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Abstract  
Alteration of BMP-4 and Runx2 Expressions 

after Ovariectomy  
in Mice Temporomandibular Joint 

 

The temporomandibular joint (TMJ) exists the specific articulation form of between mandible 

and the temporal bone of skull base. TMJ has a special form. Therefore, the developmental 

process and mechanism of the TMJ are different from other synovial joints. Temporomandibular 

disorder (TMD) is a collective term, which includes a number of clinical conditions that involve 

the masticatory musculature or temporomandibular joints (TMJ) and associated structures. This 

condition has been thought to be caused by a combination of factors, such as occlusion, mental 

stress, strength, and endurance; however the etiology of this disease is not fully understood. 

Recently, several studies have shown the presence of high affinity estrogen receptors in the 

articular cartilage of human TMJ. Because these hormones exert their influence on the target 

cells through sex steroid receptors, and the estrogen receptors are present at the TMJ, it can be 

assumed that TMJ is another target organ of estrogen. I performed ovariectomy to confirm the 

estrogen effect in TMJ. Then, I also investigated the regulations of BMP-4, Runx-2 and BSP. 

After the ovariectomy, I observed significant alteration of these signaling molecules expression 

patterns. Estrogen plays an important role in metabolism and maintenance of TMJ via 

regulations of signaling molecules such as BMP-4, Runx-2 and BSP.  

 

KEY WORDS 

Temporomandibular joint, ovariectomy, Runx2, BSP, BMP-4, immunohistochemistry, in situ 

hybridization. 
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I. Introduction 

 

The temporomandibular joint (TMJ) produces the unique mammalian articulation of 

the tooth-bearing lower jawbone with the temporal bone of skull base. The initial formation of 

the temporal and condylar portion of the joint begins in human fetuses around 7 to 7.5 weeks of 

gestation (E7 - E7.5weeks) (Van der Linden et al., 1987). The condyle originates as a 

condensation of mesenchymal tissue separated from mandibular body and ramus, inferiorly, and 

from the temporal region, superiorly. The condylar blastema grows inferiorly to join with the 

advancing bone front and periosteum of the ramus and posterolaterally toward the temporal 

blastema (Perry et al., 1985). The developmental process and mechanism of the TMJ are 
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different from other synovial joints in the aspect s of secondary cartilage formation. In mice 

TMJ development, bone formation started at embryonic day 15 (E15) in the tibial cartilage and 

at E16 in the condylar cartilage. The hypertrophic cell zone in the condylar cartilage rapidly 

extended during E15 – E16 (Shibata et al, 2002).  

Temporomandibular disorder (TMD) is a collective term which includes a number of 

clinical conditions that involve the masticatory musculature or TMJ and associated structures. 

These clinical conditions are characterized by pain in the preauricular area, TMJ, or masticatory 

musculature, or limitation in jaw mandibular functions, and TMJ sounds (clicking, popping, and 

crepitus) during mandibular function (Dworkin et al., 1992). This condition has been thought to 

be caused by a combination of factors, such as occlusion, mental stress, strength, and 

endurance; however the etiology of this disease is not fully understood.  

There are many controversies in the prevalence of TMD, otherwise that women make 

up the majority of patients treated for TMD, is extensively hypothesized and documented in 

numerous epidermiologic studies (Campbell et al., 1993; Koidis et al., 1995; Abubaker et al., 

1996). This disorder is 1.5-2 times more prevalent in women than in men, and that 80% of 

patients treated for TMD are women (LeResche, 1997). The severity of symptom is also related 

to age of the patients. Pain onset tends to occur after puberty and peak in the reproductive years 

(Meisler, 1999), with the highest prevalence in women aged 20-40years (Kuttila et al., 1998). 
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The gender and age distribution of TMD suggests a possible link between its pathogenesis and 

the female reproductive system. 

The effect of estrogen deficiency on the general bone condition has been indicated, 

however, only few study has been done on the mandibular condyle (Tanaka 1999; Nakajima et 

al., 2000). Recently, bone mineral density of mandibular condyle was measured by computed 

tomography, and it has been demonstrated that condylar bone mineral density decreased quickly 

after menopausal osteoporosis (Yamada et al., 1997). This indicates possibility that general 

osteoporosis could alter the structure of the mandibular condyle as clinical consideration. Okuda 

(1996) investigated the effects of ovariectomy on the TMJ of young rats, and he reported that 

the thickness of the articular soft tissue changed increasingly after the ovariectomy, and the 

bone volume decreased. 

Runx2 is a transcriptional factor that belongs to the runt-domain gene family. Runx 

family protein has a unique function. Runx1 is essential for definitive hematopoiesis (Komori 

and Kishimoto, 1998), and Runx2 plays important roles in multiple steps of skeletal 

development, finally Runx3 is a major growth regulator of gastric epithelial cells (Li et al.,2002). 

Especially, Runx2 determines the lineage of osteoblasts from multipotent mesenchymal cells, 

enhances osteoblast differentiation at an early stage, and inhibits osteoblast differentiation at a 

late stage (Liu et al., 2001). Runx2 is up-regulated by BMP-4, and this interaction between 
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Runx2 and BMP-4 starts from common signaling molecule called Sma and Mad (Smads) 

(Yoshiaki et al., 2003). BMP-4 induces the formation of both cartilage and bone in cell 

proliferation, apoptosis, differentiation, and morphogenesis (Reddi, 1998). 

Bone Sialoprotein (BSP) is one of the non-collagenous proteins, which include acidic 

Ca-binding proteins such as bone Gla protein (BGP), osteopontin and osteonectin etc. Other 

proteins are present also in non-mineralized tissue; however BSP is present in sites of bone 

formation (Fujisawa et al., 1998). 

In this study, to clarify the relationship between estrogen and TMD, I observed Runx2, 

BMP-4, and BSP expression patterns using in situ hybridization and immunochemistry in 

control group and in ovariectomized group. I also examined normal developmental process in 

H-E and alcian blue stain, and Runx2 and BMP-4 expression at E18, PN2 and PN8 for the 

understanding of the changes in the condyle under estrogen deficiency. This study focused 

mainly on not gross morphologic changes such as bone volume and soft tissue change but on 

molecular expression pattern as a markers of osteogenic capacity. 
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II. Materials & Methods 

1. Experimental design  

Forty (2 baseline data, 16 control and 16 Ovariectomized, and 6 embryos), 4 months 

female ICR mice weighing 35 and 40g were used for this study. The animals were randomly 

divided into 2 groups of 16 animals each: control group and ovariectomized group (OVX).  

2 animals were killed from each group as baseline data. 4 animals from each group 

were sacrificed at the intervals of 1, 2, 4, 8 weeks postoperatively by cervical dislocation. The 

heads were separated immediately and the TMJ was dissected from both joints. The mouse 

embryos were obtained from time-mated pregnant mice. The day that presence of a vaginal plug 

was confirmed was designated as embryonic day 0 (E0). E18, postnatal (PN) 2 and 6 (each 

group contained 2 mice, total 6 mice) mice were used for these experiments. Total count of 

animal was 40. Five animals in each group were housed in individual cages and received a 

standard equilibrated diet and tap water. The room temperature and humidity were maintained at 

22±2°C and 55±5%, respectively, and the light cycle of the room was artificial illumination 

(lights on from 05:00h to 17:00h) (Figure 1).  
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Figure1. Schematic diagram for experiment. 
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FFFFigure2. Individual layers of the articular sigure2. Individual layers of the articular sigure2. Individual layers of the articular sigure2. Individual layers of the articular soft tissue in the central portion of condyle.oft tissue in the central portion of condyle.oft tissue in the central portion of condyle.oft tissue in the central portion of condyle.    

The articular soft tissue is histologically divided into the fibrous, proliferating, hype

rtrophic, cartilage layers.  (A)The fibrous covering in the TMJ is different from rest

ing zone, composed of pre-chondroblast in other hyaline cartilage (B).In proliferatin

g layer, cells are rapidly proliferating and form column. (isogenous group).  (C)In ar

ea C, each cell undergoes hypertrophy, and a limited deposition of intercellular matr

ix occurs.  (D)Near zone D, the matrix calcifies with hydroxyapatite deposition in th

e matrix.(Hematoxyline-Eosin stain; original magnification ⅹ100) 
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2. Surgical procedure 

An intraperitoneal injection of pentobarbital sodium (2.5 mg/100 g of body weight) 

was used to obtain anesthesia for the surgical procedure. In the ovariectomized group, bilateral 

ovariectomies were performed by ventral approach. The incision was made at 1 cm above the 

vagina orifice. The uterus of mouse is u-shaped and the ovaries were attached at both ends of 

uterus by ligaments. In order to control bleeding, the ligaments were tied and cut. The 

peritoneum and the skin were anatomically repaired layer by layer.  

3. Tissue preparation of decalcified sections 

4 months female ICR mice were perfused with 4% paraformaldehyde (PFA) in 0.1 M 

phosphate-buffered saline (PBS). Temporomandibular joints with surrounding tissues were 

dissected and further fixed in 4% PFA in 0.1 M PBS overnight at 4℃. The tissues were 

decalcified with 0.5M ethylene-diaminetetraacetic (EDTA) for 8 weeks at 4℃, processed by 

passage through a series of graded ethanols and xylene, then embedded in paraffin. Serial 

sections of 8㎛ each were cut through the central area of mandibular condyle at the sagittal 

plane and then mounted on slides coated with electro statically attracts and stored at RT. 
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4.Hematoxylin-Eosin & Alcian Blue Staining  

The sections were routinely stained with hematoxylin and eosin (H-E) for evaluated by 

microscopy. The slides were deparaffinized and were hydrated with distilled water. They were 

stained using alcian blue solution for 30 minutes. Then they were washed with running tap 

water for 2 minutes. After rinsing in distilled water, counter-stain in nuclear fast red solution for 

5 minutes was done. They were washed again in running tap water for 1 minute and dehydrated 

twice through 95% alcohol, 3 minutes each. After clearing in xylene, they were mounted with 

resinous mounting medium.  

5. Immunohistochemistry 

The specimen was fixed 4% paraformaldehyde in PBS overnight at 4℃. The 

specimens were embedded in paraffin using the conventional methods. Specimens were cut to a 

thickness of 8㎛. The tissue sections were then deparaffinized and rehydrated. In order to 

ameliorate nonspecific background staining due to endogenous peroxidase, slides were 

incubated in 3% hydrogen peroxide blocks for 15 minutes. The embryos were incubated with 

the primary antibody, which was the rabbit polyclonal antibody against Bone Sialoprotein 

(BSP) (Chemicon, Cat NO AB1854, USA) and the mouse monoclonal antibody against Bone 

Morphogenic Protein (BMP)-4 (SantaCruz, Cat Nosc-12721, USA) at 4℃ overnight. After 
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washing with PBS, the specimens were reacted with two consecutive incubations with the 

biotinylated goat anti rabbit immunoglobulins and a streptavidin peroxidase at room 

temperature for 10 min each. Finally, the specimens were visualized using a DAB reagent kit 

(Zymed, Cat No 00-2014, USA). The immunostained sections were counter-stained with 

hematoxylin.  

 

6. In-situ hybridization  

In situ hybridization on whole mouse embryos was performed as previously described 

(Nieto et al. 1996) and on wax sections using standard protocols. Briefly, embryos were fixed 

in 4% paraformaldehyde (PFA), embedded in wax and sectioned at 7㎛. Sections were baked 

at 65℃, de-waxed in xylene, rehydrated through a graded series of alcohol washes and post-

fixed in 4% PFA. Sections were prehybridized in a humid chamber containing 50% formamide 

in 2x SSC, at 55℃ for 30 min. Digoxigeninlabelled RNA probes were prewarmed at 95℃ and 

hybridized to sections overnight at 75℃. The following mouse DNA plasmids were used as 

templates for the synthesis of DIG-labeled RNA probes: Runx-2 type II, A 400 bp fragment of 

murine Runx2 cDNA subcloned into pBluescript KS was digested with Xho I and transcribed 

with T7 RNA polymerase for an antisense probe. For sense probe, digested with Sac I and 

transcribed with T3 RNA polymerase. 
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III. Results 

 

1. Morphology of developing TMJ at E18, PN2 and PN6 

In order to understand TMJ development before and after birth, details study of 

histogenesis has been carried out (Fig 2). Similarly fibrous (F), prehypertrophic (P), 

hypertrophic (H), calcified cartilage layer (C) composed the articular cartilage at E18, PN2, and 

PN6 (Fig. 3). In general, histological sections were shown similar morphology all three stages, 

but distinct differences could be observed in detail. The articular cartilage (hyaline cartilage) 

was noted overlying the mandibular condyle (Fig. 3A, B, C). The TMJ articular cartilage at E18 

was relatively thicker with a large hypertrophic chondrocyte zone (Fig. 3A, asterisks). The 

morphology of the condylar neck had become prominent. Subcondylar endochondral bone 

formation was progressing from E18 to PN6 gradually (Fig. 3A, B, C). 

In alcian blue stain preparation (Fig 3D, E, F), at E18, the cartilage had irregular border 

and this region was thicker compared to at PN2 and PN6. At E18 (Fig 3D), unlike PN2 (Fig 3E) 

and PN6 (Fig 3F), undifferentiated fibroblast-like cells layer was covered by the thin layer of for 

the cartilage (Fig, 3D, arrowheads). From E18 to PN6, subcondylar endochondral bone 
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formation was progressively more evident. Overall, gradual development of calcified region is 

evident prior to birth and after birth.  

 2. Runx2 and BMP-4 expressions in the TMJ articular cartilage at E18, PN2 and PN6 

Runx2 expression was detected in the TMJ articular cartilage of E18, PN2 and PN6 

(Fig. 4A, B, C). Runx2 was clearly expressed in the prehypertrophic chondrocytes and in the 

subchondral bone region. Runx2 transcripts were undetectable in the articular surface zone of 

the TMJ articular cartilage (Fig. 4A, B, C). Generally, positive signals increased along with the 

increase of developmental stage. BMP-4 expression was detected in the cytoplasm of osteoblast 

in the subcondylar bone area at all stages (Fig. 4D, E, F), but not showing in cartilage layer. The 

immunopositive reactions grew stronger along with the increase of developmental stages.  

 

3. BMP-4 expressions at 1st week, 2nd week, 4th week, 8th week of control and OVX group 

In control group (Fig. 5A, B, C, D, E), BMP-4 was examined at 1 week group, 2 weeks 

group, and 4 weeks group (Figs. 5B, C, D), BMP-4 expression was much decreased at 8 weeks 

group compared with other groups (Fig. 5E, E’). I could examine the BMP-4 expression mainly 

in the cytoplasm of cell which was lining the bone marrow. Especially, at 2 weeks group (Fig. 

5C) intensive signals were noted in subchondylar bone area. 
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In OVX group (Fig. 5F, G, H, I), at 1 week group (Fig. 5F), BMP-4 was strongly 

expressed throughout all region, namely, in cartilage layer and in the subcondylar bone area. 

This expression had become weaker from 1 week group to 8 weeks group. Finally, at 8 weeks 

group (Fig. 5I), any difference could not be found between control group and OVX group.  

 

4. Runx2 expression by in situ hybridization at 1st week, 2nd week, 4th week, 8th week of 

control and OVX group. 

I examined the Runx2 expression using in situ hybridization in control group and OVX 

group. In control group (Fig. 6A, B, C, D, E), Runx2 expression was detected in all groups and 

similar signal intensity was noted, except 1 week group (Figs. 4B, B’). Runx2 expression was 

limited in the prehypertrophic layer, but not hypertrophic chondrocyte layer. Faint expression 

was detected in the subchondylar bone area. I could not detect any Runx2 signals in fibrous 

layer cells of chondylar cartilage. 

In the OVX group (Fig. 6F, G, H, I), Runx2 expression was more evident in OVX 

group than in control group. More progressively intensive staining was noted from 1 week 

group to 4 weeks group, and reached to peak at 4 weeks group, but slightly declined at 8weeks 

group. Runx2 expression was visualized in mainly prehypertropic layer, and was faint in 

hypertrophic chondrocyte layer and subchondylar bone area.  
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5. BSP expression with Immunohistochemistry at 1st week, 2nd week, 4th week, 8th week 

Immunohistochemistry of mice TMJ with the rabbit polyclonal antibody against Bone 

Sialoprotein (BSP) in control and OVX group. In control group (Fig. 7A, B, C, D, E), the 

immunopositive reactions to BSP were noted at all stages. From 1week group to 2weeks group, 

immunopositive cells were increasing but at 8 weeks group (Fig. 7E, E’) the immunopositive 

reactions were similar to that at baseline data (Fig. 7A, A’). 

In the OVX group (Fig. 7F, G, H, I), many cells in the cartilage and subchondylar bone 

exhibited strong BSP immunopositive reaction in 1week group (Fig. 7E, E’). But from 2 weeks 

group to 8 weeks group, fewer positive cells are showed decreasing gradually. At 8 weeks group, 

I could not find any difference between control group and OVX group.  
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Figure3. H-E and alcian blue staining at E18, PN2, PN6 

(A)At E18, the mandibular condyle is shown, and the hyaline cartilage is overlying  

the condyle. In H-E stain preparation, fibrous layer, prehypertrophic, hypertrophic, 

cartilage layer compose the articular cartilage. (A, B, C). From E18 to PN6, the 

morphology of the condylar neck becomes prominent. In alcian blue stain preparation, 

the thickness of the cartilage is getting thinner. (D) At E18, unlike PN2 and PN6, 

undifferentiated fibroblast-like cells are covering the cartilage. (D, E, F) From E18 to 

PN6, subcondylar endochondral bone formation is more evident. 
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Figure4. Runx2 and BMP-4 expression in the TMJ articular cartilage at E18, PN2, 

PN6 mice    

Figure A, B, C show in situ hybridization staining with Runx2 probe. Fig D, E, F sho

ws immunohistochemistry with mouse monoclonal antibody against BMP-4. (A, B, C) R

unx2 is undetectable in articular surface zone of temporomandibular joint in the articular

 cartilage, but are evident in proliferating chondrocytes. Osteoblast-like cells in the subc

hondylar bone area express Runx2 at E18, PN2, and PN6. More progressively intensive

 staining was noted from E18 to PN6. (D, E, F)  BMP-4 expression is examined in th

e cytoplasm of osteoblasts, but not condylar cartilage layer at E18, PN2, and PN6. The

 immunopositive reactions are getting increased from E18 to PN6.    
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Figure 5. BMP4 expression with immunohistochemistry at 1st week, 2nd week, 4th week, 8th 

week of control and OVX group. 

In the control group (Fig. 5A, B, C, D, E), The expression of BMP-4 is detected at 1 week 

group, 2 weeks group, and 4 weeks group (Figs. 5B, C, D), but is faint at 8 weeks group (Fig. 

5E, E’). I examine BMP-4 expression mainly in the cytoplasm of cell, which is lining the bone 

marrow. Especially, (Fig. 5C) much intensive signals are noted in subchondylar bond area at 2 

weeks group. 

In OVX group (Fig. 5F, G, H, I), BMP-4 is strongly expressed through the all area at 1week 

group (Fig. 5F). Namely, in cartilage layer and in the subcondylar bone area. BMP-4 expression 

has become weaker from 1 week group to 8weeks group. Finally, at 8 weeks group (Fig. 5I), 

any difference is detected between control group and OVX group.  

 

 

 

 

 

 

    

    

    



 - 19 - 
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Figure 6. Runx2 expression with in the TMJ articular cartilage of control and OVX group 

Runx2 expression is examined using in situ hybridization both in control and OVX group. Runx

2 expression is detected at all stages of control group and OVX group. Using in situ hybridizatio

n, Runx2 transcripts are identified in the prehypertrophic chondrocytes and osteoblasts. The expr

ession of Runx2 shows strong expression in the prehypertrophic layer. In the hyperplastic chond

rocyte and in fibrous layer cells of chondylar cartilage, the expression of Runx2 is not observed. 

The signals are detected in osteoblasts in the subchondral bone area. In the control group, simila

r signal intensity is noted, except 1 week group. In the OVX group, more progressively intensiv

e staining is noted from 1 week group to 8 weeks group. 
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Figure 7. BSP expression with immunohistochemistry at 1st week, 2nd week, 4th week, 8th 

week 

BSP expression was noted at all stages. In control group, there was a slight increase of BSP 

expression in 1 week group and 2 week group. In 4 weeks group and 8 weeks group, BSP 

expression becomes similar to baseline data. In OVX group, the expression is slightly increased 

in 1 week group, and then decreases progressively. All control groups shows stronger expression 

than all OVX group. 
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IV. Discussion 

 

The gender and age distribution of TMD suggest a possible link between its 

pathogenesis and the female reproductive system. The effect of estrogen deficiency on the 

general bone condition has been indicated, however, only few study has been done on the 

mandibular condyle (Tanaka 1999; Nakajima et al., 2000). Recently, bone mineral density of 

mandibular condyle was measured by computed tomography, and it has been demonstrated that 

condylar bone mineral density decreased quickly after menopausal osteoporosis (Yamada et al., 

1997). This indicates possibility that general osteoporosis could alter the structure of the 

mandibular condyle as clinical consideration. It was also reported that the mandibular condyles 

of adult ovariectomized rats showed bone volume significantly lower than that of sham-

operated rats 1 month after ovariectomy (Tanaka et al., 1998; Nakashima et al., 2000). However, 

the bone volume of the ovariectomized group’s condyle itself did not show any striking 

decrease (Tanaka et al., 1999), unlike the clear bone loss of the tibial proximal metaphysis 

(Wronski et al., 1988). Regarding these differences between the mandibular condyle and tibiae, 

Inspeculated that the mandibular condyle was under conditions, in which intermittent loading 

by occlusion frequently stimulated bone formation and that this counteracted the acceleration of 
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bone resorption induced by estrogen deficiency as shown by Tanaka (1999). It has been 

demonstrated that the mandibular condyle is involved with mechanical loading by occlusion. 

When rat’s incisors were cut off and rats were fed with a soft diet to reduce mechanical loading 

on the condyle, the trabecular density of the condyles decreased significantly (Hinton and 

Carlson, 1986). Another study has been shown that the mandible was completely immobilized, 

showed flattening of the condyle as well as an expanded marrow cavity and decreased 

trabeculation (Shimahara et al., 1991). According to this experiment, in which rats were 

initially fed a soft diet then switched to a hard one, the trabecular density of the mandibular 

condyle reduced when the animals were fed the soft diet; however, the density was completely 

regained after the diet was changed (Bouvier, 1988). This study coincides with that mechanical 

loading accelerates bone formation and suppresses bone resorption (Klein-Nulend et al., 1986; 

Sakata et al., 1997)  

In this study, to clarify the relationship between estrogen and TMD, I observed Runx2, 

BMP-4, and BSP expression patterns using in situ hybridization and immunochemistry in 

control group and in ovariectomized group. I also examined normal developmental process in 

H-E and alcian blue stain, and Runx2 and BMP-4 expression at E18, PN2 and PN8. This helps 

us for the understanding of the changes in the condyle under estrogen deficiency. 
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At E18, the mandibular condyle was noted, and the condylar cartilage was stained 

using alcian blue. In this stage, condylar cartilage is composed of several layers including 

fibrous layer, proliferating layer, hypertrophic layer, and calcified cartilage layer. Among these 

layers, especially hypertrophic cell layer was much enlarged at E18 than PN2 and PN6. These 

findings are consistent with previous report by Shibata (2002), In which hypertrophic 

chondrocytes first appeared at E15 and rapidly extended during E15-E16 in mice. The increase 

of hypertrophic chondrocyte implicates that endochondral bone formation is actively processing. 

Subchondral bone formation also tends to increase as it develop. In Fig.3D, the arrowheads 

indicate the layer, which is not stained by alcian blue. This layer becomes thinner and more 

even from E18 to PN6. The presence of this layer indicates that this stage is very primitive and 

that TMJ is different from other joints in developmental origin. While the TMJ is synovial, it 

develops via intramembranous bone formation characterized by an independent blastema and 

secondary cartilage formation. Associated as they are with secondary cartilage, the mandibular 

condyle and mandibular fossa have more in common phylogenetically and ontogenetically with 

the periosteum, of which the outer, fibrous layer becomes the fibrous connective tissue and the 

inner osteogenic layer of the condyle. Therefore, it can be speculated that the fibrous 

connective tissue cells lining the TMJ articular surface do not have the same features as the 
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hyaline articular cartilage. This might explain the absence of Runx2 expression in the articular 

surface layer of the TMJ at E18, PN2, and PN6. 

As I mentioned previously, Runx2 plays important roles in multiple steps of skeletal 

development. Runx2 determines the lineage of osteoblasts from multipotent mesenchymal cells. 

It enhances osteoblast differentiation at an early stage, and inhibits osteoblast differentiation at 

a late stage. Runx2 also play crucial roles in chondrocyte maturation and in vascular invasion 

into cartilage. The results show that Runx2 is undetectable in the articular surface zone of TMJ 

articular cartilage and hypertrophic chondrocyte layer, but are evident in proliferating 

chondrocyte layers. Osteoblast-like cells express Runx2 in the subchondylar bone area at E18, 

PN2, and PN6. These findings suggest that chondylar maturation and subchondylar bone 

formation is occurring actively. 

Bone morphogenetic proteins (BMP) are the members of the TGF-ß superfamily that 

have been implicated in tissue growth and remodeling. The roles of BMPs in embryonic 

development and cellular functions in postnatal and adult animals have been extensively 

studied in recent years. BMPs were initially identified by the ability of bone extracts to induce 

bone formation at extra-skeletal sites (Wozney, 1989). Although the name BMP is descriptive of 

one particular function, it is somewhat misleading. While BMPs may induce ectopic bone or 

cartilage formation, they also play important roles in the development of the viscera. This 
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includes roles in cell proliferation, apoptosis, differentiation, and morphogenesis (Hogan et al., 

1996; Reddi, 1998). BMPs have been implicated in variable functions. BMPs induce the 

formation of both cartilage and bone (Reddi, 1998; Moses et al., 1996). Especially, BMP-4 

were expressed in regenerating cartilage and bone cell (Ohnishi et al., 1999) 

The expression BMP-4 showed increasing signals from E18 to PN6. This implicates 

that active bone formation is taking place. However, BMP-4 expression was not seen at the 

condylar cartilage layer. According to Ueno (2003), BMP-4 expression was identified in the 

mature and hypertrophic chondrocytes at the stage of cartilage formation. Therefore, no 

immunopositive reactions for BMP-4 in condylar cartilage suggests that it is in immature stage. 

In the control group, BMP-4 was examined at 1 week group, 2 weeks group, and 4 weeks group 

but was detected with faint expression at 8 weeks group. I could consider that BMP-4 

expression mainly in the cytoplasm of cells, which are lining the bone marrow. The cause of 

BMP-4 steady expression through in control group may originate from Koike’s investigation in 

which bone mass increase observed in the subchondral and central regions of the sham groups 

corresponds with the age-related changes of rat mandibular condyle. The bone mass in the 

mandibular condyle of continues to increase until 16 months of age at Fischer rats. In the OVX 

group, BMP-4 was severely expressed through the all area, namely, in cartilage layer and in the 

subcondylar bone area. This present condition may be explained by Tanaka that the mandibular 
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condyle was under conditions in which intermittent loading by occlusion frequently stimulated 

bone formation and that this counteracted the acceleration of bone resorption induced by 

estrogen deficiency (Tanaka et al., 1999).  

Runx2 expression is seen at all stages of control group and OVX group. The 

expression of Runx2 shows strong expression especially in the chondrocyte of prehypertrophic 

layer, but faint in the subchondral bone area. This coincides with Komori’s work stating that 

Runx2 regulates chondrocyte hypertrophy and osteoblast differentiation and vascular invasion 

(Komori, 2000). In control group, persistent Runx2 expression patterns, as like BMP-4 were 

noted and no differences were noted between control groups. These findings suggest that TMJ 

is a structure undergoing continuous remodeling. However, in OVX group, as it progressed 

from 1 week to 8 week, higher intensity of Runx2 transcripts were detected. Runx2 expression 

is more evident in OVX group than in that of the control group. This expression pattern means 

a continuous effort of bone formation is exist under estrogen deficiency.  

The immunopositive reaction to BSP was noted at all stages In control group. From 1 

week group to 2 weeks group, immunopositive cells are increasing but decreasing at 4 weeks. 

At 8 weeks group, the pattern of immunopositive staining is similar to that in baseline data. In 

the OVX group, many cells in the cartilage and subchondylar bone area exhibited a strong 

immunopositive reaction especially at 1 week group. But from 2 weeks group to 8 weeks group. 
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this localization shows decreasing tendency. At 8 weeks group, I can find only faint 

immunopositive reaction pattern.  

The expressions of the markers for bone induction such as BMP-4 or Runx2 were 

more dominant in OVX group than in control group. However the expression of the bone 

formation marker, BSP, showed weaker expression in OVX group than control group. This 

result strongly suggests that bone formation induced by occlusal loading was not sufficient to 

turn off completely OVX-induced bone resorption, because bone volume in the OVX group 

was significantly lower than that of the sham group at 60 days. Ovariectomy clearly inhibited 

bone gain (Tanaka et al., 1999).  

Recent studies have shown the presence of high affinity estrogen receptors in the 

articular cartilage, articular disk and synovial membrane of human TMJ.(Abubaker et al., 1993). 

Because these hormones exert their influence on the target cells through sex steroid receptors, 

the estrogen receptors are present at the TMJ; it can be considered that TMJ is another target 

organ of estrogen. Especially, the fact that estrogen receptors could be found at articular disc, 

means that estrogen deficiency induce not bony changes but also disc problems. In the study 

using the castrated rats, steroid sex hormones do have an effect on the collagen and protein 

content of the TMJ disc (Abubaker et al., 1996). Other study showed effect of varying 17 beta-
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estradiol (E2) concentrations on the proteoglycan content of TMJ disc, and they concluded 

estrogen deficiency has the potential to cause a disc disease (May et al., 1999).  

Estrogen influences virtually all aspects of bone physiology throughout life. The 

hormone plays an important role in maintaining bone mass in adult women, in part by slowing 

bone remodeling and in part by maintaining the proper balance between the activity of bone-

forming cells (i.e., osteoblasts) and bone-resorbing cells (i.e., osteoclasts). In addition to this 

immediate degradation of bone strength, estrogen deficiency also affects bone-remodeling 

balance. Estrogen reduces osteoclast lifespan and lengthens the lifespan of the bone-forming 

cells. In estrogen-deficient women, osteoclasts are believed to excavate deeper resorption 

cavities, which osteoblasts are unable to refill completely. This leads to a negative remodeling 

balance in which there is a small amount of bone lost at every location where bone has 

undergone remodeling. The combination of increased bone-remodeling units and a negative 

remodeling balance is the basis for the rapid decrease in bone mass that follows menopause 

(Turner et al. 1994). Once bone mass has declined below a critical threshold, fractures may 

occur as a result of normal daily activities. When bone mass falls to this level, with or without 

an existing fracture, the patient is diagnosed as having osteoporosis. This critical threshold is 

approximately at the lower limit of the normal range for premenopausal women. As bone loss 
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continues, the risk for fractures increases. Over a lifetime, women lose about 50 percent of their 

peak cancellous bone and about 35 percent of their peak cortical bone. (Excessive bone loss 

resulting from estrogen deficiency is believed to be the most important of the many factors that 

determine the overall risk for osteoporosis in women (Richelson et al. 1984).  

Steroids significantly effect skeletal integrity. For exmple, bone mass decrease with 

glucocorticoid excess or with estrogen depletion after menopause. Other studies in isolated 

osteoblasts, reported that steroid hormones significantly enhance the transcription potential of 

Runx2 with important role in bone growth and repair. This effect correlates with a physical 

complex between Runx2 and hormone activated ERα. In other study, they reported that Runx2 

is up-regulated by bone morphogenetic proteins (BMPs), (Ducy et al., 1997; Gilbert et al.,2002). 

and that Runx2 works as a positive regulator that can up-regulate the expression of bone 

sialoprotein (BSP). From this review, I focused on study that define functional and physical 

interaction between steroids, Runx2 and the related osteogenic markers such as BMP-4 and BSP. 

The mutual interactions are of evidence among those molecules, but it has not been shown any 

specific details to present how those molecules are regulated under ovariectomized mice. But I 

speculated that the mice under estrogen deficiency have significant modification for 

overcoming its own environment compared with wild type, concerning on osteoblastic activity. 

In conclusion, Estrogen plays an important role in metabolism and maintenance of TMJ via 
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regulations of molecules such as BMP-4, Runx-2 and BSP. In clinical point of view, this study 

can reflect further to consider that how to examine and reevaluate conditions in TMJ under 

estrogen deficiency. 
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V. Conclusion 

 

The morphologic and histological changes were examined and BMP-4 and Runx2 expression 

pattern were observed at developmental stage. And then in order to evaluate TMJ changes 

under estrogen deficiency, BMP-4, Runx2 and BSP expression patterns were examined in 

control group and in ovariectomized group. 

1. At E18, the hyaline cartilage was noted overlying the mandibular condyle, undifferentiated 

fibroblast-like cell layer was covering the TMJ articular cartilage in alcian blue stain.  

2. From E18 to PN6, the morphology of the condylar neck had become prominent. Subcondylar 

bone formation was progressing 

3. In the control group, BMP-4, Runx2 and BSP expression were observed at all stages with no 

definite difference between groups 

4. In the OVX group, BMP-4 expression was more strong increased at 1 week after 

ovariectomy. Runx2 expression increased after ovariectomy. At last, BSP 

immunopositive reaction slightly increased and decreased soon.  

After ovariectomy, significant alteration of these signaling molecules expression 

pattern was detected. In conclusion, estrogen plays an important role in metabolism and 

maintenance of TMJ via regulations of molecules such as BMP-4, Runx-2 and BSP. 
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국문요약국문요약국문요약국문요약 

 

생쥐의생쥐의생쥐의생쥐의 측두하악관절에서측두하악관절에서측두하악관절에서측두하악관절에서 난소난소난소난소 적출술적출술적출술적출술 후의후의후의후의  

BMP-4와와와와 Runx2의의의의 발현양상의발현양상의발현양상의발현양상의 변화변화변화변화 

 

 

< 지도지도지도지도 정정정정 한한한한 성성성성 교수교수교수교수 > 

 

연세대학교연세대학교연세대학교연세대학교 대학원대학원대학원대학원 치의학과치의학과치의학과치의학과 

민민민민 현현현현 정정정정 

   

측두하악장애는 측두하악 관절, 저작근, 그리고 이와 관련된 주위조직들에 이환 되는 다양한 

임상적 질환을 포함하는 매우 포괄적인 용어이다. 이 질환은 이제까지는 교합이나 정신적인 

스트레스, 이러한 조직에 가해지는 과도한 힘, 이를 견뎌내는 개체의 저항능력 등의 여러 가

지 요소의 조합에 의해서 발병된다고 생각 되어 왔으나 아직까지도 그 원인이 명확히 밝혀

지지 않은 상태이다. 이 질환은 여성에서 매우 호발하며, 20대에서 40대 사이에 가장 높은 

유병율이 관찰되었다. 최근에는 원숭이나 쥐, 인간의 측두하악관절의 관절 연골내 에 에스트

로겐의 수용체가 관찰되고, 이러한 호르몬들은 수용체와의 결합을 통해서 작용하므로 이러

한 호르몬 수용체가 존재한다는 사실은 측두하악관절 역시 에스트로겐의 영향을 받는 조직

임을 암시한다고 할 수 있다.  이 연구에서 측두하악관절에 미치는 에스트로겐의 효과를 알

아보기 위해 40마리의 생쥐에서 난소적출술을 시행하고 1주, 2주, 4주 그리고 8주 후에 골의 

생성능력의 표시자로써 BMP-4, Runx-2 와 BSP등의 발현양상을 관찰하였다. 난소적출술 시행

후 1주군에서 BMP-4는 대조군에 비해 매우 증가하였다가 감소하였으며, Runx2는 지속적으
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로 증가하는 양상을 띠고, BSP는 증가하였다가 곧 감소 하였다. 이상의 결과에서 에스트로

겐은 BMP-4, Runx-2 그리고 BSP등의 조절을 통해서 측두하악관절의 생성과 유지에 중요한 

역할을 한다고 할 수 있다.  
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