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B =

mILEE, mibEs KM EERET & & bIAFR) v 7 Fa—Lh0
HIEERO—2L LTIA DN, MERED Y AR F LT LRMLAT
W5, i, mIEENFHIRIED Y X7 KT L72D 2 L0, RIEMET I EZ
FAEAR & 3B B MR B I O R R O U R A I TG I R S m o 2 &
MEFAFE T BT S, milEE & B OBE M T ER STV D,

7 v AT v (angiotensin; Ang) I11E, Ang II type 1 (AT)) 3 XU Ang 11
type 2 (AT,) &K ZI LC, Mfushin i & T ORI 59 2 A S EWE
Thbd, Ang I ZHERNZ L7Z3ANE, MEFE T TRFEOHEMIL AR
ThHZ ENEINTEY, FREICBIT 5 Ang I ORFINER ST D,

EF72EHBETIE, BTV U708 28R & BRI O XD R 1
PET S, EEESHERF STV D, L L, BHRESKIEET RN &0
BHRETIE, 2O TERIGRITHE S Z & TEHMROBIE N EITT 2,
‘B ZEHMAE I3 &V alkaline phosphatase (ALPase) &M%/ L, =25 —/%">, bone
sialoprotein (BSP), osteopontin (OPN) I3 J U osteocalcin (OCN) 732 & O Ffifiast~

NV v 7 A (extracellular matrix; ECM) # > /37 2% < FEA L, BEKIZEWNT
LR E 2 - TV b, £, ‘B IHFMIIEIE, matrix metalloproteinases (MMPs)
¥ £ O plasminogen activators (PAs) 72 & D ECM &Z /37 opfiplgEse &, Zh b D
WA P BHL2E Al © & % tissue inhibitor of metalloproteinases (TIMPs) F J OV
plasminogen activator inhibitor (PAI) % PEAE L, ‘HHH#KD osteoid JEIZ 31T 5 ECM
BN RMERE L TS, 51T, BRI, E R b EER <
& % receptor activator of nuclear factor kappa B ligand (RANKL) & % O decoy Sz %5
REELELT, WEMEOSMEZRE L TV 5,

Ang T 3B RHHCH BT D A=A L E LTE, Ang 1T 2MEE A IZ B
MLT, &2WITEHFMLD RANKL PEARIINZ I L CTHeE MRS & 28 i
ARET D EPHRESNTND, L, BHFMIICED ECM Z 37 R
B MIET Ang T OBITTARO N TV, FEHIL, Ang L, BFEHRO
RANKL EAZM ST D721 T <, ECM ¥ V37 53R & i b OWIK
PEFLFEA ORI b BT 25 2 & T, FEE <IZ ECM Z o7 Rt & o0 ik
RIMT 2O TEBRWIEE R,

2 TCARMIZEDS 1 ETIE, BHFMIEIZ X 5 osteoid JE D ECM & 7~ 7 ARG
#EEL, BFEMIEOETLVE LTIy MERERRKEETFEM TS D
ROS17/2.8 #lifid & FV T, Ang II 7% ROS17/2.8 #ifidDFE%H, ALPase {5, AT,
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BLOW AT, ZHK, MMPs 53X PAs &5 DERITH S TIMPs 1L
PAI-1 OFRBUZRIFTHELZ P A~T-, ZOREE, Ang THH T, ROS17/2.8 Hif
DOEFE, MMP-3 38 XX MMP-13 OFREBLIIHEIM L, ALPase IFMEIFIK T L7z, —
75, MMP-2, MMP-9, MMP-14, tissue-type PA (tPA), urokinase-type PA (uPA),
TIMP-1, TIMP-2, TIMP-3 3 X ' PAI-1 D3 HLE Ang 11 B4 D 88 % 52 1) 37,
MMP-1 & TIMP-4 OFEELL Ang I O A EIZEDL L TR S e olz, &
512, Ang I ffE CHFE I N5 MMP-3 35 X T MMP-13 OFBLHEINIE AT, % &
REEHUA losartan THIHI S 7223, AT, ZAREFEHLAI PD123319 1X 240 6 DFEHL
HIMZ R U e o7, WIT, Ang 11 FEMED MMP-3 3 LY MMP-13 FE LY
IMZEA 53 2 MIaNS 7 T AR ERE 231~ 5 72012, ROS17/2.8 #ilai o
mitogen-activated protein kinase (MAPK) 7 /U REER I RITT Ang 11 DR
B2 I ~T, £ OFE S, Ang 11 Il T extracellular signal-regulated kinase (ERK) 1/2,
p38 MAPK ¥ J OF stress-activated protein Kkinases/c-jun N-terminal kinases
(SAPK/INK) O U VERALAEEM L7z, F72, Ang NS CHEINDIZNHD
U b O losartan T, Ang I FII CTEHE S 5 MMP-3 35 KUY MMP-13
DIEHEMIT ERK1/2 B X O SAPK/INK OR R Y VL ER TH 5
PD98059 35 L UF SP600125 T, ZNZNERIZIH STz, 723, p38 MAPK #F
FH) Y EREFLEA] SB20358 1%, ROS17/2.8 #E D HAGE 2 2% L < #ifil L 7=,

PLEOFERND, AngILIE, BHEMALO AT, ZHIRITHE S LT MAPK & 7'
JAGRTERR S Z 5L S, MMP-3 B8X X MMP-13 OFEAEMNZ#7HE T 5 2 &
SNSRI (e b

BIEMROMMEIL, O RCBIT 5 I FIEREBICBWNT, EKo
R BRI X » T ST\ %, Runx2 & Osterix 1%, TEMEEAL & B WNEL
DOWTIIZEB W T AR RBRIEER T THDH, £/, Msx2 X DIx5 72 EDFIC
FERF R R ER 1 b B H MR O b 2 RET 5, —F, AJI8 IXF D5y
b+ 285K CTH D, Ang 11 1%, T v MG IEEEZ T H & /RO
ALPase I5ME L OCN BELZ K F S LA SN TEY, FEHELE 1 HEicBW
T, AngIT 73 ROS17/2.8 il ALPase i A K F S &5 Z L 2R Lo, L
L, ‘BIFMIEDOSEICEE G 3 5B K152, OCN LIShdD ECM # /X7 DR
IZRIET Ang [T DB OWTIEFHN STV,

Z ZTCTH2ETIE, Angll 28 ROS17/2.8 flllDIiR BN+ L T — 7 Pk &
VIHaT—0 UMD ECM # 237 FEBUZ KT T HEZ G LT, £72, ROS17/
2.8 MIIEIC L D AHIRILIERR &, ZEAUCE ENDH IV T AEFEEIZKIET Ang
I OFZEZONTHOFETHRE Lz, TOME, Ang II I T Runx2, Msx2
LV OCN OFEBUIMET L, AJI8 OFHLIIHIIM L7z, 723, Osterix, DIx5, I

_3_



B =aZ—7%5, BSP ¥ LN OPN OFELZIE Ang 1T FITEOEITFE D i
STz, Fio, ARCMER E ZITEEND 12T A58 Ang 1T B TR
L7z, 51T, losartan 1%, AngII fIIIC K % Runx2, Msx2 35 & TN OCN OFEHL
KT & AJ18 DI LM Z FE 24 L7z,

VI EDOFERMNS, Ang 11 1%, ROS17/2.8 HIED AT, ZHKICHEA L, Runx2
BILOMsx2 BEL 2B/ S8 25— T AJS BHEZHMN X, FFEMias{bz M
42 EBEZ BN, S 51T, Ang IT (E ALPase i & OCN ¥ 2K T € C,
ROS17/2.8 AR DA KA AL & 0l 5 2 & DR S iz,

BIEBIOFE 2ECEONZERED, Ang 11X, BHFEMED AT, ZHIKR
& MAPK ¥ 7 F U REREE 2 L C MMP-3 & MMP-13 O pEA & BN S 4,
ECM & v R 7 Rt R BT 2 Z E N LT e » T, F72, Ang 111,
B AL DAL Z e $ A ER 5+ Runx2 & Msx2 OFREHLT & 430k A 4] 4
HEREIR - AJ18 OFBIBIMZ S U CHIFEMI b Z 86l L, ALPase 1H% &
OCN R HLZK T S TAHIKIDIER ZIH T2 Z &R LNE ol

72k, ARESCIX, 2013 FHEHE S 2R R S (Nakai et al., Biochimie 95,
922-933) ZAEpEmC & L, ZAUTHE TiE DO E i 3 (Nakai et al., Archives of
Medical Science) Rl E LTI, IELZHLDTH D,



F1E

TUvOET Yy X AT, 2B MAPK ¥ 7V GERR I
L CEHHMED MMP-3 & MMP-13 OEA 2 FET 3

Nakai K, Kawato T, Morita T, linuma T, Kamio N, Zhao N, Maeno M (2013)
Angiotensin II induces the production of MMP-3 and MMP-13 through the MAPK
signaling pathways via the AT receptor in osteoblasts. Biochimie 95 (4), 922-933.

i

il

MMPs (%, {EHEFOICHSA A 2B 0OHERETH D, FHFMREPEAT D
MMPs (FH 4> pH fEIK TIEME(L 4, osteoid JED 27—, T as 47V
HBLOEaT =g 7 72 8D ECM 431D IEF 7% turnover % il
L CW% (Malemud, 2006), MMP 7 7 2 U —%, AEEREMOEWICL - T,
275 F—E (MMP-1, MMP-8 3 X Tf MMP-13), 7 FF—1E (MMP-2 X
MMP-9), A AT A (MMP-3, MMP-10 5 LT MMP-11), <~V 5
A ¥ (MMP-7 3 X T MMP-26), 58 MMP (MMP-14 35 X T MMP-17) B8 X
Z DD MMP @ 6 FEOH 7 7 —FIZHhEEN5D, Zhbix, 73/ BES
DFERIMEF L OVR A A R 72 PIC Lo TR LT % (John et al.,
2001; Egeblad et al., 2002), MMPs O E£ZRTEM: X, MMPs & TIMPs & OFHAEH
IZ &> TRl &4 (Visse et al., 2003), FHFLEE Tl 4 FE%HD TIMPs (TIMP-1,
TIMP-2, TIMP-3 3 X O TIMP-4) 287 n— AL ENTEY, O —ki%E L e
DMENT AT 5 (Olson et al., 1997; Yu et al., 2000; Huang et al., 2002), PAs [/,
ML St I F S ERFEEOMBEN L oW I, REHEROTZ7 A ) —
P RN T T AR ~JE T D PAs IZIE tPA & uPA O 2 FEIE/NAELE L,
TS OEERIENEIX PAI-1 12 L > THHE S 415 (Nagamine et al., 2005), 77 A
I, WEEREENANEY 7T T —EBTHY, ECM F DI Ea T —F
Pk X7 B3RS % (Skrzydlewska et al., 2005), & 512, 7T A I UIIARIENE
M MMPs Z {5 L &85 2 & C, fEERIC ECM % > 7 3 fRIZB3 535 (Pins
et al., 2000),

Ang Il (%, £HEMEEH T 47 X XTF RTHY, MEIMNEE L JEOHE
FRICEBERKE ZH > T D, Ang 111X, 7 BIFEEE G ¥ 2”7 BRI IR
KTHD AT, B L OAT, ZHFEKZ ) L TMAPK ZiEM L &% (Senbonmatsu et
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al,, 2003), Ang 111X, EMAZD AT, SZHEZ T L TERIN A RET 2D Z &7
in vitro 2 WFINEFH~ 7 2B L OT v h TOBPER THREINTED,
Ang 11T B HFRE ORIE, EITICEES5 75 & F 2 570 TW% (Hatton et al., 1997;
Shimizu et al., 2008; Guan et al., 2011; Kaneko et al., 2011), F£72, Angll X, F3F
HRMNFEEAT DY A b1 A ° RANKL #0 LC, RIS M &2 &AL
SH % (Bandow et al., 2007; Shimizu et al., 2008; Guan et al., 2011; Kaneko et al.,
2011), L22L, ‘HEHFMALIC K D osteoid & D turnover (21T %5 Ang 1T DFEE|IX
FHTH D,

Z 2T, ARBFFE T, BN LD osteoid JE D ECM ¥ /87 R &2 48
L, EFMIEOET L E LTROSI7/2.8 filda AW T, Angll, AT, &K
# losartan 35 X O AT, & AR HIAI PD123319 73, ROS17/2.8 Al o> H4%H, ALPase
TEME, AT, 38 X OV AT, TR, MMPs 38 XUV PAs & 26 DFHEHRITH 5 TIMPs
B EOPAIL-1 ORBUC KIT T HEE 7=, £72, Ang I 73, ERK1/2, p38 MAPK,
SAPK/INK @ U U FELIZ I TRHEIZ OV T H I TR L 72,



Mk K U5tk

1. MREREE

ABFFEICIE, B S LT ROS17/2.8 M4 72, ROS17/2.8 MR D kS
X, 10% v URIEME (FBS) & 1% 2= VU —RA L7 h~A VR
% te o-MEM Z 558k & L CHWT 37°C, 5% CO, T#1E F CTfT - 72, ROS17/2.8
R & RS D B> Ang T 21X, Lamparter > (1998), Shimizu 5 (2008) ¥
L Guo & (2011) OWEZHIZ, 0, 10°, 107 BLNI0°M & L7,

2. HIREHEAE TS & O ALPase 15

AN E X cell-counting kit 2 FH VN THEME A 5 ~7-, ALPase i&PEIL, p-= b
n7 =) URERE L L, BERICOMBRELD p-=fe 7/ —VEE
HE L TRDT,

3. Real-time PCR

Ml 54 RNA ZfiH#g, W53 T mRNA 725 cDNA Z{Ek L,
SYBER-Green I % I\ V7= intercalater Y%, % 7213 TagMan Fast Advanced Master Mix
% v 7= TagMan probe £ C real-time PCR #1772, Table 1 (T intercalater £ C
R L7 74 ~—DF % ~3, £72, TaqMan probe i£ Ti¥, TagMan Gene
Expression Assay (MMP-3: Rn00591740, MMP-13: Rn01448194) % probe 3 L O}
primer & L CHW=, #IfaFOHEMEIL, intercalater 75 TlEX Smart Cycler %,
TagMan probe 7% Tid Thermal Cycler Dice Real Time System % N TITVY, £l
ZIVDIEE AT B OMEHNT Y 7 N CRERZ AT LT=, 3725, intercalater (5T
3% 5 UOIER LI- M E#R 2 b & 12, TagMan probe 75 Tl 224 L1 X v Bix
T OEE R % K &, glycelaldehyde-3-phosphate dehydrogenase (GAPDH) O iliE &
THIIE L72fE% mRNA FBL& & L7z,

4. SDS-PAGE K X TF Western blotting

SDS-PAGE (% 4-20% SDS-R U 7 7 U L7 2 K7 V& AW TERIKENE, 7L
N % 2737 % PVDF &2 #5572, Western blotting | %, 1 IRFLIK & L THL AT,
H1 AT,, H1 MMP-2, T MMP-3, i MMP-9, $i MMP-13, L MMP-14, $T TIMP-1,
HT TIMP-2, $T TIMP-3, $T tPA, $iT uPA, $i PAI-1, T ERK1/2, $1 U - B&{t ERK1/2,
b1 p38 MAPK, #iVU “E&{t p38 MAPK, #i SAPK/INK, #1VU »2{t SAPK/INK
F 72 1EHiB-tubulin FLEZ HWT, 2 RPUKE LTS T RO S RE B
TR ERNTITo 72, &5, A F X —BEHA N LT R T EY
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YRR E IR T, ALFRIEIEEATWOX BT 4 VDS, # oy
FEL O XX, scanner & digital image analysis software % F V) THHIE L, B-tubulin
FEBLE THIE L TR,

5. B9F U AT T T 40—

BIFFT—BIZL DT F U ofEEZHMN T 57201, 0.1% B F %
EHTDH 1.5%SDS-KRY T 7 VAT I RFVERHWTERKENE, 71E 2.5%
Triton X-100 33 X O 50 mM Tris-HCI (p 7.5) (Zi2J& L, 37°C T4 Wi, €7 F
DAL Z AT o T2, BT FF—BiEM: D <13, Coomassie Brilliant Blue R-250
Ede 40% FERE A & ) — )V TNV R L CHERR LT,

6. AT ZHEBREDIHE L O MAPK V) VER{LIHLERILE

Ang I1 #5545 D MMP-3 3 X O MMP-13 BHIZE T D AT ZBIR, AT, 25K
BEUMAPK ¥ 7 IARERIE OBFIZ T D 72012, Mlazd AT &Rt
#l losartan (5 uM), AszfeMN%iﬁlJ PD123319 (5u M), ERK 1/2 U » KPR E
%] PD98059 (10 uM), p38 MAPK VU »ER{LBHEHAI SB20358 (10 uM) & 5\ it
INK U »ER{EFLEA] SP600125 (1 uM) THIALERR, HKBLEARIOFLE T CHIlZ
Ang I TR L7z, 7038, AT SZBARHEH A O EEIL Hagiwara & (1998) B L
Shimizu & (2008) OWE &I, U U FLLEAI OB L, Onodera & (2002),
Yang & (2004) X O Chin 5 (2008) O E 2 FLITIRE L=, 723, real-time
PCR ¥ J OY Western blotting (Z & 2 374T O #IIZ, EFLOFLEAR SO EE & H
IC B KT EIpN T L aER LTz,

7. MREHFERI ST

T RTCOEERIT 3 [\l L, FERITEHMEEEERAETR L, et
%, —JohLE S o HT (ANOVA) %, Tukey DZ HLHE Z HWTITV, f&
=R 5% Rl Z2fatiefAEzAEZE Lz,



Table 1

PCR primer used in the experiments

Target Forward Primer Reverse Primer Genbank acc No.
MMP-1 5-CTGGCCAAATCTGCCAGGT-3 5-TCACAAACGGCAGCGTCAA-3 NM_001134530.1
MMP-2 I-CCAAGAACTTCCGACTATCCAATGA-3 5-CAGTGTAGGCGTGGGTCCAGTA-F NM_031054 .2
MMP-3 S-TCCCAGGAAAATAGCTGAGAACTT-¥ S-GAAACCCAAATGCTTCAAAGACA-S NM_133523
MMP-9 - AGCCGGGAACGTATCTGGA-3 5- TGGAAACTCACACGCCAGAAG-Y NM_031055
MMP-13  3-TGACCTGGGATTTCCAAAAGAG-F 5-GTCTTCCCCGTGTCCTCAAA-F XM_343345
MMP-14  3-GAGAACTTCGTGTTGCCTGATGAC-¥ S-TTCTGGGCTTATCTGGGACAGAG-3 BCO72509
TIMP-1 -GGGCTACCAGAGCGATCACTT-3 S-AAGGTATTGCCAGGTGCACAA-3 AF411319
TIMP-2  5-ACATCTCCTCCCCGGATGA-3 5-GGTGCCCATTGATGCTCTTC-3' BC084714
TIMP-3  5-GGGCTGTGCAACTTTGTGGA- S-ATTCTTGGAGGTCACAAAGCAAGG-3"  NM_012886.2
TIMP4  5-AGGACCTGTCCTTGGTGCAGA-3 5-GAGATGGTACACGGCACTGCATA-3' NM_001109393.1
tPA F-GTCAGATTCCAGTCAGTGTG-¥ S-GTTGCTCGTGATGGTTTTG-3 NMO13151

uPA F-TCGGACAAGAGAGTGCCA-Y 5-TCACAATCCCGCTCAGAG-Y NM_013085
PAI-1 F-GACAATGGAAGAGCAACATG-3 S-ACCTCGATCTTGACCTTTTG-3 NM_012620

AT, 5-CCCACTCAAGCCTGTCTACGAA-F 5-GTGTGCTTTGAACCTGTCACTCC-3 NM_030985.4
AT, S-CTTGGATGCTCTGACCTGGATG-3' S-AAGCGGTTTCCAACGAAACAATAC-Y NM_012494 3
GAPDH 5-ATGGTGGTGAAGACGCCAGTA-3 5-GGCACAGTCAAGGCTGAGAATG-F NG_028301.1




B

1. MKIHESE & ALPase {EHEIC RIE S Ang 11 DFEE

IRk X OY ALPase 1GPEIE, Ang I OFEICE D 54, 7 B OL#IM 4
HLTLEWIHEM L7 (Fig. 1aand b),

33, 5BL07 B HOMEEIZ, 10°MAng I fFE F T b —/Llk
NTAHBITEIM U2, 10%&0 107 M Ang I f77£ F CTlXZ OEEITFRD 5
7o i- (Fig la), —75, H38 3, 5B X7 HH D ALPase i&EiE, 10°M @
Ang I FAEF Ty ha— LZ_THEICED L2, 10 MBLO 10" M
Ang Il fE1E F TIXZ ORI O -7 (Fig. 1b),

ZOFERMNG, LIt O EBRITHIOEESE & ALPase TE IS AR DT 10° M
Ang I (F1E TB X UOIEHFET TITo 72,

2. MMPs DBEFB L O 37 FBEIZKIET Ang I O

MMP-2, MMP-3, MMP-9, MMP-13 5 X X MMP-14 D&z B L% /37
FHEUL, Ang I OFMEIZEDL LT, RS HHICRbEVELZ R L7 (Fig. 2),
725, MMP-1 O3 EE, Angll OFE DL TR SR oTz,

MMP-3 35 X TN MMP-13 OB {38, 535 A HIC10° M Ang I 777E F
Tay be—LIZH_THEIZEM L2 (Fig. 2b and d), MMP-2, MMP-9 15 X
" MMP-14 OBIZ 3BT, 7 HREIORZELFE 28 L T Ang I1 IS0 28X
RO LAV 7= (Fig. 2a, ¢, and e),

MMP-3 O X L 37 BBUIEER 3 B L OS5 HHIZBWT, MMP-13 X L /37
FHITSHRICENT, ZREFNI0°MAng I fFEF Ty b — T
AEIZHIM L7 (Fig. 2gand i), —J7, MMP-2, MMP-9 3 KX X MMP-14 D % >/
SR BB, 7 HEOREZEYIM A8 LT Ang RO EEILR D S o
7= (Fig. 2f, h and j),

3. TIMPs DBEFB L OF 37 EHIZKIFT Ang 11 DS

Ang Il OFIEIZE D 5T, TIMP-1 OB B I NZ X7 RBBLUIRGE 3 B H

I bEVMEZ R L (Fig. 3a and d), TIMP-2 35 X O TIMP-3 OE/& 18 L ¥
VNI RBLUIS HEICKR bEVMELZ R L7 (Fig. 3b, ¢, e and f),

TIMP-1, TIMP-2 3 X O TIMP-3 OB L OZ 37 3% BUTIE, 7 HREO
Fr I 438 L C 10° M Ang T MO IO bh/e sy o 7= (Fig 3a-f), 72
B, TIMP-4 OB 7T3HIUL, Angll OFIZH0b LIRS 2hoTz,
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4.PAs & PAI-1 DEEGEFBLOZ 37 BBICKIET Ang Il DEE

Ang Il OFHEIZEDH 577, tPA, uPA B L O PAL-1 DB B I OH 37 3
BUIEEE S AR ICER bRVMELZ R L7 (Fig. 4),

tPA, uPA B X N PAL-1 O s B L ONF 37 BT, 7 HRE ORI %
LT 10° M Ang I TN EEITRD S o7z (Flg 4a—f),

5. B F U aEHICKIET Ang Il OFE

MMP-2 38 LT MMP-9 O 7 F U 3 fRiEEO R T 4 7 a3 b —uZig,
FBS FE{F1E FCTO b i ARREIEMA OB FiE &, FBS f77E F T RANKL #
W A1T > 72 RAW264.7 fifa D53 By % v 7=, 7235, Fujisaki © (2007) 1%
RANKL HII1Z & > T RAW264.7 #li o> MMP-9 S BLI3H N L 7= & 845 LT b,

RAW264.7 fllf D E2E B3 TiE, 92 kDa 1T MMP-9 OFEFRTEIEN, gtf:
63 kDa 13T 12 MMP-2 OEERIEMEN E I Z 8% b7z (Fig. 5A, lane 8), —

b b R RRE SRR O B3R 3 ClE, MMP-2 OFESRTEME D A3 G880 Sz (Flg
5A, lane 1),

ROS17/2.8 fmﬂﬁ@P%L/ﬁf I, MMP-2 OEEZETEMEIIMERR S L7203, MMP-9
DEEHETFMIIRO SN otz, £72, 7 BROEEYMZE L T, MMP-2 O
B2 FIEPEIZIZ 10° M Ang 11 /féhﬂ@%ﬁi“cimb@%hmb)ot (Fig. 5A, lanes 2-7),
7k, ThHTXTOETF U oEMEIE, 10 mM EDTA ORIITIE S
(Fig. 5B),

6.AT & AT, ZHEBOBELEFB IO 37 BEIZKIET Ang 11 D

Ang 11 DFIEIZED 5T, AT, & AT, THFEOBEMLRTB L OF X7 3BT
RS HAICKbLEWEEZ R LT (Fig. 6),

AT, & AT, ZHEEROBEBLEFB LR X7 BB, 7 BEOREEL B
10° M Ang IT HIM O FEITRD LR o T2,

7. Ang I1 |2 & o CTHE I 7z MMP-3 38 & T MMP-13 B2 % IE T losartan &
PD123319 DL
AT, 52 B RFEHTA] losartan 1%, 10° M Ang IT #ANIC & 5 MMP-3 & MMP-13 ®
BIFBIOZ N7 BEOHNZ 2 b —)L LYLE TRelzmf L
(Fig. 7a, b, eand ), —7F, AT, ZAWETIAI PD123319 1%, ZiL 5 OFEBLHEN
\Z B A N X & 7piho 7 (Fig. 7¢, d, gandh),

8. ERK1/2, p38 MAPK B X' SAPK/JNK DV VELIZKIET Ang 11 &
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losartan O EZ%8

ERKI1/2 ® U b, 10°M Ang MO 15 5312 b o — /T
BEIZHIM LR, 30 0%I1CTay ha—L LyL L RFLE THh - 7= (Fig. 6a),
p38 MAPK 35 X UV SAPK/INK @ U »g{ki, 10° M Ang ILIRIN® 15 3 X030
DT P — LI THEICHEM L7 (Fig. 8b and ¢),

AT, Z 551 losartan 13, 10° M Ang LRI D 15 434 12490 L 72 ERK1/2,
p38 MAPK, SAPK/INK DV Vgt 2> e —/L LU E TREITIH Lz
(Fig. 8d-f),

9. Ang I IZ& > THE Iz MMP-3 £ MMP-13 REEIZRIET PDI80SI,

SB20358 33 X UF SP600125 D&

ERK12 @V R LLES] PD98059 5 XL T SAPK/INK D Y > F4l fH. 5 4l
SP600125 1%, Ang I IANC K - TEHE I 172 MMP-3 & MMP-13 OE{R T £
OZ X7 FERORMAE 2 ha—L L~ULE TREICHE L7~ (Fig. 9a-h
and Fig. 10a-d), 7233, ARHFFETIL PD9I8059 35 L TN SP600125 1%, ROS17/2.8
JR D BETE 23] L 722 x> 7228, p38 MAPK ® U U ER{LHER]TdH 5 SB20358 1%
INEME L7729, SB20358 774E FIZH1) 5 MMP-3 & MMP-13 D& fs 11
FOZ R FBEPFRD Z LT TE o7 (Fig. 11),
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Fig. 1. Effect of Ang II on cellular proliferation and ALPase activity. ROS17/2.8 cells
were cultured in 96-well plates with 0 (control), 105, 107, or 10° M Ang II for up to 7
days. (a) Cell number and (b) ALPase activity were determined on days 3, 5, and 7 of
culture. Each bar indicates the mean + standard deviation (SD) of six (cell numbers), or
three (ALPase activity) independent experiments. *p < 0.05, **p < 0.01 (Ang II

treatment vs. control).
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Fig. 2. Effect of Ang Il on MMP expression. ROS17/2.8 cells were cultured in six-well
plates with 0 (control) or 10°® M Ang II for up to 7 days. The expression of (a) MMP-2,
(b) MMP-3, (c) MMP-9, (d) MMP-13, and (¢) MMP-14 mRNA in the cells on days 3,
5, and 7 of culture was determined by real-time PCR. The (f) MMP-2, (g) MMP-3, (h)
MMP-9, (i) MMP-13, and (j) MMP-14 protein levels on days 3, 5, and 7 of culture
were determined by Western blotting. Three wells were used per treatment. Each bar
indicates the mean =+ standard deviation (SD) of three independent experiments. *p <

0.05, **p <0.01 (Ang II treatment vs. control).
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Fig. 3. Effect of Ang II on TIMP expression. ROS17/2.8 cells were cultured in six-well
plates with 0 (control) or 10° M Ang II for up to 7 days, and the (a) TIMP-1, (b)
TIMP-2, and (c) TIMP-3 mRNA levels on days 3, 5, and 7 of culture were determined
by real-time PCR. The (d) TIMP-1, (e) TIMP-2, and (f) TIMP-3 protein levels were
determined by Western blotting. Three wells were used per treatment. Each bar

indicates the mean + standard deviation (SD) of three independent experiments.

_16_



dr_plnr.ullum CHBIICIIII'O ’ mill:lﬁl':
Ang I (W) d Ang I (M) e Ang 1 (W) f
o1 ow o 1? 010t o 10¢ a 100 o10° 0 10* o 10°
RARIY e e e e T e e B o e
0.3 10 08
i 1 o
i fo-
0.1 -
& % 02 Eo.z
0= 5 7 =3 5 7 - 5 7
days In culre days In culture days In culure

] 0(control) |l Angll 10 M
Fig. 4. Effect of Ang II on PAs and PAI-1 expression. ROS17/2.8 cells were cultured in
six-well plates with 0 (control) or 10 ® M Ang II for up to 7 days, and (a) tPA, (b) uPA,
and (c) PAI-1 mRNA levels on days 3, 5, and 7 of culture were determined by real-time
PCR. The (d) tPA, (e) uPA, and (f) PAI-1 protein levels in the cells were determined by
Western blotting. Three wells were used per treatment. Each bar indicates the mean +

standard deviation (SD) of three independent experiments.
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Fig. 5. Gelatin zymograms of ROS17/2.8 cells treated with or without Ang II. Samples
(10 pL aliquots) of each culture medium were subjected to SDS-PAGE without
reduction. Gels were processed, as described in the Material and Methods, and then
incubated at 37°C in the absence (A) or presence (B) of 10 mM EDTA for 4 h. Lane M,
molecular mass marker; lane 1, cell culture media from fibroblasts (as a positive
control for MMP-2); lanes 2—7, cell culture media from ROS 17/2.8 cells stimulated
with 0 or 10° M Ang 1II; lane 8, cell culture media from RAW264.7 cells stimulated
with 50 ng/mL RANKL (as a positive control for MMP-2 and -9).
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Fig. 7. Effect of losartan or PD123319 on Ang II-induced MMP-3 and -13 expression.
ROS17/2.8 cells were cultured in six-well plates with or without 5 uM losartan (AT
receptor blocker) or 5 uM PD123319 (AT, receptor blocker) in the presence or absence
of 10° M Ang II for 5 days, and MMP-3 and -13 mRNA levels in the cells were
determined by real-time PCR (a—d). The MMP-3 and MMP-13 protein levels in the
cells were determined by Western blotting (e—h). Three wells were used per treatment.
Each bar indicates the mean + standard deviation (SD) of three independent

experiments. **p < 0.01.
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Fig. 8. Effect of Ang II and/or losartan on the phosphorylation of ERK1/2, p38 MAPK,
and SAPK/JNK. ROS17/2.8 cells were cultured in six-well plates with 0 (control) or
10° M Ang II for 15 or 30 min, and the phosphorylation of (a) ERK1/2, (b) p38
MAPK, and (c) SAPK/INK was examined by Western blotting. Moreover, ROS17/2.8
cells were cultured in six-well plates with or without 5 uM losartan (AT, receptor
blocker) in the presence or absence of 10 ° M Ang II for 15 min, and the
phosphorylation of (d) ERK1/2, (e) p38 MAPK, and (f) SAPK/JINK was examined by
Western blotting. Three wells were used per treatment. Each bar indicates the mean +

standard deviation (SD) of three independent experiments. *p < 0.05, **p <0.01.
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Fig. 9. Effect of PD98059 and SP600125 on Ang II-induced MMP-3 and -13
expression. ROS17/2.8 cells were cultured in six-well plates with or without 10 uM
PD98059 (MEK1/2 inhibitor) or SP600125 (JNK inhibitor) in the presence or absence
of 10° M Ang I for 5 days, and MMP-3 and -13 mRNA levels in the cells were
determined by real-time PCR (a—d). MMP-3 and MMP-13 protein levels in the cells
were determined by Western blotting (e—h). Three wells were used per treatment. Each
bar indicates the mean =+ standard deviation (SD) of three independent experiments. *p
<0.05, **p <0.01.
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Fig. 10. Effect of PD98059 and SP600125 on Ang II-induced MMP-3 and -13 mRNA
expression (validation using TagMan quantitative RT-PCR method). ROS17/2.8 cells
were cultured in six-well plates with or without 10 uM PD98059 (MEK1/2 inhibitor)
or SP600125 (JNK inhibitor) in the presence or absence of 10°M Ang II for 5 days,
and MMP-3 and -13 mRN/A expression levels determined by TagMan quantitative
RT-PCR (a—d). *p <0.05, **p < 0.01.
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Fig. 11. Effect of MAPK inhibitors on cell morphology and growth. ROS17/2.8 cells
were cultured in six-well plates with or without 10 uM PD98059 (MEK1/2 inhibitor),
1 uM SP600125 (JNK inhibitor), or 10 pM SB20358 (p38 MAPK inhibitor) for 5 days.
The statuses of (a) untreated cells, (b) PD98059-treated cells, (c) SP600125-treated
cells, and (d) SB20358-treated cells were visualized by light microscopy.
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Ang IIC X » CTFHFE I L5 SAPK/INK 35 L OV ERK1/2 Z41 U 7= 148 - A i
DG il U 72 & i LT D, AWFFETIE, Ang TR X - T, ERK1/2,

_31_



p38 MAPK 35 X U SAPK/INK @D U UL DENA GRS Hivlz, & HIZ, losartan
I%, Ang Il #l#%1Z X % ERK1/2, p38 MAPK, SAPK/INK DV »ER{b. O % 52
BICHEL, 2B DOREEN S, Ang 111X, ROS17/2.8 #lifiid> ERK1/2, p38
MAPK & %\ X SAPK/INK @D ¥ 7 F NVRIERE Z /0 LT MMP-3 I X O
MMP-13 FEAZFHET D L& 2 bhiz (Fig. 12), £7-, ABFIETIE, Ang Il
X% ERK1/2 DV U ERLOEENNE, 10° M Ang IT #JIE D 30 53% 12k L-, —
J7C, ERKI12 @V U LBHLER] PDI8059 X, Ang II 12K %5 MMP-3 BLW
MMP-13 OFEBUENNZ 522NN Lo, [FEEOZIEIE, INK OFFEA Y iRk
PLEHITH D SP600125 THRBH LT, T D DORRN S, ROS17/2.8 Ml

BT % ERK1/2 DV UEREOEINT—RFA)ToH > T, Ang 11T K5 MMP-3 B &
N MMP-13 OFEBIEEANIZIE, ERK1/2 & SAPK/INK Dfj 5 D v 7 WARFEN E
HThD I ENRBINT, ok, RUFZEIZEWT, 52 IR ofkker 72
SB203580 ALELAS, ROS17/2.8 Ml DS A fLE L7=7-%, Ang 11T K% MMP-3
B L OUMMP-13 O BGH LTI 1T 5 p38 MAPK ¥ 7 /UG R I D 5 E mﬁﬁ
THIEIXTE R o Tz, ARIFZEN D, p38 MAPK D v 7 IVGERFEIX
TEAR DOHEFEICE I CTh B AIREME S R STz,

IL-1a 1%, ROS17/2.8 kD tPA 35 X TN uPA D FEARLE & PAI-1 O EALIS %
MLT, 7T7AI ) —F U/ TITAIVRKEEEHRILSERZE VI HES
(Fujisaki et al., 2006), IL-17 I%, #E AL PAI-1 FEL 2N S5 —F5 T, uPA
HERERWLIET, FYT7RAI ) —F /7T AIUREEIHI LTz & ) s
& 5 (Tanigawa et al., 2011), L7>L, Ang Il 2NEIFHEMAEICEI T D PAs & PAI-1
DIBUZ N TRBIZ OV T OWEN R o T2 72, £ DOFEM iﬂﬁf‘%ah
AR TIX, tPA, uPA 35 X OV PAIL-1 OFRELZKIT 25 Ang 1T FIFL O FEITTR O &
Nighnotz, ZNHDOFERNS, Ang TI1E, BIFEMRIICBITLZ 7T AI ) —F
VT TAI VR B E KT S W EBNRBRE T,

AWFFEOREG & LT, Ang I IZFFMALD AT, ZARICHEEEZ, MIRAO
MAPK > 7" /AR EREE 2/ L T MMP-3 3 X O MMP-13 OFEA 2 #EIN S ¥ T,
osteoid BIZF1F D ECM & /X7 O fRERET D Z LRIz, $£77,
Ang INTEFHFHIUZEB T DT T AI ) =T /77 A URKITITRELZ RIF S

RN ENHBNE ST,
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F2E

TUOFTF Yy T AT, 84k
2N LU CEHEMB DL & RIRILMTFERR 2 4 5

Nakai K, Kawato T, Morita T, Yamazaki Y, Tanaka H, Tonogi M, Oki H, Maeno M
(2013) Angiotensin II suppresses osteoblastic differentiation and mineralized nodule

formation via AT, receptors in ROS17/2.8 cells. Arch Med Sci, in press

#E

[l

BIE, BRI X DB I & SERIIEIC K D B TR DR T D B RE DS i
RSN, VET VT ORI U APRIZN TV D (Katagiri et al., 2002), F
FEHINIE, m\V ALPase iEMEZ A L, 15 =5 —%2, BSP, OPN &X' OCN
MED ECM Z 37 2% EAL, BIERICB O THOIZREE ZH - T
% (Anderson, 1989; Young et al., 1992; Robey et al., 1993; Mundlos et al., 1997), ‘B
FMpL O E, TO T e RCB T DI EIERERICENT, HEDOIRE
K72 L » T ST 5 (Yang et al., 2002), Runx2 & Osterix @ 2 D D#xE:
KF1%, BEPEEL & ENEIEONTRICEBWTE AAIRARKFTHD (Otto
et al., 1997; Karsenty, 2000; Nakashima et al., 2002), %72, Msx2 X° DIx5 72 & DF

R RO LRBEERF B FMEOSLICEET 22 R MbNATVND
(Acampora et al., 1999; Liu et al., 1999; Miyama et al., 1999; Satokata et al., 2000), —
77, A8 1B ML D 3k 2 Il §~ 2455 K 1 & L CTHAE ST % (Jheon et
al., 2001),

Ang T11E, #fL BRI 5 AT, B IO AT, &K %I LTl ia /b ik & o
£ & M) OMERF IR 53 2 A BIEEYE Coh 5 (Senbonmatsu et al., 2003), £ 7=,
Ang I11E, BEEOIKRT &aiko agnib 2 28dx &3 2 B RESCRIEE T
WA DOFIEIC HEES-9 5 Z E R 53TV 5 (Redlich et al., 2011; Guiglia et al.,
2013), Ang I11%, fEMICESE/ER LT (Hatton et al., 1997; Shimizu et al.,
2008; Guan et al., 2011; Kaneko et al., 2011), & 5 WX E ZHMILD RANKL FE4E 1Y
%4 U B HE Mg X 25 Wz 23 5 (Shimizu et al.,, 2008;
Bandow et al., 2011; Guan et al., 2011; Kaneko et al., 2011), #1355 1 FTIZEBW T,
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Ang 11 75 ROS17/2.8 Ml ® AT, ZFRICHE &%, ML D MAPK ¥ 7 F VAR
B2/ LT MMP-3 3L MMP-13 OFEAZEMESE5 2 L 2HLMNITL
osteoid JEIZFT D ECM ¥ /37 D oyfiz i+ 5 2 & 2R L7z (Nakai et al,
2013), ZNHDOEENG, AnglliX, BHFMAIZ X 2D RANKL pEAIEINZ £ 5
itk B OIEMEAL 7T T <, B EEMIEIC L 2 osteoid 8 D ECM % > /37 43
EHEIZ L o CTHEE I OB EE ~OfE bIRET 2 &2 bitle, L L, Ang
I 23, BRI BhET 255/ 7 O R BLE L OEIRICTE AR RIFE T8
BIZOWTIIH BT STV,

% 2 CARMIETIE, Angll 23, ROS17/2.8 #fild® Runx2, Osterix, Msx2, DIx5
BLWAIS 72 FOIRER T, 725NN 1825 —%4 2, BSP, OPN 3 J UV OCN
728D ECM ¥ /87 OFRBLIZ ia‘%ﬁﬁ%*ﬁﬂ L7, 7z, AKIWEKE
FOENDBICEEND IV T LAEBEICKIET Ang I OEIZHOWTH
THRFT L7z,
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Mk K U5tk

1. MfERE&

AMEIEITIE, B 1 e RRRICE FMAE L LT ROS17/2.8 Mifaz Hu -,
ROS17/2.8 #fm D Es2E 5E % L O ROS17/2.8 i 2 4 5 BRI H V= Ang 1T
& AT ZREFEBUAI losartan OIRFEEIL, 5 1 EOMEIB I OHED 1. L 6. 12
Rk L 72 (Nakai et al., 2013),

2. Real-time PCR

FR 2> 54 RNA fliH % O WL R # 12 L D mRNA 75 cDNA ~D4& %, PCR
FOGE L O ROMHTIEIL, 51 EOMEHS JOTED 3. IZ5E#H L7z, Table 2
CARMFGEIHER LT 77 A ~—DEH &R~ T,

3. SDS-PAGE 1 X T Western blotting

SDS-PAGE (% 4-20% SDS-R U 7 7 U L7 2 K7 V& AW TERKENIE., 7L
N % 2737 % PVDF IZHES. L 7=, Western blotting I, 1 IRFLIK & L THL Runx2
PUAR, BT Msx2 FLiR, HT OCN FLiR, Bt AJ18 Hiik & 721X HiB-tubulin FLiE%E, 2
RPULE L TESTF VRO BB T 258 E W T T o 72, £ D%
DFEL, FH1EOMEB X OFHED 4. IZF# LT,

4. ARIEHERB IOV D AEREOHIE

ROS17/2.8 il 24 X7 L — MZ#EEFEL, o-MEM (2 10mM D -7 Yk Y
YL 50 pg/mL OT7 A NEUBERMN LI ERE T 7 BREEE L, AKX
fbieriix, 7 VY by FEETHN L2, 72, AIRIkFoILrs
LEFERIL, calcium assay kit & W TN, Z X7 &4 720 ITHE LTk
72,

5. BEHFRISHT
1 BEOMBHE LOED 7. IRl LT,
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Table 2

PCR primer used in the experiments

A —

Target Forward Piimer RevarsaPrimer Goanbankacc No.
Rum2 S-COCATICCTCATCCCAQTAT-3" S-0CCTOOOATCTOTAATCTOA-3' MNM_D53470
Osglorix S-AACGGCAOTTORCARTAGTOE-3" S-CCOCTCTAQOCTCCTGACAQT-I AY _177399.1
Dix5 S-OCOCTCAACCCATACCAGT-3' S-ACTCOOOACTCOCTTOTAGO-3' NM_005221
Mex2 S-TCACCACOTCCCAGCTTCTAG-3' S-AGCTTTTCCAGTTECOCCTCC-3' NM_012982
AJ1B S-CTCATTOGCAAGCTOCAGAA-3 S-TAOCAQCCCACOAGATEOTC-I' AJ_B33597
Tﬂla1 collagen 5-QCTOAGGOCAACAGCAGCAGATTC-3' 5-GATOTCCAGAOGTGCAATETCAA-3' NM_D53356.1

5-TOTOGAATOGTOCTACOGTCTC-3' 5-CCTTCAATOACGCACCTOOA-I' fs_028413
OPN ~TCCTOCOOCAADCATTCTC-3" S-CTOCCAAACTCAGCCACTITCA-Y M_14856.1
OCN ~OGTOCAGACCTAOCAGACACCA-3' S-AQQTAGCOCCOOACTCTCTATTCA-3" M_25490
GAPDH S-ATGCTOCTOAACACO CCAOTA-Y' “QOCACAGTCAAGOCTOAGAATE-3"  NM_017008
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B

1. BERFOBEGTFBIOZ 37 BHRIZKIET Ang Il DEE

10 ° M Ang IT DA EEIZED 53, Runx2, Osterix, DIx5 3 X U8 Msx2 D i#fs 1
BHITEZE I BH Tl b E < A8 DB THBLULS H B TR K-> (Fig
13),

1538 5 A H O Runx2 B3 LN Msx2 O#fEF3BUE, =2 F—/LiZh~_T10°
M Ang Il DfFE(E F CTHEIZHEA L7=2% (Fig. 13a and d), AJ18 DEF-FBIE
Ang Il OIFE F THEIZENI L7 (Fig. 13e), 57 7 H H ® Runx2 DEE R H
%, Angll OfFTE T CHEIZHIM L 7= (Fig. 13a), —J7, Osterix 3 XX DIx5 ®
WA RBE, 7 BE ORI ZE LT Ang T UTSIMOZEITZRD H/en-o
7= (Fig. 13b and ¢),

3% 5 HH O Runx2, Msx2 BE Y AJI8 DX R 7 368, B3 E L [H
O RZRLEZ, T722bb, ar ha—IZH_T10°M Ang I £ F T,
Runx2 & Msx2 ORIBUIAHAZITHED L, AJ18 ORIUIA BN L 7= (Fig. 14),

2. ARIEHTERRIZKIZ T Ang 11 DFEE

TUHFY Ly NICRBEINDHIKEDIE, 10°M Ang [T OFEEICE D 53
R 7T HHECRHAMIZHEM L., 228, Ang I OFBIZEAT7VHY Ly
RoYetathlx, = br—/LZl_T Ang II F/E F THOTNIZE T LTV
(Fig. 15a),

FIRMETICEEND ANV T LEAREIT, BEIBELOTHETIT Ang 1
WIMOFENIFRD DLz ro7223, 5 HRIZIE, 2 hr—/L{Zl~T Ang 1
DAFTE N THEICHA L7z (Fig. 15b),

3. ECM # V87 DBEBEFBLOZ 37 FHRICKIET Ang I DEE

10°MAng IOA B &, 1M a T —4 0 OB FRIITERE3I P AT,
BSP, OPN £ L O OCN Oifn 73 BIIE®E 5 HEH TRbEWEE R LT (Fig
16a—d),

OCN DB FHHIL, &5 HAIC = b—/L & T 10° M Ang II DIELE
TCTHERIZHED L (Fig. 16d), 1% 27—/ BSP 3 LU OPN OFELIZIE
7 AR OE#R MR 2 LT Ang ILIRMNOEEIZR O S hs- 7= (Fig. 16a—c),
E:# S HEH® OCN 0% w37 38l B FIHILE FARRICa s hr—Lilih
T Ang T IRAIITCH EIWZED LTz (Fig. 17),
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4. Ang IIIZ k> THE XN 7~ Runx2, Msx2, AJ18 B XX OCN DELTFFHE
BALIZ KIE T losartan DFEE

AT, Z AR FEH A losartan 1%, 10° M Ang IL/Z(E F T8 5 H BHICHED L2
Runx2, Msx2 BL N OCN OB FHREAL T hr—/L LYV E THEINS W7
(Fig.18a, band d), F7- losartan (%, ¥%%% 5 H HIZ 10° M Ang I 7/ F THIIN L
7= AJ18 DEMLFHBLE 2 ba—L L~ULE T T &7 (Fig. 18¢),
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Fig. 13. Effect of Ang II on transcription factor mRNA expression levels. ROS17/2.8
cells were cultured with 0 (control) or 10°® M Ang II for up to 7 days. The mRNA
expression levels of Runx2 (a), Osterix (b), DIx5 (¢), Msx2 (d), and AJ18 (e) on days 3,
5, and 7 of culture were determined using real-time PCR. Each bar indicates the mean
+ SD from three independent experiments. **p <0.01, *p < 0.05 (Ang II treatment vs.

control).
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Fig. 14. Effect of Ang II on Runx2, Msx2, and AJ18 protein expression levels.
ROS17/2.8 cells were cultured with 0 (control) or 10° M Ang II for 5 days, and the
protein expression levels of Runx?2 (a), Msx2 (b), AJ18 (c) were examined with
Western blotting. Each bar indicates the mean + SD from three independent

experiments. *p < 0.05 (Ang II treatment vs. control).
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Fig. 15. Effect of Ang II on mineralized nodule formation. ROS17/2.8 cells were
cultured with 0 (control) or 10°® M Ang II for up to 7 days. Mineralized nodule
formation (a) was examined by Alizarin Red staining on days 3, 5, and 7 of culture,
and the calcium content in mineralized nodules (b) was determined using a calcium
assay kit. Each bar indicates the mean + SD from three independent experiments. **p <

0.01 (Ang II treatment vs. control).
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Fig. 16. Effect of Ang I on mRNA expression levels of ECM proteins. ROS17/2.8

cells were cultured with 0 (control) or 10°° M Ang II for up to 7 days, and the mRNA
expression levels of type I collagen (a), BSP (b), OPN (c), and OCN (d) on days 3, 5,
and 7 of culture were determined using real-time PCR. Each bar indicates the mean +

SD from three independent experiments. ~ p < 0.01 (Ang II treatment vs. control).
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Fig. 17. Effect of Ang II on OCN protein expression levels. ROS17/2.8 cells were
cultured with 0 (control) or 10° M Ang II for 5 days, and protein expression levels of
OCN were examined with Western blot analysis. Each bar indicates the mean + SD

from three independent experiments. 'p < 0.05 (Ang II treatment vs. control).
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Fig. 18. Effect of losartan on Runx2, Msx2, AJ18, and osteocalcin mRNA expression.
ROS17/2.8 cells were cultured with 0 (control) or 10 M Ang II in the presence or
absence of the AT receptor blocker (losartan) for 5 days. mRNA expression levels of
Runx2 (a), Msx2 (b), AJ18 (c), and OCN (d) were determined using real-time PCR.

Each bar indicates the mean + SD from three independent experiments. *p <0.05.
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% B

Ang 11 1%, 7 v MEWEEEEEH KRG FMILD ALPase G & A KL &
il U (Hagiwara et al., 1998; Lamparter et al., 1998), ‘& a7k 13 Ang I 12 &
STHHIEND EEZ LN TWD, L, BHFEMEOICEEE S 55 K+
DFEBUZKIET Ang I OB LTS ToHE LR, 1 B THEEX, B
a7y MIET 5D ROS17/2.8 Ml OB HIFIC 10° M Ang IT TRl 4
o &, AREEMEE T 52— T, B bIZBEE T 5 ALPase TEMEITR
T45Z &% L7 (Nakai et al,, 2013), & 2T, AHFZETIE, ROS17/2.8 Hlif
DI EE T DR F DO RB L LA D Z L1k Y, Ang I 23F 20
RIS AT B A fat LTz,

AHFZETlE, Runx2 & Msx2 OFEBLIL 10° M Ang 1T #Ili% THEIZHD L, AT18
FENIAZICHML7-, & 512 Ang 11 1%, ROS17/2.8 M X 5 IRAL TRk
Z A EITHNH L7z, Runx2 (XHIZEREMALD &5 MM~ DT /3 IZ 428 72
BRI FTH Y, £7o, A LTEIFMRITEV OCN BEELZETHZ &M
FHAATWS (Komori et al., 2006), AAF7ETid, Runx2 & [AHRIZ OCN O FEHL $H
F£72, 10°M Ang II FlJE CHEICHED LT,

Msx2 I &, BHORBFRHEICEZEREFHZ L LTS, Liu b (1999) (%, Msx2
OIBFIRE BT — R B IO b 2 B35 23, BRIt 2Rt L
THEORB MU LA L TWD, Msx2 AVE ML 043 L-o 5l 2 e 3 5
Z L0, Ishii & (2003) F XL OVIchida 5 (2004) IZ Xk > THHE I LTV D, Zine
finger motif & €p Osterix &, ‘H H ML LIZ EHE/RERBK 1 Td 5 (Nakashima
etal., 2002), & 512, DIxS XEFMAZOLIEFE EAHEI L, in vitro (23T
ML LD A BRBE TEDFHBINR KR ERDZ 0D, Flla~DREAIZ
B 532 Al HEME SRR X4 CTU 5 (Hassan et al., 2004), —J57, AJ18 |X OSE2 |2
FREAIZHE G LT Runx2 OERBEIEMZHE L, &Moo bz sl 4 2%
K& LTE B TUWD (Jheon et al., 2001; Yanagisawa et al., 2008), Z L5 D&l
R ARBFZERE RN 5, Ang IT1E, Runx2 81 O Msx2 BHOHEA & ATI8 DIHL
D¥EIMZ I U THIFMO b2 i+ 2 L &2 b,

Hagiwara & (1998) 1%, Ang II 287 v hRVRIAZE T HORE IO A IR
ek & OCN D& 3B 23 L, AnglI (2 X% OCN ZEEOMHIILE DFRH
MEBERKERSTEEDICHFICRDODONTZEHRELTEY, AU RIT
Hagiwara & (1998) Oty & —E L7-, —F T, Hagiwara © (1998) %, Angll
D RIEL 2 52 =B HMIIZ 81T 5 BSP,OPN B L Nl 25—/ 2 72 & OCN LA
ShD ECM & 2237 FEBUZ DWW TIRGEST L TV, £ 2 TARMIETIE, Angll
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25 ROS17/2.8 A DA RG22 N2 A 0 = XA L Z A+ 2720

OCN #EdEa T = ME o7 B Ra T —7 OB KIET Ang I
DEBIZOWNTHLRGT L=, £ OfER, Ang T HIIIZ X - T OCN DR HITED
L7228, 1825 —/4, BSP 5 X UNOPN OFEBLTIE Ang 1T fIIL O 2 IER
Lo tz, IETT—7 UMD ECM Z > oX 7 0%, filaskicks i s ao—4>
YOMMIERE RrX o7 RE A MEROEK EREDOHEHICEZETH D
(Young et al., 1992; Robey et al., 1993; Mundlos et al., 1997; Ganss et al., 1999), %7z,
ALPase 37 V1 VIET T, AV VR X T /UL EW D= AT VAEE & INK Gy
R 2EERETHY, B r ) VRS ATP 72 & O A KL EWE 2 b3 57210 T
72K, B RaX U T oRE A MEREEL ’JZ%%&%FW) U UEBREOM L EIFIC
HIESBEE L, BFOAKMERIZBW TEERERIZH > T\ % (Anderson et
MJ%%O%IEh%MT%%i,Mgﬂﬂmmwﬂﬁﬁ%®Aw%ﬂﬁééﬁ
fil9 5 Z & &/~ L7z (Nakaietal., 2013), ZALDHOHI AN D, Ang 11 IFH FHlA
@ ALPase {E1E & OCN OFRBL A2/ S5 Z & T, AR KZ i3 2 &
EZ2 5T, BWFERE X OYESLHZETIX, SMEN DL T MM O R
B L, Ty LD EED BHRIED Y X7 NSz L @& ShTn
% (Resnick et al., 1983; Cappuccio et al., 2000), = 512, Ang IT 235 M AL F %
WNZRAHET 5 Z &R0, Ang ZHARERILEHRE L O Ang 1T ZHFEEEHLHI 72 £ o i
JERE TED, BEZENsE7ZE0WE L H S (Hatton et al., 1997; Lynn et al.,
2006; Rejnmark et al., 2006; Shimizu et al., 2008), Z AL 5 D HN R & ARBFFEFER NS
Ang I 1%, BB AIARIC X 25 WY (Maeno et al., 2013) Z{EdEd 57217 T2 <,

HEHFMIEIC XD EFEREIEI LT, OV €T U 7T v RADHEE % T
B2 A REME DN RIR S T,

AWFFETIL, AIKIAE T OV AEAEITRFE 5 B BIZ Ang I CHA
FNZRAD LTey, 7T HBIZIZZOREBITR D bk olc, DF D, Ang 1T
X oA KA OIHIERZ, 7 BEIZIERELZ, Ly, &S HEIC
BIFD Ang T XD Msx2 3 LN OCN DB EOWA & AT18 DB
237 HBIZIERED BT, Ang LI X5 AKACEROIHNE, Ziub 03
e — ﬁbf%ioto#ﬁf,mMz@%ﬁm,%%7aam$wfzy
Fr— L&l U C Ang TABECAHEISHEIN Lz, EFFHIL, ROS17/2.8 fifidd
AT BEIO AT, TEEOFRBIL, BRI BLOS HAIKKRTT7HETELL
KTF9T252L%28 1 ETHREL TS (Nakaietal, 2013), L7220~ T, &7
HEIZEIT S Ang 112 & % Runx2 OFIBEINIZ, Angll O EHEEHICEI SO
Tl R ST,

Runx2 O¥EHLIL, bone morphogenetic protein-2 5 J ! fibroblast growth factor-2
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(FGF2) 73 & OEHEIN 152, IL-1B B L WVIL-6 72 EORIEMY A S H A 12k »
T I 4 (Iwasaki et al., 2008; Li et al., 2008; Koch et al., 2012; Nakayama et al.,
2012; Sonomoto et al., 2012), £ 7=, Ang Il |%, =~ 7 A DEAZE L H K F ZHEMIE (Guo
et al., 2011) B X OVEMAMAIZ (Tang et al., 2011) @ IL-6 33 X WNFGF2 O PEA %
FHE LA INTWD, ARAFFETIL, Ang 11723 ROS17/2.8 #llfia o> HEFH A 1-
%347% NH A v OFEBUNKAETEITTH T2 WA, Ang 1123 ROS17/2.8 #ll i
DEGEAHEPE T IL-6 2 & T A A > °FGF2 72 E ORI 1 O3B %7
L, 235O autocrine {EH 23 2% HIIZ Runx2 OFEE 2 #5900 X 7= Al GEME A
BN, F1z, RFRICE T A RACMIER & QIR D v T K
FEERB L OVECM ¥ ‘//\"M%fﬁ@ff*%zn% BE:# 7 H BIZH % Runx2 DR B
HE, ROS17/2.8 MO B TEHMSRE ITHE L v EHERE Sz,
ZIETIZ, Ang 1T I, B D AT, x@ﬁ:zﬁ: L T RANKL £ X T MMPs
DFRBEFE LT L HE SN TUWD (Shimizu et al., 2008; Nakai et al., 2013), A<
MFZEICEB TS, AT AR FEHUA| losartan 2%, Ang I #3544 Runx2, Msx2
B L OCN ORBFAD &, AJI8 OFBUEMA ERITIAI Lic, £72, 7> b
Jit R BE S S RIS BV T, Ang 1T #3%I2 X 5 ALPase 7&1MEdR LY
OCN FELDOK TS, AT, SR FEHLAI Tl 72 < AT, Z AR HUAI CHE S e
EHE ST D (Hagiwara et al., 1998), ZAUHDHIE NS, Ang 111X, AT, %
RIRZEI LU CTHEIFMIZD ALPase 1514 & Runx2, Msx2, AJ18 35X OV OCN D%
£ AVl N E A W= A SV W el
fEam & LC, AnglliX, ROS17/2.8 fllid > AT, ZHKRITHEA L, Runx2 35 LY
Msx2 OFEBLD & ATI8 OIFEBUENNC K - T, BIHEMA bz s+ 2 2 &n
REINT, S5, Ang LI AT, &K% I L T ALPase it & OCN D FEHL
Z /) S/ T, ROS17/2.8 Mkl DA IKALIE R A2 #ill 9~ % & & 2 HhuTe,
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Agn II 73, ROS17/2.8 #iD ECM % > <7 R, %F%Hﬂﬂ@éﬂtio Q¥
JRAETE R AT TR B A M Es X OV AP G0 572912, K

WFoE & el LTz,

% 1 B TIE, ROS17/2.8 LD ECM & > /X7 /3 fiflgsa & & O WNIRMERLEH] O
FHL, BILOMAPK v 7 VB K OIEHALIC R IE T Ang 1T D22 237X,
LUF OfERE 15T,

1. Ang Il T ALPase IEMEIZAREIZIRT L, Ml sgsm iﬁﬁ RS,
AT, B L ONAT, ZFEROFIBUZIE, Ang T FE O EBIIZRO oo T2,

2. Ang 11 §iJi% T MMP-3 8 XX MMP-13 OREBUIHEM L=, —JF, AT, BX
W AT, Z &K, MMP-2, MMP-9, MMP-14, uPA, tPA, TIMP-1, TIMP-2,
TIMP-3, PAI-1 OFEELZIL Ang 11 FPEDOEEITFRD HT, MMP-1 &
TIMP-4 OFBUIMH S e iho Tz,

3. Ang II #lJ% C ERK1/2, p38 MAPK # L U SAPK/INK @ U U LIZH E I
L,

4. Ang I #E MO MMP-3 35 L OMMP-13 O FE BN, AT, Z B HIA,
ERK1/2 3 KT SAPK/INK DU LR EAITHEICIHI S izdy, AT,
ZREAETRN O BITZRO b2 o T,
p38 MAPK @ U > (b BH AN LA 56 2 28 L < 0 L 7=,

Ang 11 #%53E% D ERK1/2, SAPK/INK 3 X O p38 MAPK @ U » (LN
1%, AT ZAEETHITHE RIS S iz,

%2 BT, BIFMIRSEICBEET HHREIN 7 & ECM ¥ V87 OB, k5
L OFHIRAEI A R IE T Ang T DB AT, LU FOMEE2E7-,

7. Ang 1L #J% T AJ18 FEBUIHENI L7223, Runx2 3 K O Msx2 D FEHLIT R
L, Osterix 3 KT Msx2 OFEHUITIE Ang 1T FIE OB ITERD SR D>
77

8. Ang II #ilJ¥ T OCN REUIRAD Liz, —F, 1H=aF—47, BSP BIY
OPN OFHLUTIX Ang N R ORI O o7,

9. Ang I FE CHIKALMIEEE KOG IR F O v o NEREE I
L7,

10. AT, ZREEFANL, Ang 1T 753EME D Runx2, Msx2 LU OCN D% ik
D& AJ18 OIEBUNN 2 B B AZIH L7z,

I EORERMND, Ang 111, 'BIFHILO AT, ZHK L MAPK > 7 U 5=
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R A L C MMP-3 & MMP-13 OFEAZ BN SE, ECM # > 37 & 4y
MRIMET D Z ENH NI o T2, £, Ang X, ‘B IFEMAZO 5L % (R
T HEAG K F Runx2 & Msx2 OFEBUL T I L O b & i3 2 855K+ AJ18
FEBLOWENINZ ST LB Ak 2 3] L, ALPase & & OCN FHL AKX T S
TR Z TS 5 Z LN o7,
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= fRE (2013, IvA), 5 22 [BIH AR RHE S (2012, KFk), PER/IADR
congress & Exhibition, Finlandia Hall (2012, Helsinki, Finland), % 61 [A] H A [ 5244
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