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amin D 7}A] RANKLY OPG7} # €& B i1}
E 5 AFARAE7 23 H XotolF ¢ AFE
3ol o3k FEF9 BEse] AT AELE AW
BTt

e AFAHAES} 2zF M FSHE
2l 283 9TE & Aoz FHT, o] A=
o 28 RANKLZ} OPGE] g 2388 & o
AzZe] H3E NG F d= ol E 7
itk 2y AA7EA] XF A Mo RANKLA
OPG B3 & #33 97 BHiE =87, 539
cytokineo] A=E X5 A A E |4 RANKLZ
OPG @& Bug A7 o fith olef o &
Fo] 2L XFhAHE ] 2§ osteoclastogene-
sis 289 R HA2A o Fx9 182 A5
WAEE AFs}aL, o] AE o) 2 RANKLT OPG
o) vy oS BEATto 2N HFHE fof gt
AF) AE] g Yok 1A} 3T

Il &l A= U Y
1. WA AZQICHAIZ 2| HY RS

W9 9] AFQArhAEe] F2lE Matsuda 59 ¥
W ol F3led AJh3kTE HoF AA 5UFE 0.4%
B-aminopropionitrile (Sigma Chemical Co,, U.S.A.)
FEI9E FEo2 JHNAT 4¥FE pento-
barbital sodium 30 mg/kgS B3 FA}8IA 3
A7 F et &, 9% A 1 TR E EANY T
A 129 3 dxghile) g AAsA AdE o
< 35 mm G A o) LA LA 1% antibiot-
ic-antimycotic solution (Penicillin-Streptomycin,
GibooBRL, U.S,A.)0] 7}€l DMEM ¥ & o]-8-3}
of MEujke AFgon, 39 TR v
& W@ Fek Al A s7AHe] A
& A3

2. RANKL Immunoassay

A X)FQI M EE 12 well plated]] 1 x 10° 7]<]
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A7} A 233D 0% FEe] DA EEshs
36~48A17F 3 vl A& 0.3% fetal bovine serume] &
F8 WA 2 2B} 8417 FRL i BT 118
¥% 0,01~10 ng/ml& H713 ¥ 16-18A)7 v &3}
itk AF A E 278 2] 5 soluble RANKL
o e MNE v F3FHE FF3tY enzyme
immunoassay kit (Quantikine®, R&D, U.S.A)& °]&
aho] Az 3)Ate] A Aol whehr A 2]3aLl ELISA
plate reader (Microplate manager® BioRad, U.S.A)
2 34 450 nmol A 9] FHEE A3t 1 Y2
w3

3. A AlFEQICH ME2| RANKLY OPG R
At g

1) IL-1 AR

WA xZF¢i) M EE 100 mm dish (Falcon,
U.S.A.)) B33 & 10% FBS7} £ 3H¥ DMEM v =]
oA wf kst AE7F Ao =3 0.3% FBS
7} 23H¢l DMEM WA 2 28t F 8 AR F 1L
18 0.01~10 ng/mlE H7}5k3L 16~18A13F v s}
et

2B RNAZE

RNAS] £} v gl-g A ABAL 2.0 ml®] Trizol
(Promega, U,S.A )& 37138le] Z+2be] Triclosan &
oA 22l¥ METE 1.8ml tubed FH3Yc)
20049) chloroform& 37131 RNAE §-3) A7) F
4C, 12,000rpmol] 1087F 9A B3t 43
Hukg & F 500 H isoprophyl alcohol& H7}s}
o] RNAS HAAF)L 4T, 10,000rpmof|A] 1087}
A4 Ba)gte] A2 AASIT) £2]3 RNAE
T/E buffer 404 o] %<1 ¥ spectrophotometer
(BioRad, U.S.A)Z 1 ¥& FH3ALn -70C ¥
S0 RS

3) ATIAL ZRIE 2 CIYEHS (Reverse transcriptase-
polymerase chain reaction; RT-PCR)
%29 % RNAZ 5ug2 RT reactiong $)3}4



PCR primers

ted
Primer Expec e- Sequence (5'-3")
base pairs
GAPDH-sense (+) 418 CACCATGGAGAAGGCCGGGG
GAPDH-antisense (-) GACGGACACATTGGGGGTAG
OPG-sense (+) 492 TGTAGAGAGGATAAAACGG
OPG-antisense (-) CTAGTTATAAGCAGCTTAT
RANKL-sense (+) 499 CAGCACTCACTGCTTTTATAGAATCC

RANKL-~antisense (-)

AGCTGAAGATAGTCTGTAGGTACGCC

PCR programs

94 C 94 C 60 C 72 C 72 C
GAPDH 1 min 1 min 2 min 1 min 10 min
25 Cycles
94 T 94 C 5 C 72 C 72 C
OPG 1 min 1 min 2 min 1 min 10 min
RANKL
30 Cycles

Figure 1. Amplification primer sets and conditions used in polymerase chain reaction, GAPDH indicates glyc-
eraldehyde-3-phosphate dehydrogenase; OPG, osteoprotegerin; and RANKL, receptor activation of

nuclear factor «B ligand,

AME-8}i T}, Superscript II(GibcoBRL, U.S.A.)&
o83k 70T 108, 42T 708, 37T 1589 =4
S 2 cDNAE 4389t} PCRYRE-E 10x PCR $F
&9 (GibcoBRL, U.S.A.) 54, 1.5 mM MgCI2 3
A, 10 mM dNTP mix 14, Z+2}+9) primer 2,54, 5
unit Taq polymerase 0,24, $3¥ cDNA 24 &
T F 33 FFTE o143t F 50471 HA
3 ATh PCR ¥§ EYEEL PCR cycler
(Thermocycler, U,S.A.)& o] &3}9 FZ 5t}
ZZ9 PCR 2HB-E-& loading buffer 24 & H7}3}
o % 1047} A 8}e] 1.5% agarose gelo] A run-
ning 3}5 . AoJZ] PCR data® gel image analy-
sis system (QualityOne®, BioRad, U.S.A) A
house keeping gene¢] GAPDHS] W& 7|F o
E 8lo] Z4zhe] A Q) U Weg A&k 1
AHE #4399

4. 8H2H B

A AA o7 £3)+= one-way ANOVAE ]3]
B}aL AREZAL Duncan ¥g $31 A&k

. 3 2}

1, IL-1 37130 i3 R=E soluble RANKL
=53

Soluble RANKL®] 9 T2 F-& 709 pg/ml 0] )
on IL-18 0.01 ng/mle 776 pg/ml, IL-18 0.1
ng/ml& 808 pg/ml, IL-18 1.0 ng/ml& 833 pg/ml,
IL-18 5.0 pg/mhke 856 pg/ml 1L-1 8 10,0 ng/ml F&
859 pg/ml2 I1-18¢] FXx7t F71848 1 o] 2
7Vehe A%e BYov AR o2 fo)8k 2o)
+ Y191t} (Figure 2).
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Figure 2, The amount of RANKL production in 1L-1 Bstimulated fetal rat calvarial cells
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Figure 3, Reverse transcriptase-polymerase chain reaction (RT-PCR) analysis of receptor activation of
nuclearfactor #B ligand (RANKL), osteoprotegerin (OPG) and glyceral-dehyde-3-phosphate dehy-
drogense (GAPDH) messenger RNA expression in rat periodontal ligament cells,

2, IL-A7IF T WA ARl MES] RANKL
I} OPG RTA &IB

W2} X)FQ1e) AE o] RANKL -3z} g 34
9¢ ), 118 0.01 ng/mlo| A& ZTEH F AV
density® BT 1L-1 8 0.1 ng/mio] A& 2 densi-
ty7} thzTe) H3ked 129, IL-18 1.0 ng/miolAE
64%, IL-18 5.0 ng/mio| A& thzTol| Hls) 84%9
density Z7+8 B¢k 22y 118 10.0 ng/mid]
M 26%9] density 3718 Btk o] A= WA
X)Zd) MEA RANKL f32e] H&L IL-18
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5 &R o Zukse AL RYoy 1%k
o] A= RANKL Hr32} WHgo| Zhadhs A& B3
t} v} OPG H-3A WHE L IL-1 55 AR
o] YAIA H&E = Ut (Figure 3).
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gho] WAEHA Aok, XF A A x| 2] v
€ 5HE 3= 95480 E FYAI F9
TYo] A2 Yepd). 3738 X322 4] 9l
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FAE AT ZR5 B2k olz} xjolo] FA] 24
Zd = Fa3ch 2y AFAA T o §
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A& 7HEE A EAE proinflammatory
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of ¢J3F RANKLY} OPG¢] ¥ 942 immunoas-
say$} RT-PCRE 53 @&}

OPG+= tumor necrosis factore] Yg0. 24 )
7HA] A ol A 28 == TNF receptor family% f-
YA 843 Felzo EAsk= Ao giA §l
on SEFAE YL A= 7% 21 Y=
Ao 8 YA}, & o|o] WA osteoclast differen-
tiation factor (ODF)& OPGL, TRANCE £-& RANKL
olgka &2t} o] RANKLE TNF receptor family
9] & dYoE H¥9} $287] RANK (receptor
activator of NF-kB)$} 2-g-8fe] sl M ¥ o] £3}9}
2/9€ FE¥r} RANKE FFAE AT LA
ODFl| th3t #-<U 3} signaling receptor L&A ¢l
o}, ¥ OPGi= RANKLS] 484 decoy receptor2
BT,
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AR EFF 7]73_‘_‘“ U3 o8 dragee
# 7 osteotropic factors$] 1 ,25-dihydroxyvitamin
Ds, parathyroid hormon (PTH), IL-11%5-¢] ZZ A%/
714 M2 2g-8}e] RANKLT M-CSFE A 43517
H3L CFUM cell& M-CSF] A42-g ulo}a] nhZA)
EATAZE =1, o] BFAE ATAZE 224
/713N 2} HEst X A32L-L 3l
FFAE2 £31€r). o] B4 RANKS} RANKL
< HFAE] A H ol WE FFSFE §55
™, ¥Hd OPGE A A4 2 ZESE A
3= Ao 2 By 9ok

H AFRARAZI} 2Z AT o5 FEYA )
83 YL 3= alkaline phosphatase©} s}-Z
AE] £3} -] Fsh= RANKLY OPG} 1%
deokr EuEi weby AFARAEE 2=
F b F88 G ¥ Ao g oEn o)
£ HYdME A 2 AlFE A= o3 213223
HAEEANA YA=E proinflammatory cytokine?)
IL-13E AFUNHME) 2}=5A] RANKLT OPG
d& FEsA g

Soluble RANKLE ZFHEL} E4= Frefe] F47k
A X (stromal cell)o)] parathyroid hormoneo|1} 238
¥ cytokine®] AFA] -y Hrky Yejx] glows o)
I EHPHL T2 B2 BESH 7Y o) 83kn
1. Soluble RANKLS] $H4dolu} e daksi=
W& immunoassay(ELISA)$} western blot analysis
7F TP, Westem blotg o438t} @38 wfol=
M E 2] 233 W (supernatant) S 35781 B4 A=RA)
A EEE TE F, 2R L O AEE A L84
E xojr 840 2 YHE F SDS-PAGE geldl] 1719
S8t st o)) Immunoassay & 0|45}
= P AEY FFAE J5ate] O F gBE
3'F A7t S0l E ELSA plated]) ¥ A AZH
Rhg F 71AGIA FBEY 2l & ol gl 1
%2 A8 WHO 2 western bloti T} ] 7hgha)
a1 R o] 7Hgsi) old) & AFGME solu-
ble RANKLS] #3& 9J3le] HHEA O 2 o445
immunoassay ¥'H-& A €310}

Soluble RANKL®] ¥&-& immunoassay & E3}e]



#33 A3} soluble RANKLY] % tiZa2 709
pg/ml 0|29 11-14 0,01 ng/ml& 776 pg/ml, IL-1
B 0.1 ng/mh& 808 pg/ml, I-18 1.0 ng/mi& 833
pg/ml, 1L-18 5.0 pg/ml& 856 pg/ml IL-153 10.0
ng/ml & 859 pg/ml & I1-189) F=7t S7HETH
71 oo] Ershe ARG HYo BARHL R &
o3 =l = 9IATk. 22 soluble RANKLE] 33
oFo] 71 AT Hx 1 Wt AR o]
Ze A g 7FsAE FE B vzt
29} 228 42 F4% HUE & F Ut
B AL 1182 AL 16-18ARFER i F F
#E% g3z AT oA RANKLO] $H/d5 0] £H]
7R 288 Aol Qerte) nEvt Basit
T3 B A oY AxY FFAe £P F &
AAAA 70 ¢ 2AL FELY BRI} F
% So] 248 A2 glo] BlZ RANKL ELISA platec]
A 8238t Wb & F cytokine A5 F ¢ &
@ AR gAY Bl4E AEAS FEATIE T
W Zo] 34-& £} ELISA HPE el 93 #3A) 7]
<3491 We] fAo) Wastet Azt

Fo} M9} stromal cellol] )3 osteoclastogenesis
9] 23 RANKL¥} OPGH] 93ttt deiA 3tk
Hole 2o M X9} X|F QA E M = RANKL
o] wrgle] RuE it B3 XF 228 AFA
ATEL NZ2ZE 85T 5 AN AFEAFA A
T 2L 43 #AMEE] BH3E proinflammatory
cytokined]] &J3) A= ¥ XF AU M EE©] osteo-
clastogenesis® FE 7FsAol Atk wekA o
&3] A &= proinflammatory cytokines®] P41 IL-1
B 8l A= AFAAEI} FEA R £3}
zA0o| 2838 Z23] RANKLY} OPGE] H8E ¥
A Z A3 =A)E RT-PCRE #2319t}

WA X Z=OI iAo 1L-18 0.01 ng/mlolA IL-158
5.0 ng/mlO. & A=A), RANKL #-32} HE2 vz
o) H)3) % gE&H o2 I W density’} 37}
st 18 -1 8 10.0 ng/mld| M & iRTET
B densitys T ¥9toV} I-18 1.0 ng/migt 5.0
ng/mlel A B} wgo] ytol XFRAhAE 3t
IL-1 AR 2) %k RANKL 2H&d2 bi-phasic aspect®
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2ot 22} OPG H3AA B 185 = &
Algle] AEA A=At} EobHE 9} bone stro-
mal cello] &3F RANKL® OPG2] 3L o] 714
cytokines} 284 wehr thFsiAl 2EEH.
Proinflammatory cytokine$] IL-17} TNF- a= RANKL
13g Z7}A1Z1TH?, Parathyroid hormone®} glu-
cocorticoids® RANKLS] &3& Z7MA711 =3
OPG) Brd-& A 7)3118. 19, 1 a 25-dihydroxyvit-
amin D:;¥= RANKLY] T4& SANAMN SFTE
ZAANRO, T} TGF- B¢} estrogen OPG
A& ZRAANAMN osteoclastogenesisE 2 I
2 o]l ATNME IL-18E AFARAEY
RANKLY] #&8& 23} osteoclastogenesis& &
=3 & 47 AT

B A8 A7 2F A E = RANKLE OPG #+3
A 25 BAsgon, XFAUAET}L A2F
o 228 BFAT ] B3} 2 FaF q¥S
¥ Ao ArFAY 21U B AL AFAY
HZ | )8 osteoclastogenesis ZA¢] 712AY A
Folt}, 3 & 2)FUtHE A RANKL R OPG &
ol Az AG A2 U o B I+ & F3o
AZE F5E usiAY AL F AT A
7he] 71s3lel et A ztE Tt

VEE

dFA AR NFAGAA Yepe A2F &
Ae ARG FFFH Y AX vehA Eedl
o] HAd| NFAWAE/} FAF F 28 Bt}
HA) 2F¢I) M XA E] receptor activation of
nuclear factor # B ligand (RANKL)Z} osteoprote-
gerin (OPG)¢] Wglo] B E 1 glu wahx 2134
o A7} A xE2 142 2 B3lo] Fa8 F
e F Ao FHH

o]o] £ g9 proinflammatory cytokine$l IL-18
A=A AZFQ1 ) N E A osteoclastogenesisl] 5
23 RANKLY OPGS] &g dohiil wIAX
S =0 g AF2Av) A2} g st 3t
Aok, WAoA R, Balg AFARAR 18
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RANKL?} OPG] #7384} ¢¥& RT-PCRE &3}
of o3t 2 A Al
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-Abstract-

Expression of mMRANKL in rat PDL cell

Hyun-Soo Kim, Hyun-Ju Chung, Young Joon Kim, Ok-Su Kim

Dept, of Periodontology, College of Dentistry and Dental Science Research Institute,
Chonnam National University

As the periodontal ligament cells show similar phenotype with osteoblasts, periodontal ligament cells are
thought to play an important role in alveolar bone remodeling, According to recent studies, receptor activation
of nuclear factor #B ligand (RANKL) and osteoprotegerin (OPG) are expressed in periodontal ligament cells
during tooth movement, Also periodontal ligament cells is known to play an important role in the progression
of periodontal disease,

This study was designed how the expression of RANKL and OPG in periodontal ligament cells was regulated
by IL-1 fin the concentration of 0,01~ 10 ng/ml,

The results are as follows;

1, Periodontal ligament cells which stimulated by IL-18 increased soluble RANKL synthesis by dose-depen-
dent pattern in the concentration of 0,01~10 ng/ml,

2, IL-1 B induced mRANKL expression in dose-dependent manner in the concentration of 0,01~5 ng/ml,

3. mOPG expression was not to be influenced by IL-1 8

These results suggested that rat periodontal ligament cells could regulate osteoclastogenesis by stimulation of
production of RANKL.

Key words: RANKL, OPG, periodontal ligament cell
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