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The Induction of Heat Shock Protein 25 in a Mouse Osteoblast-like Cell Line
in Response to Compressing Force

Daisuke NAGAO

Abstract : It is well known that appropriate occlusal force promotes bone formation around implants,
whereas bone atrophy and bone resorption develop under no mechanical stress or overstressing. It has
been reported that shear stress loaded to osteoblasts induce increase of intracellular Ca® concentration,
activation of protein kinase A, and upregulation of cyclooxygenase 2 (COX-2) gene, which lead to
differentiation of osteoblasts. The purpose of this study was to clarify appropriate levels of stress for
the bone remodeling and mechanotransduction signaling at molecular levels.

We examined mRNA levels of genes associated with bone formation when compressing force
was directly loaded to a mouse osteoblast-like cell line (MC3T3-E1) for 24 hours. Furthermore, we
examined changes of gene expression under its stress by DNA inicroarray.

COX-2, c-fos, and alkaline phosphatase (ALP) mRNAs were up-regulated in proportion to the
stress value when compressing force was loaded. The analysis of cDNA macroarray showed that
expression of bone morphogenetic protein 4 (BMP4) and BMP7, which promote differentiation of
osteoblasts, was up-regulated. And the analysis of DNA microarray showed that compressing force up-
regulated expression of heat shock protein 25kDa (Hsp25). Induction of Hsp25 by compressing force
to MC3T3-E1 cells was mediated mainly via integrin and ERK (Extracellular signal-regulated kinase)
signaling pathways. Furthermore, it was revealed that extracellular Ca® influx from stretch activated
calcium ion channel and L-type voltage - sensitive Ca®" channel by compressing force was involved in
induction of Hsp25 and COX-2. Because Hsp25 suppressed the activation of caspase 3, Hsp25 induced
by compressing force seemed to act on anti - apoptosis.

In conclusion, compressed force to MC3T3-El cells induced COX-2 and Hsp25, which lead to
differentiation and suppression of apoptosis in osteoblasts.
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AERRTIE, $F T REBRERSSIZNER (X
HZHIWVANLVAR) ZBERTWE, MBS HZNER
LT, EDLHIIULETAPIEEL DI EHFRAMT
i, BlE, FHICBIZ2EENRECERE-E VR
BREDAHZH VA D LVADBL LIZRETIE, BF
BARY LCEE, BRECETSL 58N —H,
BB L EBEBELAIANA N ANID o IREETIE
BREBRISRESNER, BHRESEKT S, L2L, #
BEOANZH VAP LA LTEERERREZT, 2
DEHICBITIE, EEHRXI=HIVA L ADIER K
HTBAN ) LV —BFEETHEELORT WA,
WHE* EEAEECIHTIHEEAA V7T ¥ MzBw
Th, BURBREHDOERIA V75 Y NEABREDORK
RRESEDY, FICRENFBEICREVWE, BAEE
PRI ENR, £ T NMEEBEDF A A VTS
V=23 VOBEIZORD A, TOL ) IBEEDOEIE
w5, 479 v NEAERORMER L £ OMRC
BWIEETH 5,

BE T % FH\V 72 invivo DEBR® OAR 5T,
BEEARZEAVWTAISANVA N VADHIRIZZA S
NBEDTFHRBEZEHEL LD LTAHEISfThh s &
IRHoTETWS, HIBIKAI=HI VA ML ARMZ
AAEL LTIE, BEWICERE 5 2 CHIBCRIE % i
% % fluid shear stress®® %, BEEEZHE, UEs¥
559 RN nEnBITONG, BT, X
AZHNVARVAZMAAZ LWL VHMBEEA =R
VANV AERHAL, stretch activated calcium ion channel
(LF SA F% AV LBET) R L type voltage-sensitive
Ca*F v 2 (DLTFL-VSCC L Bs¥) %@L THAE
A Ca® DSHEREICTEA L, FEREM C¥TREN LAT 5,
% LT cAMP 3N L, protein kinase A (PLF PKA &
By) BNERILER, TRAY SIS UV VARBEETH
% cyclooxygenase-2 (LT COX-2 L W& ) %, BmERF
TdH 5 cfos, SHWCEFMEOSIEBT LA
TARYF U RF AT FH VY Y, bone sialoprotein %2
EOBIEFRBI LR L, 2OREBEFMBONESE, &
EAMREEND Z EHBFHE SN T VAR F752
DAHZALBFARELZ GBS, iz, HlRSED L)
RKAHZH VANV ARBATHOMZHELPIZERT
Ve

BFEMBICERNRERIZMZ 2 ERTIZEAL
TonTBHT, EFMBRMBEIICKH L TERRIEE
CIERT AR EOREOERN ZEMNIFTLETH
BHRERBTH S, REFETIE, ~ 7 AEFMIHFMR
(MC3T3-El) 125t LTIEMAZMR I, LDk
BEBRIEFORBEADGBOLNE D, T-RBEFEIN
TEBETFRED L) T BT 02 RE Lz,

Y ] B £
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1) #k3 & MRRRIEE

< 7 AR FHB AR (MC3T3-E1) &, ~ 7 AF53EHE
Btk (C2C12), BL U~ 7 AMMEFEMBE A (NIH3T3)
2@H L7, MC3T3-E1#ifg & C2C12 MR id, 10%
fetal bovine serum (EL F FBS & B& 3, Japan Bioserum),
100U/ml =31 ¥, 100ug/ml A LT =AY
v, 025ug/ml 7 &5 ¥ B (Sigma, St. Louis, MO,
USA), 50 ug/ml 7 2 2 )V ¥ ~ B (Sigma) % VRi0L
7T VT 7 —BEA — 7 ViR (DT o-MEM & B&T,
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- Sigma) 12T, 37C, 5% CO&MT THEELIT > 72,

NIH3T3 Mifgix, 5 % FBS, 100 U/mlR=1) >, 100
ug/ml A ML b4V, 025ug/ml 7 VRTY VY
B (Sigma) ##®IIL 7z o-MEM 12T, 37C, 5% CO,%
BT TEERZTo72,

2) MBEOMESZE
FNFROMBL%, BE%35 mm O 6-well dish {270%
AVINIY MR BEI)RERET o7, FLTAT4
YL EREE, SFOSMTE S 2 AEH L2 EFE20 mm
DHFGAY) VF—I2T, EMAIEMETe EMIDIE
X, ¥RV V¥ —LOBEOEL P LB E RV
7ofEE L, MIFBIZEMES % OPa, 98 Pa, 294 Pa, 490 Pa
NDKE S T—EREMLZ (K1),

3) RNA#H & reverse transcription-polymerase chain
reaction (RT-PCR) &

MR IC2AREEM D 2 INR 724k, FFAV) V¥ —
%HLY B &, Total RNA Isolation MiniKi (Agilent Technologies,
Palo Alto, CA, USA) & ) FEMEH &I 7=/ 6 D
A total RNA % #i i L 72, Complementary DNA (BLF
cDNA & B&ET) DAL, iScriptTM ¢DNA Synthesis Kit
(Bio-Rad laboratories, Hercules, CA, USA) 12& V47272,
T %bbH 1ug D total RNA % F V3, 5 X iScript Reaction
Mix, iScript Reverse Transcriptase = 1z, 25°C, 54°H,
L2CTIOPHIEERID % S¢72%, 85C, 54 MM
BLTCRIDZEILEL, cDNA %1872, 55172 cDNA %
E ¥ 1wl &, 10X PCR Buffer (Applied Biosystems,
Foster City, CA, USA), 1.5 mM MgCl, (Applied
Biosystems), 0.2 mM dNTP mixture (Applied
Biosystems), 1 U AmpliTaq Gold® DNA Polymerase (Applied
Biosystems) 8 & & 1 KRTEREN TSI/~ -2 H
WV, =¥ A4 Y5-I TEBEEMET T PCR G %
To7e RIDERMWIX, 8B RYVTZIVNVTI IV
BRAB L%, TF Va7 0<, FTHREL, AE-
691IFXFD B 7)) v + 75 7 (7 b —#%R&H, ®ER)
WKTHREBEUOHREZITo/e TV MX NIV 74
#rik, NIH Image 1.627°10 2" 5 A % FVTIT\v, COX-2,
c-fos, B & U alkaline phosphatase (PLF ALP & B&) mRNA
D L)V % TATA box binding protein (ELF TBP &



B MR I BT A TR 12 X % heat shock protein 25 DEHFBE (BRE) 95

#F1. RIEPCR ICH W75 4 < —DIEEEF)

. T=—Yry HIBEHOY 4 X
|
Weight BEF HERFI B (C) (bp)
gense 5 GGGTTGCTGGGGGAAGAAATGTG-3
COX-2 60 113
antisense  5-GAAGCGTTTCCGGTACTCAT-8'
Compressing
force sense  5-CGCAGAGCATCGGCAGAAGG-S
c-fos 60 360
antisense  5~TGAGAAGGGGCAGGGTGAAGG-3
Buoyancy sence  6-TACCGACCCTGTTCTGAGGGS
ALP 66 313
Compressing force = Weight — Buoyancy antisense  6-ACCCTGGGTAGACAGCCAA-3
. sense  5ACCCTTCACCAATGACTCCTATG-3
X 1. ME~OEROOMRF TBP 60 190

antisense 5" ATGATGACTGCAGCAAATCG-8'

#9) mRNA OFBR LNV TERE(L L7,

4) HARRIETEREDRET

EE20mm DA N—=FF5 A EIZ70% T 7V bZ
% %% TMC3T3EIMIREEREEL, TOBITTIATY
VF—ITTHEMT 294 Pa 2N 2 720 24B5RIRRIC, T
AV -—2RY)KRE, B#mEsZH# L, Cell Counting
Kit-8 (Dojindo, REZA) D% 100ul/ml DKEE I %
BIXIWMULI, 4B VFa—Ya VGO
% Y& BE % DU® 530 life science UV/Vis Spectrophotometer
(Beckman Coulter, Fullerton, CA, USA) 12 T450 nm D
BECRIEE4T > 72,

5) cDNA= 707 L 1 84F

3) EEROFEIZT total RNA ZHIH L, BEEE
ERBEZTFBRIEZFVERIN T 5 Gearray™ Q and S
Series KIT (SuperArray Bioscience Corp, Frederick, MD,
USA) WL W BRBEBLCELERD 2 RIET 2R L1,
374 bH, total RNA 5 g & RT-Labelling Kit (SuperArray
Bioscience Corp), RNase inhibitor (Promega Corp,
Madison, WI, USA), MMLV reverse transcriptase (Promega) ,
biotin-16-dUTP (Roche Diagnostics, Mannhelm, Germany)
ZHWTTE b a— VI cDNA 70— 72 /ER L
7o TORGBEFIVHEBRENTVERX VYTV E
cDNA 7H—T%NATYVFAXEE, 2TV %
wash solution 1 (2 X SSC, 0.5% SDS) 2T60C, 154
M C2ME % %%, & 51C wash solution 2 (0.1X SSC, 0.5%
SDS) 2T60TC, 155 MT2E¥EE L. Z2LTAYT
LVyETavE v rg, TVAY T AT7 78— YR
L7ZZAPVTRNTED Y EKEESE, CDP-Star A &
X7 ANVLERWTY 7 FVEFHIL, cyclophilin
A mRNA [ZTRHE LUV 2 EHL L7

6) w1 /07 LA

3) L FBDFEITT total RNA Z i L, AceGene
Mouse Oligo Chip 30K (HM™.V 7 , BR) 2HWVWTE
MEH R IA M S 2 TW R WIS B T 5 BIZTR

HEOELPBRNICANZ B N4 TN T4 - a
Y BIUEATE, NAF< MY v o AR (ER) I
TEEL 720

7) Real-time Quantitative RT-PCR

MC3T3-E1 il 270% 2 v 7 V¥ biZ% BT
B & % 47 v, MEK1/2 [ % # : PD98059 (Calbiochem-
Novabiochem, San Diego, CA, USA), p38 FHEH : SB203580
(Calbioche), JNK FHZ%| : JNK inhibitor I (Calbiochem),
PKA FHZE A ; PKI 6-22Amide (Calbiochem), AKT/PKB
(protein kinase B) FH £ % : 1Y294002 (Calbiochem), A
V7 7)) YRAEH . GRGDS peptide (Calbiochem) % %
N ZF 1 dimethyl sulfoxide (2T DMSO & B&3, FIy6HE
F, KR WCEBLTERISRM L, $/2SAF vV
ANVDOTH Y S — THA gadlinium chlolide (BLTF GdCl,
L BE, Sigma) ZRBEEEKICEMEL, L-VSCC D
Ty B —TH 5 nifedipine (Calbiochem) ¥ =% / —
Vo (FIbmgE) WCEmL, MBENC EFL—-112
BAPTA/AM (Calbiochem) & DMSO IC#EfEL, Zh ¥
NEBICHEM L7 1RES Y Fax—a vk, B
71294 Pa % 24BERiNZ, EFE3) (BRI L T cDNA %
EH L7z, 85172 cDNA 1 ul # AT, SYBR®Green
PCR Master Mix (Applied Biosystems) &, & 2 K/RT
heat shock protein (2L Hsp & B3 ) 25, COX-2, TBP
DERNT I 4 <—%IM%, Applied Biosystems 7300
Real-Time PCR System (Applied Biosystems) TG & &
7o TBP 2 AEE®E L LT, Z2NFNO mRNA DEE
1T o772,

8) Wz X&>JBvY bi&

MC3T3-E1 #l J2 \C E 48 71294 Pa % —E R B N % 72
#%, BBy 7 7 — (50 mM Tris-HCl, pH 8.0/150 mM
NaCl/ 1 % Triton X-100/ 1 mM EDTA) 2 CHilE% 5
L72e FOHKLETONS VF 2=V a v, 4T,
15,000 rpm T/ L EFERZ R L Lz, REHEE1LOug
KT TNy 7y — RN LEBH#RE, 12%K)7
ZIYNVNTIFFVERWTFTFT Y VRS MY 7 A -
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RYFT2ZYNVT I FFVERIKE (SDS-PAGE) %17
W, S BEL 7-&ZHB % PVDF JE (Millipore Corporation,
Billertica, MA, USA) 2} 5~ A7 7 — L7, PVDF &
i3 BlockingOne (47 94 527 A, EH) T©7a v
FUF LB, 1XRIFMAE LT Tween-20 (Sigma) %
4 M) ABEHEW (LT IBS-T & B3 ) TL000E
FRLZZ YT AHsp25 7 €y PHEY 720 F VG
(Stressgen Biotechnologies, Victoria, BC, Canada), ¥~ "7
A B-actin ¥ 7 R E /7 B FVHE (Sigma), LT v
N p44/42MAPKinase 7 ¥ v M K ) 7 T F VI F
(Cell Signaling Technology, Beverly, MA, USA), #i k b
Phospho-p44/42 MAP Kinase 5 ¥ v b £/ 7 B F VHLE
(Cell Signaling Technology), ¥L® I p38 MAP Kinase 7
¥y bR 72T+ VH4E (Cell Signaling Technology),
1€ T Phospho-p38 MAP Kinase 7 ¥ v M &/ 2 0¥
$14E (Cell Signaling Technology), #ik b SAPK/INK 5
¥y bEJ 7 T F VH4K (Cell Signaling Technology),
L& b Phospho-SAPK/INK 5 ¥ v b/ 7 0 VH A
(Cell Signaling Technology), ¥LE I Cleaved Caspase 3 &
Yy PR 70 F VHE (Cell Signaling Technology) ,
e FFAK S ¥y PR 70 F V4 (BioSource
International Inc., USA), $Hi ¥ b Phospho-FAK [pY397]
¥y bR 7T FVEMSE (BioSource) X TEIR, 1
BHEG &7, 2 Y7LV % TBS-T THAKEEEL
Tetk, "NVFF V- VEBENTHIE Y b IgG#T
f& (Amersham Biosciences Corp, Piscataway, NI, USA),
E3H~ T R 1gG Hik (Amersham Biosciences) % 2
BTI1REARSSE7, &5 TBS-T THEHE, ECL-
plus %38 (Amersham Biosciences) % F\Vy T L7z,

9) frETEFERMRTER

mRNA EHE, HEFHEFEREICBIT AT — ¥ 13 Student's
t-test ¥ VW CHEIZHREZ ER L, p <0052 T % #
FEEWCERE L

] R
1) BELZERHOOMRETEEHENICE S COX-2, c-fos,
ALP O mRNA EIRBOE(L

CORKEBIAZBEEREMD 2R T 272012, EM
7798 Pa, 294 Pa, 490 Pa %#24FF Nz, COX-2, c-fos,
BLUALP BIEFORHAE%L, RT-PCREICTHRE L
720 MC3T3-E1 HifgTix, EMHI % M2 % L 98 Pa, 294
Pa L BN DK E SITEFE LT COX-2, c-fos mRNA O
BEEFFZICHEMLE (H2A). 72, BFEMEOS
{t~—%—Td»H% ALP mRNA DHEHRE LML 72 (K
2A)s LAL 490 PaTid, MIlEDBRENEILT B L &
bIHREBTRALTEY, B5N7 RNA BiX 294 Pa
D1I/BMBEI TR LTV, #oT, Thb5DER
o, CORTII2UPaDERNEHVEIONELE
MTohbEEZ, DTOERTIZ294Pa DEMN%EH
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WwaZkE LA, RIZ, COX-2, c-fos, ALP mRNA ®
ZHEOHEINAI MC3T3-E1 M IR &) PIRET
¥ 57-%, MC3T3-El L [F CHIEROMBTH % C2C12
MR & NIH3T3 Ml 2 W CRMDEER % 1T o 72
C2C12 #i fB, NIH3T3 M A o Wi M A & & 12, COX-2,
c-fos mRNA OZBHEITHEML 7245, ALP mRNA DER
BHRTERh»o72 (2B, Co

2) EMRAOOMETEEN DR

MCS3T3-E1 #ific B¢, EMDSHEHEEIZS5 2 5
FEERE L, MBECEREDZMZ2Vd0 (BT
avbu—VE) LHBRICEMRI24PatMAAzbD
(LLF InEE) & O/, Cell Counting Kit-8 SLEREE D
WHREOZIFED SN0 (B3)e 2D &5,
294Pa DEME /) S OBEFERR ITITRB L B\ 2 L AR
®BEniz,

3) EMATRREEROE(LT 58 =F DM

MC3T3-E1 Mg ic BT, EMAIIC L ) BHREVE
b5 % BEF % WBIICRETT 572012, cDNATZ T
TUvAEEA 707 bAEERAWTaY bo— Vi
ENERE (294 Pa) L OHCTRIBEIEET 5BEFD
AT % To7 (F£2)o DNAXZTT LABETHE, E
#M712 & ) BMP 4 (bone morphogenetic protein 4) 3 X
U"BMP 7 OBHEFEML T (K4). $72, <A1
7a7VAETIE, BEEFORAEVPERNICLY
2RELEMM LA (R3)e 4707 VAEOERE
Real-Time Quantitative RT-PCR £ Z TEER ICFERR L 72
& T %, Hsp25 mRNA DFEREDH FOEMERY
EHROLN (F5A)

4) EMHICEY) RIRFE S 0 /- Hsp25, COX-20 ¥
7T F IR ERBRDIRE

JEME T2 & % Hsp25, COX-2 BRBEFENED LI &
VI FIMEERENT B DL ERERER E BV TORE
L 720 MAP Kinase ¥ 7 VIEERTH 5 MEK1/2 [HE
#| . PD98059 (Ex#BRE 10 uM), p38 FHEH : SB20358
(5% # & BE30 uM), SAPK/JNK FE 2 #| : INK inhibitor
I (BRIBEELIOWM) ZREHAIRML 1BEEA v Fa
N—3 g v Lizth, BT (294Pa) 2 24BHM% 720 E
MWL o TREFHE S N7z Hsp25 mRNA ORREIL,
PD98059 % & 2RI L7z & & (Il & hizas, o
MAP Kinase [ Z#] (SB20358, JNK Inhibitor I ) % &
ILTd, Hsp25 mRNA OREIBEMIMFI SNz oz
(F5A), $72, EEROBMERZRML & & D Hsp25
EHOHEMEBIZDOWTHRE L7, EHMIIIT X ) Hsp25
EHEMHEIL 7245, PDI8059 % RIS A & Hsp25 &
HEOEMHHE S 7z (85 B), —7F COX-2 mRNA
FHIFHEIL, MAP Kinase O HERTITBIHIlH S iz
o 7225, PKA OREEH|TH % PKI 6-22 Amide ( 1 uM)



ratio

K2,

X 3.

25
20
1.5
10

05

CO0X-2

BRI BT B F AU EHNE I 12 & 5 heat shock protein 25 D HFE (BEE) 97

0Pa 98 Pa 294 Pa B 0Pa 294 Pa H,0
I———— ot
[ ALP
| e e o o
C0X-2 c-fos
fos ALP . *
x (N=6) F (N=8) (N=6)
15 15
.2 10 )
g g 10
05 05
00 00
0Pa 294 Pa 0Pa 294 Pa

o !
O0Pa 98Pa 204P

KO B\ FE#E 0 % 0 R 72 B¢ @ COX-2, c-fos, ALP O C
mRNA DRHEEDEIL (*: p<0.05)

(A) MC3T3 - E1 flif2\C/EAET] (98 Pa, 294Pa) %

2772k & D COX-2, cfos, ALP ® mRNA OEHED

OPa 98Pa 294Pa

OPa 98Pa 294Pa

Zﬁé/ft C0X-2 c—::os
> * = =86)
(B) C2CI2fBMBICEE)) (294Pa) RIIA72E &0 2 Weer 2 e
COX-2, c-fos, ALP ® mRNA DHEHENDEAL 2 g
(C) NIH3T3HHFLICFEAES) (294 Pa) % MA/2& &0 10 h
COX-2, c-fos, ALP ® mRNA DFEEENDZEAL 00 00
" 0Pa  204Pa 0Pa 294 Pa
0Pa 294 Pa
(N=10)
100 - x BMP4

Viability(%)

50

BMP7

Cyclophilin A

0Pa

294 Pa

FEME ] % I 2. 72 B OB g FE e

MC3T3-El fBICERAD 22 T Willly (&

4. cDNATZR7 LA DRER
MC3T3-El il ICEMm O 22 TR il (&

INE : OPa) EEMENZINA MM (E : 294 TIE :0Pa) LM EMA 2B (INE : 294

Pa) OFBFIHEFEAEE % Cell Counting-Kit 8 (& THRES

L7z

Pa) KB A EHERBEEEAGRTOREEDE,
BMP4 & BMP7 OFEIHEVSEREIIICL DALz,

3 2. Real-Time Quantitative RT-PCR IZF W72 7 F 4 < —

DIREFEF
=—Yr7 EEEHOYALX
1
’IZF HEEEF) BE(C) (bp)
sense 5-TCAACCACTTCGCTCCGGAG-3'
Hsp25 60 126
antisense  §-TGTATTTCCGGGTGAAGCAC-3
sense 5-GGGTTGCTGGGGGAAGAAATGTG-3
COX-2 60 113
antisense 5 *GAAGCGTTTCCGGTACTCAT-3
sense 5-ACCCTTCACCAATGACTCCTATG-8
TBP 60 190
antisense  5*ATGATGACTGCAGCAAATCG-3'
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£3. w4 27u7 AL BET
Gene name Ratio Gene name Ratio
heat shock protein 25kda 8.948 aldolase 1, A isoform 2.782
disabled homolog 1 ( Drosophila ) 8.305 BCL2/adenovirus E1B 19kDa-interacting protein 1 2.754
EROI-like ( S.cerevisiae ) 8.138 phosphoglycerate kinase 1 2.739
heat shock protein 25kda 5.023 lactate dehydrogenase 1 A chain 2.721
glyceraldehyde-3-phosphate dehydrogenase 4.445 RIKEN cDNA 4930480E11 gene 2.671
adipose differentiation related protein 4.268 heat shock protein 86kda 2.609
stromal cell derived factor receptor 1 3.912 RIKEN c¢DNA 4731417B20 gene 2.594
olfactory receptor 1 3.781 metallothionein 1 2.559
chemokine -like receptor 1 3.717 glucose phosphate isomerase 1 2.555
heme oxygenase ! 3.662 solute carrier family 2 2.549
polymeric inmunoglobulin receptor 3.438 RIKEN ¢DNA 2310056P07 gene 2,543
immediate early response 3 3.429 fibroblast growth factor inducible 15 2.514
N-myc downstream regulated-like 3.379 RIKEN ¢DNA 9130013K24 gene 2.490
glucose phosphate isomerase 1 3.252 triosephosphate isomerase 2.477
RIKEN ¢DNA 4933425L11 gene 3.122 histocompatibility 2, class Il antigen A,beta 1 2.423
RIKEN cDNA 2410¢12A13 gene 3.096 basigin 2.369
aldolase 1, A isoform 3.089 transformed nouse 3T3 cell double minute 2 2321
RIKEN cDNA 2610102M01 gene 3.009 RIKEN c¢DNA 4931431C02 gene 2.308
solute carrier family 2 2.976 ectonucleoside triphosphate diphosphohydrolase 5 2.268
angiotensin converting enzyme 2.919 vomeronasal 2, receptor, 6 2.255
neuropeptide Y receptor Y1 2.878 CCAAT/enhancer binding protein { C/EBP ), beta 2.251
translocation associated membrane protein 1 2.864 heat shock protein 25kda 2.244
RIKEN cDNA 1700065013 gene 2,808 HL.A-B associated transeript 4 2.207
Ratio: [EERF / JEEMERF
A 100 F (N=6)
80
=
= 60
w
‘VE, 40
= B 5. Hsp25 ODEHFBEINT 2 ZEHEEH
o L] mi N it

OPa 294Pa OPa 204Pa OPa 294Pa OPa 294Pa

OPa 294Pa OPa 294Pa

B2 4h v |2 PDO8059 (% K i EE10 uM),

PD 98059 $B20358 JNK nihibitor I PKI 6-22 Amide

PD98059

B $B20358

OPa 294Pa OPa 294Pa OPa 294Pa

Hsp25

B-actin

X DFEFHEHESNE (M6),

5) EMEHICEL S MAP Kinase O 1) > EB{EDZ1E
MC3T3-E1 #H i@ |2 £ 48 JJ % 0 X 7z B @ MAP Kinase
VERIE D EIL & BB L /oo p4d/42 MAP Kinase
(ERK1/2), & XU p38 MAP Kinase 13, EMHZINZ T
155382 VBAEATHE AL, 6BMIBECRELZ. L
ML, INK DY YEBALOBRIEAS N o7 (K7
A)o E 512, PDIS059 & B\ id SB20358 % 3 H: A iR
s % &, pdd/42 MAP Kinase (ERK1/2) & 5%\ id p38

MAP Kinase ® U B LiZMEI sz (K7 B),

LY294002

SB20358 (B ARIEEE30 uM), INK inhibitor
I (R&EEI0uM), PKI 6-22Amide
(BMIBEE 1 uM), LY29400 (R
BE30uM) % ¥#in L, MC3T3-E1 fifa
\ZFEMES (294Pa) ZINZ 720

(A) Hsp25 mRNA FHE (*:p<0.05)
(B) Hsp25EHNDHEARE

6) FEMESICL S Hsp2s NRIFFHICHIIBZ 1T
D0 -1

MC3T3-E1 Mg B\ CTIEM T & 5 Hsp25 DHEEFH
BT B4V 77) VOBEERRT L7290, 41 V7F
1) v BHE#] GRGDS peptide (50 ug/ml) % 55 AR
5m L T Hsp25 m RNA D F B & % Real-time Quantitative
RT-PCR¥EICT, F/-Hspb BEHEH DB & T focal
adhesion kinase (LT FAK & #3) DY VEMLOHEKD
EE|EL YRy 70y MECTHRANZ, EMAICLS
Hsp25 mRNA @ % 3H #E 13 GRGDS peptide % 1T 5
Ik oTHIRI SR, Hsp2s EHOWME D B L
(B8 A, B)o £512, FAK DY) YER(LDHEA b



B IR RERL I 31T B BRI ERE /12 X B heat shock protein 25 D RIFE (ER) 99
* I * * : * * e
! 1
150
<<
=
-4
E 100 F
(]
>
=]
© 50
00 —— — | — - - [
OPa 294Pa OPa 294Pa OPa 294Pa OPa 294Pa OPa 294Pa OPa 294Pa
PD 98059 SB20358 JNK PKI6-22 Am de  LY294002
nhbitor I
X 6. REHEEHIC LS COX-2mRNA DHEHEENDEAL
B4 5 12 PD98059 (FRRIEREEL0 uM), SB20358 (F#&iEREE30 uM), JNK inhibitor
I (BRIEEIOUM), PKI6-22Amide (IR 1 uM), LY204002 (R #KERE
30 uM) Z¥FMIL, MC3T3-E1MBLICFMES (294 Pa) %INZ 72 (*:p<0.05)
stress (294 Pa) * ! . -
A control 15min  30min 1hour 3 hour 6 hour A 10 =8
phospho p44/42 M APK ]
(phospho ERK) < 8
p44/42 MAPK (ERK) =
E 6
phospho p38 MAPK g
2 4
p38 MAPK =
2
phespho JNK
, — W
JNK 0Pa 204 Pa 0Pa 204 Pa
24 hour 24 hour 24 hour 24 hour
B stress (15min) GRGDS peptide
control —_ PDOB0SD  $B20358 B GRADS peptide
phospho p44/42 MAPK [t st s,
(phospho ERK ) 0Pa 294 Pa 0Pa 294 Pa
24 hour 24 hour 24 hour 24 hour
p44/42 WAPK  (ERK ) ohospho-FAK
phospho p38 MAPK
FAK
38 MAPK
Hsp25
7. JEAETI % MR 72BED MAP Kinase DiE AL 5-soth

(A) MC3T3-E1#HBICIENREST (294 Pa) ZINZ 72D

MAP Kinase (ERK, p38, INK) D) » ER{biRAE

(B) ¥# 2 PDI805 (K iEE10uM), SB20358

(BB uUM), ZRINL, MCST3-E1HERLICENE
77 (294Pa) EHNZ 2B ERK, p38 D) v ER{LIRRE

Ehiz (M8 B),

7) #EaS Ca® RAIC &£ B Hsp25, COX-2MFIHFE
DS

JEMETINC & % Hsp25 DEHFBIIBIT B IV T A
MADOEEZHETT 2720, SAFY YR 7ay
71— T3 5 GdCl; (10uM), L-VSCCD 7B v Hh —T
& 5 nifedipine (10uM), MBEA D C % F L — b ¥
% BAPTA/AM (50 uM) % ¥ lC@neg, EHD
% fl1 2 Hsp25 ® mRNA DB HE % KE L 2 GdCl,

8 . RGDS peptide (HHIBESO ug/ml) ZHRML
728 @ Hsp25 mRNA, BHOEKE
(A) Hsp25 mRNA OFEHE (*: p<0.05)
(B) Hsp25 BL U FAKEHD ) Y B{bDE(L

nifedipine & %\ & BAPTA/AM MLERIZ X ) EME I &
% Hsp25 OEFABIFIEmMEZR L2, —F COX-2D
5312 BAPTA/AM & %\ 3 GACL, LB I2 X Y #
1/ 2 Eslensz (M9A, B

8) Hsp25 O caspase 3 EEIENDRE
EHMACLVFEINZHp2B BT R — VALK
M55 2089 P8 L7z, GRGDS peptide % i
L, Hp2b OEMNIC L 2 BHAFBEZIGIL 2B OHE
At caspase SEEF T L R 7y MITHETL.
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GdCl, nifedipine BAPTA /AM
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T
*
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<
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£
tT‘ I
>
S 50 r
(&1
o — = -
OPa 204Pa OPa 294Pa O0Pa 204Pa OPa 294 Pa
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9. MRS Ca® W AIC & B Hsp25, COX-2DSHRFE

D5

GdCl; (B #REE10uM), nifedipine (FAIEEE1L0
uM , BAPTA/AM (HRRBES0uM), %k
WL, EMES (294 Pa) ENZ 72BEOD Hsp25
mRNA (A) B & UF COX-2mRNA (B) DN (*:
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GRGDS peptide

294 Pa 0Pa 294 Pa
24 hour 24 hour 24 h

active caspase 3

Hsp25

B-actin

[X10. Hsp25 O caspase 3D ZHE
EMIICE D FE SN/ Hsp25 257 F F— T A
WCBS T 559D PMRE L7, GRGDS peptide
(BABBESO ug/ml) % ¥RINL, Hsp25 DEAMET
(294 Pa) 12 X 5 HEFHE T M L 22RO IFEAL

caspase 3 &

p<0.05 )
credpeitiieenes
gpresii N
Ca2+ 0-.'0.9.....,-...‘.....::.
s < rUOR
SA FrrRL

L-VSCGC ‘

CaZ+
PKA MEK1/2
COX-2 ERK1/2

procaspase 9

active caspase 9

procaspase 3

inactive caspase 3 ¥

TR =L RE B

B11. MC3T3-El fEFEDFEM /12 & 5 Hsp25 DFEBFED A 7 = X 4

GRGDS peptide Z WRINE 3 ICEM I 22 -/ Tl
TG caspase 3 XD SN AR P o72DIZxF L, GRGDS
peptide Z ¥R L THEAMEN 2 M2 7=/ (Hsp25 2555E &
N2 VHIEE) T caspase 3 DIEHALAERD Sz (K
10),

= =
EBRA VTS MNIBTAET v RF A VTS L—Y g

VOEEDERSE LT, TI— 2L AMEBREE B
GRANDPETONE, BICA VTS5V PIRARE L B
ZNVBECRENEEERZTT 57:0, BYUERENDOHE
Wy A VTV —3a vOER, RERCEER
EETHDY,

MBI AAZHINVA PN LVARMRAB E, BLDEE
FRBEIELT S EHMOENT WA, RMERIC
BUIBAHZHIVA DU ADFETEET ORBERICE
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B REE R TERERRS L BV ERTW RS,
Yamaguchi 5 (& & b EAREHIALICEIRAZ MR A &I
k5T c-fos mRNA #5835 & LTHH?, Kanzaki &
RHEREMBEICERIEML S Z LX) PGE,DER
PRESND EHELTWEY, %72 Naruse 5 13 B8
BEMBICEREDBEESVAEZNAZS I EICED ¢
fos, osteocalcin, bone sialoprotein M &5 T HH AT L&
L, BFEERAOSIRE SN2 EHE L TV BT,
Kokubu & 3B ICEERENNVAEZMRAZ LITX

) COX-2 mRNA DEBENR LR T 5L HEL TWVBY,
COX i3 prostaglandin £ S DOEEEZTH ), COX-1
& COX-2 D 2 2D isozyme FSHEFET 5o COX-1iddH 5
WAHMBEICERALTBYEEDOEE®RLROB 5D
b, —7, COX-2 RAEMBICL WV FEINEHT 5,
BRES BFMBEOMME, BIXKILIZ COX-2 #*B5 LT
VWb EE 2 bR T WA, 4H MC3T3-EL HF < FE#E
HEMEAAZ LIZLY, COX-2, c-fos mRNA DHREE
FEIL, SSWKBEFMBOS~—H—-TH5 ALP
mRNA OZRBEEFEMLTWAZ 212X Y, MC3T3-E1
MBIIEMICL ) EMEERI N EEZ OGNS, &
7z, MC3T3-E1 #fifg & /] U HMIZERMAT TH 5 C2C12
i, NIH3T3 MRLICBVTHEMNICE Y COX-2, c-fos
BEFRFEEINTEY, ThH0BEEFIREGE
1 MC3T3-E1 Mg ISR LD DT %<, BERD
MRS —RBICELARIDTH A EEL LN, Lh
L C2C12#1f8, BLUNHIT3MBECTITEHAIICL S
ALP DEBEIFTOLN Lol INIE, Tho 2
DKL A ALP 2 SEEMEICBVTIIRBHALTBE ST,
FEMERICBWTHRBAFFEIN RN L L), EHD
W&o TEEFMREANOGMEREL 2V EE2RLTW
%

[EAERE & JEEMEE D DNA Y2 O 7 L 1 OFEATRER
I2& Y, BMP4 B X " BMP7 DEHENFHIML Tz,
BMP 3kt 7% MERME % BFMia~aL &, &
CIKRBRZEFMR LR ZEFMBENLLEE
RE, =z kb, FHEIZ BMP4 R BMP7 % R
&€ MC3T3-E1 #ifid & BB F M~ L s8¢ 51E
HEETrLEZ LN,

<A Z7UT7 VAEOHERPL, EEIIC L D48:ER
FOEBET2EUECEML Tz, & 512 Real Time
Quantitative RI-PCR EE W 2 A% VT v 7 4 ¥ FIEIC
£oT, EMNICLY) Hp25s DRHASFEINL Z L
AHERR S N7z, Hsp iZ, MERRICEL, MU SoEZFE
A S LVAR, {LZWE, EHBRERZ EOMFEHA b
VAL LICX W HEESND, BEOA N A&
AT $ A MHEOEE LR OREICEE T2 & &
25N TWwA?, Hsp i Hspll0, Hsp90, Hsp70 % £ D
EOoFEHsp &, 5FE30KDa LT DS FE Hsp 12
KAENL, BSFEHp BFFvrRuryeLTD
BEEETRTIEFELPE 2o TWDEY, —F, EHTF

E Hsp b BT E Hsp & FIRICHRN BN TSF T ¥
ROy LTHETA I PR ST A, Hsp2s
(T > ¥ T3 Hsp25 & IPTY, & b Tid Hsp27 & IE-5) 1%,
COE) BTy RO VEEREOMIZ, TIFV T4 TR Y
FORERRLT RV AOMFEICHEELTWE &L
5 %’L"CWZ)Z‘:"ZS)O

Kozawa 5 i3, MC3T3-E1 #lifE 2B\ TIdFERIE D
Hsp27 O L)V Iid#R0 T (3.5-7.4 ng/mg protein)®,
A7 4 T VR prostaglandin B,, LY Fv1) ¥, ¥
YNREF U EDLEYETHIET A LITLY,
Hsp27 O L~V 5 L i LT 2% KEfse
[ZBVTH MC3T3-E1 #ifg D IEEHER O Hsp25 mRNA,
BEHORBBIZI L DICA %L, EMBICBWTRES
B EINT, 72, Hp25 DHHEHE 213 MAP
Kinase ¥ 7 F VARZERDPEE L Twhb eEZ S Tw
%, MAP Kinase ¥ 7" WRERITIZ p44/42MAP Kinase
(ERK1/2), p38 MAP Kinase, INK @ 3 D&M 4d b,
FIB T 2L EICE > TR R ZBEFHV LA TWY
%, PGE,IC & ) FAE & L5 Hsp27 DFHEIL pdd/42 MAP
Kinase £ p38 MAP Kinase DiEMALE ALY, =¥ F&
VY, A7 4TV E D Hsp27 DEFE L p38 MAP
Kinase DIEMEALZ AL TWB Z EHTRER TV B2,
AAFFEIZ BT 5 Hsp25 DEBFHEIT MEK1/2 O FHEH]
(PD98059) T mRNA, BEEDRBAFEF G S h, #
DD MAP Kinase DHEH| TIEHH SN oz, &
512 MEK1/2 @ FRE %] (PD98059) 12 X o T pdd/42
MAP Kinase (ERK1/2) DY Y EBIL & #Fl & Tz,
CORRIY, EMNICX S Hsp25 OEHEFE T MEK
POERKND Y 7 FIVEERENTAHILIREN
720 TOFERIE, MC3T3-E1 Ml IIERH DB E R VA
EMZAZEICXD ERKL/2HY) VEMEE RS L)
Hatton 5 D & —H L TW5AY, $72, COX-2 DHH
&3 MAP Kinase DHERI TIIRBEIHH S N do
7275, PKA DFHEH|TH % PKI 6-22 Amide (1 uM) I
LVBESHESN, 2O DD, FHIICES
COX-2 DRIBFBEIIPKAZ N L TWVE T LITRE & R,
Wadhwa @ MC3T3-E1 #if# (2 fluid flow stress % fil 2 72 #f
FEAERY L —BT B,

MEREMIE ECBITLADAIVA LV AZRA
THRBLLT, AVFZ) UFHESLTWE I LI
EENTVESY, A V5 7)) VIMBEEEICRE SR
BLe7y—TafE BEIVBREINTBY, 2hb
2ROV Ty MOERERETERETHATEYA
v—TH5b, afi pEHT1 | lOEEKEZHEL, =
S—rv, 747X FV, FIZV, TRAVVE
Vo 7MY b ) 7 2 (extracellular matrix ; ECM) &
METAZ LI o TR OB Z A ITEET
b, BHEHMBPECHEET AMBEATIIZIZDH B
I#as -2y, ¥RAFF20FV, FAFTERVF
Y, TATURTFUNA YT ITNVERET S, &
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CRFAFFRYFURT4 TR FUELBOT
I JBRELHTH B RGD (Arg-Gly-Asp) BRFIZEL TS
D, TUTHBREOA VTS VICEALTA VT
Y VEMBEANTEERALTWESTTHAHFAK %
EHEAL L, & 512 p44/42 MAP Kinase (ERK1/2) % i&MH:
1L L CHiRaDMEsE, oMb, BEIZEX2RABH LWL LE
2 H5NTWBEY MC3T3-EL MRl BVTh, f v 77
VUBREMO AR L CHsp2B 2 FELTWER2ED
PERETHLD, 477 YHEFTH S GRGDS
peptide % ¥ #1 IR INEE O Hsp25 D HEEE Z HBET L
720 GRGDS peptide ¥R I & ¥, EHMIIT & 5 Hsp25
D mRNA B L UEHEMNRED L, & 51T p4d/42 MAP
Kinase (ERK1/2) ®VY VEgfb & FAK ) Y EMLOHEKR
SHFI SN T W2, CORRIY, £ V57 ViITER
HEBA L, FAK 2{EMIL L MEK 2* % ERK ~D ¥ 7
FVEEREN L CHp2S DRBEEFEL TVEI L
MR ENTZ,

FBHEMPEADORAD A NVA P L ADSERIZIE, 4V
FONVEMNMTDHLDODIENC, MBS Ca® DN
ANDFARHIFEA Ca®* 7= b C¥T DB ABI Y,
MIREA CPTIREDS LA L CHIBRR Y 7 F VEEANE
T2 L MEINTVEY, AH=HNVAPLVA
KX ZHBN CFDMAIRITEICSAF vV 2V L L-
VSCC DES P EEEINTWAES Y, 22T, SA Fv
ANDTU Y H—THA GdCl;, L-VSCC D TH v H—
T& % nifedipine # 2V IFHIFEAD C¥ 2 F 1L — ¥ 5
BAPTA/AM % B H IZ¥R 0 L T Hsp25, B & UF COX-
2mRNA D HE % ME L 720 GdCl,, nifedipine & %
Wit BAPTA/AM MLEEIC & 0 FEHME T2 X % Hsp25 D5
BRI RRPERZR LD L, COX-2DRHEIT
BAPTA/AM, GACLIZ X W #EFICBA Lz TRHD
HEREPD, SAF ¥ 2V RL-VSCC b 32BN % B
ML, COX2EBFEIIHEGTIRBOVLOTH S
T EWIRE N,

Hsp27 i procaspase 3 L RAE % I L caspase 3 DIFE
AL % 8% L C cytochrome C FEEND T R b — T R %
PEIT B VI HENH B, TRI—VRIZIE2D
OREBEEELREN T B2 L TW5B, 12k caspase 12

L2RETH), MERNOBHESBTAZLTT R

M=V ADETABIIBVWTEERBE2HEH-> T3,
) 1Oo0FKEI IV FY T ENTEREET, Bel-
2773 -HZORBEHBL Tvb, FERICS
WT, 4527 YHEH TdH 5 GRGDS peptide % 7R
L T Hsp25 DFE %L EIHI L 72BE D caspase 3 DIEMEE
TVEAY YTy T4 Y TEICE VIRET L. Hsp25 D
ROFEZIGT 5 L, ERDEIML-METIIEER
caspase 3BV LTz, THDZ & XY, EMIICE
D 58 X N7 Hsp251d caspase 3 # RiEMALT 22 &1
FOT7RM=VREZHHIL TR LEZ SN (K1),
Hsp25 13 MAPKAP2/3 (MAPK-activated protein kinase
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2/3) 12k 0y vERILEN Y, MAPKAP2/3 i3 p38 MAP
Kinase % ERK, SAPK / INK 12 & b V) v Bk, EHA LS
RET SN & H STV 5%, MAPKAP2/312 & 1)
U VEL S N7 Hep2s BB BRTH AT 2 F ¥ 74
SAYOBBEEIMHIL, kB kinase L HMEEB LT
tumor necrosis factor o (TNF-0) {2 & % NF-xB DiEM%
BEL2D, SOCHREDNOBNLBITLT R -3
AREHIT B L) BEDD BT, KRBT,
MW &Y Hsp25 DY VEL (Ser 15) WMEE SIS
ZEERVWHLTBY, AHZANVAPNLVATHELR
72 Hsp25 BB DO#EMD 5 W id Hsp25 DY~ BRILIRAE
DELELPHTE =T RAICESE LTS D, 5RO
BPVLETH 5,

= E
<y ABFEMBEMAME MC3T3-E1L 12, IRV ¥

F— % AWTEEERNE2MA 7-BOMBBROELE L

T, UTFOZEFHELPE o7z,

1. MC3T3-EIfERRICEM N 2 MR A2 &2 &Y
COX-2, c-fos, ALP, BMP4, BMP7 DBz F % H
HER L7

2. MC3T3-E1MilRicEM N2 MA A2 &2 XD,
Hsp25 ® mRNA B X U EHORBFEFHMT 5 C
EATRENTZ,

3. EMHNCL B Hsp2s OEHFBEE, A7)
25 MAP Kinase T3 5 MEK 75 ERK ~D ¥ 7" F
ABEENT B Z LITRENT,

4. AVFTYUDPERMNERMTEAN /2 —D
VEDTHAHILIGRENT,

5. BEHFEIN/ Hep2s BEMEN 2 Z T /MO T
RP=VRAZHF L TWBE I EPFRINT,

RERRBICHIY, KnEiEE, BRMZEBEYIL
7oA, TIEESR CRERPHE
ERLITLEHIC, KR, HpSERII LT
R|PELE SABESHE, DEFEEREZESE #H#
IWERIZIRICRE 2L T T RBEICEAOHEUREH
BB ZEE T LORFEERRFESE, S THREES
BOBEEFICRIAILEL LT LY,
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