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The Expression of Chemokine in the Periodontal Tissue during Tooth Movement

Atsushi SHHOYASONO

Abstract . Chemokines are a group of cytokines that form a large family of structurally related
proteins and are chemotactically active for specific types of leukocytes. Recently, various biological
effects of chemokine such as angiogenesis, immune response and cancer metastasis were reported,
in addition to chemotactic activity for leukocytes. The objective of this study was to analyze the
expression of chemokines in the periodontal tissue remodeling during experimental tooth movement.
Tooth movement was performed by the elastic band insertion between the upper first and second
molars of 7 weeks-old male Sprague-Dawley rats according to the method of Waldo. The animals
were sacrificed at 12 hours, 1, 2, 3, 4 and 7 days after the placement of elastic bands. The rats
without elastic bands were used as controls. Reverse transcription polymerase chain reaction (RT-
PCR) analysis using specific primers for chemokines and its receptors revealed that the expression
of Macrophage inflammatory protein-1 alpha (MIP-1a) and its receptors (CCR1, CCR5), and that of
Stromal cell-derived factor-1 (SDF-1) and its receptor CXCR4 were increased in the periodontal tissue
during tooth movement. In addition, immunohistochemical staining was carried out using paraffin
embedded sections to examine the localization of these chemokines and receptors. MIP-1o expression
was observed in the pressure side of periodontal ligament (PDL) fibroblast at 1 and 2 days after
orthodontic force application. On the other hand, CCR5 expression was observed in PDL fibroblast
and osteoblast, and a high level of expression could be observed at 3 days. SDF-1 was expressed by
PDL fibroblast and osteoblast, and a maximum expression could be found at 3 days. CXCR4 positive
cells were detected in the bone marrow of alveolar bone, and the number of these cells were increased
corresponding to tooth movement. Furthermore, to analyze the effect of MIP-1a toward osteoclast,
in vitro experiment was performed by means of rabbit unfractionated bone cell cultures. As a result,
MIP-1a promoted osteoclast formation, activation and chemotacitc activity, and Osteoprotegerin
(OPG) blocked MIP-1la-stimulated osteoclast formation and activation. These results suggest that
MIP-1a induces osteoblast RANK ligand expression via CCR5, consequently enhances osteoclastic
bone resorption, and that SDF-1 promotes recruitment of CXCR4 positive cells including endothelial
progenitor cells and osteoclast precursors. Therefore, these chemokines and receptors may be involved
in periodontal tissue remodeling.
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MIP-lo. . Macrophage inflammatory protein-la

MIP-1B : Macrophage inflammatory protein-1p

RANTES ! Regulated upon activation normal T-cell expressed
and secreted

MCP-1 . Monocyte chemotactic(chemoattractant) protein-1

MCP-3 : Monocyte chemotactic(chemoattractant) protein-3

SDF-1 : Stromal cell-derived factor-1

CINC-1 . Cytokine-induced neutrophil chemoattractant-1
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1. ERMNEEOCES
EERK 2 EOBENL, Waldo E2 2RV AR 7 BE
O Sprague-Dawley KM T v » (AARF ¥ — VX1 /N—,
ME) O LHHE—MAE, SF_FAEECESEERHTS X
54 v 2 (ELAST RINGS® ; GAC International, NY, USA)
PRATAILICIVIFo, (H1)

BERAISRAT1YY

EEafl

Z514

X1 EEBHNROBE L B
Sy NOLBEE—HELE _HERICTZS A
T4 RBEALT, WOBE 21T o 72, M
FHESETMIIE_ARORBREBEL LI A
F 4 v 73R AEME TIRERELM A S BRI L7,
M1 ;. BEEE—FE, M2 EEE_HE

2. BNA#iH % 5 U'IZ RT-PCR (Reverse transcription
polymerase chain reaction) %

WORE FLRI2, 1H, 2H, 3H, 4H, 7
B, BIXUEORBEZIToTWHRWKEEDOT v b
o LEEeHEL, MAERITTHESE BRLL
%, RNAHIAF v b (sogene® ; = v RV V-V, B
W) #FAw, W78 b2 —VI2f - T total RNA %
M L7z RICEBWET2RETORRL AV OKE
l%, RT-PCR ¥ v I (RNA PCR Kit® ; TaKaRa, #&)
EHWTUTOEGETITo /2o 1 ug D total RNA 12 5
mM D MgClz, % 1mM @ dNTP Mixture, 1 U ® RNase
inhibitor, 0.25 U & AMV Reverse transcriptase, 0.125 uM
@ Oligo dT Primer, 2 ul ®10X PCR buffer % 1 2, &
HEICEENF20u & %5 &) ICEREKTHREL, &
FHEIEEE (iCycler® ; Bio-Lad, CA, USA) % V2 T42C
T3040, 9CTH540M, HHERL &, BoNhik
cDNA IZ 1 M DZBEFOLHREB I U THROBEN S
54<— (%1), %02mM ® dNTP Mixture, 0.5U O
TaKaRa Taq, 2 ul #?10X PCR buffer (MgCle&&) % i
Z, BREHICEED20u L %5 L) ICEEKRTHREL,
94°C TI0RPHIBAZEE, 58 ~ 62C (K1) TIOWE7 =—
Vy7, 2CTlHEmERT) —EORIE.22 ~ 28
FA I NAT o7z RIMERWIE, =FYva7uvA
BELSN T H O — AV TERKE ZITV, UV P T ¥
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MIP-1 sense 5-AGCGAGTACCAGTCGCCTTCT-3 I
6799P  antisense  5'-GACTTTGTCATCACGTCTAC-3
RANTES Sense 5-CTGCATCCCTCACCGTCAT-3’ "
(o)
279bp antisense 5-GCTCATCTCCAAATAGTTGAT-3’ 5
sense  5'-CAGGTCTCTGTCACGCTTCT-3'
MCP-1 s8°C

525bp antisense 5-AGTATTCATGGAAGGGAATAG-3’

MCP-3 sense 5-CAGATGCCTGAACAGAAACC-3’ .
(o]
318bP  ,ntisense 5'-CACTGATTCTTGCAATGTCC-3' 0

SDF-1 sense  5-TCCACCTCGGTGTCCTCTT-3' .o
255bp  antisense 5'-CTTCAGCCGTGCAACAATCT-3'
CINC-1  sense 5’-ACTCCAACAGAGCACCATGG-3’

58°C
222bp  antisense 5'-TTGAGTGTGGCTATGACTTCG-3’

CCR1 sense  5-GGAGTTCACTCACCATACCTGTAG-3' ss'C
2 b )

232PP  antisense 5.GGTCCAGAGGAGGAAGAATAGAAG-3'
CCR2 S0  5-CGCAGAGTTGACAAGTTGTG-3 ...
233bp  antisense 5'-GCCATGGATGAACTGAGGTA-3’
CCR5  sense  §-AACCTGGCCATCTCTGACCTG-3 .
432bP  antisense 5'-GTAGCAGATGACCATGAC-3’
CXCR4 sense  5'-CACTTCGGATAACTACTCC-3' ...
1028bP  nfisense 5'-CTTGAGGATTCTGACTCTG-3’
GAPDH  sense 5’-ACTTTGTGAAGCTCATTTCC-3’ 60°C

288bp  antisense 5’-TGCAGCGAACTTTATTGATG-3’

AA VI AR—%— (Benchtop UV Transilluminator® ; UVP
Inc., CA,USA) ETEEHZZ L7

3. YIF1ESL
HWOBEIERMG128:/, 1H, 20, 3H, 4H, 7H%,
BIUHOBH #1To T WxBHEO T v MBS
%3V (30 mgkg; =T —VER, ER) X5 KB
L, 4%/ KNVAT VT F (Merck, Darmstadt,
Germany) & H0.1IM V) Y BEEW (pH7.4) 1 CTHERE
BEAT o120 LHBEHEL, S 5IT24B0 4 %55
FIWVALT VT FEELIM ) VEEER CRERE®
Totze FDK, T¥ ) —VERFNITEIAK, Zoukiy
ATHE, By 2 —VRFNS TR L72%%, 19%
IF VIV T I VNEEEES MY Y aBmwE (R EEZE
Fr, BEAR) T, 4 CICT3HEMBEK L, BIKETHE,
Ly = VRN L B BKE, AEREEH T 71V
(Paraplast plus® ; Kendall, MA, USA) ([C@HEL, ES 3
um OFEIRWTHELPEIF 2/EH L, AT A4 FH T X (MAS
I — MM Micro slide glass® ; AR T I3, kBR) ki
BEAF L7z,

4. REHBILFEE _
HBIF 232 LY CHNT T4y, T —)b
RHEHCTHKORE, MY TV VER (1mgml;

Sigma, MO, USA) T37°CIZ T304 7~ 56045 [ $1 5 Ik
ELIEE 21T o 720 5l & HE%0.3%BEL/KFEK (Sigma)
CEBHREBERVEF T F—ELORELE 5% Y VIE
THhAZ7Iv (Sigma) KA TuyFy raffol, —
RYifk%E 4 CTH—/N—F 4 G &4, PBS [Tk
#%, “REfkE LTEFF UEEBR Y Y F eGP D
L REFF VEBRYFGHE (=F 11, ER)
% ZiRTI0H Bt & 72, PBS THEEH NIV F
F—VPEHZBA LTI TEY Y (=F L A) 2ZFRTS
SRR S, PBS THEER, YT7I/NRVFIVE
W (¥ FIWVAT A DABEH®, =FL 1) THE
BTz, B, —KPARELTHT v F MIP-lo ¥
R 7 v —F )Pk (Peprotech, London, UK), $1T v
FCCR1 Y HFAHRY 2 0—F VI (Santa Cruz, CA,
USA), $19 v b CCRE ¥ ¥R 7 0 —F L Hifk (Santa
Cruz), ¥i5 v b SDF-1 Y ¥ 1) 7 0 —F VHifk (Santa
Cruz), YL v F CXCR4 ¥ ¥R 7 0 —F )VHifk (Santa
Cruz) #HW/=,

5. UV XEESMIET KR

%5 HisO HARBEEE Y F (g~ &
BF) 25 KBAE LB R RILL, SMBkTBRER, K
L 72 a-minimum essential medium (LA T o-MEM & B&9 ;
Sigma) TP CHILI L, 30ml ® a-MEM H T Vortex mixer
CCHEBL G2 32ESE, 27172 %0EINLZ,
FlE k100X g T3S BEHELE TV, TH1 /3D
A7 47 A (10ml) 2 ENXL CHREBMBICEGSEE
SHEL 72, 10% 7 VIEIRIME (LLF FBS LBET) & &
¥ o-MEM % FIV> T 5 X 10%ells/ml DHFLEIZ %2 5 &
WL, v RBRE»SEEL MR RICHE,
50ng/ml @ & b B ¥& ¥ receptor activator of NF-KB ligand
(BLF RANKL & B&9 ; Peprotech), 10 ng/ml & + MIP-la.
(R&D Systems, MN, USA), 1 ug/ml & b osteoprotegerin (1L
T OPG &BES ; FEIFLE L 0 E5), £#Mz37C, 5%
CO:FFET T4 HEEEEL 2,

6. WEHEHS L UERMEEDOREIE

BER, 10% R IVAT VT FEF PBS I CTHIE %
E % L, Leukocyte acid phosphatase kit (Sigma) % f\»
TEAEETEERYE 7 + A7 7 & —+F (LT TRAP & B
T) BEEITV, BFEMETICT TRAP B2 2 3
BU oM +HEMRe LCHZEHILZ, 2078,
TIVICTER LOMBEREL, BEATFFTY
B (Sigma) 1T THE LM%, JREBEMETIC TR
wERrlE L7,

7. WEMAEEEEIEORIE

Bk L7z & RARIC, £%5 ORI AR BERE
E7HEF (bl T XR) 2o KEEEEEZIRIL, %
MR T REE, KESL7Za-MEM B CHIEIL, 10 ml @
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a-MEM F T Vortex mixer (Z CIREE L CTHIE %2 3 &%
720 BEEMIREROMBOE G2 H I 720, 50% D FBS,
10 mM @ HEPES % &¥r 2 f5& (20 ml) ® o-MEM ki
BRLZMBEZEG AT 7 A2ERB L, KEICI05H
HEL TR ILRE Sz, 208K, TH8 %D AT 4
v A (24ml) ZEYRL, B7HFA X 8um D7 4 V¥ —
% F\v> 72 Boyden chamber (Neuro Probe, MD, USA) ® k
B V225X 104 cells/50 ul DL % iFikE S &, T
Yz VIZEREFR 1, 10, 100 ng/ml O MIP-la % &4
5 o-MEM %72 L, 37C, 5% COAEET T 1EH
BELIZEERTHRIANVY —% Xy ) —VTHEL,
TRAP B 24T\, 7 4 V¥ — FEICHEET 540 % 1
MEICBHREL, 740y —THEHICERE L7 TRAP B
HRR R AR FHRI L 72,

# X
1. EOBENIC &S L S BT
EERN R OB BB 1) 5 R 2 AR L2 B &
T BOIAT MY =2 F Do RERTY, W
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JRRBEDZEALIZ DO W TKRE 1T 072, BDOBE)Z1T- T
Wzwgy b (2¥ha—)v) OMBTIE, ERERE
DOEFIIH T TCHANTH Y, WEEFEREICEFMBe
WEMBEDT2ICEDON (K2 A), BEIBE 1
A#HOME X, BEHMICE U CRIBEOME R EHE
FRED LNz T EFETIEFMKE, EBE T
BEHEoEIMERFRD S (M2 B), BEIEIES3
HBRIIER) E7TY VI PRODERL LR THY,
ZHOBFMIER, BIFEMBRIHEREL, BRNEDED
Lz (B2 C)e BEIRGB 7T HBRIZZVET) Y7
HIZBAICERL, BFMRLHEMRE R4 IO LN
%o (M2D), lEDXHIZ, Waldo HEI2 L 5
EBRW LR OBE FEEHVSZLICLY), —HOF)
EF) VTBEIBETEDL I PR INT,

2. WOBENCEDBLITEAM L LEOSTICTEDT >
ZEA mRNA EROZEIE

MEFAEICEES L), BEiE s @oiiizio

EINBHHER® ZENMB L 5% L, WEMRY T

B2 SEEREEOBENIME D MR

EERHIEE O BB IS BT AR B ABHELO DI T A DAY V) V- Vv R R AT

v, EEAROZILIC OV TIRE 2T 2 72,

WOBBZITo TV VISR (A), EOBEMA 1 HE (B), EOBHMMI HE (C), HOBE

BtE7 Hi% (D) DOREBZEERT,

BEBHRS BRICHEBY =7 v 7P RERE LR, SHOBMEMEC, EFMEOLIRIFED b i,
MR FEESE T OME, DR EEES T HEROE, IRS: FEESE T FERBTE, £E BEMRE, K.

BEMIE, Bk RE D ROBELE
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FN) Y ITNOBEDNEZ N TEAAVOFIPS,
FEWR TN A Y (MIP-lo, RANTES, MCP-1, MCP-3,
SDF-1, CINC-1), B X % D% %14 (CCR1, CCR2,
CCR5, CXCR4) %3EU, #® mRNA %I % RT-PCR it
12X ) GAPDH @ mRNA EH DO LX)V &3t e L 2 2°
LR L7 FOFER, MIP-la DREBIIEOBE 217 o
Ty ba— LV TEREDON o205, O
BhZfEwW R L, BEBG 1 HRICRIM kol £
D%, BREIBACEL, BEMGB3I HRICEREDLN
%ol (M3 A), MCP-1I3 BB 1 HEIC—H
HICHBFIRBO LN (K3 A), MCP-3 13 DORBE)IC
PN LA L, BEFBI2EESDS 7 HE T THE
BV EBHIHR L7 (N3 A), SDF-1 0FEHIZa >
O VTS b NT2S, BEIRI2EEREZIC—EMEIC
WAL, 20#% 3 ~4 HREICBUREIMRED 5Nz (K
3A), CINC-1 iZEEDORBENENREES LR L, BEIH
FHI2EER A5 7 HR F CTIHVREBIHR L2 (3 A),
7 B RANTES I3 W NORHICBW TS BIIHERT
Ehhor (3 A), CCRI DEHITEOBENTEN
ERL, BEBGH 3 HRICERDE koo, TDKRT

A days
CCHrEHAY control 12h
MIP-1 ¢ .

RANTES [ @

CXC/rEDALY
SDF-1

GAPDH

B days

coerenqv2ak  control 12h 1 2 3 4 7
ccre GEEREOEEEET S
ccrs [ERENIENEEEEIS

CXCH ENIV BB
cxcrs TR T
GAPDH [

M3 EERNEOBEIRICBITAIEIA vib TN
rEHA VAR mRNA OFHEL
EBRPYEORB 21To7-9 v P LEE L HH
L7mRNA # HHWTC, £Breh4>v (A) &
ST BN A v2HEE (B) O%B % RT-PCR
EITTHRE L,

W OBEYICEVY, MIP-1a, MCP-3, SDF-1, CCRI,
CCR5, CXCR4 ® mRNA D3I FEH % 254k 28
B LNTz,

BRI CRRITBERZR LA (K3 B), CCR
2 IR BIA 120 AR I — B I BB AR S (X
3B)o CCR I DRENICEWER L, BEIRELH
BICRDBL R o/27s, FOBRRBHRIIBCEL, BE)
B 7 BRICEBO LN {ro7 (KI3B), CXCR4
IREIBAAE 1 B2 5 4 BRI THREDSERE L T
sh7z (M3 B)s

3. WOBENZEBESTEAIEOTICTEHL >
SREOREDE

RT-PCR B WT, OB WRERICEIR
BNTTEIAL VLT EDA VEREOFRIS
MIP-la & # DZEAETH 5 CCR1 & CCR5, % 5 TTIZ
SDF-1 & # D2 4K TdH 5 CXCR4 D BT & REA#ZAL
FHICKRE L. ZO/RKR, MIP-lo 38 OBEI R 1
Hfk & 2 BB O BRAR AR ME SR 0 — &0 2 [
WHE 2RO, BHFEMARCHEEMRICEIIIERD
bhiehol: (M4, £2), T/, ZOZHFHEKTH 5
CCR5 X, BOBEIZiTo T wvway ba—iZBwn
TIEEHEPRD SN o228, HOBENE & HIZER
L, SRR B C 2D RELRD 2,
BEIBAR3 BRICRLHM 2D, E B CEEM
LDV SNz, BB 7 BRICIIRH
PR L7z (M5, F2), FEFIC CCRI DA BIT-
HRBBHRTE Lo (BRIEFER). SDF-113
v ha— BT, EHEN2EOERLBENICEN
A (REE) OmRIRERKESM, BFME, ®E
MR IC R bz, A GEFIE) TIRRAD
bRhol, LOLEOBENC X ) ESETH R
HERL, BHBHBI BRICEIAIIROIEL LY, &
HEEHERFEOBFEMBEICBVWw T ay tu— el
BLTRHEAO LEAIRD b, ZOBBERIG 7 HE
CIEEBE, EFEE S RBLEAS L (M6, £2).
CXCR4 1%, wMRFEARMESEMbE, B3FMie, BEMiEC
ERBE RO R o 7oh%, AR IEERE BEREPNC B A
FaAsiBsd b7z Z DEUTH DO BEN LV IMER % 7R
L, BEIBMA3 BRRICRKRE LD, —EIdBHIlicBw
THHRTE, TOBRBENRG 7 HERIITHEEIZR
PMEMERLE (K7, £2),

4. MIP-1a PEEMIBICS A SE

7 FEEZEHR & B\ 72 in vitro D FEER T MIP-1a D
B MR R B RIUEE I IR THE O W THRE L
7oo ZDFER, MIP-la DERIC LY, BEMRKRE
WIS L, MIP-lo 2B BRI 2 & B
BNz RESE LI EPHLPE -7 (H8), F
7o EDFRIT, BICHEEMBEOSMEERESEL Z LD
HENTVLHEME RANKL OFjE% L% 3D TH o
7275, RANK-RANKL & % BEEHICHET % OPG %
YEF &9 5 & MIP-lo DRIRIZ T ¥ P T —VIZEWL AN
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M4 SEERNHEORERFOWEMEIC BT 5 MIP-1o DB
BWORBE ZIT> TV WITRBEOFIAE (A 408), ZE5MEN G (B ; 4008), FEAAHL
K& (C; 400f%), BEIBIE 1 HEOWH ARG (D ; 408), ZES[EMIEKE (E ; 4008), EEH
LA (F ; 40008) 2R,
MIP-1o IR EIIAL H R ICEB A OEREO —FIZHERITRO b Nz,
MR . FEEETHEROE, DR REES T HEE.OR, RS REEE " FERE PR, PDL : RRIK
HRMESEMRE, OB : ‘BI3FMIME, OCL . HiEHil, HIREXRH . HOBEIHW

M5 EERryOBEE O EMRICBIT 5 CCRE DB
BOBEZ1T > TV WTREEOIGIIE (A ; 408%), EH ﬁﬂ'&‘ﬁ#f}ﬂ%ﬂ (B ; 400f%), ZE5|HEIHRIL
K& (C ; 4008%), BEIFHLE 3 HEOILKE (D ; 4065), EEEMILAE (E ; 4006), FE5M
sinktg (F; 4000) 2R3,
CCR5 IZEORBEI & & b ICHHAN LR L, WREREFHECEFMRICZORELRD -, BEIH
izu 3 Efﬁkﬁi%?ﬂ( 0, FEFMENCIB W CEEME L YRV S iz,

LERETHEE R, DR LA T HEER, IRS | LEESE _FMRE T, PDL . iR

%%%E#%Hiﬂa, OB : ‘BIFMifE, OCL : #WEMi, AikEXKE . HOBEHM



WOREEICBIT 275 EH A YORBICHET 2B (EER)

E6 FEERIEOBEREOHEMMBICB T 5 SDF-1 DRI

EOBE 21T o TW AR WHREOIL KRG (A ; 4068), FEABEIEAE (B ; 4005), =514 ?ﬁ?f
K& (C ; 400%%), REPRETEEEEHIEILRE (D ; 2004%), BEIFRK3 HHEOEIKAE (E
40%), HEEEGRILAME (F ; 400%%), ZFEFIMEIMILKE (G ; 4004%), HREFPIREI8EE 55 BE ?H:
% (H;2000%) %R7,
SDF-1 1327 M= i2BWT, EAEORRERMEEMR, B3EME, BEMRCEEITDOLN
7o, FEFMEITIREEDON L o7z BOBENCL VESEITORES LA L, BEIFIE 3 BHAICR
fﬁ i%%ﬁéﬂ ol

LEESE AR, DR LS HEE O, RS HEESE _FASEMRM TR, PDL ; BRE
ﬁ%ﬁﬂ*—ﬁ‘-ﬁiﬁa, OB : B3, OCL: BEHME, HIREEH  HOBHHN

X7 EEBRWEOBEIROEBMEICBITS CXCRY DEIEM
WOBE #IT> T BEE OIS (A ; 406%), EEARRILAE (B ; 4008), 25|65k
K& (C; 400f%), REPEIEEETSHELLSE (D ; 2000%), BEFGK3 ABOBIELAE (E ;
401%), EEEERIEAE (F ; 4000%), ZEFIEGRIEAE (G ; 40048), RETIEEREE BB Rk K
% (H;200f8) #m57,
BRI, B, BB CXCRA ORFIZTD SN o 7285, R R EEh e
PUZIE MR b, FOMIIEOBENIIEVEIMERZR L7,
MR . FEEEC Eﬂﬁs“nﬁwlﬁ DR . FEEEHAEE (R, IRS | FEEEASRBEMBE, PDL ; iR
FRAESEMINE, OB : B3EMIE, OCL : HEMlE, HIRXEA . HoOBEFHN
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K2 REHBFENTEEZRCLTrENA V%0 TCERFHRORHARIE
control day1 day3 day7
PS TS PS TS PS TS PS TS
EEAR IR MRS S — ++ — — — - -
MIP-1a  B3iHla —_ —_ — —_ — — — —
WEHR — — — — — — — —
mRREE - — + + 4+ ++ + 4+
CCRS  ®¥illia - - +  + — ++ +
e — — — — — — — —
EREME + — + + ++ + —  +
SDF-1 &3l + - + + ++ + +  +
A ik + = + = + + 4+ o+
R IR — — — — — —_ —_ —_
CXCR4 ke - - - - -
AR - - - - - - - -
ARt + + ++ +
—: B + BEGE), ++ B, +4+4 0 BEGR)
PS:[E@f, TS:ZFEsE
A B
- 70 s 450
% 60 F ok = 400 *%
2 %’ 350
3 0T B 300 |
E 40 | & 250 |
2o &l
% 20r éﬁ 100 -
s
= 10 gr 50 | i
0 1 1 0 | 1
control sRANKL MIP-1a control sRANKL MIP-1a
(] opc-) M OPGH)
8  MIP-lo BB MR - #EEICRIZTHE
7B R 2 BV T MIP-la 25 E AR B IR T3 B 2 ATz MIP-la DFERIIC &
D, BEMRECERNEHIIEML, MIP-la 2SR EMREEEZ 5 CICERINEZRESEL Z L
Bhholze E2ZD%RIL, osteoprotegerin (OPG) DEFIC L D T ¥ b — IV LUV T,
&\Lt’o
(** . P <0.01, student'st-test n= 3)
60 wx
50 . E: O TRAPEf:BUHHER
ol ; W OERER Mo MIP-la ABEMNEEE I RIZT RS
30 » v E AR % v T MIP-la 2
20 BRI DOEEI RIS BT RN,
w0l . MIP-la i3 TRAP B4 B AZ Mg < BB
0 MR T U CiR AR 9 1S B i

control 1 10 100

FRL7, (*:P<0.05, **:P<0.01,
MIP-1 & (ng/ml) student's t-test n= 3)
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VETEI L7 (K8), Ry FREEMgz
Fv T MIP-lo DR B #1243 A EREEE IOV TR
B L72e FOREER, MIP-la id TRAP B4 HAL ML 5
BRI U CERERAEN I EEEEER L (K9),
Z =

1. EOBENAEICOWT

A, EBRMEOBEHEL LT Waldo 2 AW,
Waldo #£%2 1Z19544E [CHRE &Nz, T v OB,
ECHAEEICIS AT A v 72 BATAILICLDE
BRI BEI XA HIET, METHY, HEBHNE
B CHBER BB ALSNE Z L P LEEICDIY
HAwbohTnwg, SEIOERICBWTD, 7HHEOED
BET, —EOEBEEBOBMIBEETE LI LP0H
BB T IO ENA Y OBESERET B
SEF R TETHoeEZONSE, L L Waldo I
WZBWTLZI AT A v JHEABRICHEICII» 2 HHE
13200g 1ET A L &EhW, LdZFONIRERICERE
THIL,HD, BERFRKRTERIITONGHWOR
BLPTHNTWE I LI EREIN TS, TE, EHE
M, BREBL Vo NENEEET A=y T VTS
VRDTAX—RIAAL VAT VT DBERDBFITBNT
ZHEND I, EBHNLEOBEEFTVICBVTH
FRAGBIENS 20 R BIEND & V7 EBRRA
BEHFEEENDL L) ko TER, BFEIT Schwarz®
Oppenheim % (X EMIMEE TH 520 ~ 26 g/em??, I
T3V 1380 g/cmzl«l—[“@jjfﬁiﬁ@@@ﬁﬁ)ﬁﬁf%k“@, »o
MBANOBEERILRAERBENTH S L LTHE
LTW3, WRRER,SER L, 7y PNEAROEHE
BIESIXI0g LT L8R TWw5, 418, HVBEHD
BEVIIRRNARBENZHVZERREZENT A LI
Iy, WEEBORILRrEAA VLT TrEIA
SZERRORFRMEOZR LRI T ALENHDLEZD
nb,

2. WEMEHBU EFT)JICBUB 5 EHS L DIXE
REFZETIE, ®AIC RT-PCRIEE BV T, EERAHE
DBENCED FEHA VbR Tr TN A VZEMAED
BBEEBMEL, #OKE, MIP-la, MCP-3, SDF-1,
CCR1, CCR5, CXCR4 DHEBRICERLZ LT AD 2,
ZDWHH MIP-la & ZDEFHETH S CCR1E CCR5,
% 6 N2 SDF-1 & 2 DEFE CXCR4ACERB L, 1o
DEBRBEICOWTEHEMRRE 21T 2 726

1) MIP-la & #DZRHE

MIP-la ld CC o EHh 4 ¥ ®—2TCCRI &£ CCR5 %
ZRELLTHEAL, v2u7y =%, BIEME®,
KRAESERARE3Y, 7)) THERE® % SRk 4 R O EA
BN EFHLENT VS, MIP-lo DT HE—F —
BHIZIZ AP- 1 EERLOFEFRESINTB DY, &
BME® LIPSHE? 2 XL LT 5L ORIBEA

MIP-lo BIEFOEEFEHLICEE L TwbeEL LN
5o MIP-lo I3 BER, THEM, RIABHRMRICH L T
EEEERT 2T TR, HEMROKEICLEELS
RBIEDPHLNTAWT, b MEBMED, 7y VB
FRE® % AT in vitro DEERT, MIP-lo 2SR E g
DL FERRET A LPRESNT VS, 725

B BEMARE % BV 72 EEBR T MIP-1o 2B B IR £ B Bk
EEOALI LI e MEEMEY, v A BHMERY
W72 T MIP-lo P BN EEZRESE S
CEPHREEN TS, BFE, SHREBREICIBITS
EREREICD MIP-1la 5B 5 L Twa Z LS e
T ofed, UL MIP-lo DI EHE~DOVEREEIC
By 5 R EE I %,

—7%, CCRLIX G % v 37 g7 HEEREZAR
T, HIR, FEk, THRE, REBRMERZEZ CSICHEE
LTHBY, MIP-la, RANTES, MCP-3 ) A~ F& LT
AT AW, CCR1/ v 77U My ADBITTIIER
M2 BT BHEMRICOEH], BRI D FiBEE O Hif,
FHMRRABHREEOBL %2 EREENTB Y,
CCRI \ZAAERE, AEPHE, BEMICERIELoTWS
EEZOND, BRIETIE~ Y A EEEMMIE R OREME
Fa % RANKL CTHIE T % £ CCR1 mRNA DREEIS LR
THO Z R, YA AT 7 — Vil RAW264.7
& RANKL H#1z & 0 9k L7z TRAP FiE 2 A% 1R 2
CCRIZFBHLTWAEY 22y, WmEHEEOEES
TRTLIHEDADLND, CCR5D G ¥ v /X7 %7
AR E BRI 2T, THIRRY, BER®, </u77—
V9 BHIRMRD 2 SICBELTEB Y, MIP-1a, MIP-16,
RANTES Y A v F& LTHET 5, 2 NRESREY
ANVA (BIFHIV EBET) SBEMBTH 2 THIRRR
Ty A7 7 — VBT A L X2 CCRS AL L
TE Z L5, CCRE T HIVBEICUENGTFEL
TIELEAONE L9127 2729, BEMEOSILICLE
DEF & L T receptor activator of NF-kB ligand (RANKL)
BE SN TWBSY, RANKLIZTNF 773U —IZEL,
WlEERERL Y VN Th b, BFEM, F
A Po—<HfilEZ2 i U THRY, EEME? ICH
BLTWAEZERHIGNTWS, BFEMBESLVWIETA D
O—<HIEIC BT S RANKL DRIFEZFETLIERTFE L
TIHFEREEY Y X~ Ds, BIFWRERAIVEY (PTH), 1
vE—uA4 %11 (IL-11) % EFBICmLN TV B,
EE, TUADR bu—<MBEETH S ST-2HHBIC
CCREPHELTBY, ¥¥% IV DsFHET T MIP-la %
VER &2 5 &, BERENICRANKL ORBEFET ST
LG I N9, $BFME, A bu—<HRICS
I7 5 RANKL O ZEBURHE IZHIEA Ca? BE O EF K
FELTWAE® Z LR, CCROEEMEIZI KV FTHD
RANTES % MIP-18 %/ &€ % &, MW Ca BE
FERTHIEOHMBEINTVDES O, 2D Lhb
MIP-1a 1& CCR5 %4 L TEFMllL 2 EMIL L, RANKL
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DEBEERAZILD LT MMM
WEEMZ X b b,
AFETCIEOBEZ2ITo TV VI Y b a— LT
BT MIP-lo, CCR5 & b IZRHEDTFED LA o722
A, BOBELLBICINSDOHEHIILES L, MIP-lo
SEER DR EARMEF AL IC BT, CCR5 1 EBH
BLUEF A OWERERMESF MR FFMBICBNT
BHIROOL NI, v FEEMHB L H V72 invitro D
EERTIE, MIP-lo lZIBERENICH BB - #5E
REEAEZRL, ZOEHIX RANK-RANKL #4& % 3
EMICHET 25MW % 737 TH % osteoprotegerin® @
WhcEvaryro— e ERBERCLANVETRIL
720 72 MIP-lo i3 TRAP [ B RR R 55 B Ml Bg 0 it
ELBERENIVREISL, TOZLPLEOEENC
B9 RIBIC & D BIFEDFHE S N/z MIP-1a 25, CCR5 %
HERL T 5 EFMBEEZEME{LL, RANK-RANKL O ¥
TFV YTk NLTHEEMROSMEFELRE LEES
VEFY VT, BICERIUCES S L Th B WEEEDS
ErxoNi, ARFRTIE, HRREREFMRED CCR5 %
BHLTWAI PO E 2ol BRI
ARANKL 2 BH T2 Z L1220V TiE, BEIC in vive™,
in vitro® DEBEREDDH %, CCR5 %° RANKL DFH %
B LT HHEBREREFAROMBEIEDL ) 2R
BEE2 500, ABREVFLETH L, —F, BEM
BT 2 L EZ STV 2 BIERICIZ CCR A%
LTWAZENFREENTWVEO 35, KIFEICBVWT
BB CCREDERIIHETE Dol D
FH & U Tl BRRANDSMLER TREERO BRI B
L7-TTREMsE 2 b5, $72, CCRLIZFPCRIZTH
BOSHRIND, RERETRBERELZED R
oo TORRELT, BHELZZY VN7 EVPRELRE
THRHETEEZLALVE TEH- TV, H5WIEHRL
HRAPREELTWE Y VS 2+ CBEBTE v o
A REMDE R DND . Sk, HBLEOFERLYURME
UG LEZ I LD LT 2850 LT, £ 1M
CRET 5 —F, LAYV - TUYF 4 VTR insitu
hybridization ¥£ 72 LMD FEE AWK L2 TITH
VEBEEHBEELZLNS,

HEEEA TV

2) SDF-1 & % D74k CXCR4

SDF-1 13 CXC 7 EHh £ v O—2T CXCR4A BHE— D
ZEETH YOS, LK, R, B, BERZ S0
BRI BWTREIHER SR TNED, Sy 7T
7 X DT & SDF-1 I RFERIC BT 5 HIMZRD &
T, BBEHOEMLS, LEFROBRD, MHE
AARRDOTEELY, HLEDOMETLRD & L4 HEME
RIS LTV BZEFHELRNIZENT VS, L DT
EHA VHBERESORIBICL VBEFTEINLIOIIHL
T SDF-1 iIXEEHICHEIE L T\ 5%, SDF-1 D71 F—
y —SEBIZIIMD CXC 7 EH A v O TR E—F —4E
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\CHEET B AP-1 % NF-KB D #E B ERALS PSFEAEE T,
NIRAF—EV TRIZFD L) ZRENREHZ RS 20
EBETFEHICHEZICAOND CpG BLFIENE VY FV 7,
TT 7V VICECERFIPEDONLE I EVREINTE
e ZNNEENLZERIZES LTV TE RS
EEZLNTVE, —FTEREEREICLD SDF-1D
EEVPFEIN, FOFEIBKERICEEOEEREGH
FTHDHF-1 PEEL T2 VI LD H B0,

ZEMETH D CXCR4 ITEMEMAL, THIME, B,
BHOIRFIRT IC BB L TBY, CCR5 & & BT HIV BHEIC
VIBDOGFELTHOELHLNTWA®, F 72 CXCR4
DEBIIFS AR LOBERYE LEEMRY 1I2B8n
TERLTEBY, ERBHENOEZBICEDLS Z &4
LNTWB, Yub® &, JEERL T 5 CXCR4 FEMER
B RTERMBEAETHA b -l b EE SN D
SDF-1 lI2&k ) BRifPIcHE S, 22 TA bE—<ilE
DEIHT A RANKL DEF 2 ZIT BB~ ML LE
WRILIZBE D BT R IR L7z T - ML PR BT ERAIAE A¢
CXCR4 ZHHLTWAB EWIHE D H 560,
ARFZEICB VT D SDE-1 IO BE 217> Tz
IV M= VTEEANZEDOOLNZ 5, EEMRIC
BWTH SDE-1IFEEHICERALTWAZ N bho
720 EoHOBERBERIC, —&M%IZ SDF-1 DHEHR
BODPRD NI, & MERAHKORMEFMBIC IL-1a
R TNF-0 & Vo 7o REWT A P4 v 2B &R L,
SDF-1 DRBEIEWAT 5 Z L RABEFBREIIBNT
SDF-1 DREBIBITH I EBHE SN TWVAEY, HOD
BRERICIIEBEEBRBR BT, £EEYA P A A
VOBENERTAILVBRICHONTRBYI2D, B
RIS EFMECEE b 2R, 55
WITEEABE T CEE SN LKEET A N A Dt
SDF-1 DEWICHBE L RIT L TREENZEZ NS, &
] DSEER Tl 48 55§ 7 1 CXCR4 Fpiiifg 254 882
Do, WOBENCL D B WEEMRIEEML 2, £
T BREEE OO SDF-1 FHIBEOBE & &
BICER LTV, SO ERLEOBERICBNTY
SDF-1/CXCRARD T EH A ¥ ¥ ZFF VI & ) B BHAE
BUBRMERE 2 11L& P R U BRAE AT O v B ML B BT R B o5
Zh, WEMEE) EF) VIR ED o TV A IREN
WEZHLND, WOBERICIIEEMOHEERERICB
T—BRICERLIELEZ LML NTWS, L L
DOBEY L BRBELEMRFORE L OFEL AN HRE
FT L ACEL, ERMEBBRTICSBT 5 BILERFIK
BAOSSDF-1%2 I Lo LT 285BERTFORHICRIZTE
BEHEMIRETARBEDLLEZOND, F7-HE
BFEWTRD bz CXCRY BHMREE LD L) 2 HED
R0 %RET A7:0121%, B~ —7—T
&% CD34, MERNEME~—5—Tdh5sCD31 % LH
BanFERE L S LB B ICIE U iR E ~ — A — 2 w7z
FM R VESBRULETH S,
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3) FOMDIrEH A VITDNT

PCR ICTHEBEIPHEATE 27, S HAEMRFIR
BOWNHEE Led oo EH A VIZiE MCP-1, MCP-3,
CINC-1 %% %5, MCP-1 138Bk, ~ra 77—, #ii
FMAE, MENEMBE»SEESN™, Bk THE
DHEEZFIERBITCCHrENAVTH D, DFESER
THEHEOBERCERARICEET 5/ EMBICE
WTERBRFLERT A LI VEROEEZRL, #
DBV BT A L ICL Y ERBEOER
CEDLBLEVIHEDD ), BUEFT) V7, B
WERINE OBENRBINT WS, T 72 MCP-12°
TRV RAEEE LR AEEREZRTI L RE|
BIEBICEDL o TWB I L™ P REINTEY, BR
BHHWIREBEL VoA LA N LADND A H

- AMEBRFRCBVCHROEFEERICES LTS

TR S 5, MCP-3b MCP-1 L ARRICEER, <1
77—V IRMESEMIET SO EA S, IR, T
Mifge ™, WFERER™ \Cxf L CEEEMRERT 2 LA
ERTWAE, BRETIIHEEREICST 5 REEIEE~
D580 PLEEEEMD 25 H 8N T b, Takemura
B, & MFEIEIRERORMEF I IR MR
WEMZ 5 E MCP-3 DERPEETHI L LM
L7282, $7: MCP-3 PR BEMROBELRES TS &
WHAHERD 3 HLZ b, HOBERICELE IR,
MCP-3 BBl DEEE ICB S L T 2 TTREMED R &
NA, CINC-1idt P IL-8ICHIST 25 v + CXC ¥ E
HAYD—DTHY, CXCR2 2 ZFHE LTHEET 5,
CINC-1 DREH 2 A IE S R BRI 3 % BB G
THAHW, v ML ITIZMEFEEH? LHEMBERE
BAREIEH® 35 5 2 LML NTWA 2, CINC-1 %
S5y bOMEEEVAERTOEFEERZRT Z &7
MEINTWAES, Pl EO X ) ICREEBFIRE D
L L hdolrEAAL VICOEEEBR) EFTY VU
MESTLIHENH D, SHRFMLERRE LT 5K
HrrLEZOLNDE,

& o
1. MIP-la 3 & U°CCRS DEFI/NY — v & 7 FHEE
MR % H W7z invitro 2B 2 EBE RIS, B
] TiE MIP-1o. 45 CCR5 % A L CEFEMM % B
5L THEBMBOSEFE L RE L, tE AR,
BIZBVET) V7 IHESE LTV ATRENZEZ S
N5b, F72SDF-1 3 & U CXCR4 DEH/T — Vi
o, SDF-1 I ZBfEE DERFICHFET 5 EMIERT
BRARRGE < L% P9 R RUBRARR 72 & 03 R % 3R &
AT I S EHEMRY 7 Y SICES L

TWATREMITEZ NS,
2. ZEFIETIEEEM & FHRIC SDF-1 % CCR5 DHEH
AERERME IR R BRI TBE I, #
noOZREREHEBFEICHE L CEAREL2Z0E W

25, BELEAVPESQOEEER, ERESME D
HErWwo 2 WEEE) E7) v IBRICES L TY
AMEEMEEZ b5,

i il

WMeRRBICHIY, KIEHEE, BEMZEIIL
ZOEFHEEBEFDE RILEFERICEELLHE
wRLITELLH, HEH, HEBEEHY I LOE
HBAOE PHERBE, EHREFELST REREH
BICRHBL L7 ABEOEMICHE L TEREHE,
HEEZHEE I LOEFEEFEZDE KRERED
BRICECHILELET T, 8%, HHI2E
W HHEREL, EREHRANESE ZEESET
WWECHILELETZ 4. &BIC, AFRICELTHX
®, B HEES I L -ORFEERRESDEOLEES
B CEALE L ETFE T

SEXH

1) Guajardo G, Okamoto Y, Gogen H, Shanfeld JL, Dobeck
J, Herring AH and Davidovitch Z: Immunohistochemical
localization of epidermal growth factor in cat paradental
tissues during tooth movement. Am J Orthod Dentofacial
Orthop 118, 210-219 (2000)

2) Saito I, Hanada K and Maeda T: Alteration of nerve
growth factor-receptor expression in the periodontal
ligament of the rat during experimental tooth movement.
Arch Oral Biol 38, 923-929 (1993)

3) Alhashimi N, Frithiof L, Brudvik P and Bakhiet M:
Orthodontic tooth movement and de novo synthesis of
proinflammatory cytokines. Am J Orthod Dentofacial
Orthop 119, 307-312 (2001)

4) Kvinnsland I and Kvinnsland S: Changes in CGRP-
immunoreactive nerve fibres during experimental tooth
movement in rats. Eur J Orthod 12, 320-329 (1990)

5) Terai K, Takano-Yamamoto T, Ohba Y, Hiura K,
Sugimoto M, Sato M, Kawahata H, Inaguma N,
Kitamura Y and Nomura S: Role of osteopontin in bone
remodeling caused by mechanical stress. J Bone Miner
Res 14, 839-849 (1999)

6 ) Takahashi I, Nishimura M, Onodera K, Bae JW, Mitani
H, Okazaki M, Sasano Y and Mitani H: Expression of
MMP-8 and MMP-13-genes in the periodontal ligament
during tooth movement in rats. J Dent Res 82, 646-651
(2003)

7) Ohba, Ohba T, Terai K and Moriyama K: Expression of
cathepsin K mRNA during experimental tooth movement
in rat as revealed by in situ hybridization. Arch Oral Biol
45, 63-69 (2000)

8) Sozzani S, Allavena P, Vecchi A and Mantovani A: The
role of chemokines in the regulation of dendritic cell



22

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

trafficking. J Leukoc Biol 66, 1-9 (1999)

Li A, Dubey S, Varney ML, Dave BJ and Singh RK: IL-8
directly enhanced endothelial cell survival, proliferation,
and matrix metalloproteinases production and regulated
angiogenesis. J Immunol 170, 3369-3376 (2003)
Bernardini G, Ribatti D, Spinetti G, Morbidelli L, Ziche
M, Santoni A, Capogrossi MC and Napolitano M:
Analysis of the role of chemokines in angiogenesis. J
Immunol Methods 273, 83-101 (2003)

Uchida D, Begum NM, Almofti A, Nakashiro K,
Kawamata H, Tateishi Y, Hamakawa H, Yoshida H
and Sato M: Possible role of stromal-cell-derived
factor-1/CXCR4 signaling on lymph node metastasis
of oral squamous cell carcinoma. Exp Cell Res 290,
289-302 (2003)

Muller A, Homey B, Soto H, Ge N, Catron D, Buchanan
ME, McClanahan T, Murphy E, Yuan W, Wagner SN,
Barrera JL, Mohar A, Verastegui E and Zlotnik A:
Involvement of chemokine receptors in breast cancer
metastasis. Nature 410, 50-56 (2001)

EAREIIRT : WA DRRBBRIC BT 5 CCL20D%
&, mHEEES 17, 193-210 (2004)

Huang GT, Potente AP, Kim JW, Chugal N and Zhang
X: Increased interleukin-8 expression in inflamed human
dental pulps. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 88, 214-220 (1999)

Garlet GP, Martins W, Jr., Ferreira BR, Milanezi CM
and Silva JS: Patterns of chemokines and chemokine
receptors expression in different forms of human
periodontal disease. J Periodontal Res 38, 210-217 (2003)
Hosokawa Y, Nakanishi T, Yamaguchi D, Takahashi
K, Yumoto H, Ozaki K and Matsuo T: Macrophage
inflammatory protein 3a-CC chemokine receptor 6
interactions play an important role in CD4+ T-cell
accumulation in periodontal diseased tissue. Clin Exp
Immunol 128, 548-554 (2002)

Kabashima H, Yoneda M, Nagata K, Hirofuji T,
Ishihara Y, Yamashita M and Maeda K: The presence of
chemokine receptor (CCR5, CXCR3, CCR3)-positive
cells and chemokine (MCP-1, MIP-1a, MIP-1p,
IP-10)-positive cells in human periapical granulomas.
Cytokine 16, 62-66 (2001)

Gemmell E, Carter CL and Seymour GJ: Chemokines in
human periodontal disease tissues. Clin Exp Immunol
125, 134-141 (2001)

Gamonal J, Acevedo A, Bascones A, Jorge O and Silva
A: Characterization of cellular infiltrate, detection
of chemokine receptor CCR5 and interleukin-8
and RANTES chemokines in adult periodontitis. J
Periodontal Res 36, 194-203 (2001)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

EHEEE $£18%E 15 2005

Bsoul S, Terezhalmy G, Abboud H, Woodruff K and
Abboud SL: PDGF BB and bFGF stimulate DNA
synthesis and upregulate CSF-1 and MCP-1 gene
expression in dental follicle cells. Arch Oral Biol 48,
459-465 (2003)

Wise GE, Que BG and Huang H: Synthesis and secretion
of MCP-1 by dental follicle cells-implications for tooth
eruption. J Dent Res 78, 1677-1681 (1999)

Waldo CM and Rothblatt JM: Histologic response to
tooth movement in the laboratory rat; procedure and
preliminary observations. J Dent Res 33, 481-486 (1954)
Udagawa N, Takahashi N, Akatsu T, Tanaka H, Sasaki
T, Nishihara T, Koga T, Martin TJ and Suda T: Origin
of osteoclasts: mature monocytes and macrophages are
capable of differentiating into osteoclasts under a suitable
microenvironment prepared by bone marrow-derived
stromal cells. Proc Natl Acad Sci U S A 87, 7260-7264
(1990)

Azuma M: Study on histologic changes of periodontal
membrane incident to experimental tooth movement.
Bull Tokyo Med Dent Univ 17, 149-178 (1970)

Hatai T, Yokozeki M, Funato N, Baba Y, Moriyama
K, Ichijo H and Kuroda T: Apoptosis of periodontal
ligament cells induced by mechanical stress during tooth
movement. Oral Dis 7, 287-290 (2001)

Nakanishi H, Seki Y, Kohno T, Muramoto T, Toda K and
Soma K: Changes in response properties of periodontal
mechanoreceptors after experimental orthodontic tooth
movement in rats. Angle Orthod 74, 93-99 (2004)

Kohno T, Matsumoto Y, Kanno Z, Warita H and Soma K:
Experimental tooth movement under light orthodontic
forces: rates of tooth movement and changes of the
periodontium. J Orthod 29, 129-135 (2002)

Von Bohl M, Maltha J, Von den Hoff H and
Kuijpers-Jagtman AM: Changes in the periodontal
ligament after experimental tooth movement using high
and low continuous forces in beagle dogs. Angle Orthod
74, 16-25 (2004)

Schwarz AM: Uber die Bebegung belasteter Zahn. Z
Stomatol 26, 4-21 (1928)

Oppenheim AA: possibility for physiologic orthodontic
movement. Am J Orthod Oral Surg 30, 277-332 (1944)
FHBE: A VE—F VR SVRAFES T T 4 —
WX AEMREBREEONAE. ORE36, 20-42
(1969)

Shi MM, Godieski JJ and Paulauskis JD: Molecular
cloning and posttranscriptional regulation of macrophage
inflammatory protein-la in alveolar macrophages.
Biochem Biophys Res Commun 211, 289-295 (1995)
Kukita T, Nomiyama H, Ohmoto Y, Kukita A, Shuto



34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

HOBBIRICBIT AT TN A Y ORRICET LR (ERE) 23

T, Hotokebuchi T, Sugioka Y, Miura R and Iijima T:
Macrophage inflammatory protein-lo (LD78) expressed
in human bone marrow: Its role in regulation of
hematopoiesis and osteoclast recruitment. Lab Invest 76,
399-406 (1997)

Brouty-Boye D, Pottin-Clemenceau C, Doucet C, Jasmin
C and Azzarone B: Chemokines and CD40 expression in
human fibroblasts. Eur J Immunol 30, 914-919 (2000)
Cowell RM, Xu H, Galasso JM and Silverstein
FS: Hypoxic-ischemic injury induces macrophage
inflammatory protein-la expression in immature rat
brain. Stroke 33, 795-801 (2002)

Choi SJ, Oba T, Callander NS, Jelinek DF and Roodman
GD: AML-1A and AML-1B regulation of MIP-1a
expression in multiple myeloma. Blood 101, 3778-3783
(2003)

Shanley TP, Schmal H, Friedl HP, Jones ML and Ward
PA: Role of macrophage inflammatory protein-la
(M1iP-1a) in acute lung injury in rats. J Immunol 154,
4793-4802 (1995)

Kukita T, Nakao J, Hamada F, Kukita A, Inai T, Kurisu
K and Nomiyama H: Recombinant LD78 protein, a
member of the small cytokine family, enhances osteoclast
differentiation in rat bone marrow culture system. Bone
Miner 19, 215-223 (1992)

Fuller K, Owens JM and Chambers TJ: Macrophage
inflammatory protein-lo and IL-8 stimulate the motility
but suppress the resorption of isolated rat osteoclasts. J
Immunol 154, 6065-6072 (1995)

Votta BJ, White JR, Dodds RA, James IE, Connor IR,
Lee-Rykaczewski E, Eichman CF, Kumar S, Lark MW
and Gowen M: CK-8 [CCL23], a novel CC chemokine,
Is chemotactic for human osteoclast precursors and is
expressed in bone tissues. J Cell Physiol 183, 196-207
(2000)

Yu X, Huang Y, Collin-Osdoby P and Osdoby P: CCR1
chemokines promote the chemotactic recruitment,
RANKL development, and motility of osteoclasts and are
induced by inflammatory cytokines in osteoblasts. J Bone
Miner Res 19, 2065-2077 (2004)

Abe M, Hiura K, Wilde J, Moriyama K, Hashimoto T,
Ozaki S, Wakatsuki S, Kosaka M, Kido S, Inoue D and
Matsumoto T: Role for macrophage inflammatory protein
(MIP)-1la and MIP-1f in the development of osteolytic
lesions in multiple myeloma. Blood 100, 2195-2202
(2002)

Han JH, Choi SJ, Kurihara N, Koide M, Oba Y and
Roodman GD: Macrophage inflammatory protein-lo is
an osteoclastogenic factor in myeloma that is independent

of receptor activator of nuclear factor KB ligand. Blood

44)
45)

46)

47)

48)

49)

50)

51)

97, 3349-3353 (2001)

Rollins BJ: Chemokines. Blood 90, 909-928 (1997)

Gao JL, Wynn TA, Chang Y, Lee EJ, Broxmeyer HE,
Cooper S, Tiffany HL, Westphal H, Kwon-Chung J and
Murphy PM: Impaired host defense, hematopoiesis,
granulomatous inflammation and type 1-type 2 cytokine
balance in mice lacking CC chemokine receptor 1. J Exp
Med 185, 1959-1968 (1997)

Lean JM, Murphy C, Fuller K and Chambers TJ:
CCL9/MIP-17 and its receptor CCR1 are the major
chemokine ligand/receptor species expressed by
osteoclasts. J Cell Biochem 87, 386-393 (2002)
Taubman MA and Kawai T: Involvement of
T-lymphocytes in periodontal disease and in direct and
indirect induction of bone resorption. Crit Rev Oral Biol
Med 12, 125-135 (2001)

Combeadiere C, Ahuja SK, Tiffany HL. and Murphy PM:
Cloning and functional expression of CC CKR5, a human
monocyte CC chemokine receptor selective for MIP-1a,
MIP-18, and RANTES. J Leukoc Biol 60, 147-152
(1996)

Wu L, Paxton WA, Kassam N, Ruffing N, Rottman JB,
Sullivan N, Choe H, Sodroski J, Newman W, Koup RA
and Mackay CR: CCR5 levels and expression pattern
correlate with infectability by macrophage-tropic HIV-1,
in vitro. J Exp Med 185, 1681-1691 (1997)

Doms RW and Peiper SC: Unwelcomed guests with
master keys: how HIV uses chemokine receptors for
cellular entry. Virology 235, 179-190 (1997)

Nakagawa N, Kinosaki M, Yamaguchi K, Shima N,
Yasuda H, Yano K, Morinaga T and Higashio K:
RANK is the essential signaling receptor for osteoclast
differentiation factor in osteoclastogenesis. Biochem

- Biophys Res Commun 253, 395-400 (1998)

52)

53)

54)

55)

Gravallese EM, Manning C, Tsay A, Naito A, Pan
C, Amento E and Goldring SR: Synovial tissue
in rheumatoid arthritis is a source of osteoclast
differentiation factor, Arthritis Rheum 43, 250-258 (2000)
Suda T, Takahashi N, Udagawa N, Jimi E, Gillespie MT
and Martin TJ: Modulation of osteoclast differentiation
and function by the new members of the tumor necrosis
factor receptor and ligand families. Endocr Rev 20,
345-357 (1999)

Takami M, Takahashi N, Udagawa N, Miyaura C, Suda
K, Woo JT, Martin TJ, Nagai K and Suda T: Intracellular
calcium and protein kinase C mediate expression of
receptor activator of nuclear factor-kB ligand and
osteoprotegerin in osteoblasts. Endocrinology 141,
4711-4719 (2000)

Schwabe RF, Bataller R and Brenner DA: Human hepatic



24

56)

57)

58)

59)

60)

61)

62)

63)

64)

stellate cells express CCR5 and RANTES to induce
proliferation and migration. Am J Physiol Gastrointest
Liver Physiol 285, G949-958 (2003)

Schecter AD, Calderon TM, Berman AB, McManus CM,
Fallon JT, Rossikhina M, Zhao W, Christ G, Berman JW
and Taubman MB: Human vascular smooth muscle cells
possess functional CCR5. J Biol Chem 275, 5466-5471
(2000)

Yasuda H, Shima N, Nakagawa N, Mochizuki SI, Yano
K, Fujise N, Sato Y, Goto M, Yamaguchi K, Kuriyama
M, Kanno T, Murakami A, Tsuda E, Morinaga T and
Higashio K: Identity of osteoclastogenesis inhibitory
factor (OCIF) and osteoprotegerin (OPG): a mechanism
by which OPG/OCIF inhibits osteoclastogenesis in vitro.
Endocrinology 139, 1329-1337 (1998)

Ogasawara T, Yoshimine Y, Kiyoshima T, Kobayashi I,
Matsuo K, Akamine A and Sakai H: In situ expression
of RANKL, RANK, osteoprotegerin and cytokines in
osteoclasts of rat periodontal tissue. J Periodontal Res 39,
42-49 (2004)

Kanzaki H, Chiba M, Shimizu Y and Mitani H:
Periodontal ligament cells under mechanical stress induce
osteoclastogenesis by receptor activator of nuclear factor
KB ligand up-regulation via prostaglandin E2 synthesis. J
Bone Miner Res 17, 210-220 (2002)

Fantuzzi L, Borghi P, Ciolli V, Pavlakis G, Belardelli F
and Gessani S: Loss of CCR2 expression and functional
response to monocyte chemotactic protein (MCP-1)
during the differentiation of human monocytes: role of
secreted MCP-1 in the regulation of the chemotactic
response. Blood 94, 875-883 (1999)

Zou YR, Kottmann AH, Kuroda M, Taniuchi I and
Littman DR: Function of the chemokine receptor CXCR4
in haematopoiesis and in cerebellar development. Nature
393, 595-599 (1998)

Tachibana K, Hirota S, lizasa H, Yoshida H, Kawabata
K, Kataoka Y, Kitamura Y, Matsushima K, Yoshida
N, Nishikawa S, Kishimoto T and Nagasawa T:
The chemokine receptor CXCR4 is essential for
vascularization of the gastrointestinal tract. Nature 393,
591-594 (1998)

Nagasawa T, Hirota S, Tachibana K, Takakura N,
Nishikawa S, Kitamura Y, Yoshida N, Kikutani H and
Kishimoto T: Defects of B-cell lymphopoiesis and
bone-marrow myelopoiesis in mice lacking the CXC
chemokine PBSF/SDF-1. Nature 382, 635-638 (1996)
Shirozu M, Nakano T, Inazawa J, Tashiro K, Tada H,
Shinohara T and Honjo T: Structure and chromosomal
localization of the human stromal cell-derived factor 1
(SDF1) gene. Genomics 28, 495-500 (1995)

65)

66)

67)

68)

MEwEE F18&RHE 15 2005

Lakshminarayanan V, Drab-Weiss EA and Roebuck
KA: Hz0: and tumor necrosis factor-alpha induce
differential binding of the redox-responsive transcription
factors AP-1 and NF-KB to the interleukin-8 promoter
in endothelial and epithelial cells. J Biol Chem 273,
32670-32678 (1998)

Ceradini DJ, Kulkarni AR, Callaghan MJ, Tepper OM,
Bastidas N, Kleinman ME, Capla JM, Galiano RD,
Levine JP and Gurtner GC: Progenitor cell trafficking is
regulated by hypoxic gradients through HIF-1 induction
of SDF-1. Nat Med 10, 858-864 (2004)

Hitchon C, Wong K, Ma G, Reed J, Lyttle D and
El-Gabalawy H: Hypoxia-induced production of stromal
cell-derived factor 1 (CXCL12) and vascular endothelial
growth factor by synovial fibroblasts. Arthritis Rheum
46, 2587-2597 (2002)

Nagasawa T, Tachibana K and Kawabata K: A CXC
chemokine SDF-1/PBSF: a ligand for a HIV coreceptor,
CXCR4. Adv Immunol 71, 211-228 (1999)

69)) Yu X, Huang Y, Collin-Osdoby P and Osdoby P:

70)

71)

72)

73)

74)

75)

76)

Stromal cell-derived factor-1 (SDF-1) recruits
osteoclast precursors by inducing chemotaxis, matrix
metalloproteinase-9 (MMP-9) activity, and collagen
transmigration. J Bone Miner Res 18, 1404-1418 (2003)
Urbich C and Dimmeler S: Endothelial progenitor cells:
characterization and role in vascular biology. Circ Res
95, 343-353 (2004)

Fedyk ER, Jones D, Critchley HO, Phipps RP, Blieden
TM and Springer TA: Expression of stromal-derived
factor-1 is decreased by IL-1 and TNF and in dermal
wound healing. J Immunol 166, 5749-5754 (2001)
Uematsu S, Mogi M and Deguchi T: Interleukin (IL)-1p,
IL-6, tumor necrosis factor-a, epidermal growth factor,
and Pe-microglobulin levels are elevated in gingival
crevicular fluid during human orthodontic tooth
movement. J Dent Res 75, 562-567 (1996)

Lowney JJ, Norton LA, Shafer DM and Rossomando
EF: Orthodontic forces increase tumor necrosis factor o
in the human gingival sulcus. Am J Orthod Dentofacial
Orthop 108, 519-524 (1995)

Yu X and Graves DT: Fibroblasts, mononuclear
phagocytes, and endothelial cells express monocyte
chemoattractant protein-1 (MCP-1) in inflamed human
gingiva. J Periodontol 66, 80-88 (1995)

Eugenin EA, D'Aversa TG, Lopez L, Calderon TM and
Berman JW: MCP-1 (CCL2) protects human neurons and
astrocytes from NMDA or HIV-tat-induced apoptosis. J
Neurochem 85, 1299-1311 (2003)

Low QE, Drugea IA, Duffner LA, Quinn DG, Cook DN,
Rollins BJ, Kovacs EJ and DiPietro LA: Wound healing



77)

78)

79)

80)

81)

82)

33)

84)

85)

86)

BHOBERICBITAFrEI AL VORBRICET 2B GEEE) 25

in MIP-1o(-/-) and MCP-1(-/-) mice. Am J Pathol 159,
457-463 (2001)

Menten P, Wuyts A and Van Damme J: Monocyte
chemotactic protein-3. Eur Cytokine Netw 12, 554-560
(2001)

Menten P, Proost P, Struyf S, Van Coillie E, Put W,
Lenaerts JP, Conings R, Jaspar JM, De Groote D, Billiau
A, Opdenakker G and Van Damme J: Differential
induction of monocyte chemotactic protein-3 in
mononuclear leukocytes and fibroblasts by interferon-o/f§
and interferon-7 reveals MCP-3 heterogeneity. Eur J
Immunol 29, 678-685 (1999)

Dahinden CA, Geiser T, Brunner T, von Tscharner
V, Caput D, Ferrara P, Minty A and Baggiolini M:
Monocyte chemotactic protein 3 is a most effective
basophil- and eosinophil-activating chemokine. J Exp
Med 179, 751-756 (1994)

Ong VH, Evans LA, Shiwen X, Fisher IB, Rajkumar
V, Abraham DJ, Black CM and Denton CP: Monocyte
chemoattractant protein 3 as a mediator of fibrosis:
Overexpression in systemic sclerosis and the type 1
tight-skin mouse. Arthritis Rheum 48, 1979-1991 (2003)
Hu JY, Li GC, Wang WM, Zhu JG, Li YF, Zhou GH and
Sun QB: Transfection of colorectal cancer cells with
chemokine MCP-3 (monocyte chemotactic protein-3)
gene retards tumor growth and inhibits tumor metastasis.
World J Gastroenterol 8, 1067-1072 (2002)

Takemura M, Itoh H, Sagawa N, Yura S, Korita D, Kakui
K, Hirota N and Fujii S: Cyclic mechanical stretch
augments both interleukin-8 and monocyte chemotactic
protein-3 production in the cultured human uterine
cervical fibroblast cells. Mol Hum Reprod 10, 573-580
(2004)

Choi Y, Woo KM, Ko SH, Lee YJ, Park SJ, Kim HM and
Kwon BS: Osteoclastogenesis is enhanced by activated
B cells but suppressed by activated CD8(+) T cells. Eur J
Immunol 31, 2179-2188 (2001)

Shibata F, Konishi K and Nakagawa H: Identification of a
common receptor for three types of rat cytokine-induced
neutrophil chemoattractants (CINCs). Cytokine 12,
1368-1373 (2000)

Bendre MS, Montague DC, Peery T, Akel NS,
Gaddy D and Suva LJ: Interleukin-8 stimulation of
osteoclastogenesis and bone resorption is a mechanism
for the increased osteolysis of metastatic bone disease.
Bone 33, 28-37 (2003)

Yoshida A, Yoshida S, Hata Y, Khalil AK, Ishibashi
T and Inomata H: The role of NF-kB in retinal
neovascularization in the rat. Possible involvement of
cytokine-induced neutrophil chemoattractant (CINC),

a member of the interleukin-8 family. J Histochem
Cytochem 46, 429-436 (1998)



