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Abstract

gp130-mediated signaling is involved in both chon-
drogenesis and osteogenesis, but its direct role in  
the formation of embryonic Meckel’s cartilage and  
associated mandibular development has not yet 
been elucidated. In this study, we examined the  
influence of gp130 ablation on the developing  
mandibular Meckel’s cartilage by evaluating the  
morphological and histological changes as well as  
the gene expression patterns in developing  
embryonic gp130-/- mice. The ablation of the gp130  
gene showed no change in region-specific collagen  
mRNA expression except for a slight delay in its  
expression but caused shortened embryonic  
Meckel’s cartilage, delayed hypertrophic chondrocyte  
maturation and subsequent bony replacement with  
characteristic bending of the intramandibular 
Meckel’s cartilage. The bending of Meckel’s cartilage  
led to a narrow mandibular arch at the rostral area  
with poor cortical plate formation. These findings  
indicate that gp130-mediated signaling is important 
for the normal morphogenesis of Meckel’s cartilage  
and subsequent mandibular development.

Keywords: cartilage; cytokine receptor gp130; chon-
drogenesis; in situ hybridization; mandible; morpho-
genesis

Introduction

The various histological morphogenetic events that 
occur during embryonic mandibular development de-
pend on the proper formation of Meckel’s cartilage, 
which serves as the primordium of the mandible and 
guides its early morphogenesis. A derivative of the 
cranial crest, Meckel’s cartilage is regarded as the 
prominent first skeletal component of the developing 
mandible

 
(Tomo et al., 1997; Ishizeki et al., 2001). A 

variety of growth factors, such as EGF
 
(Shum et al., 

1993), fibroblast growth factor (FGF) (Wilson and 
Tucker, 2004), TGF (Ito et al., 2002) and hepatocyte 
growth factor (HGF) (Amano et al., 1999), and a 
complicated BMP-Msx-FGF signaling network parti-
cipate in the initiation and maintenance of chondro-
genesis of Meckel’s cartilage and osteogenesis of 
the mandible (Macdonald and Hall, 2001; Wilson 
and Tucker, 2004). Parathyroid hormone related 
protein (PTHrP), which shares a receptor with pa-
rathyroid hormone (PTH), constitutes a signaling 
pathway that negatively regulates the rate of 
chondrocyte differentiation in endochondral bone 
formation during embryogenesis (Yamazaki et al., 
1997; Long and Linsenmayer, 1998). Numerous 
investigators have suggested that parathyroid hor-
mone (PTH) and parathyroid hormone related 
protein (PTHrP) play a role in skeletal homeostasis, 
in part by regulating gp130-associated cytokines 
(Hetnabb and Rousselle, 2000).
    gp130-associated cytokines such as IL-6, IL-11, 
leukemia inhibit factor (LIF), oncostatin M (OSM), cil-
iary neurotrophic factor (CNTF), and cardiotrophin-1 
(CT-1) share the ubiquitously expressed common 
signal transducing receptor component gp130 and 
make up a cytokine family based on their common 
structure and function. These cytokines bind with 
their cognate receptors and then form a receptor 
complex by inducing homodimerization or hetero-
dimerization of gp130 with LIF receptor or OSM re-
ceptor for signal transduction. The gp130-mediated 
signaling triggered by gp130-associated cytokines 
induces diverse biologic functions in immune, hema-
topoietic, and nervous systems as well as in bone 
(Taga and Kishimoto, 1997; Betz et al., 1998; Bravo 
and Heath, 2000). 

gp130 is important for the normal morphogenesis of Meckel’s  

cartilage and subsequent mandibular development 
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    gp130 regulates bone turnover and bone size by at 
least two distinct intracellular pathways, STAT1/3 
and SHP2/ras/MAPK, which are selectively acti-
vated in osteoblasts (Sims et al., 2004). The 
gp130-/- mice had shortened limbs, as also ob-
served in PTHrP-/- and PTH/PTHrP receptor-/- 
mice (Lanske et al., 1999), suggesting impair-
ment not only in osteoblast differentiation but also in 
chondrocyte differentiation. As in other skeletal ele-
ments, Meckel’s cartilage formation is initiated by 
condensation of prechondrogenic cells, which dif-
ferentiate into chondrocytes and give rise to charac-
teristic rod-shaped cartilage. Meckel’s cartilage 
serves as the primordium of the mandible, malleus, 
incus, and the sphenomandibular ligament, de-
pending on the distinct subdivisions of chon-
drocytes (Miyake et al., 1996; Harada and Ishizeki, 
1998). The rostral and auricular ends of Meckel’s 
cartilage support the mandibular development and 
give rise to the inner-ear ossicles, the malleus, and 
the incus, respectively, through endochondral-type 
ossification. In contrast, the midportion of Meckel’s 
cartilage transforms into noncartilagenous tissue 
and forms the sphenomandibular ligament soon af-
ter birth (Yamazaki et al., 1997; Ishizeki et al., 2001). 
However, its direct role in embryonic mandibular de-
velopment has not yet been well elucidated. 
    In this study, we examined the influence of 
gp130-mediated signaling on developing man-
dibular Meckel’s cartilage by evaluating the mor-
phological and histological changes as well as the 
gene expression patterns in the developing embry-
onic gp130-/- mandible. 

Materials and Methods

Animals  

gp130-deficient embryos were obtained by crossing 
heterozygous mice carrying a disrupted gp130 gene 
through homologous recombination with a targeting 
vector that inserted a pMCINeo-poly(A) cassette in-
to the HindIII site in exon 2 just downstream of the 
translation initiation codon of the gp130 gene 
(Yoshida et al., 1996). Mice were genotyped by 
PCR using genomic DNA isolated from tail clips. 
The embryos were obtained before birth by cesar-
ean section at different days of gestation after timed 
mating. These studies were approved by the institu-
tional animal care committee of School of Dentistry, 
Kyungpook National University. All mice were pro-
vided a standard chow diet and water. 

Skeletal preparation  

Three to four embryonic wild and gp130-deficient 

mice obtained at each developing stage of E15.5 to 
E18.5 by cesarean section were eviscerated and 
fixed in 95% ethanol for 24 h and stained for 10 
days in a staining solution consisting of 1 vol of 
0.1% Alizarin red S (Sigma Chemical Company, St. 
Louis, MO) in 95% ethanol, 1 vol of 0.3% Alcian 
blue 8GX (Sigma Chemical Company, St. Louis, 
MO) in 70% ethanol, and 1 vol of acetic acid, and 
17 vol of absolute ethanol (Nifuji et al., 1997). The 
stained animals were rinsed with 100% ethanol and 
kept in 20% glycerol/1% KOH at 37

o
C for 16 h. The 

specimens were then kept at room temperature un-
til the skeletons became clearly visible. Photo-
graphs were taken using a stereoscopic micro-
scope (Olympus, Japan). 

Histologic preparation  

Dissected heads including the mandible from four 
embryos of each wild type and gp130-deficient at 
E15.5-E18.5 were fixed in 10% neutral formalin for 
24 h at 4

o
C. After washing with PBS, they were then 

dehydrated in an ascending graded ethanol series, 
cleared with xylene, and embedded in paraffin. 
Serial sections of 5- m thickness were cut from 
each block at the horizontal plane and mounted on 
silane-coated glass slides.

Double staining for von Kossa and tartrate-resistant 
acid phosphatase (TRAP)

To detect the resorptive activity of the calcified ma-
trix of osteoclastic cells, the sections were sub-
jected to double staining with von Kossa and TRAP 
staining. First, the deparaffinized sections were in-
cubated with 5% silver nitrate for 30 min, exposed 
to daylight for 15 min, and then incubated with 5% 
sodium thiosulfate for 2 min. After von Kossa stain-
ing, the sections were incubated for 10 min with a 
mixture of 0.1 mg/ml naphthol AS-MX (Sigma), 
0.5% N,N-dimethylformamide, and 0.6 mg/ml fast 
red violet salt (Sigma) in 0.1 M acetate buffer sol-
ution (pH 5.0) at 37

o
C to detect osteoclastic cells 

showing TRAP enzymatic activity (Shin et al., 
2004). 

In situ hybridization  

Digoxigenin-labeled single strand RNA probes for 
type I, II, and X collagen were prepared using a DIG 
RNA labeling kit (Roche, Germany) according to the 
manufacturer’s instructions (Nicole et al., 1998). 
Deparaffinized sections were pretreated with 
Proteinase K in TE (0.1 M Tris-HCl pH 8.0, 0.5 M 
EDTA pH 8.0) for 12 min at 37

o
C, and immediately 

post-fixed in 4% paraformaldehyde in 0.1 M phos-
phate buffer for 10 min. Sections were then treated 
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with 0.2 N HCl to inactivate endogenous alkaline 
phosphatase and acetylated with 0.25% acetic an-
hydride in 0.1 M triethanolamine (pH 8.0) for 10 
min. Sections were hybridized with digoxigenin-la-
beled antisense probes at 50

o
C for 16 h in a mois-

ture chamber. After hybridization, slides were wash-
ed briefly with 5× SSC containing 50% formamide, 
twice with 2× SSC for 30 min/wash, and twice with 
0.2× SSC for 20 min/wash at 50

o
C, respectively. 

The hybridized digoxigenin-labeled probe was de-
tected using a nucleic acid detection kit (Roche) ac-
cording to the manufacturer’s instruction. After color 
reaction, the slides were rinsed with water, counter 
stained with 1% methyl green, and mounted.

Histomorphometry

The measurements of tissue sizes were made from 
digital images of mandibles dissected from wild 
type and gp130-/- fetuses processed for skeletal 
preparation at E15.5-E18.5 using the iMT system 
(Daegeon, Korea). For the statistical analysis total 
length of mandible (from symphysis to condylar proc-
ess), Meckel’s cartilage (from rostal end to auricular 
end), and replaced Meckel’s cartilage area by bone 
at hypertrophied cartilage zone were measured 3 
times. The experimental data are expressed as 
mean± S.E. The significance of differences was 
analyzed by Tukey’s multiple range tests after 
ANOVA. P＜0.05 was conventionally considered 
statistically significant.

Results

Morphology of the developing embryonic mandible and  
associated Meckel’s cartilage

gp130-/- fetuses developed to term but died within 1 
day after birth for unknown reasons as previously 
reported. On gross examination, the fetuses ap-
peared normal, except that they were generally 
smaller and had shorter limbs than those of hetero-
zygous and wild type littermates.

    The prepared skeletal samples from gp130-/- em-
bryos from E15.5 to E18.5 had smaller mandibles 
and the replacement of intramandibular Meckel’s 
cartilage with mineralized bony tissue was delayed 
and reduced as compared to age-matched wild 
type embryos (Figure 1). The incremental growth of 
Meckel’s cartilage and mandible was significantly 
retarded statistically by ablation of gp130 gene dur-
ing embryonic development at E15.5-E18.5 with 
significant narrowing of hypertrophic chondrocytic 
maturation zone (Figure 2). The Meckel’s cartilage 
in developing embryonic mandibles was partially 
surrounded by a mandibular plate extending medi-
ally from the superior and inferior borders. Meckel’s 
cartilage was noted as blue colored, relatively 
straight rods with vertical angulation at the auricular 
ends, which formed the primordium of the malleus 
and incus. Meckel’s cartilage fused with the rostrum 
and formed a v-shaped frame at the medial side of 
the developing mandible (Figure 3A). The replace-
ment of Meckel’s cartilage with mineralized bony 
tissue at the anterior portion was definitely noted 
from E16.5 in wild type embryos (Figure 1B) and 
from E17.5 in gp130-/- embryos (Figure 1G), sug-
gesting delayed maturation of chondrocytes des-
tined to become hypertrophic chondrocytes. The 
Alcian blue-stained intramandibular Meckel’s carti-
lage tissue was gradually integrated into the 
Alizarin red-stained mandibular bone below the 
mental foramen region. The bony replacement ex-
tended to the molar tooth area with time, and ap-
proximately 40% of the intramandibular Meckel’s 
cartilage was replaced by Alizarin red-stained bony 
tissue at E18.5 in both wild type and gp130-/- litter-
mates (Figure 1D, 1H). Strikingly, the gp130-/- de-
veloping embryonic mandibles had a narrower 
mandibular arch particularly in the rostral area, and 
bending of intramandibular Meckel’s cartilage was 
clearly noted from E17.5 (Figure 3B). These find-
ings indicate that gp130-mediated signaling might 
be important for normal morphogenesis of Meckel’s 
cartilage and subsequent mandibular development.

Figure 1. Skeletal preparation of 
developing mandibles from E15.5 
to E18.5 wild type and gp130-/- 
embryos. gp130-/- mandibles were 
smaller and the replacement of in-
tramandibular Meckel’s cartilage (ar-
rows) with mineralized bony tissue 
was delayed and reduced compared 
to age-matched wild type mandi-
ble (original magnification ×20).
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Histologic changes in embryonic intramandibular 
Meckel’s cartilage

The sections double stained for von Kossa and 
TRAP activity in the gp130-/- developing embryonic 
mandible showed delayed hypertrophic chondrocyte 
maturation and replacement of mineralized carti-
lage matrix with retarded development of Meckel’s 
cartilage and mineralized mandibular bone (Figure 4).
    The anterior portion of the wild type intra-
mandibular Meckel’s cartilage showed hypertrophic 
chondrocytic maturation with mineralized bone col-
lar formation adjacent to the developing incisors in 
E15.5 (Figure 4A), one day earlier than observed in 
the gp130-/- intramandibular Meckel’s cartilage 
(Figure 4F). With time, the mineralized hypertrophic 
chondrocyte area extended in an anterior-posterior 
direction to the molar region, except for the rostrum. 
A significant portion of Meckel’s cartilage sur-
rounded by thin mineralized bone was devoid of hy-
pertrophic chondrocytic maturation and was sepa-
rated by a thin layer of fibrous connective tissue, 
unlike the hypertrophic chondrocyte layers that 
showed no fibrous separation between the bone 
plate and Meckel’s cartilage (Figure 4B, G). The 
mineralized matrix of the hypertrophic chondrocyte 
layers was gradually resorbed by TRAP-positive 
cells in the lateral surface adjacent to the develop-
ing incisors, which resulted in saucerization of the 
lateral surface of Meckel’s cartilage (Figure 4 
B,C,F,G). The resorbing gp130-/- TRAP positive os-
teoclastic cells were fewer in number than the wild 
type osteoclastic cells (Figure 4C), but were char-
acteristically larger and rounder in shape with 
marked multinucleation (Figure 4G). The resorbing 
Meckel’s cartilage tissue was ultimately replaced by 
trabecular bone intruding from the mandibular plate 
that surrounds Meckel’s cartilage (Figure 4D, H). 

Figure 3. Skeletal preparation of developing mandibles from wild type 
and gp130-/- embryos at E17.5. The gp130-/- embryonic mandible had 
a narrow mandibular arch and characteristic bent intramandibular 
Meckel’s cartilage (arrows) undergoing replacement with bone through 
endochondral ossification (original magnification ×40).

Figure 2. Incremental growth of Meckel’s cartilage (A), mandible (B), 
and hyeprtrophic chondrocyte zone of developing Meckel’s cartilage 
(C) during embryonic stage from E15.5 to E18.5 in wild type (black bar) 
and gp130 deficient mice (white bar). Data from 3 skeletal preparation 

samples was represented as mean ± S.E. *P ＜ 0.05 vs. wild type.
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Unlike the growth palate of long bone, which shows 
gradual and ordered chondrocyte maturation and 
replacement of mineralized cartilage with primary 
spongiosa formation, Meckel’s cartilage did not un-
dergo ordered and axial replacement of cartilage 
tissue into bone, but rather replaced cartilage tissue 
randomly from the lateral side of developing in-
cisors. At E18.5, a large part of intramandibular 
Meckel’s cartilage disappeared and was integrated 
into the lingual plate of the mandible (Figure 4D, H), 
indicating that Meckel’s cartilage contributes to 
thick mandibular lingual plate formation. However, 
delayed bony integration of hypertrophied chon-
drocyte layers, resulting in thin and poor cortical 
mandibular plate formation, was observed in gp130-/- 
Meckel’s cartilage with bending of Meckel’s carti-

lage and developing mandible (Figure 4G, H). 
These findings suggest that gp130-mediated signal-
ing influences morphogenesis of Meckel’s cartilage 
and subsequent mandibular development.

Collagen gene expression patterns in embryonic 
Meckel’s cartilage

Expression patterns of collagen type I, II, and X did 
not differ between wild type and gp130-/- develop-
ing Meckel’s cartilage (Figures 5-7). At E15.5, the 
rod-shaped Meckel’s cartilage fused at the rostral 
ends with formation of the symphysis. The Meckel’s 
cartilage was surrounded by perichondrium ex-
pressing type I collagen. In addition, the lateral side 
of the developing mandibular cortical plates of 

Figure 4. von Kossa and TRAP double staining of the developing mandibles of wild type (A-D) and gp130-/- 
embryos (E-H) from E15.5 to E18.5. The mineralized tissue stained with von Kossa (stained as black) was 
reduced in the gp130-/- embryonic mandible (F-H). The mineralized chondroid matrix of intramandibular 
Meckel’s cartilage (M) adjacent to the incisors (I) was resorbed by TRAP+ multinucleated giant cells. The 
gp130-/- TRAP+ multinucleated giant cells were characteristically larger and rounder and contained numer-
ous nuclei compared to wild type TRAP+ multinucleated giant cells (inlet). Note the bending of intra-
mendibular Meckel’s cartilage and associated lingual plate (arrows) in developing mandible of gp130-/- em-
bryos (G, H). (original magnification × 100, inlet × 200). 

Figure 5. In situ hybridization for collagen type I mRNA in wild type (A-D) and gp130-/- (E-H) developing 
mandibles from E15.5 to E18.5. Mandibular plates and perichondrium enclosing the Meckel’s cartilage 
showed strong expression of type I collagen in both wild type and gp130-/- developing embryonic mandibles. 
The intramandibular Meckel’s cartilage adjacent to the incisors (I) replaced by bone revealed type I collagen 
from E16.5 in wild type and from E17.5 in gp130-/- (original magnification × 40). 
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Meckel’s cartilage exhibited strong expression of 
type I collagen (Figure 5A-H). The intramendibular 
Meckel’s cartilage which was replaced with bony 
tissue also expressed type I collagen gradually with 
time (Figure 5C, D, G, H). The type II collagen ex-
pression was observed throughout the Meckel’s 
cartilage from the rostrum to the proximal ends 
(Figure 6A, E) except for the hypertrophic chon-
drocyte area adjacent to the developing incisors 
(Figure 6B-D, F-H). These areas revealed type X 
collagen (Figure 7). The gp130-/- Meckel’s cartilage 
also exhibited similar gene expression patterns but 
the type X collagen-expressing zone was narrower 
than that observed in the wild type Meckel’s carti-
lage (Figure 7D-H). With time, the type X collagen 
expressing zone was extended to the anterior and 
posterior regions, with expression of type I collagen 

(Figure 5C, D, G, H) instead of type X collagen, 
suggesting bony replacement of the central portion 
of the hypertrophic chondrocyte area. This ex-
tension of the type X collagen expressing zone in 
gp130-/- Meckel’s cartilage was not as prominent 
as in the wild type Meckel’s cartilage, and the cen-
tral type I collagen expression was noted clearly 
from E17.5 (Figure 5G, H). The type II collagen ex-
pressing zone was gradually narrowed with thick 
type I collagen expressing lingual plate formation 
based on type X collagen expressing Meckel’s 
cartilage. This transition of cartilage tissue into 
bone was more prominent in wild type Meckel’s car-
tilage than in gp130-/- Meckel’s cartilage (Figures 
5-7). These findings suggest that gp130-mediated 
signaling does not disturb region specific ex-
pression of collagen type gene expression, but de-

Figure 6. In situ hybridization for collagen type II mRNA in wild type (A-D) and gp130-/- (E-H) developing 
mandibles from E15.5 to E18.5. Type II collagen expression was onfined within Meckel’s cartilage (M). 
However, this expression was gradually reduced in intramandibular and posterior portion of Meckel’s carti-
lage, especially adjacent to the incisors (I) by hypertrophic maturation of chondrocytes from E16.5 in wild 
type and from E17.5 in gp130-/- (original magnification × 40).

Figure 7. In situ hybridization for collagen type X mRNA in the wild type (A-D) and gp130-/- (E-H) develop-
ing mandible from E15.5 to E18.5. The expression of type X collagen adjacent to the incisors (I) was ex-
tended in the anterior-posterior direction with time as the intramandibular Meckel’s cartilage matured into hy-
pertrophic chondrocytes. The zone of type X collagen expression was narrow in gp130-/- Meckel’s cartilage 
(E) compared to that in the wild type (A). With replacement of Meckel’s cartilage with bone, expression of 
type X collagen gradually disappeared, especially at adjacent to the incisors. This phenomenon progressed 
more rapidly in wild type (B-D) than in gp130-/- (G, H) (original magnification × 40). 
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lays expression of the type X collagen gene, as ob-
served in retarded maturation of chondrocytes. 

Discussion

Meckel’s cartilage is regarded as the first skeletal 
component of the mandible (Macdonald and Hall, 
2001). As in other developmental events, epithe-
lial-mesenchymal interactions are required to initi-
ate chondrogenesis of Meckel’s cartilage and osteo-
genesis of the jaw bone. Meckel’s cartilage is de-
rived from cranial neural crest cells of the first bran-
chial arch (Ishizeki et al., 2001). The proper devel-
opment of Meckel’s cartilage is critical for craniofa-
cial skeletogenesis, and particularly for mandibular 
morphogenesis, because Meckel’s cartilage serves 
as the primordium of the mandible and guides its 
early morphogenesis (Macdonald and Hall, 2001). 
    This study demonstrates that gp130-mediated 
signaling is important for the normal morphogenesis 
of Meckel’s cartilage and subsequent mandibular 
development. gp130-deficient embryonic Meckel’s 
cartilage exhibited characteristic bending of intra-
mandibular portion where bony replacement oc-
curs through the endochondral ossification mode. 
This bending of intramandibular Meckel’s cartilage 
and associated mandibular bone resulted in a nar-
row mandibular arch, especially at the rostral area. 
The mandibular cortical bone plate formation as-
sociated with Meckel’s cartilage was also poor. 
However, there was no specific change in colla-
gen type gene expression, as determined by re-
gional changes in chondrocyte characteristics.
    gp130 is a non-ligand binding, signal-transducing 
130-kD glycoprotein consisting of 896 amino acids 
with a single transmembrane domain. It belongs to 
a class I cytokine receptor family (Taga and 
Kishimoto, 1997). Signaling via gp130 is initiated by 
the binding of cytokines with their cognate recep-
tors, which induces homodimerization or heterodi-
merization of gp130 with LIFR or OSMR. This ligand- 
induced dimerization of gp130 triggers cytoplasmic 
signaling cascades by activating associated protein 
tyrosine kinases in the Janus kinase family (JAK1, 
JAK2, and TYK2). In addition to the JAK/STAT path-
way, MAPKs might be involved in the membrane to 
nucleus signaling by IL-6 related cytokines (Bravo 
and Heath, 2000; Mahboubi et al., 2003). gp130- 
mediated signaling induces diverse biological ef-
fects in the immune, hematopoietic, and nervous 
systems and in bone homeostasis as well (Betz et 

al., 1998; Muller-Newen et al., 2000). Recently, 
gp130 was demonstrated to regulate bone turnover 
and bone size by at least two distinct intracellular 
pathways, STAT1/3 and SHP2/ras/MAPK, which 

are selectively activated in osteoblasts (Sims et al., 
2004).
    gp130-deficiency results in perinatal death from 
unknown causes (Yoshida et al., 1996) and causes 
shortened skeleton formation with bending of tubu-
lar bones, especially at the tibia (Shin et al., 2004). 
Bending of the tibia was noted in the gp130-/- tibia 
from the early stage at E16.5 when the bone collar 
is formed along the hypertrophied chondrocyte 
layers. The bone collar was thinner in the gp130-/- 
embryonic tibia compared to that in the wild type ti-
bia, and resorbed eccentrically with formation of a 
delta-shaped thick cortical palate at the center of di-
aphysis (Shin et al., 2004). The thin mineralized 
bone collar formation and eccentric resorption may 
cause unbalanced cortical bone strength, resulting 
in bending. This condition was also noted in devel-
oping gp130-/- embryonic mandibular growth. The 
ablation of gp130 gene revealed no remarkable dif-
ference in region-specific collagen mRNA expres-
sion between wild type and gp130-/- Meckel’s carti-
lage and related osteogenic tissues but caused re-
tardation of incremental growth of Meckel’s carti-
lage and mandible with abnormal bending of intra-
mandibular Meckel’s cartilage where endochondral 
ossification has occurred. In situ hybridization stud-
ies revealed that type X collagen was localized in 
the ossification region of intramandibular Meckel’s 
cartilage, whereas type II collagen was found 
throughout the cartilage except for hypertrophied 
chondrocyte layers, which were replaced by bone 
(Ishizeki et al., 1998). The lateral side of the intra-
mandibular Meckel’s cartilage adjacent to the apex 
of the developing incisor expressing type X colla-
gen showed saucerized resorption by active osteo-
clasts and was ultimately integrated into the man-
dibular lingual plate through endochondral ossifica-
tion. This transition of cartilage tissue into bone 
through endochondral ossification at hypertrophied 
chondrocyte zone was poor in gp130 deficient em-
bryonic mice compared to wild type. This phenom-
enon was more prominent at E17.5 and E18.5. This 
delayed hypertrophic chondrocyte maturation and 
subsequent bony replacement caused character-
istic bending of the intramandibular Meckel’s carti-
lage and led subsequent bending of mandible. The 
bending might be resulted from inappropriate matu-
ration of mineralized matrix of cartilage and re-
placed bone which could not allow enough resisting 
strength to pushing force of the developing incisors. 
Furthermore, the bending of mandible at transitional 
zone of Meckel’s cartilage resulted in a narrow 
mandibular arch at the rostral area. This finding 
strongly suggests that the ablation of gp130 gene 
may cause no specific change in region-specific 
collagen mRNA expression but cause retardation of 
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Meckel’s cartilage and subsequent mandibular de-
velopment with abnormal morphogenesis at intra-
mandibulaur Meckel’s cartilage undergoing bony re-
placement although the process is not known.
    The transition pattern of hypertrophied chon-
drocyte zone into bone was unique in developing 
Meckel’s cartilage. Unlike in the primary trabecular 
bone in the growth plate of the endochondral bone 
that was formed by apposition of bone matrix onto 
the resorbing cartilage core, the scaffolding activity 
was not observed in the remaining mineralized car-
tilage of intramandibular Meckel’s cartilage where 
replacing of cartilage into bone is occurring. The 
gp130-/- embryos revealed significant retarded ma-
turation of hypertrophic chondrocytes compared to 
wild type. The zone of expression of type X colla-
gen was narrower in gp130-/- Meckel’s cartilage. 
The type X collagen expressing area gradually ex-
pressed type I collagen, with loss of type X collagen 
expression followed by replacement of mineralized 
cartilage by small trabecular bone intruding from 
outside of the Meckel’s cartilage. The mineralized 
cartilage matrix was absorbed by TRAP-positive 
multinucleated giant cells which were characteristi-
cally larger and rounder with more nuclei than those 
in the wild type. 
    The differentiation of chondrocyte of Meckel’s 
cartilage may be mainly regulated by genetic deter-
minants but environmental influences may also 
concomitantly react (Chung and Nishimura, 1999; 
Kim et al., 2005). The developing incisor may be an 
environmentally affecting factor. The ablation of 
gp130 gene caused abnormal morphogenesis of 
Meckel’s cartilage and subsequent mandible with 
retardation of incremental growth.
    A variety of growth factors are important in em-
bryonic Meckel’s cartilage morphogenesis and as-
sociated mandibular development (Amano et al., 
1999). The inhibition of EGFR expression (Shum et 

al., 1993; Miettinen et al., 1999) and inactivation of 
MMPs resulted in almost complete ablation of 
Meckel’s cartilage (Ishizeki and Nawa, 2000). In ad-
dition, a critical role of the BMP-Msx-FGF signaling 
network has been reported in Meckel’s cartilage 
and mandibular development (Macdonald and Hall, 
2001; Mahboubi et al., 2003). TGF-mediated gene 
regulation also precisely controls embryonic orga-
nogenesis as well as Meckel’s cartilage morpho-
genesis (Ito et al., 2002). Connective tissue growth 
factor was also recently reported to have an active 
role in Meckel’s cartilage development (Shimo et 

al., 2004). PTHrP and Ihh constitute a signaling 
pathway that negatively regulates the rate of chon-
drocyte differentiation in endochondral bone for-
mation (Long and Linsenmayer, 1998). The spatial 
and temporal pattern of PTH and PTHrP receptors 

localized in ossifying Meckel’s cartilage is sug-
gested to be closely related to the growth stage of 
Meckel’s cartilage (Yamazaki et al., 1997). PTH, 
which shares a receptor with PTHrP, also plays a 
role in bone homeostasis by regulating gp130-asso-
ciated cytokines such as IL-6, IL-11, and LIF (Taga 
and Kishimoto, 1997). The influence of gp130- 
mediated signaling on Meckel’s cartilage formation 
is not so critical as the effect of EGFR or MMPs. 
The delayed but relatively normal development of 
Meckel’s cartilage formation at early stage suggests 
that gp130-mediated signaling is more important in 
later stage of Meckel’s cartilage development, es-
pecially at bony replacement stage and associated 
mandilbular plate development stage. This finding 
also indicates that gp130-mediated signaling is 
more influencing on osteogenesis than chondro-
genesis. Recently, it has been demonstrated that 
the gp130-mediated signaling is necessary for not 
only normal osteoblastic function but also osteo-
clastic differentiation and activation (Shin et al., 
2004). The deficiency of gp130-mediedated signal-
ing caused poor osteoblastic differentiation and 
mineral nodule formation in vitro and shortening of 
bone with reduced bone volume in vivo (Shin et al., 
2004; Sims et al., 2004).
    Growth retardation of the mandible may lead to 
disturbed palate formation; for example, abrogation 
of the chondrodysplasia gene causes cleft palate 
due to retarded mandibular development and inter-
ference from forward displacement of the tongue 
(Seegmiller and Fraser, 1997). However, there was 
no notable disturbance in palatal development in 
this study. 
    In conclusion, the present study demonstrates 
that ablation of the gp130 gene causes short-
ened embryonic Meckel’s cartilage, delayed hy-
pertrophic maturation of chondrocytes and sub-
sequent bony replacement with characteristic 
bending of the intramandibular Meckel’s cartilage. 
Furthermore, the bent Meckel’s cartilage integrat-
ed into the mandibular lingual plate led to a nar-
row mandibular arch at the rostral area. Taken 
together, these findings indicate that gp130-me-
diated signaling is important for proper mandi-
bular morphogenesis and development.
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