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Fiber system degradation,
and periostin and
connective tissue growth
factor level reduction,

in the periodontal ligament
of teeth in the absence

of masticatory load

Choi JW, Arai C, Ishikawa M, Shimoda S, Nakamura Y. Fiber system degradation,
and periostin and connective tissue growth factor level reduction, in the periodontal
ligament of teeth in the absence of masticatory load. J Periodont Res 2011, 46:
513-521. © 2011 John Wiley & Sons A/S

Background and Objective: The periodontal ligament (PDL), which is interposed
between the alveolar bone and roots, supports teeth against mechanical stress.
Periostin and connective tissue growth factor (CTGF) might play essential roles in
maintaining PDL fiber integrity under mechanical stress. However, this relation-
ship has not been studied at the protein and gene levels. Therefore, the aim of this
study was to assess the PDL fiber system without masticatory load to determine
the structural changes in the PDL in the absence of mechanical stress.

Material and Methods.: The study included 45 Wistar male rats (12 wk of age)
whose upper-right first molars were relieved from occlusion for 24 h, 72 h, 7 d or
21 d. The PDL was examined histologically, and changes in the gene and protein
levels of periostin and CTGF were investigated.

Results: The PDL space width was reduced significantly. Histologically, an initial
reduction in the fiber number and thinning of PDL fibers were observed, followed
by disarrangement of the PDL fibers and their attachments to the alveolar bone;
finally, the PDL fibers lost their meshwork structure. Real-time RT-PCR results
revealed sharp down-regulation of the periostin and CTGF mRNA levels at 24
and 72 h, respectively, which continued throughout the experiment. Immunohis-
tochemical analysis revealed that periostin localized to both the cellular elements
and the extracellular matrix, whereas CTGF localized only to the cellular ele-
ments. Periostin and CTGF immunoreactivities became very weak without mas-
ticatory load.

Conclusion: In the absence of mechanical stress, the PDL fiber system undergoes
degradation concomitantly with a reduction in the periostin and CTGF levels in
the PDL.
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A ligament is a dense fibrous connective
tissue that interconnects bones and
maintains the structures of tissues and
organs. Most ligaments are composed
of parallel collagen fiber bundles that
react in a flexible manner to changes in
external pressure and adapt to the new
environment by reconstructing their
arrangement (1). The mechanical
strength of ligaments is mainly derived
from the regular arrangement of colla-
gen fiber bundles (2). Many studies have
shown that the biological reaction of a
ligament to mechanical stress is similar
to that of bone to mechanical stress; this
phenomenon can be explained by the
mechanostat theory (3).

The periodontal ligament (PDL) is a
unique ligament that connects the
alveolar bone to the cementum. It is
rich in vascular and cellular elements,
which distinguishes it from other liga-
ments (4,5). The PDL comprises five
different fiber groups — the alveolar
crest, horizontal, oblique, apical and
inter-radicular fiber groups — that
support the teeth under constant
mechanical stress during mastication.
Each fiber group forms a meshwork
structure that maintains the integrity of
the PDL. The fibers are anchored in
the alveolar bone or in the cementum
and are usually referred to as Sharpey’s
fibers (6). The functions of the PDL
depend on its viscoelastic properties,
which are attributable to the dense
fiber meshwork structure that prevents
tissue damage from an abrupt powerful
external force.

The PDL is primarily composed of
types I, III (7,8) and XII (9) collagen.
Type I collagen is the main structural
protein of collagen fibers, which are
responsible for the mechanical prop-
erties of the PDL. Collagen fibrillo-
genesis is a complicated process in
which many extracellular matrix
(ECM) proteins are involved: tenascin-
X (10), secreted protein acidic and rich
in cysteine (SPARC) (11), periostin
(12), connective tissue growth factor
(CTGF) (13), fibronectin (14) and
thrombospondin (11,15,16). Periostin
can regulate the fibrillogenesis of type I
collagen; therefore, periostin is an
important mediator of the biome-
chanical properties of fibrous connec-
tive tissue (12) and is essential for

maintaining the integrity of the PDL in
response to mechanical stress (17).
CTGF stimulates the synthesis of
many ECM proteins, such as types I,
IIT and XII collagen, tenascin-C and
SPARC (18), in response to changes in
mechanical stress. CTGF also up-reg-
ulates the expression of types I and III
collagen, periostin and biglycan (13).
Therefore, periostin and CTGF may
play essential roles in maintaining the
integrity of the PDL fiber system under
mechanical stress.

Many studies have been conducted
to assess the changes in the PDL under
mechanical stress (9,19-22). However,
no study has investigated the relation-
ship between the PDL fiber system and
mechanical stress at the protein and
gene levels. In this study, we investi-
gated the structural changes in the
PDL fiber system of rat molars, and
the changes in the periostin and CTGF
levels in the PDL in the absence of
mechanical stress.

Material and methods

Ethical approval

All animal studies were conducted with
the approval of the Institutional Ani-
mal Care and Use Committee of the
Tsurumi University School of Dental
Medicine.

Animals

The study population included 45 male
Wistar rats (Japan SLC, Hamamatsu,
Japan), 12 wk of age. The rats were
divided into two groups: the experi-
mental group (without masticatory
load, n = 36) and the control group
[no treatment (normal occlusal load),
n = 9]. The rats were housed in groups
in standard vivarium cages and main-
tained on a 12 h light : 12 h dark cycle;
they had ad libitum access to standard
rat chow and water. The rats did not
have gingival inflammation around the
upper molars.

Experimental design

To induce changes in mechanical
stress, the masticatory load on the
upper right molars was eliminated by

removing the crowns of the antago-
nistic teeth. Under ether anesthesia, the
crowns of the lower right molars were
cut using small pliers and ground
using a dental bur. The rats in the
experimental group were segregated
into subgroups that were killed using
pentobarbital  sodium  (Nembutal,
0.05 mL/100 g body weight; Daiichi
Sankyo Co., Tokyo, Japan) anesthesia,
24h, 72h, 7d or 21 d after crown
removal.

Preparation for histological analysis

Phosphate-buffered formalin solution
(10%, pH 7.2, 4°C) was perfused for
15 min through the ascending aortae
of four rats each from the experimental
and control groups. Their maxillae
were dissected and immersed in the
same fixative at 4°C overnight. After
fixation, the maxillae were trimmed
into small blocks containing the first
molar, decalcified for 3 wk by immer-
sion in EDTA-Na (5.0%, pH 7.2, 4°C)
solution containing 7.0% sucrose,
dehydrated using a graded ethanol
series and embedded in paraffin. The
tissue blocks were sectioned frontally
(Fig. 1) to obtain serial, 5-um-thick
sections, which were then stained with
hematoxylin and eosin or with azan to
visualize the PDL fibers.

Preparation for
immunohistochemistry and real-time
PCR

Under pentobarbital sodium anesthe-
sia, the maxillae of rats (n = 5) were
excised and rapidly immersed in
isopentane cooled with liquid nitrogen.
The enamel above the gingival level
was removed, and the frozen tissues
were trimmed, using a dental diamond
disc, into smaller blocks containing the
first molar. The frozen tissues were
then embedded in precooled OCT
compound (Sakura Finetek Inc., Tor-
rance, CA, USA) and returned to
liquid nitrogen until the OCT com-
pound was completely frozen. The
frozen blocks from the five rats were
then mounted on stubs precooled to
—25°C in a cryostat (Leica Microsys-
tems, Wetzlar, Germany) with OCT
compound and sectioned frontally by
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A B

Fig. 1. Observation areas. (A) The frontal sections were cut parallel to the plane containing the distobuccal and distopalatal roots of the
upper first molar. B, buccal; D, distal; M, mesial; P, palatal. (B) The oblique fibers were observed approximately 200 um from the alveolar
crest (boxed area) in the frontal sections. Hematoxylin and eosin-stained images of the periodontal ligament (PDL) during the experimental
periods. (C) Frontal cross-section of the upper first molar. (D-H) Oblique fibers in the boxed area of (C). (D) Control group, (E) 24-h
experimental group, (F) 72-h experimental group, (G) 7-d experimental group and (H) 21-d experimental group. B, alveolar bone; P,
periodontal ligament; R, root of tooth. Scale bar, 20 pum; original magnification, 20 x (C) and 400 x (D-H). Azan-stained images of the PDL
during the experimental periods. (I) Frontal cross-section of the upper first molar. (J-IN) Oblique fibers in the boxed area of (I). (J) Control
group, (K) 24-h experimental group, (L) 72-h experimental group, (M) 7-d experimental group and (N) 21-d experimental group. B, alveolar
bone; P, periodontal ligament; R, root of tooth. Scale bar, 20 pm; original magnification, 20 x (I) and 400 x (J-N).
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using a super-hard tungsten steel knife
(Meiwa Shoji Ltd., Tokyo, Japan) (23).
Serial, 7-um-thick frontal sections were
individually collected using powerful
adhesive tape (using the Kawamoto
method), then left for 1 h in the cryo-
stat.

Immunohistochemistry

The frozen sections were fixed with
100% ethanol for 1 min, incubated in
3% H,0O, for 10 min to quench the
endogenous peroxidase activity and
then blocked with goat serum for
60 min at room temperature. Periostin
and CTGF were detected using poly-
clonal rabbit primary antibodies
(1:1000 dilution; Acris Antibodies
GmbH, Herford, Germany, and Life-
span Biosciences, Inc., Seattle, WA,
USA, respectively). The sections were
incubated with the primary antibodies
for 30 min, then with avidin-biotiny-
lated horseradish  peroxidase-con-
jugated secondary antibodies; the rabbit
ABC staining system (Vector Labora-
tories, Burlingame, CA, USA) was used
for this staining procedure.

Real-time PCR

RNA extraction Samples for total RNA
extraction were obtained from the
sections by using laser capture micro-
dissection (LCM). In brief, the frozen
sections were fixed with methanol for
3 min, stained with toluidine blue for
10 s and washed with distilled water.
The PDL areas containing oblique
fibers were microdissected from the
sections by using the PALM Micro-
Beam system (PALM Microlaser
Technologies AG, Bernried, Germany)
equipped with a nitrogen laser
(337 nm) for cutting, ablating and
collecting the tissues using laser pres-
sure catapulting technology. The mar-
gins for the irradiation zone were
drawn a few cell layers away from the
calcified bone and cementum in order
to exclude osteoblasts and cemento-
blasts (Fig. 2). After LCM, the dis-
sected samples were ejected from the
object plane without mechanical con-
tact and catapulted directly into a
microfuge cap, using a single laser shot
for subsequent RNA extraction. Total
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Fig. 2. Laser capture microdissection (LCM) of the periodontal ligament (PDL) in the
frozen sections. (A) Before LCM. (B) The irradiation zone in the PDL is outlined on the
section. (C) The outlined PDL area was obtained after laser pressure catapulting. B, alveolar

bone; P, periodontal ligament; R, root of tooth. Scale bar, 100 um; original magnification,
100 x. Changes in the expression of mRNA for periostin (D) and connective tissue growth
factor (Ctgf) (E) in the PDL during the experimental periods. The level of expression in the

control group was set to 100% (relative expression). The data represent the mean + stan-

dard deviation values of five rats per group after normalization to glyceraldehyde-3-phos-
phate dehydrogenase (Gapdh) mRNA expression. *p < 0.05 and **p < 0.005 vs. the control

group, determined using the #-test.

RNA was extracted using an RNeasy
micro kit (Qiagen GmbH, Hilden,
Germany).

One-step real-time RT-PCR A one-step
real-time RT-PCR assay was per-
formed for each target gene by using
the total RNA samples and serial
dilutions of known amounts of total
RNA standards prepared for generat-
ing the standard curve. A One Step
SYBR PrimeScript RT-PCR Kit II
(Takara Bio Inc., Otsu, Japan) was

used for this assay; the assay was per-
formed using 96-well plates, in a
Thermal Cycler Dice Real Time Sys-
tem (Takara Bio Inc.). The PCR con-
ditions are given in Table 1.

For each sample, an amplification
plot was generated, which showed an
increase in the reporter dye fluores-
cence with each PCR cycle. A thresh-
old cycle (Cy) value was calculated for
each amplification plot; the C value is
the PCR cycle at which fluorescence
is detected above the threshold and is
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Fig. 3. Changes in the width of the periodontal ligament (PDL) space during the experi-
mental periods. The data represent the mean + standard deviation. *p < 0.05 and
**p < 0.005 vs. the control group, determined using the ¢-test.

calculated on the basis of the variabil-
ity of baseline data in the first 15
cycles. The C, values were used to
calculate the initial amount of target
mRNA in the respective samples by
using the line equations derived from
the respective standard curves. A
standard curve of the C; values vs. the
logarithmic values of the concentra-
tions of the different dilutions of the
total RNA standards was plotted for
each gene. If a fluorescence signal was
not detected within 45 cycles, the
results were considered negative.

To correct for possible variability in
the efficiency of the RT reactions, we
performed PCR amplification for the
housekeeping gene glyceraldehyde-3-
phosphate dehydrogenase (GAPDH)
and plotted the GAPDH standard
curve. The endogenous Gapdh mRNA
levels were quantified using the same
procedure used for the target genes and
were found to be identical among all
the samples studied. Therefore, simi-
larly to a previous study (24), we con-

malized the amount of target mRNA
relative to the amount of Gapdh
mRNA. In this study, the amount of
target mRNA was represented by the
normalized value (i.e. target mRNA/
Gapdh mRNA).

Observation areas and measurement
of PDL space width

The PDL areas containing oblique
fibers were mainly used for the histo-
logical, immunohistochemical and
real-time PCR analyses. The width of
the PDL space was measured on the
histological sections containing the
distobuccal and distopalatal roots of
the upper first molar by using an
Olympus BX60 microscope (Olympus
Co. Ltd., Tokyo, Japan) interfaced
with an Olympus DP72 digital camera
(Olympus Co. Ltd.).

Statistical analyses

The Student’s r-test was used for

Chicago, IL, USA). The results for
each group are represented in terms of
mean + standard deviation values;
and p < 0.05 and p < 0.005 were
considered statistically significant.

Results

Changes in body weight

The initial body weight of the animals
was almost the same between the
experimental and control groups,
ranging from 315 to 352 g. Although
a slight reduction in weight was
observed in the experimental group
24 h after crown removal, the overall
average weights of the rats in the
experimental and control groups
increased, and the overall proportional
increments in body weight were quite
similar between the experimental
groups and control groups. Conse-
quently, no significant difference was
found between the weights of the rats
of the two groups.

Histological findings

Three types of PDL fibers
observed in the control group (Fig. 1C
and 1I): alveolar crest fibers, horizon-
tal fibers and oblique fibers. The fibers
that connected the tooth to the alve-
olar bone were stretched and inter-
laced in a dense meshwork structure;
they exhibited the normal regular
arrangement of PDL fibers under
masticatory load (25). Fibroblasts
were observed throughout the PDL
and were scattered along the fibers
(Fig 1IC and 1D). Osteoblasts and
cementoblasts were observed among
the PDL fibers on the surfaces of the

were

sidered Gapdh mRNA to be an  comparisons between the control and  bone and cementum, respectively
appropriate internal control and nor-  each experimental group (SPSS® 11.0J;  (Fig 1C and 1D).
Table 1. Primers and cycling conditions in real-time RT-PCR analysis
Annealing No. of Product
Gene Primer sequence (5" — 3') temperature (°C) cycles length (bp)
Periostin Forward AGGAGCGGTGTTTGAGACCAT 58 45 203
Reverse GTGAAAGTGGTTTGCTGTTT
Cigf Forward ATGATGCGAGCCAAGTGCCTG 60 45 198
Reverse CGGATGCACTTTTTGCCCTTCTTAATG
Gapdh Forward CAACTCCCTCAAGATTGTCAGCAA 60 45 113
Reverse GGCATGGACTGTGGTCATGA

Ctgf, connective tissue growth factor; Gapdh, glyceraldehyde-3-phosphate dehydrogenase.
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In the experimental group, the
characteristics of the PDLs of the rats
in the 24-h group were very similar to
those of the control group (i.e. the
PDLs in both groups had almost the
same width, number of PDL fibers and
cell arrangement (Fig. 1D, 1E, 1J and
1K). However, the PDL space in the
rats of the 72-h experimental group
was significantly narrower than that in
the rats of the control group; in addi-
tion, the PDL fibers of the rats in the
72-h experimental group seemed to be
thinner than those of the rats in the
control group (p < 0.05) (Figs IF, 1L
and 3). The fiber meshwork structure
was somewhat looser in the PDLs of
the rats from the 72-h experimental
group. In the 7-d experimental group,
the width of the PDL space narrowed
to less than two-thirds of the width of
the PDL space in the control group,
and the PDL fibers became noticeably
thinner than those of the rats in the
72-h experimental group (p < 0.005)
(Figs 1G, IM and 3). The meshwork
structure was apparently lost, with a
marked reduction observed in the
number of fibers and in the fiber
attachments to the alveolar bone

(Fig. IM). The arrangement of the
fibroblasts was different from that in
the control group (i.e. the fibroblasts in
the experimental group were arranged
parallel to the tooth surface) (Fig. 1G
and 1M). Osteoblasts occupied most of
the bone surface, and a further reduc-
tion in the number of PDL fibers and
fiber attachments was observed (Fig. 1G
and 1M). After 21 d, the width of the
PDL space in the rats from the exper-
imental group narrowed to less than
half of that in the rats from the control
group (p < 0.005) (Figs 1H, IN and
3). The bone surface was unchanged,
but fewer PDL fibers were attached to
the cementum. The dense meshwork
structure disappeared with loss of fiber
attachment to the bone and cementum
(Fig. 1H and IN).

Real-time PCR analysis

The periostin mRNA level was sharply
down-regulated in the experimental
24-h  group (p < 0.005) and then
gradually increased during the course
of the experiment (p < 0.05) (Fig. 2D
and 2E); however, the periostin mRNA
expression levels in this experimental

group remained significantly lower
than those of the corresponding con-
trol group (p < 0.05). The level of
Ctgf mRNA was also sharply down-
regulated in the experimental 24-h
group (p < 0.05) and decreased fur-
ther until 72 h (p < 0.005) (Fig. 2D
and 2E). A slight increase was then
observed over the course of the exper-
iment, but the expression levels of Crgf
mRNA in this experimental group
were significantly lower than those of
the control group (p < 0.05).

Immunohistochemical analysis

Periostin immunoreactivity was
observed throughout the PDL (Fig. 4).
Periostin was localized not only to the
cellular elements but also to the ECM.
The immunoreactivity in the experi-
mental 24-h group was similar to that
in the control group. The periostin
immunoreactivity in the rats from the
72-h experimental group was very
weak compared with that of the rats
from the control group, and the
immunoreactivities in the rats from the
7- and 21-d experimental groups were
also weak compared with those in the

Fig. 4. Immunostaining of periostin (A-E) and connective tissue growth factor (CTGF) (F-J) in the periodontal ligament (PDL) during the
experimental periods. (A, F) 0 h, (B, G) 24-h experimental group, (C, H) 72-h experimental group, (D, I) 7-d experimental group and (E, J)
21-d experimental group. The arrows indicate areas of strong expression of periostin and CTGF. B, alveolar bone; P, periodontal ligament; R,
root of tooth. Scale bar, 40 um; original magnification, 400 x.



rats from the control groups; the bone
surface exhibited weak immunoreac-
tivity, which was lower than that
exhibited by the cemental surface.

The distribution pattern for CTGF
immunoreactivity was a little different
from that for periostin immunoreac-
tivity. CTGF was localized only to the
cellular elements in the PDL (Fig. 4).
In the control group, intense immu-
noreactivity was observed in the
osteoblasts at the bone surface, but no
immunoreactivity was observed in the
cementoblasts. The PDLs of the rats
in the experimental group showed
weak immunoreactivity 24 h after the
removal of the antagonistic tooth. The
immunoreactivity was even weaker
in the 72-h experimental group and
remained weak in the 7- and 21-d
experimental groups. Although the
immunoreactivity of the osteoblasts on
the bone surface was weak, it was
higher than that of the other cellular
elements.

Discussion

Masticatory loading can be eliminated
by various methods, such as resection
of the masticatory muscles (26), use of
a soft diet (27), removal of occlusal
contacts (20,28,29) and extraction of
antagonistic teeth (21,22,30). In this
study, the crowns of the lower right
molars were removed to eliminate
masticatory load on the upper right
molars. Although this procedure
caused slight tooth elongation, the
upper first molar did not contact the
lower gingiva during the experimental
period (22,30). Therefore, this method
seems to be reliable for inducing stress-
free conditions for teeth.

In the current study, we mainly
studied the oblique fiber areas. This is
because the oblique fiber areas have the
greatest number of fibers and support
the tooth against the vertical pressure
force during mastication. The changes
in the fiber system in the oblique fiber
areas were also observed in the other
areas of the PDL. Fiber system degra-
dation is a commonly observed change
in the PDL. Therefore, it is reasonable
that the immunohistochemical findings
for the oblique fiber area were similar
to those for the other areas of the PDL.
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Previously, we reported that LCM is
useful for obtaining data on specific
areas of the PDL and for analyzing
mRNA expression levels in the PDL
in vivo (31,32). In the previous studies,
as well as in the current study, we used
LCM to obtain samples from the
oblique fiber group in the PDL for
one-step real-time RT-PCR analysis.
This allowed us to accurately quantify
the comprehensive data obtained for
gene-expression levels in PDL in vivo.
Glickman reported the presence of
elongated bone trabeculae along the
margin of the alveolar bone after
removal of the antagonist (28). In their
calcein-labeling study, Levy and Mail-
land reported that the narrowing of the
PDL space is caused by bone forma-
tion on the alveolar wall (33). In the
current study, we found significant
reduction (to less than half of the
normal width) in the width of the PDL
space. The reduction in the PDL space
was probably caused by bone forma-
tion on the alveolar bone surface
because the thickness of the cementum
in the oblique fiber areas changed little,
and may also be related to the narrow
range of tooth mobility, which was
caused by the elimination of mastica-
tory load. A tooth does not require a
wide PDL space when it is not sub-
jected to constant mechanical stress.

In the absence of masticatory load,
bone formation was observed on the
alveolar bone surface, whereas under
the same conditions, the PDL fibers
underwent degradation. The fiber
meshwork structure was lost over the
course of the experiment in the fol-
lowing sequence: the PDL fibers were
first disarranged and then thinned, and
then the number of fibers was reduced
and a reduction in attachment of the
fiber to the bone was observed. Most
of the fibers separated from the bone.
These results indicate that the tooth-
supporting capacity of the PDL
decreased remarkably. These findings
were commonly observed in the other
areas of the PDL, such as the hori-
zontal fiber groups and the apical fiber
groups. The changes observed are
characteristic of disuse atrophy and are
very similar to the findings for bone
tissue in the absence of mechanical
stress. The PDL reaction in this study

appears to reflect the mechanostat
theory of bone tissue (3), although the
PDL reaction was much more rapid
than that of the bone tissue (34).

The results clearly indicated signifi-
cant down-regulation of periostin and
CTGF in the unloaded PDL. The
immunohistochemical  results  also
showed reduced periostin immunore-
activity in the absence of masticatory
load. Periostin is predominantly
expressed in collagen-rich fibrous con-
nective tissue that is subjected to con-
stant mechanical stress, and periostin
expression is always up-regulated in
response to overloading (12,19,35,36).
The results of many studies revealed
that periostin is an essential factor in
the PDL (17,35). Furthermore, Norris
et al. reported that periostin binds
directly to collagen type I (12). These
findings indicate that periostin is clo-
sely related to the regulation of the
PDL through type I collagen fibrillo-
genesis and the assembly of collagen
fibrils. Histological findings (i.e. loss of
the meshwork structure, a decrease in
the number of PDL fibers and a
decrease in the thickness of the PDL
fibers) indicate deterioration of the
fiber system, which is closely related to
the down-regulation of periostin. This
suggests that the periostin protein is
also involved in the formation of the
meshwork structure of the PDL fibers.
Interestingly, = immunohistochemical
analysis of periostin revealed differ-
ences in the immunoreactivity of the
bone and cementum surfaces, for
instance, the bone surface showed
lower immunoreactivity than did the
cementum surface. This may be caused
by the decrease in the number of PDL
fibers (Sharpey’s fibers) on the bone
surface, indicating that periostin may
play an important role in maintaining
the PDL fibers on the bone surface. A
slight increase in the periostin expres-
sion level after sharp down-regulation
at 24 h suggests PDL adaptation to the
absence of masticatory load (i.e. the
unloaded condition), in which less
periostin is required to maintain the
PDL than that required in the presence
of a masticatory load.

The real-time PCR results also
showed a significant reduction in
CTGF expression in the PDL. This
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reduction was confirmed by the
immunohistochemical results. The gene
encoding CTGF shows the greatest
up-regulation among all the genes
expressed in tissue in the presence of
mechanical stress; this mechanical
stress is essential for a high level of
expression of CTGF (18,37,38). In a
recent study, mechanical stimuli led to
the induction of connective tissue
synthesis and to the simultaneous
inhibition of matrix degradation in
human fibroblasts (39). It is reasonable
to consider that the down-regulation of
CTGF in this study was caused by the
lack of mechanical stress and conse-
quently influenced the synthesis of type
I collagen in the fibroblasts. This
down-regulation influences the colla-
gen turnover and leads to significant
degradation of collagen in the PDL
fibers, explaining the reduced number
of PDL fibers and loss of their
meshwork structure. Unlike the find-
ings for periostin, the immunohisto-
chemical results revealed differences in
the immunoreactivity between the bone
and the cemental surfaces. The
bone surface showed higher immuno-
reactivity than did the cemental sur-
face. The higher immunoreactivity is
related to bone formation on the alve-
olar surface. These results indicate that
CTGF plays an important role in
maintaining the homeostasis of the
PDL under mechanical stress and bone
formation.

In this study, the mRNA expression
levels of periostin and CTGF are dif-
ferent in time-dependent changing
pattern. This suggests that periostin
and CTGF were differently regulated
in the fibroblasts in the PDL in re-
sponse to elimination of masticatory
load. In conclusion, the results showed
that the PDL fiber system undergoes
degradation concomitantly with reduc-
tion in the periostin and CTGF levels
in the PDL of teeth in the absence of
mechanical stress (masticatory load);
however, the precise roles of periostin
and CTGF need to be further investi-
gated. In particular, further research is
required to elucidate the function of
changes in the temporal expression of
periostin and CTGF under mechanical
stress, such as that created by ortho-
dontic force.
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