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Effect of compressive stress and hypoxia to cementoblast cells

1. Introduction

Orthodontic tooth movement occurs as a result of a force being placed on a tooth. The
applied force causes the compressive stress of the alveolar bone and the PDL on one side,
while on the opposite side the PDL is stretched. Mechanical loading alters periodontal tissue
vascularity and blood flow, resulting in the local synthesis and release of various molecules
such as neurotransmitters, cytokines and growth factors. The released molecules evoke cellular
responses in the various cell types in and around teeth, providing a favourable
microenvironment for tissue deposition or resorption [1].

Cementoblasts are highly differentiated mesenchymal cells of the periodontal ligament
(PDL) that produce cementum, which is a special mineralized tissue covering the tooth root
surface [2]. It was observed that cementum, often relatively inert, was resorbed in orthodontic
treatment [3, 4]. Furthermore, this kind bf resorption is often followed by repair, even when
continuous forces are applied [5-7]. However, previous study showed compression stress
induced apoptosis of human primary cementoblasts is mediated by AXUD1 via a JNK-
dependent pathway, which might contribute to an impaired repair of root resorption during
orthodontic tooth movement [8]. In addition, recent study has illustrated that cementogenic
activity was inhibited in murine cementoblast cell line (OCCM-30) under static mechanical force
[9]. In OCCM-30 cells, compressive stress enhanced COX-2 mRNA expression and PGE2
production, whilst osteoprotegerin (OPG) expression was not affected. Gene expression of bone
morphogenetic protein 2 (BMP-2), osteocalcin (OCN) and receptor activator for nuclear factor
kappaB ligand (RANKL) was also enhanced by compressive stress on an endogenous PGE2-
mediated manner [10].

Applied orthodontic forces lead to circulatory disturbances in pressure zone of PDL, and
result in hypoxic condition of the periodontal cells [11]. Hypoxia describes oxygen deficiency in
tissue due to oxygen partial pressure reduced beyond the physiologic level [12]. Hypoxia is a
featured phenomenon in solid tumour, ischaemic disease and tissue injury [13]. The hypoxia-

inducible factor (HIF) pathway is the central pathway for sensing and responding to changes in



local oxygen availability in a wide variety of organisms. HIF impinges on gene programs that
influence angiogenesis and cellular metabolism. In addition, HIF can recruit inflammatory and
mesenchymal cells and influence cell differentiation [14-15]. There is only little data to be found
on the influence of hypoxia and the HIF system in orthodontics. During tooth movement,
periostin is mainly expressed on the pressure side of the PDL [16] and is upregulated by
hypoxia [17]. A study on orthodontic treatment in rats showed that inflammation and vascular
changes occurred in the dental pulp tissue at different stages of the treatment. Under
orthodontic force the expression of HIF- 1o and VEGF changed, especially at the beginning of
the treatment and leveled off after 4 weeks, thus suggesting that these factors may play a major
role in orthodontic treatment [18]. Hypoxia is accompanied by an increase in HIF-1a protein
expression, which, in turn, increases cementum protein 1 (CEMP1) protein expression and
mineralization of human dental stem cells including periapical follicular stem cells (PAFSCs) and
periodontal ligament stem cells (PDLSCs) thus promoting cementogenesis in vitro {19]. Another
study demonstrated the effect of hypoxia on rat osteoblast function in long-term primary
cultures. Reduction of pO2 from 20% to 5% and 2% decreased formation of mineralized bone
nodules 1.7-fold and 11-fold, respectively. The inhibitory effect of hypoxia on bone formation
was partly due to decreased osteoblast proliferation, as measured by 3H-thymidine
incorporation. Hypoxia also sharply reduced osteoblast alkaline phosphatase activity and
expression of mMRNAs for ALP and OCN, suggesting inhibition of differentiation to the osteogenic
phenotype. Hypoxia did not increase the apoptosis of osteoblasts but induced a reversible state
of quiescence [20]. In OCCM-30 cells, temporary hypoxia (<24 h) stimulated cementoblastic
function, while long-term hypoxia inhibited it, manifested by decreased mRNA level or release of
ALP, OCN, BSP, OPG and osteopontin (OPN); In addition, temporary hypoxia enhanced

mineralization nodules formation, while sustaining hypoxia suppressed it [21].

Objectives

To study the effect of compressive stress and hypoxia on morphology, proliferation and
cementoblatogenesis-related gene expression of human cementoblast-like cell line (HCEM-2) in

vitro,



2. Materials and methods

2.1 Cell Culture

HCEM-2 is an immortalized human cementoblast cell line and was established by the isolation
of tooth root-surface cells and transfection with hTERT gene (kindly provided by Professor
Takashi Takata). Cells were maintained in Minimum Essential Medium Alpha (o-MEM,
Invitrogen, Grand Island, NY) supplemented with 10% FBS, 2 mM L-glutamine, 100 U/mi
penicillin, 100 mg/ml streptomycin and 5 mg/ml amphotericin B at 37 °C in humidified
atmosphere of 95% air and 5% CO2. Medium and supplements are from GibcoBRL (Grand
Island, NY, USA).

2.2 Hypoxic Mimic Condition

Hypoxic mimic condition was generated by the supplementation of CoCl2. Cells were stimulated
with CoCl2 at 50-300 UM for 24 h in serum free medium or for 30 min prior to applying
compressive stress and incubated for 24 h. The control group was cultured in the absence of

CoCla.
2.3 Compressive Stress Stimulation

A cell compressive force loading apparatus (Thai Patent ID: 1401006767) [22] was designed
and constructed to mechanically stimulate cells in a culture plate. HCEM-2 cells were seeded in
6-well culture plates at a density of 3 x 10° cells per well overnight. The cells were starved with
serum-free culture medium for 4 h before loading force. Compressive force generator V2.5

software was set to press force amount 1-2 g/cm2 for 24 h.
2.4 Cell morphologic observation and MTT assay

The cells were exposed to hypoxia and compressive stress as mentioned above for 24 h. Cell
morphology was observed under an inverted phase contrast microscope (Olympus IX70, Tokyo,
Japan) to confirm cell viability and monitor the cell shape. The cytotoxicity of CoCl2 and

compressive stress stimulation was determined by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-



diphenyltetrazolium bromide) (Sigma-Aldrich, St. Louis, MO, USA) assay at 24 h. Viable HCEM-
2 cells convert tetrazolium bromide substrate to formazan, which can be spectrophotometrically

measured after cell lysis at 550 nm. The resuit was analysed from 3 independent experiments.

2.5 RNA extraction, reverse transcription and Real-time PCR analysis

Total RNA were extracted using TRIzo! Reagent (Molecular research Center, Cincinnati, Ohio,
USA) according to the manufacturer's instructions. One microgram of each RNA sample was
converted to cDNA by Improm-lITM (Promega, Madison, WI, USA). Complementary DNA was
amplified using Taq polymerase (Qiagen, Hilden, Germany). Real-time PCR were performed for
investigating gene expression including HIF1-a, VEGF, Runx2, Osterix, ALP, BSP, OCN, OPN
and OPG. One microliter of the cDNA was subjected to reai-time PCR using SYBR Green | dye.
PCR was performed in a LightCycler system (Roche Diagnostic GmbH, Germany) with the
FastStart DNA Master SYBR Green | kit (Roche Diagnostic Co.). The amplification profile
consisted of 40 cycles of 95 °C for 3 s and 60 °C for 20 s. All real-time PCR reactions were
performed in triplicate, and the specificity of the PCR products was verified by melting curve
analysis. Reaction product was gquantified (Roche Quantification Software, Roche Diagnostics
GmbH, Germany) with 18s as the reference gene. Primer sequences were as follows; HIF1- a: F
5-TTTGCTGAAGACACAGAAGCAAAGA-3' R 5-TTGAGGACTTGCGCTTTCAGG-3', VEGF: F 5'-
CTTGCTGCTCTACCTCCACCAT-3' R 5-CACCGCCTCGGCTGGTCA-3', Runx2: F 5
CGCATTCCTCATCCCAGTAT-3' R 5-GACTGGCGGGGTGTAAGTAA-3', ALP: F  5-
AAGTACTGGCGAGACCAAGC-3' R 5-AGAGGGCCACGAAGGGGAACT-3, BSP: F 5
GAACCACTTCCCCACCTTTT-3, OCN: F 5-ATGAGAGCCCTCAGACTCCTC-3¥ R 5-
CGGGCCGTAGAAGCGCCGATA-3' and 18s: F B-GTGATGCCCTTAGATGTCC-3' R 5'-
CCATCCAATCGGTAGTAGC-3

2.6 Statistical analysis

Statistical analysis was derived from three independent experiments. Results were presented as
mean * standard deviation (SD). Differerices between groups were compared using one-way

ANOVA followed by the appropriate post hoc test. All statistics were performed using SigmaStat



software (SPSS Inc., Chicago, Ill., USA). Results were considered significant with a p value <

0.05.

3. Results
3.1 Cell morphology

In control group, HCEM-2 cells exhibited short and spindle-shaped. In experimental group,
whether exposed to CoCl2 300 UM with or without compressive stress 1-2 g/cm2 for 24 h,

showed similarly morphology with the cells in control group and were minimally affected in

alignment.
(A)
5x Control Compressive stress CoCl2 300 pm Compressive stress

+ CoCl2 300 pm

Compressive stress
Control Compressive stress CoCl2 300 pm +CoCl2 300 um

TR e e | T A, Sy e

Fig. 1 The morphology of HCEM-2 cell after stimulation. (A) compressive stress 1 g/cm2

Jy Taety . >

(B) compressive stress 2 g/cmz. Scale bar = 50 ym.



3.2 MTT assay

Cell viability was determined by using MTT assay. HCEM-2 cells were exposed to compressive
stress (1, 2 g/omz) with or without CoCl2 300 UM for 24 h. As shown in Fig. 2, we found that the
cell viability was no statistical differences between célls in the control condition and the

treatment group.

 MTT (24 h)

1.2 T A L - S

o8

(Fold)

0.6

0.4

Cell viability/control

0.2

Control Cdmpres#iv‘e stress CoCl2 Compressive stress +
/ / CoCl2

—stress 1 g/cmz ——stress 2 g/cm?2

Fig. 2 Effect of compressive stress and hypdxia on cell viability of HCEM-2 cells. Results are
expressed as percentage of the control and mean + S.D. from three different experiments. *P <

0.05 compared with the control.

3.3 Hypoxia augments VEGF and OPN mRNA

In order to verify the biological response of HCEM-2 cells to Hypoxia, we carried out real-time
RT-PCR to evaluate HIF-1a, VEGF, CEMP1, OPN, OPG and RANKL mRNA transcription after
apply CoCl2 at concentration 50-300 MM for 24 h. As shown in Fig.3, VEGF and OPN mRNA
was significantly increased in dose-dependent manner. In contrast, HIF-1a and OPG mRNA
were significantly down-regulated in dose-dependent manner. At CoCl2 300 UM, all gene

transcription were down-regulated except VEGF and OPN.



(Fold)
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Control CoCl2-50 CoCI2-100 CoCl2-150 CoCl2-300

Relative expression of gene/18s mRNA

~==\/EGF ——HIF1-a —OPG RANKL —CEMP1 ——OPN

Fig. 3 VEGF, HIF-1a, CEMP1, OPN, OPG and RANKL expression of HCEM-2 cells after CoCl2

stimulation.

3.4 Compressive stress augments VEGF and OSX mRNA

To examine the biological response of HCEM-2 cells to compressive stress, HCEM-2 cells were
cultured under compressive stress 1, 2 gm/cm2 for 24 h. As shown in Fig. 4, compressive stress
up-regulate VEGF and OSX mRNA level, but was not apparently effect on the HIF1-a, RUNX2,
OPG, OPN, OCN, ALP and BSP mRNA expression. However, the result showed compressive

stress 2 g/cm2 significantly down-regulated RUNX2 mRNA expression.

Relative expression of gene/18s mRNA
(Fold)

215)
* *
2
RS
1
i |
o
SX OPG OPN OCN ALP BSP

VEGF HIF1-a RUNX2 O CEMP1

® Control mStress1g W Stress 2 g
Fig.4 VEGF, OSX, HIF1-a, RUNX2, OPG, OPN, OCN, ALP and BSP expression of HCEM-2 cells

after compressive stress application.



3.5 Compressive stress attenuate effect of hypoxia on OPN mRNA

To test the hypothesis that compressive stress combined with hypoxia could regulate gene
expression in cementoblasts, HCEM-2 cells were cultured with CoCl2 and applied with
compressive stress for 24 h. As shown in Fig. 5, hypoxia can significantly up-regulate OPN
MRNA level, but attenuated by compressive stress. In the other hand, compressive stress could
not effect on the hypoxia-stimulate VEGF mRNA expression. Moreover, the combined effect of
compressive stress and hypoxia can stimulate the OSX mRNA expression and down-regulate

the HIF1-a, RUNX2, OCN, OPG, CEMP1 and COL1 mRNA expression.
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HCEM2 Stress 2 g/cm?, 24 h
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Fig. 5 Effect of compressive stress and hypoxia on various mRNA level of HCEM-2 cells. (A)

compressive stress 1 g/Cm2 (B) compressive stress 2 g/cm2
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