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[Abstract] Objective To elucidate the role of signal transducer and activator of transcription 3 on orthodontic
tooth movement, aiming at providing evidence for improving orthodontic bone modeling and remodeling. Methods
Orthodontic tooth movement (OTM) models were established in 8 -week -old Wistar rats, which were divided into 2
groups: the control group (tooth movement) and the test group (tooth movement with local injection of STAT3 inhibitor

stattic). Rats were sacrificed on day 7 and 14. Micro-CT scanning was conducted to measure bone volume/tissue volume
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(BV/TV), trabecular number (Tb.N), trabecular thickness (Th.Th), trabecular separation (Th.Sp), and bone mineral densi-
ty (BMD), and the amount of tooth movement of the specimens. The mouse preosteoblastic cell line MC3T3-el and
mononuclear macrophagic leukemia cell line RAW264.7 were cocultured in Transwell® culture plates and divided into
the control group (blank) and the test group (STAT3 inhibitor stattic was added). Alkaline phosphatase (ALP) staining
and tartrate-resistant acid phosphatase (TRAP) staining were carried out to reveal osteoblastic and osteoclastic differenti-
ation, respectively. qRT-PCR was performed to evaluate mRNA expression levels of the receptor activator of nuclear fac-
tor-kB ligand (RANKL) and osteoprotegerin (OPG) in the MC3T3-el cells. Results Compared with the control group,
in the test group, the alveolar bone at the OTM site showed a significant decrease in the BV/TV, Th.N, Tbh.Th, and BMD
indexes and a significant increase in Th.Sp on day 14, while there was no significant difference in the above indexes be-
tween the two groups on day 7. The amount of tooth movement was significantly smaller in the test group on day 7 but
showed no difference on day 14. ALP staining and TRAP staining revealed weakened osteoblastic and osteoclastic differ-
entiation in the test group. qRT-PCR demonstrated the inhibitor inhibited the mRNA expression of RANKL and OPG
and increased the mRNA ratio of RANKL/OPG in osteogenic precursor cells. Conclusion Suppression of STAT3 acti-
vation leads to inhibition of both osteoblastic and osteoclastic differentiation, resulting in lowered tooth movement and

catabolic effects on alveolar bone. STAT3 may play an important role in orthodontic bone modeling and bone remodeling.
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Table 1  Sequences of primers for qRT-PCR

Genes Primer sequences (5'—3")

F: CAGCATCGCTCTGTTCCTGTA

RANKL
R: CTGCGTTTTCATGGAGTCTCA
0P F: GAGGAGTCTGGTAGTGGTTCC
R: TGTTCACCCTGGTTGAGTAAGT
F: GACATCAAGAAGGTGGTGAAGC
GAPDH

R: GAAGGTGGAAGAGTGGGAGTT

1.8 %t FE ot
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a: the trabecular morphology of interradicular alveolar bone of the upper first molars in the control group on day 7; b: the

trabecular morphology of interradicular alveolar bone of the upper first molars in the test group on day 7; c: the trabecular

morphology of interradicular alveolar bone of the upper first molars in the control group on day 14; d: the trabecular mor-

phology of interradicular alveolar bone of the upper first molars in the test group on day 14

Figure 2 Micro-CT sagittal images of alveolar bone of the upper first molars at the bifurcation on day 7 and

day 14 in two groups of rats

B2 7d.14 dAf2 20 R AREE — B 2 MR 43 LA 4 A micro-CT 2% 4R 1] 48 i &

T2 2HIKRLT d 14 d B — B A MRS A AR
s F4 micro-CT I 2 {H
Table 2 Micro-CT measurements of the alveolar bone
microstructure of the upper first molars at the bifurcation on

day 7 and day 14 in two groups of rats xXxES

Parameters Days  Control group Test group P t

7 0.597 £0.032  0.575 + 0.063 0.490 0.72
14 0.533 £0.028  0.455 £ 0.030 0.003 3.81
8290 +£0.599  7.920 + 0.443 0.286 1.13

BV/TV (%)

Th.N(1/mm)
14 7.970 £ 0.591  7.090 £ 0.491 0.028 2.57
7 0.095 £0.012  0.095 +0.010 0.982 0.02
Th.Th(mm)
14 0.085 £ 0.006  0.069 + 0.008 0.006 3.44
7 0.090 £ 0.015  0.098 £0.013 0.421 0.84
Tb.Sp(mm)
14 0.092 £0.016  0.116 £ 0.012 0.025 2.63
7 1.100 £ 0.085  1.060 + 0.080 0.442 0.80
BMD (g/cc )

14 1.030 £0.075  0.902 + 0.067 0.016 2.89

2.3 %) STAT3 # 7% 2+ MC3T3-el 5 RAW264.7 3
IR RORE BUR R AL H #

Xt B AL, SER AL AR BE 3 d i, JLRE IR 1K
T MC3T3-el ALP 44 (0 B 550, 1 B A1 i) 2 45%
FRR F h STAT3 0 B AR 1 ALP 3% 7, 31 i) B
534k s RAW264.7 TRAP BH 40 i 5 B BH 8>, it

3 Micro-CT WA Ty 2250 BT %
Table 3 ANOVA table of micro-CT analysis

Parameters Source of variation F P
Interaction 2.70 0.131
BV/TV (%) Time 30.20 <0.001
Inhibitor 6.06 0.034
Interaction 19.73 0.001
Th.N(1/mm) Time 101.90 < 0.001
Inhibitor 3.55 0.089
Interaction 10.69 0.008
Th.Th(mm) Time 53.60 < 0.001
Inhibitor 2.09 0.179
Interaction 23.29 0.001
Th.Sp(mm) Time 39.65 < 0.001
Inhibitor 3.09 0.110
Interaction 4.48 0.060
BMD (g/ce) Time 28.15 <0.001
Inhibitor 3.79 0.080

AF A ) 6 5% % A 22 v STAT 850375 41 s ke 1) 434k
(F3).

qRT-PCR %5 % % B | stattic Il # MC3T3 -el
RANKL ., OPG [} mRNA 3% , H.X} OPG 4 il /£ H
B i, RANKL/OPG HAETHE (£5)
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Table 4  Change in the amount of tooth movement with time

in the two groups X +s, mm

Days Control group  Test group Mean t P

7 0.343 £0.041 0.273 £ 0.044 0.308 £ 0.055  3.280  0.005
14 0.406 + 0.038 0.423 = 0.029 0.414 +0.035  1.056  0.307

=5 241 MC3T3-el RANKL Fl1 OPG mRNA Fik7K -
RANKL/OPG mRNA F{E
Table 5 mRNA expression levels of RANKL and OPG as well
as the RANKL/OPG ratio in MC3T3-el of the 2 groups x+s

Measurements Control group Test group P t
RANKL 1.000 £ 0.093  0.677 +0.041 0.011 4.510
OPG 1.030 £ 0.065  0.604 £ 0.077 0.004 5.990

RANKL/OPG ratio ~ 0.971 £0.042  1.241 = 0.089 0.038 3.058

Supplementary information can be obtained by scanning the OSID code
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R S
3.1 AFRFEN

P& 5 A B By R — R 1E W 2 LA AN IR
RS . DRI R T, W K B O3 AR
H R sk MBS TR A A
P, AR sl 3 m . SCHR SR, STAT3 1 3T [

a: ALP staining of MC3T3-el cells in the
control group (X 40) ; b: ALP staining of
MC3T3-el cells in the test group (X 40) ;
c: TRAP staining of RAW264.7 cells in the
control group (X 40) ; d: TRAP staining of
RAW264.7 cells in the test group (X 40) ;
ALP: alkaline phosphatase; TRAP: tartrate-
resistant acid phosphatase

Figure 3  The osteoblastic differentia-
tion of MC3T3-el cells and the osteo-
clastic differentiation of RAW?264.7
cells in the two groups
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SR, 205 14 K05 5% g Fe B ik
AR 2SS, LR TS ZMH LT,
B R A LA STAT3 X 1% s il 4% i /8
FHEER , STAT3 B RS 5B R IEA G

AR S5 38 1 STAT3 Ly RE 0 S 56 4 A UESE T
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