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elevated in gingival crevicular fluid during human orthodontic

tooth movement.
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WRRIEFEDDE T, invitro 5 Wik invive IBWT, S2HRAHIE % 0
AB T LIZKDT, Fx OO E(LFEMR IR S Ml S O 2(LhtB] =
BIINDLINTVWS. BEMEOBBORIICIE, SEAMGTOMENE
EERIBOBMIMED 5 OEMIROBER & 5 AMED LIRS RS 513 1,
SIEMNTRISBERRD AT = AALIL, B (bonecell) FHEIZHES
KETTOREY T 52 F 4 > E = Interleukin(IL)-1p D4R & kG, %k
DATF A T—F—DRHEBEEL TS, BRATIIRBRETH S, Bl
R o TAWEND YA M1 0%, B (bone cell) ICEEBEMT M,
BENVTE/ VA MO IOT 77—, U NER, SHEEMR S Vo 7= B0
MDA A A oL DRERT24ERT 518821, MBENICERTSZ &
BEZLND. INET, EMIL (bonecell) ICEEETEY A1 FhL>ELT
IL-1B, tumor necrosis factor (TNF) -a, F#kOEMAE L ORERTELT
epidermal growth factor (EGF) D& XN TS, ZhsDH A1 1> BE
URERTIR, BLcERosBERE2052, BOUETY L /PRN, 2
WIZHT AR OB EBEL T3 34, BETIE, BHMBEMIAN, FET 3
BEMROEEZHAGL, U1 M1 OMBICE > THZ IR EME 2R
THIELPAAENTNS 9. L DY MhA > OEBHREIE LTIE, IL-
1 3AEERINEREL, WEMEOMEERT PONREEES TN, 2L

TZOYA bAA IZIL-6, TNF-0, EGF &4 —N—Fw T4 3EREZ BT



Wd. 5, IL-18 I TNF-a EHENICERT 2 Z &M 5N TNWS D,
TNF-o RBERNEEHMIE (bone cell) DIBFEEEET S 89, £/, IL-112IL-6
DELEZBRNIBET 2 bR T3 0D, EGF 354 ™ 2 DY) O
ZEET DI EBMONTED 19, BHEFHIILL OB I EMIROFERE & L
THRESN-MEMRN SEEXINDS B, E51Z, B (bonecell) 7 5E
A E N % B2-microglobulin B2-MG)H, EHiiL (bonecell) ITHEEL TV
msulin growth factor (IGF)-1 D#& 2L, ZHIZX > TIGF-I 04 S
EERIEIHER, BMERINDE 9. PULOZENASEDYETFY 2 VIcH
I5IN50YA MM OEBEHICOVWTESIKRHT S Z &1, BIERK
WOBEEDBEEREEZEZ DD A TRVICEEND 5.

LU, E MBI BENEOBEIZES, Zhb @%ﬁﬁﬁ@%@ﬁﬁil:?
WTORBRIRIFEEA LR, 548, BENKOBEICHES BERBROEBLD,
periodontal ligament (PDL) A OHRIC & 3 A BRIE WM B OEEEDTALD, &
W B H gingival crevicular fluid (GCF)H iz KBRS 5 AT M 2 R T 35 A3
INTD. Last 5 5%, BEHICKZBE2T> 280 5L 7~ GCF $h
DT ?) AYT I TR (GAGELHL, EOBE LR ORE D 5L /-8
HEF DI RO FURBEO L NVAEEIC LETEZE2HLMIZL TN
5. WEDHRIL, GCF H0 GAG ORHZSNIT LT, BEEBICL-
THREBNZHWIRIBE T2 2LICL500b5H T, BROEERZGOZTIL

ZIEHICRIRT 5 ZE2RBLTVWS. 351, Grieve 5 O3, BIENBE



ToTWBHD GCF FDOTORXY /5 >F 4 > EPGE)E IL-18 O L ~JLA,
ERRICHEHHIAEBEE b > T LAETS Z & 28 L. Davidovitch!"® IL-1
CHENSWER RS TICRERTY, §FB880OKSTEELERNYER
B 2 BT ETF LR D RREEN D 5 ERR=. 25 OWENS, &
&2 N 2 A 7% R, PDL WOMBAEEE 2 S I+ B DAL
WFZEEL, ThH GCF RPICKBT B ZENTHEN, GCFHOHA b
1 RRERTORY, BENEOBEICHS THNT S E:0% 2505,
LS GCF FOAEBRENYEE2EET S I LD, BEAHEBKANTOZNS D
EEXOHBZITET 2 I ENFRETH D, AR invivo TOIEREMEET L%
WXL T2 Z LI TE S 1619,

FHRIIEERHBAGAR 0, 1, 24, 168 BRIBICEEL = GCF DY 1 k
71>, 1L-1B, IL-6, TNF-o, EGF, Transforming Growth Factor (TGF)-81,
E5IYA M1 ‘/L;(ﬂwxj'-“k I—5—&ELTBR2-MG DLV %, ERRED
EIAVRZRWTHN, ZOFR, BEHZMZTHS 24 BERI#%IZ GCF oY
AR CHRBICERTBZEEHOMILE. TS T, EFTORE
ERROBENCHEY, BOUETY DV IEESTEEEILNTVWSY A Y

1 > DEHEA, GCF PITRKIT 3 Z LR E N,
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MACH T MB LG RRHEERREE 1242 8RE L L ORIRL. &
REHER, UTOEBVTHS. (1) 2HRENBRFTHEZE.  (2) GCF
REXLART 6 2 A ANICHIEMZE OB EEZ T TN I &, (3) GCF £ELL
Bl 1 ALRICHRIER OB EEZIT TN &, (4) BRNICEEEZD
REBRERHFTHD, WEAFRYT Y POBEXE 2om LLFT, LY M UBE FTH
BHORNIRBD 5NN L. (5) BEBRBEOBRELHSELT, ETEE—
MNEEDIRENNBETH D Z L.

BFHBE O L TREAASE—/NAKIKER, LBRICRINF TS50y bEBEE
BL, LRUSYHE, Fr—YIIA7 42 A2MANT 2508 DRETHRO b
BREOHELBEZHB L. HOBBRBIITISINF+ UNATREL-.
KERRET2 5 TS O OEICOWTIE, UTFRRTZ2EICG ESWTEE
MBOREZFAN. T7abs, WART Y FOBEE, FYS5S—r0HE, 7o
—ESITROHMNTSH 5. BLBEIETY LEREEERE, KOS
5 NTERE ERIMO TEAE 23RS & LT, BEBEMERS, 1%,
[ 24 FefEER, & 5IC 168 RefRIC, SREOR LML D GCF #R—)5—Z |k

U 72 TERL7=.
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REUT 1413 Offenbacher 5 DA NTD - &> TiFo -, HERH & iRk 2
AV=DxA T O TODZRMIER L%, HEBETT, X—N—2Z h
Uy 7ZX (RYFR—/{—8, Harco#t, Tustin, CA, USA) ZEEEHH
HBIZ lmm ORET 30 BMBEAL, 19BIZ2HEORY FR—)X—% 308
BEALZ (K1) . R=NX—ZX M)y TADEAIEL T, BRI E %
FAHBIC SRV ESIEBEL TTo /. ERENAEGCFEBE2RYF hOoe

(Harco #£, Tustin, CA, USA) THIE L=, Ty R KL TFa—TicR
—N—=ZA MYy T 2% ANT-30C THEREL=.
IL-18, IL-6, TNF-a, EGF, TGF-81, p2-MG, ¥ > /X7 EBDHIE

& 2ND 5 fRBESRRAEH % I 2 7= 50mM phosphate buffer (pH 7.2, 0.1mM
phenylmethylsulfonyl fluoride, leupeptin, pepstatin, antipain % 50ug/ml) %
MAT, RYFR=N—=75 GCF 2Lz, £, buffer 100p] % &X— )%
—A MUy TIMA T 15000 Ei=T 5 5 R LEEERTY, X512 100ul %
MACROBMEZT S /. 2BOR—=X—ZX Y v T 20 53R®D7= GCF D4 Hi
tH#K 200ul 2, -30CTHMMRELZ. THRREL T, BAOY L MmET7 IS
22 (BSA) ZAVWTIOHKIZLBEIRRERD MR, 83~91%Th o 7=,
MO —E8 2 AW T Bradford 5 D45 2012k D, BSA REHEFE LT >
NI EEZRfTO .

GCF & SEERIR B R DIER & D RITBKIKEIGR 21290 LBkt 217 - /o

R, GCF NERERZDZMEDNY — > BRLEIENS, ZORBBBEICL



DT GCF PIZBEERDIA > Y IR —a i3I ENERINE (B2) .
IL-1B, IL-6, TGF-B1 % ELISA kit (Cayman Chemical Co., USA, R&D
System Inc., USA)T 2229, EGF | two-site ELISA 3T 29, TNF-a, | B2-MG
&, JETA—T 4 2 TINEZRVAFLOE—XEBD-HI 27 hI ¥ —FT
INIVINTZHMED SR E NS sandwich EIA 5T B0 ER L. F—713F
BEFERAETRL, ERBEMBEICOWVT Student ® t RETHEZLZ 5K
Bl ZRTTIVERIKENE, BRfRk, BIOY Ay 70y MEidH

HEITREVFT o T 212229),

RS

168 KR D LRI OB ERIL, 19 1.1+0.1mm THo7-. —F, HRE
RWTNBBEILah o7z, GCF Bid, HEMBORIELHENS 2 EXNT
Ws M), TIT, BEMBOBENED GCF BIZDWT, 24 BB OESRSE
IZB1T 5 GCF BEDFIFERDZAER, 0.41+0.03ul/2 XY FR—)3—T, 24
R DM B D (0.85+0.05 ul/ 2 R FR—%—) LD bbEFMIC
ERUTOWER, MEHICEBROEZIRD SRS, I512, EREHS
RIS /= GCF 813, BRRMICHE SRS N5 8WHh SR N-E (0.37
$0.05 ul/2 XYFX—=/)X—) EHEWETHOD, MORKEICEEDEILR

bhighoz. EBRMHFEZEBLT, TRTOHCBVWTEHZTTSS5—»



DILEERD SN ok, T5I, WHORERBIFTHmMIZRD 51T,

BAERT Y ORI 2mom LT TH - 7.

GCF #1® IL-18, TNF-a, IL-6, EGF, TGF-B1, B2-MG &

WIENZIMA T2, EREEHBEIZDOVWTRDETNTOYA M1 E
KBWTHRFIHNICERDOZ 2RO . BLBHZT> TV SERES
experimental site (AR Exp. site) , KD LA H % contralateral site

(EA'F Cont. site) , SZEr#h & F@ID FHEAM % antagonistic site (LT Ant.
site) &L 7. Exp.site O 24 RO IL-1p & (0.88+0.11 pg/ ug) 13 E)E
HER D Exp. site O IL-18 & (0.38+0.07 pg/pg, p=0.0077) 7325 NIC 24 K5
[E#% D Cont. site @ IL-1 & (0.32+0.08 pg/pg, p=0.0034) Izt THst2
MIZARICERLE (M8a) . ZNSOBRIEIChETIREBEINED D E—
B9 % 19. Exp. site D 24 Kff% D TNF-a & (1.13+0.06 pg/ pg) 138 ENBILA
E#& D Exp. site ® TNF-a & (0.43 +0.14 pg/pg, p=0.006) , 168 EFfi#E D
Exp. site ® TNF-a & (0.29 +0.03 pg/ug, p=0.0133) 725 Nz 24 BERIB D
Ant. site ® TNF-o & (0.41 +0.14 pg/pg, p=0.0193) KEANTRRICEAL
7z (K 3b) . Exp.site ® 24 K% D IL-6 & (0.063+0.004 pg/pg) 138
PRAGE R D Exp. site O IL-6 & (0.020+0.007 pg/ng, p=0.0077) , 168 B5f:
2D Exp. site O IL-6 & (0.009i0;006 pg/ug, p=0.0147) 755N 24 KRS

&M Ant. site ® IL-6 & (0.016+0.006 pg / pg, p=0.0193) IZLLRTHEZI F



FL7% (K 3c) . Exp.site ® 24 Ffi% D EGF & (0.82+0.11 pg/ ug) 1388
BRIAE R D Exp. site ® EGF & (0.18+0.13 pg/png, p=0.0076) 7z 57Nz 24
FEIBR D Ant. site ® EGF & (0.30+0.12 pg/pg, p=0.0471) ICHRTHZIZ
LA L7 (K3d) . Exp. site @ 24 K¢ D TGF-p1 & (0.89+0.18 pg/pg) 13
BEPIAER D Exp. site ® TGF-B1 & (0.43+0.14pg/ ug, p=0.0198) 715
T 24 KR D Ant. site O TGF-p1 & (0.21+0.06 pg/ pg, p=0.0233) Ik
NTHEI LR U (B 3e) . Exp. site O 24 BRI D B2-MG & (8.9+3.2 pg
I ug) IBBBAIRER D Exp. site D p2-MG & (0.68+0.21 pg / g, p=0.0393) ,
1 KR D Exp. site @ p2-MG & (0.24 +0.14pg/pg, p=0.0279) , 5
I 24 FfIR D Ant. site @ B2-MG & (0.50 +0.23 pg/pg, p=0.0307) 12k~
THRICERLZ (K3 . 168 BE D Exp. site ® p2-MG BiZ X 51z L5
BrZzrRL 725, BHBBERZD B2-MG B & OBICHIHEMEEZIIRD O h
BTz REICBNT, JlE bfi‘?"\‘f®‘ﬂ‘4 N1 2 DWT, Cont. site
N RME N7z GCF H OV M h1 > &id, Ant. site H 5B N=2N LD
BOTMCHWEERLEZ. BELEY A1 M1 22, Exp. site. T 24 RFfEItE
KHBCERLEIZOINDST, ¥R BIIMGEHHEZREIRD SHEN
o7 (K 3g) . Exp.site TD 24 BHIEDY > NI B (43.3+15.9 pg/pl) 13,
BEFMHER D Exp. site (23.5+7.4ug/pl, p=0.0881) 725 N 24 BRI D
Ant.sit DF > XJ & (16.0+6.4 ug/ul, p=0.0836) & N THIWEZEL

ROLNABMoTz. Ko T, BEWNEOBRBNEHOY >N BOBIE, +



1 MO EDELERASMTRERS TV, E5ICGCF POV U NIE, R
TF ROTRITERIKE/ Y — > TR, BERICHES 8 — S ZMLidEE I I
HoNBMo7 (K4) . ¥7z, Exp. site M SEREINZ GCFIZDOWTRSD
EUTAE Ty MEIZEKS T, 24 K% E 168 BERIKIC TGF-B1 AR X
nrz.

BEDZELRD, BEMNHEOBENTHY, RIELEYT M1 1L, GCF &

TRAR—BEDOERFERT I EEHSMNI L.

B

EFRETIVIZDONT

Grieve 513, FAITHRIEATVI VY —2HNWBZEIZ&>T, HBETHBK
SRUORGIEIZHZMA S Z &<, EREZEMD 5 WIZEMNERBE X
BREBRELTNS 8. FRIOT A ¥ —I2dk> TERE L2 2 08EICEE S
EMATZELTVBY, ZOHETIRRMUOMTIE S M S DBEH DS
ERTTNIEEZILGNS. Lo T, FWETIE, EREEFRNO FHAE 2
BENZMATZWEE LU THRBEICMA 2. BLBEET> TR ETRTOE
&, Fx—TIAT4 VAT > THBIENZMA, Cont. site DEIZIZBE S
ZMARMDTz. Ant. site DHIZIE, BBIIEERTHSBEEHEMIZH
7Z. B2ITRL7LDIZ, Cont.site ® GCF H DWW ONDHY A1 RS DL
NVBS, Ant.site TOL NV ERBEL THOTNITEL B> TVWBIEND, =

DEBRET IIVIAHFEIEL 726D EFHE L /=,
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BIERE DOBENIED GCF FOY 1 Mh1 >

Davidvitch 5 Did, BABBIOH 22 /% 3 REOBEMBINIC IL-1 557
HT5IE%, REMABIELEORMCIDESMCLE. K5 OWmEE, BE
BRIESBQVETY D /OMASHDOBBEY A ML OBR/H L TNS D
L%, POTRBTEZHDOTH /. FIT, TOBOERE L TIRADTO
invivo DEBRTH KM TIE, b b TORBAFRBIZH T 2 Kisic BT 2
B MAAITHEREZYUTT, BENEOBENIZEY, GCF PO DH A
MIACPEELNDERTEZZE2HABLE. LABITRTOYA MhHA
& B2-MG iF, SHARIMZEINZ 2%, 24 BREBICHRINICEZRDEZ BT,
—BED ERZRLE (H2) . BEBEHZT>TWSHED GCF FDH1 R H
18 p2-MG BOBEINIL, BENCK ST, GAMBAOHIAINY 1 ~h1
SEB2MG EEELTEBY, LABINSDAT 4 T—4—»GCF thh 53
@%ﬁﬁ%b%hk:&%%%?é%@f%%.

ABFETIE, GCF P ORI NI BBFZODHA M I B (pglpg) &L
THREL. ZNEUTORETEETHS. T/abb, (1) GCF &Ity
TVRE->TESDENDS. (2) 24 BB GCF hORY NI 8 (ug)
HIZDDOTRTOYA A1 &I, FRZONBERS N BBEBEED
KREOTNELBEL T, —BEOLRERLEIENS, WOBBICHESY

AN OEEPENID SN, (3) ¥ NV EBIT, 168 BB ETHRE
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MZERLZICHED S, 31 M1 2RI 168 BRIBICH DL XL ETR
DUTIzDIR, SEHARBEMZ SN/ 8 T 24 BRIBIZ, Y1 M1 > ORRKY
REBDVD S EERBTEIHDTH 5.

SERFz—2IIRT AV ABRAVEAMEOBELEBTIX, MHOHED
BER, FERRBENINDSRNDT, 168 BERIBICHE LT RTOY
4%ﬁ4>§ﬁi%bﬁ#otﬁm&b1m,%Eﬁﬁﬁ&h&Mhofwm
Mol ETHHAINS.

INSDYA MHA 2 OHRRIZDOWTEHEMZRFIITbRTVWARNS, %8
LR ERTNOFIX SRS, <707y —2, B3, BEERE L
DIZHIIRICK > TEASNTNS LHAIENS. BHNICER L B3 s
WIREMILEWEE THFLNVOBLERL, BRNESIESEZTHON
HBLVDNTNE 0. FBE, BEHH, #1XF12, 24 BEBICRIRED
HRENIC IL-1p OFESERENTNS D, ¥/, b MEBRERNO IL-6 O
ENREHAIN TS 30, 25 ORIA OB LFEIRIC L 2R &, 24 KRS
RIZIL-1B, IL-6 BN LR T3 Z 13— T 5. BEMROBEIALNEY A +
AL ORETRENTDOVTIE, AEBRTIIBIHIIZITERVD, BRMICE
BLIZHIRIC L 5 GCF HADYA NhA > DEAIR, BEMNEOBEIES £
<®ﬂ@®¢%&bfﬁ%?él&ﬁf%é.%Eh?ﬁb%%ﬁ%ﬂﬁti
2T, invivo TEZEOMBICBNWT, AEENRIENEINZEEZ N5,

BB —EOREREZMEY, AMRSBERBORAT 4 T—4—
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ELTOUDONDTA MAAVEERLTVWBEEZONS. ZNEDY A k
A1, BIZIL-1B, TNF-a, IL-6 iZBRIGARRICEHZL TVWBEEnhbITHh
% 8523, FFMlARHMIRRIE, IL- 18 IL-6 S W o =W DhDH A MhA 2%
EAL 3639, ZNS5OYA M1 I3, BRINET S BEHRO®E 2 (2T
5. iz, TGF-p1 13, HMIFMBEOTIHMBE Vo2 OO ORISR TH
SIEMHEAINDDH B 040, AREIFFMIICER L CTEBRERET S
TLODONTNBN D, —FTIY ABEMIFRICH T 3 ER I MET,
KRETIIMEGE, SRETIINHTIEOREDHD, BROSNINDEZS
ThHS. FHFERBRICBNT, OV A1 MhA > ERBO—BEDTIENRD
SNZEBEL T, RO 2HAVHERING. D EDIIEFEREELTO
TGF-p1 OERT, PDL N TO—BHEIZTIE LRI T 2807 4 —
RNy 7 OBIZH> TH LR TH 5. IL-18, TNF-0 &\ o = LEHERT
EIRDYA bAA L ERERL, IL-18 I T 3 ZEEDORB Z2HH192 9. b5
U &EDE, TGF-pL DED Y ET U > IZ B} % bone-coupling factor & LT D
ERTHS 0. WEMROME, RSCTHEHRICL2ERNEIHE L, &
FARRIC K BHREET DI LT, BOUETFY DT EFNITESHOB
BERET S EEZX5N5. p2-MG IIEEHESHIR®D Class- | 0¥ 7 1=
Y P THORBISE DD EEZSNTNWS. o T, AHFETIE, B2-MG
i, RERIBICHTDEEREERTYT M1 LA DEEE LTHIE L.

B2-MG =D LRI, SMAFIBIZ X 2RMAERIBICLEDDEHRENS.
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RIERKIBICE O TERENEZINS DY A M1 203, B3k, wEMmRo
EEZREL, BRNEBERICE>TEOUETUS MDD, Z0ORE,
WABET 5 EERIND.

UEDZEXD, FHETE, BRNCERRICEETEY 1 N E%
NS LHEMNTEMT B EENTVWS YA M1 RO BED LR ZFR
LizZehs, BRERNEOBEICHES BRHICBEST5EEL 5N TVE YA

NI > DEEED, & b GCF RICKBRT S Z & 2R L.

A

RERABCHD, XREREEGZ5N, NhOWBRERS SiEHEE IR
BIZR D X U 7R EWR R FIRHEIE 23 B D BUERIR, 725 T RBR A%
O EER PR EF S HAA BRI R R D MBE 2R L ET. $/, A
ZERITTHIH0 THEBEE THBOR EE N E LB AER A 2k 2
HBESARTEEECLIVBEHOBEZRLET. S5CEAMEONBLEER
DIORBIO CEEZ W12 E £ UMA RN RF SRS ESERE, ORElL
P S NI RKERF R FBRERNBEEREORZBOERICE BiLe s

LEFET.

AHZEDO—ERIEITHR 7 SFEB LU 8 O XEREF LA RS RIS

AZRWTIT 272D TH D & BMiElL, HEEZELET.
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Interleukin (IL)-1B, Tumor Necrosis Factor-a, IL-6, Epidermal
Growth Factor, and Transforming Growth Factor-1 levels are
elevated in gingival crevicular fluid during human orthodontic

tooth movement

Setsuko UEMATSU

Department of Orthodontics, Matsumoto Dental College, Shiojiri,

Nagano 399-07, Japan.

Key words : IL-18, TNF-q, IL-6, EGF, TGF-1, GCF, orthodontic tooth

movement.

Bone remodeling is a complex process regulated by several mediators.
Recent work has revealed that cytokines and growth factors have
significant effects on bone cell metabolism. However, little information is
available concerning the production of cytokines during orthodontic tooth
movement in human subjects, and there is no non-invasive model for
determining the production of cytokines. Therefore, the purpose of this

study was to identify and quantify the various cytokines in human
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gingival crevicular fluid (GCF), and to investigate the changes in their
levels during orthodontic tooth movement. Twelve patients (mean age,
14.4 years) were used as subjects. An upper canine of each patient having
one treatment for distal movements served as the experimental tooth,
whereas the contralateral and antagonistic canines were used as controls.
The GCF around the experimental and the two control teeth was taken
from each subject immediately before activation, and at 1, 24, and 168 hr
after the initiation of tooth movement. Cytokine levels were determined by
ELISAs. The concentrations of interleukin (IL)-1B, tumor necrosis
factor-g, IL-6, epidermal growth factor, and transforming growth factor-
Bl were significantly higher in the experimental group than in the
controls at 24 hr after the the experiment was initiated. All the cytokines
remained at baseline levels throughout the experiment for the two control
groups. In contrast to cytokine alteration, the amount of total protein in
the GCF exhibited a gradual increase, but no significant difference was
observed between the control and experimental groups. Since all cytokines
in GCF play an important role in the bone remodeling processes in vitro,
the present results indicate that the changes in cytokines in GCF are

associated with orthodontic tooth movement.
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