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FORMATION OF OSTEOCLASTS BY CYTOKINES RELEASED FROM
PERIODONTAL LIGAMENT CELLS IN RESPONSE TO INTERLEUKIN-1B

Tai-Sun Kim', Yun-Jung Yu?, Wall-Ah Gwak?, Sung-lll Lee?, Jong-Gap Lee'
1. Deptartment of Pediatric Dentistry, College of Dentistry, Yonsei University
2. Department of Oral Biology, College of Dentistry, Yonsei University

Tooth movement is induced by bone remodeling during orthodontic treatment. Bone
remodeling is regulated by various cytokines. Especially interleukin-1 (IL-1B), a cytokine
present in periodontal ligaments of experimentally moved teeth, elicits bone resorption.
In these processes, IL-1 -induced bone resorption is mediated by interleukin-6 (IL-6) and
granulocyte macrophage-colony stimulating factor (GM-CSF) secreted from osteoblasts.
Periodontal ligament cells, which function as an anchorage for tooth, lie between alveolar
bone and cementum. Therefore cytokines produced in the periodontal ligament (PDL)
cells may also directly affect alveolar bone resorption in orthodontic tooth movement. Here
I have examined whether PDL cells express IL-1B, interleukin-6 (IL-6) and granulocyte
macrophage-colony stimulating factor (GM-CSF) mRNA and secrete those cytokines in
response to IL-1B. Finally I have investigated whether IL-6 produced from PDL cells induces
osteoclast formation in mouse bone marrow cell cultures. The expression of mRNA was
estimated by polymerase chain reaction (PCR). The concentration of cytokines was quanti-
fied using enzyme linked immunosorbent method and the osteoclasts in bone marrow cultu-
res were identified by tartrate resistant acid phosphatase (TRAP) stain.

As results of these studies, IL-18 stimulated the expression of [L-1f, IL-6 and GM-CSF
mRNA in PDL cells. 0.05 ng/ml IL-1B also induced maximum production of IL-6 and GM-
CSF in these cells. After an addition of IL-18 (0.05 ng/ml), IL-6 production increased
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from 2 hours to 8 hours and GM-CSF production also increased from 4 hours to 8 hours.
IL-6 (100 ng/ml) increased the number of TRAP positive multinucleated cells in the prese-
nce of soluble interleukin-6 receptor (sIL-6R, 100 ng/ml). These results suggest that IL-
1B may stimulate alveolar bone resorption by inducing IL-6 and GM-CSF production in
PDL cells which enhance osteoclast differentiation and IL-6 enhances osteoclast formation
in the presence of sIL-6R. And this process by IL-18 may be closely associated with alveolar

bone resorption induced by orthodontic force.

Key words : Interleukin-18, Interleukin-6, Granulocyte macrophage-colony stimulating fac-
tor, Soluble interleukin-6 recetor, Periodontal ligament cells, Osteoclast differe-
ntiation, Orthodontic force, Alveolar bone resorption.
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ghji, 1992). /M2y ZAEo] o3t &+F
ol ZEM|EY FYAo) odte] Fao] H
A"eE RFPey, expFoezr APdAn, =
SEAE7L Fofl Faste] Abal g oehuiE B
Aol sl e AE&EHeE F5H =

SME7E 2 F9jolA 271HE TSk
SRR proteoglycan, osteonectin, osteopo-
ntin, sialoprotein 12}l osteocalcin® #-&
Gl ds FAste 387 dojdet (Me-
ghji, 1992). 53] FF= 3 ¢ &454
HEAE7F FxHe AEL 18 E AT
#HF o 24 (Horowitz, 1993 5 Meghji, 1992)
A E £33} 4 45t ZEHEERE
A 24 E Y sl milH = ez
&#H At (Ishimi %, 1990 ; Pfeilschifter &,
1989 ; Jilka, 1986 ; Mcsheey9} Chambers,
1986a, 1986b). ©l21dt E&F 7 lipopol-
ysaccharide (LPS, Raiz, 1982 ; Hausmann
Z, 1970) ¢t 2 Alge) 4R, FaA
32 (Raiz, 1965), 1,25 dihydroxy vitamin

al
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D3 (Roodman &, 1985), eicosanoid (Klein%}
Raiz, 1970) % cytokine®} #& #HAl L
HaA AR AAEd 9sle zdHu).

olg} e TFF = 4 F Cytokine-
Ao, fET ¢ GAALE v 23 o
AXEo A A= F8AAEH Y. HEole
g Mxo] wlFgEAd ZTFF FEEH0
U Blo] o] o] FEE HEAEE
3H& A (osteoclast activating factor) o2} 8
st ot (Horton &, 1972), 1 o|%F It
AEZAdsEHo] dAMETIRE HdHe
interelukin-1 (IL-18)%] 7o %8 (De-
whirst 5, 1985) IL-187} S&FAYd A4
doste oz Az}, IL-1e ofes
FANEY HFEFEFE FE8H (Gowens Mu-

ndy, 1986; Heath &, 1985; Gowen %,
1983), EFAEEZEE FITHEIHYE

&t7] wjF-o) (Pfeilschifter %, 1989) IL-1°]
Y AR gl TFFE ol
Aoz wolsod ), e ZEAEIL Q=
ZAg-owt IL-10 o8 {557 dojue o
2 Hol, 2IAM XA K EE EH0) 9t
FF7t 2E2 7heAdel AAEAT (Thom-
son %, 1986). Tl&o] IL-1232 2} W
ZEAERRE o2 FolEolu A E
A gbE A e £3H8 FUAI7IE interleukin-
6 (IL-6) % granulocyte macrophage-colony
stimulating factor (GM-CSF)7} A s+ A



o2 el A (Chaudhary 5, 1992 Girasole
%, 1992 Ishimi%, 19903 Lowik %, 19
89 ; Macdonald 5, 1986 : Sato &. 1986),
IL-6 ¥ GM-CSF9} #& cytokineE°] IL-1¢
9% TESFE wWAste Aoz HAIA H
Ak

olg} Zo] o] ARES ALl 23t of
NHEe EFFE 2R3 93t Aot o]
S Aoz EuiElnz agEd %
2AzE3FF 71Ad ] g #4E A H
Ao olof thgt A7 P =] $rh (Ngan
2=, 1992 ; Yousefian ¥, 1992), ¥utyoz
2YFE steke A Zvl dFukgel ¥
oy xjolEwel Hie] #Ags, EAEH
o 2RE WEFEC] o]Fs JER (Davi-
dovitch 5, 1988) o|& AT RE AANHE
cytokine®] A FAEo| &3t} HHA
o8 gy, Pu g MAfoAEFH
2o FHAEEZTE cytokine ¥ prostagln-
din? #& v Ede] H4E FEdtd 2F
FERFET TS AR FEP o, olE
gol5l7) sl AFFE AFP uFEE
74sE & 12 AlZh, 24 AT 7 9 F AFAY
z3 9] IL-1B9 F=& A sHY (Saito 5,
1991). L A nAHFE L 71§ B AxEF
Hol MFolhz2 e [L-189) 527t S7ME €&
HEY 4 dher HAAZ AFJANAREE
Al Bl A kst RA A 7SR
A=t fARSE 71 A A 7R Bk olE
AzzREe L1890 Aol F/HEAG
(Saitos, 1991: Meikle &, 1989). oj&$t
AMNEe A FH o7 xx=F FH IL-1B
FE Z7F A2FE5Y #Ho] UEE Al
Abs U IL-187F oW A& AX AxIEF
FE op|AFI=A] L 7]l tiEiAE 49
WA oA @k, N=EFLE AolE EY AL
e SFFog g FXgs ¢ 1 F
Holl ZFAMEolQe] AFANMEIF Ut
AFRAPMZE NZ2HH AFSA esmg »
A ABA AFARARNA EEFF FE
2o} AAHETY, o8 EAL AXIFFE

zHste] Aololfo] P =¥ + AUtk
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A2 AFAAAE 71AH Ex= IL-1 A

G502 JIEtAY FAle REEte de
1AM ZufFed o] nlg-2 T Zel F5E
FE2E F ALl dFHNULH (Saito 5,
1991), °]& & AFARAX wIFYols IF
FF=EHEA prostaglandin ©1ejo] & F
|4 EHo Lol et 2 HE o
e AEs HEA A FT (Saito 5,
1991 Ngan &, 1990). 28y XFAdA
EFe AROMHE 2 ZEAES fAE EAE
2Ad G Ax2 FA4EY e, IRe
FE 2% dFolHEe IL-1po 93lo IL-
6 ¥ GM-CSF& AA3lv (Kaushansky %,
1988 ; Damme &, 1987), ZFAE% IL-6
2 GM-CSFE& #A=z o3F AAse
AFANAEZRE FF59 B™-o) UE oy-
tokine°] FAE 7FeAol UALS AlASEL.
wetA] £ Ao e IL-187F XF<A i Al X 9
FET X% cytokine AA mAE 4T
T3t IL-187F X FA A E ] 1) 1L-18,
IL-6 ¥ GM-CSF mRNA 23 2 2) IL-6 &
GM-CSFA el X FEE BF sty o,
3) IL-67} vh¢2 SFA X SFHE A
YA FEE HFreA

L o

A

I, 28Xz % 2y
1. AEx=z
B AFoIA A A FAUAELE AA

g XA &Y ok ale Wag
82 F AYE FHo2 S LT REE
e gt ey, FFHAEE QIUEFE
AEfo] A )% ICR (Institute of Cancer Re-
search) P22 RE Eeldte] AL&3it
AFARAE D EFHEE AF517] A7 re-
combinant human IL-18 ¥ recombinant hu-
man IL-6v Genzyme 3ZA}ZR-E], recombi-
nant human sIL-6R¥ R & D System 3]ALZ
FE 78t AME3q



2. AEYH

7h AFAhA XS] B2 2w

LA AT E2RE AFARHEE 23
o] 8] Wittt Aol UAF F A
¥$E 5.25% sodium hypochloriteo] A
#7249 AEE AASAG. FEE =2
ATHAE F0] Aol 2o e AFUY
ZAE 3 £ 23$ 300 unit/ml penicil-
lin, 300 pg/ml streptomycin ¥ 0.75 pg/ml
amphotericin B7} %% alpha MEM®#}A]
(Gibco, Gaithersburg, MD, U.S.A.)el ©}
A AFHsAT. A HE ZHHE A Ze)g7)
npetel] RAAFIAL 20% Elold A (Gibeo,
Gaithersburg, MD, U.S.A.), 200 unit/m!
penicillin, 200 pg/ml streptomycin 2 0.5
ug/ml amphotericin B7} &-%¥ alpha MEM
Hj ] (o]3} XFANAHE wiFuixEl FHE
Yol 5% CO. 37C, 95% FEE #AS:
2 7)o A v Bkt X FAi A o2 RE
2 A ot 27} APt et B384
%, 0.05% trypsin-EDTA (Gibco, Gaithers-
burg, MD, U.S.A)E X3} A Eu)r)
Hgo 2 RY AEE st AEu|F7]o|
SAch o]F FUI oz Auuicks 4
Algtggem Aol 5—-98 A g3 x5
AHAENE ARRSHA

b IL-18, IL-6 ¥ GM-CSF mRNA¢} &g
EX

D IL-1BE AFAUME A=

Adeekst AFANMEE AFAHE
sioFul Al 4 mig Ml ES7F 2X10°70 A #
FA1Z & A7) 6 cmE = MEB Y719 4 mi
AL 2443 v FstTh. ¥ vl AE
21 2% +-ejol8 %, 200 unit/ml penicillin,
200 pg/ml streptomycin ¥ 0.5 pg/ml ampho-
tericin B7} &€ alpha MEMH| A& 4 m|¥
231 vl 2719 human recombinant IL-1B (Ge-
nzyme, Cambridge, MA, U.S.A)E 1 ng/
ml= A FH7hete] 2447 v Fsted IL-1B2 Al
FE AF3Eh. L1832 H7IsHA] @il )
e MEE YxFoz g w ¥ o5
MEZ HE otz et ¥o] mRNAE #2139t}
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2) AFAWAHEZEE mRNA #3

A FARAENA mRNAY ¥+ Quick
Prep micro mRNA Purification Kit (Pharmacia
Biotech, Piscataway, NJ, U.S.A.)E A}&3}
o ZEstgch ey At A FH3t=
ol mel A3 sk, v Fg x| FAh

A 3Eo] extraction buffer (guanidium thiocya-

nate 2 N-lauroyl sarcosine) &} elution buffer
(10 mM Tris-HCl ¥ 1 mM EDTA) Ztz+&
0.4 2 0.8 ml& H7Fslal 5,000XgE ¥4
st Pito] T8 FE5AE £tk
23 Yakg-94-& oligo(dT)-cellulose7} E°J
A= AT A 38T EF3HY oligo(dT)-
cellulosedl poly A tail RNAS ZAEAIAT.
poly A tail RNA 7} F&% oligo(dT)-cellu-
lose] high salt buffer 2} low salt bufferE
H7hsted 16,000X g2 418t MH £, 65
T elution bufferg #7183l oligo(dT)-cellu-
lose2%E poly A tail RNAS ®a3txnon,
23 RNAE —70 To] BE8sle] 238 A}
Bt

3) A} FHEALI S (reverse trans-
criptase and polymerase chain reaction, RT-
PCR)

AHAL FHELAYNES FHAR] LE

AR5 El5t7] fjste] AE Bfiell A RNA9)
£ 2EUE THA I He 2 (Kawa-

saki 2} Wang, 1989), o}ele} #o] HAIEY
=
(1) FxAEg

¢DNA= random hexamer (pd(N):))& o]
3t A3ttt AFANMEZRE £
3 & A ¥ RNA®) random hexamer 2 Az unit
(Pharmacia Biotech, Piscataway, NJ, U.S.
A.), dNTP 200 uM (Boehringer Mannheim,
Mannheim, Germany), Tris-HCI 50 mM (pH
8.3), KCl 75 mM, MgCl. 3 mM(Gibco, Gai-
thershurg, MD, U.S.A.), ¥ DTT 10 mM
(Gibco. Gaithersburg, MD, U.S.A.) % Mo-
loney Murine Leukemia virus reverse transc-
riptase 400 units (Gibco, Gaithersburg, MD,
U.S.ADE E8F F 42 TolM 6027 ¥+



Al Zd T,

(2) FFELAYE

ZHAELAYES IL-1B, IL-6 2 GM-
CSFoll E-0]&¢<] primer® A3sl Al3s1%
t} (Table 1). FHALAHE-2 DNA 10
pl, sense$} antisense primer Z+Zt 20 pM
(F=AF, A, ), dNTP 200 uM, MgCl
2 2 mM, KCL 50 mM, Tris-HCL 10 mM
(pH=8.3) ¥ ampli Taq polymerase 2.5 unit
(Perkin Elmer, Branchburg, NJ, U.S.A)&
&3t HAAI8IYY. PCRS thermal cycler
(Perkin Elmer, Branchburg, NJ, U.S.A)E
o] &35l 30 3 ¥Hg-& AFHoH, Z cycle
94 TAlM 30x7r9] denaturation, 55 TolA
30%3t9] annealing # 72 CollA 602719 ex-
tension HF o2 PSP, mAF 72 T
ol A 1087+ AFA s 4 TR Yste] wt
28 A, FHALIHANEAE 10 yE
Ftd 1.5 % agarose geld| A A7 EH F
ethidium bromide® <HMsta] FEE DNA
band& #&3tA .

o AFARAHEZRE f2]E IL-6 € GM-
CSFY AZ &4

D XAFAh E 256 [L-6 ¥ GM-CSFA43
f=

AAFARAMEE X FAch M o Ful=A] 3

mlg AEF7E 8X10° 71 HA FHA1D F
H730] 6 cmEe AZuL7|o] EFEAC
ol& 5 % CO, EAIBIAA 37 Tofl 247t Wi ¥
o F vl A& el 2 % SEobH, 200
unit/ml penicillin, 200 pg/ml streptomycin %

0.5 pg/m! amphotericin B7} %2 A} alpha
MEM®1A] 8 ml& wid7lel B3 IL-18E #
%57 0.05, 0.1, 1, 5 ng/mI=A H713}
FAck. T F 2A3, 4AIRE, 8AIE F 24413
R AFJAANAEE wiF 3 F XFAAA
Fuj g 200X goll A 1087 AR st
AEHE A, olF —70 Col &R
2) AFANAE g FZFH49 cytokine F
= &3 '
IL-69} GM-CSF9} SolstA W33l 2 cy-
tokineol] thgh AHHE o]lB3F ALAAEFER
A4} kit (Genzyme, Cambridge, MA, U.S.
ADE Wgde] IL6 ¥ GM-CSFe| &8
£3589, IL69 TET olg9} o] &3
k. AFAFANAENGFY 2 48T
FE2 49 EF IL6 £9% anti-human
IL-67F ¥3# 96 well plateo] 2z} 50 ul¥
BF38ka 37 TollA 3083 HA A, Buf-
fer2 5 3] A #H3}il 100 ul Biotinylated anti-
human IL-6 & 2} wellol] 718t 37 Tojl A 30%
Fet WAlskAd k. thAl 53] AHE F 100
avidin- peroxidaes® H7}3te 15 &3+ WX
t}& Buffer (Genzyme, Cambridge, MA, U.
S.A.)E5 3] A8 ¥ 3,3, 5, 5-tetramethyl-
benzidine (TMB) 248 2t wellol 100 pl &
dojreg] AH2ofA 30 £ whEAIZ T T
A X ¥ microplate reader (Dynatech, Alexan-
dria, VA, U.S.A.)E 450 nmolM FH=E
ZA3Ah BF IL-69) 84 w29 FHER
A 4] (Figure 1) -2 78 3 A Xdjct
He) IL-69 FEE At on AXEulYF

Table 1. Synthetic oligonucleotide primers used for PCR

] Length of PCR
primet seduence product(base pairs)
IL-18 5-ATGGCAGAAGTACCTGAGCTC-3 810
5-TTAGGAAGACACAAATTGCAT-3
IL-6 5-ATGAACTCCTTCTCCACAAGC-3 628

5-CTACATTTGCCGAAGAGCCCTCAGGCTGGACTG-3
GM-CSF 5-GCATCTCTGCACCCGCCCGCTCGCC-3 201
5-CCTGCTTGTACAGCTCCAGGCGGGT-3'
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Figure 1. The standard curves of IL-6 and GM-CSF determined by enzyme-linked immuno-
sorbent method. After Diluting the standard solutions of IL-6 and GM-CSF, the
optical density (OD) for each diluted standard solution was measured. To deter-
mine the cytokine concentration of the samples, standard curves were constructed

by plotting the OD of each standard on the Y-axis against the coressponding

cytokine concentration on the X-axis. The standard curve equations and correla-
tion coefficients of IL-6 and GM-CSF were respectively y=0.0003549x -+ 0.140336
(r=0.986474) and y=0.001245x+0.224408 (r=10.948868).

o] GM-CSF9 =% 2 HHoz &
Zatdch. IL-6 ¥ GM-CSFY &334 &
AaAreE 22 y=0.0003549x +0. 140336
(r=0.986474)9F  y=0.001245x+0. 224408
(r=0.948868) °}it}.

2. 3EZHXFAPF £ 4-5 FH ICR
e 29 EES 23 F AxFS AA
33 FEd 28 FAsHt}h. 25 gauge F
AbibER oMEMYIA] (Gibco, Gaithersburg,
MD, U.S.ADE SIFZAUE FU4ste 54
EE Hold ¥ 10 % TEio8A (fetal calf
serum > Gibco, Gaithersburg, MD, U.S.
A.), penicillin G sodium (100 units/ml), st-
reptomycin sulfate (100 ug/ml) ¥ amphoteri-
cin B (0.25 pg/mD7F #RK€ oMEMHA
(o138} ZFAE vt ) 0.5 miT
MEF7E 1.5X10° 78 HEE FHAAT. 24
well Al ¥ vfF-& 7] (Corning, NY, U.S.A.) <
zZ} welloll 0.5 mle] EFHE FFAE 5%
& IL-6 (Genzyme, Cambridge, MA, U.S.
A. )%} soluble IL-6 receptor (sIL-6R, R & D,
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Minneapolis, MN, U.S.A.) &4 & d=og
EE IL-69 sIL-6RE T2 S5 v Ful
Ao} F7FkATh. o)W IL-69 sIL-6RS HF
T=E 247 100 ng/ml HA Q. A9 2
FHAEE 5 % CO, F2FF7] (37 TO)oA 7
Azt vk, g ujek 3 Aol 0.25
mle] EFAE iR E Hen T3 A
EFFAZ W AE FrhslE e A e 2
Fx9 IL69 sIL-6R= 2t 7 & Fele
GEA X EAEAQ tartrate A AU
AR E A (tartrate resistant acid phospha-
tase, TRAP : Sigma, St Louis, MO, U.S.
ADE FAste FARER 7 (100 ) Fel A
Z well B 4" o] A 7N o320 TRAP
FAd YA (FFAE)Y F& AAG.

ol A¥AEe 4

2 AgoA & BRE AFe HESF HA
Heo) A3 W JEY AA (Mann-Whitney
Utest)Bo = B3t en, p ¢ 0.05 o3&
EARCE F% #E22 AFsATh



m, &8 #nt

1. IL-1BOf| 2ist X|FQIchMES] IL-1B,
IL-6 3 GM-CSF mRNA ‘&

IL-187F X151l A £ 9} IL-18, IL-6 ¥ GM-
CSF mRNA %del njx+ G&E Bretazt
[L-182 24A1TF 258 KA X9 &5
312 22 AFANAEEZEE] mRNAS ¥
331, ©]& mRNAZYE cDNAE @43 F,
§/3% cDNAE o}&3l4 IL-18, IL-6 ¥ GM-
CSFoll tidt TFaLAH-S (PCR)E 44
Aok A=A e AFAd A XA M= IL-
6 mRNATH HA Ao, IL-1BE XF
AHEE A3t 29 IL-18 ¥ GM-CSF
mRNA2| B&o] &g ¥yt ol IL-
6 mRNAZE Z71590c} (Figure 2). ©)%}

IL-1B (-) IL-1B (+)

Figure 2. Effect of IL-1B on the expression
of IL-1B, IL-6 and GM-CSF mRNA
in periodontal ligament cells. Perio-
dontal ligament cells (2X10°) were
incubated with or without IL-1p (1
ng/ml). After 24 hours, RNA was
extracted and used for reverse tra-
nscriptase-polymerase chain reac-
tion (RT-PCR) analysis. Products
were run on a 1.5 % agarose gel
and stained with ethidium bromide.
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2e A2 IL-187F AF AP X2 R2H [L-1,
IL-6 ¥ GM-CSF mRNA #8& #=&
A& U3y,

2. IL-1B B&9
2 GM-CSF A4

dejyze) IL-1B2 XFANAEE 24413
A5 F AFARAEFA R L6 2
GM-CSF9] =& d9araHyoz 243
Kok, 2 A= IL-1BE 0.05, 0.1, 0.5 € 1
ng/ml AXgef we} X)FEANH LS IL-6 A
4L 42} 3167+ 206, 3230+ 202, 3436+ 95
18] 51 3401+ 131 pg/mlE e} IL-6% 0,05
ng/mi A iz AAgsiolem Tojide] 5
ZollMe A W3t gt (Figure 3).
£ GM-CSF9l A4& IL-1B9] 2+ BX oA

€ AFANAES] IL-6

4000 -

. .
300 4 -

—i—9
3000

2500

2000
1500
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IL—-8 concentration {pg/m!)

L E— T i+ |
0 0.05 0.1 oS 1

IL-18 concentration (ng/mi)

Figure 3. Effect of IL-1B concentrations on
the IL-6 production in periodontal
ligament cells. periodontal ligament
cells (8X10°) were incubated in
medium alone or in the presence
of 0.05, 0.1, 0.5 and 1 ng/ml IL-18.
After 24 hours, the concentration
of IL-6 in the culture medium was
determined by enzyme-linked im-
munosorbent method (ELISA).
Data are expressed as the mean+
S.E. of four experiments. * p<<0.05
compared to non-treated group.



126+ 52, 229+ 119, 252+ 138 “12]aL 267 113
pg/ml 24 GM-CSF% IL-69} v} 3712 2 0. 05
ng/mlolA H 2 A oH 1 o)y =
N Z7hekR] Govt MAEE Fe L6
o) B)&}e] A} (Figure 4). ©]¢ 2 Aae
IL-187F XFAchAZe] IL-6 ¥ GM-CSF2
mRNALE B9t ofjel YAE 28 5 39
=& AAEEY.

3. IL-1B X|=A[2H00 WE x|
IL-6 Y GM-CSF 244

A A¥EoAA 0.05 ng/mle] IL-189] £Jshe]
Z} cytokineo] Hulz AA=EJonmE 0.05
ng/ml IL-1BE X FANMEE XAk IL-1

elCH M| =2

350
300 |
250 PR

200

150

100
24 hour culture

GM-CSF concentration (pg/mi)

50

{—
0.5 1

o T L T
0 005 0.1

IL-18 concentration (ng/ml)

Figure 4. Effect of IL-1B concentrations on
GM-CSF production in periodontal
ligament cells. periodontal ligament
cells (8X10°) were incubated in
medium alone or in the presence
of 0.05, 0.1, 05 and 1 ng/ml IL-1
. After 24 hours, the concentration
of GM-CSF in the culture medium
was determined by enzyme-linked
immunosorbent method (ELISA).
Data are expressed as the mean+
S.E. of 4 experiments. * p<{0.05 co-
mpared to non-treated group.
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Bel AFAITt WE AFANHEY L6 &
GM-CSF A4 & vz vin B2ty
IL-69 FE+= 2, 4, 8, 24 At & v|A=2L
ANre 22t 0, 11+22, 37+33 ¥ 95+ 65
pg/ml, IL-1p A ’H‘oﬂ/ﬁ‘: 536+ 406, 990+
166, 2500+ 241 2 3167+ 206 pg/ml £A] IL-
6 BRIF T 24417 v} T A EQ
o}, IL-1 AXToME 28T A Folx
Ao, BdFe gt A A& F
7Fel9 e}t (Figure 5). GM-CSF9 ¥:E& 2,
4, 8, 24 N+ F v RFTNAE 44 3+4,
2+3, 1+2 ¥ 1+ 2 pg/ml °J¥, IL-1pE A
Ao Me 242 13+ 13, 27+1, 73117 ¥
126+ 48 pg/ml 241 GM-CSF<= B|AFFTol Al

4000 q

-0~ IL-18 (-
woo |~ ® - LT1B )
£ 3000
o
a
c 2500 -
o
©
£ 2000
<
]
2 1500 -
Q
Q
@ 10004
=
500 -|
0 +—o—o Q —9
0o 2 4 8 24
Incubation time {(hr}
Figure 5. Time course of the effect of IL-1B

(0.05 ng/ml) on IL-6 production in
periodontal ligament cells. Periodo-
ntal ligament cells (8X10°) were
incubated in medium alone or in
the presence of 0.05 ng/m! IL-1 .
After 2, 4, 8 and 24 hours, the con-
centration of IL-6 in the culture
medium was determined by enz-
yme-linked immunosorbent method
(ELISA). Data are expressed as the
meant S.E. of four experiments. *
p<<0.05 compared to non-treated
group corresponding to each treat-
ment time.
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Time course of the Effect of IL-1p
(0.05 ng/ml) on the GM-CSF pro-
duction in periodontal ligament ce-
lls. Periodontal ligament celis (8%
10°) were incubated in medium
alone or in the presence of IL-1B
(0.05 ng/ml). After 2, 4, 8 and 24
hours, the concentration of GM-
CSF in the culture medium was de-
termined by enzyme-linked immu-
nosorbent method (ELISA). Data
are expressed as the meant S.E.
of 4 experiments. * p<0.05 compa-
red to non-treated group correspo-
nding to each treatment time.

T AN AT FAE 2AHR) gtont IL-
1B AATANE 42 A5 F Y4=HAx 8
ARY AR g Rel A% F8AT (Figure
6).

4, IL-67} OFRA BTAMZL| T@MEHA
ol OjX|= Agt

IL-67} vt9-2 FFA X njAe Jake &
olE A} BEAM X AFAHE} S48 vl
M EE IL-6, soluble IL-6 receptor (sIL-
6R) E¥ IL-69 sIL-6R7} e iAo 77+
vjoFgt 3 o] M) o]l tartrate A
AALEHEL FA IYHFEY FE Mo
HEAFE YA AEE BFUD (Figure
7. IL-68 AFEA 4 A, IL6 E&
sIL6R @502 MX¢ 734 agx IL-69
SIL-6RE FAldl HAF B¢ FFAEdA
B39 TRAPS M 4= 242 1.9+ 2.1
M, 2.6+ 1;9 70, 2.2+2.3 7} 283 10.2+
2.9 7] 2 TRAP YA A M £ = [L-69 sIL-
6RE FAl 258 Z 9 F71 AU} (Ta-
ble 2).

Table 2. Effect of IL-6 on the formation of TRAP-positive multinucleated cells

Number of TRAP-positive

Stimulants multinucleated cells(cells/well)
No 19+ 2.1
IL-6 (100 ng/mD 26+ 19
sIL-6R (100 ng/ml) 22+23
IL-6 (100 ng/ml) +sIL-6R (100 ng/mD1 10.2+ 2.9*

Mouse bone marrow cells were cultured in the presence of IL-6, sIL-6R or sIL-6R and
IL-6 simultaneously. After 7 days, cells were fixed and stained for TRAP. TRAP-positive
multinucleated cells were counted. Data are expressed as mean+ S.E. of 4 experiments.
* p<0.05 compared to non-treated group, IL-6 or sIL-6R treated group.
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Figure 7. Effect of IL-6 on the formation of TRAP-positive multinucleated cells (X 100).
Mouse bone marrow cells were cultured without stimulants (A), with IL-6 (100
ng/ml) (B), with sIL-6R (100 ng/ml) (C), or with IL-6 (100 ng/ml) and sIL-
6R (100 ng/ml) (D). After 7 days, TRAP positive multinucleated cells were
counted. The formation of TRAP-positive multinucleated cells (—) was induced
in bone marrow cultures stimulated with IL-6 and sIL-6R simultaneously (D).
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wZHe| oJg o} ojFA FHHE A%
Fo FF 71AHE YopEiAg xxFo] UH
sl EAshE AFANAEE IL-1BE M A3}
o FFFHH cytokined] A4 #aEeHrt
(Figure 2, 3, 4). o] H¥o] oY 2RH
A=g wol FAgEo] AE Yo R{eH )
M e FHAE BE mRNA7ZF gHEo ok
ez o] AYode A& g9 MEZRE
mRNAS] H&EE AU 5 Uve A 8
FAAHNEE-E o] &38te] IL-189 g X 54l
A e FES F5 cytokine mRNA 2# &
dFstFct. 1 Ha vz A S Al
A¥= IL-6 mRNARF okshA] wawlon, IL-
182 AFJAYPMEE HXF ZSole IL-18
2 GM-CSF mRNA9] #-do] x5 IL-6
mRNAS] Z¥x F7i5 AU} (Figure 2). u}
ZA FEFAAANA ZIFAEE cytokine
Argste] EME o L EFFE FEIFER
AFEAuE} ZEAEY FFFTHE cyto-
kine2] mRNA #3d& vlusdte 31 259l
M Ee] HE-g olsfsted &8 F 5 IS
Aoz AZdct, Ag7Ae] d7de o
3l ZE M E= H 2= 4] [IL-6 mRNA (Birch
1993 ; Linkhart %, 1991) #ub olue}
IL-18 ¥ GM-CSF mRNAX (Birch %, 1993 :
Linkhart %, 1991) w&#sim, IL-18 A x)A]
IL-6 mRNA (Linkhart %, 1991 % IL-1B
mRNA 8% Z718he 3es daedfo (Lin-
khart 5, 1991). & AFAdAREL} Z&A
X9} IL-1B, GM-CSF ¥ IL-6 mRNAY] %3 &
Hud & o XFEuAdEs ZEMEods
2] 258 7hekA & AdElelAe IL-189
GM-CSF mRNA7} &&= =] gsrovy, IL-18
2 223 Aol 2T A Ee} np Rl 2 [L-
18, IL-6 ¥ GM-CSF mRNAE ¥Asgtt
(Figure 2).

o]9} o] XFQIHE IL-1BE A=
749 IL-1B, IL-6 ¥ GM-CSF mRNAE &3
8tB2 o]& cytokinee] #/dEof ME BroR
fEld Aoz F&=h, mRNAY #do] A

R=9
Oy
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A3 A A G F7t 17) W ol IL-182
A2 A F A 2] IL-6 E GM-CSF 44
£ AT AFJAGMEE HRFA] A
T IL-69H2 gAstd o, IL-1BE X
B W [IL-6 E GM-CSFY AA4o] F7ls
R, L TR IL-1BE A B¢ A=
IL-62F GM-CSF9| &x& vlus) & o IL-67}
GM-CSFe | &ted 10 v} A% o] A4=Ach
(Figure 3, 4). ol RIFIAEAA Bud
3 A 2oz A, 2EAER 2= )
52 e AeolMd e Ao IL-67HS A3
o, IL-19] &M= 1L-6 2 GM-CSF&] A4 o)
Z7FE A A3, GM-CSFe [L-69te @3 %
Lol IL-1B2 MX & Z-olgt AAEE A (La-
cey &, 1993 ; Chaudary &, 1992 ; Linkhart
%, 1991 Sato, 1986). ©]9} #& HAA= IL-
187 A F=Ih 4| 2 2] [L-6 ¥ GM-CSF mRNA
A By ol MAE fEE  ULE
AAbalFEE, AFEAWAHEE IL-1p AHFA =
ZHE FAMS FAo g [L-6 © GM-CSFS
ARt eI AFAAHNEE ZEAE} Lol
XzE Fr2do a3 4 & zez
kA=

FH o] A& IL-1p9l 23t IL-1
mRNAZ} 2@ s 71 #Esigoy A4z
AEeA glskr Ealdch, ey g
A3 (Dinarello ¥, 1987) % WA E (War-
ner &, 1987)°A IL-17} A4 WAL
Lot HOo g mlFo] Hol, AFIuiMEo
M IL-18o 98t IL-187F 448 7hsAdol
Ug Aoz FZHch wepry wef AFAY
AZAME IL-180] 2l8te] zpale] AAdo] &
A, ol § 2go] AFAHETREH
©] IL-6 ¥ GM-CSF9] 448 &A1 30L&
Aoy Er}, o] AYZFAFAANMT IL-1po 2
ato] X FAUMEZRE IL-6 ¥ GM-CSF7H
FEl=Edeh. ool IL-1pE Z7HE IL-69
GM-CSF &, ¥v¥tyoz GM-CSF+ 7h¢2~
ErAEA N BEAXE A4S 80, 1,25-
(OH). D:7F GM-CSF9] 2&-& Aol ¢
%5l (Macdonald %, 1986), GM-CSF7}

dpEAEe] B3l AR AT Y



IL-65 SEA X 93t FFFo 83 98
£ 3 RaEo] 2y (Roodman, 1992),
AR AFAEL Autd dHE Bty Qlof
olo] tigt w&o] A&= i Utt, FAl-Humi-
dan 53 (1991) Barton 5 (1990)& oh$-2
FAEAA IL-60 3 FFTE 4F3A £
By, ol¢t #ASt Al-Humidan % (11
9912 2318 IL-67F S/ dAEA= &

£8 7Fe g AN A2, Lowik 5 (1989)
IL-67} £4F (metacarpal) A= FF5

FEdY, FIFdMeE 18X ¢S By
At ol9} Zo] IL-67F EFF vA= o
o digt Aole HAPxA, AP AL
Fx2 9 QX 74 € FxAE T3 Fe
zrolof]l &gt oz HduEo] A ¢ oy,
o}z A3} olfrt WA QA g, E3
IL-6= GM-CSFel+= €2 IL-6 receptor (IL-
6R) ¢+ 130-KDa glycoprotein chain (gp130)2.
2 FAHY e HEIH FEAE wWiE
A Zol| g Fr, 1 #AHE BH IL-67}
sIL-6Ro| ¥-23%F oh& IL-6R7} gp1303 4
5o} gp1307} IL-62] 2135 M Zuol A st
Re g & A Ut (Taga 5, 1989). o=
o] % IL-6R7} METCZHE FEH A
¥uty A¥A BHo] gle #E FHYEx &
A= Aoz YA, ©]& soluble IL-6 rece-
ptor (sIL-6R) 2 B 3tA HAoH, sIL-6R=
Axate] e IL-6Re; =HH7HA 2 IL-69F 2
3l gp130e WAE AXUd A3zE A
e Al 2g 7heAdel AAER ok (Mac-
kiewicz 5, 1992 ; Saito &, 1991 ; Yasukawa
%, 19905 Taga 5, 1989). Y= &+
33 Kurihara 5 (1990)2 IL-67t §50 8%
AEFAZXTYFZE FET F UE FHANS
W, Tamura 5 (1993)& SIAHEFAo] IL-
6 @59 gMe FAHHA ¥ sIL-6R7}
FAl lojolt ARG Hidlo, olFx
o] EAo] i ATAE Tt Akd As)
2ol 7 FHAAZI At B APz IL-
6 G=d M GIHE AR E%
o, IL-69 sIL-6R7} FAlel Qlojokgt H&
HE Yol F== ) (table 2, Figure 7).

o mu o
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o]} Zo] IL-6f <3 TIAHXIFEY AV}
ta2A Jeide olfE AY3 & F gloy
sIL-6R7} Slojobet IL-67F SHF A Xe] HAHL
FES=E Aoz Hol, A{d AMEF FA
X9 AET sIL-6RS T viFA R sIL-6
Re] Fxo| Abo|7} Slo] IL-69 & HAAv}
24 velge Aog F&dr, IFFAX
i Fd ] sIL-6R7} =X J=A o3 B
18 b gloy IFAEY e FEFAX A
TA XS] HHo| AF9] SIL-6R7} le Hoe g
gl glo =z (Littlewood 5, 1991), ¥
4827 IL-67} sIL-6R7F 1ojokgt BTAE
AL Uehlle 3L d3AXE AFAE §
Helle AXEY A3E A v1F FE$ F9
sIL-6R7F 2171 W& ez Aztdn

ol# sIL-6RE= AU = (Novick &,
1989) £ ¥# (Honda %, 1992)o1A &
Ry, 2 ZYE 7 AxE FE
ME SIL-6R7F AAEEA, F4EdH o=
AXzRE FEEes Ad difde doz
ATsiold HAZ AZtEvh. Multiple mye-
loma ¥ rheumatoid arthritis A= &
37} dojyb=d], multiple myeloma #3%}2]
84 (Gaillard 5, 1993: Klein 5, 1989
Kawano %5, 1988)°|u} rheumatoid arthritis
#=zte] &89 (synovial fluid) o4 (Hirano
5, 1988) sIL-6R%} IL-69 F=7F F7hso]
RevZ, A 9 F8A M IL-69 sIL-6R7}
B3 E YAsto o] & #xte] T 37 9} hype-
rcalcemia® 58 3o FE5H1 . ot
2HA] A ol 93t X 2FFH e IL-69} sIL-
6R®] Fx7} /MO, o]E 9] ARl o5t
HZHEe] 37t FHH] AREFFIL Y
olgd & glogE B,

AE8HO 2 [L-1p7} AFANEZRE IL-1,
IL-6 ¥ GM-CSFe] #44d<& #=x3tH, IL-6c
sIL-6R &3t FFHEHHE F=3= 3
o2 Azdd. wAZYE e A XNFQY
hzA 9] [L-1p2 57t F719 ™ (Saito %,
1991), AFUAAHEE AXF FH Qlz,
GM-CSF& #HIAlXe #A4E FT3E=
(Macdonald %, 1986) ¢|& Z7et £ 4¥9
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Figure 8. The possible mechanism of alveolar bone resorption during orthodontic tooth
movement. [L-1f produced by cells surrounding dental roots in response to ortho-
dontic force elicites osteoclast formation via stimulating production of IL-6 and
GM-CSF in periodontal ligament cells. In these processes, IL-6 only stimulates
osteoclast formation in the presence of sIL-6R, and IL-1B enhances IL-6 and
GM-CSF synthesis by inducing self production.

ABES ZF¥ste B o FH oste] A V. & £
AR IL-1pE 2TAE B9 opg AF<ln)
AEZHE = FFANEHAY 2293190 [L-6 E IL-187F A FAHH XS] FFF FE cyto-

GM-CSFY] HAE #%3d 2T JFF8 kine Aol o)X= AL FH &2} IL-1p7F
of7|A1E Aoz AZET, wF o]y A AFEANAEL 1) IL-1p, IL-6 € GM-CSF
ANA IL-1E AFANHE2RE Al A4 mRNA 2&¥ ¥ 2) IL-6 2 GM-CSF A
£ AFete 99 AL Y HAAE 08 X & 98¢ BEsiyed, 3) IL-67 vl
Ao g 290} (Figure 8). 23U 23dg FFARTY HIAX YA vXe IgS
7Vahe B¢ ol| 2ol o] ste] IL-1p2] AAJ o) H71atgth, mRNAS HE L JA-A FHEA
F7tE A £3 IL-69 % FHr-E a3t AHRrgYP oz HAdF e, cytokined] F
€ sIL-6RYAE P 2late F7tER), EE BEAALAEIEer AT =
F7HA oA IL-69 PE7MA 2 A FQA AR FEALE vl F3tlS, cytokinedl] 23t ¥
HFEE AA=ERY Qe 9771 o 2 Y BBHEE tartrate AGA A AR
gxlojo} & oz AYHC), HarE Pt ARG o5& B4
3oy o239 e ARE AU
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1. IL-1p= AFANM E2 e [L-1, IL-6 L
GM-CSF mRNA¢] #3& F=3%.

2. 0.05 ng/mle] IL-1BE XFARAEE =}
=3 A% 1L-6 (3167+ 246 pg/ml) ¥ GM-
CSF (126+ 48 pg/mD 7} HA=Z A=Y
}.

3. IL-1B (10.05 ng/mD) & XAFAAHAEE 2}
3 3% IL-6 2 GM-CSF+ 242k 2 A3t
2 4 A F AAAER e 8AITE 7R A
Aol A& Skt

4. IL-6 (100 ng/mD < soluble IL-6 receptor
(sIL-6R, 100 ng/mD7} e A9
TRAP <dcidisize] &4 (10.2+2.9
& F7HA

o)l Az w|Fo] IL-1pE XFUhA
X2RH gFAEEE 20391 IL-18, IL-
6 £ GM-CSFY AL fx3lq EF+E
o}71A171H, o] A A FAhH 2 RE
29 IL-6= sIL-6Rol YaiAvt SFAxF
AL ER3e RAog AdEn, oA o9

2 IL-1p°ll 7 EFFHAH o] Y 7
Az2FE F59 9@ QA A Ao
FZdd,

1k]
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