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Introduction
Orthodontic relapse is a major clinical challenge influencing 
the outcome of orthodontic treatment. Permanent retention has 
been advocated as the only method to ensure long-term post-
treatment stability (Little et al. 1988); however, this method 
usually takes 10 y to obtain a stable occlusion (Kuijpers-
Jagtman 2002). Efficient prevention of relapse is an immense 
challenge to orthodontics, but the underlying mechanism of 
orthodontic relapse remains largely unknown. Orthodontic 
tooth movement (OTM) is considered a periodontal inflamma-
tory process characterized by osteoclastic and osteoblastic 
bone remodeling (Masella and Meister 2006). Recently, our 
group reported that orthodontic force induces systemic immune 
responses during OTM (Yan et al. 2015). Moreover, T cells are 
required for OTM depending on type 1 T-helper (Th1) cell–
associated cytokines, which demonstrated a previously unrec-
ognized mechanism of OTM. However, whether T-cell and 
Th1-associated cytokines are involved in relapse is unclear.

Orthodontic procedures may cause unpleasant and even 
painful sensations (Koritsanszky and Madlena 2011; 
Ashkenazi et al. 2012). Orthodontists commonly use analge-
sics such as aspirin, a nonsteroidal anti-inflammatory drug 
(NSAID), to relieve patients’ pain (Polat and Karaman 2005). 
Unexpectedly, aspirin often represses the effect of clinical 
orthodontic treatment (Arias and Marquez-Orozco 2006). 
Animal studies have demonstrated decreased rates of tooth 
movement with NSAID administration (Kehoe et al. 1996). 

Similar to the OTM process, osteoclastic and osteoblastic 
bone remodeling may play an important role in relapse 
(Franzen et al. 2013). However, whether aspirin treatment can 
inhibit relapse is unknown.

Arron and Choi (2000) first proposed the concept of osteo-
immunology in 2000, which described a system of interaction 
between bone and the immune system. Immune responses 
mediated by periodontal tissues under mechanical force may 
induce T-cell activation, thereby generating an inflammatory 
reaction with consequent bone resorption (Verna et al. 1999). 
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Abstract
Immunologic response plays an important role in orthodontic tooth movement (OTM) and relapse. Nonsteroidal anti-inflammatory 
drugs, such as aspirin, affect immune cells and clinical orthodontic treatment. However, the mechanisms by which nonsteroidal anti-
inflammatory drugs regulate immune cells to affect orthodontic relapse are unclear. In this study, male Sprague-Dawley rats were 
grouped as relapse and relapse + aspirin for 10 d after 14 d of OTM. Silicone impressions of the rats’ maxillary dentitions were obtained 
to record the distance of OTM at the indicated time point. CD4+ T lymphocytes in spleen were examined by flow cytometry. Serum 
levels of type 1 T-helper (Th1) cell–associated cytokines tumor necrosis factor α (TNF-α), and interferon γ (IFN-γ) were determined 
through enzyme-linked immunosorbent assay. The effects of aspirin on CD4+ T and Th1 cells were also analyzed in vitro. Aspirin 
treatment significantly reduced the relapse rate. More interestingly, injection of CD25 neutralizing antibody basiliximab or TNF-α 
inhibitor etanercept can significantly reduce the relapse rate as well. Correspondingly, aspirin treatment significantly accelerated the 
decrease of orthodontic force–induced secretion of TNF-α and IFN-γ in serum and the expression of TNF-α and IFN-γ in periodontal 
ligament during relapse. Furthermore, aspirin treatment in vitro significantly repressed the differentiation of CD4+ T and Th1 cells. 
Overall, results indicated that aspirin treatment can block orthodontic relapse by regulating Th1 cells.
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Additionally, T cells can influence osteoclastogenesis by 
secreting various cytokines, such as interleukin 1 (IL-1), IL-6, 
interferon γ (IFN-γ), and IL-4 (Takayanagi et al. 2000a; 
Mirosavljevic et al. 2003). Cells regulating bone turnover are 
derived from the same precursors as inflammatory immune 
cells and are involved in the OTM process. Recent studies have 
shown that osteoimmunoregulation affected by aspirin is 
involved in bone metabolism and bone remodeling (Liu et al. 
2011). Remodeling of the alveolar bone is one of the main 
causes of relapse (Yoshida et al. 1999). Therefore, we hypoth-
esized that aspirin may prevent orthodontic relapse by inhibit-
ing T cell–associated bone immunoregulation.

Materials and Methods

Animals

Male Sprague-Dawley rats (6 to 8 wk old) and Institute for 
Cancer Research mice (6 to 8 wk old) were used in this study. 
All the animal experimental protocols were approved by the 
Institutional Animal Care and Use Committee of Peking 
University (LA2013-92). This study conformed with ARRIVE 
guidelines for preclinical animal studies.

Application of Orthodontic Devices and Relapse

Rats were anesthetized with pentobarbital sodium (40 mg/kg, 
body weight). Mechanical force application was performed as 
previously described by our group (Cao et al. 2014; He et al. 
2015). Briefly, orthodontic nickel-titanium coiled springs  
(0.2 mm in thickness, 1 mm in diameter, 6 mm in length; Smart 
Technology) were ligated between the right maxillary first 
molars and incisors of the rats. The springs were activated to 
deliver an orthodontic force of 50 g, as measured by a dyna-
mometer. After OTM for 14 d, the springs were removed to 
allow the first molars to relapse for 0, 0.5, 1, 2, 3, 5, 7, and 10 d. 
With a stereomicroscope (SWZ1000; Nikon), the relapse dis-
tance of the OTM was measured between 2 easily located 
points on the occlusal view of the silicone impression: the mid-
point of the distal-marginal ridge of the first molar and the 
midpoint of the mesial-marginal ridge of the second molar.  
Relapse distance was calculated through the following equa-
tion: relapse distance = relapse distance at 0 d – relapse dis-
tance at n d, where n = 0.5, 1, 2, 3, 5, 7, 10. Relapse rate was 
obtained through the following equation: relapse rate = relapse 
distance / relapse distance at 0 d.

Micro–computed Tomography Scanning

The maxillae of rats were scanned with a micro–computed 
tomography system (Inveon MMCT; Siemens). OTM distance 
was measured as previously described (Cao et al. 2014).

Cell Isolation and Flow Cytometry In Vivo

Spleen cells from rats were isolated through mechanical dis-
ruption via frosted glass slides. Circulating blood was obtained 
from a peritoneovenous shunt. Erythrocytes were lysed with 

erythrocyte lysis buffer (555899; BD Biosciences). Cell sus-
pensions were filtered through a 40-µm nylon sieve and washed 
twice through centrifugation at 300 × g for 10 min. Anti-rat 
CD4-FITC (e-Bioscience) was incubated with the cells at 4 °C 
for 30 min. Cells were washed and then analyzed with a flow 
cytometer (BD Accuri C6; BD Biosciences).

Appendix Methods and Antibodies

Detailed methods are described in the Appendix for the following:

•• Administration of aspirin, CD25 antibody, and tumor 
necrosis factor α (TNF-α) inhibitor

•• Immunosuppressive function assay in vitro
•• Histology and tartrate-resistant acid phosphatase staining
•• Immunohistochemistry and immunofluorescence staining
•• Enzyme-linked immunosorbent assay

Statistical Analysis

Statistical analysis was performed with SPSS 13.0. All data 
were presented as mean ± SD and assessed by independent 
2-tailed Student’s t test or 1-way analysis of variance. Statistical 
significance was considered at P < 0.05.

Results

Aspirin Inhibits Relapse after OTM

The schema in Figure 1 shows the experimental design in the 
relapse model, including orthodontic force application and 
aspirin administration; the micro–computed tomography pho-
tograph displays the maxilla from the transverse view (Fig. 1A, 
B). After the 10-d relapse, the distance between the first and 
second molars significantly decreased, from 706.7 ± 128.6 µm 
to 233.3 ± 46.2 µm, as compared with that at the beginning of 
relapse (Fig. 1C). The decrease was significantly stunted from 
613.3 ± 201.3 µm to 446.7 ± 110.2 µm by aspirin treatment 
(Fig. 1C). To further display the effect of aspirin on relapse, 
continuous relapse distances and relapse rates were analyzed 
with silicone impressions. During relapse, the distance of 
OTM gradually decreased, and the aspirin-treated group 
showed an inhibited decreasing trend of OTM distance (Fig. 
1D, E). We find that the repressive effect of aspirin on relapse 
distance and relapse rate was observed as early as 0.5 d of 
relapse (Fig. 1F, G). The relapse rate increased gradually dur-
ing relapse; moreover, aspirin treatment continuously repressed 
the relapse rate from day 2 to day 10 of relapse (Fig. 1F, G). 
These results suggest that aspirin administration can block 
relapse following OTM in rats.

Aspirin Accelerates Decrease of Orthodontic 
Force–Induced Secretion of TNF-α and IFN-γ 
during Relapse
Spleen is an important immune organ in the body. To verify 
whether CD4+ T lymphocytes changed after the application of 
orthodontic force stimuli and relapse, the percentage of CD4+ 
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T lymphocytes in spleen was determined by flow cytometry 
(Fig. 2A). After force application, the percentage of CD4+ T 
lymphocytes significantly increased to 34.1%, compared with 
17.2% in the control group (Fig. 2A). After 10 d of relapse, 
CD4+ T lymphocytes declined to 24.8%, which was also higher 
than that of the control group (Fig. 2A). Moreover, CD4+ T 
lymphocytes declined to 16.8% after aspirin treatment, which 
was lower than the force group and the relapse group (Fig. 2A). 

Tartrate-resistant acid phosphatase (TRAP) staining was con-
ducted to confirm the effect of aspirin on osteoclasts during 
relapse. TRAP-positive multinucleated cells were barely 
detected in the control group, whereas an increase was detected 
during OTM and the relapse period after the orthodontic appli-
ance was removed (Fig. 2B). The number of TRAP-positive 
multinucleated cells reduced significantly in the relapse + aspi-
rin group (Fig. 2B, C). Furthermore, immunohistochemical 

Figure 1. Aspirin inhibits relapse of orthodontic tooth movement (OTM). (A) Scheme for animal experiments. (B) Analysis of the relapse distance 
by micro–computed tomography scanning. The arrows indicate the relapse distance of tooth movement. M1, the first molar; M2, the second molar. 
Bar = 1,000 µm. (C) Analysis of the relapse distance. Tooth movement distance decreased with time during the relapse process. The distance between 
M1 and M2 in maxilla is sharply reduced from 0 d to 10 d in the relapse group vs. the relapse + aspirin group. n = 3. *P < 0.05 vs. relapse at 0 d. (D, E) 
Analysis of continuous relapse distances by silicone impression. The distances between M1 and M2 after 0, 0.5, 1, 2, 3, 5, 7, and 10 d of relapse were 
recorded by silicone impression. Scale bars = 1,000 µm. (F) Aspirin treatment reduced tooth relapse distance. Relapse distance = relapse distance at  
0 d – relapse distance at n d, where n = 0.5, 1, 2, 3, 5, 7, 10 d. n = 3. (G) Aspirin treatment reduced tooth relapse rate. Relapse rate = relapse distance 
/ relapse distance at 0 d. n = 3.
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staining showed that the expression of Th1-associated proin-
flammatory cytokines TNF-α and IFN-γ were elevated on the 
stretching side of periodontal tissues after force application 
compared with the control group (Fig. 2D–G). We used immu-
nofluorescence staining to show that TNF-α was co-localized 
with CD4+ T cells around periodontal tissue after orthodontic 
force (Appendix Fig. 1). After 10 d of relapse, the expression 
of TNF-α showed a declining trend as compared with the force 
group but maintained higher amounts than the control group 

(Fig. 2D, E). Although no statistically significant difference 
was detected, the IFN-γ expression showed a declining trend 
after the 10-d relapse (Fig. 2F, G). More important, aspirin 
treatments significantly accelerated the decline of TNF-α and 
IFN-γ expression on the stretching side of periodontal tissues 
during relapse (Fig. 2D–G). To confirm the effect of aspirin on 
Th1 lymphocytes during relapse, TNF-α and IFN-γ secretions 
in the rats were detected with ELISA (enzyme-linked immuno-
sorbent assay). The serum levels of TNF-α and IFN-γ increased 

Figure 2. Aspirin represses type 1 T helper–associated cell cytokines tumor necrosis factor α (TNF-α) and interferon γ (IFN-γ) in blood and 
periodontal ligament during relapse. (A) Flow cytometry analysis of CD4+ T lymphocytes in spleen. Orthodontic force–induced increase of CD4+ T 
lymphocytes was repressed by aspirin treatment. n = 3 to 5. *P < 0.01 vs. control, #P < 0.05 vs. force, &P < 0.05 vs. relapse. (B) Tartrate-resistant acid 
phosphatase (TRAP) staining for osteoclasts in periodontal ligament. Large boxed areas show higher-magnification views of the small boxes. Arrows 
represent the direction of force application. Scale bars = 50 µm. (C) Semiquantification of TRAP-positive multinucleated cells. Orthodontic force–
induced increase of TRAP-positive cells was repressed by aspirin treatment. n = 4. *P < 0.01 vs. control, #P < 0.01 vs. force, &P < 0.05 vs. relapse. (D, F) 
Immunohistochemical staining for TNF-α and IFN-γ of the distobuccal roots. TNF-α and IFN-γ staining was detected in the force group and the relapse 
group, while aspirin treatment reduced the expression of TNF-α, IFN-γ. Large boxed areas show high-magnification views of the small boxes. Scale 
bars = 50 µm. (E, G) Semiquantification of TNF-α- and IFN-γ-positive cells. TNF-α and IFN-γ expression increased in the force group and the relapse 
group but decreased in the relapse + aspirin group. n = 3 to 6. *P < 0.01 vs. control, #P < 0.01 vs. force, &P < 0.01 vs. relapse. (H, I) Secretions of  
TNF-α and IFN-γ in serum were assessed by ELISA. Aspirin repressed serum levels of TNF-α and IFN-γ during relapse. n = 3 to 5, *P < 0.05 vs. 
control, #P < 0.05 vs. force, &P < 0.01 vs. relapse.
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during OTM and the relapse period as compared with the con-
trol group (Fig. 2H, I). However, aspirin treatment significantly 
reversed the secretion of TNF-α and IFN-γ during relapse (Fig. 
2H, I). These data suggest that not only can aspirin repress the 
systemic increase of CD4+ T lymphocytes and secretion of 
Th1-associated proinflammatory cytokines, but it can also 
localize the expression of TNF-α and IFN-γ induced by orth-
odontic force, which may contribute to the repressive effect of 
aspirin on relapse.

T Cells Are Involved in the Relapse Process,  
and Aspirin Inhibits CD4+ T Lymphocytes  
and Th1 Cells In Vitro

We used CD25 neutralizing antibody basiliximab injection to 
repress the activation of T lymphocytes in SD rats, and we 
found that the relapse distance and relapse rate significantly 
decreased after treatment with CD25 neutralizing antibody 
when compared with phosphate-buffered saline treatment in 

Figure 3. T cells are involved in the relapse process, and aspirin inhibits CD4+ T lymphocytes and type 1 T-helper (Th1) cells in vitro. (A) Analysis 
of continuous relapse distances in vehicle group, basiliximab group, and etanercept group by silicone impression. The distances between the first 
molar and second molar after 0, 1, 3, 5, and 7 d of relapse were recorded by silicone impression. Scale bars = 1,000 µm. (B) Basiliximab treatment 
and etanercept treatment reduced tooth relapse distance as compared with vehicle treatment. Relapse distance = relapse distance at 0 d – relapse 
distance at n d, where n = 1, 3, 5, 7. n = 4 to 5. *P < 0.05 vs. vehicle. (C) Basiliximab treatment or etanercept treatment reduced tooth relapse rate 
as compared with vehicle treatment. Relapse rate = relapse distance / relapse distance at 0 d. n = 4 to 5. *P < 0.05 vs. vehicle. (D) Analysis of CD4+ T 
lymphocytes in vitro. Flow cytometry showed that the ratio of CD4+ T lymphocytes significantly decreased after 100 µg/mL of aspirin treatment for 48 
h in vitro. (E, F) Analysis of Th1 cells in vitro. Aspirin treatment with 100 µg/mL can also decrease the Th1 cell level after 48 h in vitro. n = 3, *P < 0.01 
vs. aspirin (–).
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the vehicle group (Fig. 3A–C), which 
further confirmed the effect of T cells 
during relapse. The efficiency of basil-
iximab on repression of T-cell activa-
tion in rats was confirmed by FACS 
analysis (fluorescence-activated cell 
sorting), which showed that the per-
centage of CD25+ T lymphocytes in 
peripheral blood and spleen and 
CD3+CD4+ T lymphocytes in blood 
from rats was repressed by basiliximab 
injection (Appendix Fig. 2A–C). In 
addition, we found that blockage of 
TNF-α by etanercept injection in rats 
during relapse significantly repressed 
the relapse distance and relapse rate 
(Fig. 3A–C), which suggests that Th1-
associated production of TNF-α is 
involved in the relapse process. 
Subsequently, we performed an in vitro 
test to determine whether aspirin regu-
lated CD4+ T lymphocytes, using T 
cells separated from the spleen of 
Institute for Cancer Research mice with 
and without 100 µg/mL of aspirin. The 
percentage of CD4+ T lymphocytes was 
significantly repressed from 79.4% to 
60.5% after 48 h treatment of aspirin 
(Fig. 3D). Aspirin treatment also repressed the ratio of 
CD4+IFN-γ+ T cells from 9.72% to 4.26% (Fig. 3E) and 
CD4+TNF-α+ T cells from 11.6% to 5.3% (Fig. 3F). These data sug-
gest that aspirin inhibits CD4+ T lymphocytes and Th1 cells in vitro.

Aspirin Inhibits OTM

Following orthodontic force application for 14 d, the tooth 
movement distance increased (Fig. 4A, B). Moreover, aspirin 
treatment significantly repressed the force-induced increase of 
tooth movement distance (Fig. 4C, D). Hematoxylin and eosin 
staining showed the integrity of the periodontal tissue around 
the 2 molars after OTM (Fig. 4E). The OTM distance in the 
force-applied side resulted in 618.3 ± 132.1 µm in the force 
group (Fig. 4F), whereas no movement was detected in the 
opposite side (data not shown). By contrast, OTM distance in 
the force + aspirin group significantly decreased (400 ± 28.3 µm) 
compared with that of the control group (Fig. 4F), suggesting 
that orthodontic force–induced tooth movement was partially 
suppressed by aspirin.

Aspirin Inhibits CD4+ T Lymphocytes and  
Th1 Cytokines during OTM

To evaluate the effect of aspirin on CD4+ T lymphocytes in the 
periphery, we first observed the levels of these cells in periph-
eral blood 14 d after aspirin treatment. The percentage of CD4+ 
T lymphocytes in peripheral blood significantly increased from 
31.9% at the beginning of OTM (control group) to 41.3% on 

day 14 of OTM (force group) but decreased to 31.7% after the 
treatment with aspirin (Fig. 5A). Interestingly, the ratio of CD4+ 
T lymphocytes in spleen also increased significantly after orth-
odontic force application, a trend that can be reversed by aspirin 
treatment (Fig. 5B). TNF-α- and IFN-γ-positive cells were 
barely detected surrounding the midbuccal roots in the control 
group in rats (Fig. 5C–F). However, strong staining of TNF-α 
and IFN-γ was detected after orthodontic force application (Fig. 
5C–F). Moreover, aspirin can reverse the increasing trend of 
TNF-α- and IFN-γ-positive cells in the process (Fig. 5C–F). To 
further confirm the effect of aspirin on Th1-associated cyto-
kines during OTM, the serum levels of TNF-α and IFN-γ were 
detected. The serum levels of TNF-α and IFN-γ of the force 
group significantly increased versus those in the control groups 
(Fig. 5G, H). Aspirin treatment significantly repressed force-
induced secretion of TNF-α and IFN-γ, as assessed by ELISA 
(Fig. 5G, H). Aspirin can repress the systemic immune response 
regarding the reduction of CD4+ T lymphocytes in peripheral 
blood and spleen, as well as the secretion of TNF-α and IFN-γ 
in peripheral blood (Fig. 5 A, B, G, H). Aspirin can also repress 
the local expression of TNF-α and IFN-γ surrounding the 
midbuccal roots during OTM (Fig. C–F). These results indicate 
that aspirin may repress OTM through repression of CD4+ T 
lymphocytes and Th1-associated cytokines.

Discussion
We explored the repressive effects of aspirin on relapse and their 
underlying mechanisms in rats. First, aspirin significantly reduced 

Figure 4. Aspirin treatment inhibited orthodontic tooth movement (OTM) in rat. (A) Scheme for 
the experimental design, orthodontic force application, and aspirin administration. (B) Photograph 
for rat maxillae with the orthodontic appliance. (C) Analysis of the OTM distance by stereoscope. 
Arrows indicate OTM distance. M1, the first molar; M2, the second molar. Bar = 1,000 µm. (D) 
Analysis of the OTM distance by micro–computed tomography scanning. The distance between 
M1 and M2 in maxilla is reduced in the force + aspirin group as compared with the force group. 
Bar = 1,000 µm. (E) Hematoxylin and eosin staining showed the integrity of the periodontal tissue 
around the 2 molars after tooth movement. Bar = 100 µm. (F) Analysis of the OTM distance. OTM 
distance decreased in the force + aspirin group vs. the force group after 14 d of force application.  
n = 6. *P < 0.05 vs. force.
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the relapse distance and relapse rate and, correspondingly, acceler-
ated the decrease of TNF-α and IFN-γ, systemically in serum and 
locally in periodontal ligament (PDL), during the relapse process. 
In addition, blockage of T-lymphocyte activation and Th1-
associated cytokine TNF-α repressed relapse distance and relapse 
rate, which suggests that T cells and associated cytokines contrib-
ute to relapse. Second, OTM upregulated Th1 cytokines TNF-α 
and IFN-γ in the blood, and local PDL tissue was reduced by aspi-
rin treatment. Third, OTM-induced increase of CD4+ T-lymphocyte 
cell ratio in spleen was detected but decreased in the relapse pro-
cedure. The CD4+ T-lymphocyte cell ratio decreased sharply in 
aspirin treatment during the same process. Finally, aspirin 

significantly decreased the percentage 
and number of CD4+ T-lymphocyte cells 
in vitro. We first provided the mechanism 
of OTM and orthodontic relapse sup-
pressed by aspirin from an immunologic 
aspect and observed that aspirin can 
inhibit OTM and relapse.

Whether the relapse after OTM is a 
process of immunoregulation remains 
unclear. The major concern regarding 
the use of NSAIDs to manage orth-
odontic pain is that these drugs may 
interfere with tooth movement by 
inhibiting cyclooxygenase activity, 
leading to prostaglandin production. In 
the cranial inflammation pathway, aspi-
rin can suppress the production of pros-
taglandin E2 (PGE2), which is an 
osteoclastogenesis promotion factor by 
acting on the osteoclast’s cell signal 
pathway. However, in immune regula-
tion, PGE2 induced activation of cyclic 
adenosine monophosphate and pro-
duced an inhibitory effect on T-cell 
activation and proliferation (Okano et 
al. 2006; Bryn et al. 2008; Kalinski 
2012), especially inhibiting Th1 lym-
phokine IL-2 and IFN-γ production 
(Betz and Fox 1991; Anastassiou et al. 
1992). Although we cannot exclude the 
role of PGE2-mediated osteoclast pro-
duction during relapse in the inflamma-
tion pathway, our study found that 
aspirin (which could affect osteoimmu-
noregulation) was able to significantly 
reduce systemic and local levels of 
TNF-α and IFN-γ with inhibition of 
CD4+ lymphocyte and Th1 cells and 
then diminish the number of osteoclasts 
in relapse bone remodeling. This spec-
ulation is further supported by the 
observations that aspirin significantly 
improved renal allograft survival and 
allograft function in humans (Grotz  
et al. 2004).

Many recent studies have established that, under inflamma-
tory conditions, T cells produce cytokines to increase osteo-
clast activity and promote bone loss (Caetano-Lopes et al. 
2009; Takayanagi 2013). Proinflammatory cytokines, such as 
TNF-α, potentiate bone loss either by inducing the expression 
of receptor activator of nuclear factor-κ B ligand (RANKL) in 
osteoblasts or by increasing osteoclast generation (Gillespie 
2007). The changes in cytokines, such as TNF-α and IFN-γ in 
the blood serum and PDL, were associated with relapse and 
aspirin treatment. Aspirin can block Th1 cell development 
(Mazzeo et al. 1998) and reduce TNF-α- and IFN-γ-producing 
cells in implanted tissue-engineered bones (Liu et al. 2011). In 

Figure 5. Aspirin inhibited Th1 cytokine tumor necrosis factor α (TNF-α) and interferon γ (IFN-γ) 
in blood, spleen, and periodontal ligament. (A, B) Flow cytometry analysis of CD4+ T lymphocytes 
in blood and spleen. The percentages of CD4+ T lymphocytes in peripheral blood and spleen 
significantly increased after 14 d of orthodontic tooth movement (OTM) in vivo but decreased after 
the treatment with aspirin, as compared with the force group. n = 3 to 5. *P < 0.05 vs. control, #P 
< 0.01 vs. force. (C, E) Immunohistochemical staining for TNF-α and IFN-γ of the midbuccal roots. 
TNF-α and IFN-γ were significantly enhanced after force vs. control, but aspirin reduced increasing 
levels of TNF-α and IFN-γ in the periodontal ligament. Large boxed areas show high-magnification 
views of the small boxes areas. Arrows represent the direction of force application. Scale bars = 
50 µm. n = 4 to 6. (D, F) Semiquantification of TNF-α- and IFN-γ-positive cells. TNF-α and IFN-γ 
expression increased in the force group but decreased in the force + aspirin group. *P < 0.01 vs. 
control, #P < 0.05 vs. force. (G, H) Secretions of TNF-α and IFN-γ in serum were assessed by 
ELISA. Aspirin repressed serum levels of TNF-α and IFN-γ during OTM. n = 3 to 5. *P < 0.05 vs. 
control, #P < 0.05 vs. force.
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2013, Wang et al. (2013) discovered that aspirin can block 
TNF-α and IFN-γ in ovariectomized mice, thereby rescuing 
them from mesenchymal stem cell deficiency and tumorigen-
esis. Indeed, we demonstrated that systemic administration of 
aspirin could decrease concentrations of TNF-α and IFN-γ in 
blood serum and PDL. Our findings suggest that aspirin may 
inhibit CD4+ T lymphocytes, especially the Th1 lymphocyte 
ratio and cytokines, thus providing novel insights into the 
underlying mechanism of relapse.

Despite the secretion of Th1-associated cytokines, the 
increased number of T cells may produce functional RANKL, 
which is essential for osteoclast differentiation and activation 
(Udagawa et al. 1999; Takayanagi et al. 2002). Previous study 
reported that after mechanical force application, PDL fibroblasts 
secreted higher levels of TNF-α at the PDL compression side 
than at the tension side, and this imbalance promoted the osteo-
clastogenesis activation through TNF-α-mediated RANKL 
expression in CD4+ T cells (Kook et al. 2011). This idea is con-
sistent with our result that aspirin treatment repressed the expres-
sion of TNF-α associated with the reduced number of 
TRAP-positive osteoclasts. Further studies are needed to explore 
in detail the molecular mechanism underlying the aspirin-Th1 
axis during the bone-remodeling process of relapse. However, 
our results indicated that CD4+ T lymphocytes are involved in 
the repressive function of aspirin on relapse and at least partially 
depended on Th1-associated cytokine TNF-α, thus providing 
novel insights into the underlying mechanism of relapse.

Previous study reported that IFN-γ inhibits osteoclastogene-
sis during bone remodeling by activating the ubiquitin protea-
some pathway within the osteoclasts, specifically resulting in 
degradation of the adapter protein TRAF6 and blocking 
RANKL-induced osteoclast differentiation (Takayanagi et al. 
2000b; Kohara et al. 2011; Cheng et al. 2012; Xiong et al. 2016). 
However, the effects of IFN-γ are still controversial. Systemic 
administration of IFN-γ stimulates bone resorption, and block-
age of IFN-γ production reduces the increase of bone resorption 
and T-cell activation in mice (Gao et al. 2007), suggesting that 
IFN-γ is a bone destruction cytokine in vivo. Taken together, 
these data showed that IFN-γ directly inhibited osteoclast forma-
tion through maturing osteoclast precursors, while it indirectly 
promoted osteoclastogenesis by stimulation of T-cell activation.

Various systemically and locally administrated pharmaco-
logic agents have been reported to reduce or prevent the amount 
of relapse in animal models, such as bisphosphonate (Kim et al. 
1999), osteoprotegerin (Zhao et al. 2012), simvastatin (Han  
et al. 2010), relaxin (Hirate et al. 2012), and low-level laser 
therapy (Franzen et al. 2015). However, most studies focused 
on the effect of tooth movement through the regulation of 
osteoclasts. Our study revealed that aspirin could inhibit relapse 
and OTM through CD4+ T lymphocytes. Interestingly, aspirin-
suppressed relapse may be one of the effective methods to pre-
vent tooth relapse through inhibition of CD4+ T lymphocytes.
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