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[Abstract] Objective To investigate the expression and function of the TNF signaling pathway in the early stage of
orthodontic tooth movement with periodontitis and to provide evidence to study the early inflammatory response in pa-
tients with periodontitis orthodontic treatment. Methods Sixteen SD rats were randomly divided into four groups:

group A--12 h of orthodontic tooth movement of the bilateral maxillary first molars in rats with periodontitis; group B--
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periodontitis model of the bilateral maxillary first molars without orthodontic tooth movement; group C--12 h of orthodon-
tic tooth movement of the same teeth in rats with healthy periodontium; group D--control group without operations. The
bilateral maxillary first molars and surrounding periodontal tissue of each group were collected for gene chip detection.
Pathway enrichment analysis, qRT-PCR and GO (gene ontology) analysis were performed to identify differential genes
involved in the TNF signaling pathway. Results Gene chip results showed that the TNF signaling pathway was signifi-
cantly upregulated in group A, group B and group C (P < 0.01). Among the differential genes involved in the pathway,
28 were upregulated and 5 were downregulated in group A, 12 were upregulated and 4 were downregulated in group B,
and 12 were upregulated and 1 was downregulated in group C (P < 0.05). The most significant GO items included "re-
sponse to lipopolysaccharide", "inflammatory response", "positive regulation of NF- kB transcription factor activity",
"positive regulation of NF-kB import into nucleus" and "response to hypoxia"(P < 0.001). qRT-PCR results showed no
significant difference in TNF-oo mRNA expression in group C compared with that in group D, TNF-a was upregulated in
both groups A and B (P < 0.01), and mRNA expression decreased in the following order: group A > group B > group C
(P < 0.05). Compared with group D, the expression levels of prostaglandin-endoperoxide synthase 2 (PTGS2) and inter-
leukin-6 ( IL-6) in groups A, B and C were significantly upregulated (P < 0.05), but the expression levels of PTGS2 and
IL-6 in group A were lower than those in group B (P < 0.05). Conclusion The TNF signaling pathway is activated in

the early stage of orthodontic tooth movement in rats with periodontitis. The pathway products participate in many bio-

logical processes and play an important role in the inflammatory response and bone absorption.
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Figure 1  Orthodontic tooth movement model of rats with

periodontitis
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TNF Signaling Pathway
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Figure 2 Schematic diagram of the TNF signaling pathway

Fz1 qRT-PCR HIWRH K59
Table 1  Sequences of primers used in qRT-PCR

H i A NRIEIE) T4

PPIB TCCGTGGCCAACGATAAGAAG ~ CACTCGTCCTACAGGTTCGT
TNF-a AGAAACACACGAGACGCTGA  ACTCAGGCATCGACATTCCG
PTGS2 ATGCTACCATCTGGCTTCGG TGGAACAGTCGCTCGTCATC
IL-6 CTGGTCTTCTGGAGTTCCGT TGCTCTGAATGACTCTGGCT

£ TNF-o: R PR SE IR - PTGS2 : {41 i 2 - P4 i S8 Ak 9 45
i 2;1-6: ALK -6
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0.05) (£ 2); £ BA LIAMA 124, FIREAH 44 Figure 3 Establishment of the periodontitis model in
(P<0.05)(F3); £ CAL LM 124, FIRAA rats

14~ (P <0.05)(%£4), >R Fisher ¥ #f £ 58 317
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Figire 4 Hierarchical clustering of differential genes
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Table 2 Differential genes in group A Table 3 Differential genes in group B
S 2R Je 2 S P S 2B JE b 2 AR P
Ripk3 i 1.562 0.018 Creb5 A 1.364 0.049
Cel2 19 4321 0.002 Cel5 A 1.607 0.049
Mikl 194 1.612 0.001 Fas 19 1.330 0.036
Casp7 i 1.325 0.014 1-18r1 A 1.402 0.042
Cell2 19 1.769 0.019 Cxcl3 A 3.152 0.004
Tnf-a 194 1.741 0.001 Cx3cll s 1.334 0.046
Tnfrsfla i 1732 0.001 Trafl A 1.406 0.011
Ripk1 TiH 1.413 0.011 1fi47 A 1.610 0.016
Nfkb1 3 1362 0.031 Ednl 19 1.357 0.033
Rps6ka4 i 1.342 0.014 Sele A 1.860 0.004
Socs3 19 3.566 0.005 1I-1b A 3.902 0.009
Tnfaip3 A 2.572 0.013 Bel3 i 1.468 0.021
Trafl i 1.594 0.001 Mapk10 T -1.632 0.027
1i47 iR 1.728 0.007 Jun T -1.523 0.003
Junb S 1.633 0.031 Fos T -1.648 0.012
Cxcl2 i 12.460 0.001 Pik3ca T -1.304 0.010
Cxcll 19 2.345 0.042
Cxcl3 i 3.841 0.001 4 CHLTNF {553 3 2 5 HE
Cxel10 - 2613 0.004 Table 4  Differential genes in group C
Fas 19 1337 0.033 FEH 2 B & 28 AR P
1-1b s 10.583 <0.001 Birc3 L 1.655 0.032
1-6 I 94 3.306 0.013 Cel2 9 2.946 0.004
Bel3 19 1.551 0.010 Cel20 A 1.988 0.033
Mmp3 ] 7.686 0.001 Cxcl2 L 4301 0.001
Edn1 I 94 1.816 <0.001 Cxell 9 2.840 <0.001
Nod2 19 1.959 0.020 1I-1b FiA 7.269 <0.001
Ptgs2 i 2.728 0.036 1-6 19 3.581 <0.001
Tnfrsf1b o8 1.699 0.027 Socs3 FiA 2.047 0.012
Tab3 T -1.411 0.013 Tnfaip3 FiA 1.894 <0.001
Fos T -1.714 0.008 Mmp3 S| 4.924 0.009
Veaml T 2.429 <0.001 Sele EiA 1.544 0.018
Birc2 T -1.368 0.030 Prgs2 FiA 2.436 <0.001
Pik3cg T4 -1.787 0.005 Fos | -1.921 0.017

RS AYUTNF {753 3 22 5 B GO 14
Table 5 Gene ontology analysis of the differential genes of group A in the TNF signaling pathway

GO H P RS

Xif g 22 N 2 <0.001 TNFrsfla, TNF-a, TNFrsf1b, Cel2, Cxel3, Cxcl10, Cxell, Socs3, Junb, Fas, Ptgs2, Fas, 11-6, 11-13,
Mmp3, Nod2

HAE LI <0.001  TNFrsflb, TNF-a, TNFrsfla, Ccl2, Cell2, Cxel3, Cxel2, Cxcl10, Nfkb1, Fas, Pigs2, 11-6, 1118

NF-B % 5% K - 1% 1 1) 1E 4% <0.001  Ripk3, Ripkl, Trafl, Nod2

Xof 5 4 ) 17 <0.001  TNF-a, TNFrsfla, Ccl2, Socs3, Fas, 11-13, Mmp3

GO EEFIAK

F®6  BALTNF {5 5 i i 22 5+ B [ 19 GO 73 #r
Table 6  Gene ontology analysis of the differential genes of group B in the TNF signaling pathway

GO % H P R

Xt iig 2 MR 1) g 2 <0.001 Ccl5, Fas, Cxcl3, Ednl, T1-18, T1-6, Ptgs2

ST N <0.001 TNF-a, Ccl5, Fas, Cxcl3, Cx3cll, Sele, 11-18, 11-6, Pigs2
NF-k B i A 4 A% 1) 1 8 45 <0.001 1-18r1, 11-1B, Pigs2

OGO FERAER
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7 CHITNF {55 P 22 R A B Y GO 43 #r
Table 7 Gene ontology analysis of the differential genes of
group C in the TNF signaling pathway
GO%H P RE |
RAE R L <0.001  Cel2,Ccl20, Cxel2, 111,116, Sele , Pigs2
w4 AL <0.001  Cel2,Cel20, Cxel2, Cxell
eS8 B 2 <0.001  Cel2,Socs3, Mmp3
E GO HEFEARM
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RN — GO 2 B, itk 1 C-C B v b A 1
Bt 44 2 (C-C motif chemokine ligand 2, Cel2) , 41 i A
FIL-6 . IL-1B, LA }2 PTGS2 %5, 1L-1B R IL-6 J& T
T W 2 % 2l it B v o T A A R . TL-1B A
DA MAPK G B, 51 5 AE 4 Jit PGE2 14 1A
R ; A ] LTS NF-w B, DT 7 2 R 7 1 3%
IR R R SRR 20 B PR T TL-6 S5 A SRR E

[ 5]
W
1

=)
B
553
f=1

wn

10

IL-6 mRNA FI %} &1k

sl cm @ D4 A4l B4 c4l

RN E DAAGI 2R, P <005, KRG DAALIT¥25,P<001; €K/ 5 D4 BAM LA S I¥25,
P <0.05; AR 5 HAAS A LB Git 2225, P < 0.05
B 5 qRT-PCR #6455
Figure 5 gRT-PCR results
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