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ABSTRACT Objective: To investigate the effect of cyclic stretch on Human periodontal ligament fibroblasts apoptosis and PI3k/Akt
signaling pathway involved. Methods: In vitro culture -tensile stimulate models of HPDLFs were established by using a multi-passage
load adding system. Cyclic stretch was applied on the fibroblasts in different groups for 1, 6, 12, and 24 h, respectively.The loading was
set for 15% surface elongation, with frequency 1/6 Hz. Meanwhile, the blank normal control group and negative control group,
Oh+LY294002 was established by static group. The cell apoptosis was determined by Hoechst 33258 staining. The expression of Bcl-2
and Bax mRNA was detected by RT-PCR. Results: Hoechst 33258 staining showed that after treatment with loading, the cell took the
typical appearance of apoptosis with chromatin condensation and apoptotic bodies. RT-PCR displayed that the rate of Bcl-2 / Bax mRNA
expression decreased in loaded HPDLFs group compared with that in unloaded HPDLFs(P < 0.01). The rate decreased to the lowest level
at 12h following loading, and then enhanced gradually. Compared with that in the loading group, the HPDLFs apoptosis increased at
corresponding time points in the LY294002 group (P <0.05). Conclusions: The cyclic stretch can promote the apoptosis of HPDLFs in a
time-dependent manner, then the HPDLFs apoptosis was inhibited PI3BK/AKT signaling pathway may participate in the regulation of

apoptosis of HPDLFs induced by cyclic stretch.
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Introduction

Periodontitis is a complex etiology, which is caused by the in-
teraction of many factors of destructive periodontal disease, and
regulated by the body defense mechanisms and a variety of sys-
temic and local factors. Bite force, as one of the local factors,
plays a very important role in the whole development of periodon-
titis. Many findings suggest that an appropriate mechanical load-
ing is necessary for periodontal tissue to maintain homeostasis,
otherwise periodontal tissue damage occurs when it is subjected to
over-mechanical load. Human periodontal ligament fibroblasts

HPDLFs), which are the main components of the periodontal lig-
ament, is playing the significant role in the normal metabolism,
reparative regeneration, and physical health maintenance of the
periodontal tissues ™. Mechanical stimulations have significant
impact on cell growth and migration, while little is known on the
mechanism of HPDLFs behavior alteration under cyclic strain ap-
plication.

Phosphoinositide 3-kinases (PI3K) represent a family of intra-
cellular signaling proteins, which control a variety of essential cel-
lular behaviors such as proliferation, survival and apoptosis. Cell
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apoptosis was strongly associated with the reconstruction of tis-
sues from many regions. PI3K activation enhances cell survival
and antagonizes apoptosis via Akt/PKB in many cell types includ-
ing cardiomyocytes ¥, cardiac fibroblast I, and VSMCs ¥ . How-
ever, little was known on whether PI3K/Akt pathway is involved
in the mechanical strain-induced apoptosis of HPDLFs. In this pre-
sent study, HPDLFs were subjected to cyclic strain with different
loading duration to investigate the apoptosis of HPDLFs. There-
fore, it could be helpful to understand the pathogenic mechanism
of occlusal trauma and periodontitis .

1 Materials and methods

1.1 Materials

HPDLFs (ScienCell USA ), DMEM (HyClone USA), fetal
bovine serum  (HyClone USA ) USA LY294002 ( sigma USA),
Flexcell Strain Unint-5000T (Co-made by Doctor Yuan Xiao from
the Department of Stomatology, Qingdao Municipal Hospital (O-
ral) and Harbin Institute of Technology), Six-well BioFlex flexible
cell Petri Dish (Flexcell International, USA), PrimeScript RT-PCR
Kit (TaKaRa Biomedical).

1.2 Experimental methods
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1.2.1 Cell culture The HPDLFs were maintained in Dulbecco's
Modified Eagle Media (DMEM )supplemented with 10% fetal
bovine serum ( FBS ),100 w/mL penicillin and 100 w/mL strepto-
mycin and cultured at 37°C with 5% CO,, and the media were
changed every 48h. With the cells reaching 80% confluence, they
were harvested for cyclic strain loading experiments.

1.2.2 Establishment of mechanical stimulation models HPDL
Fs were seeded into collagen I-coated 6-well Bioflex plates at a
density of 1x 10° cells, 2 mL/well. The medium was replaced ev-
ery 48h. Cells achieving 80% confluent were serumstarved in
DMEM for 24 h, and cell synchronization was made. The cells
were randomly divided into seven group: Oh, Oh+LY?2940021, 6h,
12h 12h+LY294002, and 24 hours, and then were subjected to
cyclic strain by using the FX-5000T with15% -elongation magni-
tude at the same frequency of 10 cycles per minute, each cycle in-
cluding 3 seconds for tension and 3 seconds for relaxation .In the
LY294002 group, HPDLFs were pre-incubated with LY294002(20
mmol/L), a specific PI3K/Akt inhibitor, for 1 h before cyclic strain
application. Control cells were cultured on similar plates and were
maintained in the same incubator without cyclic strain.

1.2.3 Hoechst 33258 fluorescent staining After loading of
cyclic strain, HPDLFs were fixed using Hoechst fixative at room
temperature for 30 min, washed with cold phosphate buffered
saline at 4°C twice, stained with 0.5 mL Hoechst33258 dye for 5

min, and washed with PBS. After the instillation of anti-fluores-
cence quenching sealed solid-liquid were added, we observed the
HPDLFs with fluorescence microscope.

1.2.4 Analysis of Bcl—2and Bax mRNA levels Cells from
each group were collected. Total RNA was isolated using the TRI-
ZOL reagent (Invitrogen, USA), and an aliquot (1 g of purified
total RNA) was subjected to RT-PCR analysis using PrimeScript
RT-PCR Kit for RT-PCR (Invitrogen). The resulting cDNAs were
used as a template for PCR amplification to generate products cor-
responding to the mRNAs encoding various gene products. Target
gene expression in fibroblasts was detected with fluorescence
semiquantitative polymerase chain reaction.

Primers were shown in Table 1. Amplification condition was
as follows: an initial denaturation at 95°C for 5min, denaturation at
98°C for 10s, annealing at 58°C for 30s, extension at 72°C for 30s
and a final elongation step of 10 min at 72°C (35 cycles for Bax )
and 95°C for 5 min, 98°C for 10s, 60°C for 20s, 72°C for 30s and a
final elongation step of 10 min at 72°C (30 cycles for glyceralde-
hyde-3-phosphate dehy- drogenase (GAPDH)). And 95°C for 5
min, 98°C for 10s, 64°C for 30s, 72°C for 30s and a final elonga-
tion step of 7 min at 72°C (36 cycles for Bcl-2). Then PCR prod-
ucts were identified by 2% agarose gel electrophoresis (110 V,
40min).Finally, the ratio of target bands and GAPDH,and bands
were calculated by Gel-Proanalyzer .

Table 1 Expression of Bax Bcl-2 and gapdh mRNA

Primer* Sequence(5'-3") Size(bp)
Bax Forward: AGTGGCAGCTGACATGTTTT 152bp
Reverse:GGAGGAAGTCCAATGTCCAG
Bcl-2 Forward: ATGTGTGTGGAGAGCGTCAACC 196bp
Reverse: TGAGCAGAGTCTTCAGAGACAGCC
GADPH Forward: TCATGGGTGTGAACCATGAGAA 146bp

Reverse:GGCATGGACTGTGGTCATGAG

1.3 Statistics

The data in quantitative PCR analysis were presented as
mean + SD are from at least three independent experiments in
each condition and analyzed using SPSS 17.0 software. One-way
ANOVA was used for intragroup comparison. A p-value less than
0.05 was considered significant.

2 Results and analysis

2.1 Hoechst 33258 fluorescent staining results

Hoechst 33258 staining showed that the nucleus in the nor-
mal control group presented with dispersed uniformly round or o-
val-shaped fluorescent. Compared with the static, the HPDLFs af-
ter 15% of cyclic strain application at 1/6Hz-frequency took the
typical appearance of apoptosis, including chromatin condensa-

tion, crescent or ring fluorescence and apoptotic bodies. An in-
crease in the number of shrunken rounded cells was observed
at12h, and the speed of apoptosis in the LY294002 group was
quicker than the control group (Fig. 1).
2.2 RT-PCR results

It is demonstrated that there were significant differences in
the Bcl-2/Bax between the six stess loading groups and control
groups (P < 0. 05).The Bcl-2/Bax levels of HPDLFs began to de-
crease after loading, reached to the minimum at I2 h (P < 0. 05)and
began to arise at 24 h after loading. Furthermore, the Bcl-2/Bax
value in 12h+LY294002 group decreased to a more remarkable
level than the 12 h group, but there were no significant difference
between them. It suggested that cyclic strain induced HPDLFs
apoptosis. The rate of apoptosis increased as the loading time pro-
longed (Fig. 2-3) .
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Fig.2 Expression of Bcl-2 Bax GAPDH mRNA under different strength time

as one of load-sensitive cells, can sense the mechanical load and
subsequently change their diverse cellular functions such as cell
proliferation and apoptosis, and these changes result in alteration
of structure, composition, and function of periodontal tissues®. In
this study, after loading, cells gradually exhibited cell rounding
and shrinkage, vacuolization and even detached from bottom in a
time-dependent manner, which showed the significant characteris-
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Fig. 3 Expression of Bcl-2/Bax mRNA under different strength time(P
<0.05)

3 Discussion

Apoptosis is a multi-step, multi-pathway and initiative
cell-death programme that is inherent in every cell of the body™,
and plays a key role in the remodeling of periodontal tissues . In
addition,mechanical stimulation is also an important factor of tis-
sue remodeling. Human periodontal ligament fibroblasts in vivo,

tics of cell apoptosis ", Meanwhile, increased chromatin conden-
sation, nuclear fragmentation and apoptotic bodies over time were
observed by Hoechst 33258 staining.

Cyclic strain has been shown to influence many aspects of
cellular metabolism that may affect subsequent biological behav-
iors of cells, including proliferation, migration, apoptosis, and the
expressions of gene and protein ™. As we know that the Bax and
Bcl-2, which are important members of the Bcl-2 family, act as
pro-apoptotic and anti-apoptotic regulators that are involved in a
wide variety of cellular activities™. The rate of Bcl-2/Bax will de-
cide the cell apoptosis®®. This study indicated that the apoptosis of
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HPDLFs subjected to 15% of cyclic strain which was based on nu-
merical data derived from a finite element model [ changed in a
time- dependent manner apparently, and peaked at 12 h, and then
apoptosis decreased at 24 h. But previous studies showed that the
cyclic stretch  (15%, 24 h) induced a significant increase in the
apoptosis of AF cells . Zhong pointed out another peak of apop-
tosis of hPDLCs (6 h, 20%). The variances may result from the
difference of stretch in amplitude, duration and species. Anyway,
it can be proved that the apoptosis of HPDLFs can be induced by
cyclic strain although the apoptosis peak appears at different mo-
ment after stress loading.

Several studies have shown that PI3K/Akt signaling pathway
play essential roles in mechanical strain-mediated migration and
proliferation of HPDLCs™, which could regulate apoptosis with a
reduced expression of Bax and an increased expression of Bcl-227,
In this present research, the Bcl-2 /Bax levels of the HPDLFs with
the PI3K inhibitor LY294002, compared with that in the control
group, was obviously reduced at corresponding time points. Inter-
estingly, there was no significant difference on HPDLFs apoptosis
between 12 h and 12 h in the inhibitor. This possible mechanism
involved is that the apoptosis of HPDLFs in response to stretching
strain are co-regulated by various signaling pathways such as p38
MAPKP1 JNK? - ERK-mediated signaling™®!. Furthermore, it is
considered a possibility that PI3K/Akt signal pathway may involve
in stress-induced apoptosis process, while the apoptosis process
was regulated by a series of enzyme and controlled by various
genes.

In summary, the Apoptosis of HPDLFs in the early stage in-
creased in a time- dependent manner in response to stretching
strain. PI3K/AKTsignaling pathway may participate in the process
of apoptosis of HPDLFs induced by cyclic stretch.This finding will
contribute to a better understanding of the mechanism of mechani-
cal stretch-induced remodeling of the periodontal tissues during
the periodontitis therapy.
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