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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 (u-MEM, 

lnvitrogen, Grand Island, NY) supplemented with 10% FBS, 2 mM L-glutamine, 100 IU/ml 

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 µM 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 

CoCl2. 

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
5 

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/cm
2 

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-







3.2 MTT assay 

Cell viability was determined by using MTT assay. HCEM-2 cells were exposed to compressive 

stress (1, 2 g/cm2) with or without CoCl2 300 µM for 24 h. As shown in Fig. 2, we found that the 

cell viability was no statistical differences between cells in the control condition and the 

treatment group. 
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Fig. 2 Effect of compressive stress and hypoxia 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 RAN KL mRNA transcription after 

apply CoCl2 at concentration 50-300 µM 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 µM, all gene 

transcription were down-regulated except VEGF and OPN. 
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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/cm
2 

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/cm
2 

significantly down-regulated RUNX2 mRNA expression. 
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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 COL 1 mRNA expression. 
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