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[ . Introduction

Runx2 is a transcription factor in homologous with
Drosophila runt gene. Previously it is also referred to
as PEBP2e¢A (polyoma virus enhancer-binding pro-
tein), AML-3 (acute myeloid leukemia) and Cbfal
(core-binding factor al)"?. Runx2 is essential for
bone formation during embryogenesis and a critical
gene for osteoblast differentiation and osteoblast
function®*”. Runx2 has two major N-terminal iso-
forms, designated typel/p56 (PEBP2e¢A, starting
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with the sequence MRIPVD) and typell/p57 (Til-1
(1, starting with the sequence MASNSL)*”, which
showed different expression patterns in mouse cal-
varial development. Runx2-typel plays an important
role in several steps of osteoblasts differentiation
from early commitment to final differentiation. On
the other hand Runx2-typell is restricted to later
events of the cell differentiation®.

Analysis of Runx2-deficient mice revealed that os-
teoblasts differentiation is arrested and Runx2-hap-
loinsufficency causes cleidocranial dysplasia (CCD)**.
CCD is an autosomal-dominant inherited disorder
characterized by hypoplastic clevicle and delayed os-
. Dental
defects are possibly shown to CCD patients :

sification in fontanelles and wormian bones"’
multi-
ple supernumerary teeth, irregular and compressed
permanent tooth crowns, hypoplastic and hypominer-
alized defects in enamel and dentin, an excess of ep-
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ithelial root remnants, the absence of cellular cemen-

210 - Tn addition,

tum, and abnormally shaped roots
delayed eruption of the secondary dentition is a con-
stant finding.

Tooth morphogenesis is achieved by reciprocal and
inductive exchange of molecular signals between ec-
toderm and neural crest-derived ectomessenchyme'®.
After morphogenesis is achieved in the alveolar bone
of the jaw some degree, tooth is ready to be prepared
for eruption. Eruption periods are composed of two
stages : stage of intraosseous eruption and stage of
mucosal penetration and preocclusal eruption'.
Between these, stage of intraosseous eruption has a
quite relation with dental follicle theory, one of the
various eruption theories, which is that dental follicle
has a ability of bone formation and bone resorption
to adjacent alveolar bone®??. This ability of dental
follicle may be regarded as the ability of bone remod-
eling characterized by interaction of osteoclasts and
osteoblasts. In fact, intraosseous tooth eruption is a
good model of bone remodeling.

Root formation has a relation with tooth eruption
ether. While the demonstrations that rootless teeth
erupt mean that root formation does not cause erup-
tion®, formation of the root during the intraosseous
stage is an energetically benefit effect of eruption.
Especially, eruption speed of intraosseous stage is
only limited in speed by the rate of bone remodeling
carried out by dental follicle, but during stage of mu-
cosal penetration and preocclusal eruption, eruption
speed is much faster because of the rate of root elon-
gation and bone apposition in apical region'.

In CCD patients who have the defect of osteoblasts
activity originated by mutation of Runx2 gene, they
show commonly delayed eruption of the permanent
teeth. And the most part of them have an experience
of dental disability in late youth. Evenly, surgical
procedures such as the extraction of all deciduous
teeth and the removal of bone overlying the crypts of
the unerupted teeth may be needed to promote erup-
tion. Also long term orthodontic treatment is usually
necessary for actively erupting and aligning of the
impacted permanent teeth®.

Thus, the aim of this study is to evaluate the role
of Runx2 in the tooth development and eruption
through analyzing the expression pattern of Runx2
by in situ hybridization during crown (late bell
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stage) and root formation of tooth.
I . Materials and Methods
1. preparation of tissues

Mandibular first molars of ICR mouse were used
for the experiment. Mandible of newborn mice at
postnatal day 1, 4, 7, 14, and 21 were dissected in
dulbecco s phosphate-buffered saline (pH 7.3), and
were divided into two parts in the median line. Each
side of mandible including first molar was fixed
overnight at 4C in 4% paraformaldehyde (PFA) in
PBS.

Tissues were demineralized in 12.5% ethylenedi-
amintetracetic acid (EDTA) with 2.5% PFA in PBS
for about 4 weeks and were dehydrated in ethanol
series and embedded in paraffin. Sections of 5um were
mounted on silanized slides, dried overnight and
stored at 4°C.

2. Preparation of probes

The Runx2 probe was prepared as follows. A 1.6
Kb fragment of mouse Runx2-full length coding se-
quence was digested with BamHI, Xbal and sub-
cloned into pBluescript SK (Stratagene, La Jolla,
CA). As Cbfal isoform gene, 400bp Runx2-typell
specific sequence including 5 UTR and coding se-
quence was digested with BamHI and subcloned into
pBluescript SK. To generate antisense and sense
transcripts, the plasmids were linearized and tran-
scribed.

Runx2-full length coding sequence was linearized
with BamH1 and transcribed with T3 polymerase for
a antisense strand, and linearized with Xba I and
transcribed with T7 RNA polymerase for sense probe.
Runx2-typell specific sequence was linearized with
Xho I and transcribed with T7 polymerase of a anti-
sense strand, and linearized with Sac | and tran-
scribed T3 polymerase for a sense probe.

3. In situ hybridization on tissue sections
In situ hybridization was performed using *S-UTP-

labelled riboprobes as described (Vainio et al., 1991).
Briefly, radiolabeled RNA antisense and sense probes



synthesized by in vitro transcription were purified by
ethanol precipitation. For hybridization, paraffin-em-
bedded section were deparaffinized and digested with
Tug/ml proteinase K (Sigma)for 15min before the
probe was applied. Hybridization was done with the
riboprobes of 50000-60000 cpm/# in hybridization
mixture including hybridization buffer composed of
50% deionized formamide, 10% dextran sulfate, 1x
Denhardt s solution, 20mM Tris-HCL, 0.3 M Nacl,
20mM DTT, 0.5 mg/ml tRNA, 5 mM EDTA and 10
mM NaHz2PO4, pH 8.0. After overnight incubation at
50, sections were washed using high stringency so-
lution (50% formamide), treated with 20 wg/ml
RNase A (Sigma), and dehydrated. Then, sections
were dipped into NTB-2 autoradiographic emulsion
(Kodak, Rochester, NY) for 2 sec, dried, and exposed
at 4T for 2-3 weeks in a dark room. The sections
were developed with developer (Kodak D19), fixer
(Kodak 300). Tissue sections were conterstained
with hematoxylin and stored at 4°C until examined.
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4. Histological examination

Tissue sections were prepared with mouse mand-
ibular firstmolar from postnatal day 1, 4, 7, 14, 21, and
stained with hematoxyline and eosin for general his-
tological examination.

II. Results
1. Morphologic change in each stage

To examine the development of murine mandibular
first molar on each stage, we performed hematoxylin
and eosin staining. At the postnatal day 1, dental
follicle surrounded the dental organ and dental papi-
la. Also formation of enamel and dentin was observed
in the dental organ (Fig. 1A). At the postnatal day
4, the morphology of developing tooth was similar
that of postnatal day 1, but thickness of enamel and
dentin was much thicker than that of previous stage

Fig. 1. HE staining of mandibular first molar and surrounding tissue. Sagittal sections of murine mandibular first molar and surrounding
_tissue, P1, P4, P7, P14, P21, were stained with hematoxylin and eosin. A. At P1, crown was surrounded with dental follicle and
formation of enamel and dentin was more or less. B. At P4, the morphology of developing tooth was similar that of postnatal day 1.
C, At P7, development of roots was initiated and formation of furcation area (furc) was cbserved and dental follicle disappeared.
Also, according as root formation CEJ (arrows) could be clearly identified. D, At P14, root development was progressed and
furcation area was easily detected. E, At P21, tooth was erupted in oral cavity, but root formation was not completed. arrows, CEJ:
furc, furcation.
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(Fig. 1B). At postnatal day 7, development of roots
was initiated and formation of furcation area was
observed and dental follicle disappeared. Also, ac-
cording as root formation CEJ could be clearly identi-
fied' (Fig. 1C). At postnatal day 14, root development
was progressed and furcation area was easily detect-
ed (Fig. 1D). At postnatal day 21, tooth was erupted
in oral cavity, but root formation was not completed
(Fig. 1E).

2. Expression of Runx2-full length

mRNA of Runx2-full length is expressed in dental
follicle and surrounding tissue at postnatal dayl and
4 (Fig. 2A, B, C, D). At postnatal day 7, it is ex-
pressed in ameloblasts of occlusal surface of enamel
and bone area surrounding the tooth (Fig. 2E, F). In
comparison with previous stage, at postnatal day 14,
it is expressed in ameloblasts of proximal surface of

Fig. 2. Runx2-full length expression in mouse first molar and surrounding tissue during postnatal development.

A and C, At P1 and P4, mRNA of Runx2-full length is expressed in dental follicle and surrounding tissue (boxed area in A and C
shown in higher magnification in B and D). E. At P7, mRNA of Runx2-full length is expressed in ameloblasts of occlusal surface of
enamel and bone area under the tooth (boxed area in £ shown in higher magnification in F). G, At P14, in comparison with previous
stage, mRNA of Runx2-full length is expression ameloblasts of proximal surface of enamel (boxed area in G shown in higher magnifi-
cation in H). 1, At P27, mRNA of Runx2-full length is observed in bone area. ab, ameloblasts: CEJ. cementoenamel junction.
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Fig. 3. Runx2-typell expression in mouse first molar and surrounding tissue during postnatal
development
Aand B, At PT and P7, mRNA of Runx2-typell is not expressed. C and D, At pl4 and P21,
mMRNA of Runx2-typell is expressed in the bone area.

enamel (Fig. 2G, H). At postnatal day 21 it's ex-
pression is observed only in bone area (Fig. 2I).

3. Expression of Runx2-typell

At postnatal day 1 and 7, mRNA of Runx2-typell
is not expressed (Fig. 3A, B). At postnatal day 14

and 21, it' s expression is observed in the bone area
(Fig. 3C, D).

V. Discussion

Runx2 is a transcription factor which is essential
for bone formation and osteoblasts differentiation and
it is reported that haploinsufficency of Runx2 gene
causes cleidocranial dysplasia (CCD). Clinical fea-
tures of CCD patients are hypoplasia of clevicle and
delayed ossification of cranial sutures. In dentition,
deformation of permanent tooth of enamel surface,
supernumerary teeth and delayed eruption of perma-
nent teeth are observed. The aim of this study is to
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know the role of Runx2 by the analysis of the ex-
pression of Runx2 (full length and typell) mRNA
during tooth development and eruption periods by in
situ hybridization. In result of *¥S-UTP labeled in
situ hybridization, there are different expression pat-
tern in each period.

In our study, HE staining revealed that root for-
mation was achieved and at postnatal day 7 and
mRNA of Runx2-full length is expressed in dental
follicle at post natal day 1 and 4. The fact that
Runx2-full length is expressed in dental follicle prior
to root formation suggests that Runx2 takes part in
tooth eruption.

Dental follicle is originated cranial neural crest
mesenchyme and composed of a loose connective tis-
sue surrounding the enamel organ of each tooth. Its
main function to tooth eruption is the coordinated
enlargement of the eruption pathway and formation
of bone in the base of the bony crypt®. In other
words, bone remodeling is achieved by dental follicle
during tooth eruption. The experiment of dog premo-
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lars® and the fact that CSF-1 and MCP-1 which re-
cruit the osteoclast precursors has been detected in
dental follicle®®® emphasize its function to tooth
eruption. Runx2 regulates receptor activator of NF-
KB ligand (RANKL)-RANK which is essential for os-
teoclastogenesis and OPG which inhibits RANKL-
RANK signaling®. Also it has reported that Runx2-
/- mice showed a lack of osteoclasts. So we suggests
that a lack of Runx2 in dental follicle induces a low
activity of osteoclastogenesis and it leads a failure of
formation of eruption pathway.

In root formation, both isoforms show no expres-
sion. In fact, when root length of the normal perma-
nent teeth reaches about one third of its final length,
if overlying bone and primary teeth should be re-
moved, we can expect of normal eruption of perma-
nent tooth in CCD patients™®.

At postnatal day 7, while mRNA of Runx2-full
length is expressed in ameloblasts of occlusal surface
of enamel, one week later it is expressed in
ameloblasts of proximal surface of enamel just above
CEJ. This result suggests that differentiation of
ameloblasts does not occur at the same time in the
whole area. It is reported that the differentiation of
ameloblasts is induced by odontoblasts and the odon-
toblasts differentiation always starts from the tips of
the cusps where the enamel knot, a signaling center,
is located®. So ameloblasts differentiation occur in
turns of occlusal surface and proximal surface. A
histopathological and analytical study of a perma-
nent tooth from a patient with CCD shows enamel
hypoplasia'?. And our data shows that mRNA of
Runx2-full length is expressed at postnatal day 4
and 7 on ameloblasts. So, it is suggested that insuf-
ficiency of Runx2 gene can not induce normal
ameloblasts differentiation in CCD patients.

In mRNA of Runx2-typell, it is not expressed in
dental follicle and ameloblasts but expressed in bone
area. These results suggest that Runx2-typell has a
relation with bone formation rather than tooth for-
mation and differentiation of ameloblasts.

In this study, we suggest that Runx2 have a rela-
tion of ameloblasts differentiation and an important
role to tooth eruption made by dental follicle during
intraosseous eruption stage. Also we can confirm
that Runx2 has a role to bone formation.
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V. Summary

Runx? gene is a transcription factor that belongs to
the runt gene family and essential for bone formation
and osteoblast differentiation. Runx2-haploinsuffi-
cency causes cleidocranial dysplasia (CCD), charac-
terized by hypoplastic clevicle and delayed ossifica-
tion in cranial sutures. Also in dentition, enamel hy-
poplasia and delayed eruption are observed in CCD
patients. To evaluate the role of Runx2 in the tooth
development and eruption, in situ hybridization was
performed with mouse mandibles at postnatal stage
1,4, 7, 14 and 21. mRNA of Runx2-full length is ex-
pressed in dental follicle and surrounding tissue at
postnatal day 1 and 4, but mRNA of Runx2-typell is
not expressed.

While mRNA of Runx2-full length is expressed in
ameloblasts of occlusal surface of tooth crown at post
natal day 7, it is expressed in proximal surface just
above CEJ at postnatal day 14. Otherwise, mRNA of
Runx2-typell is not expressed in any ameloblasts. At
postnatal day 21, mRNA of both full length and
typell are expressed in the bone area. From these
data, it is suggested that Runx2-full length has a
quite relation with tooth eruption, ameloblasts differ-
entiation and bone formation but Runx2-typell has a
relation with bone formation only.
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Abstract

EXPRESSION PATTERN OF RUNX2 IN MURINE TOOTH DEVELOPMENT

Tae-Wan Kim, Hyun-Mo Ryoo*, Soon-Hyeun Nam, Young-Jin Kim, Hyun-Jung Kim

Department of Pediatric Dentistry and Oral Biochemistry™, College of Dentistry, Kyungpook National University

Runx2 is a transcription factor in homologous with Drosophila runt gene and it is essential for bone for-
mation during embryogenesis and a critical gene for osteoblast differentiation and osteoblast function.
Runx2-haploinsufficency causes cleidocranial dysplasia (CCD). CCD is an autosomal-dominant inherited
disorder characterized by hypoplastic clevicle and delayed ossification in fontanelles and wormian bones.
Dental defects are possibly shown to CCD patients : multiple supernumerary teeth, irregular and com-
pressed permanent tooth crowns, hypoplastic and hypomineralized defects in enamel and dentin, an ex-
cess of epithelial root remnants, the absence of cellular cementum, and abnormally shaped roots. In addi-
tion, delayed eruption of the secondary dentition is a constant finding.

The aim of this study is to evaluate the role of Runx2 in the tooth development and eruption through
analyzing the expression pattern of Runx2 by in situ hybridization during crown (late bell stage) and root
formation of tooth, using postnatal day 1, 4, 7, 14 and 21 mice mandibular molar teeth. mRNA of
Runx2-full length is expressed in dental follicle and surrounding tissue at postnatal dayl and 4. At post-
natal day 7, it is expressed in ameloblasts of occlusal surface of enamel and bone area surrounding the
tooth. In comparison with previous stage, at postnatal day 14, it is expressed in ameloblasts of proximal
surface of enamel. At postnatal day 21 it s expression is observed only in bone area. mRNA of Runx2-
typell is not expressed At postnatal day 1 and 7. At postnatal day 14 and 21, it s expression is observed
in the bone area.

In this study, we suggest that Runx2 have a relation of ameloblasts differentiation and an important
role to tooth eruption made by dental follicle during intraosseous eruption stage. Also we can confirm
that Runx2 has a role to bone formation.

Key words : Runx2, Dental follicle, Cleidocranial Dysplasia, Tooth Development, Tooth Eruption
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