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Runx2 expression is associated with pathologic new bone
formation around radicular cysts: an immunohistochemical

demonstration
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BACKGROUND: Radicular cysts are the most common
cysts in human jaw bones. These lesions induce bone re-
modeling of the surrounding alveolar bones, which was
termed ‘condensing osteitis’, and was suggested to be
related to cells of the osteoblastic lineage. The Runx2
(core-binding protein [cbfa]l/polyoma enhancer-binding
protein [pebp]2aA) was shown to be a DNA-binding
transcriptional molecule expressed in osteoprogenitor
cells.

METHODS: We confirmed the specificity of anti-Runx2
antiserum, using Western blotting analysis. We investi-
gated the expression and localization of Runx2 in 32
radicular cyst cases with bone tissue fragments,
immunohistochemically.

RESULTS: Signals for Runx2 were seen in 18 cases
(56.3%) of radicular cysts with bone formation. These
signals were immunolocalized in the nuclei of the spindle-
shaped osteoprogenitor cells in the cyst walls, whereas
only a few signals were seen in the cuboidal osteoblastic
cells near the fibrous bones. Signals for type | collagen
were immunolocalized in the dense collagen fibers in the
cyst walls and in the matrix of the fibrous bone around
the radicular cysts, whereas no signals were seen on the
inner portions with inflammatory cell infiltration of the
cyst walls. Very weak signals for transforming growth
factor (TGF)-B1 were infrequently seen in the osteoblasts
of the fibrous bone, whereas signals for TGF-p2
were observed in young osteocytes in the fibrous
bones, in B-cell lymphocytes infiltrating into the inner
portions, and on the cellular membranes of the lining
epithelium.
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CONCLUSIONS: The nuclear expression of Runx2 in
spindle-shaped cells in the outer portions may play an
essential role in the induction of fibrous bone tissue
around radicular cysts. TGF-2 may play a role in the
production of type I collagen, which acts as a template for
pathologic new bone formation, in radicular cysts.
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Introduction

Radicular cysts (apical periodontal cysts) are the most
common form of inflammatory cysts in human jaw
bone. These lesions result from the necrotizing pulp
complex of the tooth. Histologically, radicular cysts
show chronic inflammatory cell infiltration, including
macrophage-derived foamy cells, in the cyst walls, and
lining by non-keratinizing squamous epithelium (1).
Frequently, the alveolar bones around the radicular
cysts reveal osteosclerosis, which has also been termed
condensing osteitis. In the alveolar bone, osteoprogen-
itor cells around the lesions may be related to pathologic
new bone formation. Type I collagen is a major
component of extracellular matrices in the connective
tissue and bone, and may become the template for bone
formation (2). Also, the lamellar bone matrix includes
large amounts of transforming growth factor (TGF)-f
proteins. TGF-B plays an important role in bone
remodeling. In animal fracture models, TGF-Bs are
secreted from platelets in the hematoma, after which
they induce the differentiation of mesenchymal stem
cells into osteoprogenitor cells and chondroblasts (3).
TGF-B superfamily includes bone morphogenetic pro-
teins (BMPs), which are also well known to be associ-
ated with differentiation from the mesenchymal stem/
progenitor cells to osteoblasts.



The Runx2 (core-binding factor [cbfa]l/polyoma
enhancer-binding protein [pebp]2aA: AML3) gene,
which encodes a DNA-binding transcriptional molecule,
was cloned as a member of the runt domain family (4).
This molecule binds to the core site of DNA through co-
binding with cbfa/pebp2f protein (5). Mice homozygous
for the Runx2 gene showed complete inhibition of
skeletal bone formation, and histologic examination
revealed no ossification of the cartilaginous anlagen (6).
Therefore, Runx2 has been suggested to be the most
important differentiation transcription factor of bone
formation. In situ hybridization analysis showed strong
expression in the osteoblasts, and in the lower hyper-
trophic chondrocytes in the growth plates of long bones
(6). Runx2 is a deciding factor determining the differ-
entiation from mesenchymal stem cells to an osteoblas-
tic lineage.

These findings suggest that the pathologic new bone
formation around the radicular cysts may be induced
via the binding of Runx2 to the DNA core site in
osteoprogenitor cells. To investigate this hypothesis, we
examined the expression and localization of Runx2 in
pathologic new bone formation in cases of radicular
cysts with bone fragments.

Materials and methods

Antibodies

An anti-Runx2 mouse monoclonal antibody was gener-
ated by standard procedures against recombinant mouse
Runx2 (cbfal/pebp2aA) protein, and then selected by
a supershift assay with a nuclear fraction of mouse
MC3T3El cells (7). This monoclonal antibody was
confirmed to cross-react with human Runx2 protein on
Western blotting analysis (K. Sasaguri, unpublished
data). Antihuman type I collagen monoclonal antibody
(clone I-8H5) was purchased from Fuji Yakuhin Kogyo
(Toyama, Japan). Anti-TGF-B1 (cat# sc-146) and anti-
TGF-B2 (cat# sc-90) polyclonal antisera were purchased
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA,
USA). The antigens of the anti-TGF-f antisera were
each C-terminal polypeptides. The specificity of these
antisera was confirmed in our previous study (8), and
the lack of cross-reactivity between the anti-TGF-B1
antiserum and the anti-TGF-B2 antiserum was con-
firmed by Western blotting and immunohistochemical
analyses of human vertebral bone. An anti-CD20 (clone
L-26) mouse monoclonal antibody as a B-cell marker,
and an anti-CD45RO (clone UCHL-1) mouse mono-
clonal antibody as a T-cell marker, were purchased from
Dako Japan Co. (Kyoto, Japan). An anti-CD31 (clone
JC70A) mouse monoclonal antibody as a endothelial
marker was purchased from Dako Japan Co. (Table 1).

Western blot analysis

The protein samples used in the Western blot included
recombinant mouse Runx2 protein, nuclear extracts
from MC3T3E1 (mouse calvarial cells) and C3H10T1/2
(embryonic fibroblasts) cells, nuclear extracts from
C3H10T1/2 cells transfected with mouse Runx 2/
pebp2aA, Runx 1/pebp2aB (from Dr Y. Ito, Depart-
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Table 1 Antibodies used in the present study

Antigen Clone (animal) Dilution  Source

Runx2 Mono (m) 1:50 Broncker et al.

Type 1 Mono[I-8H5] (m) 1:100 Fuji Yakuhin Kogyo

collagen

TGF-p1 Poly (r) 1:100 Santa Cruz
Biotechnology

TGF-B2 Poly (r) 1:100 Santa Cruz
Biotechnology

CD20 Mono[L-26] (m) 1:50 Dako Japan Co.

CD45RO  Mono[UCHL-1] (m) 1:100 Dako Japan Co.

CD31 Mono[JC70A] (m) 1:100 Dako Japan Co.

TGF-B1, transforming growth factor-fl; TGF-B2, transforming
growth factor-B2; Mono, monoclonal antibody; Poly, polycolonal
antibody; m, mouse; r, rabbit.

ment of Viral Oncology, Institute for Virus Research,
Kyoto University, Kyoto, Japan), and cbfal vector
(from Dr Kersenty, Baylor College of Medicine, Hous-
ton, TX, USA), respectively. These samples were separ-
ated by 7.5% sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) under reducing condi-
tions, and electrotransferred onto a Hybond-P mem-
brane (Amersham Biosciences, Piscataway, NJ, USA).
The membrane was pre-incubated with 5% skim milk in
Tween-phosphate-buffered saline (T-PBS; 0.1% Tween
20, 50 mM Tris, pH 7.6, 150 mM NaCl) for 1 h at room
temperature (RT) and then incubated with anti-Runx2
monoclonal antibody in T-PBS at dilution of 1:100 000
for 1 h. After washing with T-PBS three times, 10 min
each, the membrane was incubated in T-PBS with
antimouse immunoglobulin (Ig)G conjugated with
horseradish peroxidase (1:3000; Bio-Rad, Hercules,
CA, USA). It was then washed again with T-PBS for
3 min and signals were detected on Hyperfilm™MP,
Amersham Life Science, Piscataway, NJ, USA) using an
ECL system (Amersham, Piscataway, NJ, USA).

Tissues

Thirty-two cases of radicular cysts with alveolar bone
fragments were chosen from the pathologic files of the
Dental Hospital, Tokyo Medical and Dental University,
Tokyo, Japan, from 1997 to 1998. Of this population,
45% were females Japanese patients, the mean age being
54 years (£23). Neonatal vertebral tissue was used as
a positive control. All human specimens were obtained
after approval by the Local Ethical Committee of our
institution. The radicular cyst specimens were fixed in
10% buffered formalin, routinely processed, decalcified
with Planck-Rychlo decalcification solution (formic
acid, hydrochloric acid, and aluminum chloride hexa-
hydrate) at RT for 1-2 days, and embedded in paraffin
wax. Serial sections of 3-um-thick were prepared. One
section from each specimen was stained with hematox-
ylin and eosin (H & E).

Immunohistochemistry

Paraffin-embedded sections were deparaffinized in xy-
lene and rehydrated. For Runx2 staining, deparaffinized
sections were heated in citrate buffer, pH 6.0, for 15 min
in a microwave oven (500 W) for antigen retrieval. For
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TGF-B1 and -B2 staining, deparaffinized sections were
pre-treated in 0.1% hyaluronidase (H6254; Sigma
Chemical Co., St Louis, MO, USA) for 30 min at
37°C, and then, after two washes with PBS, the sections
were heated in citrate buffer, pH 6.0, for 15 min in a
microwave oven for antigen retrieval. For type I
collagen staining, deparaffinized sections were pre-trea-
ted with 0.1% trypsin (0152-13-1; Difco Laboratories,
Detroit, MI, USA) in PBS for 30 min at 37°C. For
CD31 staining, deparaffiinized sections were heated in
citrate buffer, pH 6.0, for 15 min in a microwave oven
for antigen retrieval. After two washes in PBS, all
sections were incubated for 30 min in 0.3% H>O, in
methanol to inactivate endogenous peroxidases. The
sections were then washed twice more in PBS, and pre-
incubation was carried out with normal rabbit serum or
goat serum (Dako Japan Co.), followed by incubation
with a primary antibody. After incubation for 18 h at
4°C, sections were washed twice in PBS and incubated
with a biotinylated antimouse or rabbit immunoglobulin
antibody (Dako Japan Co.). After two additional
washes, they were incubated in peroxidase-conjugated
streptavidin (P397; Dako Japan Co.), followed again by
two washes in PBS. Bound peroxidase was developed
with 0.02% 3,3’-diaminobenzidine in 0.1 M Tris buffer,
pH 7.6, in 0.005% H>0O, for 10 min, and counterstained
with 5% methyl green. As negative controls, we omitted
the first antibody or replaced the antibody with normal
rabbit or mouse serum.

Results

Western blot analysis

The immunoreactivity of the Runx2 monoclonal
antibody was determined by Western blot analysis
(Fig. 1). The antibody reacted with the immunogen,
the recombinant murine Runx2 (pebp2aA) protein,
showing a band at 60 kDa, which served as a positive
control (lane 1). The antibody specifically detected
Runx2 and cbfal proteins in the nuclear extracts of
the MC3T3E1 cells and the transfected C3H10T1/2
cells, with the Runx2 and cbfal expression vectors,
showing the co-migration of three bands at approxi-
mately 63 kDa (lanes 2, 4, and 6). However, no Runx2
or cbfal protein was detected in the nuclear extracts
from the C3H10T1/2 cells transfected with the empty
vector or the Runx1 (pebp2aB) expression vectors (lanes
3 and 9).

Histology

In the present study, the radicular cysts consisted of
cystic lesions lined with non-keratinizing squamous
epithelium with elongated rete ridges, inflammatory
granulation tissue, and fibrous tissue. The cyst walls
showed various extents of fibrosis, plasma cell, and
Ilymphocyte infiltration, aggregation of macrophage-
derived foamy cells, cholesterin clefts, proliferation of
capillaries, and hemorrhages. Pathologic new bone
formation was seen around the cyst walls, where
irregular trabeculae of the fibrous bone with plump
osteocytes were frequently observed (Fig. 2). Fibrous
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Figure 1 Western blot analysis of the immunospecificity of the cbfal/
pebp2aA monoclonal antibody. The presence of the protein immuno-
reactivity, shown by Western blot analysis performed with recombin-
ant mouse pebp2aA protein (lane 1), served as a positive control. Also
applied were nuclear extracts from MC3T3El (lane 2), C3H10T1/2
(lane 3), and C3H10T1/2, transfected with mouse Runx2[pebp2aA],
mouse Runxl1[pebp2aB], and cbfal, respectively (lanes 4-6). Immu-
noreactivity was seen in lanes 1, 2, 4 and 6. No bands were detected in
the samples from the C3H10T1/2 cells (lane 3), or the C3H10T1/2 cell
transfected with Runx1[pebp2aB] (lane 5), indicating the immuno-
specificity of the newly produced monoclonal antibody. m, mouse;
NE, nuclear extract.

bone was occasionally accompanied by a lining with
cuboidal osteoblasts. Lamellar bone, however, was seen
infrequently, which did not correspond with the plump
osteoblasts. Dense fibrous tissue was seen on the outer
portions of the cyst walls, whereas immature fibrous
tissue, partly with myxoid stroma, was observed in the
inner portions of the cyst walls. Occasionally, myxoid
stroma was seen between bone trabeculae.

Immunohistochemistry of type I collagen and Runx2

Table 2 summarizes the results of the present immu-
nohistochemical study. Signals for type I collagen were
seen on the lamellar bones around the radicular cysts
(100%), and also frequently on the dense fibrous tissues
in the outer portions of the cyst walls (Fig. 3a). Signals
for Runx2 were observed in the nuclei of the osteopro-
genitor cells in the human neonatal vertebral tissue used
as the positive control (Fig. 3b). Runx2 was immuno-
localized in the nuclei of the spindle-shaped cells, which
were considered to be osteoprogenitor cells, in the dense



Figure 2 (a) Typical histology of the radicular cysts with bone
fragments. Non-keratinizing squamous epithelium (e) could be seen
lining the cysts, mononuclear cell infiltration, and edematous granu-
lation tissue were seen in the inner portion (i), and dense fibrous tissue
with fibrous bone fragments (b) was observed in the outer portion (0).
Scale bar = 25 um (hematoxylin and eosin, H & E: x25). (b) Bone
trabeculae around the radicular cysts. Formation of irregular and
immature fibrous bone trabeculae with young osteocytes and partly
cuboidal osteoblasts were observed around the radicular cysts. Scale
bar = 100 um (H & E: x100).

Table 2 Immunohistochemistry of the radicular cysts with bone
fragments

Bone tissue Ep P opr OB oCy BM
Runx2 - - + + - -
Type I collagen - + + - - +
TGF-pl - - - + - -
TGF-2 + +3 - - + _
CD20 - +4 - - - -
CD45RO - +* - - - -
CD31 - +° +° - - -

Ep, lining epithelium; IP, inner portion of the radicular cyst; OP, outer
portion of the radicular cyst; OB, osteoblasts lining the bone trabec-
ulae; OCy, osteocytes in the bone trabeculae; BM, bone matrix; —, no
expression; =+, focal or weak expression; +, diffuse expression; TGF,
transforming growth factor.

“Lymphocytes were immunoreactive for each antibody.

®Endothelial cells were immunoreactive for anti-CD31 antibody.
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fibrous tissues of the cyst walls (Fig. 3c). Although no
signals for Runx2 were seen in the young osteocytes,
signals for Runx2 were infrequently observed in the
nuclei of the plump osteoblastic cells near the fibrous
bones (Fig. 3d). Eighteen cases (56.3%) of radicular
cysts with bone fragments showed positive signals for
Runx2. No signals for Runx2 were observed in the
squamous epithelium, foamy macrophages, plasma cells
or lymphocytes. No signals were seen in the negative
controls.

Immunohistochemical analysis of TGF-§, lymphocytic,
and endothelial markers

No signals for TGF-B1 were seen in the bone tissue
around the radicular cysts, whereas very weak signals
for TGF-B1 were seen in the lymphocytes infiltrating the
inner portions of the cyst walls, on the extracellular
matrix of the outer portions, which consisted of dense
fibrous tissue, and in the osteoblasts lining the fibrous
bone (data not shown). Signals for TGF-B2 were
observed in the young osteocytes of the fibrous bones,
in lymphocytes infiltrating into the inner portions of the
cyst walls, and on the cellular membranes of the lining
squamous epithelium: especially, strong signals for
TGF-B2 were seen in the basal cells of the stratified
squamous epithelium (Fig. 4a—c). Weak signals for
TGF-B2 were infrequently seen in the cytoplasm of the
spindle-shaped cells in the outer portions of the cyst
walls. No signals for TGF-B2 were seen in the osteo-
blasts lining the trabeculae of the fibrous bones, or in the
osteocytes of the lamellar bones around the radicular
cysts. Almost all of the infiltrating lymphocytes were
positive for CD20, and focally positive for CD45RO
(Fig. 4d). The endothelial cells in the stroma around the
radicular cysts were positive for CD31, but the spindle-
shaped cells, which were immunolocalized for Runx2,
did not indicate the positivity for CD31 (data not
shown). No signals were seen in the negative controls.

Discussion

Radicular cysts (apical periodontal cysts) are the most
common inflammatory cysts of jaw bone cystic lesions.
Histologically, various degrees of inflammatory granu-
lation tissue formation are seen in such cysts. New
immature fibrous bone formation is frequently observed
around the cyst walls, which is involved by dense fibrous
tissue. As radicular cysts become larger in cases where
the infected tooth root is not treated, bone remodeling
occurs around the cyst walls due to direct pressure from
the cyst. We considered that this type of cyst was a good
model of pathologic new bone formation.

Type I collagen is the major matrix protein of the soft
connective tissue and bone (2). In the present study,
type I collagen was deposited in the matrix of the fibrous
bone and on the outer portions of the cyst walls, which
consisted of dense fibrous tissue. As type I collagen was
deposited on the outer portion of the cyst walls, this
collagenous matrix molecule was the template for
immature fibrous bone in pathologic new bone forma-
tion.
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Figure 3 (a) Immunohistochemistry for type I collagen in the radicular cysts. Strong signals for type I collagen were seen in the bone matrix,
whereas moderate signals for type I collagen were observed in the connective tissue of the outer portion of the radicular cysts. i, inner portion of the
cyst; o, outer portion of the cyst; bt, bone tissue. Scale bar = 100 um (immunostaining: X100). (b) Immunohistochemistry for Runx2 in human
neonatal vertebral tissue as a positive control. Moderate signals for Runx2 were seen in the nuclei of the osteoprogenitor cells and osteoblasts
(arrowheads) around the new bone trabeculae (bt, bone trabeculae). Scale bar = 100 pm (immunostaining: x100). (c) Immunohistochemistry for
Runx2 in the radicular cysts. Moderate to strong signals for Runx2 were observed on the nuclei of the spindle-shaped cells (arrowheads) in the
outer portion of the radicular cysts, and these were considered to be osteoprogenitor cells that had differentiated from mesenchymal stem cells.
Scale bar = 100 pm (immunostaining: x100). Inset: note that the nuclear expression of Runx2 was observed in the spindle-shaped cells in the outer
portion of the cyst walls (immunostaining: x150). (d) Immunohistochemistry for Runx2 in the radicular cysts. Moderate signals for Runx2 were
occasionally seen on the nuclei of the plump osteoblasts lining the fibrous bone trabeculae (bt). Scale bar = 200 pum (immunostaining: x200).

Runx2-deficient mice were reported to reveal no
ossification of the skeletal tissue, although cartilaginous
anlagen were formed (6). Osteoblasts of the mutant mice
expressed osteonectin, a low level of alkaline phospha-
tase, and barely detectable amounts of osteopontin and
osteocalcin (6). These observations indicated that osteo-
blast maturation arrests at an early stage of differenti-
ation in Runx2-deficient mouse embryos. In the case of
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Runx2-deficient mouse embryos, no subperiosteal bone
was formed around the calcified cartilage of the tibia
or radius. In the calvaria of these mouse embryos, a
complete blockage of intramembranous ossification also
accompanied the maturation arrest of the osteoblasts
(6). This transcriptional molecule, therefore, is an
essential factor in the differentiation from mesenchymal
stem cells to osteoprogenitor cells. Runx2 is a member
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Figure 4 (a) Immunohistochemistry for transforming growth factor (TGF)-B2 in the radicular cysts. Strong signals for TGF-B2 were observed in
the cytoplasm of young osteocytes in the immature fibrous bone tissues around the radicular cysts. bt, bone trabeculae. Scale bar = 128 um
(immunostaining: x128). (b) Immunohistochemistry for TGF-B2 in the radicular cysts. Moderate signals for TGF-f2 were seen in the cellular
membrane of the squamous epithelium lining the radicular cysts. Note that strong signals for TGF-B2 were seen in the basal cells (arrowheads) of
the squamous epithelium. Scale bar = 100 pm (immunostaining: x100). (¢) Immunohistochemistry for TGF-f2 in the radicular cysts. Moderate
signals for TGF-B2 were observed in the cytoplasm of lymphocytes infiltrating into the inner portion of the radicular cysts. Scale bar = 128 um
(immunostaining: x128). (d) Immunohistochemistry for CD20 in the radicular cysts. Strong signals for CD20, which is a marker of B-cell lineage,
were seen in almost all lymphocytes infiltrating the inner portion of the radicular cysts. Scale bar = 128 um (immunostaining: x128).

of the runt-domain gene family (4). Three runt-domain
genes (Runxl[cbfa2/pebp2aB], Runx2[cbfal/pebp2aA],
and Runx3[cbfa3/pebp2aC]) have been identified (5, 9).
They have a DNA-binding domain, runt, which is
homologous to the Drosophila pair-rule gene runt, and
they form heterodimers with co-transcription factor
cbfa/pebp2p and acquire enhanced DNA-binding capa-
city in vitro (5). In recent studies, cbf-related factors
were shown to interact with the promoter region of the
osteocalcin gene (10-12). Osf2/cbfal was reported to be

one of the transcriptional activators of osteoblast
differentiation (13). Forced expression of osf2/cbfal in
non-osteoblastic cells induced the expression of the
principal osteoblast-specific genes: al(I) collagen, bone
sialo-protein, osteopontin, and osteocalcin genes (13). A
recent study indicated that cbfal has three isoforms:
type I (Runx2 [cbfal/pebp2aAl), type II (#il-1), and type
III (osf2/cbfal); these isoforms have been shown to have
different functions in a transient transfection assay.
Although the transient transfection of types I and II
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cbfal induced alkaline phosphatase activity in the
mouse fibroblast cell line C3H10T1/2, transient trans-
fection of type III cbfal cDNA induced no alkaline
phosphatase activity in the same cell line (14). In the
present study, the monoclonal antibody immunoreacted
with the recombinant Runx2 [cbfal/pebp2aA] at
approximately 60 kDa in the Western blot analysis.
The antibody also specifically detected the presence of
Runx2 from the nuclear extracts of MC3T3El cells and
transfected C3H10T1/2 cells with a Runx2 [pebp2aA] or
cbfal expression vector at approximately 63 kDa. Using
affinity-purified polyclonal antibodies, Banerjee et al.
reported that AML3 was detected in mature differenti-
ated osteoblast cells as two proteins of 60 kDa and
65 kDa, respectively, by Western blotting analysis (15).
Our results, consistent with the previous findings, thus
indicate the specificity of the monoclonal antibody. In
future studies, we will examine the differential localiza-
tion of these isoforms in pathologic new bone formation
around radicular cysts. Recently, transient expression of
Runx2 was reported in endothelial cells and vascular
smooth muscle cells during vessel formation in skin,
stroma of forming bones, developing periodontal liga-
ment, developing skeletal muscle cell and differentiating
adipocytes, and Runx2 has been recently considering to
be not an exclusive marker for chondrogenic, osteo-
genic, and dentinogenic tissues (16). In the present
study, although we found the expression of Runx2 in the
spindle-shaped cells in the stroma of radicular cysts, we
could not observe the Runx2 expression in the
endothelial cells in the stroma. We believe that the
spindle-shaped cell, which expressed Runx2, is an
osteoprogenitor cells in the outer portion in the
radicular cyst wall.

There are cbf sites in the regulatory regions of many
T cell-specific genes, and cbfal binds to the T-cell
receptor f-enhancer, and stimulates the enhancer activ-
ity in vitro (17). These observations led to the specula-
tion that cbfal may be involved in T lymphocyte-specific
transcriptional regulation (18). Although there were
various degrees of infiltration of plasma cells, lympho-
cytes, and foamy macrophages, in the inner portion of
the radicular cysts, in the present study no signals for
Runx2 were seen in the infiltrating lymphocytes, such as
the B-cell lineage, in the cyst wall.

TGF-B has been reported to have multiple functions,
and this molecule has been shown to play an important
role in new bone formation in animal fracture models
in vivo (19-22). TGF-B is the most potent known inducer
of collagen production in fibroblasts (23). In the present
model of pathologic new bone formation, TGF-B1 was
not expressed, but TGF-B2 was localized in young
osteocytes of the fibrous bones, in lymphocytic cells of
the inner portions of the cysts, and on the lining
squamous epithelium. TGF-B2 produced by young
osteocytes may play an important roles in the matur-
ation of fibrous bone, and in the production of type I
collagen as a bone template. TGF-B2 is also a gliobla-
stoma-derived T-cell suppressor factor by virtue of its
suppressive effects on interleukin-2-dependent T-cell
growth (24). As the lymphocytes in the inner portions
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of the cyst walls were of the B-cell lineage, TGF-p32
produced by these cells may play a role in the suppres-
sion of T-cell infiltration into the cyst walls in a
paracrine manner. In the present study, squamous
epithelium, which is the lining epithelium of the radicu-
lar cysts, produced only TGF-B2 protein. TGF-B2 may
be activated by plasminogen or extreme pH in the
inflammatory cyst walls, and may play a role in stromal
formation in the granulation tissue of the cyst walls in a
paracrine manner.

In the present study, the nuclear expression of Runx2
protein was observed in spindle-shaped cells in the outer
portions of the cyst walls. Although we could not
confirm alkaline phosphatase activity, a marker of the
osteoblastic linecage, in these spindle-shaped cells, we
believe that these cells were osteoprogenitor cells, and
that they may play an essential role in the induction of
pathologic new bone formation around the cyst walls.
TGF-B2 may also play an important role in the matur-
ation of fibrous bone tissue and in the production of type
I collagen as a template for bone tissue in radicular cysts.

References

1. Shafer WG, Hine MK, Levy BM. 4 textbook of oral
pathology, 4th edn. Apical periodontal cyst. Tokyo/Phil-
adelphia: Igaku-Shoin/Saunders, 1983; 493-8.

2. Linsenmayer TF. Collagen. In: Hay ED ed. Cell biology of
extracellular matrix, 2nd edn. New York, USA: Plenum,
1991; 7-44.

3. Sandberg MN, Aro HT, Viorio EI. Gene expression
during bone repair. Clin Orthop 1993; 286: 292-312.

4. Kania MA, Bonner AS, Duffy JB, Gergen JP. The
Drosophila segmentation gene runt encodes a novel
nuclear regulatory protein that is also expressed in the
developing nervous system. Genes Dev 1990; 4: 1701-13.

5. Miura Y, Fitzsimmon JS, Commisso CN, Gally SH,
O’Driscoll SW. Enhancement of periosteal chondrogenesis
in vitro: high-response for transforming growth factor-
betal (TGF1). Clin Orthop 1994; 301: 271-80.

6. Komori T, Yagi H, Nomura S, et al. Targeted disruption
of Cbfal results in complete lack of bone formation owing
to maturation arrest of osteoblasts. Cell 1997; 89: 755-64.

7. Zhang YW, Yasui N, Ito K, et al. A RUNX2/PEBP2aA/
CBFA1 mutation displaying impaired transactivation
and Smad interaction in cleidocranial dysplasia. Proc Natl
Acad Sci U S A 2000; 97: 10549-54.

8. Kusafuka K, Yamaguchi A, Kayano T, Takemura T.
Immunohistochemical localization of members of the
transforming growth factors (TGF)-B superfamily in
normal human salivary glands and pleomorphic adeno-
mas. J Oral Pathol Med 2001; 30: 413-20.

9. Bae SC, Takahashi E, Zhang YW, et al. Cloning, mapping
and expression of PEBP2aC, a third gene encoding the
mammalian Runt domain. Gene 1995; 159: 245-8.

10. Geoffroy M, Ducy P, Karsenty G. A PEBP2a/AML-1-
related factor increases osteocalcin promoter activity
through its binding to an osteoblast-specific cis-acting
element. J Biol Chem 1995; 240: 30973-9.

11. Merriman HL, van Wijnen AJ, Hiebert S, et al. The tissue-
specific nuclear matrix protein, NMP-2, is a member of
the AML/CBF/PEBP2/Runt domain transcription factor
family: interaction with the osteocalcin gene promoter.
Biochemistry 1995; 34: 13125-32.



12.

13.

14.

15.

16.

17.

18.

19.

20.

Benerjee C, Hiebert SW, Stein JL, Lian JB, Stein GS. An
AML-1 consensus sequence binds an osteoblast-specific
complex and transcriptionally activates the osteocalcin
gene. Proc Natl Acad Sci U S A 1996; 93: 4968-73.
Ducy P, Zhang R, Geoffroy V, Ridall AL, Karsentry G.
Osf2/cbfal: a transcriptional activator of osteoblast dif-
ferentiation. Cell 1997; 89: 747-54.

Harada H, Tagashira S, Fujiwara M, et al. Cbfal isoforms
exert functional differences in osteoblast differentiation.
J Biol Chem 1999; 274: 6972-8.

Banerjee C, McCabe LR, Choi JY, et al. Runt homology
domain proteins in osteoblast differentiation: AML3/
CBFAI in major component of a bone-specific complex.
J Cell Biochem 1997; 66: 1-8.

Broncker AL, Sasaguri K, Cavender AC, D’Souza RN,
Engelse MA. Expression of Runx2/ Cbfal.Pebp2alphaA
during angiogenesis in postnatal rodent and fetal
human orofacial tissues. J Bone Miner Res 2005; 3:
427-37.

Ogawa E, Matsuyama M, Kagoshima H, et al. PEBP2/
PEA2 represents A new family of transcription factor
homologous to the products of the Drosophila runt and
the human AML-1 gene. Proc Natl Acad Sci USA 1993,
90: 6859-63.

Satake M, Nomura S, Yamaguchi-Iwai Y, et al. Expression
of the runt domain-encoding PEBP2a genes in T cells during
thymic development. Mol Cell Biol 1995; 5: 1662-70.
Quaglino D, Nannoy LB, Kennedy R, Davidson JM.
Transforming growth factor-f stimulates wound healing
and modulates extracellular matrix gene expression in pig
skin: 1. Excisional wound model. Lab Invest 1990; 63: 307—
19.

Truong LD, Kadman DOV, McCune BK, Flanders KC,
Scandino PT, Thompson TC. Association of transforming

Runx2 in pathologic bone formation
Kusafuka et al.

growth factor-B1 with prostatic cancer: an immunohisto-
chemical study. Hum Pathol 1993; 23: 4-9.

21. Miura Y, Fitzsimmon JS, Commisso CN, Gally SH,
O’Driscoll SW. Enhancement of peritoneal chondrogene-
sis in vitro: high-response for transforming growth factor-
betal (TGFB1). Clin Orthop 1994; 301: 271-80.

22. Minami S, Nerbst H, Schuppen D, Stein H, Surrenti C.
Transforming growth factor Bl and B2 are differentially
expressed in fibrotic liver disease. Am J Pathol 1991; 139:
1221-9.

23. Massague J. The transforming growth factor-B family.
Annu Rev Cell Biol 1990; 6: 597-641.

24. Kerhl JA, Wakefirld LM, Robert AB, et al. Production of
transforming growth factor p by human T lymphocytes
and its potential role in the regulation of T cell growth.
J Exp Med 1986; 163: 1037-50.

Acknowledgments

The authors are grateful to Associate Prof. Dr Norihiko Okada and Ms
Kiyoko Nagumo (the Clinical Laboratory, the Dental Hospital, Tokyo
Medical and Dental University, Tokyo, Japan) for generously providing
paraffin blocks of radicular cyst cases. Also thank Mr Kikuo Wakamatsu,
Mr Susumu Sekiguchi, Mr Shoichi Hashimoto, Mr Akira Niizeki, Ms
Hiroko Komatsuzaki, and Mr Eiji Shimada, from the staff of the
Department of Pathology, Japanese Red Cross Medical Center, Tokyo,
Japan, for technical assistance. Also grateful to Mr Takashi Yoshizawa,
from the Photo Studio, Tokyo Medical and Dental University, Tokyo,
Japan, for excellent assistance for microphotography. The authors thank
Mr Hilary Eastwick-Field for their help in the preparation of this
manuscript.

499

J Oral Pathol Med



This document is a scanned copy of a printed document. No warranty is given about the accuracy
of the copy. Users should refer to the original published version of the material.



