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A
primary goal of periodontal
research is to increase our under-
standing of principles governing

cell behavior and to apply this knowledge
to design predictable and successful ther-
apies for promoting regeneration of lost
periodontal tissues. In this regard, several
studies have focused on determining
the mechanisms by which polypeptide
growth and differentiation factors modu-
late development and regeneration of
periodontal tissues.1-4 Growth factors
play a critical role in the periodontal
wound healing process by stimulating
and regulating numerous cell activities
including mitogenesis, chemotaxis, meta-
bolism, and differentiation.5-10

Findings based on in vitro and in vivo
studies suggest that growth and differen-
tiation factors can be used alone or in com-
bination as therapeutic agents for restoring
tooth-supporting structures destroyed by
periodontitis.1,8,9-12 Factors considered to
have a positive impact on periodontal
regeneration include platelet-derived
growth factor (PDGF), insulin-like growth
factor (IGF), fibroblast growth factor (FGF),
and the transforming growth factor (TGF)
superfamily.1,4,6,12 Among these factors,
basic-fibroblast growth factor (b-FGF) has
been identified as a positive factor for bone
regeneration and angiogenesis,13 but lim-
ited data exist regarding the effect of FGF
alone or in combination with other growth/
differentiation factors on cells associated
with periodontal tissues and specifically on
cementoblasts.
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Background: The aim of this study was to determine the
effects of basic-fibroblast growth factor (b-FGF) and/or dexa-
methasone (Dex) on cementoblasts in vitro.

Methods: Murine cementoblasts were treated as follows: 1) 5%
FBS (fetal bovine serum) + ascorbic acid (AA, 50 µg/ml, control);
2) 5% FBS+Dex (10−7M)+AA; 3) 5% FBS+b-FGF (50 ng/ml)+AA;
or 4) 5% FBS+Dex (10−7 M)+b-FGF (50 ng/ml)+AA and then
evaluated by Northern analysis for changes in specific genes and
by von Kossa stain for changes in mineral nodule formation.

Results: Mitotic activity: b-FGF stimulated DNA synthesis
significantly versus negative control. Gene expression: osteo-
calcin (OCN): Dex or b-FGF or the combination resulted in a
decrease in expression versus control. Bone sialoprotein (BSP):
Dex increased expression of BSP mRNA levels, b-FGF decreased
transcript for BSP at 6 and 24 hours. Long-term (8 days) Dex,
b-FGF, or Dex plus b-FGF caused a decrease in BSP expres-
sion versus control; osteopontin (OPN): both Dex and b-FGF
increased transcripts for OPN seen by 6 hours, with a greater
increase noted with b-FGF versus Dex. No apparent additive
effect of Dex with b-FGF was noted; matrix gamma-carboxy-
glutamic acid protein (MGP): b-FGF induced transcripts for MGP
and addition of Dex increased this effect, while Dex alone had
no effect on expression. Biomineralization: Dex increased cemento-
blast-mediated biomineralization, while b-FGF blocked this activ-
ity, and addition of Dex to b-FGF did not alter FGF associated
inhibition.

Conclusion: Dex and FGF alone and in combination alter
cementoblast behavior, but additional studies are required to
determine whether these factors have beneficial effects at the
clinical level. J Periodontol 2005;76:1550-1558.
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Basic-fibroblast growth factor (b-FGF, FGF-2) has
numerous biologic activities that include stimulation of
cell growth, migration, angiogenesis, wound healing,
tissue repair, differentiation, and morphogenesis.14,15

b-FGF is a potent mitogen for bone cells derived from
embryonic chick calvaria, newborn mouse calvaria,
bovine bone, and rat calvaria.16,17 Also, b-FGF stimu-
lates proliferation and differentiation of chondrocytes in
vitro and promotes cartilage repair in vivo.17 It has
been demonstrated that gene expression for FGF recep-
tor type I, a receptor for b-FGF, is rapidly upregulated
after femur fracture in rats, and that FGF signaling has
multifunctional roles during fracture healing and may
regulate both osteoblasts and osteoclasts, contributing
to bone formation and remodeling.18 Shimazu et al.
indicated that human periodontal ligament (PDL) cells
express syndecan 2, 4, and FGFR1 mRNA and showed
that these molecules are downregulated in cells during
maturation in culture.19 This effect may have implica-
tions in the control of growth and differentiation of PDL
cells during development and regeneration.19 Takayama
et al. reported that PDL cells express b-FGF receptors
(b-FGFR) and b-FGF has a potent mitogenic effect on
PDL cells, especially on undifferentiated cells.20,21

b-FGF is produced primarily by PDL fibroblasts and
endothelial cells within the periodontal region and
b-FGF levels have been reported to decrease in tis-
sues associated with chronic periodontal lesions.22

Using animal models (beagle dogs and primates),
researchers have shown that local application of b-FGF
enhances periodontal regeneration.23-26 These findings
suggest that b-FGF plays an important role in con-
trolling the behavior of connective tissues, participating
in healing and regeneration processes, and that b-FGF
has potential therapeutic applications, most likely due
to angiogenic and growth promoting effects.27,28

The potent synthetic glucocorticoid dexamethasone
(Dex) has been shown to act synergistically with
growth factors, such as platelet derived growth factor-
BB/AA (PDGF-BB, AA), to enhance mitogenesis of
gingival, periodontal ligament and pulp fibroblasts in
vitro.29 In vivo studies have shown that PDGF and Dex
combined within a collagen matrix, when applied to
periodontal defects, induce regeneration of the perio-
dontium, using a monkey model.30 Dex has been
demonstrated to increase parathyroid hormone (PTH)-
mediated cyclic adenosine monophosphate (cAMP)
response in periodontal ligament cells, when compared
with cells treated with PTH alone in vitro.31 Pitaru et al.
indicated that b-FGF has the capacity to stimulate glu-
cocorticoid receptors and subsequently the growth and
biochemical function of rat stromal bone marrow cells
in vitro, and the addition of b-FGF to Dex treated bone
marrow cells resulted in a considerable increase in
mineral nodules.32-34 b-FGF has been shown to
enhance growth, osteogenic phenotype, and mineral

formation in Dex stimulated human bone marrow
derived bone-like cells in vitro.35

Although the biological effects of b-FGF on human
periodontal cells have been investigated, no studies have
been directed at determining the effects of FGF on
cementoblasts, considered important cells for periodontal
regeneration. The objective of this study was to deter-
mine the effects of b-FGF and/or Dex on cementoblast
behavior including the ability to alter genes associated
with extracellular matrix formation and cementoblast
mediated mineral nodule formation in vitro.

MATERIALS AND METHODS

Cell Culture

An immortalized cementoblast cell line was used for
these studies and methods for isolating these cells have
been published.36-38 Briefly, cells were obtained using
osteocalcin (OC) promoter driven SV40 T antigen trans-
genic mice (OC-TAg), provided by Dr. Jolene Windle
(Department of Human Genetics, Medical College of
Virginia School of Medicine, Richmond, Virginia).39 Cells
expressing osteocalcin, root surface cells (cemento-
blasts), but not periodontal ligament (PDL) fibroblasts,
are immortalized, and thus only cementoblasts, not PDL
cells, survive in vitro. Mandibular first molars of mice at
day 41 of development (Day 0 = vaginal plug day) were
used to obtain cells. All procedures described above
were approved by the University of Michigan Commit-
tee and the Unit for Laboratory Animal Medicine (ULAM),
and were compliant with state and federal laws as well
as the guiding principles of Use and Care of Animals.
This time point was selected based on previous studies
in situ, which demonstrated that day 41 cementoblasts;
i.e., cells along the root surface, but not PDL cells,
express markers of mature osteoblasts/cementoblasts;
e.g., BSP and OCN mRNA. Cells were termed OC pro-
moter cementoblasts (CM) (OC-CM cells).38

Mandibulae of mice were dissected and first molars
removed using a dissecting microscope to separate PDL
from surrounding alveolar bone. Collagenase/trypsin
cocktail digestion was used to release cementoblasts
from the surface of first mandibular molars.36 Cells were
maintained in Dulbecco’s modified Eagle’s medium
(DMEM),# supplemented with 10% fetal bovine serum#

(FBS) containing 100 U/ml penicillin# and 100 µg/ml
streptomycin# in a humidified atmosphere of 5% CO2

at 37°C. Cells used in these experiments were between
the 10th and 15th passages.

DNA Synthesis Assay

The effects of different concentrations of b-FGF** on
DNA synthesis were assayed by [3H]-thymidine incor-
poration. The concentrations of b-FGF used were

# Invitrogen, Gaithersburg, MD.
** Sigma-Aldrich Chemicals, St. Louis, MO.
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0.1 ng/ml, 1 ng/ml, 10 ng/ml, and 100 ng/ml. Doses
selected were based on previous studies examining the
effect of b-FGF on periodontal ligament and bone-like
cells, in culture.21,33 DNA synthesis assays were per-
formed as previously described.5 Serum-free DMEM was
used as a negative control and 10% FBS, where FBS is
known to contain various growth factors including b-FGF,
was used as a positive control. Cells were plated in 24-
multiwell plates†† at a density of 5 × 104 cells/well in
triplicate and incubated for 24 hours in DMEM contain-
ing 10% FBS and antibiotics. Media were aspirated, cells
were rinsed twice with phosphate buffered saline (PBS),
and serum-free DMEM was added with and without
b-FGF at selected doses. Cells were incubated for 20
hours, and then 3 µCi/ml methyl-3H thymidine‡‡ was
added to each well for the last 4 hours of the 24-hour
experiment. Next, cells were rinsed with PBS and then
incubated with 5% trichloroacetic acid (TCA) for 1 hour
at 4°C. TCA was removed and 1% sodium dodecyl sul-
fate (SDS) added to the wells and incubated for 1 hour
at 55°C. The precipitate was transferred into scintillation
liquid and activity was counted in a scintillation counter.§§

Morphology

Cells were allowed to adhere for 24 hours in DMEM with
10% FBS, after which media were changed to DMEM
with 5% FBS containing ascorbic acid (AA, 50 µg/ml)
and b-FGF (50 ng/ml), Dex** (10−7 M), or b-FGF
(50 ng/ml)+Dex (10−7 M). Media with 5% FBS and 5%
FBS+AA served as controls. The optimum concentra-
tion of Dex (10−7M) was selected based on previous stud-
ies with human osteoblasts and PDL cells.40-42 Cells were
maintained 8 days, changing media every 2 days, for
evaluation of morphology. Images of cementoblasts
treated with different components were examined visually
using phase contrast microscope� � on day 8 of treatment.

Northern Blot Analysis

To determine gene expression, OC-CM cells were plated
in 100 mm cell culture dishes†† at 5 × 104 cells/cm2 and
treated after 24 hours as described above. Media with
5% FBS+AA served as control. Total RNA was isolated
with Trizol# at 1, 6, and 24 hours and days 3 and 8.
RNA concentration was quantified by spectrophotometer.
RNA (5 µg) was denatured, fractionated on 6% formalde-
hyde, 1.2% agarose gel, transferred to nylon mem-
brane,¶¶ and cross-linked by UV radiation.## Blots were
hybridized with random primed 32P-labeled probes‡‡ and
were exposed to film with intensifying screens at −70°C
for 24 to 48 hours. Probes used for Northern blots were
BSP = M-BSP consisting of 1 kb of mouse cDNA in PCR
II43 (a gift from Drs. M. Young and L. Fisher, National
Institute of Dental and Craniofacial Research, Bethesda,
Maryland); OPN = MOP-3 consisting of 1 kb of mouse
OPN cDNA in PCR II44 (a gift from Drs. M. Young, and
L. Fisher); OCN = 400 bp of mouse OCN cDNA in pSP65

cloning vector45 (obtained from Dr. J. Wozney, Genetic
Institute, Cambridge, Massachusetts); MGP = consisting
of 398 bp of mouse MGP cDNA in Bluescript cloning
vector (obtained from Dr. Gerard Karsenty, Department
of Molecular and Human Genetics, Baylor College of
Medicine, Houston, Texas).46 Experiments were carried
out twice. An image analysis program was used to quan-
tify the data, which were normalized to ethidium bro-
mide gel 18 S bands.

Mineralization Assay

Cells were plated at 5 × 104 cells/cm2 in 24-well plates
in DMEM containing 10% FBS. After 24 hours, cells were
exposed to the following factors: 1) 5% FBS+β-glyc-
erophosphate (10 mM); 2) 5% FBS+mineralization media
(MM = ascorbic acid [AA, 50 µg/ml] and β-glycerophos-
phate [BGP, 10 mM]); 3) 5% FBS+Dex (10−7M)+MM; 4)
5% FBS+b-FGF (50 ng/ml)+MM; and 5) 5% FBS+Dex
(10−7M)+b-FGF (50 ng/ml)+MM. Induction of mineral-
ization was determined on day 8 by von Kossa stain-
ing.47,48 A representative experiment is shown, where
results were reproduced in three separate experiments.

Statistical Analysis

For DNA synthesis assay, the statistical analysis used
was one-way analysis of variance (ANOVA) and Tukey
Kramer multiple comparison tests. The data are rep-
resented as mean ± standard deviation.

RESULTS

DNA Synthesis Assay (Fig. 1) 

To determine the mitogenic response of cementoblasts
to b-FGF, a [3H] thymidine incorporation assay was
performed. When compared with control (serum-free
DMEM) b-FGF increased DNA synthesis in cemento-
blasts in a dose-dependent fashion with a significant
increase in proliferation noted at a concentration of
10 ng/ml. The highest [3H] thymidine incorporation,
2-fold increase over control, was seen at the concen-
tration 100 ng/ml b-FGF. Based on these results, we
selected 50 ng/ml b-FGF for gene expression and min-
eralization experiments. Previous in vitro studies by
our group42 and others40 reported no effect of Dex on
DNA content for periodontal cells and osteoblasts,
respectively.

Cell Morphology (Fig. 2) 

Cementoblasts, under various treatment conditions,
were examined visually on day 8 using a phase con-
trast microscope.¶¶ Differences in cell morphology
were noted between groups. Cells from control cultures

†† Falcon, Becton Dickinson, Franklin Lakes, NJ.
‡‡ Amersham-Pharmacia Biotech, Arlington Heights, IL.
§§ Wallac 1410, Pharmacia, Turku, Finland.
� � Axiovert 35, Carl Zeiss, Inc., Thornwood, NY.
¶¶ Duralon-UV, Stratagene, Inc., La Jolla, CA.
## Stratalinker, Stratagene, Inc.
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Figure 1.
Effect of b-FGF concentration on DNA synthesis measured with
3H thymidine incorporation (bar=mean±SD). *P <0.001: 100ng/ml
b-FGF>10ng/ml, 1ng/ml, 0.1ng/ml, 0% FBS. †P <0.01: 10% FBS>0.1ng/ml,
0% FBS. ‡P <0.05: 100ng/ml>10% FBS, 10ng/ml>0.1ng/ml, 0% FBS.

exhibited a cuboidal-type appearance, as previously
reported for cementoblasts.37 Cells treated with MM
or MM plus Dex maintained a cuboidal morphology
and mineral-like nodules were observed (Fig. 2B, 2C).
No mineral-like nodules were noted in control cells
treated with 5% FBS alone (Fig. 2A). In contrast, cells
exposed to MM + b-FGF appeared densely packed,
well organized, and more elongated (fibroblast-like)
versus the other treatments, and no mineral-like nod-

ules were noted (Fig. 2D). Cementoblasts treated with
Dex + b-FGF + MM had more cuboidal appearance ver-
sus those treated with MM + b-FGF, but no mineral
nodules were noted (Fig. 2E).

Northern Analysis: Short-Term mRNA Expression:

1, 6, and 24 Hours (Fig. 3) 

BSP mRNA expression. At 1 hour, BSP expression
for controls and Dex groups was similar, while cells
exposed to b-FGF exhibited a decrease in BSP tran-
script that was not influenced by addition of Dex. At
6 and 24 hours, cells exposed to Dex exhibited an
increase in BSP transcript.

OCN mRNA expression. OCN expression was down-
regulated in Dex, b-FGF and b-FGF+Dex groups when
compared to control at all time periods examined. The

inhibition of expression was greater than 3-fold
in FGF and FGF+Dex groups at 24 hours.

OPN mRNA expression. OPN mRNA lev-
els were similar for all the groups at 1 hour.
Cells exposed to b-FGF for 6 hours exhibited
a dramatic increase (3-fold) in transcripts for
OPN when compared to the expression in
control or Dex treated cells. Addition of Dex
to b-FGF treated cells did not alter this
response. At 24 hours, Dex alone also in-
creased OPN, but to a much lesser degree
vs. b-FGF and b-FGF+Dex treated cells.

MGP mRNA expression. No detectable
expression of MGP was noted at 1 hour under
any of the treatment conditions. When com-
pared to control cells, cells exposed to b-FGF
or b-FGF+Dex for 6 hours exhibited increased
transcript for MGP (5.9- and 11.4-fold greater,
respectively). MGP mRNA expression was
almost 2-fold higher in b-FGF+Dex treated
cells when compared to treatment with b-FGF
alone suggestive of an additive or synergistic
effect. The expressions of transcripts for
MGP were decreased by 24 hours, however
increased levels of MGP in b-FGF or
b-FGF+Dex treated cells were still evident.

Long-Term mRNA Expression: Days 3

(Fig. 4) and 8 (Fig. 5) 

BSP mRNA expression. BSP mRNA expres-
sion was decreased markedly with b-FGF treat-

ment at day 3 and addition of Dex did not alter this effect.
At day 8, decreased transcripts for BSP were still noted
for b-FGF and b-FGF+Dex treated cells and Dex treated
cells also showed a decrease in BSP expression versus
untreated cells.

OCN mRNA expression. Effects of factors on OCN
were similar to those seen at the earlier time points. At
day 3, a marked decrease (9-fold) in expression of
OCN was noted with b-FGF and addition of Dex did not

Figure 2.
Phase contrast micrographs of OCCM cell cultures treated with A) 5% FBS; B) 5%
FBS+AA; C) 5% FBS+AA+Dex; D) 5% FBS+AA+b-FGF; and E) 5% FBS+AA+Dex+bFGF.
Note cuboidal appearance for A, B, C, and E.Addition of b-FGF resulted in change in
morphology of cementoblasts to a more fibroblastic appearance (D).
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alter this response, an effect also seen at day 8. In Dex-
treated cells, there was a decrease of OCN transcripts
at day 3, which was seen to a greater extent at day 8.

OPN mRNA expression. Results were similar to those
seen at early time points, an increased expression of
OPN was observed in the Dex, and b-FGF and
Dex+b-FGF groups versus untreated cells at day 3. This
increase was more dramatic in b-FGF (9-fold) and,
again, addition of Dex had a minimal negative effect
on this response. At day 8, a similar induction pattern
of OPN mRNA expression was noted in all treated cells,
but in this situation OPN induction was similar for both
Dex and Dex+b-FGF treated cells, with a more marked
effect for cells exposed to FGF only.

MGP mRNA expression. At day 3 an increase in
MGP mRNA levels was observed in cells treated with
b-FGF or Dex+b-FGF vs untreated cells (3- and 12-fold
greater, respectively). MGP mRNA expression was dra-
matically higher in Dex+b-FGF treated cells (4-fold)
versus b-FGF treated cells alone, thus suggesting an
additive/synergistic effect. By 8 days, MGP transcripts
were not detected under any of the conditions.

Mineralization (Fig. 6) 

Dex treatment increased cementoblast-mediated bio-
mineralization in vitro as determined by von Kossa stain-
ing when compared to untreated cells at day 8. b-FGF
blocked the mineralization activity of cementoblasts and
addition of Dex was not able to override this effect. Com-
paring mineralization results with gene expression profile
inhibition of mineralization by FGF correlated with an
increase in levels of expression MGP and OPN mRNA and
a decrease in levels of BSP and OCN mRNA. The
increase in mineral formation by Dex correlated with an
increase in BSP expression at short-term, which may
result in increased BSP protein extracellularly, thereby
providing the appropriate environment for promotion of
mineralization. These differences, plus differences in other
genes/proteins not examined; e.g., cell cycle regulators,
most likely contribute to the significant differences
observed in FGF versus Dex on mineral nodule formation.

DISCUSSION

Results from this investigation demonstrate that Dex
and b-FGF, alone or in combination, have significant

Figure 3.
Effect of Dex and/or b-FGF on gene expression by cementoblasts at 1, 6, and 24 hours. A) Cementoblasts incubated in media containing 5%
FBS+AA, 5% FBS+Dex+AA, 5% FBS+ b-FGF+AA, 5% FBS+Dex+b-FGF+AA, and RNA isolated at 1, 6, and 24 hours. Gene expression for BSP,
OCN, OPN, and MGP was determined by Northern blot analysis. 18S was used to evaluate loading efficiency. Note increased expression of OPN
and MGP in cells exposed to b-FGF and Dex+b-FGF at 6 and 24 hours. Interestingly, b-FGF mediated increase in MGP mRNA expression was
enhanced by Dex at both 6 and 24 hours. B) Normalization expressed as gene/18S band (RNA gel).These results were noted in two separate
experiments.
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effects on cementoblast behavior in vitro, including
changes in gene expression, mineralization ability, and
cell morphology. In our model, b-FGF treatment alone
abolished cementoblast-mediated mineral nodule for-
mation, while Dex alone markedly increased minerali-
zation by cementoblasts.

Many of these findings are as predicted based on
studies from other groups using different models; e.g.,
increased cell proliferation with b-FGF, mineral pro-
motion with Dex.21,32-35,49,50 However, some previ-
ous studies have resulted in very different findings
from the ones presented here. For example, Pri-Chen
et al. reported that b-FGF enhanced both cell growth
and expression of the osteogenic phenotype in Dex-
treated human bone marrow-derived bone-like cells in
culture, including increased mineral nodule forma-
tion.33 Studies reported by Chaudhary et al. also
revealed mineral deposition with b-FGF alone, how-
ever this was found to be amorphous octacalcium

phosphate that failed to mature
into hydroxyapatite.51 The lack of
expression of an osteoblast/cemen-
toblast phenotype in our studies may
reflect differences in response of
diverse cell types and/or diverse
stages of maturation to b-FGF and/
or Dex, and/or may be a result of
differences in experimental design.
In addition, von Kossa assay was
used for our studies, with inherent
limitations in this assay system
in terms of evaluating physiologic
linked mineralization.

In support of the results presented
here, Pitaru et al. suggested that
b-FGF may serve a therapeutic func-
tion by increasing the progenitor pool
of the periodontium (of special im-
portance, since periodontitis often
occurs in older individuals, who
exhibit a considerable decrease in
the number of mineralized tissue
progenitor cells within the periodon-
tium), and by the capacity of these
progenitor cells to produce mineral-
ized-like nodules.52 Additionally, Sato
et al. investigated the effect of b-FGF
for its ability to promote regenera-
tion of cementum and periodontal
ligament using a beagle dog model,
in which they applied b-FGF in a
collagen gel to the experimentally
induced defects in the middle part of
the root surfaces.53 Eight weeks after
removal of cementum and PDL, they
observed formation of dense fibers

bound to the alveolar bone and newly synthesized
cementum on the denuded dentin of teeth treated with
1 µg of b-FGF.53 Thus, using b-FGF may be valuable
for increasing regenerative outcomes of periodontal
therapy, especially in difficult areas such as 1- or 2-
wall defects and furcation problems where vascular-
ization may impede the regenerative potential.

In addition to predicted behavior of FGF and Dex,
our data revealed some exciting new findings, sug-
gesting synergisms between b-FGF and Dex. MGP
expression was not observed in control or Dex-treated
cultures, but cells exposed to b-FGF expressed tran-
scripts for MGP, and the addition of Dex to b-FGF treated
cells markedly enhanced this expression. Since MGP is
thought to regulate crystal growth, the ability of b-FGF
in combination with Dex to override the positive effect
of Dex alone on cementoblast-mediated mineralization
may be related to additive effects of these to agents on
cell behavior.

Figure 4.
Effect of Dex and/or b-FGF on gene expression by cementoblasts on day 3. A) Cementoblasts
were grown in media containing 5% FBS+AA, 5% FBS+Dex+AA, 5% FBS+b-FGF+AA, 5%
FBS+Dex+b-FGF+AA, and RNA was isolated on day 3. Gene expression for BSP, OCN, OPN, and
MGP was determined by Northern blot analysis. 18S was used to evaluate loading efficiency.
Note increased expression of OPN in cementoblasts exposed to Dex, b-FGF, and Dex+b-FGF.
b-FGF and Dex+b-FGF increased MGP transcripts at this time point. Importantly, the
combination of these agents resulted in a higher level of MGP expression than b-FGF alone.
Dex, b-FGF, and Dex+b-FGF downregulated OCN mRNA expression while b-FGF decreased
transcripts for BSP that were not altered by addition of Dex. B) Normalization expressed as
gene/18S band (RNA gel).These results were noted in two separate experiments.
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Another interesting finding was the dramatic de-
crease in BSP and OCN mRNA levels in b-FGF treat-
ment alone, or in b-FGF plus Dex treated cells, when
compared to the control group (5% FBS+AA) (Figs. 4
and 5). Additionally, there was an increase in OPN
mRNA expression, seen from 6 hours to 3 days, under
these conditions. Although the exact role of OCN in

bone metabolism is not clear, it is
known to be a marker for cells under-
going mineralization, and is thought
to play a role in bone remodeling.54

Existing data suggest that both OPN
and OCN may act in limiting the
extent of bone mineralization.46,55

Saygin et al. demonstrated that ex-
posure of cementoblasts to PDGF-BB
resulted in a decrease in BSP and
OCN mRNA and increased expres-
sion of OPN mRNA, and that min-
eralization of cementoblasts was
inhibited by continuous application
of PDGF-BB.5 Similar to these stud-
ies, we observed increased OPN
mRNA and decreased BSP and OCN
mRNA expression with accompany-
ing inhibition of mineralization in
cementoblasts treated with b-FGF
alone or in combination with Dex. In
contrast, Dex treatment alone did not
result in a decrease in BSP expres-
sion early on, which may explain, in
part, the enhancement of mineral-
ization with Dex treatment as com-
pared to control or b-FGF treatment.

Furthermore, a strong association
between MGP mRNA expression and
inhibition of mineralization was noted
in cells treated with FGF alone or plus
Dex. MGP is a mineral binding protein
synthesized by vascular smooth mus-
cle cells and by chondrocytes that
produce an uncalcified extracellular
matrix. Mice that lack MGP develop to
term, but die within 2 months as a
result of arterial calcification.56 MGP-
deficient mice additionally exhibit
inappropriate calcification of cartilage,
including the growth plate, resulting in
short stature, osteopenia, and frac-
tures.57 Gopalakrishnan et al. reported
that local injection of PTH over the
calvaria of mice induced a 2-fold
increase in MGP mRNA. In a concur-
rent in vitro study using MC3T3-E1
murine preosteoblasts, MGP was
shown to be induced 3 hours after PTH

treatment, with a 6- to 8-fold induction seen after
6 hours, and OPN (an in vitro inhibitor of mineralization)
was induced approximately 4-fold after 12 hours of PTH
treatment.58

In the current study, when cementoblasts were treated
with b-FGF or b-FGF+Dex, transcripts for MGP were
observed as early as 6 hours, and no mineralization

Figure 5.
Effect of Dex and/or b-FGF on gene expression by cementoblasts on day 8. A) Cementoblasts
were incubated in media containing 5% FBS+AA, 5% FBS+Dex+AA, 5% FBS+b-FGF+AA, 5%
FBS+Dex+b-FGF+AA, and RNA was isolated on day 8. Gene expression for BSP, OCN, OPN, and
MGP was determined by Northern analysis. 18S was used to evaluate loading efficiency.An
increase in OPN mRNA levels and a decrease BSP and OCN mRNA levels were noted in all
treated groups compared to 5% FBS+AA groups. Note increased expression of OPN in
cementoblasts exposed to Dex, b-FGF and Dex+b-FGF. MGP transcripts were not apparent at
this time. B) Normalization expressed as gene/18S band (RNA gel).These results were noted in
two separate experiments.

Figure 6.
von Kossa staining was used to determine mineral nodule formation on day 8. For these studies,
cells were cultured in media containing: A) 5% FBS+β-glycerophoshate (β-GP, 10 mM); B) 5%
FBS+AA (50 µg/ml)+β-GP; C) 5% FBS+Dex (10−7 M)+AA+β-GP; D) 5% FBS+b-FGF
(50 ng/ml)+AA+β-GP; and E) 5% FBS+Dex (10−7 M)+b-FGF (50 ng/ml)+AA+β-GP. Note
increased mineral nodule formation in Dex-treated cementoblasts. b-FGF treatment prevented
nodule formation that was not altered by addition of Dex. Representative experiment shown
here where results were reproduced in three independent experiments.
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was observed in either group by day 8. The inhibition
of mineralization induced by in vitro b-FGF or b-FGF+Dex
treatment in cementoblasts may be explained in part by
stimulation in transcripts for both OPN and MGP. The
dramatic increase of MGP with the combination of FGF
and Dex, especially considering the fact that Dex treat-
ment alone results in an enhancement of mineraliza-
tion over control, suggests that MGP may play a critical
role in the inhibiting mineral nodule formation.

Although there are always limitations with in vitro
models, especially with regard to the effects of agents
in vitro versus in vivo, in vitro studies are of value in
identifying possible mechanisms by which agents may
affect cell behavior in vivo and thus establish a foun-
dation for clinical trials. Our results indicate that dose
selection and timing for delivery of agents are critical
when considering the use of more than one factor clini-
cally to regenerate periodontal tissues. For example,
b-FGF had a positive effect on proliferation, but a poten-
tially negative effect on mineralization. In contrast, Dex
promoted nodule formation, but Dex + b-FGF resulted
in negative mineralization. These studies, and those of
others,32-35,49-52 highlight the complex response of cells
to specific factors. Continued research focused on inves-
tigating the genes/proteins regulating cell function, and
the influence of factors alone and in combination, is
vital to obtaining information required to design clini-
cal therapies based on sound scientific principles. Fur-
ther in vivo studies are required to determine whether
these two factors have beneficial effects for obtaining
periodontal regeneration when used separately or in
combination.
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