
[Print Version] 
[PubMed Citation] [Related Articles in PubMed] 

TABLE OF CONTENTS

[INTRODUCTION] [MATERIALS AND...] [RESULTS] [DISCUSSION] [CONCLUSIONS] [REFERENCES] [FIGURES] 

The Angle Orthodontist: Vol. 75, No. 6, pp. 993–995. 

Expression of Notch1 and Math1 in Mandibular Condyle Cartilage in 
Neonatal Mice

Takako Shimizu;a Hidetsugu Tsujigiwa;b Hitoshi Nagatsuka;c Norimasa Okafuji;d Saburo Kurihara;e Noriyuki Nagai;f Toshiyuki 
Kawakamig 

ABSTRACT

On the basis of the cellular morphological changes in the cartilaginous area, the mandibular condylar cartilage is 
histopathologically composed of four different cell layers—fibrous, proliferative, maturative, and hypertrophic. Reaction for 
Notch1 was present in the hypertrophic cells only. However, Math1 was locally distributed in the hypertrophic layer and 
partially in the proliferative layer. The expression patterns of Notch1 and Math1 were slightly different. These results suggest 
that the morphogenesis regulation factors of Notch1 and Math1 may play some role in mandibular condylar cartilage. 
Positive reactions to osteopontin, as a control, were detected in the cytoplasm of all layers, although they varied from 
published data.
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The mandibular condylar cartilage is recognized as secondary cartilage. It differs from the primary cartilage in morphological and 
biochemical organization.1,2 Recently, various studies have shown that mandibular condylar cartilage formation is related to 
morphogenesis regulation factors and their signaling, such as fibroblast growth factor receptor, platelet-derived growth factor receptor,3,4 
and core binding factor a1.5 We considered that morphogenesis regulation factors play a major role in morphogenesis, during development 
of mandibular condylar cartilage. Both Notch1 and Math1 are important regulation factors of morphogenesis.6,7 However, there are no 
reports on mandibular condylar cartilage, although there are reports on the distribution of articular cartilage.

The purpose of this study was to investigate the distribution of Notch1 and Math1, with osteopontin as a control, in young mice using 
immunohistochemistry techniques.
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The materials examined were mandibular condylar cartilages which were removed from ddY mice on the 13th neonatal day under ether 
anesthesia. The material was immediately fixed in 4% paraformaldehyde/ 0.05 M phosphate-buffered solution and decalcified in 10% 
ethylenediaminetetraacetic acid. The materials were then dehydrated by passage through a series of ethanols and embedded in paraffin. 
Samples were cut at four-μm serial sections. Serial sections were then collected onto silane-coated slides and examined by 
histopathological (hematoxylin and eosin [HE]) and immunohistochemical techniques.

Immunohistochemical examination was carried out using a Dako EnVision™+Kit-K4006 (Dako Cytomation, Copenhagen, Denmark) and 
three monoclonal antibodies: anti-human Notch1 (Notch intracellular domain, NICD: 1/20), anti-Math1 (Math1: 1/100), and anti-osteopontin 
(OPN: 1/50). Samples were then counterstained with hematoxylin. OPN was used as a control. The NICD monoclonal antibody (bTAN 20) 
was developed by Artavanis-Tsakonas, Math1 monoclonal antibody (Math1) was developed by Johnson, and the OPN monoclonal antibody 
(MPIIIB10) was developed by Solush and Franzen. They were obtained from the Developmental Studies Hybridoma Bank maintained by 
The University of Iowa, Department of Biological Science, Iowa City, Ia, under contract NO1-HD-7-3236 from the National Institute of Child 
Health and Human Development. Diaminobendizine was applied for the observation of immunohistochemical activity. We included 
immunohistochemical staining using phosphate buffered saline in place of the primary antibody as negative control. The Matsumoto Dental 
University Committee for Animal Experimentation approved the study.
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On the basis of the cellular morphological changes, mandibular condylar cartilage is histopathologically composed of four different cell 
layers: fibrous, proliferative, maturative, and hypertrophic (Figure 1 ). Immunohistochemistry showed that a reaction for NICD was 
present in the hypertrophic layer only. There was no detectable immunoreaction for NICD in the upper three layers (Figure 2 ). However, 
Math1 was distributed in the hypertrophic layer and partially in the proliferative layer (Figure 3 ). Therefore, the expression pattern of 
NICD and Math1 showed slight differences.

Figure 4  shows the result of immunostaining for OPN, as a control. It was detected throughout almost all layers, and it was most 
distinct in the cytoplasm, though the positive reactions showed slight difference among the layers.
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In general, OPN is known as a typical bone matrix protein. However, OPN is expressed by cells in a variety of tissues, including bone, 
dentin, cementum, kidney, brain, bone-marrow–derived metrial gland cells, vascular tissues, and in cytotrophoblasts of the chorionic villas 
in the uterus and decidua, ganglia of the inner ear, brain cells, and specialized epithelia found in mammary, salivary, and sweat glands, in 
bile and pancreatic ducts, and in distal renal tubules and in the gut, as well as in activated macrophages and lymphocytes.8 Moreover, in 
developing limbs, OPN expression is seen in hypertrophic cartilage.9 In view of this background, we used OPN as a control in this 
examination. Our results showed that OPN was expressed in almost all layers and not only in the hypertrophic layer in the mandibular 
condyle cartilage of neonatal mice. Verification of this result requires further study.

In recent articles, the Notch family has been shown to be a highly conserved family of cell surface signaling molecules that regulates 
many asymmetric developmental cell fate decisions.10,11 With reference to developing cartilage, NICD localized condensed mesenchymal 
cells in the expected cartilage region; in the later stage, the distribution of NICD was in the periphery of the developing cartilage, and 
immunoreactions decreased in proliferating chondrocytes. Delta-Notch signaling pathway has been reported to be important in regulating 
the progression of prehypertrophic chondrocytes to hypertrophic chondrocytes in examinations using chick.12 Furthermore, Hayes et al7 
described that Notch signaling is closely related to the formation of the articular cartilage and allows for cooriented ossification in the 
growth plate in mice.

Math1 is also a regulation factor of morphogenesis. Some reports were published on Math1 in the developing organs of mice,13 but there 
have been no reports about mandibular condylar cartilage. Therefore, we undertook these examinations. According to our results for 
mandibular condylar cartilage, NICD and Math1 were similarly localized to the hypertrophic compartment only. Despite the distribution of 
NICD during articular cartilage development, NICD was present in occasional prehypertrophic and in the majority of hypertrophic 
chondrocytes.6 However, there are no reports on the expression pattern of NICD and Math1 in mandibular condyle cartilage. 

Our results show that expression patterns of morphogenesis regulation factors are slightly different in mandibular condylar cartilage, 
which is designated secondary cartilage. These results suggest that regulation factors play an essential role in mandibular condylar 
cartilage, the same as that for articular cartilage.7 The localization of Math1 was similar to that of NICD, which means Math1 also may 
play some essential role in mandibular condyle cartilage. The examination of the expression of these factors in developing mandibular 
condyle cartilage during fetal and postnatal stages in mice is now progressing. These results will be presented at a near future date. 
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In the present examination of mandibular condylar cartilage of mice, immunohistochemically positive reactions to OPN were detected in 
almost all layers of the cytoplasm. The reaction for NICD was present, localized in the hypertrophic cells. Math1 was distributed mainly in 
the hypertrophic layer and partially in the proliferative layer. Therefore, the expression patterns of NICD and Math1 were slightly different. 
These results suggest that regulation factors of morphogenesis— Notch1 and Math1—may play some essential role in mandibular condyle 
cartilage.
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FIGURE 1. Histopathological view of mandibular condylar head or cartilage (HE, 60×) 
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FIGURE 2. The distribution of NICD (NICD, 250×) 
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FIGURE 3. The distribution of Math1 (Math1, 250×) 
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FIGURE 4. The distribution of OPN (OPN, 250×) 
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