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ol AFRAZd o3ty fEEY o)aH ez F
9 x2Fo T NZE Fukslaiokyt xole] wl o]
FPAY, o|H oK Z HIo= P& BYES =
AzE zdse AX 847 3 AAE W
#alo] ol m Aty AFAu7t EAA G
F2X| ok(ankylosed teeth)el A& w3 A A olo]F
S FET F e AHUAE & F glFol Ko}
Folu A2F F4 G A AFAd A2 E0]
2 < e Rez y4Eg” a8y J

Fa3 9% =
of W3} X Fot)e] /x a8ln AZ2F E57)
dojg o AFAt) W AZENA Ldojte XF<

=

i 2§ 549 Wy NxE F5E dgde 4
B3 71Hd #eiM e ot kA HEs gEA 3L
A

PDLs22 ©h1 4 & 2 2ol Park $%70] ojate] wj<F
2 & A {2 E(cultured gingival fibroblast)¢t ¥ 1
slo] X Fol) A-f-2A| E(periodontal ligament fib-
roblast)oll A Boldoz WA Az AL T
A AL ol AFAUY Ay E3}ol] A
AR 1/ YL FA S vz 2o
gl ozt A Z2FE YA 3te EEMEAME
n e 242 Hagdel? RANKL (receptor
activator of nuclearfactor kappa B ligand)< ODF
(osteoclast diffentiation factor)*} OPGL (osteopro-
tegerin ligand) =+ TRANCE(tumor necrosis factor
-related activation induced cytokine)2% &&A
= 99223 TG NEFA 22 L4
Fou HToe A3t IRAE) 49 HEA
FAA BH|so] gE3AEee] A XL A2 B3l
A xe AL FHe AR LAz ot
U1 OPG(osteoprotegerin)= OCIF  (osteoclasto—
genesis inhibitory factor)t} RANKLS] #H] 83
2% 48A glon RANKLY 7|5 dAlste w7
48| (decoy receptor)®] &g F3ld FHFH LY
AL At A2 ey Yo,

£ Ao e Aot BE2F H=d X7t o) E &
gt F2E A FRAN f=xet A
A7 54 Aol 29 &
S AFAd AMxee] AdE
A A A X2 A ag3 Xoprt BEde
Al71¢] 87 skt Al 7] R3] 253 FF ool
o] (brass wire)oll &j3ta] = A X7t AE
3 A FEAA AFAU A BolFH oz ddE =
PDLs22 @A 3} sZ3A 2] &4 2480 Bt
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37 skt AINTFA 9 A2 FA 7 Ko} B&A%
A HFAd Gl FHE Flar] ¢ated A
% 219 5nbel, A S 274 Suleleh ¥ 34Y 5vke] 9
A Ay o] &t

2A7r o)) & 24 W3S BAEY] Ast] 24 6
59 27 1078 ez F9 vk F skt Al
x| o A2t 72 o] Abelo] A7 0.6mme] FE ¢
o] o] (Messing-Drht, Dentaurum®, Germany)E ©| &
gto] 25Y F<F AolE oA F .

wealge] A 27t o)7fAZl FF Y stE
A Z3to] 4% paraformaldehyde £l 4CollA
7+ 143 & PBS(phosphate buffered saline)§-
2 2X3F A H k3 109 EDTA €0l 4CollA
2~457r 238ttt €3 & Il v, el w

g58tn g oL 6m FAE 2hEsTh 4
B hematoxylin-eosin §4& A3t UmA=
W 2238t A Wj7hx] 4T Basiitt.
3. DIYRAISISIA oA

w23ty gA-g A LAIFAZE anti-
PDLs22 t+E24 A9l anti-RANKL ©284 &
A 22 anti-OPG ©F24 FAE AHEsIATh
Anti-PDLs22 T+284 g4& o 579 ¥y o
ate] A28l eH, anti-RANKL ©EE4 349
anti-OPG ©Z &4 A= 2AUgtw A HJhE +
o) A8t Ao A3 FAE o] &3t

4C B3E DAL xylene2 2 & 2k A3}
I 0IM PBSZ F x| AR stw, 0.3% AabsteEa
(H202)7} E38d dZA(Methanol 40ml + 30%
Hy02 0.4ml)oll A 20-30% F<F endogenous peroxi-
dase block A 23t 3 thA] PBSZE A a1& o] A3 &t
gt} o] AL 05% BSA(Bovine Serum Albumin)
7} 449 PBS £A4& AMEsl] SME FA EH o
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Fig. 1. An immunohistochemical representation of PDLs22
at the pre-root formation stage of tooth develop-
ment in mandibular first molar of rat. PDLs22 is
expressed in tooth follicle. Fo: tooth follicle, x40.

2 20% OP odv] & Aot 4 AL o83t
o A& 13} 34 (anti-PDLs22 a5 1:100, anti-
RANKL % xﬂ; 150, anti-OPG &, 1:50)3 4Tl A
AN T WS AIZ T PBSE Al e F d9g 23 &
A ZA 05% BSAZ ¥33) PBSE 34 (1drop/ 0.5%
BSA sol 10mD3t 94 &7 oG} IgM A9 4
LA 1A17F E¢F 32 HEstg T PBSE 208 &
ob A2 3% & ABC Al 2F(Avidinebiotin—peroxidase
complex, Vector Lab, USA)¥} 468 E<F vb3Al7| 2
PBSZ 20% F<F A& 3 & 0.05% DAB (Diamino-
benzidine Tetrahydrochloride)E o] &3t] TAA7]
T AR AH33 hematoxylin® 2 ) Z2E A5t
Folgn|gor BAIHUTT

mZ
1. A2 &A1 X0 Y= IEUIM RIZ=CICY SHetd
O Y451,

Ao} AT A Bt AT A Zo] &
AE7 A GAA AF 2149 22 R EA PDLs
22 Ao uE S8 JE AP Al ZA
7yetAl w5l ol RANKLY OPGs vl ekal d
S BYriFig. 1). 7] X2 84 @4 8% 27
o 9 2HFEAME PDLs229 OPGZ}F A

L EEEIEER ERISEREEREE E

XloteEnp X7+ Of7f TR IA R[ZRQICH FHYE 2iEiol HE

Fig. 2. An immunohistochemical representation of RANKL at
the early root development in mandibular first molar
of rat. Expression of RANKL is barely detected in
tooth follicle and periodontal ligament (arrows).
x100.

Fig. 3. An immunohistochemical representation of OPG at
the early root development in mandibular first molar
of rat. OPG is strongly expressed in tooth follicle
and periodontal ligament (arrows), x100.

A 7yshA HEHR Y RANKLSY Ed2 #2338
2 g AthFig. 2, 3). A2 AT & Xopg=
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Fig. 4. An immunohistochemical representation of PDLs22
at the advanced root formation and active eruption
stage of tooth development in mandibular -first
molar of rat. PDLs22 is expressed in tooth follicle
and osteoblasts. AB: alveolar bone, Fo: tooth
follicle, Am: ameloblast. De: dentin, x200.

Fig. 5. An immunohistochemical representation of RANKL
at the advanced root formation and active
eruption stage of tooth development in mandibular

“first molar of rat. RANKL is expressed in osteo-
- blasts, tooth follicle (arrows), ameloblasts, odon-
" toblasts and pulpal fibroblasts. AB: alveolar bone,

Fo: tooth follicle, Am: ameloblast, De: dentin,
x200.
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Fig. 6. An immunohistochemical representation of OPG at
the advanced root formation and active eruption
stage of tooth development in mandibular first
molar of rat. OPG is not expressed in tooth follicle
(arrows) and the other areas. AB: -alveolar bone,
Fo: tooth follicle, Am: ameloblast. De: dentin,
x200.

Z]| £ H oA PDLs22 Tl a2 X o) Al 59 X
ZF9 FEAXAA e FdS B or(Fig. 4),
2 G EY 2T SEMEAA Zst
A FEEAT Mo HFEAE} JolRAE 1
Y3 XF AREAZANNE Lol FFHG o
(Fig. 5), OPGE €% FRA X u|efst 43L& A
dta g2 A EEME TAHRA gt} (Fig. 6).
2. X2 OK HE0IM XIZ=0I0H HEIAo| ebsd
A4 8F e H-E 44 ZEANA A1 +X < #)2
2] Abele] )2t 54 (interdental septum)& X] o}
o] Wil gAA G Aol FUF Eol2 AR UN
on Fgog FYshe 752 A (transseptal lig-
ament) = 2 BFHJT XFAN S} He X =2E2H
Ao F 22 5 dEAEE A B2

- HA] &SktHFig 7, 8). A3 o)E AR T H-E
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Fig. 7. A histological section taken from lower first and
second molar of normal animals. Osteoclastic
activity is not observed in the alveolar bone and
the tooth. AB: alveolar bone, De: dentin. H-E
stain, x40.]

Fig. 9. A histological section taken from lower first and
second molar 2 weeks after interdental separation.
Note the alveolar bone resorption and undermining
root resorption {(arrows) in this section. AB: alve-
olar bone. De: dentin. H-E stain, x40.

Fig. 8. A histological section taken from lower first and
second molar of normal animals. Note the trans-
septal ligament (arrows) between lower first molar
and second molar. AB: alveolar bone, De: dentin.
H-E stain, x100.

Fig. 10. A histological section taken from interdental septum
beween lower first and second molar 2 weeks after
interdental separation. Note that hyalinized tissues
appear as empty space near the root surface in the
periodontla ligament and also PDL remodeling in
the middle of perodontal ligament (arrows), x100.

£ 29t AxIAe o8 A dE JAHEA
Howship's 4x¢boll x|t SEZA2E0] 93 Z9
I S A BEE 4 Qe AFHAE
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Fig. 11. A histological section taken from resorbing alve-
olar bone septum bewsen lower first and second
molar 2 weeks after interdental separation. There
are many osteoclasts(arrows) resorbing alveolar
bone, x200.

Fig. 13. An immunohistochemical representation of PDLs22
in periotontium between lower first and second
molar of normal animals. PDLs22 is expressed
strongly in osteoblasts and PDL fibroblast (arro-
ws). AB: alveolar bone, De: dentin, x100.

g A Eo &3 Folde ol &4 (undermining

resorption) = YEGTHFig. 9, 10, 11, 12).

PDLs22 @ulad 2 3|7t o7} & Al33}A] k2 o
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Fig. 12. A histological section taken from lower first molar
root 2 weeks after interdental separation. Note
the undermining resorption (arrows) by odonto-
clasts in the tooth root, x200.

Fig. 14. An immunohistochemical representation of PDLs22
in periotontium between lower first and second
molar 2 weeks after interdental separation. Expre-
ssion of PDLs2?2 is decreased with interdental
separation (arrows), x100.

AE AFAAY NZ2Z) FRAFTAN A3 Ed
S BHyo} X7t o)/ Bl wEkA 1 Edlol 7
A5E A4S Jebdrk(Fig. 13, 14). RANKL2 A
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Fig. 15. An immunchistochemical representation of RANKL
in lower first and second molar of normal animals.
RANKL is expressed in odontoblasts, pulp fibro-
blasts, spindie~-shaped mesenchymal cells around
the blood vessel, lumen of the blood vessel, PDL
fibroblasts and osteoblasts, x40.

Fig. 17. An immunohistochemical representation of OPG in
lower first and second molar of normal animals.
OPG is expressed in odontoblasts, pulp fibro-
blasts, spindle-shaped mesenchymal cells around
the blood vessel, lumen of the blood vessel, PDL
fibroblasts and osteoblasts. x40.

A[OFYED} X7 07 DRFOfA] A[FQICH T diEde] ¢}

Fig. 16. An immunohistochemical representation of RANKL
in lower first and second molar of 2 weeks after
interdental separation. RANKL is expressed in
odontoblasts, pulp fibroblasts, spindle-shaped
mesechymal cells around the blood vessel,
lumen of the blood vessel, resorbing dentin and
cementum matrix, PDL fibroblasts. osteoblasts
and osteoclasts. Expression of RANKL is increa-
sed with resorption of alveolar bone and tooth,
x40,

Fig. 18. An immunohistochemical representation of OPG in
lower first and second molar 2 weeks after
interdental separation. OPG is expressed in pulp
fibroblasts, lumen of the blood vessel, PDL fibro-
blasts and osteoblasts. Expression of OPG is
decreased with resorption of alveolar bone and
tooth, x40.
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Q = BHA OdX Lo == = _
Uz, dEs YT 4B, &S, 2R, BxE

EAEG AT D FF7) AYPH e dobda) w
otd o] J)1 oA A=A X7t o] FAH A A
FA 30| Yoz X x2ZH 229 471 A
ol w} X7t o]7NE AR B Tol H]3}]
27k o]/ FEA RANKLY dHdo] & #sln
B 959 chFig. 15, 16). OPGE X7t o)/ & A3
A @& I A7t AT T NF ARRAE,
ORI E, i B, FRAZE L AFAY A S
A FAA dF L) 2, X3 o)) HA ol u}
gt 23 X129 F57F dolvEA OPGY Edo] X
7t o)NE AR F& 2ol vk 7 o)A &
oA Ziste 278 2499 (Fig. 17, 18).

V. &2 3 1ot

Ao HAH £3) a8ln EA fAd o
e AAEd B AFA, e AFAUS
FHH oz #Fd 7153 EAHE odstEe
ATE0l A %1, tho2E AFAN A xe
249 43 AEH-(epidermal growth factor bin-
ding site), XFANAEY] AXNE w23 S100
243 DA (S100 calcium-binding protein fam-
ily) 28l 3 X3 A FE 2] osteoclast specific factor
~2(0SF-2, periostin)el] &g A7) A ¢
ok 28y o]y AT AAEL FE AFUN AR
EAEY B4 fAY £3} o) 24 #EAE 4T
2] BHihe AFAoe M3 e wAFdAY
Ao Wt e EU ZRAEY EAo| &3l
d #EsHE AEIUh

2o ¥AE PDLs22E =3 ¥4 (Northeren blot
analysis)® mRNA <QlAlo]Edto]Bal=(mRNA in
situ hybridization), Z18]31 W22 33817 QM)A
AA ] & 2HdM e TAHR| ot AFAY A
FEAFAA EojF oz =] A vt A
A AFAURAE S 2718 £3-44 A717A
I 9¥o] fAHE Ao g BuEYr) o] Az B
W PDLs22 ©jdo] dddteE AL X FAY A%
o AT 1/ 2ol fAE T JE AHgn
2 5 anf? B J¥dA PDLs2E A2 FAH9
AGH ZoA M FE FEE o] Rolr} WEdle] x]F0
W7t R A oz 7158 W7iA FAET) X7t o)A
E F3to] X Adel ¥4 A A gl 2Hgdte] %)
FAWY Mz7t dold A7lele 2 Edo] ta 7
&3t Fig 1, 4, 13, 14). o] 23 F9hE 4A|
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Ho 2 NzHe A7NE At ST AR
B A2E 5 o2k $4MMA 1 S5 &
A% AL SASTL AN 5 Jou, A3
o] /lz7} Do wf PDLs 228] wHo] 7hasts
9l 8ad FHME B¢ 77t Bosi
RANKLE #3429 4L 24%te 83 <
A2 dEA dedH, FRAXE o] Fute] 7+
AX, Az v 4F, o, A%, 2%, 242 4 9
nol Zre vk 2A T BX3Y o] 2L A
st HEA xS FEF59 A (actin) 28] A 1
g AEAe Hy AR S 1A Ao
2 ggA 1 Yo Lossdorfer £2& RANKLE
ZRAES} T4 HE AEET opgel SAME
o} F5 59 Aoldz wietde] 7|d3 vhA Mol A
T #dEthn k9o, Rani® MacDogall?&
£22 RANKLe] ZRAE7} ofd Aold g A3}
£ olEAEY X4 WY HREATAINE Td
Ar}x 391, Kawamoto $2& RANKLo] X391
el & A-dRe] AN X I F9 9] W
A= FdHha dto] RANKLS 22 oA
o] tFe 4&E gAlETh £ @A RANKL
& AT A A A2 G4 A7 AGA T E
m ekt dalo] AT} Hoprl WEshE Al
2 o] Frlsle A2 S HYE ole Xolrl #
Z3he Al7ld X2Z9 PTG Az Fuksto] g}
EHEY o] Frksly] Wil Aoz yZgErt
(Fig 2, 5). T3t o] &7 AdA 7} RANKLS ¥
H]&tn] RANKLo| ¢l Aol Zo| AP A ¥
thi Bu3 Kong 599 a3 Ane 9t
OPGE RANKLY 34 Af st dagoz oz
AE AL JAstE 71%5E 3t Ao gBlA
A= Oshiro %€ OPG-deficient AHE ©)
£33 AFlA OPGY} gle® A& o2 RANKLY]
Aol FulE] wAYA HololFo] dold ] X
9 F471 €49 o AsA vehdda sigen,
Shotani %2 OPG7} #E2A129 §4 38 84
A5t A E AVE 3 (apoptosis) BA-S 28] A
#Aog Fo F4¢ 8L AsANY: gt &
ATFolA OPGE AX2o] FAHE Al7lde X3
A Aol A3 LHH T} X ofr) MEstHA X
AL Bk ol F9 FERATGME 1 FHE
& & F glie), o] 29E Xo} W& 3y 3
FAEY 4L ANAE HEo] NAdHe AY
e o7t 2 E & 7] "ol AEn, o
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B 3 A I AFANA E= FAH 2 OPG
€ U3 Aot & AR dxE Bzt @AE A
seths Wise 5779 A7 AAdE F3H
2 AR A& FgoA Aot HEA 272
o 9RdEe XA FH S BAE) A8t 3
o AT A2 B4 A A A SAA ¥
2193 A2 FADA AF 7Y 283 A2 BA
2 Ao} & A AF 4L FHE o] g3t
PoEG, AFAThe] N2 A2F F4E FEA
Ao} A3t o7& A BIFA=H 06mm FE ol
Z o] &3te] 237 X7t oS AL X FLAU S}
X2 283 22 B= Fo] AEHA st A

d EAd F@dHA FAvie] wzle} X2 22
29 B3 FTE fxstuz s9ch H-E 94&
3 FEEA FEAA X7 o E B3t 2F
7t e} tEo] F - ZFo02 APH e
R AE FHo| REaA FoEHAoH, A ZF
Ao A EE 93 Z9 F g 22|
A8 B A X o7t Fold e o]H F47) ek
HFig 7, 8, 9, 10, 11, 12). o] #E3 A7 oA E

o] AFAN Y A2 & X x2F F5E f2d
A3 ol AHIASS Uehin.

2|7t o/ & RANKLJJr OPG A& o] &3 ¥y
z32g}et Ao RANKLE A4 AR2A X, A
O}RA X, E#e FHAN T dFe P, A FA

AREAE, ERAEY 959 SAE, G4 L
A AE g Frt A E dold ) wieka g 7]
oA TP o, X7t o= QA3 A FAY =
73 F7te AxEH X2 F547F AP wE
RANKL®] &éde] 1% Zretn B 34 vebstt
(Fig 15, 16). ©|&= RANKLc| X% &9 &8 &3
b v A Ae) X et Ao, B AT
Ao EAAQ] AL A2 FF FAAA oln
et 47 JPHe dopd ) Wt J1d
WE RANKLe] &= ttes 4oz Ax3 32
g #g oA RANKLe] AUt HR2ATY &
%%%"4 ATEREH xAxE 23dS Jehls
N2 23 & £ o
OPGE X ARRAE, AolmA X & fe] g7t
EEAEZ 9 XFAY A FEA XA FHH o™
(Fig 17, 18), A[ZF o]/ # ol me} OPGS] #d o]
A2 NZ2FA AHT WA gade At o
e olE HIAT} EFdE, 57 Ay
= F9YollXd= OPGY ¥H]7} Al=l 1 RANKLO)

ROt &t |7k 07 TREOIAM R|FQICH CHYE erEe| Bg)

@40 F7tdrte A& Yehdnh

AT AHE FYsto] ¥ RANKLY OPGE X
of A TA Y X2 FG Al7|AFE EHH, X
Z2Z9] Az X2 E47F AP HE Ko} dE7 X
Zrol7} T4 o A& RANKLS & o] F7letm, 2|5
oo}l X2 gl A FFo| AAHoR Trx]ﬂ“
S A OPGS) Wdo| Zrhstglth. Ea ol@
Ho] A oA PDLs229] g F/Jo 2 Hol ‘]Zrcﬂ
e 259 EAF FPFL A8 A7 o)A
A8} o]l AF:Auie Mzt Eds] dojuts A
AqHE dAadoezr ANFAY AFEAE THY E
A gt 2 E oE #AHJY do = oW
AT AFE EUR AT F59 A9 RANKLY
OPGe] A&F AUl Zobde] Foag oM Aot
BEAZL AFAREATS] FF 24 283 AF
Aule] 37 ®Wislo)| wE PDLs229) 7|5 T #3l
B R0l ne A2 A X ol X
7~:1_,] /\ga;@ g];_<1 7§°ﬂ ;q_a x]z ]EH"]]ES’—]—
Ak ﬁra“ AAES] A3 2L W3 A EYEIH
714E oAl @ e AR Addn.

__4_4

_>L

Sy
3

v.g8 8

).11

] H B g3t A7k o/f 2 FEE Aot /A
Fg A AFAA Ax} AFAN &
Coti7] e, AFAh A F=A
o2 sy AFAvhe) Bito} &
PDLs22 % 23 2)obet A 259 v
Adte Ao 2 o2zl RANKLY OPGY
Zzlﬁ}?ﬂrﬁoi A7g A3 AFU
FAA7t &3] HzHE A71E A9sta
a8 AxE F A 2
FAske Aoz & 3oy, AF
225 T80l B4R #A9
E e OPG7} &, Aots} A 2Fe] F57F
&g gjo = RANKLS 93] Sise Aoz y
ettt ey oo B9 HE&E 71d-E skl 9
M B A7t 288 Aoz A4dn

ok
I —l>

] 4 =2 il
fr o > 1o o
g omn ob i N

_|9, M2 o
“N _Bi mio

o
o
e
©
ﬁ

ofl
lo

SN ' I | e - I -P - Y
ot
i

L

@m

Fro
r

=
do ot

=g

0]
o

1. Duarte WR, limura T, Takenaga K, et. al. Extracellular role of 100A4
calium-binding protein in the periodontal ligament. Biochem Biophys
Res Commun 1999 : 255 : 416-20.

2. Wellington JR, Gregory JK, Gaoman G. Osteoclast recruitment to sites

79



UE, wa+, 29X, LU, USE H2A u4EE

of compression in orthodontic tooth movement. Am J Orthod Dento-
facial Orthop 2001 : 120 : 477-89.

. Ahlen J, Andersson S, Mukohyama H, et. al. Characterization of the

bone-resorptive effect of interleukin-11 in cultured mouse calvarial

bones. Bone 2002 : 31 : 242-51.

Miyoshi K, Igarashi K, Saeki S, Shinoda H, Mitani H. Tooth move-

ment and changes in periodontal tissue in response to orthodontic

force in rats vary depending on the time of day the force is applied.

Eur ] Orthod 2001 : 23 : 320-38.

Oshiro T, Shibasaki Y, Martin J. Sasaki TJ. Immunolocalization of

vacuolar-type H'-ATPase, cathepsin K, matrix mettalloproteinase-9,

and receptor activator of NFKB ligand in odontoclasts during physio-

logical root resorption of human deciduous teeth. Anat Rec 2001 : 264

1 306-11.

6. Piyapattamin T, Takano Y, Eto K, Soma K. Morphological changes in
periodontal mechanoreceptors of mouse maxillary incisors after the
experimental induction of anterior crosshite : a light and electron
microscopic observation using immunohistochemistry for PGP 95, Eur
J Orthod 1999 : 21 : 15-29.

7. Wu YM, Richard DW, Rowe DJ. Production of matrix-degrading
enzymes and inhibition of osteoclast-like cell differentiation by
fibroblast-like cells from the periodontal ligament of human primary
teeth. J Dent Res 1999 : 78 : 681-9.

8 A&, 2%%, 2y« ¥4, Expression of specific gene transcripts

in periodontal ligament fibroblast. ™7-8}+-2] 1999 : 23 : 1-13

Park J-C, Kim YB, Kim H-], et. al. Isolation and characterization of

cultured human periodontal ligament fibroblast—specific cDNAs.

Biochem Biophys Res Comm 2001 : 282 : 1145-53.

10. 34, W7, B4%, 29S, 4. 45 44 Ao} 2 AFz
Aol FeAti-So] T4 : PDLs229) . X FEA 2002 : 32 :
1-12.

11. Faucheux C, Horton MA, Price JS. Nuclear localization of type I para-
thyroid hormone/parathyroid hormone-related protein receptors in
deer antler osteoclasts : evidence for parathyroid hormone-related
protein and receptor activator NF-kappaB-dependent effects on oste-
oclast formation in regenerating mammalian bone. J bone Miner Res
2002 : 17 - 455-64.

12. Kanzaki H, Chiba M, Shimizu Y, Mitani H. Dual regulation of osteo-
clast differentiation by periodontal ligament cells through RANKL
stimulation and OPG inhibition. J Dent Res 2001 : 80 : 887-91.

13. Kartsogiannis V, Zhou H, Horwood NJ, et. al. Localization of RANKL
mRNA and protein in skeletal and extraskeletal tissues. Bone 1999 :
25 1525-34.

14. Hasegawa T, Kikuiri T, Takeyama S, et. al. Human periodontal liga-
ment cell derived from deciduous teeth induce osteoclastogenesis in
vitro. Tissue Cell 2002 : 34 : 44-51.

15. Kobayashi Y, Hashimoto F, Miyamoto H, et. al. Force-induced osteo-
clast apoptosis in vivo is accompanied by elevation in transforming
growth factor B and ostecprotegerin expression, ] Bone Miner Res

w

L

o

©

80

CHXIw&Al 343 15, 20044

2000 : 15 : 1924-34.

16. Kong YY, Yoshida H, Sarosi [, et. al. OPGL is a key regulator of ost-
eoclastogenesis, lympocyte development and lymph-node organo-
genesis. Nature 1999 : 397 : 315-23.

17. Horiuchi K, Amizuka N, Takeshita S, et. al. Identification and charac-

“terization of a novel protein, periostin, with restricted expression of
periosteum and periodontal ligament increased expression by transfor—
ming growth factor B. J Bone Mineral Res 1999 : 14 : 1239-49.

18. Kanzaki H, Chiba M, Shimizu Y, Mitani H. Periodontal ligament cells
under mechanical stress induce osteoclastogenesis by receptor activa-
tor of nuclear factor kB liagand up-regulation via prostaglandin E;
Synthesis. J Bone Miner Res 2002 : 17 : 210-20.

19. Shiotani A, Shibasaki Y, Sasaki T. Localization of receptor activator
of NFkB ligand, RANKL, in periodontal tissues during experirental
movement of rat molars. J Electron Micro 2001 : 50 : 365-9.

20. Lossdorfer S, Gotz W, Jager A. Immunohistochemical localization of
receptor activator of nuclear factor kappaB (RANK) and its ligand
(RANKL) in human deciduous teeth. Calcified Tissue Int 2002 : 1 :
45-52. )

21. Rani CS, MacDougall M. Dental cell express factors that regulate bone
resorption. Mol Cell Biol Res Comm 2000 : 3 : 145-52.

22. Kawamoto S, Ejiri S, Hoshi K, Nagaoka E, Ozawa H. Immunolocali-
zation of osteoclast differentiation factor in rat periodontium. Arch
Oral Biol 2002 : 47 : 55-8.

23. Kondo H, Guo J, Bringhurst FR. Cyclic adenosine monophosphate/
protein kinase a mediates parathyroid hormone/parathyroid hormone
related . protein receptor regulation of osteoclastogenesis and expre-
ssion of RANKL and osteoprotegerin mRNAs by marrow stromal
cells. ] Bone Miner Res 2002 : 17 : 1667-79. ’

24. Lee S-K, Lorenzo JA. Regulation of receptor activator of nuclear factor
-kB ligand and osteoprotegerin mBNA expression by parathyroid
hormone is predominantly mediated by the protein kinase a pathway
in murine bone marrow cultures. Bone 2002 : 31 : 252-9.

25. Oshiro T, Shiotani A, Shibasaki Y, Sasaki T. Osteoclast induction in
periodontal tissue during experimental movement of incisors in
osteoprotegerin-deficient mice. Anat Rec 2002 : 266 @ 218-25.

26. Shiotani A, Takami M, Itoh K, Shibasaki Y, Sasaki T. Regulation of
osteoclast differentiation and function by receptor activator of NFkB
ligand and osteoprotegerin. Anat Rec 2002 : 268 : 137-46.

27. Wise GE, Frazier-Bowers S, D'souza RN. Cellular, molecular, and
genetic determinants of tooth eruption. Crit Rev Oral Biol Med 2002 :
13:323-34.

28. Wise GE, Yao S, Zhang Q, Ren Y. Inhibition of osteoclastogenesis by
the secretion of osteoprotegerin in vitro by rat dental follicle cells and
its implications for tooth eruption. Arch Oral Biol 2002 : 47(3):
247-254.

29, MacNeil RL, Berry JE, Strayhorn CL et. al. Expression of type I and
XII collagen during development of the periodontal ligament in the
mouse. Arch Oral Biol 1998 : 43 : 779-87.



Vol. 34, No. 1, 2004. Korea. J. Orthod. X|OFMEDF X|7F 0170 DA O A] X|Z=0ICH CHHHAl HEdo

=

- ABSTRACT -

Immunohistochemical localization of several protein changes in periodontal
ligament during tooth eruption and interdental separation of rats
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In this study, we attempt to investigate the mechanisms by which PDL cells regulate osteoclast formation and also tc

know whether PDL retained their characteristic phenotype during tooth eruption and interdental separation.

Rats were prepared at developmental days 21 (pre-root formation), 27 (root development), 34 (advanced root formatior/
eruption) and at later times(adult rats). To induce severe resorption state of alveolar bone and tooth root, interdental
separation with brass wire was performed between the lower first and second molars for 2 weeks in adult rats. Rat
mandibles were demineralized and embedded in paraffin, and horizontal and frontal section were prepared for immuno-
histochemical analysis using PDL-specific protein 22 (PDLs22), receptor activator of NFKB ligand (RANKL) and

osteoprotegerin (OPG) antibodies.

1. Root formation and eruption stage of tooth development.

1) PDLs22 immunolocalization was observed in tooth follicle/PDL cells and osteoblasts throught out the root formation

and eruption stages of tooth development,
2) RANKL expression became stronger at eruption stage than root formation stage of tooth development.

3) Strong expression of OPG was detected in follice/PDL cells of root formation stage but it was decreased with tooth

eruption.
2. Interdental separation between lower first and second molar.

1) Comparared to normat animal, multinucleated osteoclasts and odontoclasts were markedly induced in the alveolar bone

and tooth root with PDL remodeling in hematoxylin-eosin section.
2) PDLs22 expression was decreased with interdental separation.

3) RANKL expression was increased with interdental separation in PDL fibroblasts, osteoblasts, odontoclasts and it

lacunae, resorbing dentin, cementum and bone matrix.

4) OPG expression was slightly decreased in the PDL cells adjacent to the alveolar bone and root surface with

interdental separation.

These results suggested that during tooth eruption and tooth movement, RANKL and OPG in the periodontal tissues
are important determinants regulating balanced alveolar bone and tooth root resorption. And it is also suggested that PDL
cells retained their characteristic phenotype during tooth eruption and interdental separation except for the short period

of PDL remodeling.
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