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Aokl mAHo] AHAW AF 3 AF QA oy BRI
Welh 471 ok ole® Mae AF Qu o Mxe] #4359 cytokineo] vt
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A3 A A= kot PGE, Interleukin-1(IL-1)3 22 EdEo0] old Z
of F9 Ao FIFE WA ZFFE of7lstar oo wet TAXTE dojdoew

WoAok7 ol FE = Aor dEd 3l
WA A Aoto]lFo] IL-1B, Tumor necrosis factor-a(TNF-a), matrix
metalloproteinase-9(MMP-9), Tissue inhibitors of matrix metalloproteinase
-I(TIMP-1)¢] mRNA expressiond] B X 9GS A4s7] s AT 9F % A
Z 280+10g9 <7 Wistar rat 1072] (7€ 5vtg], 149+ 5mtE])E AL oz,
ntelE dxwow do F 13vtelE APt Ratd A2 =4S 4 18
39 3 real-time RT-PCRS AF£39] gene transcription ol A IL-18,

TNF-a, MMP-9, TIMP-1 ¥3 & #Z35to] bS53 & AxE Ady.
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2. TNF-a mRNA expression2 7 &% A ¢t}
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MMP-9 mRNA expression® 94 Ad+= F7H7F YEFS T (p<0.05).
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TIMP-1 mRNA expressiond 94 A= F7H7F YEFSH(p<0.05).

B odye Anz wRH Aok oFA ALelA mRNA FFe IL-1B,

MMP-9, TIMP-1 ¥3& & 5 AU

A4 He= T wAA Aol o]F, Real-time RT-PCR, IL-1B, TNF-a, MMP-9,
TIMP-1
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LA A Ko} o] FA
Futn 2o A IL-1B, TNF-q,
MMP-9, TIMP-1¢] &4

+ F o0l W R
Wtz AZIA Ao oly g Wske A5 Addf o AlxEe] &4 3ke}l cytokineo]
prostaglandin(PG)3} 22 A3 d3A 29 EuE U} Uematsu 5
(1996)2}  Yamasaki 5(1980)9] A FolA wAGAH Hof o]Fd <93 PG,
interleukin(IL) 59 F7F7F S H At oA wA A A ofolso Agg 7]xo]
43 wre A4 ekgkey PGE, IL-13 22 =d 50 Aok 9 =4 9T

VA ZEFFE ok7lstal ool mel TUNEVE deojd oz Aotrt ol FH =
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Aol oA EHEHE WY g 54 A5 el oA Fad 98 @
ik IL-12 F=Axe IL-1 #8285 T34 F=AxE A A3

Al 21T}, Richard 5 (1988)2 in vitro Aol Al IL-10] A5 At X229 A folA

I E2 AF3 collagenase®t matrix metalloproteinases(MMPs)E #2108 tta 51

t. Davidovitch “5(1988), Alhashimi 5(2001) 23& SalA wg="o o3

IL-1B°] F7FE B astsit).

Tumor necrosis factor-a(TNF-a)= =& Z7]¢ wi7/lA 95 e o=

a2 9lom Bertolini %(1986)¥ Canalis(1987)= TNF-a7} &% A X

Iy

EAE FXgohal skelth. Davidovitch 5(1988)2 X|of o] FA] 25 It} A=
F AEZA Fo4 AdE TNF-q, IL-1B9 Z7H7F dojdtta 3oy
Dinarello(1989)= TNF-a7} IL-1B¢ &7 &< #8&& Hrha 3ol
MMPs+= collagen3} A9 71 o] Fafel ¥ofst= &40tk Bode & (2003)&
MMPsE dwtd oz  gelatinases(MMP-2, MMP-9), collagenases(MMP-1,
MMP-8, MMP-13), stromelysins(MMP-3, MMP-10, MMP-11), membrane-type
MMP(MT1-6 MMPs), 7|8t MMPZ #3851 th °] % gellatinases® &7 ¥ =
MMP-2¢ MMP-9& Zx#4¢ % w32 devi 53 MMP-9+= = 7]4 9
collagen® Tl dS Fajstes FZAE AFA EAEM o} o] F A huli o}
Aol A yebdtia ®as g

Tissue inhibitors of matrix metalloproteinases(TIMPs)= TIMP-1, TIMP-2,

rr

ol

TIMP-3, TIMP-4 °] 47FA & F4%™ MMPsE 9Ast= A&s HIIdoh
TIMPs7} MMPs®] &4 spo] Agsto] A 282 rhil Lambert 5 (2004)0]
B339 o Cao 5(1995)2 TIMPs7t vl &4 st MMPsoll = A3t A =
HE Ve S B sk

o} o)Al Qlzte] X A dols TNF-a’k F7F€thil Lowney % (1995)¢]
B sl om Uematsu 5(1996)2 IL-18, IL-6 9 F7M3ddx &k, 28
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Lee 5(2004) wA=Ho| o3| IL-1B8, PGE:7}F 7182 R 1& 3t Alhashimi
5(2001)2 i/ sizv hybidizationS AFE3te] wAHZH  F o} o]F o] periodontal
ligamentoll /] IL-1B, IL-62] T7FE 7FA2v 3 R 3393 Takahashi 5 (2006)
Al e WHoR wAHA H o} olFo] MMP-2, MMP-9, TIMPs 1-39] F7t&
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ZFA Stk R astgch olo] E Ao e FHo gHbrE A& x2S A
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Ad FE Ao S A 1 HFEAE 24 ol F A7 7] #1314 closed open coil

spring(Sentalloy, 0.009 x 0.036, Tomy Incorporated, Tokyo, Japan)S A}-& &}

2} o}

Y Al ZTF. Stainless steel wireZ Al&3}o] springs A<

[y}
S
0
o,
X
I
2
rO
oot
o
mE

U= AHe 94 Aol diamond burZ & FAIT Fol FTF HAAGM
Unitek, Nonrovia, CA 91016, USA)E A &3lo] A A9 FAES F7IAHY. A
g sE AT AA ARG JAA FAHANY. BRE AP AALS
Zoletil(Tiletamine 125 ml, Zolazepam 125 ml Virbac, 060516 carros, France
0.04m1)¥} Rompun(Xylazire hydroxychloride 23.32mg/1ml, 2036D, Bayer AG,

Z] Al

51368 Leverkusen, German 0.0lml)S AF£3F I8} FALo] ol fr=d A4l vl
sloll A o] Fof F T},

Figure 1. Schematic drawing of the experimental model. A closed coil spring

was connected between the maxillary first molar and the maxillary incisors.

(A) occlusal view, (B) sagittal view



oA = A1 WA 2ASF AeS dAlskal cryotubedl EHE F A A

2. 3 Real-time reverse transcription-polymerase chain reaction(real-time

RT-PCR)Z o] &3 %4 X#H &4

2. 3. 1 RNA extraction
TRI zol®(Molelular Research Center, Inc., Cincinnati, OH, USA)& A} 43} ¢

Z+ A & 249 total RNAE FZ39 ).

2. 3. 2 cDNA synthesis

Promega's Reverse Transcription system(Promega Corp., Madison, WI, USA)
& A& 1ug9] total RNAE ¢cDNAR 9 dARA At RT POX buffer, 2.5 mM
MgCly, Oligo (dT) primer, dNTP Mix, Rnasino] X¢¥ Z3Eo] reverse
transcriptaseS F7Fstth ¥ &8 42°C dtolA 1587 BRI T 95CoA 5

®3F 7hgaheh,

2. 3. 3 Real-time RT-PCR
Real-time RT-PCR-% ABI Prism 7000 Sequence Detection System(Applied
Biosystems, Foster City, CA, USA)S Alg&3ate] A8ttt Primerd IL-1B,
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TNF-a, MMP-9, TIMP-19¢] probex Table 1o AHg %o gtt. AxA A A
w2 PCR %<& 50ng cDNA sample, 1X TagMan Universal PCR Master
Mix, 300 nM of each primer, 250 nM TagMan probeE ¥ 35} F 25 il &
stol Al dojdtt. 7] @ Alo]lF =72 50TCelA Al 283 F A F 95T A
1087 A 8t= Aolw IL-1B, TNF-a, MMP-9, TIMP-1¢] thd Ato]E =7
9BTCoA 15% FA F 60TCelA 1#3F frAsk= Zolth Real-time PCROIA
fluorescence  EA|AFEA 6-carboxyfluorescein® &  2¥ ¥  oligonucleotide

hybridazation probe$ quencher fluorescenced d&L 3=  6-carboxy

~tetramethy-rhodamine©] A}-& 5 2l t}.

Table 1. Genes analyzed by quantitative TagMan PCR

Gene Primer/probe Sequence
o168 Forward primer 5'-CAA CCA ACA AGT GAT ATT CTC CAT
G-3’
Reverse primer 5'-GAT CCA CAC TCT CCA GCT GCA-3’
Probe 5-CTG TGT AAT GAA AGA CGG CAC ACC
CAC C-3'

Forward primer 5 -CAT CTT CTC AAA ATT CGA GTG ACA
TNF-a A-3’
Reverse primer 5 -TGG GAG TAG ACA AGG TAC AAC CC-3'
Probe 5-CAC GTC GTA GCA AAC CAC CAA GTG
GA-3’

MMP-9 Forward primer 5 -CGA ACT TCG ACA CTG ACA AGA AGT-3'
Reverse primer 5'-GCA CGC TGG AAT GAT CTA AGC-3’
Probe 5-TCT GTC CAG ACC AAG GGT ACA GCC
TGT TC-3'

TIMP-1 Forward primer 5 -CAT GGA AAG CCT CTG TGG ATA TG-3'
Reverse primer 5'-AAG CTG CAG GCA CTG ATG TG-3'
Probe 5'-CTC ATC ACG GGC CGC CTA AGG AAC-3'

Probes contain a FAM on the 5" end and a TAMRA on the 3’ end.



of oy o]n] d#HZ ¢DNA fragment’} 7|02 A E Y}
ok} cytokine® mRNA
AN

2 ol gt mATFAY. 4 Aw

2. 3. 4 Quantification using the Standard Curve method
= AsE 3 AL

.

o}

o] &3o) GAPDH mRNA

Aol A=A
Standard Curve method&
levelZ 543t Z23= GAPDH mRNA 9|

ol 1 mRNA9 #F& dizwel o v&=z A
A

o] ZAak o)

2.4 %4 2 34 Ad
SA A= Wilcoxon testE® F3l 439 2™  mean
mean(SEM) 2.2 ¥ &5 vl p-value<0.05 FFolA TATH 24

=

standard

error
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1. IL-1B mRNA expressionol A ety oiSA F o X o]
of g Fx AA

wAgHE A8 79 Fof 149 F BT R IL-18 mRNA expression©]

o
5
g el W fod v FE i dubvel 149 F
e

% IL-1B mRNA

expression 3t 9 tF(Table 2, Figure 2).
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Table 2. IL-18 mRNA expression (relative to GAPDH)

Pressure side Contralateral side
Mean SEM Mean SEM Sig.
control 0.37 0.02 0.34 0.01 NS
7 days 2.57 0.48 0.35 0.02 *
14 days 1.10 0.19 0.33 0.02 *

# 1 p<0.05, NS: not significant



Figure 2. IL-18 mRNA expression (mean = SEM)
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3. MMP-9 mRNA expression®] A

ool W# frol 74

REFo A ki o] MMP-9 mRNA expression©]

WA AL 7Y Fol 149 & of )
&4 Fo v& fo4 e F71E EYtH(Table 3, Figure 3).

Table 3. MMP-9 mRNA expression (relative to GAPDH)

Pressure side Contralateral side

Mean SEM Mean SEM Sig.
control 0.00 0.00 0.00 0.00 NS
7 days 0.31 0.08 0.06 0.01 *
14 days 0.31 0.11 0.04 0.01 *

# 1 p<0.05, NS: not significant
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Figure 3. MMP-9 mRNA expression (mean * SEM)

*

0.45

04 | ]

0.35 |

MmRNA expression
(@)
© N ©
N (@)} w
T T T

o

.

(@)
T

(@)
L
T

0.05 r

control 7 days 14 days
Days after force application

B Pressure side O Contralateral side

_13_



4. TIMP-1 mRNA expressiono] 4 a8 diSAdF 9 =

ool W# frol 714

wAgHE AL 74 Fof 149 F EFolA hubRo] TIMP-1 mRNA expression

o] AR na F94 JdE =72 Bt (Table 4, Figure 4).

Table 4. TIMP-1 mRNA expression (relative to GAPDH)

Pressure side Contralateral side
Mean SEM Mean SEM Sig.
control 0.42 0.02 0.38 0.01 NS
7 days 292.48 99.12 7.16 0.75 *
14 days 285.38 29.08 9.11 0.68 *

* 1 p<0.05, NS! not significant
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Figure 4. TIMP-1 mRNA expression (mean + SEM)
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V., &

mRNA expressione F94 AA T7HEgS B2 F AU}

Lowney % (1995)%} Uematsu % (1996)
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L

TFolA AF AFTA cytokineS F7IAIIGIL RIAsHoH ol AFNE X2
drgel A ved A5 54 cytokine

Aol B g cytokine W7 A A FEol A dolwEA obywW #A
A W el dejut=A #Ed #7F itk Alhashimi 5(2001)3 Takahashi
5(2006)2 i sizz hybidizationS AbE3dte] wAHZH  F o} o]F o] periodontal
ligamentoll A Z}ZF 1IL-18, IL-62] F7F¢F MMP-2, MMP-9, TIMPs 1-39] Z71&
YA evhal ®aEk ok 28y sz sizw hybidization A @A ¢l Wl 9lojA A I
Aol "olx = o] k. ol E AFAE FHo gHby A& A& AY
HTE o7 slo] gene transcription F&olA WA 2 X o} o]Fo] IL-18, MMP-9,
TIMP-1¢l oj¥® F&F& A=A Lotr 7] 98 real-time RT-PCR& AH83 4
FA B4 Aldetaa duh

B Ao A= gene transcription oA BEE 7] Y mRNAY WH3E =
Aot7l2 skt A4 mRNAS w®3ts AFststr] 98 AHEH= Byde
northern blotting, 7z s/zz hybridization, cDNA array, RT-PCR % o2 7}A7}

Atk 2Tl A% RT-PCRE ©ol8&d 4% mRNA FEoA ¢ w2 9

=

cytokine®= & 4 317 wiitel RT-PCRol A4 el doiA 7b4 wliztet
Agd wyegtz @& 4 9tk RT-PCRE  quantitative RT-PCR,
semiquantitative RT-PCR, real-time RT-PCRZ 4YFojX&=d I FolA
real-time RT-PCR& A7t & PCR product® A #H3d 4+ 9o 714 wm=
A Z2d3xE =&dfdle 44dS 7Hdh
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oA AN 747 rat ¥ ovhge A AA ARE A A
Ao 14979 rat & wheloA e A AAE EErEo] o] F wels A3
A A 9] AL F T

IL-12 a8 B F 71A ¥H=Z EA8t=d Gowen 5(1983), Heath 5 (1985),

>
d
=)
B
a

=

Stashenko 5 (1989)2 IL-1B7} & WAl & &4 &3, = 34 A T8¢ 9
&5 3

i sdoem 95 AAdA FH 9T FHetal vk sk IL-18
2 oo AE, U9 AE AfotAE Fol i ey

(1988)% %ol & ol &e Ao HAAo wAHHL 7tgd F o} olF Z7]
AF =AM IL-1B7F S7het= A& TWekth 283l Alhashimi 5 (2001)2
rats A3 AFoA iz siw hybridizations  AFgEe] wA Yo o & A
periodontal ligament®] IL-1B37} &718 < ® sl ¢dr).

w Aol M 7, 4w B oS5l vis)A ghEkg-e] IL-18 mRNA

g

o~ 5 =]
F vk AWAL A e

g =4 59 IL-18 mRNA expression FA 8402 FoA = Aoz gl oh
AP A A grukio] v 79 bk o] IL-18 mRNA expressiond 94
A T7HE vErlon 793 pukRo] nlsE) 1497wt o] IL-1B mRNA

expression< oA A+ FAE YeEH =Y 14979 IL-18 mRNA expression
2 7dF At ol R #AAadY. ol @Al YElY = olf F stue A A

2 ol Fol AGAHE A FetA k7] "Eoltt. Y Iwasaki (200002 AFH

A

A wAY oA AN IL-1B7F 289 F719 F& 7H¥thal H st
Fed wAdgoz ZeH S oW 39 ol IL-1B9 wnH[ el HiAE YEUH
A% dasttrt 2895 7 o2 tA Srkste S dENda s oA
o] B Ao IL-1B mRNA expression®] 799 ¢tutiio] nvla] 14U ol A
Hag & o]foltt.

Canalis 5(1991), Saito(1990) 5 TNF-a/} & TF9 %7 ZAEARA=EAM F8

lo

& A4S @ 8% om Rossomando 5(1990)> TNF-azb 22 & of A
Hastdth 183l Lowney (19952 1zFe] A& A4S o4

A9 Adz wAA Ao} ool BMA FFAA TNFad 718 717
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2w Rustdn
2y 2 A9 23 793 14939 R, g4 28R dEE wR
A mRNA FFolA 9 TNF-a7t #ZZ5# gkt of7]o gaflrs 7129 o

Collagen®¥} A8 7]H 9] E&fo #oJst= &4 MMPs T oA gellatinase®
= E MMP-29F MMP-9% 229 93 W-&A YeEbdtial Distler & (2005),
Itoh 5(2002)2 H 333 th. MMP-29 MMP-9& Ao} o] FA] ¢fubie} A=
oA AWM collagen® W #AZE ATk 53 MMP-9+= = 7] 49
collagen® Tl dS Fajstes FZAE AFA EAEM o} o]F A huli e}

ol A YEdTha Reponen 5 (1994)¢] B 313} 4]

1

TdT I 14d st Bl A S A el vls) ¢hubE-e] MMP-9 mRNA expression
o] o4 U= T7HE YEFUA T Takahashi 5(2006)2 #HE o] 83 2ol A
i situ hybridizations AFg&3te] mA o] AF A 74 = hulE periodontal
ligament®] MMP-9 mRNA expressions S7MA 710t Hustgom Ag Az

149 Fol= wAgHol 7taA7] A FEoz FadTva s 28y & 2y

=2,
>
s
q

I+ 14979 ¢guFR MMP-9 mRNA expression©] 94 #o]& 1
o] 2] okttt

TIMPs® TIMP-1, TIMP-2, TIMP-3, TIMP-4 o] 47}%]

fru
4
o
cht
k)
]
ofy

TIMP-13 TIMP-2& t# &9 MMPsE AT = A& 295 7IAY TIMP-1
& fibroblast-derived MMPsell tha Zg oA E345 Hol=vd vis] TIMP-2+
Polymorphonuclear leukocyte-derived MMPs(MMP-8, MMP-9)ol o3 73 o
A 23E HojFo Kubota 5(1997)0] B ustdth. 283 TIMP-1, TIMP-2,

m

TIMP-32 thFg AlxolA FAds = v TIMP-4v= 54 A 5@
"t stk TIMPse MMPs ¢4l &3+ TIMPs7} MMPse| &4 gy 2
geto g YJEdtt Lambert 5(2004)0] B sty o TIMPs: Bl &4 3w
MMPsel &= Agste] o4 &35 Jed £% 9t} Cao 5(1995)2 TIMP-1¢]
proMMP-2¢] A3t oA 535 veldlw TIMP-3¢] proMMP-2, proMMP-9

of ZAgtstel AA Z3E vEtdta 53l
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AT 7dE I 4T B fSA ol vle] bkl TIMP-1 mRNA
expression> EAIstH o2 {04 YA FUFsAT a8y 7dE Y 14979
urE TIMP-1 mRNA expressione 294 S+ Aol& Ho|x 29kt}. Redlich
S(200)& ANE o] &3 AP A semiquantitative RT-PCRS Al&3to] w A&
Hgo] Lo TIMP-1& F7/HA7 0 91 wAgy HE & 1543 259
ko] zbole fvta Haste] & Ay Aot Fdsvh. wAHd o3 AF <l
el A WstrE dojutar olel whet &4 stE MMP-99 o] F7EsHAl =
v A ek Al 2AE = feedback systemo] #E kAl @Ak 2@l 4 MMPse A4S
A5t mRNA TIMP-1 expression©] &7bshAl ® Zleolegha W& 4 olth,
Hoodge Bxe wAHZA Xo} o]Fo| gene transcription FEA A k== X2
o] IL-1B, TNF-a MMP-9, TIMP-1o] oW JF& F=2 AFHoZ Hrlste
Aoldrk, A Ax gy A oA IL-18, MMP-9, TIMP-1 mRNA
expression®] 24 A= FT7FE WEUT. 21832 TNF-a mRNA expression
< AEHA For 2 AT AP KA F 159 25 AP E =S A
# IL-1B, TNF-a, MMP-9 Ly &
BEE7] P E o] A7 HFe] i N Ao Alsdy. agse #F 1H4

= Fola T BF AXE ST A7 Bask wAgH Ao ool

2 MAE GE M4E 2RIE FA49 A7 dew Ba¥ jow 474
.
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V. 248

AT 95" AF 280+10gY A Wistar rat 10v2] (7€ 598, 1497 5vh4])
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ddwor 3rtgls Yo ow sto] & 13ty E A AHSsden wA

N

Jo}e] F o] IL-1B, TNF-a, MMP-9, TIMP-19 mRNA expressiond] W% &

FS At Raty A2 x2S Ay FE o7 %3 real-time RT-PCR

Ab83 o] gene transcription &4 IL-1B8, TNF-a, MMP-9, TIMP-1 3}
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Abstract

Expression of IL-18, TNF-a, MMP-9, TIMP-1

in the pressure side of gingiva under orthodontic loading

Tae-Yeon Lee

Department of Dentistry
The Graduate School, Yonsei University
(Directed by Professor Hyoung-Seon Baik, D.D.S., Ph.D.)

After the application of orthodontic force, the compressed periodontal
ligament(PDL) changes the blood supply of the PDL capillaries. Cells in the
PDL are activated and pre-inflammatory molecules like cytokine and
prostaglandin(PG) are secreted as a result of the environmental change. The
mechanism of tooth movement is not proved clearly, but molecules like PGE
and IL-1 effect periodontal tissue and induce bone resorption and bone
deposition. This bone remodeling makes orthodontic tooth movement now
possible.

Thirteen Wistar male rats(weight, 280+10g) that were 9 weeks old were used
in this study. The rats were divided into 3 groups according to observation
time; 7 days group, 5 rats; 14 days group, 5 rats; control group, 3 rats. After
application of orthodontic force, the gingivae of the pressure side and
contralateral side were excised. The mRNA levels of IL-18, TNF-a, MMP-9,
and TIMP-1 were detected by real-time RT-PCR.
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1. In the 7 days group and 14 days group, IL-18 mRNA expression of the
pressure side was increased(p<0.05). Compared to the pressure side in the 7
days group, IL-18 mRNA expression of the pressure side in the 14 days
group was decreased(p<0.05).

2. TNF-a mRNA expression was not detected.

3. In the 7 days group and 14 days group, MMP-9 mRNA expression of the
pressure side was increased(p<0.05).

4. In the 7 days group and 14 days group, TIMP-1 mRNA expression of

the pressure side was increased(p<0.05).

The results of this study indicate that the mRNA levels of IL-18, MMP-9,

and TIMP-1 change in the pressure side of gingiva under orthodontic loading.

Key words @ Orthodontic tooth movement, Real-time RT-PCR, IL-18, TNF-aq,
MMP-9, TIMP-1
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