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[(HE)EM 50 RARE R G (PN) AR sk D ROEw TR A5 AR, SF ot X A5 8%, Fik AR £ &+
Fe N A H 448 C5T N kAm A L e dm F7 28 PN K B SR AL L4 e Ay 4 A Rdm H 48, B 405 2, Fo P e ) A dm )
5d. &seE, B4 CT 4246 £ TR, FF KA RT-PCR A& F JA L b 48 X K B 6y £ GA R-F, Z5R: 5 C57 /s KARL PN &
B B P s R 64 T AR s LA R g 0K, F B BEAE b P BT AR IR . AR CST /R, m Ay 40 B B P 6 PN RS A B i B
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Construction and validation of orthodontic tooth movement model in periostin knockout mice
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Abstract: Objective To establish the orthodontic tooth movement model in periostin (PN) knockout mice and analyze the related
signaling pathways. Methods According to experimental conditions, the enrolled mice were divided into 4 groups, namely C57
mice groups with and without receiving orthodontic force, PN knockout groups with and without receiving orthodontic force,
with 5 mice in each group, and the orthodontic force was last for 5 days. After the mice were killed, the upper and lower jaws
were scanned with Micro-CT; and the expression levels of related genes in periodontal ligament were detected with RT-PCR.
Results Compared with C57 mice, PN knockout mice had obvious alveolar bone resorption and continuous destruction of
periodontal ligament. The comparison between two groups of C57 mice showed that the expression levels of PN, focal adhesion
kinase (FAK) and TGF-p1 in the periodontal ligament of mice receiving orthodontic force were significantly increased (£<0.05).
The comparison between two groups of PN knockout mice showed that the expression levels of FAK and TGF-f1 in the
periodontal ligament of mice receiving orthodontic force were remarkably increased (P<0.01). Under the same force condition,
the expression level of TGF-f1 in C57 mice was significantly lower than that in PN knockout mice (P<0.05), while the expression
level of FAK in C57 mice was obviously increased (P<0.01). Conclusion PN which is an important molecular link in the process
of periodontal ligament remodeling under orthodontic action plays an important role in transduction and regulation. TGF-p1--
PN--FAK signaling pathway is involved in the process of periodontal ligament remodeling under orthodontic action.
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355 TGF-B1 A" . AR, PNAEN TGF-B1
)RR 7, BT O AR, (e i A T
TE e M 2 R 2 S I SR I RE . PN &
BLE R TGF-pUE T RS S5 RGWLH, HH av-385
RIATE ST dedmpfieits . AR A REE—E 3 ik
LT YA T B W RN R AR T R
PN A XA AL AL ™ . TGF-B1 554
O PR AR IE B V5 B8 Bl B rp 42 PN X2 ]
FES P RO FH 23 T AL () 8L, AN 5 4003 3 /)N BRI
VR SRR RN PR w83 /0 BRULE W 28 14 8% sl T 5
TGF-B1--PN A [l EAHSAE S i 531, i — 487 PN
X R RRAE LR I/ F T SO A o072 2 JE il

1 M EFHE

1.1 SEIGEhHRBY T

S JIT R 0 PN S PRI 5 /s BRURS v R 22 e )
N3 BE A 1) B 245 5 1t R F 9 e 2= MG A0 52 5% 2 , oy
C57 7 JE D BE PR R ok o T A Sl 1) ) 57 B S 4%
4R % R 18~25 °CL, IR JE 40%~60% . BF KN 45T 2
0 BB, AR K 28 121 °C .30 min B R K, B H 2
AL 2 U, AR
1.2 K4y

HRAERTHAZE SR ARSI 5 S d )0 f s
] o SEGArR CST/NRAIN 1415 K .C57 /R Jg
5d45 2,k R e —" s JER R/ B2 A
A5 B RAINF S d415 R, s s Rl s —.
WS B0 N B S R AL BE S 34 2 1A 5 T A i
TR EP & rh 4 A A e LU T EPE .
1.3 & 1 CT (Micro- Computed Tomography, Micro-
CT)EBERE

ABFEARNN 77 12 JE#E 9 €57 FTPN 3[R B /N B
E AU, RS AN R R, R
PRASHR I - B2 I [ 72 Rk i 4 48 48 b, LAB 1k
TS ROR o R 43 4 U5 CR T Micro-CT
(uCT80) R R Ge . HEH/ NI UG AT , 18 1 )2
FIRE , BRI B 30 W, LT A 429 pA, H14
1N 70 KV, 315288 20 um , BRI — > T 6
HRATFE 20 min, 4, SHFFAARTE DL,
eSSV 2SS v TR
1.4 PNERERBR/NMREFRBNEE

PN i PRI o /0 B PR U 7 () PCR 5 [

mPN1: 5'-CCTTGCCAGTCTCAAY GAAGG-3'

mPN2: 5-“TGACAGAGTGAACACATGCC-3'

mPN3: 5“GGAAGACAATAGCAGGCATGCTG-3'

FZ I mPN1: mPN2: mPN3=2:1: 1 By LR &5

A ddH20 Fi B AR 1075 TAER A . DA L5k
Invitrogen A 7] 5 .

1.5 RT-PCR &M/ ZF # 30 ZF F IS 2 Hh 5 PN 48
KESEREAEREF

1.5.1 5|989%it 5 &M 4 GenBank F2 ALY AH G
J¥%1, i ] Primer primier 5 8 F#E1 71371, 48 BLAST
A TR o BT BE PR S5 19, B Invitrogen 28 F]
B BIFIINR TR .

# 1 RT-PCR5|¥F%1
Tab.1 RT-PCR primer sequence

RN ETE Y 519751

M-GAPDH  Ljif 5'-TGGATTTGGACGCATTGGTC-3'
TE 5-TTTGCACTGGTACGTGTTGAT-3'

M-PN i 5'-CACGGCATGGTTATTCCTTCA-3'

T 5'-TCAGGACACGGTCAATGACA-3'
M-FAK i 5'- TTAGGCGATCCTATTGGGAGATG-3'

T 5- TTCTTAGTGTTTTGGCCTTGACA-3'
M-TGF-f1 L 5-ATGTCACGGTTAGGGGCTC-3'

T 5'-GGCTTGCATACTGTGCTGTATAG-3’

1.52 NARAEARDIRIERNA FATHREUERNA
(K7 RSB 2317 25 Rnase (0B . JINAEAS M 3k 555 2
M . M RNaseZapTM (Rnase Decontamination
solution )il FI4L B 5 FH 4% 1/1 000 DEPC JC j#i 7K 12 158
AL 24 h, 2P 120 °C 30 min 2 F R4 7 8 K
T, 60 CKET51/1 000 LLAI 1Y 2 257 7/K il A DEPC &b
24 h)5, HEHE" .

1.5.3 %5 U100 ng~2 ug B RNA, JIA 2 uL gDNA
Remover , [ % i #8 52 2 W4T 5~10 IR &), =i
(19~27 °C) ;. 5 min, B FvK FFEH; 7] g@DNA Remover
ALFR ) B RNA HH LA S ul B9 4x RT Master Mix , 9%
JE I ddHO #h 2 28 20 pL; InafatFile , RS AR
FI10RFTITIRS] o WG SR IOV 451 :42 °C 15 min,
1.5.4 RT-PCR  RT-PCR I W AR R W 2 s FIH
IR SR cDNA SR HRE 5 1 4 1, 251758
B RT-PCR, A I 25 PR &k 5% /0N B J) 40 4 v PN
FAK . TGF-B1 %53 H 59 mRNA ik K 5 e 248 -
95 CHIAEYE 10 min, 95 CZE 1 10 s, 60 CiE k 20 s,
72 CHEAHI 34 s, 35 AMIEFR , W A5 515 CHE

1.5.5 #Em i 272 ik T RI-PCR 455 731
PRENM IR FGE 25 E . R EMEAR Y CHEA T
PEJE (3 EALRTIME) il 24 A ST Ct
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Tab.2 RT-PCR reaction system

5%l (=N
SYBR®Premix Ex TaqlI( TliRNaseH Plus) (2x) 10.0
H #Y2EH Forward Primer 0.4
H 3L 4 Reverse Primer 0.4
DNA Template 2.0
ddH,O(sterile distilled water) 7.2
Bt 20.0

EAS B ACHE . W ETFE RPN Z [H]) 19 ACt
EARSA ACHE, A2 2 SRR E LR
i, Get# i F SPSS 13.0 504, R I BAAEAS 146
YA T 0T HUAE, B 0=0.05 ARG IR

24 B

2.1 BEERBR/NMNRHEE

/BRI IR 4 DNA 22 PCR HE K5 25 SR An e 1 fr
7N, C57 /MU DNA FEAICE T 1 UkE , T4 1
FEPR/INEUY DNAREA S T 2 9Kk EE . IR AT LA
WL UKEE HA — AR AR R Y B 0 5y, HE FlAE
691bp &b , AT AR FEARIE R E N WT /N 2 VKBt R
— AN SEEERGR M H 450, 0 FEIFE 500bp 2247, A
BRI E A PN-/-/N BRI PR B /N B o 1 b ot
FEPR BRI FRAA AT 280 B PR 38 Je A RE A

900

700
600
500

1 PMREFEPCREFELER

Fig.1 Mice genomic PCR identification results

2.2 Micro-CTE#EFRELR

/INE Micro-CT = 4 d 4 5] s« 55 X R4 C57
/INERRH LE , PN-null /) B CHE PR B /0N B 2 ] 2 21
W, AR IR AW, B AR oy SLIX 58 4

e (F 2a FfE 2b) . 7N Micro-CT i i W 2 & i
7 X IR C57 /N L, PN-null /N FRUF JE 4140
I, 2 R B S WS, S R OO O, o S
SRR W IR (8] 2¢ F1E 2d) o

2 Micro-CT &G FHREHER

Fig.2 Examination results of Micro—CT

a:C57 /Ml Micro-CT =4 §73& ; b: PN-null Micro-CT /Nl =4EH A
©:C57 /M Micro-CT Hh 1 W7)2 ] ; d : PN-null Micro-CT H Ifi W22 &

23 INR A BT RAEXEF S PNHEXMESER
R EF

RG] 3 B, 5 CS7 AR v AU E, C57 /)8
SN A1 5256 20 2F A B5E PN mRNA Fik i, 2508
H G it o E X (P=0.024) ; K5 & B ¥ B (Focal
Adhesion Kinase, FAK) mRNA Fik#am , Z{HA 5t
P12 X (P=0.027) ; TGF-B1 mRNA 5358808 | 22
H it E L (P=0.025)

5 PN-null A% REZHAR L, PN-null fif ) 5256240
F JE B o FAK mRNA k36, 208 Goit2rm X
(P=0.016) ; TGF-B1 mRNA ik i EHk , ZEA 5T
2 L (P=0.001) ., 5 PN-null A Hn Syt BRZHAH L, C57
RINIT2H T AT TGE-B1 mRNA ik 328/ 0, 25{8
H G55 L (P=0.004) ,FAK mRNA ik i #1158
ZEEA G2 X (P=0.005) ., 5 PN-null in 14HAHLE,
C57 TS840 2 JE AP TGF-B1 mRNA #35 i &0,
LAEA G247 L (P=0.01) ; FAK mRNA ik i 4
5, 25 HAT et 8 L (P=0.002)

HEST IR ) B 45 D T O
ARAERELEL . FEDNABREAE TR PR s S A ok
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Fig.3 The mRNA levels of TGF—f31, FAK and PN in the periodontal ligament of C57 and PN-null mice with or without receiving orthodontic
force detected by RT-PCR

a: C5T/INRUA T FIA NI 24 A o PN mRNA Rk 7KF- 5 b - C57 /NI A FIA N 7 28 Ji s v FAK mRNA 357K 5 ¢ C57 /NI A FA N 7
2 JA I TGF-B1 mRNA 357K ¥ 5 d: PN-null/N BRI RIR I A JH B FAK. mRNA 26357KF ;e PN-null /NI FA N 93 24 JA e v TGF-
B1 mRNA ZihE 7K £: C57 F PN-null /A 1 A 8 i TGE-B1 mRNA 357K 5 g+ C57 F1 PN-null /)N B I 77 2 JE 5 FAK mRNA F k7K
h:C57 F1 PN-null /NI 2 A B TGF-B1 mRNA F3A7K - 51: C57 F PN-null /NI ) 24 A B FAK mRNA ZR357KF-
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BT (B AR AE P02 o F- A A sh )
WRRG A HE A | it R IG T 40 AE 1 1 Dy R Sk
(IR DX IR , (AR R L R G TG, NIRRT i L IR A
TIRE™ s T AIE i SN R R I o5 1 T2 3R R4
DI 2 HOE A5 HAT 2R A T RE , T EA TR & i ik
g, NRAR Pt R PR e, DR SRS A 7 11
FE A R SN RSP () BAE i AR
SEHG R T AE T PNFE/IN R RS ol 2 A B el e v )
VEFAVA B AR AT 538 1, 3 o 4G PN 35 P et o fe A oG
I R ek AR R, TTIFSE PN AR/ N B 5
7 JE R v Y, 1R B AR B PN-null /)N R
MATHEE . PNHAIER AN BRI 41 DNA 22 PCR Y4
FEPI R/ INR 69 1bp , PN-/-JE PRI/ NI 41 DNA 28 PCR
P HE =R /IN A 500bp , A SRS 1 VKGEHCE C57 /N
) DNAFEAS, 2 IGHE I EA LS I HE RN B DNA RS,
ATLIE Hh 10k IE R — e BEARR Y B 250, Ha Rl
TE691bp Ab , FTARHEFRES I o WT /N 2 vk B H A
— AL FERGR H AR , U FITE 5000p A 47, AR A
PRAEFIE Ry PN-/-/ N, W] AR 5 I E— 20 oE

Micro-CT 521 F X L UG BB AL 5 o3 e —
AL, E ] LAE i A V5 R AR SRR S = 43
PR X R UGH ARG L = 4G, HAS SRR,
AIXTZE L) 3 B AR A T i oA 588 CT
AHEE , Micro-CT ] LU FHAETE X O o 3RAS B IE )45 [)
AR IS, T 28 ) or FR FE A 1%
FEARAT DATERE i S BB DL T X% 3 16 A Pk
BHIEAT RS 3R (<10 pm) XML, ARG EAN 3B
SEAME R INITHEE TR0 o) — 4 FE RS . Micro-CT
A 1 EMGAL BRI ] LA M 75 A1 B AR AT S X 4211
—YERMGRIBTZ BS , T P RREAR Py 2R X FL
PR SRR R TR SRR SRR SRR
Micro-CT | ¥Z i FH TS A 2 45 FIF 9T, A4
HAR T 50T BV R BT AT S EDIRA
W) SR AT = IS T A E T A i &
KT BIEA2E T

AR S8 % FH Micro-CT X C57 7 BRI PN-null /)y
FRAUEAT A = e B A, S0 R4 €57/
R EE , PN-null /N SR 42O IR , 7 AR B
FR 7KW, B8 MR X 58 A B 7 . /N Bl Micro-
CT iy 72 P S - 55 0 BR 2 €57 /N FUH EE , PN-null
AN TR BV, 2 R B s A S TR, A R
TR 2, 2 J e ek P PR oSS HE PN 6 PR
B, A HAATART T B0 T, 3 PR R /N BRUFE OE
F ORI VR R 28 JR L 20 B ™ S IR, 72 4 1 B
PN 75 2 45 2 o] I 45 2 ] A 4 56 Py i Al e
EAE SR JE A2 e TR i A R R

R AR A, AT RE S R HAWAE S 3 152 o R A 21
RIS, 1X 5 Rios 28 HF 57 45 R HE A —F

FRAE AT BRI ST, FRATT03E A A 4L 2 A e 2
JE RIS 7= RN S5 R . TR E R ERE
BOFAIURAS 5 e A A (55 1R R 5 2%
LA M ARG GRS, L 5V ST 2 A
FEANIEAL LN B AN, AL G T e 1 B 40 i
A R A R A B S A A B AT 4 2
il WS R I 2 AR T S R A K
SrERX— AR E R EEAMEN . PNE—FHk
I Z DI ARSI N E AR (1, WF58 & B PN JE Y
IR R Z MU, 1 5 T AN Tl D g™, PN
VERANA ML ), BERZ AN RS A0S ML
B ANRSBE AR S PE T A BFE RPN
A5 T S B HAE R, i 5 f - A R A o)
BB, PN 3 DR o/ N BRURZ Dk 0 R 2 A IS D 4 A
N TR B TR LT 4k, A, 25 m 3tk
1% 873 PN AL s /IS B e D 1 AR PR TR AT, )
MRS IR R B KO BRAIG o X B2 53R B PN AT LR
R EiL) I ea 3 NI W i i e EAANA B DA e
PR AT

HHiT, PN 5 TGF-B1 G R 32 35 FHBoR B2 15
o PRI PN 25 200 R HE00 4 & A 1
K, HFGR S TGF-B1 #DIAHE . BLE AN TGF-B
1 R[5 PN [ 63k, B PN AT REAE ) TGF-B1 I T
W F B AEVEF {0 TGE-B1 5 S Fak MR AT
H o W B R AE PN LR bR /N BURS 00 T TGF-B1
FERRMTTE , Ui TGF-B1AE A PN 5 3 i 1 i
Z 5P R B ) R, e PN DR Ao/ )N
SRRk PN LRI VR I 42 R - 24 B iy
R AL PN Y AR AN AR A2, B I PN-null
/N TGF-B1 ik T, g &l FIHE S 1PN
R BT, X 5 Sen 25 BRI REAR—3K

AMFFE % IS PN-null A% fEZAR EE, C57 K
T4 JE s R FAK mRNA 2535 5 #5455 , 5 PN-null
I giAR L, C57 N 77 SEBG4H 2 JE B FAK mRNA 36
Ik I FAK mRNA 7F PN 32 N g Hote
JARE R 2ah fa s b, —F B — 30k, W] FAK /& PN
P55 B N IS, H252 PN IR S S HUO 6T
TR R R, H 2 FAK 75 PN BE PR a5/ s BUS
BN RS A 2638, Ui FAK AT RERR PN {5538
I o S Nl o AP e i 2 X NI AR 2
A A P A R, A S U 2 A B 32 I S A 7
e R FAK AN 51— HA TGF-B1--PN--FAK
FiE, A LT E RS S R, X
Y5 Hakuno %5 il 58 A —34, iF5R A B, PN il B3 Bl AR
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FEIX 1% AKT BEFRIEIE 200 FA R g 380/ ATAE X
GANF IR D FAK BEIR AL IE X, 37RO U ET 2 40 i
PN % [ #41k 21 i FAK-AKT B (kiR ie se iy, LA
R R IRA A W BEAE IE BTV E T A S R R e i
B2, Hod—Me S a5 i T g f2 TGF-B1--PN--FAK {5
TR R T AKT BAR AR S0E AR A MR BT ek s
THE QCRANHERT P-AKT #EA T4 IN , i HL/IN B J bt
HMELLIEAT P-AKT 2 UK DURERIN . AT HRRLR,
R, A R 10 2 R A 8L A 7 8 1 DRk
SEAGIN  PR] a2k A T B g el g A T 8 KT
AT PAE— 278 5 I RE K IR AR PN 78 IE I
ViRS sl A b o R RS AR AL

Zx LTk PN 2 5 T IERVE R T 2 i
O AR S PR ] B ) 5 4 R ) B 5 S T
5 1, TGF-B1--PN--FAK {553 6 S 5% T IERG{E
FHT R R et 72 PNAE N TGF-B1 2858 5 1
T, HAT g o R L S | S TGF-B1 #F PN 2
/N BRI , FAK A BESE 1 4 PN {5 5 %
ZHMO AR S 5 1IE R 0 o R R i R
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