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RUNX2 expression during early healing of
tooth-extraction wounds in rats
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Abstract: Determining the molecular mechanisms
involved in the healing of wounds created by tooth
extraction will likely increase understanding of
jawbone healing after dental surgery. Runt-related
transcription factor 2 (RUNX2) is required for
mesenchymal stem cells to differentiate to osteopro-
genitor cells. Therefore, we used a rat model to analyze
RUNX2 expression during wound-socket healing
after tooth extraction. Immunohistochemical analyses
of wound tissue immediately after tooth extraction
revealed RUNX2 expression in monocytic cells in the
coagulum and, to a lesser extent, in remnants of the
periodontal ligament. Shortly thereafter, fibroblastic
cells proliferated in the coagulum and large poly-
morphic cells were enclosed within the newly formed
bone matrix. Western blot analysis showed that
RUNX2 expression peaked from 12 h to 1 day after
extraction and then rapidly declined. These findings
indicate that the osteogenic commitment of cells
derived from hematopoietic tissue in the extraction
wound was greater than that of cells in remnants of
the periodontal ligament. Thus, cells derived mainly
from hematopoietic tissue and RUNX2 expression are
essential in the differentiation of mesenchymal stem
cells to osteoprogenitor cells immediately after tooth
extraction. (J Oral Sci 57, 319-325, 2015)
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Introduction

Determining the cellular and molecular mechanisms
involved in the healing of wounds created by tooth
extraction may increase understanding of jawbone
healing after dental surgery. Healing of tooth-extraction
wounds normally involves blood coagulation, interaction
of blood coagulum with proliferative fibrous tissue, callus
formation, and bone maturation through remodeling (1).
Fibrous tissue, which organizes the blood coagulum and
has a role in osteogenesis in the socket, mainly consists
of fibroblast-like cells, endothelial-like cells, and puta-
tive mesenchymal stem cells (2). The differentiation
pathway for mesenchymal stem cells is regulated by
tissue-specific transcription factors. For example, in
mesenchymal stem cells the chondroblastic lineage is
induced by sex-determining region Y (SRY)-box 9, the
myoblastic lineage by myogenic differentiation 1 family
proteins, the adipoblastic lineage by peroxisome prolifer-
ator-activated receptor v, and the osteoblastic lineage by
runt-related transcription factor 2 (RUNX2) (3).

RUNX2 is a member of the runt domain family of
transcription factors and is crucial in the differentiation
and proliferation of mesenchymal stem cells in their
transition to osteoprogenitor cells (4). Binding of ECM
proteins to integrins, mechanical loading, fibroblast
growth factor-2 (FGF2), parathyroid hormone (PTH),
and bone morphogenetic protein (BMP) all regulate the
onset of RUNX2 expression (4). RUNX2 is also known
as core-binding factor al (CBFal) and  (PEBP20A)
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and AML3. Osteoprogenitor cells, preosteoblasts, osteo-
blasts, and osteocytes express RUNX2 (2,5,6).

Information is limited on the contribution of RUNX2
to the healing of wounds created by tooth extraction (2,6).
In the present study we comprehensively evaluated the
sources of and temporal changes in RUNX2 expression,
using immunodetection techniques to analyze tooth-
extraction wounds during the period from immediately
after extraction until formation of new bone.

Materials and Methods

Animals and wound models

Forty-eight 10-week-old male Wistar rats underwent
right maxillary incisor tooth extraction under general
anesthesia using intraperitoneal administration of pento-
barbital sodium (40 mg/kg). After surgery, eight rats were
killed with an overdose of pentobarbital sodium deliv-
ered intraperitoneally at 12 h, and 1, 3, 5, 7, and 10 days.
Right craniomaxillary tissues were dissected. The Ethics
Committee on Animal Experiments of Iwate Medical
University approved the experimental protocol (20-018).
The study was conducted in accordance with local laws
and regulations and with guidelines established by the
United States National Institutes of Health regarding the
care and use of animals for experimental procedures.

Tissue preparation

One half of the dissected right craniomaxillary tissues
was fixed in 4% paraformaldehyde (PFA), decalcified
with 10% Na,EDTA (pH 7.5) for 2 weeks, dehydrated
using an ascending series of alcohol concentrations, and
embedded in paraffin. Serial sections (thickness, 6 pm)
were prepared on the sagittal plane for histopathological
examination, stained routinely with hematoxylin and
eosin, and analyzed using the immunohistochemical
techniques described below. The lateral socket walls of
the other half of the dissected tissues were removed,
and the entire contents were harvested for Western blot
analysis.

Immunohistochemistry

Sections were deparaffinized using Hemo-Clear (Falma
Co., Ltd., Tokyo, Japan) and subjected to antigen
retrieval in 10 mM sodium citrate buffer, pH 6.0, at 95°C
for 5 min. After endogenous peroxidase activity was
blocked with 0.3% hydrogen peroxidase in methanol,
sections were incubated overnight with a 1:100 dilu-
tion of an anti-RUNX2 antibody (rabbit anti-PEBP2aA
[M70] polyclonal antibody, Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA) and then with an anti-rabbit
peroxidase-conjugated secondary antibody (EnVision

+ Dual Link System Peroxidase, DakoCytomation,
Denmark A/S, Glostrup, Denmark) at room temperature
in humidified chambers. Antigen-antibody complexes
were visualized using 3’3-diaminobenzidine tetrahydro-
chloride (Wako, Osaka, Japan), and the sections were
counterstained with methyl green. Normal rabbit immu-
noglobulin G (Santa Cruz Biotechnology, Inc.) diluted to
an equivalent protein concentration served as a negative
control in place of the primary antibody.

Western blotting

Wound tissues were homogenized in cold RIPA buffer
(50 mM Tris-HCI, pH 8.0, 150 mM NaCl, 0.5% sodium
deoxycholate, 0.1% SDS) containing a mixture of
protease inhibitors (Complete Protease Inhibitor Cock-
tail, Roche Diagnostics GmbH, Penzberg, Germany)
using a sonicator (Branson Sonifier Cell Disruptor,
model S-150D; Danbury, CT, USA) for 30 s at an output
frequency of 22.5 kHz and with the probe-intensity
gradation set to 2-3. The homogenate was centrifuged for
10 min at 4°C and 16,060 % g, and the supernatant was
used for Western blotting analysis. Protein concentra-
tions were determined using the Bradford assay (7), with
bovine serum albumin as the standard. Electrophoresis
of the extracted samples (20 pg, 10 uL) was performed
using a 10% SDS-polyacrylamide gel according to the
method of Laemmli (8). After electrophoresis, proteins
were electroblotted onto a polyvinylidene fluoride
(PVDF) membrane (Hybond-P, GE Healthcare UK Ltd,
Buckinghamshire, UK). The PVDF membranes were
incubated overnight at 4°C in 5% nonfat dry milk in
0.2% Tween-PBS to reduce nonspecific binding of the
antibodies, incubated for 2 h with the primary antibody,
and then incubated for 1 h with the secondary antibody.
Antibody-antigen complexes were visualized using the
ECL Plus detection Kit (Amersham BioScience UK Ltd.,
Buckinghamshire, UK) and X-ray film (Fuji Photo Film,
Tokyo, Japan).

Results

Histopathological findings

Bleeding occurred from the ruptured periodontal liga-
ment and the tissues around the socket at 12 h after tooth
extraction. The socket was filled with blood coagulum,
which was composed of densely aggregated erythrocytes,
leukocytes, and a fibrin network. Polymorphonuclear
leukocytes and cell fragments regarded as apoptotic
bodies were present in the remnants of the periodontal
ligament attached to the socket periphery (Fig. 1A and
inset). RUNX2 expression was detected in the nucleus
of some periodontal ligament cells, in the cell fragments
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Fig. 1 Histopathological analysis of extraction sockets 12 h and 1 day after tooth extraction. (A, D) Histology; (B, C, E, F)
RUNX2 expression. (A) The blood coagulum comprised erythrocytes, leukocytes, and the fibrin network. Polymorphonuclear
leukocytes and cell fragments in remnants of the periodontal ligament (inset). (B) RUNX2 expression in nuclei of fibroblastic
cells and cell fragments in the periodontal ligament. (C) RUNX2 on the nuclear membrane of monocytic cells in the coagulum.
(D) Blood coagulum compartmentalized by the fibrinous cord and the smoothed stump of the periodontal ligament. (E) RUNX2
expression in nuclei of osteoblasts or preosteoblasts on the alveolar bone. (F) RUNX2 expression in the cytoplasm of vascular cells
in the periodontal ligament. AB: alveolar bone, PL: periodontal ligament, BM: bone marrow. Dashed lines represent the alveolar
wall. Scale bars: (A) 200 um (inset, 70 um), (B) 34 um, (C) 67 um, (D) 200 pm, (E) 34 um, (F) 67 um.

in the periodontal ligament (Fig. 1B), and on the nuclear
membrane in some monocytic cells in the coagulum (Fig.
1C). On day 1, the blood coagulum was compartmental-
ized by the fibrinous cord, and the irregular stump of
the periodontal ligament was smoother than its surface
at 12 h (Fig. 1D). There was slight thickening of the

endosteal lining of the bone marrow space adjacent to the
socket. RUNX2 expression was detected on the nuclear
membrane in some monocytic cells in the coagulum, in
the nucleus of some osteoblasts or preosteoblasts on the
alveolar bone (Fig. 1E), and in the cytoplasm of vascular
cells in the periodontal ligament (Fig. 1F).
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Fig.2 Histopathological analysis of the extraction sockets on days 3 and 5. (A, D) Histology; (B, C, E, F) RUNX2 expression. (A)
Osteoblasts produced bone matrix on the alveolar bone. Thickening of the endosteum became prominent, particularly on the socket
side (arrows). Spindle-shaped fibroblastic cells proliferated in the coagulum (inset). (B) RUNX2 expression in nuclei of periodontal
ligament cells. (C) RUNX2 expression in nuclei of proliferating fibroblastic cells in the coagulum. (D) Proliferating fibroblastic
cells associated with the remnant of the periodontal ligament. Thickening of the endosteum with bone matrix production on the
socket side (arrows). Bone matrix including large polymorphic cells in the coagulum (inset). (E) RUNX2 expression in the nuclei
of periodontal ligament cells. (F) RUNX2 expression in cells enclosed within the bone matrix and fibroblastic cells among the bone
matrices. AB, alveolar bone; PL, periodontal ligament; BM, bone marrow, BMT; bone matrix. Dashed lines represent the alveolar
wall. Scale bars: (A) 200 um (inset, 138 pm), (B) 29 um, (C) 44 um, (D) 250 um (inset, 138 pm), (E) 43 pm, (F) 67 pm.

Three days after extraction, osteoblasts with basophilic
cytoplasm produced bone matrix on the alveolar bone.
Thickening of the endosteum was prominent, particularly
on the socket side. Spindle-shaped fibroblastic cells with
round nuclei proliferated in the coagulum (Fig. 2A and

inset). RUNX2 expression was detected in the nucleus
of some periodontal ligament cells (Fig. 2B) and in the
nuclei of proliferating fibroblastic cells in the coagulum
(Fig. 2C). On day 5, bone matrix with many large
polymorphic cells was present in the coagulum, and the
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Fig. 3 Histopathological analysis of extraction sockets on days 7 and 10. (A, D) Histology; (B, C, E) RUNX2 expression. (A)
Coalescent trabeculae of woven bone at the fundus to the side of the socket. (B) RUNX2 in osteoblasts on the surface of alveolar
bone. (C) RUNX2 expression in osteoblasts on the surfaces of new bone and osteocytes within. (D) Fused trabeculae of new bone
extensively filled the socket. Remnants of the periodontal ligament replaced by bone tissue. (E) RUNX2 expression in osteoblasts
on the surface of the bone tissue and osteocytes enclosed within. AB, alveolar bone; PL, periodontal ligament; BM, bone marrow;
NB, newly formed bone; BV, blood vessel. Dashed lines represent the alveolar wall. Scale bars: (A) 200 pm, (B) 37 um, (C) 86

um, (D) 200 um, (E) 58 pm.

proliferating fibroblastic cells were associated with the
remnant of the periodontal ligament. Thickening of the
endosteum and bone matrix production were apparent on
the socket side (Fig. 2D and inset). RUNX2 expression
was detected in the nuclei of some periodontal ligament
cells (Fig. 2E), cells enclosed within the bone matrix, and
fibroblastic cells among the bone matrices (Fig. 2F).
Trabeculae of woven bone in the socket on day 7

coalesced at the fundus to the side of the socket. The
remnants of the periodontal ligament lapsed into hyaline
degeneration, and the proliferative response of the endos-
teum next to the alveolar wall was attenuated (Fig. 3A).
RUNX2 expression was detected in osteoblasts on the
surface of the alveolar bone (Fig. 3B) and on the inner
surface of the bone marrow space next to the socket, in
osteoblasts on the surface of the newly formed bone, and
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Fig. 4 Western blot analysis of RUNX2 expression in the extrac-
tion wound. RUNX2 (approximately 50 kDa) expression peaked
between 12 h and 1 day, then decreased rapidly from day 3 to day
10 postextraction. M, molecular weight markers.

in osteocytes enclosed within the new bone (Fig. 3C).
The intensity of RUNX2 expression was lower than at
day 5. Trabeculae of new bone, which fused together
to increase their width, extensively filled the socket on
day 10 (Fig. 3D). The area occupied by remnants of
the periodontal ligament was replaced by bone tissue.
RUNX2 expression was detected in some osteoblasts
on the surface of the new bone and in some osteocytes
enclosed within (Fig. 3E). In addition, signal intensity
diminished. There were few RUNX2" cells in the fibrous
tissue lying among trabeculae of new bone (Fig. 3E) and
a few RUNX2" osteoblasts lining the bone marrow space
next to the socket. Observation of periodontal tissue
around maxillary molars in the immunostained sections
revealed weak RUNX2 expression only in the nuclei of
the cells on the root-side half of the periodontal ligament
(data not shown). Tooth extraction resulted in loss of
the root-side half of the periodontal ligament, including
RUNX2*cells.

Western blot analysis of RUNX2 in the tooth-
extraction wound

Western blot analysis showed that RUNX2 (approxi-
mately 50 kDa) levels were highest in the wound at 12 h
and 1 day after extraction and rapidly decreased from day
3 to day 10 (Fig. 4).

Discussion
Osteogenic cells derived from hematopoietic tissue—
which are present in the coagulum—and cells in the
remnants of the periodontal ligament participate in
osteogenesis in the wound socket after teeth are extracted
from rats. In the present study, we detected RUNX2
expression immediately after tooth extraction in mono-

cytic cells in the coagulum and in the remnants of the
periodontal ligament. Shortly thereafter, we observed that
fibroblastic cells proliferated in the coagulum and that
large polymorphic cells were enclosed within the newly
formed bone matrix in the socket. Although studies of
human tooth-extraction wounds (2,6) did not determine
RUNX2 levels immediately after extraction, RUNX2 was
detected in proliferating spindle-shaped cells (regarded
as osteoprogenitor cells) and in periodontal ligament
cells. Because RUNX2 expression suggests osteogenic
commitment (3,9-11), these findings indicate that cells
in the coagulum and in the remnant of the periodontal
ligament participate in osteogenesis.

Osteogenic cells derived from hematopoietic tissue are
crucial in osteogenesis in tooth-extraction wounds in rats.
In the present study, Western blot analysis demonstrated
that RUNX2 expression peaked from 12 h to 1 day after
extraction, which corresponds to the coagulation stage.
Immunohistochemical analyses revealed that monocytic
cells in the coagulum were the primary source of RUNX2
expression at this stage. These findings indicate that the
osteogenic commitment of cells derived from hemato-
poietic tissue in the extraction wound was greater than
that of cells in the remnants of the periodontal ligament.

RUNX2 plays a crucial role in the differentiation of
mesenchymal stem cells to osteoprogenitor cells in the
coagulum immediately after extraction. In the present
study, immunohistochemical and Western blot analyses
revealed that RUNX2 expression peaked when monocytic
cells were differentiating into fibroblastic cells in the
coagulum immediately after extraction and dramatically
declined thereafter. RUNX2 is essential in differentiation
of mesenchymal stem cells to osteoprogenitor cells during
early osteogenesis but not during the maturation stages
of bone (4-6,12). This indicates that RUNX2 functions
mainly in the differentiation of mesenchymal stem cells
present in the subset of monocytic cells that differentiate
into fibroblastic osteoprogenitor cells immediately after
tooth extraction.

In the remnants of the periodontal ligament immedi-
ately after extraction, RUNX2 expression is associated
with apoptosis caused by load-induced microdamage. We
show here that RUNX2 was present in cell fragments that
represent apoptotic bodies in the remnants of the peri-
odontal ligament, at 12 h after tooth extraction. RUNX2
expression (4,12) and apoptosis (13,14) are induced by
mechanical forces on local tissue.

Taken together, the present findings indicate that cells
derived mainly from hematopoietic tissue and RUNX2
expression are crucial in the differentiation of mesen-
chymal stem cells to osteoprogenitor cells immediately



after tooth extraction. Further studies of factors regu-
lating onset of RUNX2 expression in extraction wound
healing are required.
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