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Abstract

Background: Mechanical stress such as orthodontic forces can produce mechanical
damage and inflammatory reaction in periodontium. Osteopontin (OPN) is a
multifunctional cytokine that found to be correlated with periodontal disease
progression. As periodontal ligaments (PDL) can be affected by stress and PDL cells
are involved in periodontal destruction and remodeling, we aimed to investigate the
influence of mechanical stress on the expression and regulation of OPN in human
PDL (HPDL) cells.

Methods: The mechanical stress was generated by continuous compressive force and
the expression of OPN was examined by reverse transcription polymerase chain
reaction (RT-PCR) and Western analysis. The application of inhibitors was used to
examine the mechanism involved.

Results: Both mRNA and protein expression of OPN significantly increased in a
force-dependent manner. Increase of receptor activator of nuclear factor kappa B
ligand (RANKL) was also observed. Interestingly, application of indomethacin could
abolish the induction of RANKL but not that of OPN, suggesting the cyclooxygenase
(COX)-independent mechanism for stress-induced OPN expression. In addition, the
up-regulation of OPN was diminished by Rho Kkinase inhibitor, but not by
cytochalasin B.

Conclusions:  Mechanical stress affects OPN expression in- HPDL cells via Rho
kinase pathway. Since OPN participates in bone resorption and remodeling induced
by mechanical and biological signals, these results suggest the significance of stress-

induced OPN in HPDL cells in alveolar bone resorption and remodeling.

Keywords: Osteopontin, mechanical stress, compressive force, periodontal ligament
cells, Rho kinase
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Introduction

Periodontal ligaments (PDL) function to support and form a shock absorbing system
in order to mitigate mechanical forces such as masticatory or orthodontic forces. Human
PDL (HPDL) cells are responsible to the mechanical stress transduced from the tooth, which
is significant for the process of periodontal tissue remodeling and repair.'

Mechanical stress can induce secretion of several inflammatory cytokines which are
detectable in gingival crevicular fluid (GCF).>* The elevation of the cytokines due to
mechanical force may result in the inflammation of periodontal tissue. In addition,
mechanical force is able to damage the periodontal tissue resulting in alveolar bone
resorption and tooth loss.>®

Mechanical stress can also induce bone loss through the imbalance of receptor
activator of nuclear kappa B ligand (RANKL) and osteoprotegerin (OPG). Previous studies
demonstrated the relationship of RANKL and OPG expression stimulated by mechanical

stress in human PDL cells.”®

The expression of membrane bound and soluble form of
RANKL increased in a force-dependent manner while the OPG expression decreased or
unaltered.”® As RANKL and OPG are the key proteins of proliferation, differentiation, and
activation of osteoclasts,” increase of RANKL expression in PDL cells due to mechanical
stress supports that PDL plays a role .in the regulation. of alveolar bone resorption and
remodeling.

Osteopontin (OPN) has also-been-accounted for bone remodeling. The expression of
OPN was increased in response to the mechanical stress in bone cells.’>** OPN is one of a
major non-collageneous bone matrix protein. It is a highly phosphorylated protein

containing an arginine-glycine-aspartate (RGD) motif, which binds to integrin and enable

bone cells to adhere to the mineralized matrix.** It is known to be produced by
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osteoblasts, as well as osteoclasts, and participates in the function of both cell types
such as bone formation, resorption and remodeling.*?

OPN is thought to regulate the adhesion, attachment, and spreading of osteoclasts to
the bone surface.® It has been proposed that OPN is a mechano-responsive gene in bone
cell.Y”  Up-regulation of OPN mRNA was detected in osteocytes, osteoblasts, and bone
lining cells in the pressure side of the experimental tooth movement in rats.’>*® Impairment
of bone resorption in unloading-induced bone loss in OPN-deficient mice®® indicates that
OPN plays a role in response to mechanical loading.

Moreover, OPN plays a role in tissue inflammation.”® It can act as a regulator of
macrophages infiltration and facilitates the adhesion and migration of macrophages and

leukocytes.?:#

The level of OPN expression may also be used as an indicator of
inflammatory response in periodontal tissue.

The expression of OPN in HPDL cells and PDL tissues had been reported.?%® The
results from immunohistochemical analysis showed that OPN was primarily localized in
PDL cells adjacent to deciduous tooth roots, with the greatest prevalence in association with
odontoclasts in resorption lacunae.® The expression of OPN was regulated by several

growth factors and extracellular matrix protein.®*’

Recent studies by Kido et al. and
Sharma and Pradeep showed that the increasing level of OPN in the GCF corresponded with
the severity of periodontitis and suggested that the level of OPN may be a marker of
periodontal disease severity.”**>- However, the source of OPN -in periodontal disease is still
unclear.

As mechanical stress can cause inflammation and periodontal destruction, we

hypothesized that mechanical stress could induce OPN expression in HPDL cells.

Therefore, the aim of this study was to investigate the influence of compressive force-



3

generated stress on OPN expression in HPDL cells and to examine the signaling pathway

involved in OPN induction.

AONUUINYUINNS )
ANRINITNINENAY



Material & Methods

Human periodontal ligament cell culture

Human periodontal ligament (PDL) cells were obtained from healthy third molars
extracted for orthodontic reasons and prepared as previously described. The protocol was
approved from The Ethics Committee, Faculty of Dentistry, Chulalongkorn University.
Informed consent was obtained from each patient. Briefly, teeth were rinsed with sterile
phosphate buffer saline and the PDL were scraped out from the middle third of the root. The
explants were harvested on a 60-mm culture dishes and grown in Dulbecco’s Modified Eagle
Medium' (DMEM) supplemented with 10% fetal calf serum,” 2mM L-glutamine,® 100
units/ml penicillin," 100 pg/ml streptomycin,” and 5 pg/ml amphotericin B* at 37 °C in
humidified atmosphere of 95% air, 5% CQO,. Cells from the third to the fifth passage were
used. All experiments were performed triplicate using cells prepared from three different

donors.

Application of mechanical stressto PDL cells

The method for mechanical stress application was applied from Kanzaki et al.’
Briefly, PDL cells were seeded in 6-well-plates at a density of 200,000 cells/well for 16
hours. A plastic cylinder containing metal coins was placed over the culture in order to
generate compressive forces ranging from0 to 2.5 g/cm?.

For inhibitory experiments, each inhibitor was added into the medium 30 min prior to
the experiment. The inhibitors used included 1.27 nM Rho-kinase Inhibitor,** 40 uM

Cytochalasin-B'" and 10 uM indomethacin®*,

RNA extraction and semi-quantitative reverse transcription polymerase chain-reaction assay

(RT-PCR)
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Total cellular RNA was extracted with Tri-reagent™ according to manufacturer’s

instructions. One ug of each RNA sample was converted to cDNA by a reverse transcription
using an AMV (Avian myeloblastosis virus) reverse transcriptase" I for 1.5 hours at 42°C.
Subsequent to the reverse transcription, a polymerase-chain reaction was performed. The
primers were prepared following the reported sequences from GenBank.  The
oligonucleotide  sequences of the primers are: GAPDH, forward, 5’-
TGAAGGTCGGAGTCAACGGAT-3’, and reverse, 5’-TCACACCCATGACGAACATGG-
3’;  OPN, forward, 5 -AGTACCCTGATGCTACAGACG-3’, and reverse, 5’-
CAACCAGCATATCTTCATGGC-3%; RANKL, forward, 5’-
CCAGCATCAAAATCCCAAGT-3’, and reverse, 5’-CCCCTTCAGATGATCCTTC-3’;
COX-2, forward, 5’-TTCAAATGAGATTGTGGGAAAATTGCT-3’, and reverse, 5’-
AGATCATCTCTGCCTGAGTATCTT-3’.

The PCR was performed using Tag polymerase’ with a PCR volume of 25 ul. The
amplification profile for OPN was 1 cycle at 94°C for 1 min, 30 cycles of 94°C for 1 min,
hybridization at 60°C for 1 min, and extension at 72°C for 2 min, followed by 1 extension
cycle at 72°C for 10 min. The same profile was also used for RANKL (32 cycles), COX-2
(32 cycles) and GAPDH (22 cycles). The PCR was performed in the DNA thermal cycles.”
The amplified DNA was then electrophoresed on a 2% agarose gel and visualized by
ethidium bromide fluorostaining. The relative intensities of the gel bands were measured by

Scion Image analysis.

Protein extraction and Western blot analysis

Protein was extracted with RIPA buffer. Protein concentrations were measured using
BCA protein assay kit (Pierce, Rockford, IL, U.S.A.). Equal amounts of protein samples

were subjected to electrophoresis on a 10% SDS-polyacrylamide gel and subsequently



transferred onto nitrocellulose membrane. The membrane was incubated with primary
antibody against OPN,*** RANKL ™" or actin***. The membranes were then incubated with
biotinylated secondary antibody, followed by peroxidase-labeled streptavidin. The signal
was captured by chemoluminescence.®®® The relative intensities of bands were measured by

Scion Image analysis.

Statistical Analysis

All data were analyzed using one-way analysis of variance (ANOVA) by SPSS

analysis software. Scheffe’s test was used for post-hoc analysis (p<0.05).

" Hyclone Logan, Utah.

* Hyclone.

$Gibco BRL, Carlshad, CA.

I Gibco BRL.

"Gibco BRL.

*Gibco BRL.

** Calbiochem, EMD Biosciences, Inc, San Diego, CA.
' Calbiochem,

* Sigma-Aldrich Chemical, St Louis, MO

%% Molecular Research Center, Cincinnati, OH.
I Promega, Madison, WI.

" Qiagen, Hilden, Germany

* Biometra GmH, Gottingen, Germany

*** Chemicon International, Temecula, CA.
" R&D system, Minneapolis, MN.

** Chemicon International.

%53 Pierce Biotechnology, Rockford, IL.



Results

The results in Fig. 1 showed the response of HPDL cells after activated with
mechanical stress generated by compressive forces for 24 hours. Cells were cultured under
continuous compressive force varying from 0 to 1.25 g/cm?. The results from both RT-PCR
and Western analysis indicated that OPN expression increased depending on the stress
applied.

The results in Fig. 2 showed that mechanical stress generated from 1.25 g/cm?® of
force could increase OPN mRNA expression within 1 hour after stimulation and reach the
maximum level at around 24 hours after treatment.

The signaling pathway involved in the OPN induction was examined by means of
inhibitors. Previous reports showed that mechanical stimuli increased RANKL expression in
HPDL cells via a cyclooxygenase-2 (COX-2) dependent pathway.” To examine whether
COX is involved in stress-induced OPN expression, cells were incubated with indomethacin,
a non-specific COX inhibitor, for 30 minutes before activated with 1.25 and 2.5 gm/cm? of
force. The results indicated that both levels of force significantly increased RANKL and
OPN mRNA and protein expression. Application of indomethacin inhibited the up-
regulation of RANKL expression at 2.5 gm/cm? but not at 1 gm/cm®. No inhibitory effect
was observed in OPN expression..” In addition, the level of COX-2 was examined by RT-
PCR and the results revealed that COX-2 was up-regulated at 2.5 gm/cm? but not at 1.25
gm/cm? (Fig.3).

Induction of OPN expression was inhibited by Rho kinase inhibitor as shown in Fig.
4. Rho kinase inhibitor abolished the mechanical stress-induced OPN expression in both
mRNA and protein levels. Interestingly, cytochalasin B, an inhibitor of actin

polymerization, had no inhibitory effect on the stress-induced OPN expression.



Discussion

The results from the present study reveal that mechanical stress generated from
compressive forces induces OPN expression in human PDL cells in a force dependent
manner. The results also indicate an involvement of Rho kinase in stress-induced OPN
expression in human PDL cells.

An increase of OPN mRNA expression in stress-induced human PDL cells was
observed within an hour. This finding is in agreement with the work by Toma et al., who
proposed that OPN might be a mechano-responsive gene.'” Fujihara et al.** also showed a
shear stress responsive element (SSRE; GAGACC) in OPN promoter, supporting that OPN
could be turned on by mechanical stress.

It has been shown that the number of tartrate-resistant acid phosphatase positive
(TRACP+) cells as well as OPN expression increased predominantly at the pressure side of
bone and teeth.®*** In vivo and in vitro studies indicated that bone cells synthesized OPN
in response to mechanical stimulation.’®**" The results in this study showed that PDL cells
could act in the similar fashion. Increase of OPN is believed to facilitate the function of
osteoclasts in bone resorption. Results from OPN-deficient mice indicated that OPN
participated in the process of bone resorption and/or remodeling induced by mechanical and
biological signals. Unloading-induced bone loss and bone loss due to ovariectomy were
impaired in the absence of OPN.***'%2 In-addition, OPN deficient mice could not respond to
parathyroid.induced bone resorption.

OPN also plays a role in migration and attachment of osteoclast. OPN stimulates

4.34%  Furthermore, OPN acts as a

osteoclast migration through avp3 integrin and CD4
chemotactic factor for osteoclasts in the process of bone resorption.® Therefore, induction
of OPN by mechanical stress in PDL cells may enhance the recruitment and migration of

osteoclasts, resulting in alveolar bone resorption.



Increase of OPN may also correspond with the increase of osteoclastogenesis.
Although OPN does not seem to be an essential factor in the development of osteoclasts
during normal development,® it plays an important role in osteoclastogenesis in pathological
conditions.®® It has been shown that neutralizing antibody to OPN suppressed
osteoclastogenesis, whereas addition of OPN enhanced osteoclastogenesis in marrow

stromal cells.®"%

Ishii et al. showed that OPN could influence osteoclastogenesis by
enhancing RANKL and decreasing OPG expression in stromal cells.®® Whether OPN
influence the expression of RANKL and OPG in human PDL cells requires further
investigation.

The suggested function of OPN in bone resorption corresponded with the reports
showing that OPN was increased in GCF of patients with periodontitis.?**® Increase of OPN
may facilitate both the function of osteoclasts and the recruitment of macrophages and
leukocytes which results in periodontal tissue inflammation. The observation by Sharma and
Pradeep that periodontal treatment could reduce OPN in GCF? supports the importance of
the increased-OPN in periodontal tissue on the progression of periodontal disease.

Our results also showed the up-regulation of RANKL in stress-induced PDL cells.
RANKL is one of a key protein that functions in the differentiation, activation and survival
of osteoclasts. Stress-induced RANKL expression in PDL cells was reported to be a COX-2
dependent mechanism.” " In this study, application of indomethacin, a non-specific COX
inhibitor, abolished the induction of RANKL when PDL cells were activated with force at
2.5 gm/cm? but not at 1.25 gm/cm®. The inhibitory effect of indomethacin was corresponded
to the level of COX-2 induced by mechanical stress (Fig. 3). These findings indicate that
stress-induced RANKL expression in PDL cells involves more than one signaling pathway,

depending upon the level of compressive force. In term of OPN expression, indomethacin
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could not inhibit the up-regulation of OPN in PDL cells at both levels of pressure,
suggesting a COX-independent pathway in OPN induction.

Stress-induced OPN expression was inhibited by Rho kinase inhibitor. The function
of Rho kinase involves in the dynamic of cytoskeleton, such as formation of focal adhesion,
actin stress fiber, and redistribution of cytoskeletal components.*® Cytoskeleton dynamic has
been reported to play a role in mechanical-induced OPN expression in chick osteoblasts.*’
However, cytoskeletal component may not involve in the up-regulation of OPN induced by
mechanical stimulation in human PDL cells since cytochalasin B could not inhibit the stress-
induced OPN expression.

The involvement of Rho kinase in the regulation of OPN expression has been
reported in smooth muscle cells.*>*! Induction of OPN was observed when smooth muscle
cells were activated with UTP or high glucose occurred via Rho kinase, suggesting the

association of Rho kinase in OPN expression. However, the exact mechanism is unclear.

Conclusion

In conclusion, the present study demonstrates that mechanical stress induces OPN
expression via Rho kinase pathway in human PDL cells. We propose that the increased
OPN possibly plays an important role in-the mechanism-of pressure-induced alveolar bone

resorption.
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Fig. 1 Compressive forces induced OPN expression. Human PDL cells were stimulated with

0-1.25 glem? of force as described in Materials and Methods. Fig. 1A showed the

change in OPN  mRNA expression after-24-hours stimulation. Increase in OPN

expression was significantly increased at 0.75 g/cm? of forces and above. Similar

profile of protein level was observed (Fig. 1B). Graph on the right showed average +

standard deviation (S.D.) of band density from three separated experiments.

denoted the significant difference; p < 0.05).
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Fig. 2 Time-course experiment of stress-induced OPN expression. HPDL cells were
stimulated with 1.25 g/cm? of force and the expression of OPN mRNA was determined
at 1, 4, 8, 24 and-48 hours. Graphs-showed average + S.D.-of band density from three

separated experiments. (* denoted the significant difference; p < 0.05).
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Fig. 3 The effect of indomethacin on stress-induced OPN and RANKL expression. HPDL
cells were pre-incubated with indomethacin (Indo) for 30 minutes prior to the
stimulation with either 1.25 or 2.5 g/cm? of force.” Fig. 3A and B showed the changes
in mMRNA and protein level of OPN and RANKL after 24-hour stimulation,
respectively. Graphs in Fig. 3C and D revealed the average + S.D. of band density of
OPN and RANKL from Fig. 3A and B. The expression of COX-2 mRNA was shown

in Fig. 3E. (* denoted the significant difference; p < 0.05)
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Fig. 4 Rho Kkinase inhibitor inhibited the up-regulation of OPN. Cells were pre-incubated
with Rho kinase inhibitor (Rho inh) or cytochalasin B (Cyto) for 30 minutes before
application of force at 1.25 g/cm?. Fig. 4A and 4 B showed the results from RT-PCR
and Western analysis, respectively. Graphs on the right showed average + S.D. of
band density from three separated experiments. (* denoted the significant difference;

p <0.05).
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