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Abstract
In orthodontic treatment, alveolar bone remodeling is the basis of tooth movement, therefore, exploring
the impact of mechanical force on bone remodeling and related signaling pathways are of great
importance.

EphrinB2-EphB4 bidirectional signaling plays an important role in communication between osteoblasts
and osteoclasts. However, whether ephrinB2-EphB4 signaling is involved in the osteogenic differentiation
promoted by tensile force (TF) is unclear. Therefore, in this study, we �rst explored the effect of TF on
osteogenic differentiation in cells, and found that TF signi�cantly increased the expression levels of
RUNX2, OPN and EphB4 in MC3T3-E1 cells, but when ephrinB2-EphB4 signaling was blocked by NVP-
BHG712, TF-induced promotion of osteogenic differentiation was inhibited. Then we established a rat
orthodontic tooth movement (OTM) model, through Micro CT and H&E staining, we found that TF
improved alveolar bone formation through ephrinB2-EphB4 signaling.

MAPK members are involved in osteogenic differentiation, and we found that TF promoted the expression
of p-ERK1/2, p-P38 and p-JNK1/2/3. When EphB4 receptor was blocked, the expression of p-ERK1/2
promoted by TF was decreased, and it was the downstream pathway of ephrinB2-EphB4 signaling that
mediates TF-induced promotion of osteogenic differentiation in MC3T3-E1 cells.

Introduction
With the increasing demand for aesthetics, a large number of individuals have begun to receive
orthodontic treatment. Orthodontic treatment usually takes more than 2 years, which is a point that
bothers orthodontists and patients. If the rate of orthodontic treatment can be increased, it will not only
greatly reduce the workload of orthodontists but also shorten the length of time patients wear an
appliance. In addition, there are many unavoidable complications during the process of orthodontic tooth
movement (OTM), such as root resorption and alveolar bone loss. Therefore, an in-depth understanding
of the cellular and molecular mechanisms associated with the process of OTM has speci�c clinical
importance in the development of effective orthodontic treatments and prevention of complications.

Alveolar bone reconstruction caused by mechanical force stimulation is the basis of OTM 1,2. Cells are
sensitive to mechanical force through tactile mechanisms 3,4, which convert mechanical force into
biological signals to change cell shape and function 5,6. Alveolar bone reconstruction during OTM
includes bone deposition and resorption 7,8. On the tensile side, bone remodeling is mainly dominated by
bone formation, of which osteoblasts are the most important factor, and many studies have revealed that
mechanical force can promote osteogenic differentiation 9–11. When stimulated by mechanical force,
osteogenic precursor cells produce many biological factors, such as RUNX2, osteopontin (OPN),
osteoprotegerin (OPG), which are closely related to osteogenic differentiation 12–14.
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Erythropoietin-producing hepatocyte kinase receptor and ephrin ligand (Eph/ephrin) is the largest
subfamily of tyrosine kinase receptors, and the ephrin-Eph bidirectional signaling pathway plays a role in
mediating cell communication within and between tissues in various biological contexts and is widely
expressed during the process of tissue development and repair 15. During bone reconstruction, ephrin-Eph
bidirectional signals mediate communication between osteoblasts and osteoclasts 16–18. The EphrinB2
ligand is expressed on the surface of osteoclasts and can bind to the EphB4 receptor, which is expressed
on the surface of osteoblasts, stimulating ephrinB2-EphB4 forward signaling to promote osteoblast
differentiation; in contrast, EphB4-ephrinB2 reverse signaling blocks osteoclast differentiation 19,20.
Therefore, ephrinB2-EphB4 bidirectional signaling is closely related to bone remodeling. Studies have
shown that, mechanical compressive force can upregulate the expression level of ephrinB2 in osteoclasts
and downregulate the expression level of EphB4 in osteoblasts21; however, it is not clear whether
ephrinB2-EphB4 signaling is related to the effect of mechanical tensile force (TF) on osteogenic
differentiation.

In this study, we used a four-point bending system to load mechanical TF to osteoblast precursor cells in
vitro, and established a rat OTM model, we found that TF can promote osteogenic differentiation both in
vitro and in vivo, and this effect was mediated by ephrinB2-EphB4 signaling. The potential signaling
cascades involved in these biological processes were also investigated, ERK1/2 was a downstream
pathway to present ephrinB2-EphB4-mediated TF to promote osteogenic differentiation.

Materials & Methods

Cell culture
MC3T3-E1 cells were maintained in high glucose medium (HyClone, Logan, USA) supplemented with 10%
(v/v) fetal bovine serum (FBS; BBI, Shanghai, China), 100 U/ml penicillin and 100 µg /ml streptomycin
(HyClone, Logan, USA) and cultured with 5% CO2 at 37°C. For osteogenic differentiation, the cells were
cultured in high glucose medium supplemented with 5% FBS, 100 U/ml penicillin, 100 µg /ml
streptomycin, 10−8 mol/L dexamethasone (Sigma, St, Louis, MO) and 10 mmol/L β-glycerophosphate
(Solarbio, Beijing, China). The medium was replaced every two days.

Referring to the past researches, EphrinB2-fc (Sino Biological, Beijing, China) was used to stimulate
ephrinB2-Ephb4 signaling in the MC3T3-E1 cells at a concentration of 4 µg/ml 36,37. NVP-BHG712
(Selleck, Shanghai, China) was used to inhibit Ephb4 signaling, and we used it at a concentration of 200
nM 38.

Application of TF in vitro
MC3T3-E1 cells were seeded onto plastic cell culture plates (Miri Technology, Chengdu, China) at a
density of 1 × 105 per dish and cultured in normal culture medium in cell culture dishes (Figure 1a1), cells
grew adherently on the plastic plates. For TF stimulation, the plastic plates were transferred to the tensile
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force dish (Figure 1a2), and the four-point bending force device system (Sichuan University, Chengdu,
China) was used to apply TF to the cells on the plastic plates (Figure 1a3-a4). The TF applied to the cells
was 2000 µε (µε is de�ned as deformation, with 1000 µε corresponding to 0.1% deformation). The
schematic diagram of applying TF is shown in the �gure 1b.

Cell Counting Kit-8 and Live/Dead staining
MC3T3-E1 cells were inoculated onto cell culture dishes (bottoms were covered by plastic plates) at a
density of 1 × 105 per dish, TF stimulation was loaded on cells for 0 h, 2 h, 6 h and 12 h respectively, then
digested cells with trypsin, seeded them in a 96-well plate at a density of 5000 cells per well, and culture
for 24 hours at 37°C. At the time point of 24h, 10 µl Cell Counting Kit reagent (New Semi Biotechnology,
Suzhou, China) was added to each well and incubated at 37°C for 1-2 h, and then a microplate reader
was used to measure the absorbance at 450 nm.

MC3T3-E1 cells were stimulated by TF for 0 h, 2 h, 6 h and 12 h respectively, then digested cells with
trypsin, seeded them in a 96-well plate at a density of 5000 cells per well, and the cells were incubated at
37°C for 24 h. At the time point of 24h, 200 µl AM/PI was added to the wells and incubated at 37°C in the
dark for 15 minutes, then a �uorescence microscope was used for observation.

ALP staining
The MC3T3-E1 cells were cultured by the osteogenic induction medium and stimulated by TF for 0 h, 2 h,
6 h or 12 h at each day, after 7 days, 4% paraformaldehyde (PFA) was used to �x cells and an ALP
staining kit (Beyotime Biotechnology, Shanghai, China) was used to stain cells. Following staining, cells
were visualized by a microscope.

Quantitative real-time reverse-transcriptase polymerase
chain reaction assay (qPCR)
After stimulated by TF, total mRNA in the MC3T3-E1 cells was extracted using an RNA extraction kit
(Forge Biotechnology, Chengdu, China) according to the manufacturer’s instructions and reverse
transcribed using a transcription kit (CWBIO Biotechnology, Beijing, China). QPCR was performed using a
SYBR kit (CWBIO Biotechnology, Beijing, China). Each sample was prepared in triplicate, and each
experiment was repeated at least 3 times. GAPDH was used as control. The sequences of the primers for
mouse RUNX2, OPN, Ephb4 and GAPDH are shown in Table 1. The relative gene expression levels were
calculated using the 2−ΔΔCT method.

Primer sequences
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Gene Primer sequence(5’-3’)

EphB4 F:GCGGAAAGCAACAAAGTA

  R:CGGCAGCGTACAGCATAAGT

RUNX2 F:CCTTCAAGGTTGTAGCCCTC

  R:GGAGTAGTTCTCATCATTCCCG

OPN F:AAACACACAGACTTGAGCATTC

  R:TTAGGGTCTAGGACTAGCTTGT

GAPDH F: AGGTCGGTGTGAACGGATTTG

  R:TGTAGACCATGTAGTTGAGGTCA

Table1. Primer sequences for qPCR.

Western blotting
After stimulated by TF, proteins were extracted from MC3T3-E1 cells using RIPA buffer (Beyotime
Biotechnology, Shanghai, China) containing 1% phenylmethylsulfonyl �uoride (PMSF; Beyotime
Biotechnology, Shanghai, China) for 30 min, and the protein concentrations were measured using a
bicinchoninic acid (BCA; New Semi Biotechnology, Suzhou, China) protein assay kit. Then, the protein
samples were mixed with 5 × loading buffer (CWBIO Biotechnology, Beijing, China) and heated at 100°C
for 10 minutes. The samples were then separated on 12.5% SDS–PAGE gels and transferred to
nitrocellulose membranes for 90 min at 200 V. The membranes were subsequently blocked with 5%
bovine serum albumin (BSA) for 1 h at 4°C and incubated with primary antibodies at 4°C overnight. The
anti-mouse primary antibodies used in this study were as follows: RUNX2 (1:1000, catalog no. 12556S;
CST), OPN (1:1000, catalog no. A19092; ABclonal), EphB4 (1:1000, catalog no. ab266733; Abcam),
ERK1/2 (1:1000, catalog no. 4695S; CST), p-ERK1/2 (1:1000, catalog no. 4370S; CST), P38 (1:1000,
catalog no. 8690; CST), p-P38 (1:1000, catalog no. 4511; CST), JNK1/2/3 (1:1000, catalog no. 9252;
CST), p-JNK1/2/3 (1:1000, catalog no. 4668; CST) and GAPDH (1:1000, catalog no. AF1186; New Semi
Biotechnology). After being washed with Tris-buffered saline containing 0.05% Tween-20 (0.05% TBST
buffer), the membrane was incubated with horseradish peroxidase (HRP)-conjugated secondary
antibodies (1:5000, catalog no. A0208; Beyotime Biotechnology) for 1 h at 4°C. Protein bands were
visualized using enhanced chemiluminescence (ECL; New Semi Biotechnology, Suzhou, China), and the
band intensities were analyzed by ImageJ (Fuji�lm, Tokyo, Japan).

Establishment of a rat OTM model
25 SD male rats aged 6 weeks (200-220 g) were used to establish rat OTM models, all animal procedures
were approved by the Experimental Animal Welfare Ethics Committee of Jilin University (KT202003139).
This study was conducted in accordance with ARRIVE guidelines. The animal experiments were
performed using a previously described method 39,40, nickel-titanium tensile springs were used to connect
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the incisors and �rst molars of maxillary (Figure 4a), TF of the spring was 50g and the treatment lasted
for 7 days. The rats were randomly divided into 4 groups (5 rats/ group): OTM group (OTM treated,
injected PBS 20 µl /day), ephrinB2-fc group (OTM treated, injected ephrinB2-fc 2mg/kg/day in 20 µl),
NVP-BHG712 group (OTM treated, injected NVP-BHG712 5mg/kg/day in 20 µl), ephrinB2-fc+NVP-BHG712
group (OTM treated, injected ephrinb2-fc 2mg/kg/day in 10 µl and NVP-BHG712 5mg/kg/day in 10 µl).
Rats were given local injection once a day, the site of administration was on the surface of the mesial and
distal alveolar bone of the maxillary �rst molar, 10 µl medicine was injected at each side. On the 7th day,
all rats were euthanized, and the upper jaw were dissected and �xed in 4% paraformaldehyde (PFA) for 24
hours.

Micro CT
Micro CT (HiScan XM Micro CT) was used to scan the rats’ maxillary alveolar bones. The scanning
parameters were as follows: 80 kV, 100 µA, single exposure time 50 ms, scanning resolution 25 µm,
scanning interval 0.5 degrees. The AMIRA software was used to reconstruct and analysis. The distance
between the �rst molar and second molar was represented the tooth moving distance. The alveolar bone
on the distal side of the �rst molar was selected as the region of interest (ROI), and the trabecular bone
parameters were measured. The main measurement parameters were bone volume fraction (BV/TV),
bone trabecular thickness (Tb. Th.), and bone trabecular separation (Tb. Sp.).

Hematoxylin-eosin (H&E) staining
The samples �xed with 4% PFA were decalci�ed in 10% ethylenediamine tetraacetic acid (EDTA) for 12
weeks. After dehydration with an ethanol gradient, the samples were embedded in para�n and sectioned
at a thickness of 3 µm. The sections were stained with hematoxylin-eosin (H&E) staining solution and
observed under a microscope.

Statistical analysis
The data are expressed as the mean ± standard deviation. Comparisons between two groups were
performed with the two-way t tests, and comparisons among multiple groups were performed with one-
way ANOVA followed by Bonferroni post hoc tests. P values <0.05 were considered signi�cant.

Results

The effect of TF on the proliferation and viability of MC3T3-
E1 cells
We cultured MC3T3-E1 cells in osteogenic induction medium for 1 day and then stimulated the cells with
TF for 0 h, 2 h, 6 h or 12 h, the morphology of MC3T3-E1 cells was observed through an optical
microscope, and we saw that the cells were elongated under TF stimulation (Figure 1c). Cell proliferation
was measured after the cells were treated with TF stimulation and the CCK-8 and live/death staining
results indicated that 2000 µε TF has no effect on cell proliferation and viability (Figure 2a-b).
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TF promotes osteogenic differentiation in MC3T3-E1 cells
MC3T3-E1 cells were treated in osteogenic induction medium and stimulated with TF for 0 h, 2 h, 6 h or
12 h at each day, after 7 days treatment, the ALP staining revealed that compared with the TF 0 h group,
the size of stain area and color density in TF 2 h, 6 h and 12 h groups were increased (Figure 2c). We also
detected the mRNA and protein expression levels of RUNX2 and OPN in MC3T3-E1 cells stimulated by TF
for 0 h, 2 h, 6 h or 12 h. The expression levels of RUNX2 and OPN were signi�cantly higher in MC3T3-E1
cells at 6 h and 12 h (Figure 2d, e). These results indicated that TF stimulation signi�cantly promoted the
osteogenic differentiation of MC3T3-E1 cells.

EphrinB2-EphB4 signaling mediates TF-induce promotion of
osteogenic differentiation in MC3T3-E1 cells
The MC3T3-E1 cells were stimulated with TF for 0 h, 2 h, 6 h or 12 h, then the expression levels of EphB4
were measured by qPCR and western blotting. Compared with the control cells, the mRNA and protein
levels of EphB4 in TF-stimulated cells were signi�cantly increased at 6 h and 12 h (Figure 3a, b),
indicating that TF upregulated the expression of EphB4 in MC3T3-E1 cells during osteogenic
differentiation.

Previous results indicated that TF stimulation lasted for 6~12 h signi�cantly promoted the osteogenic
differentiation of MC3T3-E1 cells. To investigate the effect of ephrinB2-EphB4 signaling on TF-induced
promotion of osteogenic differentiation in MC3T3-E1 cells, we used NVP-BHG712 to suppress ephrinB2-
EphB4 signaling (Figure 3c-d). MC3T3-E1 cells were cultured in osteogenic induction medium with or
without 200 nM NVP-BHG712 and stimulated with TF for 0 h or 6 h, and the treatment lasted for 7 days,
then the ALP staining was detected, and the result showed that compared with the cells in the TF 6 h
group, the positive ALP staining in the TF+NVP-BHG712 groups was signi�cantly decreased (Figure 3e).
We also monitored the mRNA and protein expression levels of RUNX2 and OPN in MC3T3-E1 cells
cultured with or without 200 nM NVP-BHG712 for 24 h and stimulated with TF for 0 h or 6 h. We found
that NVP-BHG712 treatment signi�cantly downregulated TF-induced promotion of osteogenic
differentiation in MC3T3-E1 cells (Figure 3c-f). These results indicated that when ephrinB2-EphB4
signaling was inhibited by NVP-BHG712, TF-induced promotion of osteogenic differentiation was
signi�cantly reversed, ephrinB2-EphB4 signaling mediated TF-induced promotion of osteogenic
differentiation.

TF promotes osteogenesis of rats’ alveolar bone via
ephrinB2-EphB4 signaling
In order to explore whether TF promote osteogenesis of rats’ alveolar bone through ephrinB2-EphB4
signaling, we established a model of OTM in rat. All the rats were treated with OTM, control rats were
injected with PBS, and the other three groups of rats were injected with ephrinB2-fc, NVP-BHG712 or
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ephrinB2+NVP-BHG712. After 7 days of treatment, the upper �rst molars of rats were detected by Micro
CT, we �rst measured the tooth moving distance among the four groups (Figure 4b), and found that there
was no signi�cant difference in the amount of �rst molar movement in the four groups, which indicated
that ephrinB2-fc and NVP -BHG712 has no effect on the e�ciency of OTM.

Then we measured the trabecular parameters of maxillary alveolar bone in rats. The alveolar bone
located on the distal of the �rst molar (tensile side) was selected as the ROI (Figure 4c), and the results
showed that compared with OTM group, the BV/TV and Tb.Th in the ephrinB2-fc group was increased,
and Tb.Sp was decreased. But in the NVP-BHG712 group, BV/TV and Tb.Th was signi�cantly decreased
and the Tb.Sp was increased. While in the ephrinB2-fc+NVP-BHG712 group, the BV/TV and Tb.Th was
slightly increased than that in the NVP-BHG712 group, but still more decreased than that in the ephrinB2-
fc group, while the result of Tb.Sp was the opposite (Figure 4d).

Similar results were re�ected in H&E staining, we selected the alveolar bone on the distal side of the molar
as the ROI (Figure 4e), the ratio of alveolar bone to periodontal area was measured by image J. The
results showed that compared with the OTM group, the alveolar bone area in the ephrinB2-fc group was
larger, but in the NVP-BHG712 group, the alveolar bone area was smaller, while in the ephrinB2-fc+NVP-
BHG712 group, the alveolar bone area was between the ephrinB2-fc group and the NVP-BHG712 group
(Figure 4f).

These results indicated that when EphB4 receptor was activated by ephrinB2-fc, the effect of TF on
promoting the osteogenesis of alveolar bone was enhanced, but when EphB4 receptor was inhibited by
NVP-BHG712, the effect was signi�cantly reduced, which revealed that TF improved alveolar bone
osteogenesis via the ephrinB2-EphB4 signaling.

The ephrinB2-EphB4-ERK1/2 signaling pathway mediates
TF-induced promotion of osteogenic differentiation in
MC3T3-E1 cells
Mitogen-activated protein kinase (MAPK) pathways play an important role in osteogenic differentiation,
too 22–24. To investigate whether MAPK members were involved in TF-induced promotion of osteogenic
differentiation, MC3T3-E1 cells were stimulated by TF for 0 h, 1 h, 2 h, 6 h or 12 h, and the protein
expression levels of p-ERK1/2, p-P38 and p-JNK1/2/3 were measured by western blotting. Results
showed that the levels of p-ERK1/2, p-P38 and p-JNK1/2/3 were signi�cantly increased by TF stimulation
(Figure 5a). Subsequently, MC3T3-E1 cells were pretreated with or without 200 nM NVP-BHG712 for 24 h
and stimulated by TF for 1 h, to investigate whether the promotion of p-ERK1/2, p-P38 and p-JNK1/2/3
induced by TF was mediated by ephrinB2-EphB4 signaling. We found that NVP-BHG712 treatment
signi�cantly downregulated the TF-induced promotion of the p-ERK1/2 expression in MC3T3-E1 cells, but
had no obvious effect on the expression of p-P38 and p-JNK1/2/3 (Figure 5b). This result indicated that
ephrinB2-EphB4 signaling mediated the positive effect of TF on the expression of p-ERK1/2.
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To further evaluate the role of the ERK1/2 pathway in TF-induced promotion of osteogenic differentiation,
we used ephrinB2-fc and trametinib to stimulate the MC3T3-E1 cells. EphrinB2-fc can bind to EphB4
receptor to activate ephrinB2-EphB4 signaling, and trametinib was a speci�c inhibitor of ERK1/2 pathway.
Cells were prtreated with 4 µg/ml ephrinB2-fc, 100 nM trametinib or 4 µg/ml ephrinB2-fc + 100 nM
trametinib, and TF was loaded on them for 0 h or 6 h. 7 days after the treatment, we found that in the
ephrinB2-fc group the activation of ephrinB2-EphB4 signaling increased the positive ALP stain induced by
TF when compared with the TF 6 h group, but in the ephrinB2-fc+trametinib group, the blockage of
ERK1/2 pathway was reversed the effect of ephrinB2-fc (Figure 5c). Similarly, 24 h after the treatment of
ephrinB2-fc, trametinib or ephrinB2-fc + trametinib, MC3T3-E1 cells were stimulated with TF for 0 h or 6 h,
the positive effect of TF on the expression of RUNX2 and OPN was enhanced by ephrinB2-fc, but the
effect of ephrinB2-fc was partly reversed by trametinib (Figure 5d, e). The ephrinB2-EphB4-ERK1/2
signaling pathway mediated the positive effect of TF on osteogenic differentiation. The schematic
diagram of the TF, ephrinB2-EphB4 and ERK1/2 signaling pathways is shown in Figure 6.

Discussion
Orthodontic force stimulates alveolar bone deposition and resorption, thereby achieving tooth movement
1,2. Previous studies have shown that mechanical force stimulation can affect cell proliferation and
differentiation 25,26. Under normal conditions, physiological mechanical forces promote osteogenic
differentiation in osteoblasts 27, but when the force value is greater than 4000 µε, osteogenic
differentiation is inhibited 28. Therefore, in this study, we applied TF to MC3T3-E1 cells at 2000 µε
(physiological mechanical force) and examined the effect of TF on the osteogenic differentiation of
MC3T3-E1 cells, we found that TF elongated the cells and promoted the osteogenic differentiation of
them, but does not affect the proliferation of them.

Previous studies have shown that the ephrinB2-EphB4 bidirectional signaling pathway plays an important
role in communication between osteoblasts and osteoclasts. When adjacent osteoblasts and osteoclast
precursor cells are in contact, they are activated in autocrine and paracrine manners to promote
osteogenic differentiation and block the formation of osteoclasts 16,17,19. In this experiment, we �rst
measured the expression level of EphB4 in MC3T3-E1 cells stimulated by TF. We found that TF can
signi�cantly promoted the expression of EphB4. In addition, when we used NVP-BHG712 to block
ephrinB2-EphB4 signaling, TF-induced promotion of osteogenic differentiation was signi�cantly inhibited.
And in vivo, the micro-CT, H&E staining and IHC staining showed that the activation of ephrinB2-EphB4
signaling enhanced the promotion of osteogenesis of rats’ alveolar bone induced by TF, and the blockage
of EphB4 receptor would reverse the effect.

EphB4 is a cell membrane receptor, the ephrinB2-EphB4 signaling can stimulate various downstream
signaling pathways 20. As a member of the mitogen-activated protein kinase (MAPK), ERK1/2 is widely
present in eukaryotic cells and closely related to cell proliferation, differentiation and apoptosis 29–31. It is
worth noting that ERK1/2 is closely related to bone remodeling 22,32,33 and plays an important role in
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transmitting mechanical force signals. Mechanical force stimulation can activate ERK1/2 signaling
through integrin and calcium channel pathways 34,35. However, it is not clear whether ephrinB2-EphB4-
ERK1/2 signaling pathway is related to TF-induced osteogenic differentiation. In this study, we found that
after TF stimulating, the expression levels of p-ERK1/2 increased signi�cantly, but when ephrinB2-EphB4
signaling was blocked, the effect of TF on the upregulation of p-ERK1/2 level was reversed. Subsequently,
we activated ephrinB2-EphB4 signaling in MC3T3-E1 cells with ephrinB2-fc and found that TF-mediated
promotion of osteogenic differentiation was enhanced. However, when the cells were treated with
ephrinB2-fc and trametinib at the same time, the effects were reversed. This funding indicates that the
ephrinB2-EphB4-ERK1/2 signaling pathway can partially mediate TF-induced promotion of osteogenic
differentiation.

Conclusion
Our results suggest that TF stimulation promotes osteogenic differentiation. EphrinB2-EphB4 signaling
mediates the promotion of osteogenic differentiation induced by TF both in vitro and in vivo. In addition,
when TF is used to stimulate osteoblast cells, the ERK1/2 pathway was shown to be downstream of
ephrinB2-EphB4 signaling, and we concluded that the ephrinB2-EphB4-ERK1/2 signaling pathway could
partially mediate TF-induced promotion of osteogenic differentiation. In the future, we can use the ephB4
receptor as a target to shorten the clinical course of orthodontic treatment and prevent the complications
of OTM.
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Figures

Figure 1

Load TF on cells. (a1) A plastic plate placed in cell culture dish. (a2) A TF dish. (a3-4) Four-point bending
force device system. (b) Schematic diagram of loading TF. (c) MC3T3-E1 cells were elongated under
2000 με TF stimulation. The elongated cells were pointed by the red arrows. Scale bar: 100 μm. 



Page 14/19

Figure 2

The effect of TF on the proliferation and osteogenic differentiation of MC3T3-E1 cells. (a) Live/Dead
staining of MC3T3-E1 cells stimulated by TF for 0 h, 2 h, 6 h or 12 h. (b) The cytotoxicity of TF on MC3T3-
E1 evaluated by CCK-8. (c) After 7 days treatment of TF stimulation for 0 h, 2 h, 6 h or 12 h, the ALP
staining of MC3T3 cells. (d) The mRNA expression levels of RUNX2 and OPN in MC3T3-E1 cells
stimulated by TF for 0 h, 2 h, 6 h or 12 h were determined by q-PCR. (e) Protein levels of RUNX2, OPN, and
GAPDH in MC3T3-E1 stimulated by TF for 0 h, 2 h, 6 h or 12 h were determined using western blot
analysis. *: P<0.05, **: P<0.01.
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Figure 3

EphrinB2-EphB4 signaling mediated TF to promote osteogenic differentiation of MC3T3-E1 cells. (a-b)
MC3T3-E1 cells were stimulated by TF for 0 h, 2 h, 6 h or 12 h, and the mRNA and protein expression
levels of EphB4 were determined by q-PCR. (c) MC3T3-E1 cells were treated with or without 200 nM NVP-
BHG712 for 24 h, and the protein levels of EphB4 and GAPDH were determined by western blot analysis.
(d) The ALP staining of MC3T3-E1 cells treated with or without 200 nM NVP-BHG712 for 7 days. (e)
MC3T3-E1 cells were treated with or without 200 nM NVP-BHG712 and stimulated with TF for 0 h or 6 h,
after 7 days treatment, cells were stained by ALP staining. (f-g) MC3T3-E1 cells were pretreated with 200
nM NVP-BHG712 for 24h, then cells were stimulated by TF for 6 h h, and the mRNA and protein
expression levels of RUNX2 and OPN in different groups were determined by qPCR and western blot
analysis. *: P<0.05, **: P<0.01.



Page 16/19

Figure 4

The measurement of tooth moving distance, bone parameter and area of alveolar. (a) The establishment
of a rat OTM model. (b) The distance of tooth moving distance. (c) Micro-CT images of the maxillary
alveolar bone of rats, the white circles on the sagittal slices images were the ROIs. (d). Quantitative
analysis of BV/TV, Tb. Th and Tb. Sp. determined by micro-CT images. (e) H&E staining of distal
periodontal tissue of rat maxillary �rst molar. M1: Maxillary �rst molar, M2: Maxillary second molar, A:
Alveolar bone, P: Periodontal, R: Root. Scale bar: The graph in the �rst row is 200 μm, in the second row is
100 μm. (f) Ratio of alveolar bone to periodontal tissue area was measured by image J. *: P<0.05, **:
P<0.01.
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Figure 5

TF promotes the osteogenic differentiation in MC3T3-E1 cells via ephrinB2-EphB-ERK1/2 signaling
pathway. (a) MC3T3-E1 cells were stimulated by TF for 0 h,1 h, 2 h, 6 h or 12 h, the protein levels of p-
ERK1/2, ERK1/2, p-P38, P38, p-JNK1/2/3 and JNK1/2/3 were determined by western blot analysis. (b)
MC3T3-E1 cells were pretreated with 200 nM NVP-BHG712 for 24 h, blocking the ephrinB2-EphB4
signaling. Then cells were stimulated by TF for 1 h, and the protein levels of p-ERK1/2, ERK1/2, p-P38,
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P38, p-JNK1/2/3 and JNK1/2/3 were determined by western blot analysis. (c) MC3T3-E1 cells were
treated with or without 4 ug/ml ephrinB2-fc, 100 nM trametinib or 4 ug/ml ephrinB2-fc + 100nM
trametinib and stimulated with TF for 0 h or 6 h, after 7 days treatment, cells were stained by ALP
staining. (d-e) MC3T3-E1 cells were pretreated with or without 4 ug/ml ephrinB2-fc, 100 nM trametinib or
4 ug/ml ephrinB2-fc + 100nM trametinib for 24 h, then cells were stimulated by TF for 0 h or 6 h, the
mRNA and protein expression levels of RUNX2 and OPN in different groups were determine by qPCR and
western blot analysis. *: P<0.05, **: P<0.01.

Figure 6

The schematic diagram of the TF, ephrinB2-EphB4 and ERK1/2 signaling pathways.
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