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1. MREEREIUT

ARWFGEIEACHEE K F R e =T e Rt BRI - JE 50098
B ALZEXIC L DAKR SN TS, dLifE KRS
Wty —IREL, FEEREREICHE LS 24m L0 &
HHBIEGEY By L OEEIRE SNl E—/h
FIg & 0 SR & 3L 72, % O #Somerman 5 dout
growth 2 e\ b REGME Mz 52 L7, 374
bbb, W% WRPBSIZ T 2 RS E, W T 1 AKR—
WA A 7 J TR Uil & fa 4 7 B AR IR AL AR 2 1l
L, 35mm#»IVFv¥—71 v 2 (CELLSTAR® greiner
bio-one, Frickenhausen, Germany) P2 AN CTHIAE 2%
frofz. 553813, 10% 7 Y RIBME (FBS, GIBCO, Carlsbad,
CA), 1% =¥V vy-AMNLT b~ (Pn-St,
50U/ml=31) »G, 50ug/ml A ML 7 b~ A2,
GIBCO-BRL Life Tecnologies, Grand Island) L-7 A I
VY UE2-1) Bk (Sigma-Aldrich, MO), L-7 9 =)L-
L-Z7 V% 3 ¥ (Sigma-Aldrich, MO) % minimum essential
medium eagle}; #i (Sigma-Aldrich, Steinheim,
Germany) % MHWT37C, 5% CO4-95 %5A T2 T
7o BREEB S O v 7OV T Y WS L 2B A THEAG 2 AT 0,
FEBRIZIE 5 MG H oMl 2 S L7z

2. ZRICIMARERAR ¢ b BRI S O VR T

Fe Al & B 220 & R OR 2 FV & 5 mm, &
EE3mmoO RO T =7 ARV Y (AteloCell®
Atelocollagen spoge MIGHTY, KOKEN, Tokyo) (X1 —
1) LS9z, 1 x 107 EOMBEHR 150 ula By
MITO®oL DT L CHlRTEEAIT-> 72, 35mmA )V
F =T 4 v T a TR E 2 NI L 1 AR S
fTo7:. B, a5—FYARKIVIETI)—ARFIA L1
35— v (Atelocollagen® gel, KOKEN, Tokyo)
ERVLATINVTE ey (10 kGy) 12 & - CTHUAE, E
T THELNZLILEDTIT—TF VARV ITHY,
LK E 21230-200 umT, FLIFAHEIZEED 5T 2D (X
1-2).
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27— Y AR VI L 1 EBRICA =)V
AMLVAZREM LI, AHZHNVANL AL LTHERD
35—V ARY DRMFNIERT A EE W 3
mm? & %1/3, VAFEHET 5725200 mm, 2.25 mm?®D
AT T A (T 78y 7 A% AR bR, BE0)
#hE (NITTOM:, EF) L7z 100mme ¥ — L —HIZ
1/3EAFEFIC X 2 mm, 1/4EAiERE 12 132.25 mmD i 277 7
Z2KBOMICEE3mmOIT—r Y ARV VEEBE, *
O EIZHET 5 AL EY (200g) % #E CTHHE % AT
S/ AR O (E#MR), 1, 3, 6, 12, 248
e L, o cEl s (M2). M, 0 (EMED
Faryha—)k L7

ATV RARU O DEMERE
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B L OEH24AREE 21217 - 72, & DR = S
L7397 ARYEPBSTH 48 x 3 HIPEH L7214
10%RIVAT VT R (10 %HEEE ALV~ >~ BE
fbeptkalastt, HH0D IS CO0MEEE B 2wy, FHES
55 x 3MIPBSIC Tk = T o 72, $eith, a3 v/ v F
(Tissue-Tek®, Sakura Finetechnical Co. Ltd, Tokyo) H
AR THRANT, a3y FEARY VHERIC T
S D 720305 HIEAIRREIZ L7z, 328y v N,
WARERICTHEL, 204 A% v b (CMI1850, Leica,
Germany) (2 TR 5 um®D B A AU %2 VR L 72
fEH L 72 3045 80 i 1Z, DAPI (prolong® Gold antifade

reagene with DAPI, life technologies™, Oregon) |2 TH% 31

et e 7, M2 S =7 Y AR VHIZTEE E R T oy ha—)v (EHMEED OMBEOFHIRE. KEITRLAD

% eEEMEE (DP71, OLYMPUS, JAPAN) |2 CHEZH ODHNEOFE. FILIIEFICTE I N TWDL, A7 — /N —=
50um
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5. Realtime-PCR

A5 = VARV IDEREDF A R, FEIVFAH—

(NAf F < v ¥ ¥ —1, nippi, Tokyo) &23G DOiES4T
Tol. REVIFIFARALLETIT—=F VAR TIN5
RNeasy® Mini Kit (50) (QIAGEN, TOKYO) # i\ T
RNAHIH #17-72. & 5|ZHigh Capacity RNA-to-cDNA
Kit (AB Applied Biosystems, CA) % i\ Cififin G 5t
% 17\, ¢cDNA% & 1 L 72. Realtime-PCRIZStep One
Plus™ (AB Applied Biosystems, CA) % fij\» CHilgEEY)
%5 ®8 L72. mRNAOFEHEIL, f-actin®mRNADFEH
wEr AW TEEL . TI 4~ — 13U F OTag-man®

. . . 3—-2
gene expression assay (AB Applied Biosystems, CA) % 1/3[E#E24h . ROMILOTEIREE, JKETR L7z OH5Hl
M L7z 37%4bHb, tumor necrosis factor-a (TNF-q) Jao#s, a v bo— v ERERRICHIZIZEEICTEINA TR S,

(Hs01113624_g1), interleukin-18 (II-18) (Hs01555410_ A — L3 — =50um
ml), osteoprotegerin (OPG) (Hs00900358 ml),
vascular endothelial growth factor (VEGF) (Hs00900055_
ml), fibroblast growth factor-2 (FGF-2) (Hs00960934_

ml), B-actin (Hs99999903_ ml) Td 5.

6. FEHFIYIHT

I b=V E R R ER SR 2 BERIC BT 5
fratLEZStudent-test & >, T E/KH#EZP<001 & L7z,
77 7ld¥mean £SD. TR L7Z.

& R

1. #tn
ERHOMBOFHARIEE T > Fu— L, 1/35 & 01/4
OB S0 b o 72 IR i e :
FERROTIZ A LGR0 B AL o 72, 1A, 1/SIERI= B VAFAZAL . BOMBOKIIRE, KEITR L b 05
TIERRBEE O T Bk X, 2> bo—)b & R faotk. 3> bu—)b & FEICHRIS ST SR TR 5.
THho7z (M3 -1, 2, 3). 24— VN — =50um

X3—-3
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2. Realtime-PCR mRNA®D M &=
(1) TNF-a
JEAE L, 3, 6,128 X U24F: [ 5 O 1/3E #i I O TNF-a
mRNAZEHEOZ(LIX, T XTOEMIIBWTIY -
WA LA IZHEINATERD AL, M 6 72 5128 [ 212

Y— 2%l z 7z 1AM BT AEICTNF-a mRNA
FHINT 545, ¥ — 7 3EME SRR TH o 72 1/3EHME

EV/AEM OMRNAZEH = O B TIE, V4R OFEB &

W, AL BLOSEMBETHEEIZS L, EHi6 & T
BEELRENED SN o7, JTEMI2EERHZIZBWT

&, 13EMOFEBENE RIS, EM2ARRRZIZ% 5
EEEL LA L, ARAEZIROONLE L o7 (K1),

TNF-«o

8 ER.
%7 = —
N
56 ¥
§5 PN (I
5 # #
o4 # OER1.3
< WEHE1 4
P4
x3
€ # A
22
o
il B

0

e -S| 3 6 12 24

Hours
X4
ZWTCVARRR A v b ARSI R A2 O, 1, 3,

6, 12, 24FFM1EH &4 7234 OTNF-a OmRNA D JEH & D
7224k, mean*SD, n=3, P<001
# 0 1/3FEHERE, O Zay bu—)v (EfER) & L7z,
A VAR, O F oy ba—)v (FEfED & L7z,
l/SEﬂ‘Tﬁ'HTJ:I/ZL ity o b

(2) FGF-2
JEfEl, 3, 6,
2 mRNAZEH & D2 1bi

123 X U245 4 D 1/31EAEFE DFGF-
T RTOFMIZBWCTa Y b
O — VI LA B2 BNARED H i, EAR24REH #2121

FB3FEHM L. VAEAEREIZ B\ T b FEEO AT RLATED
ﬂ,&%%%ﬁ&u@,%%@%mtt.vgﬂﬂﬂ@
JE#E OmRNAZS B O BT, EAE 6 FRR, 121 R 1%
BT, VAERROMRNAGHE D% H - 72 (M5).
(3) IL-18
FEMi L, 3, 6, 128 X 024RHEEOL/STEMIEOIL-18
mMRNAFHEDZALIE, $XCOBFICEWTI Y ba—
VIZx) LA B 2 BMASEED H L, G 1 B RIcE— 27 %
1/ATEARIEZ BT b ARSI 2 AT A AYR 0
Y—271& JFEH35 6EMETH72. 1/3
A 1R £
no 7z

if_ﬂ/it‘
5N727s,
JEAE & 1/4AEHE OmRNAZE B & O I Tl
LIAL o 4 C o B CL/4E i OmRNA S & 2%

HINE % B~ 7 et 5 S B B MeE 100
FGF-2
*
5 =
45
o
L4
835 ; * #
§ 3 = #'_| F: 3N
%5 T OE#HET/3
o * uERE1 4
< #
= 2
o A
€15
21
ko
@0.5
0
avka—p 1 3 6 12 24
Hours
5
SWICAARR R v b AR HE S IS A O, 1, 3
6, 12, 24FEER & 7254 OFGF-20mRNA O 5§ 3 5 O
Z%4t. mean=SD, n=3, P<001
# 0 1/3EMRE, 04r% 3 ¥ bu—)v (FEMRD & L7z,
A 1/AE R, 09}%:!/ bo—)v (EAERD & L7z
* 1 1/3[EMER & 1/4AEHER O g
IL-18
T
6 1 N
<
°
85
kS
24
o
£ OEE13
:3 Iéﬁfé1/4
=z
%2
2
&1
: [
0
avka—p 1 3 6 12 24
Hours
6
ZWICARREAR v N AR SR SR AR A2 O, 1, 3
6, 12, 24FFEIMEH &€ 7286 DIL-1 8 ODmRNAD FEH &0

7224k, mean+SD, n=3, P<001
# 0 1/3FEAMEE, O0r& a3y hu—)v (£
A 1/4FEHER, O Fary ha—)b (FEf

i) L L7

e
M) & L7e.

* 1/3Eﬁaﬁ%t1/4r,. iR O L
(X6).
(4) VEGF
JE#E 1, 3, 6, 128 X U24F: [ % 0 1/31 #i I @

VEGF mRNAZH D2, $XTORMIIBWTa
v b=k LA BB S, EAR2AR %12
1, FISEREEEIN L 7. LAEMEIZ BT AR O T AT
TSN, EM2ARE R, -SRI L 2. 1/3F#
L1/ A OmMRNAZEBLUE O B Tld, FAH24R M 125
WTORV/AEMHPAZISHINL T/ (K7).
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Relative mRNé expression /actin

#
avko—L 1 3 6 12 24
Hours

7
SRR R v b AR ARSI B A2 O, 1, 3,
6, 12, 24FFRIVEH S 27238 ODVEGFOmMRNA D FEH i D%
1t. mean=SD, n=3, P<001
# 0 1/3EMRE, 040 a v hu—)v (E#ER) & L7z
A VAERERE, O4r%F a v hu—)v (E#ERD & L7z
% 1 1/3FE MR & 1/4E R o Ll

o

(5) OPG
JEAE L, 3, 6, 128 & U24F5 % O 1/3E A OOPG

mRNA Bl O2Md, M 1 B2 5 120 H i Ta >~
MO —UIZH L CHRISMA L, LA 6 R 2 Tl b i

LTz, F/z, JEMR2ARRZICIE, FELRETRO LN
ol VAEMHEIZBWTIE, §XTOEMIZBNT
Iy ba—ix L CHEEIZEA L Twi,

1/3F 4 & 1/4AEME OmRNAZHE O L TIE, &b 5
IR & 2 ASIEM 6 FE 2 F Clt, 1AEMPSHE
124 <, HABI2EEMBRICE R EZVROLNLEL R, 24
B P2ILL/SEMA A EILE ko Ta vy bu— L
BEREDPROLNR R/ (M8).

OPG

—
o~

actin
A
N

—_

pression /.

4
©

O[EfE1./3
m[EfE1. 4

I =4
> o

Relative mRNA ex
o
N

o

=8

ZWTCVARRR R v b ARSI SRR A O, 1, 3
6, 12, 24B:RI{ER & 7238 DOPGOmMRNAD FEH & D%
ft. mean=SD, n=3, P<001

# 0 V/3EMERE, O04r%& 3> Fu—)v (E#ER) & L7z
A /4ERERE, 04 %F 3y ha—)v (BT & L7z
* o 1/3JEAERE & 1/ 4 AE R O g

e

3

I ES

3. 1/3MEARRE & /A AR R 0 HEg

TNF-a, FGF-2, IL-18, VEGF, OPGZ#<1LdOmRNA
FEHEOZALE, 1/3EMRE & 1/4EHERE O [ C S
L T 727, TNF-a® 12, FGF-20 6 FEfd, OPG
D24FE ] % TR U CL/AEAREE O Ji 3% W EIa 253 -
7z

% =

1. AR TcHEIREE

1/4, 1/3HAEAO & N BRARE#HE AR o Tt kA
VEHRFEARETH- 72 FMEBRICBWT
BT BEMOBIEE T o 7278, 24RH£I21E
MBS N hholz, T Yy —LEESETLE
2T, ¥ v — LINICEHOMBTRD S iz720
BES AN MT K722 L 10 L) ARy JHNOMIEL
X =LA S NI L e b EZ H NS,
BEo T, AFRICBEVTIE, 1/3, 14DFEMIZ X BB
oA 7 O N7 GOV § e 5 A L AP TP o B

s 70 N w B
1/ 2JE A g

2. ZYGLIARRE L b B
FiElzonT
BIENZEBTA2DICANZHNVA L AR5 5

in vitroDEERE LT, MY, BOh®, ReT

Mg & i L 729288

F72, REIC X BIMEYR#ATY 2 EDENEMAE 5T
FENRRA SN TS, hTLEIF %5 72 0
MRIEIZ BT 2 R EARAE SIS, X DI WIREEA FHEL L

TV 5 DOITEEMIL AR E M2 5 HETIE R wh e
EZLNED, TOHETIE, EMARH, %Hﬂﬂ'ﬂb:%%ﬁ
TEESLWIRREAEZ bND. 2 TR TIE, B
RRIE 2 e U CERE L - =00k #g e b uﬂ%ﬂﬁﬁﬂﬂ’?
[EAEEM 2 MA A BRI L7225, ZORETIE, T
B DI R ITEES L I LATE, FHWIEIE
1R IR OO JE AR C B AR BEEAHE S 5 28 & 7z RE D IR
IVHEVWHREHRHTE-LEZoND. Thbb
in vitroDEERT T, X Vin vivolZ BRI % PRI L 72
FBRRTHLLEZONDL, T/, EMBEMENZLZ L
TR A R 250 M LB A b A > %
HELTWLZELERTE.

REL,

3. TNF-a& FGF-20>mRNA DFH &

TNF-a &5 Ml O R B CH 2 S ifk~ 2 o
7 7 — DICHEEER LB~ 05 LS % 179 Bl
FL LRI A N H 4 > Th 1519 o Tz
MESF M E R A ) 2 B 5 2 £ 12 X D TINF-a®
mRNADFEHEAHEMT 5 L HE shTw a7 Kif%k
THTNF-a D EHi 1, 3, 6, 128 X UURHE O
mRNAZE B &L, 1/3EMEES L CI/4EHE, &6 56
FTRTOEMIZBWTa Yy ba—)Vicx LAFICHEML T
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Wiz SO L) RO R LY, TNF-a®OmRNA®D 3
BLEAEM ) % B L7z 2 & THINN L 72 72 00, SRR AR Ao i
M AR B AL &2 g e~ LFET 2 L E 2 o
L. Flr, VAEMOIZ ) AU/SEMICI_REHIC K E &
E— I RNET0D 2O EDL, VAERDIZ) LD
RN EWIE 8 LD EM Tl Wwh e EZL LD,
FGF-21%, BRXwmEMBoOMEmEEs S L2 L THS
NTWBBY F - BRI A5 5 Z L bR S
NHON | FGF-2% @RI HEBE €2 &, L Eh AL
MR L TET R b=V A2 FHES 52 LS
NTwa? AR TREMIEZEMLIZIEICXD
FGF-20mRNA® 5B A51/3F A B & O 1/4E A IE &
Iy ba—)VIZRLARIZHMLZ:. CoBKRIE, 27
ZHIWVANLVARBRINEFEST LA DX LOHIC
FGF203MA 5 L CW A THEMZRIE L TWwb &)
E2oNb. T2 in viroD eI L ) TNF-a l3FGF
77 3 —OFHRICEG T2 2 ERAIGHEREICBNT
HBTINF-a3 NS DI EEN 2 b D D E SN
TWwa® TNF-alld > CTHEENDLEEZIOND
FGF-213 A A 25 M <0 28 Bz MR o0 23 Z4 4 5, I 3 22~
OREGBHS 2 E %5 TB Y, SAEMNTHE < MMABEmE iz
BT E LTMENT WS TNF-al3l/3EMH 5
L OVAEAR:, EHhobary bu— e bx2 EFEIC
WINLTWb 00, T4 ZIZB VT, EBRIIM]
LWL TW5H. —FTFGR-213, 24 T1/3
JEMERE B L 141 R, ChodmIBINLTws,. 2
DFEFIE, TNF-a® LA DPFCF-20%BICHES LTwb
CERRET S E L LI, TNF-a& FGF-20 B8 A3 R
JEIC BT BB EEICEEG LTV AR ZE L 615,

4. IL-15D>m-RNADIFEH &

IL-181%, BB ICEEEH L, 2 OB IIlE 14
RFETLIEPMESNT VLD F o R
RO MBEFIL R ED X =FH IV A N L ZADOERFIZ L
DIL-18DFEEAET 2 = L 25 ST p230 | K
WFZE CIL1/3EMEIRF B £ O 1/4EA4EFE, & dicay tua—)v
WK LA BEICMRNADO SR EDSHINL Tz, 20 X)
ZABOMEE LY, IL-1fOmMRNADIH & EMH 1 % &
fif L7z 2 & TN L2720, SUIUEHT 25835 L %2
bNb. 7o, 1/3LHMERB L O 1/4LE MR ClE, 1/4JL
BEDIE ) DERGRRICHEIML TWh, 2o Enrs, 1/4F
DT ) ALY A BRI Z FHE LS5 HEMTTiE v
MEEZHLND.

5. VEGF®m RNADFEHL

VEGFIZMEH EDRERT & LTmbh T, A
BB T BRI A A A > & L CoBeE b iR
ENTR F 7 W MR O S L H T

HAE & Vs 72 0500 6 1 0 12 B 5 2 M 102

# % macrophage-colony stimulating factor (M-CSF) #f
ERDSZD 5 NTE N3 < 2B A S 3R L 7245
BRI IC VEGE 2 IIN$ 2 & i ilis o 41k s X OF
PEALAMEE T 5% 2 & 2 BRI 4 B OB B O BirhVEGF ©
BTG & ) B E A NS 5 2 LS Ik o C
W2 RBFETIE, RIS R B L2 Z 212 & ) VEGF
OmMRNAFH E 1L, 1/3EMiFB L OCL/4FEHR:, & 12
EEIAM A, 3y ba— VIS LAEICEINL Cnies
DFERAIEEIETIONND - 72 A BARNE T OB E M o H
HLUGEHALICVGEF DB G- L TWwWAH Z & ZRIE L T
LHH0EEZLND. [EMEARMZIIB VT, 1/3EHMEs
Tlda >y ba— it LCRb5ME, 1/4HEAEIE TlEi8sfE
TholoZ b, VAEMHFOIE) AL FWRINZE AR
FETLIEDOTELEMITHLUREIEZ 5ND.

6. OPGOm RNADIEH &

OPGIZ, TNFL 7% —77 30U —Tdhb7), [
A D 72 VWD & 237 BT, RANKLOEOD L
v 7y — THCE MR R 112 H ARANKE B4 L
RANKL{GWZ#IHI L, SiEMREREHET 2K+ Th
%) SRR S R R ER R IA S &
RANKLFEHL OB & OPGHILO AN & ) WM Ak
MT 52 EPHFEINTVLEY . —FHT, Fv Ol
PRSI L BRI 2 b L A GERO) 2 BML 5
HB®I%E L - =B TIZRANKLOmMRNAZSHI A5 H M % 8
LCHBEICEMEZRL, —) TCOPGOmMRNAZKH L2 H
HICHBICEEEZR L OWMEDDH L. T 4bbik
VR A B L A o 7oA, BRI T
1%, RANKLZEHASE T8 L CHeE MR e & 355 %
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A study on optimum orthodontic force using human
periodontal ligament cells on 3D culture system

Meri Haniu, Takenori Kim, Yoshiaki Satho and Junichiro Ida

ABSTRACT : Osteoclast differentiation on the pressure side with the tooth movement mechanism by orthodontic forces is
believed to be controlled by cytokines that periodontal ligament fibroblasts secrete; in experiments thus far, there have
been reports using the methods of adding mechanical irritation directly to the cells. Therefore, in this study, we developed
a three-dimensional culture system of periodontal ligament fibroblasts which assumes the periodontal ligament of iz vivo
and mechanical compression was applied. The aim of this study is to clarify the relationship of the compression amount
and the changes of the cytokine gene expression levels that are related to osteoclast differentiation. We cultured human
periodontal ligament fibroblasts from teeth that were extracted for the purpose of orthodontic treatment. After a one
week culture in which the culture cells of passage 5 were packed in a ¢5x3 mm collagen sponge, the collagen sponges
were compressed by 1/3, 1/4. We searched for changes in the cytokine gene expression level in 0 (the control) after 1, 3,
6, 12, and 24 hours in real-time PCR. Although the packed state of the cells when compressed by 1/3 and 1/4 was similar
in comparison to the control, the mRNA expression of cytokines TNF-a, FGF-2, IL-1f and VEGF related to osteoclast
differentiation increased significantly more than the control at each point of 1/3 and 1/4 compression. The mRNA
expression level of OPG was decreased within 24 hours after the start of 1/3 compression. Overall, the relative amounts
of the mRNA expression were similar to the expression tendencies between the time of 1/3 compression and the time of
1/4 compression, but there was a higher tendency at the time of 1/4 compression. From these results, it has been
suggested that when mechanical compression is added to the periodontal ligament fibroblasts in an experimental system
that is assumed as 7z vivo, the cells produce cytokines and may play a part in bone remodeling. In addition, we believe it
is effective to move teeth in orthodontic treatment when the tooth is pushed by a distance of a quarter of the width of

the periodontal ligament.

Key Words : three-dimensional culture of periodontal ligament fibroblasts, Mechanical stress, cytokines
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