivo and in vitro (21, 22).
While no difference in expression for the PTH/
PTHrP receptor was noted in our studies it is con-
ceivable that at different stages of maturation, in
vive or in vitro, PDL cells may exhibit alterations in
RNA levels for this protein.

In conclusion, results from this study highlight
the need to be cautious in interpretation of data ob-
tained from PDL cells studied in vifro. This does not
preclude the fact that valuable information can be
obtained from in vitro studies, but that direct trans-
fer of information from in vifro to in vivo requires
careful and critical analysis of data. Notably, the
data here provide evidence that cells within the PDL
region, in mature tissue, do contain cells that reflect
“osteoblast/cementoblast-like” properties, based on
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expression of RNA for mineralized tissue associated
proteins.
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