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FHRICEHALAKICEDALEZONDFHHOBMET GORL & GOR2 ZHBEL /o~ 7771
2T ADERZTT o7, In vivo TIERORICEMIROTEREEZHE CEXLEBRI AT LD

ERA, FOINT F A Ehizw AR EH L

o ZOVURL, BHEEEREL-2E- 1R

REORRICHERLEDND, ARV ADVIRNTE}ET M EF NV L. BEOERL
PTH &1 ERBMORFIBRBSDEERL, TEMLIZEE S B ORAIZIT p53 RS
LTHEY, pb3 2RV ATRHIAEFEZLABEHELRON VI LEBLEMCLE,
NO % p53 IAEHMEEEEBOIBEROF —F v NI FREERH 3,

¥—-U—F REL, B, BT, BHEREE. p53
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A TFERBH

EEEICBISESETOE-VREL. B
OHBRMEMESELIRERERTHD, Z5L7H
FRBMEDOZERV Y TN GZEILELLTEAR
LS TIThAEEZLRTWS, BRBMEZE L
MRELT, R HECEFMROBESCEBRT
HBRETFHIZOVTIIERE Mo, —HiIXER
BWoOv—H—LLTBRICLIEAEIN TS, &
—OMfEV OIS F MR osteocyte 122V VT,
RMEOLDECEFEDIIHNONTELY, in vive T
DIREELEE Th D,

AHFZE T, BHRRS R-T&B% in vivo T
AL E-FHlRGRERSF~—2—% 0z

RETHEDHDUATAELT, STRARTSTIFIT
BRICHL TEFEETRTIEERBL, BAERIC
VITITRRIIRZHELOLMISAELRE
SREINF AV 2oy e ARERL, FBDZ A
T CEMROL WU ARBL T AV AT LD
MRERA, —FH, BROBGTFOME-FEHE
T AR RSB AEEE2M5 B CTRETF
WEETN<IRREERAWTERMEOBEHDA
H =R LR LT,

B. HFEFHE
1. In vivoCRMEOEREZBE I AV
=y ADBSE

Mouse genomic library Lambda FIX II
(Stratagene #£) £0 1.0x106 {@% Mouse DMP1
5’ 1-3#-3500—-3000(500 bp) %7 —FLLTAY
Y= T eT ol Boh Bt ro—r2To7
7— DNA ZRSL Not I HkizkvBEbhi-
DNA W/ OBEES| 2R E L,

TFTHEINSEE LR TH230bp MoF B
KREM10kb 15kb 1.7kb 25kb £FTHEX
O uE—4F —FHiK% pGL3-Lusiferase basic
vector (Promega #t) IZ#MAAATE, ThEh%
DMP1 Z## 4% MC3T3-E1 #MiRIZE AL 48K
MEEEESELE 5D N I T7=F7—EiEER



HELZ A —DBENDSIEIBER 7
DMP1 &3 LA E BB L 720 ST2 Mika it e FRE
L7z,

BT 5B R LB FRIN:
<A DMP1 7ot—F—EERKER LT 15 kb
BLUN9523kb T HiEIRRBALA A (ATG) D3bp F
ATETEEAK DNA £ €% pBluescript II
SK(H) T FAIRRIZ—DvVFru—=r 7P A
T#&HD Not I HAMIEHALZ(LLF pDR1.5,
pDR9.5), ¥&iZ pDR1.5 IV VT, B-globin A
o E 5| §iiic HB-EGF ¢DNA. SV40poly
(A)signal E2FI|ZEREL DNA Wil &~ F 7o
— =7 A THD Bam HI EcoR V thAhI#
AL7z, 7=, pDRI.5 i DMP1A b 158 AT
V5728 HB-EGF cDNA., SV40poly (A)signal &
FIEREL7ob DR ERICE AL,

fERRL7= DNA = b7 2k (pDR15 LR
pDR 95) & neomycin %3 2 IAMEZ2E D
pDsRed2-Nuc (CLONTECH #t) 2 MC3T3 fifia~
5: 108 THIZYRT =y ar L, 37C, CO2 A
YH - F - TABRF IR L. D% G418
FHEL G418 [Tttt ChHHMID S A AW
#%24well 7L —F 1 well H/=03E%E( DNEM,
10 % FBS )500 ul {Z1x105@OKME L BEi
BLIZ,

12BR%ICC7TIT AR R R 100 g/ml
(0,0.1, 1.0, 10z g/ mD) B 5L 6B A F 2
FL 72, 6 B Rl % 3% # % % methionine/
cysteine-free DMEM (Life Technologies) {Z5
Ci/ml [35S]methionine/ cysteine %% 7= &k
T18EfH 37°C, CO2 AvFa—F—HTHREL
7. RIZHIKA% PBS CT2EIEHLAHE, 01 N
NaOH THMFL. RERKTOEAELY 10%
trichloro-acetic acid(TCA)IZ TILE X ¥, glass
filter(Whatman, #)iZ & &4, PBS T3E¥E#%
glass filter MBI, - FL—al TEiREM
R o FL—ar v A —ICTRABERIC
VW& 72 [355] methionine / cysteine DMK
HiEELEEL. BRI FRETME T,

HRMAROR TERBRI LR GELRBLIN
AV = ( pDRL5 , pDR9.5) LV plasmid %l
FREESR Sac Il /Cla I TYHIEL 7 H —RF A 4hH
L7tk ASRIN~EAL, MR RRLY
DNAZHIHL., NSRS — OB ERX PCRIEICT
FEBL,

2. FEMESyMEFMZEITS PTH LEBAMO
ZhR

30 EEEOM Wistar 7, KEBMMEDEET
EHBEBEBXEE(Z—)h, Dievv Ry —T
N TERET 5 GEBFIR) £ETEREFNRPTHES
FERELETIC o AMATL, BHE., BRBONS
SGA—FRRERNCEPZL 737 - mRNA OFRBERE
U7, PTH 38R (BF) Lot G /- BFBE 7 )
RFFFE, 10pg/kg BVWLENLUTORETE=
B TZRE LT, GREHIZVOBARIT, HIfEL
feLyhg 1/2 BOHHBLRETERTELLE
LOERBHBEOLZVVERICKLERS X THEL
7o

3. FBMEICE DB ERIC R 7 p53 D&

EEENKESMFE L ¥— T, p53 BEF
RE~URAEERL, A7 THRE., E.
LI, BEE2AMELE-RETL. ¥ —U A%
HLRESRIIBETE, #8, fokiza/BIzH
BETHDH, EFRFEHLRL TV A r0r—Y G
BEL7z, BfflX, 7% CE-2(Clea Japan Inc..
HR)TH, 1.25% 00708 1.06%0, 2.0 IU/g
V&I Dy EEELTWD, 8 Bt~ %%
RIZAWE, BEER T RTOEREM CeyTF
SR, ks, BEBO S uba—nii EEXER K
ZEYERGBEEZESIIBVOTERRBERTWA,

8 A OHENE, p53 BIEFRB~<VA ps3(-/-).
BB w7 2 ph3 (+/+) BENEN 2B T, 7
N—T 11, 1 BREOTEME (8 2 iR B AL
TRy F—VEE) 2T B TChB, IN—TF 2
1. 1 AR, EREWERIT o8 (M RBE) Tha,
FNEFROIN—TFIZBWT, pb3(—/-) & p53
(+/H) ZlEB 1=, EBEFIIBIIZIEIN—TH
o=y A%, AR RIAIC 6 T, FEEH
Kot EERFEIZ 6 L, RT-PCR FHIZ 3 ILoDEF 15T
THY, p53(+/+) 30 0L, (-/-) 30LD4SF 60 ICTH
2,
B0 6 RATE 2 BENT 6 mg/kg calcein #REHE
RGL. FREFRICKE _EERLE, =—F
JVCHERBREL  DIRERM DA VIR A TE S
Ui, EROREEZHERL., 10% A< CEE,
methylmethacrylate resin ({ MMA ) T @& # L .
Villanueva B fa%4T o7, BIEAE % 5 pm DESTH
L7, —HOERIT, RF7 - CEBL%, B
RS FI MR R T o+ & —¥ (TRAP) Hufs 2 TUNEL
(terminal dUTP nick—end labeling) Yt 25477,

BN —RERE CERE AT, B



MERBV/TV), FERK{LEE MAR) | BRRE
(BFR/BS) @<, TRAP R4 T, BiEHlak
(Oc.N/BS) LA R M B M (Oc.S/BS) 2@~
<o TUNEL BT, BRATICFETL2F ML
BREFEIIFETHEFAROPOSEREREHE
T,

BRI, LSRN EZTV, MEFOTALYT
F A7 74— CREERAI BRERGOTREZH
L7z,

BBz BHIZH 2B FEMIE~D LB
Bizxt35 ps3 OEBEML-OIZ, BREILEH
Mk 2 FEBRL . 15% FCS, 10 mmol/1
dexamethazone . 50 pg/ml ascorbic acid. 10
mmol/1 sodium § -glycerophosphate DFFIEF

@ o -MEM THIEEEEU7-, B5RHE% 8 B HIZ,

TNHYT AT 77 —BREEIT, BRENI=2
n=—FEHV M HREKE 21 BBIC B
# dish IZEF L7 MilaEH% alizarin red THE
L. mineralized nodule DL E % NIH image
ZRVWTHEL,

HREORHEMELD mRNA 28R EL .,
RT-PCR ZRW T p53 mRNA OFBHRLF| 7,
Thermal cycler OW A7 VEEE L CEERMIC
BHLE,

C. HFERREEZER
1. In vivoCEMIROEWEFHER T I AV
=77 AD B

~+7A DMP1 BE+7oe—F—%HEE+T57-
W, VAT I AT A7) — Lambda FIX II
(Stratagene) N LEF A EREFI /K S/
— BRIV —= LT, 1.2 x 106 BT 5—2
EAIV ==, 14 BOBRMEII—0 21870, £
nNEhRDZe—  OIEEEFFREL-ER. &b
TaE—F—ERBIREENTWVE2 oD Ia—
PRIELE., 2honro— i3 BRBE S LR
300 bp LVEREBRLE R LT 9523bp, £ TEEA
F—ob0THo7-,

RV —= I BLN - BRA N HEEEMI
YV ERfAEE, DMP1 #%H§ A2 L2MiBLI~
U 2B Mk (MC3T3-EL) # VT 725 —
ET oA EICE TR A, TORKE, BB RS
AL EF 15 kb B8EWY 25 kb #mir7 I A
FCEVWEREEEREHB RO, SOICEFTBEH A
1.0 kb A FIZRETHLGEEMITIELETL

Tro e LASF— MMM (CHO) ThiEo
777 A MIBBETEES RO T
Hbwy A MC3T3-E1 Ml CIREERA R T0I
PEH w2 DMP1 7 2E—4 —4E1%I 1.5 kb LA
RICHEETAZLR S o, “ORERIL. Sub
DMP1 7u¥®—4&—Ofir LR RIEL IR
T5HEFITEE MR B 2.0 kb EINIZHHLED
#i4 (Thotakura, S. R., Karthikeyan, N., Smith,
T., Liu, K., George, A. (2000 ) J Biol Chem. 275
10272-7.) EFJELAR,

FECEBL V77T ER %A (HB-EGF)
BT cDNA % _fE» DMP1 Yot—4—
(1.5 kb XX 9.5kb) D FHIZERELI-FF 2
— (pDR 1.5 kb $,L<iZ pDR 9.5 kb) % MC3T-E1
MR 7o a B CEA L, V7TITH
FITHTABEMEAS-D, BRILLAERS
R EDRFAE L, B A —2E AL
MEEbiz, arte— L ELTHW-BEFHEAL
TUWWeWHIBRICH AT, BER70%DE B S RME
BRON, vV RAEFHBRFRA M —< HiEEE
(ST2 )ZRAWBAITIIBREREASREEIL
Rohigdsot, Pl DR RELOBEINZ ZER
DAL ARZIMNI D LS DMP1 BnF2RET
DA R CBEEN R T T BRZEER
BB A BHABILB ol

pDR 1.5 kb i, 1B BiIZ 5215/ DNA
PHBLIAL, BEHFEIZ6IC (4P 2 200), 95
transgene DFFEZFERLI=DIIBE(N2E 21
L) ThHsd, 2hbix, PCR %49 DMP1
promoter 75 B globin DELFID—ER % IG5
ZECHER LI, 2[] BIT KR 10081 inject L.
EFHIT13IL T4 LHETIZIIBALOTETSH
Do

pDR 95kb ZBLTix. EHI216MEI
injection 21T\, 3A P AICHED FE THD,

S
—n N

2. FEEFyMETFMTEITS PTH LEBIAFO
2%

FIRBRAMETH BRAOMFaLF/— LV BE
DOHBLY, AERRICIHIEBHIBO LTS
MIVOWAAIN R EE 22 EE X B, LB
Di-HIHEL BB ES IV TRL =
NFS—NTIEBIZBE T, ZyMBAMN-ATIZH
BIEDH T,



BEREMEEEORET ST, BEENLE
BHIRRE & CRBLIE -, 7Y—, ZY—/PTH ©
IECEEIZE o, BEHIREE&OE R EIH
ght PTH T EhIiCHEETH ERSEMIEL
0, MEOEETICAETLLZYV—/PTH #EiED
BMD {BEXEEIZEI-T,

FHOMEB TR IREETEBTS
COX-2 % IGF-I ® mRNA L~ EBSIR T
#ic{E<, PTH &5 &B4TICEVEIEL, 7V —
/PTH (2B W TCITRTEEFHFHERABER R
iz, BICH Ry 772 S CHE MRS RBE T
% TRAP i, ;BEEHIRBEEOB IO 4 R,

HEFTZMBELTRHFL-LZA, EEFIFR
L Tarba— A BT TICE - THEIRE
RAFOINHIRVEAT PTH X5 &R BFR
D KXPBBEEIZROLN. £OL72 WA CHiEH#iE
BIEHE LI TV, RELRBRDIDIDIFHN T
BFR X k&<, PTH 2L AFE/2 A8 KIIBRE Tl

Y

3. FBLIC LB MR p53 DA

KRB R, RBEFOYARBEMT, k&
BLUOREREOEIICHFEREIR DT,
< AMBEROTNHN 7+ A7 72— EIL. T8
BEL S BEEY . p53(—/-) A% p53(+/+) Lhb &<, p53
(+/+) T, FEMLIZ DL,

BELTWRWAORE T, BREHEE.
B, BRI, p53 (=/-) & pb3 (+/+) T&EiXA2
Mot p53 (+/+) Tid, M E & (BV/TV)iE. R
Bii% 1 BT, EFEXMBED TT%ICETHEEIRD
L7838, p53(=/-) TiX, WA LAed o7, Caleein 2
THTEERE. BRKILEE (MAR) . BERSE
(BFR/BS) i, ps3 (+/+) TiX, FEh# 1 BT, EXE
* BB THEIZBA LA, ps3(-/-) T
WAL Agdrol, FELEOHEMARYE
(Oc.N/BS) Lt F MR B fhE (Oc.S/BS) I, pb3
(+/+) X, FRICEMLE2, p53(-/-) TiL, ¥
mU7zzdotz,

TUNEL $:6 TBMEOF MRS FEARN, ps3
(+/+) CIIFEE# 1ML TW R, p53(-/-) T
A2 hoTz,

BHMRIERERR T, TAHI 74 AT 77 —F
B4 CFU-f & mineralized nodule MERLDS, ph3
(+/+) Tix. HEIZEA LR, pb3(—/-) TiE. 8
D LIph ol REMEL =& 0B MR T,

p53 mRNA DOFEHBTTHEL TV,

41X, TUNEL BiEoF RS BIERELS,
p53 (+/+) TiX, FEMEICE VM3 25, ps3 (-/-)
Tk, LW &R L, ST, Yoz
NFaAAFHBEREFRBEICIWTE, Bl
BHEMROT Hh—L ABRELTNBENI R
H5, BLld, hEHATARNLCRETLRER
DO RBHAZ LALLM L, ZOTRE— A
i3 p53 mRNA OTLEERIEL | p53(~/-) Tk, RHEh
B XA T Rb— RO EMB o -2 ehb, £
12, p53 I LIz TR = A THAEEZ LN,

TNAVT A7 74—t CFU-fiZ, FEhkiZ
L0, p53(+/+) Tk, BEEIZEA LA, p53(-/-)
T, BALeh-7-, Total CFU~f Dao=—¥iL,
p53 (+/+) Tb p5b3(~/-) Th., T FEMLBEETL A
BETHL, 2882k, TAHVT AT 74—
EEBtE CRUTICZO IR ERALNIZ D, R
Biibit, iYL L-BFsn B Maic R Bs
B2 TnAEEZ LR,

D. #&d
FRRICEN 7TV T BR R BEERBR T
AEVERL ., BROBEILL-TRE -RE - Bk
CHEBOBRIZ in vivo CRHIIROERAHE TE
B AT LB LTz, AR RO I RENMET v b
7 VEBREL, BEOEEZE PTH 5/ EFRSE
DR T RBHAZEERLUI, p53 /I T Ik~
A% RWT, TBMEICHEY BEMEIC p53 BLAED
HRE R T EERALMILT,
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Shira-ishi A, Sato K, Kubodera N, lkeda K,
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osteoporosis. Bone 30:582-588, 2002

Shibata T, Shira-ishi A, Sato T, Masaki T, Sasaki
A, Masuda Y, Hishiya A, Ishikura N, Higashi S,
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osteoclastogenesis in vivo by decreasing the pool
of osteoclast precursors in bone marrow. J
Bone Miner Res 17:622-629, 2002
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Nakamura T: Role of inducible nitric oxide
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increases in mechanical loading. J Bone Miner
Res 17:1015-1025, 2002

Sasaki A, Ikeda K, Watanabe K: A RING finger
protein Praja 1 regulates Dlx5-dependent
transcription through its ubiquitin ligase activity
for the Dlx/Msx-interacting MAGE/Necdin
family protein, Dlxin-1. J Biol Chem
277:22541-22546, 2002 '
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Ikeda K, Motoyama N: FOXO Forkhead
transcription factors induce G2-M checkpoint in
response to oxidative stress. J Biol Chem
277:26729-26732, 2002
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K, Motoyama N: Chk2-deficient mice exhibit
increased resistance to ionizing radiation and
defective pb3-mediated transcription. EMBO }
19:5195-5205, 2002

Kobayashi Y, Watanabe M, Okada Y, Takai H,
Sawa H, Nakanishi M, Suzuki H, Nagashima K,
Ikeda K, Motoyama N: Hydrocephalus, situs
inversus, chronic sinusitis, and male infertility
in DNA polymerase A-deficient mice: possible
implication for the pathogenesis of immotile
cilia syndrome. Mol Cell Biol 22:2769-2776,
2002
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HABABMFERF20EFE: MU 7TA2B—
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Hishiya A, Ito M, lkeda K, Watanabe K: Decreased
bone formation in ataxia telangiectasia mutated
(ATM) knockout mice. The 24th annual meeting,
Am. Soc. Bone Miner. Res., Sam Antonio, USA,
September 20-24, 2002

Ikeda K: Mode of action of alfacalcidol versus plain
vitamin D on bone remodeling and bone quality,
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Influx Pathways In Human Chondrocytes.
American Society for Bone and Mineral
Research 24th Annual Meeting, 2002.
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and Mineral Research 24th Annual Meeting,
2002,
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A. Sakai, T. Nakamura, et al. Disruption of the
p53 gene results in preserved trabecular bone
mass and bone formation after mechanical

unloading. Journal of Bone and Mineral
Research, Vol.17, No. 1, 119-127, 2002
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Nakamura, et al. Role of inducible nitric oxide
synthase in skeletal adaptation to acute
increases in mechanical loading. Journal of Bone
and Mineral Research, Vol.17, No. 6, 1015-1025,
2002
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Apoptosis and p53 expression in chondrocytes
relate to degeneration in articular cartilage of
immobilized knee joints. ] Rheumatol (in press),
2003

2. FRFER
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BAERFMARM & (RERFREFRER)
SERTREE &

BHIKRA IR T HB I TBEO R E LERREMRT

SEBEE MmERE(REERME L F— EERHERER)

MAEEE

< ABENLHRML- EHESE B2 SENSEFARSEELSEEELSIWEY TS
I avEic k., HiicBEF GORI BLUGOR2Z ZRIEL., /v 7T UM AR O 7D ES
HMRRZBSIU T BHRICEN 7T )T ERZ BRE R B THUREER L. EROBEHIZX
STRE-RE-ELREEEOREMIZ in vivo TRHROERLEE TR AT AOHSY

BT,

F—U—F: B, AR, BREE, URET L

A. BIFEEW

R R FRRORETFEDIZ OV TIEN
OPHLNTEY—FHITERBO~—H—LL T
FRIZBISHSRTWSE, E=0MREEV b5 EM
fi osteocyte {2 OWTid, R LEETEDIIH
BN TELT, in vivo TOBEELHROEZH TV v
W, BHIREE, BABICRLEFETIN, BFM
fa B3R b LT MR TR Iz 3 o TR,
AR I R L T AT Bl X b THETH S,

MR ZE L\ o 7 FE IR R R I T BB T,

in vitro TOBGEFOREE /¥ — 4 in vivo Eidde
WELAT-9, in vivo THEETH IIOFHBEOLEY
FERFELIEZDLERHD,

FITAME T, vUVARTT7FUTERICHL
THEHREE TR TIEEFAHLT, BRI 77T
BRIUBZHEEL ORI FEEREZRRIE LI
APz e ARERL ., (FBEOIAIL T TEME
DRI AR T D AT LORBERAT,

B. BfFEFE
1)<7ADMP1 7ut—4# -

Mouse genomic library Lambda FIX II
(Stratagene 1) £V 1.0x106 {@% Mouse DMP15’
_E#i-3500—-3000(500 bp) & H—TLLTAIY—
=27 & {Tole, ROV a— 2 TODT77—
¥ DNA L NotI ##{kickviEohi- DNA
h OBERFIZHRE LT,

2) <A DMP1 7at—F —DIREEMD N

TR SEF AR TH230bp H0IEE B
ALEF1.0kb 15 kb 1.7 kb 25 kb FETOEX
DT wE—F— % pGL3-Lusiferase basic vector
(Promega ft) ITHMAAAT, EhEh% DMP1 %
925 MC3T3-E1 HIfIEAL4ABE R IREIE
HERASDI DN 7 = F—BEEERIEL =
F—OF ENHEIEA L, DMP1 2IZLA L RE
L72v ST2 filaz fatE xR e LT,
R AY 2= I AMERD - DD DNA =R
N7 7 hDYERE

BT 2RFMERRNICEBI LN TRIN Y
JA DMP1 7u¥t—4—E&E A LK 15 kb
PBLU9523 kb TR R (ATG) D3bp F
HIETE2E A DNA €% pBluescript 11
SK(+) S FAIRARIE—D2VF ra—= TH AT
$H% Not I FAMIEALT (LAF pDR1.5, pDR9.5),
KIZpDR1.5(Z 2T, B -globin /b ELFITF
iz HB-EGF c¢DNA, SV40poly (A)signal %%
HELZDNAWAR S~ Fora—=r 7Y AR ThD
Bam HI~EcoR VYA MZ#E AL, ¥/, pDRIS I
DMP1A/har 158 A TS HB-EGF cDNA,
SV40poly (A)signal EEFIEREL 72bO 2 FEHRIZH
ALl
D T7FITERICIOERERAEORD

fE L7 DNA =i Ap5 27k (pDR1.5 33K U pDR
95) & neomycin IZX T OHEAMMHEEL
pDsRed2-Nuc(CLONTECH #t) % MC3T3 #aa~
5:1DFETHIZIRT oo a L, 37C, CO2 A

_9__.



Fal—F—PTABKHIFE L., TOH G418 %
5L G418 KNt THHMRO H A WIS E 1% 2
dwell 7L —h 1 well ¥7-0153%iK( DNEM, 10 %
FBS )500 ul iZ1x105 OAMRE Mz BEER2 B L,
128 I 77U T b o BB R 101 g/ml(0,
0.1, 1.0, 10 g/mD) & S5 6K} A2 F a—bLT,
6 BF [H] % 5% 8 # % methionine/ cysteine-free
DMEM (Life Technologies) (Z 5 u Ci/ml
[355]methionine/ cysteine % MX 7~ 5%3 i T 1 B
37°C, CO2 ArFa—F—FTHRLE, RIZH
A% PBS T2[EIFe#L7-%, 0.1 N NaOH THAEL .,
MR EERPOBEREYL 10% trichloro-acetic
acid(TCA)IZTILIREH | glass filter(Whatman, t)
IZHAESE, PBS T3EHHPE glass filter ZRIR
., Y FL—a BREMA KL FL—
YHYE—ICTEBRaRICAVWSLRT[359)
methionine / cysteine OMFEHEEREL, &
A& AR ERETHE T 5,
B) bIU AV 2=y = AOVERLIS K UMRIT
BBHROR THERBRIMBBELHEE LI
AV—( pDRL5, pDR9.5) £V plasmid % #I[REE
% Sac I /Cla 1 THELT Ho—2 2 L HHLT- 1%
TUAZREII~NEA L, BERL#. LERXY DNA %
WHL, PR —OFEE PCR HRICTRERL
oo

C. FERRBIUVER
1. ¥+ 2 DMP1 BizFO7ae—F —EiB0Ira—
=7

<A DMP1 #aF 7 ot— BT 2570,
v ARY ) AT A7 FY) — Lambda FIX II
(Stratagene) N HIEF LA R LB F 2RO/ o—
VERAI) == T, 1.2 x 106 BOT5—2 RS
J—=271L, 14 HOBtE/o— 25k, £hFfh
oro—rORERFZRELEZER BL T uE—
A —fEEBELEENTWA2 oD/ a— 2 [REL
oo ZHD 7 e— i3 EAR BRSE R L5 300 bp Lvis
BERtHA LR 9523bp, ETCEBALEFR—DLOTH
Y
2. DMP1 7u®—&—DEH

AZY— = ZITIVEON BRI HETTEMEIC
EREERE, DMP1 28B 757 LR LY
AR (MC3T3-E1) VW Ty 725 —+F
T BAELLS> TR, FORER., GBS
HEE15 kb BETR 25 kb 25737 A MNCE
WERETEMED Rbhi-, SGICERERAMEA 1.0 kb LA
TFTRRERTHLEEEMEITIELE T L, 2 A
A& — iR HESEMRRER (CHO) TidE D7 7 A MY

BEEENRONARNT, 2O bR
MC3T3-El1 #il CEEEEEZ R TOINERYT R
DMP1 7 ure&—4&—RIRI% 1.5 kb LINICTFET A
ERhot-, ZOERIX. Gk DMP1 Fu®—#
— DN LB RS RE T 2B BRtA
HEF20kb LIRNIZHLHEOEE (Thotakura, S. R.,
Karthikeyan, N., Smith, T., Liu, K., George, A.
(2000 ) ] Biol Chem. 275 10272-7.) 2 FBL/2\ >,
3. TRECK %5 F L7250 HfR (=7 2B 3k
MC3T3—E1 #ila) SR8 o7 T U7 SR B

FERERL-V7TIT7 ER S EE (HB-EGF)
BEF 0 cDNA % —fi¥HD DMP1 7ot —4#—(1.5
kb LT} 9.5kb) D FTHICEFE LI AV —
(pDR 1.5 kb L <iZ pDR 9.5 kb) % MC3T-E1 #i2
WYRT =27 a Tl A LR, V7 FITRF IR
THRZEER S0, BRICIAIEASKRESE
BREPAIEL, MhT R — 58 A L7 21,
12, ke — AL THWEBEFEAL TV
HRIZ ST, BRK70%DEASHREEN RN
Too Elee V7 AFHH R A —< AR (ST2 )% H
WEBAIZIIBEERE B RIEFII RO o7,
L EORRMOBEIN- _BEOa A 7NN
Hilplt, DMP1 B+ H 5% R A ITH
U 7T VT BRR AR ERE TR INHSH
ER ol
4, MRV = 7w ADOEH

pDR 15 kbid, 1B BiZZFEIF21 582 DNA %
ITHIAA, B FHITI6m (4 2L), 5%
transgene OFELXBBLIZDE3E(N2E 21
L) ThD, Zhbid, PCR #4509 DMPlpromoter
5 B globin DEFIO— A HIETHZ L TREBEL
oo 2B B I3 EIN100MEIC inject L, EFEIL13
VEC4 8 LHFTCILIEILOTETHD,

pDR 9.5kb iZBHL Ti, Z#HI0216/E1Z injection
17y, SRPIAICHEDO T ETHA,

D. WFFEFHR

1. fmICHER

Uchiyama Y, Higuchi Y, Takeda S, Masaki T,
Shira-ishi A, Sato K, Kubodera N, Ikeda K, Ogata
E: ED-71, a vitamin D analog, is a more potent
inhibitor of bone resorption than alfacalcidol in an

estrogen-deficient rat model of osteoporosis.
Bone 30:582-588, 2002

Shibata T, Shira-ishi A, Sato T, Masaki T, Sasaki A,
Masuda Y, Hishiya A, Ishikura N, Higashi S,
Uchida Y, Saito M, Ito M, Ogata E, Watanabe K,



Ikeda K: Vitamin D hormone inhibits
osteoclastogenesis in vivo by decreasing the pool
of osteoclast precursors in bone marrow. J Bone

Miner Res 17:622-629, 2002

Watanuki M, Sakai A, Sakata T, Tsurukami H,
Miwa M, Uchida Y, Watanabe K, Jkeda K
Nakamura T: Role of inducible nitric oxide
synthase in the skeletal adaptation to acute
increases in mechanical loading. J Bone Miner
Res 17:1015-1025, 2002

Sasaki A, Jkeda K, Watanabe K: A RING finger
protein Praja 1 regulates DIx5-dependent
transcription through its ubiquitin ligase activity
for the DIx/Msx-interacting MAGE/Necdin
family protein, Dlxin-1. J Biol Chem
277:22541-22546, 2002

Furukawa-Hibi Y, Yoshida-Araki K, Ohta T,
Ikeda K, Motoyama N: FOXO Forkhead
transcription factors induce G2-M checkpoint in

response to oxidative stress. J Biol Chem
277:26729-26732, 2002

Takai H, Naka K, Okada Y, Watanabe M, Ikeda K,
Motoyama N: Chk2-deficient mice exhibit
increased resistance to ionizing radiation and
defective pb3-mediated transcription. EMBO ]
19:5195-5205, 2002

Kobayashi Y, Watanabe M, Okada Y, Takai H,
Sawa H, Nakanishi M, Suzuki H, Nagashima K,
Ikeda K, Motoyama N: Hydrocephalus, situs
inversus, chronic sinusitis, and male infertility in
DNA polymerase A-deficient mice: possible
implication for the pathogenesis of immotile cilia
syndrome. Mol Cell Biol 22:2769-2776, 2002

2. LR

BOEME, FEET, MERR, ED B Ataxia
Telangiectasia Mutated (Atm) / v 77 U b=
RACBITLSEEROBETZ LGRS FREES B
AERHEFRE 20 EFEx Ml 78 25 B—27
H

Hishiya A, Ito M, lkeda K, Watanabe K: Decreased
bone formation in ataxia telangiectasia mutated (ATM)
knockout mice. The 24th annual meeting, Am. Soc.
Bone Miner. Res., Sam Antonio, USA, September

20-24, 2002

Ikeda K: Mode of action of alfacalcidol versus plain
vitamin D on bone remodeling and bone quality, World
Congress on Osteoporosis, Lisbon, May 10-14, 2002
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BEAFBEEHRERDE (RERFREFRERE)
SEMEREE

BRI BRI F H B L BERERRAT

SRS BEAT (ERIERRE DEBELCEEE BHER)

WrES

Feold, THETICEHRABBAMOZE GEICBODTEEREEZRZL, ThICE
BB RERHRAEY PTH SSHRAIZE CWDI 0%, BEEL - BRIRIZSWTORLTE, &
MO LS PTH 1. BEEREERICE SV BHRERREILCI—RTSh -5
(CKE:2002 €8 12 A)THBN, EEOFFICLEIHROERE | ERABFIIITHILEW,
2L, ERD in vitro OFEREDIL, BEHEITEIVBLLEHEETOREBIZEVT, $he
FRRFEHELHE ISR AEEEBOREBICRBWT PTH BEERIEEERZRITHEIN
EFRBDORBERML, BOVATERTIES, —REZHOVLLATWSRITT
DRI ESCLEHRDRLY RO ORTHY, 2HNLTE{LTIElewv, F2C, <
TRZHL TEERAR S Y OR S RESL TR — PR TRB T5RAEITV, HITOH

L PTH O ROBEFREZALNIIL,

F—U—F: B, HEORE. B, 78k, PTH

A BIREM
BRI, MERSHREROEFARIERE
BICBELTAGAWMLI-EE (=N y2X) izl

hTVWBRTHELMIREL R ES T T,

2 ICHETERE R KD, ZOBFTICE MR~ oL
(I L) MRS RA L, BRARE, BIS i §Ess
OB OMEH TR BREIL. —HIZN 1lpm T
SEENTITE, LIz TEMARIX, #hiFELAY
—RTRELEFME L PRI RNLFRET (FHER
fa) Lo EEfER D, LI BRI kA
KR EE CHHIEFLRA THEOFEFMRLE
RaZeRIC REL TRY, BIZER~EBITTHI
2o, FOEBIIERD, - TEEROBIC
DL AN Rl B E GF) MRS BEHKEMICHFE
THIRT, /HELTHENSHEND, Fxid, BB
FIEIT 2T DIEE RORLE VW SEF R (AR
FRIob oLz, BEOHKRL KO OHE) %
HEIERL . hENBATEOMRANIZEIAFS®
EREFALIICLTE:,
—FRE_REFERILHESLATHEICEL. BEE
ELXTFHLEMICIZBEERBBTE, @BAD

QOL ZfR 2D Tl 2 ER B X MR
TEDEVIKRER A MDD, REIDAREANDIT,
FHBARICHEOLEELEEND, BEZTOR, &
SRENLEARECHRRE, BEEORRBITLY,
BRINEMETIEATFATFF—b EXI D Rk
ANV = BA] Ao TR R E N E
HIzE->TwW3, LhL, E)‘J’Eﬁ&btﬁ%%ﬁﬁ
(mechanical loading)?> & BEHERE - BRI
TiZ. %o)ﬂfﬁiﬁﬂiz’)skiomt_?‘ﬂfl'(bott
EB R EL BB EBICEA TR, 188 T
B4 B gL/ E RIS B RO X S L1z <m
of, LWUEITEE, WEAREBRLVICBERES
BEOBEPETHLZERHHAL, FROMEE
ERETIEENERNTRIN, ERBr
EEAEHRESLAMICESBERO T 18RIz
R 5 REESZEZLNDIZE o,
FHRETIEET, RRAT v rOLFHRH{LET
T, BIT R TER WD TRUCE BREN SR
FRBII R/ NNREICE I, EBAR ALY
v IHRNEOEEREL ~VicBITABRERO
BHEEALHICT S ETCENTET NV THAILET



L. RIZEHBEDTRFIELL T PTH OIER#IE
RBEETHED, BEROB P L-2SHHETEILT
YhRBEIZIWT, ST EEARE PTH LOER
RV EEREZREIHEELDAROEF£E%
RHDH, ZEEFERELE,

B. MIRAE

30 HEROME Wistar 7 e, KEBHEDOEET
W BHEHIEDL (ZY—), DAy —UN
THE T3 (EBHEIR) 2 TEhENPTHET 5
FEETICoRMATL. BHE, BEEBO/FTA—
AR R 37 -mRNA ORERBERILE,

PTH IEALER (BR) KOt EENT-FFRT U <5 F K&,

10pg/kg 72V LENU T ORE THEZEK TI#

Bl hBEH-VOFBEEREIT BIRL-~LobE

1/2 BOHBHLBEE TEXCEMACL-LOEZBHE
DEVERICKLERE Z THREIL-.

C. MIEKER

FIRBRAATE7 A B RBOR P ILF —VBED
BB LD, ZREBRRICLAEEHIROZMERTIMC
WVWhDHAN REEZ N EZ L, HEDT- D
CHEL - BB RS G BV CIRM b2 FY —
MIFEBICHBHE T, Ty MAN A TICHBIEDH)
of’:c

REEMSEEORERIZRNT, BEEIIE
BHIREE CRLE) ST, 7Y~ 7V—/PTH ®
WECHBEICE o, EBHIRE & OB E EITES)
EPTHENBNICHEE T LR SEMAEI0Y,
FHEDFEETFTICEEL-7Y—/PTH {E{&D BMD
HEHBEBEICED T,

BROMBERT TRy 7RIEETRETS
COX-2 2 IGF-1 ® mRNA VUL EBHHIR T T
IEL, PTH# B LTI EVEIFEL., 7U—/PTHIZ
BWTH2, LFERAERSLRBENRON, #iZh
RV 2B T B HIRT5 TRAP i1, #
EVHIRRE LD FIZOA RBNT,

EEBZHZELTRINLEZA, EEFIFRREE
HLTarta— AR TRBTICL-ThEVRERA
HOHDERVEAL T PTH (2L 5E#A BFR O
KBFHEIZR N, FOXHEAL T3 E MR ATE
EEEN T, RERATTOIDDEALLTIE BFR
HKREL PTH ICLAER D KIIFRE Thbotz,

A
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Control .I&'Mﬂ'n Sedantary

Fig. 1 Basal serum corticosterone levels at 9 am.

after 7-day restraint or free activity (A). Results
from four rats each were compared among sedentary,
head—down hind limb suspension restraint, and free
activity control. B. Sedentary rat of restricted
activity. 1, at play; 2, eating; and 3, sleeping.
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Fig. 2 Bone Mineral Density (BMD) of tibia in a
restrained rat compared to the control, free—moving
rat. Cortical BMD were measured as described in
Materials and Methods near the proximal end of tibia
after 6—week experiment.
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Fig. 3 Osteoblastic and osteocytic activities in the H :
tibia of restrained rat. Osteoblastic  activity g-.,. ]
{Mineral apposition rate; MAR) and osteocytic 38 ) [
activity (number of calcein labeled cells) were %'i »
compared among experimental and control rats. *] I
Panel a represent the area (between two lines) of ':

fed

tibial cortical bone where fluorescent osteocytes Controt  Restricted Restrictsd  PTH
were counted. Mechanical load is reported not P
significant in this area during walking (Demes, et al.,

2001). P represents periosteal and E, endocortical.

Sample pictures were shown in upper panels for

RESTRICTED (b and ¢) and PTH (d and &) groups.

MAR is measured between the arrows (panels b and

d). Osteocytes and Haversian canals are pointed by

white and yellow arrow heads, respectively (c and e).
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Fig. 4 Expression of messages in cortical bone of
experimental and control rat tibia. By RT-PCR
experiments using cortical bone pulverized by
CRYO-PRESS, mRNA levels of COX 2, IGF-]1 and
TRAP (tartrate resistant acid phosphatase, a marker
enzyme for osteoclasts) are shown.

E. #5&

2O FRE{LHHV I EBRBOK TICLAESE
HWOLVBRRETNEEZOND T NDOREET-,
BEHREDCIHERETFHHINNIINEYT —ard
—IRELT, PTH LBV EEY 2O U H 3
PHAEDEAIET PTH OFERLY T, B8
DBEWEREIT A SRR RISz,

F. HiRs®R

1. RXRER

Naruse, K. Miyauchi, A. Itoman, M. and
Mikuni-Takagaki, Y: Distinct anabolic response of
osteoblast to low-intensity pulsed ultrasound. J.
Bone Miner. Res., 18:360-369, 2003
Mikuni-Takagaki, Y., Bone Formation Induced by

Pulsed Ultrasound. Bulletin of Kanagawa Dental
College, 30:5P-7P, 2003

Naruse, K., Urabe, K., Mukaida, T., Ueno, T.,
Migishima, F., Oikawa, A., Mikuni-Takagaki, Y.,
and Itoman, M.: Spontaneous Differentiation of
Mesenchymal Stem Cells Available from Fetal Rat
Circulation., Stem Cells in press.
Mikuni-Takagaki, Y., Naruse, K., Azuma Y. and
Miyauchi, A.: The role of calcium channels in
osteocyte function. Musculoskel Neuron Interact,
2:255-258, 2002.

2. FRHER

BEBTF: BRRAND=HNVAN R T 58 R
ROE« OIGE. F 2 BEREEAEFARFESR,
B .2002

RS, mAEEL, SHE ARER RE
B BT VRIS COX2 BLUFATA BN
CUORBHEMOBF FeRBETREIIMRMASR,
2003

A. Miyauchi, M. Goto, K. Notoya, T. Sugimoto, Y.
Takagi, K. Jinnai, Y. Yoshimoto, K. Chihara, T.
Fujita, K. Okabe, Y. Mikuni-Takagaki:
Mechano-sensing By Stretch-activated Calcium
Influx Pathways In Human = Chondrocytes.
American Society for Bone and Mineral Research
24th Annual Meeting, 2002.

Y. Mikuni-Takagaki, K. Aoki, M. Takahashi, K.
Ohya, M. Itoman: Daily Activity Triples the
Efficacy of PTH on Cortical Bone Formation in
Adult Female Rat. American Society for Bone and
Mineral Research 24th Annual Meeting, 2002. '
H. Sekiya, Y. Mikuni-Takagaki, A. Miyauchi, T.
Kondoh, K. Seto: Different Response of Human
Mandibular Bone Osteoblast and Osteocyte to
Mechanical Loading. American Society for Bone
and Mineral Research 24% Annual Meeting, 2002.
BERT, BAMWE, KAE—, REEE7HH
FEMBEFEORERICEN T, BEOESIT
PTH O7 7RIy Z7ERICH U THERAICEK 5
20 [&] B FF Ul =, 2002
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RAEFBFE ARG & (RENFRESMEERE)
SHEMEREE

REWEOFERAIZIITD pb3 D&

SIS TR AFEGEEERKFEBRASEHE %)

WRAES

T ADEBE T =V CREET A0, B 1 BRI TR ERERE L PELS, Z0A
Bt BRI, p53 A LT RV AR MR EMIRICAE LD THDBEN)
{RBE S Tle, ZORREREET S B TEREITo/, 8 BB OHEM. p53 BEFRE-VA
p53(-/-) . MR p53 (+/+) H AWV, vV AOERRZERES MR TV TV’
EL, BELTWRWRO-T A0 R #EZ T BEL THELE,

BEEL TWRW-TAORE T, BiaEHEE, BER, §RIUL, pb3(-/-) & p53(+/+) T
EiXid ol p53(+/+) Tid, LARBOFEMLIZLY, HRE & BV/TV) X, #BHED 77%I2
ETCHRITBA LA, p53(-/-) TiX. B Likdrotz, FEILE OB MR (BFR/BS) X,
po3 (+/4) T, HEIZHEA LI=A8, p53(-/-) Tid. B Lz oz, REMEHE OB L
(Oc.N/BS) LRk B #b B BEfkE (Oc.S/BS) i, pd3(+/+) Tix, FEIZHEML A3, p53(-/-)
T, LD -7, BRI E TIX, 7AWV T4+ A7 75— CFU-f & mineralized
nodule DA, p53(+/+) TiE, FERA LA, p53(-/-) T, M Lisdrolz, =72
mEFOTAHIT A7 757 —EMHEIZ, TEEEL X REEL, p53(-/-) 2% p53 (+/+) Lhb @<,
p53(+/+) Tix, FEYLIZIVEBA LI, FEEL-RE OB M T, p53 mRNA ORH
A3TLEL TV, TUNEL (terminal dUTP nick-end labeling) ¥ TR #:0 BRI L5 /M 23,
p53 (+/+) TIEFR LA ITHMU TS, p53(-/-) TRELdlah ol

ZHREOT —#i3, REMELI==YRIZEITS p53 BIETORIBH, G F &R ORI
BRAE T OBhIEEBEL TWAZELERLTWA, 20557 in vivo DERSIT. BEEHIAICE
(IBTNHYT AT 75—t CFU-f & mineralized nodule DR O#E R E—FL TV -,
BHMBAD ps3 BIEFEM LIS T FARBOTTEDN, FEMEOFERDICEELTWAE
Zz bz,

F—U—F: #EEEETN, fTE., EWNE. p53



A. BB/

MEOFRENL, EFTHLEM TL RO B EXH YD
&, R ELEHESES, FE{bEh-ER#Y
X, RERE, ¥7AEE. BEHEOBRRY OB
B BRLREEH O BEEMEL TV 5D, MERED
BEL LEHRZYRLTRIBTAE R
DX, BRIROBEMEBHEOBTOmMEIZLSL
DTHHZERPEINTND, vV AORBBET
FAC L DI E T, £, B R (BFR/BS) D
R T L. BE MR (Oc.N/BS) LR HERa B e
(Oc.S/BS) DFMHBTEH LN, vV ADTELHE.
BRI 7 BH5H14 BT TETL, 21 B2 42
BIZMTTEEL TLBIERMENTNER, DA
H= XL DOWTIRATHS,

p53 BETFIE, TR — 2RI % L T
BY, RERTF, B avrgo 10 (KBRSLHURR
BELEOBEBEORMBICRIELT, VA &mE
15, p53 BEFORBRLT R — R0k, B
THRICEBINTWS, TRV AL, B, F
FEHIE. ERRTEESN TS, Hixld. po3 #
EFH, REk#EOEHARS LS ERBE RO

FHICBWTEBLRHRIZH TV BEEX T, BT,

MRS L& OWRE B LEERO BB,
FREMRIRICIITD pB3 ALz Y FAnTiink
BECHRBE AL Tle, REEDHIRED BRYIL, 20
{HHAERIE T DL ThHD, BFRED OSSR
P53 BIEFEN LI Y T ADEBEFRLNCTS
BEYT, 18RO FB LM RE BRI,

B. #F5GE
B

EXERRZHYHE L F—T, ps3 BETFX
BwURBERL, @BE¥—IICHE. TE, B
Lz, BBAEARBELZREBTL, ¥ —VRNEHLE
EHHRICBETE, R, SUKIIBEHIZHEETHD,
ERMBHELFECT A0 —oTCHRELE, B8
i3, K2 CE-2(Clea Japan Inc., 3IX) THY,
1.25% N0 L0 1.06%Y 20I0/g 73 D%
BALTND, 8 B#MOBEME~T ZAEERIZAV L,
BHEITRTOERBM CvyFSEE, 28,
EBoOTuba— ik, BEEEMXZEHERGRE
ZESIIBWTARINL TS,

CEBRBOT A

8 MERDOHEME, p53 BIn T RXEB~VR p53(-/-) . B
ARI<TZ pB3(+/+) EENEN 2B, TV
—7" 1%, LERBOTRENL (% 2R Eif RAL TS
YT —VEE) BTl B ThHD, F—7 21, 18
B, EFREZIToB GHRE) Tho, ThTh
DI N—FZBVT, pb3(-/-) & p53{+/+) ZHEL
Tz EREFICRBIBEIN—THiI-0D~y 2 HIT,
MR R A6 T, FRMRERERAIC6 L,
RT-PCR FIiZ3 IE# 15 FLTHY, p53 (+/+)30 L,
(-/-) 30 IED&EF 60 [ETHD,

KRR RERH B

E#o 6 Bk 2 BRI 6 mg/kg calcein ZEHE
WREL, FRREICHAZEERL, =T
THRERL, OB M HD\ IR IS TRER L.
EROREZHERL, 0% FAL <Y THEE.
methylmethacrylate resin ( MMA ) T@# L |
Villanueva %2177, BIEREZ5 pm DEITH
GIL7z, —MOERIT, AFT7 4 TERELIE, B
AERIRFUERR R T 4 — ¥ (TRAP) Jef L TUNEL
(terminal dUTP nick-end labeling) e 8.% 17 57=,

BB R E TR BH BT o7, B
B & (BV/TV) ., BAIK/LEE (MAR), BERR
(BFR/BS) %7~ TRAP F&iR4T, BE e #k
(Oc.N/BS) L8 F il -Fr ek i (Oc.S/BS) Z#f~
7o TUNELB & T, BRNEICFETOIBERLE
RREICFETIOEF RO D OB R~
o

BRI, DRBR ATV, EFOT AR T 4
A7 77 —BREET - RERMOFTREZHEL
7o

- B B AR
BHBEXOFTRICBSTSEFMR~D5{LIBR
WS p53 OEBEMDIHIC, BEVLEEEME
fa % £ B L 7=, 15 % FCS . 10 mmol/]
dexamethazone . 50 pg/ml ascorbic acid . 10
mmol/1 sodium B8 -glycerophosphate DFF{E F D
o-MEM THRUEE L7, HEMGER 8 BRIC. T
NAVT AT 74— B REAETH, ERENT.am=
—EHT LT, BRI 21 B BT, R
dish ZEF LMt % alizarin red THAEL.



