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Abstract

We carried out an experiment to induce traumatic occlusion in mice periodontal tissue and an-
alyzed the expression of HSP47. Continuous traumatic occlusion resulted to damage and re-
modeling of periodontal ligament as well as increase in osteoclasts and bone resorption. Four days
after traumatic occlusion, osteoclasts did not increase but Howship’s lacunae became enlarged.
That is, the persistent occlusal overload can destroy collagen fibers in the periodontal ligament.
This was evident by the increased in HSP47 expression with the occlusal overload. HSP47 is
maintained in fibroblasts for repair of damaged collagen fibers. On the other hand, osteoclasts
continue to increase although the load was released. The osteoclasts that appeared on the alveolar
bone surface were likely due to sustained activity. The increase in osteoclasts was estimated to
occur after load application at day 4. HSP47 continued to increase until day 6 in experiment 2 but
then reduced at day 10. Therefore, HSP47 appears after a period of certain activities to repair
damaged collagen fibers, and the activity was returned to a state of equilibrium at day 30 with
significantly diminished expression. Thus, the results suggest that HSP47 is actively involved in
homeostasis of periodontal tissue subjected to occlusal overload.
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Introduction

Regarding the examination results of periodon-
tal ligament in experimental occlusal trauma mouse
model, we have reported the cytological behavior of
the related regions. Periodontal connective tissue re-
modeling was occurred due to traumatic occlusal
overload (1). In the remodeling course, the fibroblasts
act as an important roles: such as collagen synthesis.
Heat shock protein 47 (HSP47) is a collagen-binding
stress protein that acts as a collagen-specific molecular
chaperone during the biosynthesis and secretion of
procollagen. Type I collagen is a major component of
periodontal ligaments (2-4). Thus, in the examination,
we have examined the immunohistochemical expres-
sion of HSP47 in the experimentally induced trau-
matic occlusal periodontal ligament tissue.

We developed an experimental model by ex-
posing the periodontal tissue to occlusal overload and
the expression of heat shock protein (HSP) was de-
termined using immunohistochemistry (IHC). The
results showed a marked increase in fibroblasts in
response to excessive occlusal load. HSP47 is consid-
ered to play an important role in the maintenance of
homeostasis in fibroblasts exposed to traumatic oc-
clusion. Expressions of HSP27 and HSP70 have been
observed by Muraoka et al. (5-7) during injury to the
periodontal tissue. We followed the experiment of
Fujii et al. (8) and Takaya et al. (1) and performed a
histological and IHC study on mouse periodontal
tissue.

http://www.medsci.org



Int. J. Med. Sci. 2016, Vol. 13

249

Materials and Methods

A total of 30 ddY mice (Japan SLC Inc, Hama-
matsu), age 7-week old, with a weight of 35+2 g were
used in the experiment. The animals were housed in
an air- conditioned room maintained at 24+1 °C and
placed in plastic cages lined with bedding (Paper
clean: Paperlet Co., Ltd. Hamamatsu). The animals
had free access to solid feed (Picolab Rodent Diet 20:
Nippon SLC Co. Ltd, Hamamatsu) and water.
Moreover, there was no major change in the weight of
the animals during the experimental period.

The experiment was carried out by placing the
animals under general anesthesia using 40 mg/kg of
Somnopentyl (Pentobarbital Sodium, Kyoristu
Seiyaku Co., Tokyo) and then fixed on a homemade
bench in a supine position. In order to keep the mouth
open, the maxillary incisors were tied with a rubber
band upward to the bench and a kite string was used
on the lower incisors to fix the mandible. Usingl/4
round bur, a hole was created on the occlusal surface
of the maxillary first molar. Then after, a stainless
steel micro plus screw (Osato Ltd., Saitama) with a
head diameter of 1.7 mm, head thickness of 0.5 mm,
nominal diameter of 1.0 mm and total length of 3.5
mm was implanted. This created a premature contact
on the opposing mandibular first molar causing oc-
clusal trauma. The premature contact was confirmed
using micro-CT (literature added) in vivo. The ex-
perimental period lasted for 30 days and the un-
treated group served as the control group. Changes in
the periodontal ligament were observed at 1, 4, 7 and
14. Those groups constitute experiment 1. Then after,
the micro plus screw was removed at day 4 after im-
plantation and the subsequent tissue changes were
observed (experiment 2). Therefore, the time schedule
of the experiment 1 and 2 is mentioned in Table 1. The
Animal Ethics Committee of Matsumoto Dental Uni-
versity approved the experiment (Number #233-13).

Table 1. Experimental Periods and Animal Number

Experiment 1 Micro screw pins were continuously implanted for  Total

each day.
Cont 1day 4days 7days 14 days
3 3 3 3 3 15

Experiment 2 Examination after micro screw pins removed at day Total
4.
Cont 3 days 6days 10days 30 days
3 3 3 3 3 15

Histopathology

After the mandibular bone and periodontal tis-
sue were removed, specimens were immediately fixed
in 4% paraformaldehyde and 0.05 M phosphate buffer
for 10 days. Then after, specimens were decalcified in

10% EDTA for 3 weeks. This was followed by em-
bedding in paraffin, deparaffinization in xylene and
vertical sectioning of the root portion with a thickness
of 4 um. Specimens were stained with hematoxylin
and eosin and examined under the light microscope.

Immunohistochemistry

After deparaffinization, the slides were treated
in incubator at 60°C for 30 min. Specimens were sub-
jected to proteolytic enzyme (Protease, Nichirei), im-
mersed in 0.03% hydrogen peroxide methanol solu-
tion for 3 min, followed by endogenous peroxidase
activation for 10 min. Anti-HSP47 (ab77609, Abcam)
diluted at 2000x was the primary antibody. Polyclonal
anti-rabbit (Simple Stain, Mouse MAX-PO ©®, Tokyo,
Nichirei) was the secondary antibody. Then after,
slides were washed with PBS and then subjected to
DAB color development for 3 min. Finally, counter-
staining was done by immersing the specimen in he-
matoxylin for 1 sec.

Results
Histopathological examination

Experiment 1

Dense amount of periodontal ligament fibro-
blasts and spindle cells in the control group were
seen. Capillaries were congested with red blood cells.
Periodontal ligament fibers were irregularly arranged
(Fig. 1A). Osteoclasts were noticeable in alveolar
bone. The furcation is lined by acellular cementum.

At day 1 of experimental group, dilated capil-
laries were filled with red blood cells. At day 4,
stronger hyperemia was observed compared to day 1.
The amount of deeply stained cells with round nuclei
increased (Fig. 1B). More osteoclasts were observed
on the glassy surface of the alveolar bone. At day 7,
the cell density was reduced compared to day 4.
Moreover, osteoclasts appeared in between fibroblasts
(Fig. 1C). Howship’s lacunae formed in borders of
resorbed bone and cementum (Fig. 1D). Resorbed
cementum was part of the acellular cementum. At day
14, bone resorption and osteoclasts in lacunae have
become more evident compared to day 7. Resorption
of cementum also increased.

Experiment 2

Strong hyperemia was seen at day 4 in the con-
trol group (experimental group 1). Significant vaso-
dilation was observed in the experimental group at
day 3 compared to control group. Osteoclasts were
scattered in the alveolar bone and some formed clus-
ters in Howship’s lacunae (Fig. 2A). At day 6, capil-
laries were less indicating a decrease in hyperemia
and fewer osteoclasts were noted compared to day 3.
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Fibroblasts were deeply stained with hematoxylin
stain and have round nucleus. At day 10, more
Howship’s lacunae were observed compared to day 6.
At day 30, fibroblasts and dilated capillaries were no
longer conspicuous. The histological findings are
similar to the non-treated or control group in experi-
ment 1 (Fig. 2B).

Immunohistochemistry

Experiment |

HSP47 was slight detected in the cytoplasm of
fibroblasts in the control group (Fig. 3A). Other cells
that were scattered in the periodontal ligament were
also positive to HSP47. The protein was mainly de-

tected in the cytoplasm (Fig. 3B). At day 1, HSP47
expression was detected more in fibroblasts in epithe-
lial attachment, the intensity was similar to those in
the control group. At day 4, HSP47 was detected in
the entire periodontal ligament and the intensity was
stronger compared to the control group. In particular,
intense expression was detected in fibroblasts lining
the alveolar bone (Fig. 3C). HSP47 expression further
increased at day 7 compared to day 4. HSP47 was also
detected in vascular endothelial cells. The strongest
expression was detected in cells at day 14 (Fig. 3D).
Furthermore, the percentage of cells that expressed
the protein also increased.

Figure 1. Histopathology of Experiment 1. Control specimen (A), Experimental day 4 specimen (B), Experimental day 7 specimen (C) and Experimental day 14

specimen (D). Scale bar: 50 pm.

Figure 2. Histopathology of Experiment 2. Experimental day 3 specimen (A) and Experimental day 30 specimen (B). Scale bar: 50 pm.
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Figure 3. Immunohistochemical features of Experiment 1. Control specimen (A and B), Experimental day 4 specimen (C) and Experimental day 14 specimen (D).

Scale bar: 50 pm.
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Figure 4. Immunohistochemical features of Experiment 2. Experimental day 3 specimen (A), Experimental day 6 specimen (B), Experimental day 10 specimen (C) and

Experimental day 30 specimen. Scale bar: 50 pm.

Experiment 2

The control group is the same as day 4 in ex-
periment 1. At day 3, the number of fibroblasts that
expressed HSP47 was similar to the control group
(Fig. 4A). Some cells scattered in the periodontal

ligament also expressed HSP47. The cells that ex-
pressed the protein in the control group are neatly
arranged on the alveolar bone surface. The intensity of
expression at day 6 increased compared to day 3 (Fig.
4B). The majority of cells that were positive have
round nuclei. At day 10, the number of cells showing
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positive reaction decreased compared to day 6 (Fig.
4C). At day 30, only few scattered cells were positive
and this was comparable to the control group in ex-
periment 1 (Fig. 4D).

Discussion

It has been known that excessive occlusal force
and occlusal trauma has a long- term effect on the
periodontal ligament. Moreover, occlusal trauma has
destructive effect on periodontal tissue (9-12). Various
studies have been conducted on the relationship be-
tween traumatic occlusion and bone resorption. Ac-
cording to Glickman et al. (13), in severe periodontitis
with advanced bone resorption, inflammatory
changes are caused by pathogenic bacteria but are
highly influenced by both occlusal trauma and trau-
matic occlusion. However, according to Wearhaug et
al. (14), occlusal trauma does not participate in con-
nective tissue damage and bone resorption. Subse-
quent animal studies have been conducted to deter-
mine the relationship between traumatic occlusion
and periodontitis (15-20). Although recent studies
mentioned the anatomical pathology of the tissue, the
severity of periodontitis with advanced bone resorp-
tion caused by occlusal trauma has not been defini-
tively confirmed.

An immunohistochemical study on periodontal
tissue was performed using new experimental system
in vivo (1). This experiment by Kaku et al. (21) was
carried out in rats in which excessive occlusal load
was applied. In the present experiment, a micro plus
screw with a standard head diameter was implanted
in the maxillary first molar to produce a uniformly
high occlusal contact. Furthermore, it was possible to
reduce the torque by tightening the micro plus screw
during the experimental period. Since the gliding
movement of the lower jaw in mouse is relatively
simple, creating a premature contact to produce ex-
cessive load on the molar was also easy. Results
showed that remodeling of periodontal ligament from
day 4 was rapidly reduced due to occlusal trauma.
The increase in fibroblasts as part of the remodeling of
periodontal tissue was suggested to be due to adap-
tation to excessive load (1). In this regard, we consid-
ered that the histological changes in fibroblasts would
significantly increase at day 4, and so we prepared
another experimental system. In other words, im-
plantation of the micro plus screw to produce trau-
matic occlusion was only allowed at day 4 and then,
histological and expression of HSP47 were examined
after traumatic occlusion.

The periodontal ligament at the furcation area in
the control group in experiment 1 runs in an orderly
fashion from the tooth to the alveolar bone but the
fibroblasts were sort of irregular. It can be speculated

that the occlusal force to the furcation was in an equi-
librium state. In experiment 1, it was inferred that
congestion and vasodilation occurred from day 1.
Since there was an increase in hyperemia at day 4,
excessive occlusal load caused tissue reaction by a rise
in blood supply. However, no change in the capillar-
ies was seen at day 7. This is considered to be affected
by HSP47 which will be discussed later. On the other
hand, osteoclasts in Howship’s lacunae as well as
bone resorption continued to rise. Takaya et al men-
tioned that the osteoclasts which appeared after oc-
clusal trauma were derived from bone marrow. Con-
sidering this, the osteoclasts observed at day 7 were
probably bone marrow derived cells. With the en-
largement of Howship’s lacunae at day 14 compared
to day 7, this suggests that the activity of the osteo-
clasts was due to excessive load.

At day 3 in experiment 2, hyperemia was not so
prominent compared to control group and when oc-
clusal overload was released, hyperemia declined as
well. At day 6 and 10, osteoclasts were reduced com-
pared to day 3. Therefore, the osteoclasts were in-
duced by the implantation of micro plus screw at day
4, and their activity continued even if the micro plus
screw was removed. Meanwhile, the constant activity
of osteoclasts was brought about by the influence of
occlusal overload which allowed the cells to proceed
to the activity which already began. This was shown
by the enlargement of Howship’s lacunae at day 10
compared to day 6. This means that the increase in
osteoclasts was due to occlusal overload in experi-
ment 1 and continued to increase even when the load
was removed in experiment 2. At day 30, congestion
nor vasodilation was no longer observed having sim-
ilar histological features to control group. It can be
inferred that at day 30, the periodontal ligament was
restored to its equilibrium state.

HSP47 or heat shock protein is a major protein
that is expressed in various tissues and organs. This is
seen in pathological changes such as ischemia, infec-
tion, inflammation, radiation, physical stress to light,
enzyme stress such as heavy metal ions, arsenic, ar-
senite, ethanol and active oxygen, amino acid deriva-
tive induced by stress. In addition, it plays a major
role in cell control defense and repair in damaged
cells. In addition, it is also expressed in normal cell
function and plays an essential role as a molecular
chaperon involved in folding and meeting of proteins.
Recently, the protein has been referred to as a stress
protein (22).

HSP47 is present in endoplasmic reticulum of
collagen producing cells; its functions are closely in-
volved in maturation of collagen and intracellular
transport. At present, it has been recognized as a col-
lagen specific molecular chaperone. Furthermore, it

http://www.medsci.org



Int. J. Med. Sci. 2016, Vol. 13

253

has been used as a histochemical marker of colla-
gen-producing cells in unstressed cells and healthy
cells.

Periodontal ligament cells in the control group
expressed HSP47 even though they were in the state
of equilibrium. Moreover, only few cells in junctional
epithelium and subepithelial connective tissue
showed positive reaction. This means that HSP47 was
co-expressed by cells in non-stress condition in which
the protein was regulated at the transcription level
(23). Moreover, Muraoka et al. (7), mentioned that the
weak expression of HSP70 in normal tissues was con-
sidered to be involved in the maintenance of homeo-
stasis in the periodontal tissue. This made us thought
that the expression of HSP47 is constantly involved in
physiological remodeling of periodontal ligament due
to excessive occlusal load.

From day 1 in experiment 1, fibroblasts near the
epithelial attachment expressed HSP47. From this, we
thought that the expression was brought about the
traction force on periodontal ligament due to exces-
sive occlusal load. The findings were similar to the
study of Muraoka et al. (7) where HSP70 was initially
detected on tension side after applying orthodontic
force. In this regard, the result suggests that HSP47 is
initially involved in remodeling of collagen fibers on
tension side upon mechanical stress application. At
day 4, HSP47 increased especially in cells on alveolar
bone. Compression of the periodontal ligament was
evident since collagen fibers underwent repair. HSP47
began to appear prominently in endothelial cells at
day 7. This suggests that congestion of capillaries was
due to excessive occlusal load and maintenance of
homeostasis was made possible by HSP47. Although
there was no increase in congestion at day 4, HSP47
was still considered to be involved in the process.
With continuous load, HSP47 continued to increase
with its peak at day 14. It can be inferred that collagen
fibers continue to repair in the presence of traumatic
occlusion. With continuous accumulation of collagen
fibers, fibrosis may follow with enduring occlusal
force.

At day 3 in experiment 2, HSP47 was slightly
stronger compared to control group suggesting the
progressive repair of damaged collagen. Moreover,
the cells lining the alveolar bone continued to express
HSP47 at day 4 even though the load was removed.
HSP47 continued to increase at day 6 and then de-
creased at day 10. Thus, HSP47 tend to increase over
time. However, at day 30, the expression was similar
to the control group suggesting that the cells revert
back to their equilibrium state. Previous studies have
shown the increase in HSP expression due to me-
chanical stress and decrease upon mechanical load
release. Likewise, Keagle et at. (22) assumed that

HSP47 was expressed by damaged epidermis during
wound healing. Thus, damaged cells due to mechan-
ical trauma also express HSP47. The continuous ex-
pression of HSP47 prevented the disturbance of epi-
dermal cells, abnormal cell division, rupture of blood
vessels and other occurrences such as apoptosis. The
continuous HSP expression from day 1 to day 14 was
believed to be a protective response. Abnormal func-
tion of HSP47 is seen in damaged collagen fibers in
periodontitis.

In summary, persistent occlusal overload can
destroy collagen fibers in the periodontal ligament.
This was evident by the increased in HSP47 expres-
sion with the placement of micro plus screw. HSP47 is
maintained in fibroblasts for repair of damaged col-
lagen fibers. On the other hand, osteoclasts continue
to increase although the load was released. The oste-
oclasts that appeared on the alveolar bone surface
were likely due to sustained activity. The increase in
osteoclasts was estimated to occur after load applica-
tion at day 4. HSP47 continued to increase until day 6
in experiment 2 but then reduced at day 10. Therefore,
HSP47 appears after a period of certain activities to
repair damaged collagen fibers, and the activity was
returned to a state of equilibrium at day 30 with sig-
nificantly diminished expression.
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