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Cementogenesis is inhibited under a mechanical

static compressive force via Piezo1

Ying-ying Zhanga; Yi-ping Huangb; Hua-xiang Zhaob; Ting Zhangc; Feng Chend; Yan Liue

ABSTRACT
Objective: To investigate whether Piezo1, a mechanotransduction gene mediates the cemento-
genic activity of cementoblasts under a static mechanical compressive force.
Materials and Methods: Murine cementoblasts (OCCM-30) were exposed to a 2.0 g/cm2 static
compressive force for 3, 6, 12, and 24 hours. Then the expression profile of Piezo1 and the
cementogenic activity markers osteoprotegerin (Opg), osteopontin (Opn), osteocalcin (Oc), and
protein tyrosine phosphataselike member A (Ptpla) were analyzed. Opg, Opn, Oc, and Ptpla
expression was further measured after using siRNA to knock down Piezo1. Real-time PCR,
Western blot, and cell proliferation assays were performed according to standard procedures.
Results: After mechanical stimulation, cell morphology and proliferation did not change
significantly. The expression of Piezo1, Opg, Opn, Oc, and Ptpla was significantly decreased,
with a high positive correlation between Opg and Piezo1 expression. After Piezo1 knockdown, the
expression of Opg, Opn, Oc, and Ptpla was further decreased under mechanical stimulation.
Conclusions: Cementogenic activity was inhibited in OCCM-30 cells under static mechanical
force, a process that was partially mediated by the decrease of Piezo1. This study provides a new
viewpoint of the pathogenesis mechanism of orthodontically induced root resorption and repair.
(Angle Orthod. 2017;87:618–624)
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INTRODUCTION

External root resorption frequently occurs as a result
of cementum remodeling during orthodontic treatment.
It can affect the long-term viability and stability of
teeth.1 A recent study has demonstrated that external
root resorption is centered mainly on the root apex and
the root in the compression region.2 Therefore,

compressive force may play a key role in root
resorption during orthodontic processes. Recent stud-
ies have illustrated that cementoblasts, force-sensitive
cells that react to mechanical compressive forces, play
a critical role in the process of root resorption and
repair.3–5 However, information available on the me-
chanotransduction pathway of cementoblasts exposed
to mechanical compressive force is limited. Therefore,
understanding how cementoblasts sense and conduct
the force would be helpful to determine the root
resorption process during orthodontic treatment.

There is growing evidence that compressive forces
regulate the cementogenic activity of cementoblasts.5–8

The osteoprotegerin (Opg) and osteopontin (Opn)
genes associated with cementogenesis are downreg-
ulated in cementoblasts under a compressive force.
However, the molecular mechanisms by which ce-
mentoblasts transduce mechanical force to cemento-
genic gene expression remain unclear.

Mechanosensitive ion channels located in the
plasma membrane sense a mechanical force exerted
on the cells, resulting in a change in bilayer tension or
the cytoskeleton followed by the activation of down-
stream signal pathways.9 Several ion channels have
been reported to respond to mechanical stimuli,
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including the transient receptor potential channels and
acid-sensing ion 1-3 channels.10–13 However, they are
usually activated by membrane stretching or inflam-
mation, instead of a mechanical compressive force.
Recent studies have demonstrated that PIEZO1
(protein), a large evolutionarily conserved transmem-
brane protein that is richly expressed in the bladder,
lungs, colon, and dorsal root ganglia, senses and
converts a wide array of mechanical forces into various
biological activities.14–19 A recent study has demon-
strated that PIEZO1 transduces static compressive
forces and regulates bone remodeling in primary
periodontal ligament cells (PDLCs).20 However, it is
still not clear whether PIEZO1 mediates the static
mechanical compressive force and subsequently
regulates cementogenesis in cementoblasts.

Therefore, this study investigated the cementogenic
activity in a cementoblast cell line under a static
mechanical force and tested whether Piezo1 gene
mediates this process. The findings would aid under-
standing of the process of external root resorption and
help prevent and treat this adverse reaction during
orthodontic treatment.

MATERIALS AND METHODS

Cell Culture

OCCM-30 cells, a clonal population of immortalized
murine cementoblasts,21 were cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Gibco, Grand
Island, NY) containing 10% fetal bovine serum (FBS;
Equitech Bio, Texas) supplemented with 100 U/mL
penicillin (Gibco) and 100 lg/mL streptomycin (Gibco)
at 378C in a humidified atmosphere consisting of 5%
CO2 in air. To monitor cell morphology, bright-field
images were acquired using a Nikon C-HGF1 micro-
scope (Nikon, Tokyo, Japan) at 43, 103, and 203

magnification, respectively.

Mechanical Stimulation: Application of a Static
Compressive Force

OCCM-30 cells were seeded into six-well plates.
After reaching 70% confluence, a cover glass and a
glass bottle containing steel balls were placed on the
cells. The compressive force was adjusted to 2.0 g/cm2

according to previous studies,22,23 and the force was
maintained for 3, 6, 12, and 24 hours.

Cell Proliferation Assay

A Cell Counting Kit-8 (CCK-8; Dojindo, Kumamoto,
Japan) was used for the cell proliferation assay
according to the manufacturer’s instructions. Briefly,
after exposure to a static compressive stress for 24
hours, the cells were seeded onto 96-well plates at a

cell density of 1000 cells/well. Cell viability was
analyzed at 0, 24, 48, and 72 hours. The CCK-8
working solution was added to the wells and incubated
at 378C for 4 hours. Absorbance was measured at a
wavelength of 450 nm using a microplate reader (Bio-
Rad, Hercules, Calif).

Small-interfering RNAs Transfection

Small-interfering RNAs (siRNA) targeting the mouse
Piezo1 transcript and a siRNA negative control (NC)
were purchased (Gene Pharma, Suzhou, China). The
sequences of the Piezo1 siRNA were 50-CCG GCA
UCU ACG UCA AAU ATT-3 0 (sense) and 50-UAU UUG
ACG UAG AUG CCG GUG-3 0 (antisense). The
sequences of the siRNA NC were 50-UUC UCC GAA
CGU GUC ACG UTT-30 (sense) and 50-ACG UGA
CAC GUU CGG AGA ATT-30 (antisense). Piezo1
siRNA (si-Piezo1) and the corresponding NC were
transfected into OCCM-30 cells using Avalanche
Transfection Reagent (EZ Biosystems, College Park,
Md), according to the manufacturer’s instructions. After
reaching 50% confluence in the six-well plates, the
cells were transfected with 100 nM siRNA. After 24
hours, the medium was replaced with fresh DMEM and
10% FBS. The cells were then exposed to the static
compressive force and harvested 24 hours later.

RNA Isolation and Quantitative Reverse-
Transcription Polymerase Chain Reaction

The primers were designed using the National
Center for Biotechnology Information database (http://
www.ncbi.nlm.nih.gov/tools/primer-blast/). The cells
were harvested and total mRNA was isolated using
the TRIzol reagent (Invitrogen, Carlsbad, Calif) accord-
ing to the manufacturer’s instructions. Then mRNA was
reverse-transcribed into complementary DNA using a
high-capacity cDNA Reverse Transcription Kit (Applied
Biosystems, Foster City, Calif). Quantitative PCR was
conducted as described previously.24 The primer
sequences of Piezo1, Opg, Opn, osteocalcin (Oc),
protein tyrosine phosphataselike member A (Ptpla),
and glyceraldehyde-3-phosphate dehydrogenase
(Gapdh) are listed in Table 1.

Western Blot Analysis

Western blot was performed as described previous-
ly.24 Briefly, the cells were lysed in RIPA buffer (Thermo
Fisher Scientific, Waltham, Mass). The protein content
in the supernatant was determined using the BCA
protein assay (Thermo Fisher). The proteins were
separated by 6% sodium dodecyl sulfate–polyacryl-
amide gel electrophoresis and transferred to nitrocel-
lulose membranes. The primary antibodies against
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PIEZO1 (Abcam, Cambridge, UK) were diluted 1:1000,

and those against GAPDH (Santa Cruz Biotechnology,

Santa Cruz, Calif) were diluted 1:10,000. The bands

were visualized using chemiluminescence (Invitrogen),

and the intensities of the bands were quantified using

ImageJ software (NIH, Bethesda, Md). The back-

ground was subtracted, and the signal of each target
band was normalized to that of the GAPDH band.

Statistical Evaluation

Statistical analyses were performed using SPSS
software (ver. 22.0; IBM Corp, Armonk, NY). Differ-
ences between groups were analyzed using Student’s
t-test. Correlations between the expression of Opg,
Opn, Oc, Ptpla, and Piezo1 were analyzed using
Pearson’s correlation coefficient analysis. All data are
expressed as mean 6 standard deviation (SD). A two-
tailed value of P , .05 was considered to be
statistically significant.

RESULTS

Cell Morphology and Proliferation in OCCM-30
Cells Under a Static Mechanical Compressive
Force

A static mechanical compressive force (Figure 1A)
was used to stimulate the OCCM-30 cells. Morphol-
ogy was observed at 3, 6, 12, and 24 hours, showing
no change compared with the control group when the
cells were exposed to 2.0 g/cm2 compressive force
(Figure 1B). However, cell morphology started to
change and cell apoptosis was observed when the
force was greater. Thus, a 2.0-g/cm2 force was used
in subsequent experiments. Cell proliferation was
then determined using the CCK-8 assay, after
exposure to the static compressive force for 24 hours.
The proliferation curve under the static mechanical
compressive force was similar to that of the control
cells (Figure 1C).

Piezo1 Expression Is Decreased Under a Static
Mechanical Compressive Force

The expression of Piezo1 was analyzed by qRT-
PCR. The level of Piezo1 mRNA was decreased
significantly in OCCM-30 cells under a static mechan-
ical compressive force compared with that of the
control group. It started to decrease at 3 hours and
reached the lowest level at 24 hours (Figure 2A). The

Table 1. Primers for qRT-PCR

Name Sense Primer (50-30) Antisense Primer (50-30)

Piezo1 TTCTTCGGGTTGGAGAGGTA TGTCACCATGTGGTTAAGGATG

Opg a GTGGAATAGATGTCACCCTGTGT TTGGTCCCAGGCAAACTGT

Opn ATGAGATTGGCAGTGATTTG GTAGGGACGATTGGAGTGA

Oc AGCAGCTTGGCCCAGACCTA TAGCGCCGGAGTCTGTTCACTAC

Ptpla AGCCCAGGTATAGGAAGAATGT CCGCATAACTAACCCAATAGCG

Gapdh AACGACCCCTTCATTGACCTC ACTGTGCCGTTGAATTTGCC

a Opg indicates osteoprotegerin; Opn, osteopontin; Oc, osteocalcin; Ptpla, protein tyrosine phosphataselike, member A; Gapdh,
glyceraldehyde-3-phosphate dehydrogenase.

Figure 1. No significant change in cell morphology or proliferation of

OCCM-30 cells under compressive force. (A) Schematic diagram of

mechanical stimulation applied on OCCM-30. (B) Cell morphology

images of OCCM-30 with and without mechanical stimulation. 43

scale bar, 1000 lm; 103 scale bar, 200 lm; 203 scale bar, 100 lm.

(C) CCK-8 assay showing the proliferation curve of OCCM-30 cells

with and without mechanical compressive force. Data are shown as

mean 6 SD (P , .05).
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result were confirmed by Western blot showing that
PIEZO1 protein began to decline significantly at 12
hours, and it was at its lowest level at 24 hours (Figure
2B).

Cementogenesis Is Inhibited in OCCM-30 Under a
Static Mechanical Compressive Force

To explore cementogenesis of the OCCM-30 cells
after exposure to a force, cementoblastic markers were
measured by qRT-PCR. The mRNA expression of
Opg, Opn, Oc, and Ptpla was decreased time-
dependently in the OCCM-30 cells under a static
mechanical compressive force, reaching the lowest
levels at 24 hours, with a slight oscillation at 12 hours
(Figure 3A). Analysis of the correlation between the
Piezo1 and cementogenic markers showed that the
expression of Opg was highly correlated (r¼ .908) with
the Piezo1 mRNA expression in OCCM-30 under a
compressive force, while Opn, Oc, and Ptpla did not
show significant correlations (Figure 3B).

Cementogenesis Is Further Decreased After
Knockdown of Piezo1 in OCCM-30 Cells Under a
Mechanical Compressive Force

To understand the biological function of Piezo1 in
OCCM-30 cells under compressive force, siRNA was
constructed specifically for Piezo1 (si-Piezo1) and
transfected into the OCCM-30 cells to knock down
Piezo1. After 24 hours of transfection, the cells were
exposed to a mechanical compressive force for
another 24 hours before collection. The qRT-PCR
and Western blot analysis confirmed an approximately
50% decrease in Piezo1 expression in the knockdown
group (Figure 4A,B). After successful knockdown of
Piezo1, the Ptpla, Oc, and Opn mRNA expressions

Figure 2. Piezo1 expression was decreased under compressive

force. (A) Relative Piezo1 mRNA expression levels determined by

qRT-PCR analysis at 3, 6, 12, and 24 hours under compressive

force. (B) Western blot analysis (up) and quantification (down) of

protein expression of PIEZO1 and the internal control GAPDH at the

indicated time. Data are shown as mean 6 SD (P , .05). Figure 3. Cementogenesis was inhibited in OCCM-30 under

compressive force. (A) Quantification of mRNA expression of Opg,

Ptpla, Oc, and Opn measured by qRT-PCR at 3, 6, 12, and 24 hours

under compressive force. (B) Correlation between Opg, Opn, Oc,

Ptpla, and Piezo1 expression levels at in OCCM-30 under

compressive force. Statistical analysis was performed using Pear-

son’s correlation coefficient analysis, with the r and P values as

indicated. Data are shown as mean 6 SD (P , .05).
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were further significantly downregulated compared with
the control group under mechanical force, while the
Opg expression was only slightly downregulated, not
reaching a significant difference (Figure 4C).

DISCUSSION

In this study, we demonstrated that Piezo1 was
decreased in OCCM-30 cells after exposure to a static
compressive force. Although the stress environment
between cementum and periodontal ligament during
orthodontic processes is similar, a previous study
showed that PIEZO1 is increased in PDLCs after
exposure to a static compressive force.20 The different
responses of PIEZO1 in these two kinds of cells may
be due to the distinct characteristics of the target cells.
No proliferation difference was found in OCCM-30 cells
after exposure to a static compressive force for 24
hours, consistent with a previous study.8 In the PDLCs,
however, mechanical stimuli promote cell proliferation
by influencing the duration of the S phase and mitotic
activity.25 Moreover, previous studies have shown that
the osteoblastic marker expression increases in
PDLCs under pressure,26,27 while in the current study,

these markers were reduced in cementoblast cells.
The different characterization of these two cells may
result in their different responses to compressive force.
In addition, the different response of Piezo1 indicates
that cementoblasts are less sensitive to mechanical
compressive forces than PDLCs due to the downreg-
ulation of this mechanotransduction ion channel. This
may partially explain why cement remodeling is less
active than alveolar bone remodeling during orthodon-
tic treatment.

Cementoblastic activity was inhibited under com-
pressive force, and the expression of cementogenic
markers (Opn, Oc, and Ptpla) was decreased under
pressure in OCCM-30 cells. This was consistent with
previous findings of a remarkable decrease of cemen-
togenic markers in cementoblasts when subjected to
compressive forces.4–6 Cementogenesis was inhibited
gradually in a time-dependent manner with a slight
oscillation, however, at 12 hours. Some studies
regarding the response of Opn to the compressive
force also displayed a time-dependent oscillation
pattern,28 indicating that many transcription factors
may be involved in this process. Also, we found that
Ptpla, Oc, and Opn were further downregulated
significantly under a mechanical force compared with
the control group after knockdown of Piezo1. These
results indicated that the decreased cementogenic
activity was partially mediated by Piezo1 under a
mechanical static force.

Another interesting finding was the relationship
between Opg and Piezo1. Opg expression was
decreased in OCCM-30 under a static compressive
force, and it was highly correlated with Piezo1 mRNA
expression. However, after Piezo1 knockdown, Opg
mRNA expression was further downregulated slightly
but without significant difference under mechanical
stimulation. It is possible that Piezo1 may not directly

Figure 4. Cementogenesis was further decreased after knockdown

of Piezo1 in OCCM-30 cells under compressive force. (A) Relative

mRNA expression of Piezo1 determined by qRT-PCR analysis in the

si-Piezo1 transfection group or its NC group. (B) Western blot

analysis (left) and quantification (right) of PIEZO1 protein expression

and the internal control GAPDH in the group transfected with si-

Piezo1 or its NC group. (C) Quantification of mRNA expression of

Opg, Ptpla, Oc, and Opn measured by qRT-PCR in the si-Piezo1

transfection group or its NC group. Results are presented as mean 6

SD (P , .05).

Figure 5. Schematic of Piezo1 involved in the inhibition of cemento-

genesis in OCCM-30 cells under compressive force. The teeth

primarily affected by orthodontic forces can be divided histologically

into two main regions: the compression region and tension region.

Under a static compressive force, PIEZO1 was decreased, followed

by a decrease in cementoblastic gene expression, resulting in the

inhibition of cementogenesis.
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regulate Opg, and there exist cofactors or intermedi-
ates between Piezo1 and Opg. In our previous
experiments, we found that transduction of Opg
plasmids into OCCM-30 cells increases the expression
of Opn, Oc, and Ptpla.4 Also, Opg is regulated by many
factors, such as BMP2, transforming growth factor b,
Wnt signaling pathway, and others.29 The Opn, Oc,
Ptpla, or other molecules may be the intermediates
between Opg and Piezo1. Further study is needed to
investigate the possible mechanism.

CONCLUSIONS

� Cementoblastic gene expression was decreased
under a static mechanical compressive force, result-
ing in the inhibition of cementogenesis, and this
process was partially mediated by the decrease of
Piezo1 (Figure 5).

� These findings may provide a new insight into the
pathogenesis mechanism of external root resorption
and provide molecular targets for the prevention of
this adverse reaction.
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structure to function. Pflügers Archiv: Eur J Physiol.

2015;467:95–99.

16. Coste B, Mathur J, Schmidt M, et al. Piezo1 and Piezo2 are

essential components of distinct mechanically activated

cation channels. Science. 2010;330:55–60.

17. Pathak MM, Nourse JL, Tran T, et al. Stretch-activated ion

channel Piezo1 directs lineage choice in human neural stem

cells. Proc Natl Acad Sci USA. 2014;111:16148–16153.

18. Soattin L, Fiore M, Gavazzo P, et al. The biophysics of

piezo1 and piezo2 mechanosensitive channels. Biophys

Chem. 2016;208:26–33.

19. Copp SW, Kim JS, Ruiz-Velasco V, Kaufman MP. The

mechano-gated channel inhibitor GsMTx4 reduces the

exercise pressor reflex in decerebrate rats. J Physiol.

2016;594:641–655.

20. Jin Y, Li J, Wang Y, et al. Functional role of mechanosensi-

tive ion channel Piezo1 in human periodontal ligament cells.

Angle Orthodontist. 2015;85:87–94.

21. D’Errico JA, Berry JE, Ouyang H, Strayhorn CL, Windle JJ,

Somerman MJ. Employing a transgenic animal model to

obtain cementoblasts in vitro. J Periodontol. 2000;71:63–72.

22. Mayahara K, Kobayashi Y, Takimoto K, Suzuki N, Mitsui N,

Shimizu N. Aging stimulates cyclooxygenase-2 expression

and prostaglandin E2 production in human periodontal

ligament cells after the application of compressive force. J

Periodontal Res. 2007;42:8–14.

23. Mitsui N, Suzuki N, Maeno M, et al. Optimal compressive

force induces bone formation via increasing bone morpho-

genetic proteins production and decreasing their antagonists

production by Saos-2 cells. Life Sci. 2006;78:2697–2706.

24. Zhang YY, Zhao HX, Chen ZB, Lin JX, Liu Y. Osteoprote-

gerin promotes cementogenic activity of murine cemento-

blast cell line in vitro. Chin J Dent Res. 2016;19:103–108.

Angle Orthodontist, Vol 87, No 4, 2017

INHIBITION OF CEMENTOGENESIS UNDER A COMPRESSIVE FORCE 623



25. Wu J, Li Y, Fan X, Zhang C, Wang Y, Zhao Z. Analysis of

gene expression profile of periodontal ligament cells

subjected to cyclic compressive force. DNA Cell Biol.

2011;30:865–873.

26. Yang YQ (1), Li XT, Rabie AB, Fu MK, Zhang D. Human

periodontal ligament cells express osteoblastic phenotypes

under intermittent force loading in vitro. Front Biosci.

2006;11:776–781.

27. Wongkhantee S, Yongchaitrakul T, Pavasant P. Mechanical

stress induces osteopontin expression in human periodontal

ligament cells through rho kinase. J Periodontol.

2007;78:1113–1119.

28. Wang D, Wang H, Gao F, Wang K, Dong F. ClC-3 promotes

osteogenic differentiation in MC3T3-E1 cell after dynamic

compression. J Cell Biochem. 2017;118:1601–1613.

29. Silva I, Branco JC. Rank/Rankl/opg: literature review. Acta

Reumatol Port. 2011;36:209–218.

Angle Orthodontist, Vol 87, No 4, 2017

624 ZHANG, HUANG, ZHAO, ZHANG, CHEN, LIU


