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The effect of low-level estrogen in mandibular bone: An in vivo study
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ABSTRACT

Background: Low levels of estrogen can cause osteoporosis and usually occur during a woman’s
menopausal phase. Osteoporosis can lead to bone resorption, the absence of osseointegration,
and implant failure. The aim of this study is to determine the expression of transforming growth
factor-beta | (TGF-BI), runt-related transcription factor (RUNX2), and osteoblasts in mandibular
rats with low levels of estrogen.

Materials and Methods: This study is an in vivo experimental research. Female Wistar rats (n = 18)
were divided into two groups: (1) Postsham surgery and (2) ovariectomy group. After 12 weeks,
the rats were sacrificed to identify the level of estrogen, while histological analysis was conducted
to determine the level of osteoblast and the expression of TGF-f31 and RUNX2.The data were
analyzed using t-test (P < 0.05).

Results: There were significant lower levels of estrogen and osteoblast among the ovariectomy
group compared to the postsham group (P < 0.05). RUNX2 levels were found to be significantly
higher in the ovariectomy group than that in the postsham group (P < 0.05). However, there were
no significant differences between TGF-f1 levels within the ovariectomy and postsham groups
(P>0.05).

Conclusion: Ovariectomy can lead to decreased osteoblastogenesis in mandibular bone by the
reduced level of osteoblast and the increased expression of TGF-1 and RUNX2.
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INTRODUCTION

Every year in Indonesia, the number of elderly people
above 60 years old increases.!!! Within the health
sector, elderly patients are particularly vulnerable due
to the degenerative process related to aging. In this
condition, many elderly people need prosthodontic
treatment. One of the common degenerative diseases
is osteoporosis, especially in postmenopausal
women.>¥ The decrease in bone mass of 2%—5% per
year is related to reduced calcium uptake due to a
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decrease in the level of estrogen which is crucial for
bone growth and repair. The reduced bone mass may,
in turn, increase the risk of osteoporosis.

Osteoporosis can negatively impact the condition
of teeth and oral cavities. Indeed, tooth loss is one
complication of osteoporosis affecting the oral cavity.™
Osteoporosis not only occurs in lumbar, femoral, and
radial bones, but also in the jaw bone, therefore
demanding the attention of dentists.*¢! Osteoporosis
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also causes resorption of alveolar bone and reduced
mandibular cortex thickness which increase the risk
of periodontal disease and tooth loss.” Mandibular
bone remodeling failure causes alveolar bone loss in
surrounding teeth which increases the risk of tooth
mobility culminating in tooth loss.®

Prosthodontists require an unqualified evaluation of
bone density to decide on the appropriate treatment
for patients. Menopausal women with osteoporosis
require special attention during implant treatment,
especially at the implant insertion stage. Osteoporotic
women suffer from a low level of estrogen resulting
in their bone density decreasing by 50% in trabecular
bone and 35% in cortical bone.”!% Estrogen executes
an important role in bone formation. Its deficiency
can lead to imbalance in remodeling process due
to a reduced ratio of osteoblast to osteoclast.
Osteoblastogenesis disruption can cause decreases in
bone density, the extent of which can be determined
by bone mineral density examination.!!!?!

One treatment option within prosthodontics is dental
implant which is a new and effective remedy for tooth
replacement.!'¥ Dental implants require appropriate
bone density due to the latter’s relationship with
the mechanical immobilization of such implants
during the healing process.'"¥ Bone density plays
an important role within the equal distribution and
transmission of denture load on the implants within
the bone.'”) Osteointegration between implant and
bone is a key to the success of implant treatment.
The study showed that implant failure might occur
due to low bone density which leads to incomplete
osseointegration of the implant and bone.!"*! Therefore,
for women suffering from osteoporosis who require
implant treatment, early detection of the condition
is a prerequisite to the prevention of dental implant
failure.

Estrogen is a hormone that maintains the equilibrium
between osteoblast and osteoclast activities.!'s)
Decreasing estrogen levels in menopausal women
will lead to reduced bone morphogenic protein
2 (BMP2) which constitutes an osteogenic regulator.
Lower BMP2 levels lead to decreased runt-related
transcription factor (RUNX2) levels which are a
major transcription factor of direct osteoprogenitors
and ensure osteogenic differentiation.'”” BMP2 is a
family member of transforming growth factor-beta
1 (TGF-B1) protein which has an important function
in osteogenesis. Osteoporosis is also related to a

decreasing number of osteoblast progenitors in
bone marrow and defects in mesenchymal stem
cells (MSCs). This condition decreases bone
density through a reduction in the proliferation and
differentiation process of osteoblasts.!%!8!

Nowadays, effective diagnosis of osteoporosis still
relies on X-ray examination to determine the bone
mineral density.'”?!! The last study demonstrated
that X-ray examinations do not provide an adequate
result to diagnose osteoporosis.?!! The detailed
condition of mandibular osteoporosis has yet to be
studied. Research on the state of the mandibular bone
cannot be conducted on humans. Therefore, the study
reported here involved the use of animal osteoporotic
model. It is hypothesized that osteoporotic bone also
found in mandibula in low level of estrogen and can
affect the osteoblastogenesis. A definitive diagnosis of
an osteoporotic mandible is necessary for successful
prosthodontic treatment. The aim of this study is
to determine the expression of TGF-B1, RUNX2,
and osteoblast in mandibular rats with low levels of
estrogen.

MATERIALS AND METHODS

Animal preparation

This research constituted an in vivo experiment
incorporating the use of posttest group design and
had been granted ethical approval clearance by the
Committee of Ethical Clearance of Health Research,
Faculty of Dental Medicine, Universitas Airlangga No.
14/KKEPK. FKG/I/2016. Sample size was calculated
using Lemeshow formula.”” The sample consisted
of 18, 3-month old, female Rattus norvegicus strain
Wistar rats weighing 180-200 g which were kept
in cages for a week before ovariectomy and sham
surgery was carried out. The rats had fasted for 6-8 h
before surgery. Ketamine 10% 1 cc and Xyla 1 cc
were injected intramuscularly into the semi-tendinous
muscle and valium 0.2 mgkg in gluteus was
administered as an anesthetic. An ovariectomy was
performed through ventral and umbilical incision as
far as the pubic region. Ovarium and fallopian blood
vessels were ligated separately, while the bilateral
ovaries and periovarian fat were removed entirely.
The peritoneal incision was closed by means of a
simple suture prior to skin closure. The sham surgery
group alone underwent peritoneal incision without the
removal of the ovarium before being closed with a
simple suture and skin closure. The rats were released
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postoperatively within the cage on a normal diet for
12 weeks.

Estrogen-level examination

Three ml blood samples for estrogen examination
were taken directly from the apex of the heart using
a 5 ml disposable syringe after the rats had been
anesthetized. An ELISA Kit (Sigma-Aldrich, St.
Louis, MO) was used for estrogen-level examination.

Histological and immunohistochemistry analysis
At 12 weeks postintervention, the rats were euthanized
and the mandibular bone was taken for microscopic
examination. Immunohistochemistry (IHC) analysis
was conducted using the monoclonal antibody for
TGF-B1 (Sigma-Aldrich, St. Louis, MO), while
RUNX2 (Sigma-Aldrich, St. Louis, MO) detection
and histological examination were conducted using
Meyer’s hematoxylin staining (Sigma-Aldrich, St.
Louis, MO).

Statistical analysis

The percentage of estrogen level, osteoblast, TGF-f1
and RUNX2 marker-positive cells are depicted as the
mean value + standard deviation Statistical significant
was conducted using ¢-test, P < 0.05 being considered
a significant result.

RESULTS

This research was performed using 18 Wistar rats
as postsham surgery with a control group and
postovariectomy surgery with an interventional
group. Immunohistochemical and histopathological
preparations of a mandibular bone sample in the
molar region were made, with the expression of
TGF-f1, RUNX2, and osteoblast number on the
control, postsham, and ovariectomy groups being
analyzed using a light microscope.

Microscopic evaluation using IHC revealed an
expression of TGF-B1 and RUNX2 as shown in
Figures 1 and 2. Microscopic evaluation using
histopathology revealed an osteoblast [Figure 3].
The black arrow indicates an expression of
TGF-B1, RUNX2, and osteoblast under microscopic
examination.

The results of this study, illustrated as mean values
of estrogen, TGF-B1, RUNX2, and osteoblast level
for each group, are presented in Table 1. There
were higher levels of estrogen and osteoblast in the
postsham surgery group than its postovariectomy
counterpart. However, lower levels of TGF-f1 and

for TGF-B1 expression. Black arrow shows an expression of
TGF-B1. SHS: Postsham surgery group; OVX: Postovariectomy
group; TGF-B1: Transforming growth factor-beta 1 x 400.

Figure 2: Imnmunohistochemistry staining from SHS and OV
for RUNX2 expression. Black arrow shows an expression of
RUNX2. SHS: Postsham surgery group; OVX: Postovariectomy
group; RUNX2: Runt-related transcription factor x 400.
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Figure 3: Histopathology examination from SHS and OVX
for osteoblast level. Black arrow shows an osteoblast. SHS:
Postsham surgery group; OVX: Postovariectomy group x 400.

RUNX2 were revealed in the postsham surgery
group than the postovariectomy group. According to
statistical analysis, there was a significant difference
in estrogen, RUNX2, and osteoblast level between
the two groups (P < 0.05). Meanwhile, there was
no significant difference in TGF-f1 between the two
groups (P > 0.05).

DISCUSSION

This study was conducted using the R. norvegicus
strain of Wistar rats as an animal subject. These
rodents are commonly used as a clinical experiment
subject due to their rapid regeneration and ease of
maintenance. Rats represent the best subjects for
osteoporosis research due to the similarity of their
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Table 1: Mean, standard deviation, and
significance value (P) of every group for estrogen,
transforming growth factor-beta 1, runt-related
transcription factor 2 and osteoblast level (ng/ml)

Variable Group Mean+SD P

Estrogen level SHS 92.3889+21.16379 0.001*
OoVX 59.0111+14.10367

TGF-B1 level SHS 3.7778+2.42991 0.927
OVX 3.8667+1.50333

RUNX2 level SHS 0.7778+0.29059 0.000*
OVX 4.6000+1.63401

Osteoblast level SHS 392.6667+84.77323 0.000*
OVX 213.0000+40.85034

*P<0.05 was considered as a significant difference for each group. SHS: Postsham
surgery group; OVX: Postovariectomy group; TGF-B1: Transforming growth
factor-beta 1; RUNX2: Runt-related transcription factor 2; SD: Standard deviation

trabecular bone and bone regeneration ability with
that of postmenopausal women.?*!

Estrogen deficiencies in  osteoporosis induce
bone resorption, resulting in changes to bone
microarchitecture. Bone formation disruption can

occur in postmenopausal women due to estrogen
deficiencies. In osteoporosis, bone formation potential
will be limited as shown by the decreased capacity
of osteoblasts to form a bone matrix.!'”! Histological
analysis confirmed osteoporosis to be determined
by a decrease in trabecular bone, while a severe
osteoporosis condition leads to thin trabecular bones
and causes functional insufficiency.?¥ In this study,
there was no significant difference between TGF-f1
expression in the normal individuals and osteoporotic
patients. This result can be produced by the varying
role of TGF-B1 at each stage of bone formation.
TGF-B1 stimulates RUNX2 at the differentiation
stage of osteoblastogenesis and inhibits the continuing
phase after osteoblast maturation. RUNX2, as an
important transcription factor in bone formation, is
regulated by TGF-B1 and BMP2. TGF-B1 induces the
expression of RUNX2, thereby potentially increasing
a differentiation, but at an advanced phase, TGF-p1
will inhibit the expression of RUNX2 to prevent
mature osteoblast differentiation into osteocytes.>

There was an increase in TGF-B1 expression at an
early stage of injury response. TGF-B1 is produced
at the fracture site by platelets, inflammatory
cells (monocytes and macrophages), osteoblasts,
osteoclasts, and chondrocytes.? 1In this study,
TGF-B1 was expressed at the end of the 12" week
after the ovariectomy had been performed, whereas
other studies have shown that TGF-B1 expression
presented at an early stage in the injury response.?”!

Therefore, there is no significant difference between
TGF-B1 expression in the normal and osteoporosis
groups.

TGF-B1 is the largest bone growth factor and the
most prominent among the three forms of TGF-f.
TGF-B1 produced osteoblasts as inactive propeptides
which are incorporated into the bone matrix. During
resorption, an inactive propeptide will be activated
at the resorption site. TGF-B1 inhibits osteoclast
activity and stimulates preosteoblast proliferation and
differentiation to support bone formation.*”’ TGF-f1
will be mobilized by osteoclasts and attract MSC to
the site to promote osteoblast differentiation.[*"

In this study, there was a significant difference between
the RUNX2 expression in an ovariectomy group and
that of a normal group. RUNX2 enhancement means
that bone remodeling still occurs at the 12-week
postovariectomy, although some osteoblasts may
have matured into osteoids. MSC differentiation into
osteoblast occurs in several phases with each phase
is being characterized by a particular osteoblast
marker gene. RUNX2 regulates the expression of
the osteoblast marker gene in conjunction with
osteocalcin-specific element 2 (OSE2), a binding
site for RUNX2. OSE2 was found in the promoter
region of all major osteoblast marker genes. RUNX2
has several isoforms, which have their own roles and
functions at each stage of osteoblast differentiation.
RUNX2 type 1 in mice, that have two main isoforms,
has been found in osteoprogenitor and preosteoblasts
cells, indicating that it has an important role in the
early stages of osteoblastogenesis, while in the final
stage, RUNX2 type 2 induces osteoblast maturation.
It has been shown that at week 12, osteoblastic
differentiation remains ongoing in the osteoporosis
group.B!

RUNX2 is important for osteoblast differentiation
and bone formation, being a transcription factor of
DNA-specific binding that regulates and controls
the development of osteoblasts from MSCs and
maturation into osteocytes. Although necessary for
transcriptional gene and osteoblast development,
RUNX2 is an inadequate optimal expression gene for
bone formation. In accordance with its function as a
master organizer, changes in the RUNX2 expression
level will be related to skeletal bone disease.*?

TGF-B1 as a growth factor plays an important
role in the proliferation of preosteoblasts and their
differentiation into osteoblasts. Moreover, RUNX2
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acts as a transcriptional gene affecting osteoblast
formation. Increased TGF-f1 leads to the stimulation
of RUNX2 in the osteoblast proliferation and
differentiation phases. Both will subsequently decrease
in the maturation phase.”’¥ Estrogen deficiency
condition in osteoporosis leads to bone remodeling
enhancement with increased bone resorption over
bone formation. This condition involves unbalanced
osteoblast and osteoclast activity and leads to
bone microarchitecture changes that reduce bone
density.l!34

A decrease in bone density is an early sign of
osteoporosis. One method of determining such
a decline is to perform osteoblast and osteoclast
examinations.®* The results of this study indicate
a significantly smaller number of osteoblasts in the
osteoporosis group compared to the normal group,
which is associated with decreased estrogen level.
The lower levels of estrogen lead to the suppression
of MSC production and the number of preosteoblasts.
And that of osteoblasts will also decrease.

The mineralization process begins 30 days after
osteoid deposition and terminates on the 90" day
within the trabecular bone. It also occurs on the
130" day within the cortical bone.?> Hence, by the
12% week after the ovariectomy has been performed,
mineralization of the trabecular bone occurs.

CONCLUSION

From the results of this study, it can be concluded
that the condition of low estrogen levels can lead to
decreased osteoblastogenesis in the mandibular bone,
characterized by increased expression of TGF-1 and
RUNX2 and a decline in the number of osteoblasts.
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