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Abstract: Objective: This study aims to explore the expression levels of ATF4 and RUNX and their interactions in 
periodontal tissue of the pressure side during orthodontic tooth movement. Methods: A total of 72 SPF level male 
Sprague Dawley rats were used in this study, they were divided into 9 groups randomly and 8 rats in each group. The 
expression changes of ATF4 and RUNX2 in periodontal tissue of pressure side at different straining time point were 
detected with RT-PCR and Western blotting methods. The morphological changes of cells in the tissue samples were 
observed by HE staining. The data were analyzed with SPSS 19.0 software. Results: The expression levels of ATF4 
and RUNX2 increased during orthodontic tooth movement and were related with the movement time. They reached 
highest after straining for 24 h and began to decrease after straining for 12 d. Conclusions: The expression levels of 
ATF4 and RUNX2 in periodontal tissue can increase transiently induced by stress, which play a role in the process of 
osteogenesis and reconstruction of periodontal tissue during orthodontic tooth movement.
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Introduction 

External mechanical force can stimulate fibro-
blasts with differentiation potential in the peri-
odontal tissue to differentiate into osteoblast 
like cells. In the process of differentiation, 
osteoblast specific transcription factors play a 
core role in regulation [1]. Recent studies 
showed that these transcription factors 
induced specific cell signal transduction path-
way to respond to external mechanical force, 
which triggered a series of cellular reactions [2, 
3]. 

Activation transcription factor 4 (ATF4) is a 
newly discovered transcription factor with the 
regulation function of osteoblast differentia-
tion, however, there is no relevant report to con-
firm whether it is related with the mechanical 
signal transduction in the remodeling process 
of orthodontic periodontal tissue [4, 5]. Runt-
related transcription factor-2 (RUNX2) is a mul-
tifunctional transcription factor and is the first 
confirmed osteoblast specific transcription fac-
tor [6]. It completed the regulation of skeletal 
development mainly by regulating the cell dif-

ferentiation associated with the bone formation 
and the expression changes of extracellular 
matrix proteins [7]. In addition, RUNX2 is 
involved in the differentiation process of bone 
marrow mesenchymal stem cells into osteo-
blasts and play a key role in the mature process 
of osteoblast [8]. Studies also proved that the 
combined action of RUNX2 and OPG had inhib-
ited effect on bone resorption and they regu-
lated the biological processes of bone forma-
tion and bone resorption [9]. In this study, we 
investigated the expression levels and their cor-
relation of RUNS2 and ATF4 in periodontal tis-
sue during orthodontic tooth movement by con-
structing related animal pathological model.

Materials and methods

Experimental animals

A total of 72 SPF level male Sprague Dawley 
(SD) rats weighing 220 ± 10 g were obtained 
from the animal experimental center of 
Guangdong province. These SD rats were pre-
feeding for 2 days with free access to food and 
water to adapt to the environment. They were 
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divided into 9 groups randomly (adding orth-
odontic force for 3 h, 6 h, 12 h, 24 h, 48 h, 3 d, 
6 d and 12 d groups, control group) according 
to the random number table. Each group has 8 
rats. Cages, food and water were regularly 
changed.

Housing and procedures involving experimental 
animals were in accordance with the Guide for 
the Care and Use of Laboratory Animals (eighth 
edition, published by the National Academies 
Press). All experimental procedures were 
approved by the Care of Experimental Animals 
Committee of our hospital.

Detection of the expression of ATF4 and 
RUNX2

RT-PCR: Total RNAs were extracted from peri-
odontal tissue using Trizol RNA extraction kit. 
Total RNA was reverse transcribed and qRT-
PCR carried out using SYBR Green master mix 
and primers specific for ATF4, RUNX2 and 
β-actin. The PCR primers were listed as follows: 
ATF4 primers: F: 5’-CCCTCCACCTTCTTACAAC- 
C-3’; R: 5’-TACGACTCTGGGCTCATAC-3’; RUNX2 
primers: F: 5’-AGTGTGTGTGTCCGCATGAT-3’; R: 
5’-CCACTTGGGGTCTAAGAACG-3’; β-actin prim-
ers: F: 5’-GAGACCTTCAACACCCCAGCC-3’; R: 
5’-GGCCATCTCTTGCTCGAAGTC-3’. The amplifi-
cation conditions are as follows: 94°C for 10 
minutes followed by 40 cycles of 94°C for 30 
seconds, 56°C for 30 seconds and 72°C for 30 
seconds.

Western blotting: Total proteins were extracted 
from periodontal tissue and analyzed with SDS-
PAGE electrophoresis. Then it was electrotrans-
ferred to the PVDF membrane. The membrane 
containing the proteins was used for immunob-
lotting with required antibodies for ATF4, 
RUNX2 and β-actin. They were blocked with 5% 
non-fat milk in TBST (10 mM Tris-HCl (pH 8.0), 
150 mM NaCl, and 0.1% Tween-20) for 2 h, 
then incubated with the primary antibodies at 

4°C overnight. Then they were incubated with 
secondary antibodies conjugated with horse-
radish peroxidase at room temperature for 1 h. 
The images were analyzed using Alpha Imager 
2200 system.

HE staining

The tissue samples were fixed in formalin and 
embedded in paraffin routinely. The paraffin 
blocks of specimen were cut into continuous 
sections with 5 μm respectively. The sections 
were dewaxed with xylene and washed with 
ethanol and water. They were stained with 
hematoxylin after that and then differentiated, 
washed and stained with eosin, then dehydrat-
ed, hyalinized and finally mounted on slides and 
observed under microscope, pictures were 
taken. 

Detection of ATF4 and RUNX2 with immunohis-
tochemical method

Briefly, the specimens fixed in 10% formalde-
hyde were taken out and washed, they were 
paraffin-embedded and were sliced at thick-
ness of 4 µm. Following deparaffinization, dehy-
dration, and antigen retrieval, the sections 
were blocked with 5% BSA and incubated at 
37°C for 20 min, and then they were incubated 
with required antibodies at 4°C overnight. After 
that, they were washed with PBS and incubated 
at 37°C for 2 h after drop-adding the 2nd anti-
body and washed with PBS. After treated with 
the DAB solution, they were flushed completely, 
counterstained with hematoxylin and washed 
with water, treated with dehydration and trans-
parency, then mounted on slides and observed 
under microscope.

Statistical analysis

Statistical analysis was performed using 
Statistical Package for the Social Science 

Figure 1. The expression changes of ATF4 and RUNX2 at different time point.
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(SPSS, version 19.0). Differences between 
experimental groups were analyzed by One-way 
ANOVA and t-test. P < 0.05 was considered to 
be significant. 

Results

Expression changes of ATF4 and RUNX2 

The results of RT-PCR and Western blotting 
showed that the expression levels of ATF4 and 
RUNX2 increased during orthodontic tooth 
movement and were related with the move-
ment time. They increased after straining for 3 
h and reached highest after straining for 24 h 
(P < 0.05). We found that they began to 
decrease after straining for 12 d (P < 0.05). 
Western blotting result was shown in Figure 1. 

HE staining results

In control group, the tissue space of periodon-
tal membrane was uniform, the fibers arranged 

neatly and the fibroblast distributed evenly in 
main fiber. The tissue space of periodontal 
membrane became narrow after straining for 3 
hours, it became narrower along with the for-
mation of bone resorption lacunae after strain-
ing for 6 h, 12 h and 1 day. After straining for 3 
d, 6 d and 12 d, it appeared a plurality of osteo-
clasts and showed obvious bone resorption. 
The formation of new alveolar bone appeared 
in the periodontal fibers after straining for 12 d 
(Figure 2).

Immunohistochemical results

The results of immunohistochemical detection 
showed that ATF4 and RUNX2 mainly distribut-
ed in nucleus. The ATF4 and RUNX2 was weakly 
positive in control group, the positive cells with 
brown yellow granule increased after straining 
and were the most after straining for 24 h. They 
decreased after straining for 48 h but still more 
than that of control group after straining for 12 
d (Figure 3). 

Figure 2. HE staining results at different time point. A. Control; B. Straining for 3 h; C. Straining for 6 h; D. Straining 
for 12 h; E. Straining for 24 h; F. Straining for 48 h; G. Straining for 3 d; H. Straining for 6 d; I. Straining for 12 d. 
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Discussion

During orthodontic treatment, mechanical 
force caused bone resorption in the pressure 
side and bone formation in the tension side, 
which led to the tooth movement. Mechanical 
stimulation can induce the change of extracel-
lular matrix and also can produce a series of 
biological reaction, then induce rebuilding and 
restructuring of periodontal tissue. There are 
many kinds of cells in the periodontal mem-
brane. It is possible for these cells to differenti-
ate to cementocyte and osteoblast only in the 
specific mechanical signal transduction path-
way. The implementation of orthodontic pres-
sure on periodontal tissue which inducing dif-
ferentiation of periodontal ligament cells into 
osteoblasts to be involved in bone resorption 
and bone formation is the key of periodontal 
tissue remodeling of orthodontic tooth [10]. 
Recent researches showed that orthodontic 
mechanical stimulation can induce periodontal 
ligament cells to differentiate into osteoblast in 
vitro [11, 12]. However, it is complex to study 
the clinical application of tissue remodeling 
and mechanical signal transduction, which 
involving many cytokines, extracellular matrix 
proteins and signal channel [13, 14].

Studies in vitro found that RUNX2 played an 
important regulation role in the differentiation 
of mesenchymal stem cells to osteoblast [15]. 
Baumert found that the expression of transcrip-
tion factor closely associated with the process 
of osteoblast differentiation and bone forma-
tion up-regulated under the condition of exter-
nal pressure, which confirmed that these differ-
entially expressed genes play a key role in 
mature process of osteoblasts terminal differ-
entiation [16]. Some researchers thought that 
the ion channel played a role in orthodontic 
process, which mediated polymerization of 
actin and made the biological response to 
stress [17]. Other studies found that cytokines 

such as prostaglandin and IL-1 can participate 
in the mechanical signal transduction, then 
interact with various extracellular and intracel-
lular proteins and cytokines to form more com-
plex network pathway and transform the exter-
nal mechanical signals into tissue reconstru- 
ction process [18, 19]. 

In this study, we constructed related animal 
model and simulated the process of clinical 
treatment of patients. We found that the 
expression of RUNX2 and ATF4 increased grad-
ually with time prolonging in the early stage of 
straining. They reached the highest levels after 
straining for 24 h and began to decrease after 
straining for 12 d. These maybe because 
RUNX2 and ATF4 proteins have the similar bio-
logical functions, they play a cooperative role in 
the formation of periodontal tissue. After their 
transcriptions were completed, the MAPK sig-
nal pathway induced by mechanical force made 
phosphorylation of RUNX2, RUNX2 was acti-
vated and entered the nucleus to regulate the 
downstream effect elements and involved in 
the transcriptional regulation. However, the 
specific mechanisms are not yet elucidated 
which need further studies.

In conclusion, during the orthodontic tooth 
movement, we speculated that the reaction of 
periodontal tissue was transferred by orth-
odontic force of teeth. Expression changes of 
RUNX2 and ATF4 protein caused reconstruc-
tion of periodontal tissue and made the dis-
placement of teeth position. RUNX2 and ATF4 
play an important role in remodeling of peri-
odontal tissue, but the specific mechanism 
needs further research and confirmation.
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Figure 3. Immunohistochemical results at different time point. A. Control; B. Straining for 3 h; C. Straining for 12 h; 
D. Straining for 24 h; E. Straining for 48 h; F. Straining for 3 d; G. Straining for 6 d; H. Straining for 12 d.
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