BIHEMBEOMBEN~ Y v 7 RAZ R RS ERE
RS L OFREIC RIET BB D&

HARFER G 20 Fo R o IR
wmE =BT
(5% : Kk BME Baw, JIF BIT HB®, BT FH BB



B =

i El
MEE L OFHE
59

= £%

e A

] o

51 F 3C R

& 8 fim 3C

Karasawa et al. (2015) Int J Med Sci 12, 905-13.

19

23

24

25

29



B =

ARG EIEHRICB T, WM 2B ENNEEEOVETY 7 &5 i
T ZEDRFOLNTWD, T7hbbh, EEMTIIERINA, 5 MITITEEK
MENEIEBAELR2D, WOBENGEEZ ShD, BFFMIEEWT LY
T A7 72 —BEREAL, a7 =7 B LR T =7 oMt~
KU w7 A (BECM) Z /X7 ZREALT, BIEROF L REE ZH > T\,
F7o, BHFMEEL, BE MR E RN GEE T2 ERMmbNT WD, B
AL, fRE iR D50k Z e 3 % receptor activator of NF-kB ligand (RANKL)
<> macrophage colony-stimulating factor (M-CSF) 35 & O RANKL @ decoy & &A1&
T& 5 osteoprotegerin (OPG) % A L C, W #lALATESHIAL OB /i~ 5y
ILERAZRHEGT D, S HIT, BIFEMITY X7 53 fifBE#R Tod % matrix
metalloproteinases (MMPs) & & @ N [RPEBH # A T & % tissue inhibitor of
metalloproteinases (TIMPs) % pEAE LT, EMANERBEICWETH 7 rEX
CHEZE L 725 osteoid JED ECM & > /37 SR H IG5,

IR Z28E LT, i) (TF) 2 el &y L7z 240K TO in vitro A

FATRHWTIL, WEZR TF ARMNT AN 73 27 7 2 —BEME L ECM & /3
JRBEWEINSE 55T, @ER TF A, &FHMRIc X 56K
EMHIT A Z ENWME SN TWAD, L, TF AW EIFEMIEIC K- THEAS
o ECM & /37 o3fiRleds & & O RPELER, 6 X OB M o> b i K]
T ORBUC RIFE TR EETAASTHRITD 72, ZOFEMIE A TH 5, FH 13
B AR OB BRE A AR IE T 2 B 72 TF Afrld, B 2FMiaic X5 ECM & v %
7 fRSe, BRI LI i i el L, U TERINE D b
W PERL L 722 D TIE ARV LB R T2,

Z 2T, AWZETIE, BRI & LT MC3T3-E1 Z W\ T, BB

REZAEES 2 Z &N MIE STV DD TF Afw2S, MMPs J5 & O TIMPs 3§
BUC R TREL R~ TO/RRE, TF A XK >T, MMP-1, MMP-3 5 X
Y MMP-13 FEEL73 84 L, TIMP-2 35 X O TIMP-3 ZEHLITHN L 72, £ 72, MMP-2
B L MMP-14 FEL, 72 5 ONT TIMP-1 36 X O TIMP-4 388213 TF A fif D 2 4%



WFD HIIRIN DT,

A2, TF #FEMED MMP-1, MMP-3 36 J Y MMP-13 O3B, 72 b TN
TF #E LD TIMP-2 35 L O TIMP-3 OFEHI NG9 S Miam > 7 J Ui
PR 2 B B M2 T B 72812, MC3T3-E1 N mitogen-activated protein kinase
(MAPK) ¥ 7 FIVARERK 1OV VERGIZRIET TF AfRfOREEZH I, 0
fESR, TF AT & > T extracellular signal-regulated kinase (ERK) 1/2 @ U > figfl,
238V U 7= — J5 T, stress-activated protein kinases/c-jun N-terminal kinases
(SAPK/INK) @V R LIZEIIN L7228, p38 MAPK DU U ALIZIZ 2L AR
Sipinolo, £z, ERK12 OFpERYL Y U IALILERTH 5 PDIB05I I3,
MMP-1, MMP-3 55 & O° MMP-13 JE8L 2 #ifi] L 7273, TIMP-2 3 X U* TIMP-3 %
BUCIIE B L o7c, —J, SAPK/INK OFFEMY VEBILHERTH S
SP600125 %, TF §%E4:0D TIMP-2 35 & U TIMP-3 DR BN A 582 RICT v v 7
L7223, TF #FEMED MMP-1, MMP-3 35 X O MMP-13 OB/ I35 L 72
otz S HIZ, TF ARA MC3T3-E1 Off & M /(LR i K 7 DR BUZ L E T
AR MG 272912, RANKL, M-CSF 3 X O OPG 8L & i~ 72, 2 DOfER,
TF #1412 & > T RANKL ¥ ELIJA L, OPG FEBLTHM L7275, M-CSF FEH
WZEAITRR D v o Tz,

LLEDORERDG, TF AffIE, &FMRNO MAPK ¥ 7 /URERE 2 L
T MMP-1, MMP-3 5 X T MMP-13 OFEILED 72 & NS TIMP-2 1 X U TIMP-3
DB ZFHE L, osteoid JEIZIITH ECM & /37 SR 2B+ 5 2 & 73
oL moTe, £z, TF A 1F, 2S5 RANKL IR 72 6 O
(2 OPG FEEIG N A FK5 U, A e RTBEHI AR 20~ B R i~ oD 43k 2 il 3~ %
ATREMED R S LT,

A G 1%, International Journal of Medical Sciences T 8 # & 4172
(Karasawa et al. (2015) Tension force downregulates matrix metalloproteinase
expression and upregulates the expression of their inhibitors through MAPK signaling
pathways in MC3T3-E1 cells. Int J Med Sci 12, 905-13.) ZXrim & L, ZiuZ
TF Afar 235 ZEAM e O Al B Al 3 (L AR i K7 (RANKL, M-CSF 3 LY OPG) &
RIUSNFT B EZ RN REMATRIELIZbDOTH S,
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[l

ERE EIRRICRB N T, WIS B ENN R ICBESN, FYETY
YT DING UANENTDHZ LWL o THOBEINA LS (Roberts et al., 1981;
Krishnan et al., 2006), ‘BZFMIZEWT A ) 73 A7 7 X —BIEMEEH L,
a7 =B XOIEaT =S UMD ECM # UoR T BEA LT, BEROF
DAY 7l A2 0> T % (Anderson, 1989; Robey et al., 1993; Mundlos et al.,
1997), 7z, BHFMIIE, Mg Mids IR T Tdh 5 RANKL & LU M-CSF
&, B R LS - Cd D OPG ZPEA LT, ME MAATBRM AL & s
FHRE~D oA & il EZ %L LTV % (Maeno et al., 2013), = 5 IZE FFMAIL,
BN GRS L E ONRMELER A FEA LT, BeE i’ g REICRAET
L7 at ATEE L 725 osteoid JE D ECM % > X7 3 fRIZH B 595 (Holliday
etal., 1997; Zhao et al., 1999), 9725, EFEMIIE, BV ET U L 7I2BIT 5
B & BRI O G ICBWTEHEREEH Z2H->Tnd, BENEZMELT,
AT =HVA N LR ZE IS 277 in vitro HFFE T, @A 72E18 /<0 TF
AL, FEFEHIROEKIE - OFRBLEZ 755 L (Mitsui et al., 2005; Shionome et
al., 2012; Kariya et al., 2015), —, WEREESIOAMIL, AE I LIRE
KD B EFHE L= H®EIN TS (Koyama et al., 2008; Sanuki et al.,
2010; Zhang et al., 2010), L2>L, TF BAff3EHFEMIZO ECM ¥ /X7 3l
& ZEONRPEBRFA, 72 b OB ML LR E R T O FBU T 52 % 50
NIRRT 72 <, EOFEMII AP TH 5,

BN EEAE S D MMPs (X pH 8l CIEMEL &4, osteoid B D = 7
—Ty, TaTA 7V BRI T =T E R I E D ECM &
3E9 % (Malemud, 2006; Paiva et al., 2014), MMP 7 7 2 U —I%, = ORER
P, EEAI O R R X OEEAE LIRSV T, =27 7 —1F (MMP-1, MMP-8
BLW® MMP-13), B FF—F (MMP-2 5L MMP-9), A hrALTA
(MMP-3, MMP-10 35 X (O MMP-11), ¥ b U 7 A > (MMP-7 1 X U MMP-26),
55 MMP (MMP-14 3 X O MMP-17) 8 X O Ofthd MMP @ 6 D47 7L



— TS5 (Egeblad et al., 2002; Nagase et al., 2006), MMPs OE£RTEMENT,
MMPs & TIMPs & OFEAAERIZ L > CTHEI S415H (Visse et al., 2003; Nagase et
al., 2006), "H¥LEECTIX 4 FEEH D TIMPs (TIMP-1, TIMP-2, TIMP-3 35 X OF TIMP-4)
W7 m— AN TEY, TO—KEEEEREPET STV 5 (Olson et al.,
1997; Yu et al., 2000; Huang et al., 2002), F£7-, ‘B ML, #EMANES L OVEHE
AIIIZ RS 1T D5 MMPs & TIMPs O3 BLIZIE, AN O MAPK ¥ 7 F VAR
DR LTV Z ENHMBILTUVD (Wang et al., 2009; Sondergaard et al., 2010;
Nakai et al., 2013),

Z 2T, ARFZETIE, BIFEHINEIC X D osteoid JEH D ECM & L X7 3 RN D
N E MRS 1T 5 TF AMOREZR~L L2 AL L, FHF
AIRRERAIA & LT MC3T3-E1 IZ TF Z£fif L, MMPs, TIMPs, RANKL, M-CSF
F L VOPG FEEUZ K IT§ TF Afar DB 2 i~ 7=, & HIZ TF Afi 2%, MC3T3-El
IZEB1T 5 ERK 1/2, p38 MAPK, SAPK/INK DV VU g{LIZ 5 2 2 8 BZ oW Th
fFECTRET L 72,



Mkl L U5

1. HEfasE#

ABFFEITIE, B M & LT~ v ZATAZEE HeROMIEE MC3T3-E1 & Wz,
MC3T3-El OE:EIZIE, 10% v REMIE (FBS) & 1% X=v U —RX kL
T h~A R AT T o-MEM ZERER & L CTHWT, 37°C, 5% KEET A
FETF TiTo 72,

2. TF DA

Flexercell Strain Unit Z iV >C MC3T3-E1 (ZEAMA 72 TF 2 & L7z, 3720
B, MC3T3-El Z K2 HKMED flexible-bottomed 6-well plates (ZH#EFE L,
Flexercell Strain Unit [Za% &%, =2 B =2 — & —fil{Hl T T plate EKm x5l L, &K
D HAEN 0, 4, 8 7213 12%HE N 2 58 E D TF %, 6 cycles/min (5 sec strain,
5 sec relaxation) T 24 RffE]EnT L7z, 7235, TFIL, HAHRIEB KM E G mic)
—T® Y (Vande etal, 2004), = DIEEIX, Flexercell Strain Unit 2 {# ] L 725647
#F%E (Shimizu et al., 1995; Jacobs et al., 2013; Fushiki et al., 2015; Kariya et al.,
2015) ZFEICRE LTz, 2> b r— UilE—5/4 C flexible-bottomed plates |Z#5
ML TF RffZMz2nbol Lz,

3. Real-time PCR

M2~ 54 RNA Z i L DNase ZLBR A Jiti L 72 %%, WA S T mRNA 725
cDNA % 1Ef% L, SYBR GreenI % F\ T real-time PCR %77 7=, Table 1 (Zfi /i
L7 T4 ~—OWERH 2 /R4, BinT OHiEIL Smart Cycler 2 VWV TIT\Y,
ft R OFEMNTIX Smart Cycler Software & W TiTo7z, T72b5H, HEMNLEDIE
R LTE R ERZ b & ICBIG FOMIEREL KD, 7V AT AT E RN 3-U Ui
IKFEWEHE (GAPDH) DR & CHiiIE L7-fii % mRNA FBLE L Lz,

4. SDS-PAGE K X TF Western blotting
4~20% SDS-R VU 77 U7 I K7 NVERWCTERKINE, ZLHNOX X



7 % PVDF [BIZ#55 L7-, Western blotting (%, 1 RFIIKE L TH MMP-1, i
MMP-2, it MMP-3, Tt MMP-13, it MMP-14, #it TIMP-1, it TIMP-2, it TIMP-3,
PT TIMP-4, §1T ERK1/2, 1 U > 21k ERK1/2, $T p38 MAPK, 1 U &1k p38 MAPK,
HT SAPK/INK, $H1V »f2{t. SAPK/INK F 7= 13 Hip-tubulin Hii& % 7=, £7=, 2
PR & LI A TF RO B REZ M T 25k W TiTo72, &6
2, A FUH—BREGRA NV N T BV UIRIRE N2 T721%, ECL % W
BRI EATW X AR T 4 VDTN ST, NI BBLOEI X, N
NP2 % scanner & digital image analysis software % VN CHllJZE L, B-tubulin
BB CHIEL TRl

5. MAPK V v ER{LBREAILEE

MC3T3-El @ MMPs ¥ KT TIMPs EHUIZEH 595 MAPK ¥ 7 J /MR R
BT D791, MC3T3-E1 % ERK 1/2 U » /L FLEHI PD98059 (10 uM) & 5
W INK Y R R LR SP600125 (1 pM) THLFE L7=, 7238, TF 2AfidT 5
5a, U UBALBAEARNC X 2 AHIX TF Ao 1 BERFNCIT-> 72, U BB
EHIOWEE 1L, Nakai ©H (Nakai et al., 2013) DG ZHICIRE Lz, 2B,
real-time PCR |2 X 23T DRIC, EREOFERZMILOEIE & H5Ic 8% &
ES7WNWT L 2R LT,

6. FEFHIHT

TRTOERITIEHEVIRL, MR TFHMEEIEERAE TR L, it
X, 2 BEOHB T Student ¢+ BREZ, 3 BELL L HECIE— ol & 5 B br
(ANOVA) %12 Tukey D2 B LR E 2 W TITV, fEBREE 5% Al 2 f it
wAEEEE LT,



Table 1

PCR primer used in the experiments

Target Forward primer

Reverse primer

Genbank acc no.

MMP-1 5-CACATTGATGCTGCTGTTGTGA-3'
MMP-2 5-GATAACCTGGATGCCGTCGTG-3'
MMP-3 5-CTCATGCCTATGCACCTGGAC-3'
MMP-13 5'-TCCCTGGAATTGGCAACAAAG-3'
MMP-14 5'-GCAGTGGACAGCGAGTACCCTA-3'
TIMP-1 5'-CTATAGTGCTGGCTGTGGGGTGTG-3'
TIMP-2 5'-GGCCTCCCTCCCTTACTCC-3'
TIMP-3 5'-CTAAGTCGGCTGTTTGGGTTGA-3'
TIMP-4 5-GCCTGAATCATCACTACCACCAGA-3'
RANKL 5'-CATGTGCCACTGAGAACCTTGAA-3'
OPG  5-CTGAACCAGACATGACAGC-3'
M-CSF 5-GAACAGCGTGTCCCATCCA-3'
GAPDH 5-AAATGGTGAAGGTCGGTGTG-3'

5-TCTGCTGTTAATCTGGGATAACCTG-3'
5'-GGTGTGCAGCGATGAAGATGATA-3'
5'-TCATGAGCAGCAACCAGGAA-3'
5'-GCATGACTCTCACAATGCGATTAC-3'
5'-AGTCCCGCAGAGCTGACTTG-3'
5-TTCCGTGGCAGGCAAGCAAAGT-3'
5'-GACTTCATATTCCAGCACGCACAT-3'
5'-CAGCACAGCTGGCTTGCTAGA-3'
5-TGAGATGGTACATGGCACTGCATA-3'
5'-CAGGTCCCAGCGCAATGTAAC-3'
5'-CAATGGCTGGCTTGGTTTC-3'
5-TGAGGCCAGCTCAGTGCAA-3'
5'-TGAAGGGGTCGTTGATGG-3'

NM_032006.3
NM_008610.2
NM_010809.1
NM_008607.2
NM_008608.3
NM_001044384.1
NM_011594.3
NM_011595.2
NM_080639.3
NM_011613.3
NM_008764.3
NM_007778.4
NM_001289726.1
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1. TF 3 MMPs & TIMPs D& FREICRIFTHE

MC3T3-E1(Z,0 (2> hr—)1), 4,8 B KO 12% TF % 24 KA f L, MMP-1,
MMP-2, MMP-3, MMP-13 3 & T MMP-14, 72 & ONZ TIMP-1, TIMP-2, TIMP-3
B L O TIMP-4 D5 -8 % FH 72, MMP-1, MMP-3 3 X O MMP-13 85113,
4, 8 HDHUT 12% TF Afmf T2 b — LIl THEIZHEAD L= (Fig. 1A, C
and D), TF O FREE [ T MMP-1 35 X O MMP-3 OFEBL /D OFREE OE W ITRED 6
NIy o 7223, MMP-13 RBLUE TF OFREIKAF LT Lz, 723, MMP-2
B LT MMP-14 FEELUZ TF Af O 2203580 b vZe > 7= (Fig. 1B and E),

TIMPs ZBLZ KT 3 TF D2, MMPs & I 3FH L Tz, 3772 5, TIMP-3
FHLUL 8% TF Aff Ty hu—/L i L CHEICHML, 12% TF Aff T
S LN L7z (Fig. 2C), %72, TIMP-2 %EliX 12% TF Afif T2 > ha—/L
Il L CHEICEM L. (Fig. 2B), 7238, TF AfflL TIMP-1 £ X O TIMP-4
FHUZZE L2/~ 72 (Fig. 2A and D),

2. TF 28 MMPs & TIMPs D & 37 FRICRIETHE

MC3T3-E1 12, 0 (= hr—/L) BLO12% TF % 24 Bl A L, MMP-1,
MMP-2, MMP-3, MMP-13 3 & T MMP-14, 72 & ONZ TIMP-1, TIMP-2, TIMP-3
BELOTIMP-4 D& 37 3B %G ~T-, MMP-1, MMP-3 ¥ X T' MMP-13 3
B, 12% TF AWM T2y br— Ul THEIZED L7 (Fig. 3A, Cand D)
—J5C, TIMP-2 X O TIMP-3 BEHIIAEIZHM L7 (Fig. 4B and C), 7233,
12% TF #fiid, MMP-2 3 X TN MMP-14 %8l (Fig. 3B and E), 72 & ONZ TIMP-1
BB LN TIMP-4 %81 (Fig. 4A and D) (T LR o 7=, T72b b, Wi 1 TR
L 72 MMPs £ X O TIMPs OBAn 7 REBUZ K IE T TF Bff O 2L, & X7 %
BUC RIFT R E —H LT,

3. ERK1/2, p38 MAPK 1 X ("SAPK/INK DV VERLIZKIET TF DL
MC3T3-El I 12% TF % 12 B L 24 BEff &7 L, ERK1/2, p38 MAPK ¥ X



Y SAPK/INK OV VU fgfb Z i ~7=, TF AN~ TAM 12 R L O 24
IKFfH1#% C ERK1/2 DV U EfbiZ A EICHD L (Fig. 5A), SAPK/INK D U gl
(XA EICHEM LT (Fig. 5C), —J, TF Affid p38 MAPK O U U ER{LIZ 2L
72 o 7= (Fig. 5B),

4. ERK1/2 X' SAPK/INK DV ER{LHEHIA MMPs 3 X U TIMPs B ELIZ &
Edep-Z

TF AffiZ K 5 ERK1/2 DU b ol 2 H3 9 %5 72912 ERK1/2 D U
{EEREA] PD98059 C TF ZHfif L TV 2y MC3T3-El1 Z#MBE L7-, F7=, TF
BAMIZ K 5 SAPK/INK D U Rt O¥ENN Z 30|35 72 912 SAPK/INK D U i
{EFRE I SP600125 T MC3T3-E1 & ALEE L 7= 1#|Z TF % A faf L T, MMP-1, MMP-3
BELO MMP-13, 725 NS TIMP-2 38 KON TIMP-3 O#As - FEBLZFH~7-,
PD98059 ALER|IARMEE (= hu—)L) ([ZH~T, MMP-1, MMP-3 LT
MMP-13 BN HEIIL T L7228 (Fig. 6A, B and C), TIMP-2 35 £ O TIMP-3 %
B PD98059 MLBE D2 X788 B AL/ v > 7= (Fig. 6D and E), F£72, SP600125
QVERIE, TF #EM:D TIMP-2 3 X O TIMP-3 OR BN Z 3l L7~ (Fig. 7D and
E), —7, TF #E 4D MMP-1, MMP-3 3 JX O MMP-13 @388/ 1%, SP600125
SLEECHNH| S 472y o 7= (Fig. 7A, B and C),

5.TF %% RANKL, OPG 3 XX M-CSF D#EFHREICRITTHE

MC3T3-E1 (2, 0, 4, 8 B LN 12% TF % 24 B§ff]&f7 L, RANKL, OPG 1 X
N M-CSF OB a1 R B A2 FT~7-, RANKL %31, 8 B LN 12% TF Aff ¢
v e — LR THEICHED L, OPG B ILUTA B L 7= (Fig. 8A and B),
—7J7, M-CSF 3HLZ TF Aff O BII58 0 b/ h»> 7 (Fig. 8C),
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Fig. 1. Effect of TF on MMP mRNA expression.
MC3T3-El cells were subjected to 0 (control), 4, 8, or 12% TF for 24 hours, and
the expression of MMP-1 (A), -2 (B), -3 (C), -13 (D) and -14 (E) was determined
using real-time RT-PCR. Gene expression is described as the fold change relative
to the control group. Each bar indicates the mean + SD from three independent

experiments. p < 0.01, p < 0.05 (vs. control).
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Fig. 2. Effect of TF on TIMP mRNA expression.
MC3T3-El cells were subjected to 0% (control), 4, 8, or 12% TF for 24 hours, and
the expression of TIMP-1 (A), -2 (B), -3 (C) and -4 (D) was determined using
real-time RT-PCR. Gene expression is described as the fold change relative to the
control group. Each bar indicates the mean + SD from three independent

experiments. p < 0.01, p < 0.05 (vs. control).
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Fig. 3. Effect of TF on MMP protein expression.
MC3T3-El cells were subjected to 0% (control) or 12% TF for 24 hours, and the
expression of MMP-1 (A), -2 (B), -3 (C), -13 (D) and -14 (E) was examined by

Western blot analysis. Each bar indicates the mean + SD from three independent

experiments. ~p < 0.01 (vs. control).
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Fig. 4. Effect of TF on TIMP protein expression.
MC3T3-El cells were subjected to 0% (control) or 12% TF for 24 hours, and the
expression of TIMP-1 (A), -2 (B), -3 (C), and -4 (D) was examined by Western
blot analysis. Each bar indicates the mean = SD from three independent

experiments. ~p < 0.01 (vs. control).
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Fig. 5. Effect of TF on the phosphorylation of ERK1/2, p38 MAPK, and SAPK/JNK.
MC3T3-El cells were subjected to 12% TF for up to 24 hours, and the
phosphorylation of ERK1/2 (A), p38 MAPK (B), and SAPK/JNK (C) was
examined by Western blot at 0 (prior to TF application), 12, and 24 hours of
culture. Each bar indicates the mean + SD from three independent experiments. ~ p

< 0.01 (vs. control).
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Fig. 6. Effect of PD98059 on MMP-1, -3 and -13 and TIMP-2 and -3 mRNA
expression.
MC3T3-El cells were treated with or without 10 pM PD98059 (ERK inhibitor) for
24 hours, and the expression of MMP-1 (A), -3 (B), and -13 (C) and TIMP-2 (D)
and -3 (E) was determined by real-time RT-PCR. The expression level is presented
as the fold change relative to the control group. Each bar indicates the mean £ SD

from three independent experiments. ~p < 0.01, p < 0.05 (vs. control).

-16-



AO BO _ ca

12 ¢ 12 14
m| = g = l
£ z 5
>.E >0 3'%
2g i) 20
20 08 | 29 0e £307
o =8 Sa
= s
3 s s
*F1 *F1
0 0 0 ———
22 il ELC]
C a [] control
1 T
2t >& 1 uM SP600125
B k)
g9 o W 12%TF
Sg = o
2 =
E = B3 1 um SP600125 + 12% TF
)

Fig. 7. Effect of SP600125 on TF-induced downregulation of MMP-1, -3 and -13
expression and upregulation of TIMP-2 and -3 expression.
MC3T3-El cells were pretreated with 10 uM SP600125 (JNK inhibitor) and then
subjected to 0 (control) or 12% TF for 24 h. The expression of MMP-1 (A), -3 (B),
and -13 (C) and TIMP-2 (D) and -3 (E) was determined by real-time PCR. The
expression level is presented as the fold change relative to the control group. Each bar
indicates the mean + SD from three independent experiments. ~p < 0.01 (TF vs.
control), TTp < 0.01, Tp < 0.05 (TF vs. TF plus 1 pM SP600125)
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Fig. 8. Effect of TF on RANKL, OPG and M-CSF mRNA expression.
MC3T3-El cells were subjected to 0% (control), 4, 8, or 12% TF for 24 hours, and
the expression of RANKL (A), OPG (B) and M-CSF (C) was determined using
real-time RT-PCR. Gene expression is described as the fold change relative to the
control group. Each bar indicates the mean £ SD from three independent

experiments. p < 0.01, ‘p < 0.05 (vs. control).
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W72 TF A X, B MR OB s RE & & 6D 5 — 5 C, W72 TF A,
INEWMHIT L ERMOEN TN D, BARAYIZIE, Jacobs & (Jacobs et al., 2013)
X, B MEFMRO IR =S U RBABIONT VB Y 74 X7 7 2 —BiGM
1% 5% TF AfFCHM L7722, 10% TF T Lizs@wEL Wb, £72,
Fushiki & (Fushiki et al., 2015) 1%, 7 > FEHZERE L 0 7508 L7 MIIZ 18% TF
EEMT A L, AIKIEMERESBD LIz E3ELTWVW5D, 612, Kariya ©
(Kariya et al., 2015) 1%, MC3T3-El ~® 6 3 X1 18% @ TF Aff T, B
AT B A HR B R+ Td 5 Runx2 & Osterix NN L2 & %, £/,
Z @ TF #%EMED Runx2 35 & O Osterix OFEHFEE L 18% TF ALY 6% TF
BRTHETHY, SHIZ,6% TFAMIIT VA Y 74 A7 7 X —EEME, ECM
Z R FERB L OAKMIERRE NS - s 8®E LT D,

LD OMEITEDWTER L, B HFMIL OB A RE 2R3 2 W EE 7R TF
AL, BRI X5 BCM Z X7 S il L, # U CTERINE D HE
RNFHEE SN D O TIE AW EFE X, MC3T3-El ~D 4~12% TF A3, MMPs
BELO TIMPs B KT THELR T2, TORE, TF AfFIC X - T,
MC3T3-E1 ® MMP-1, MMP-3 3 X T8 MMP-13 ZELIZEA L, TIMP-2 XL
TIMP-3 BTN L 7=, MMP-1 8 X O MMP-13 (T EI22 T 7 —8 & Ll
X, osteoid BT T O ZEICHFET HREMO 1 HaZ—47 0 =E6H M
&%, 31 ORSOMAIZHRT 5, £72, MMP-3 I3A b AT A v -1 & LT,
TurA VR, BIFUOBIOEOMDIEa T =7 Mg XD By R
% (Nagase et al., 2006; Paiva et al., 2014), —J7, TIMP-2 |Z MMP (Z, TIMP-3 (X
ECM % > R 7\ ZENENFEST 5 Z & T, MMPs OIEMEABALE T2 (Visse et al.,
2003; Nagase et al., 2006), T 725, AMIEREN G, TF AfIE, B HFMIEIZ X
% ECM & /37 Sy 2 i+ 5 £ B2 b,

x IRFEFD AT =TIV A N L AR, MIRIN D MAPK & 7 F /L& &4 L T
RIEESILD Z ENHMBILTVD A (Yang et al., 2004; Bandow et al., 2007; Kanno
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et al., 2007; Yanagisawa et al., 2007; Yan et al., 2012; Mu et al., 2014), %= DO LK%
B 5202 STV R ARBFZETIE, TF £ 4m71E, MC3T3-E1 @ ERK1/2, p38 MAPK
B LV SAPK/INK DV Ufkis, ENENRLDEELRIT LI, Thbb,
TF A4 C ERK1/2 DV e b 23] S 4172 — T, SAPK/INK D VU ki3
#E X4, p38 MAPK D U U Ig{biZZe{b L7 » 7=, MAPK OIEMALIZ &IX T TF
(Yang et al., 2004; Kanno et al., 2007; Yan et al., 2012), J&i8 /) (Yanagisawa et al.,
2007), .07 (Mu et al., 2014) 38 L OV HE I (Bandow et al., 2007) DA G
RIZZNETOMIETIE, ZNHD A=A /LA kL AH, ERK1/2, p38 MAPK
BELOSAPK/INK DV Ui ziFE Lz s SihvTunsd, —77, Jackson ©
(Jackson et al., 2006) 1%, MC3T3-E1 | TF & WiifASIWr 4 1 B 1 B[, 5~30 H
A5 &, ERKI2 OV UERLIZED L7Z23, p38 MAPK @ U VU igfbid 281k L
ol EE L TWVWA, X 5IZ Matsuda & (Matsuda et al., 1998) (%, & M
RESHAE~D 15~60 53D TF A, SAPK/INK O U (b4 i L=,
ERK1/2 & p38 MAPK DV VELIZITHE L 2ol biEL TS, T2
5, Jackson & (Jackson et al., 2006) 33 X UFMatsuda & (Matsuda et al., 1998) (Z &
DHWFGE & AR TIL, SIS —ET DT RO bz,

ERK1/2 U b Db 5, MMPs O FE LD & TIMPs O R EIEINCBE 59 %
ZEDRNL OO IATHIFE (Tower et al., 2002; Chen et al., 2013; Zhong et al.,
2013; Xue et al., 2014) THLMNZINTWD Z Enb, RIFFETRD L7z TF
FHEMED MMP-1, MMP-3 5 X T° MMP-13 FEBLHHIZ2 5 NS TIMP-2 B L
TIMP-3 ZEUHINZ &, ERK1/2 U At O 35 LTV 5 a[REMERE 2 6
iz, L UAWIFETIE, ERK1/2 OFpRA7Z2R Y U bR EAITH 5 PDI8059
T MC3T3-El 2495 L, MMP-1, MMP-3 35 & O MMP-13 S8 84 L 7=
—J5C, TIMP-2 BL U TIMP-3 BEUIB(L L7xdr o7, AREEMNS, TF Afi
I%, ERKI1/2 ® VU EAb# 2/ LT MMPs 3 2B S8 55, TIMPs 5
OHANIT ORI 2B 575 [ REMEN B 2 H 7=, MMPs & TIMPs D382
{t.& ERK1/2 U gk & OS2 JH 7= JC/THFSE (Zhong et al., 2013; Xue et
al., 2014) Ti, B A b U7 & F AL ES E 7213t AANZ K-> T, ERK1/2
DU UEALEA T D721 T <, p38 MAPK DV U ERL/EEIN L7z & s &
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nNTWb, REFFETIE, TF Aff 125> T ERKI/2 OV LT+ 25 —5
T, SAPK/INK @V »ERLIFHEI L7223, p38 MAPK @ U U ERLIZIZ AL AR
DOHNRMoT, EHIT, TF AT 51 SAPKANK O U o fgfl 2 K 5L
(ZFAEE 95 SP600125 C MC3T3-El Z#MLHL L7= & Z A, TF #HEMED TIMP-2 8
L OTIMP-3 FEBUEINETERIZ T 7 > 7 I3/, TF #FEM4ED MMP-1, MMP-3
BB LV MMP-13 BT SP600125 MLEE D BIFR O Lo Tz, Ziuh

DFERNS, TF FHEMED MMPs OFEELEA & TIMPs OFEBHINITIL, ERKI1/2
DU R b & SAPK/INK O U U ERALYEINNRIRHC A U o B H D & B R
LTz,

INETD 2 DOATHFSE (Yang et al., 2004; Li et al., 2010) TliX, TF AL
MC3T3-E1 ® MMP-13 BHZFE L7 & HE SN TS, Yang & (Yang et al.,
2004) X, MC3T3-El |2 8% TF % 4 Bfficbiz> TAMT D &, 30 0HE»D
MMP-13 @ mRNA 3 X O% /37 BELAEEIM L, Z O 1 K% 7 b
—ICELTEEHE LTS, AR HR & Yang & (Yang et al., 2004) D FT >
5, TF OEKEE (30 47) Aff & KR (24 FFff) Bff TlE MMP-13 BB &I

WENRR D, T72bb, TF OFRFHAMIIRBIEINEZ, RRFFAR T3z
R adHEdstExonl-, —F, Li b (Lietal, 2010) |£, MC3T3-El {Z
24 IREfE], 6~18% D TF # &AM 3 5 &, TF OIEEITHAT L T MMP-13 381734
MU= EHELTWD, RBFFEE Li & (Li et al., 2010) OAFFET, TF A
MMP-13 FEIZHK T D58 % KIF LR RIEH S 2T, — 5 Tkl
R RN 2 MBI EDN MMP % 3 0 EB OB FRBEICEE LI L0 O #
HN72 ST (Harada et al., 2015), AWFIETIL, MAQOHETHE, il L OV TF A
FiEIZ 10% D FBS Z & TesiZ2 VT b, — 5 Li & (Lietal, 2010) I%, TF
ZAMT HERIC FBS IBEZ 10%2°5 1% T 5, Zivh FBS O E DE
WA, MMP-13 BEEOE VB L= AR & 2 b b,

ZHVETIZ, TF A3 IEEHIE & fiiE > MMPs O F B & TIMPs D3
BHEME7HET 5 2 EAHE SN TS (Sun et al, 2002; Maeda et al., 2009;
Wang et al., 2009; Jones et al., 2013), —J7, AW TI, TF A L 55 M
DaZrF—E (MMP-1 3L MMP-13) L X hr AT A 2 (MMP-3) D%
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B L, 20 ONREMERER (TIMP-2 3 X0 TIMP-3) OFEEMINGE D
BTz, BRI D osteoid N D 2T —F MR X OIEa T —F oMz Ry
DRET, BMEMBOEREH ~OREICEWTHELR n A LD
(Holliday et al., 1997; Zhao et al., 1999), —7J7, Tang & (Tang et al., 2006) |, TF
Z MC3T3-E1IZAfTT 2 &, BE Ml IS ZH DY A~ 71 A > T % RANKL
LD L, RANKL @ decoy AR Td H OPG FELOHEMN L7z & #iA LT
Wb, I T, AHFFERICBWTYH, RANKL 3 & O OPG #EBLZ KT TF AL
DWEEZRT LT, TO/EE, Tang H (Tang et al., 2006) DO & RIER A
ZJEIZBW TS, TF Afif T RANKL ZEUIEA L, OPG FHIUIIEI L=, A4
ZECI%, RANKL & [FERIZHE M2 1b & B 2 (e 3 5 M-CSF (Maeno et al.,
2013) FEH L7272, TF AL M-CSF RBEUZIXEEB L0 o 7o, ABFFEHE
R, TF AffIE, M-CSF RBBUZEE L 72\ b DD, RANKL %35/ & OPG
FEEBUEIN A I LT ML o 23k &2 Bl 3 2 AT REMEDN B 2 HivTe,
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mo

ERHEE ) VE ML D ECM & 223 7 37 & QN BB b A 2l e

HEERRIC KT T AL, Mol O A FICHONC T2 L2 HE
LC, MC3T3-E1 {2 TF # A L, ECM & > /X7 J3fRfgsh & = O WK MERLEA
¥ L OB LR IR T OFHL, 72 6 N MAPK & 7 T URER 1 O M
fbEM~, LUF OfE R %572,

1.

TF &fif T, MMP-1, MMP-3 3 X O MMP-13 BEUIHEIZIK T L, TIMP-2
B L TIMP-3 BEIXA RIS L2, MMP-2, MMP-14, TIMP-1 X
O TIMP-4 ZEHLIZ1E TF A DN GBSO b7 o7,
TF AffC, ERK12 OV UEALITHEREIZICT L, SAPK/INK © U ki
BRIZEM U722, p38 MAPK @ U U ER{LIZIX TF O EENFE D Lo
776
ERK1/2 ® U V(LI EAIALERIL, MMP-1, MMP-3 3 X U MMP-13 %3 %
K F &H7223, TIMP-2 38 X O TIMP-3 BIUITRENEBD o7,
¥ 72, TF AffHT O SAPK/INK @ U b PRE AL, TF 3554 D TIMP-2
5 L ONTIMP-3 DI BLEIN 2 A4 23l L 7223, TF 5584 MMP-1, MMP-3
¥ LN MMP-13 DR BUHANTITZ NGB b o7,
TF Afif T, RANKL #BUIAEICT L, OPG FEBLUIAEIZHII L7=23,
M-CSF ZEELUTIX TF D288 b o Tz,

UL EDOFER DS, TF AfflX, BHFMENO MAPK * 7 F /URERK &I L

1%

T MMP-1, MMP-3 X MMP-13 EAZ D S5~ T, TIMP-2 BLW
TIMP-3 PEEZHM L, ECM & /87 3Rl 9 25 Z E R BT o7z,
7o, BFEMI~D TF AR X, RANKL %58/ & OPG SHB &2 L,
T A e o3 (b 2 B 3 D ATREME AN R S 4Tz,
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DHTEFIEFRESZ, )IF EATHERSR, M2 L O AL FIh#Ez i,
FEIE RIS K OV AR SRl FE O BARICTR < G B L £ 77

AWFZEL, R 26 G REB i PSRRI gE . (RS, WEERR ) Ik -
Thanl,

£z, AWFEO—FIE, FRk 26 FEE R AR ARG T S FT i sE
(BFZEARERE IF A7), Rk 27 4R A AR F ol iR & s 2 F JE it 75 & (WF
FUAREE - T, Tk 26 4R B AR KRS B AT
WFZE > WFZEAERTE « ATEFIETR), SRR 27 R B AR

Jetr WHEERE - TIHAET) Lo Thahi,

AMFROEEE, 5 66 [0 A AR FME (2014, HR), 2 63 [MIAAD
PefgA 2R s - 2 (2014, FEA), 5 73 RIAABEWRAFEE KRS (2014, T1E),
93" General Session & Exhibition of the IADR (2015, Boston) (23 THF*K L7,
7235, 55 66 Bl H AR FH PR - FINKSITIB W T HEEFRE R L 72 A5
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