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FAETEZ MMMz ERTVE, fAE, FHEFOFF/HESIZE, BFEREEE - Xk
0. AR TEIEL & I R AWI B 2Tk 5 TS,

—F. BAHOFE., EAEBEERIZ L - TEET S, ZOBFOHRIZEIRFSIRLED-T
VHILABFELENS, L L, ARFOERRAOERIZDNTE, BUWSEA TG, BFM
IZBT3FSBEOEORER., LU THERERERRICL - THEIZ 3., ZhFTIZ, WL, X
BRAFOR A S & KFAMAT, BERE, SBBRELITBERL T I GESTHELTER, 20
BT, angiogeninZ KRITRFE L, WEMIRICH T AWREFERTV5, ZhE TORFOMFL 5,
angiogeninid, FUSREZEET 2 Z & 8b0 D, F-WHREEELICEE LA 2 R 5o/ k2w
B &hi, Z LT, angiogenin® RO MEFERHT TH 2 M8 ARMIEEREE - (VEGF) 25, ®D
W, BRI E 0k S BRE AR T 2T DV THE AR TangiogeninOFFH & B L & &I,
MEHFERF L EORENREDLS IZELEPIIDVTHENDL I L E LT,

2 B &

01 BUTEY

R ML, THROY S FOREL KOS 5L 2, Bl LB O & L0 i
E, MEMP TS5 4MBHNS T I 2O TH»P < ERLE, ZOWEME 4 SHBETSZ &I2XD
RELBHMER W, Boh2EBMlREas -y vy RiiEEL, Yot —¥ - EDTA, &F
a5 - B TEE LA oA RE L DS, 355 T - E B A AR L 7,
F OIS ST LISIBI L. B LR SR TS0 S S OTRA NI L. A ST L
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VEGFIZ & 5 BIIGEM L 7100 Y % — ¥ = OB A 5 212 F 8 22010, Hib 25705 Vi
BIZEZ YT AZ Y Ty FAMIC DT, & 510, VEGRIZX B BMRES L F 0o Y 5 —
VEDREH I DWT, Fui vt - EOHER TH 2 herbimycinA % AV TR,
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2-3 VEGFR2E{ADRT-PCRI- L 3HH
7 HEROD 7 4 ¥ 2 5 ERNAZHIH L. frst-strand cDNAZfERLL 7=, % L T, GenBank®F — 4 —
R AP ORIy —r v A5 VEGFZARE (Fit 1, KDR/Flk-1) #BiE+5428012, 774+
— %@ LE,
Flt1 TATGATGCCAGCAAGTGGG
TGCCAGCAGTCCAGCATGAT
Flk-1 CAAGTGGCTAAGGGCATGGA
CAGCAGTCCAGCATGGTCTG
RT-PCROZME. 3044 74 (90°C, 30s. 58°C. 30s. 72°C, lmin) Z& D757,
PCR ¥, pCRIINZ & —ITEIEL, ¥ — 7 Y AL DAL,
2-4 VEGFSEBEDH LN LXILOHER
SBMEAEE L, HiFlk- 1 S EHE 5281080, MEERICLIRELH S, 2,
VEGFREHRD # V30 BL -V ORERE, HiFlk 1 PikE2HANT, 9224y 7uy MEZX DT -7,

3. % &

VEGF% B U 7R BHIBICEH ¥ 2L 25, VEGFS | »5100ng% THEICBERENIC
RIS S BB ERME Y, 2 LT, BrEMROLEFLARIIED 2, £k, BRI, 24
BB bR TR D, VEGFS ., ¥4 L2 MoWEMIICERL T, BRIEEE &0 2
EAVRIE X h (Fig 1), '

% 7=, VEGFSAADTE&#RT-PCRIZ XD #7=, GenBank®DF — & — - A 5 AF= s —r v
AH 6, VEGFR%EW (Firl. KDR/Flk-1) #8Ed 27202, 754 v~ &#8E L7, RT-PCRK
ICk DEFA L BB MIEICE. VEGTREM (Fit1., KDR/Flk-1) ORESE®D Shk (Fig.2),
BE XNy S X OKDR/Flk- 1 BEZTiE. & B XU AKDR/Flk- 1 #@E T BRSNS 5 2L
AHERE LT,

Z LT, Ml TOVEGFRERDRR & NS 20, MBEAEFOER. sLUyris s 7u
v MK BRI AT -7z, PiFlk- 1 Fith & TR A Lo 25 SR #IBRICVEGFD R
WHDIEHbhrak, . vLXA Ty MCXOBEHLAEIZ A, KDR/FIk-1I2H 0T
200kDa & 230kDa® 2 DM /3y FARERMICEE I, Flt- 112k T180kDamd /vy FARGE X i
(Fig.3). |

X512, VEGFIC & 2B Fus v &+ - P EOBEAAL»IZT 52010, Fid 2455
O VvPRIC KDy T2y Fuy PO KON 2S5, Ful ) VEBREBMEEL TWA Z
Ebirot (Fg 4)., ZOVEGFOBIRMNEEZ, 7w+ —EOHER TS %herbimycinAlZ
Xo, il Ehis,
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Fig 1 ‘

Dose- and time-dependent effect of VEGF on bone resorption by mature osteoclasts.Isolated mature
osteoclasts (200 cells) were incubated with various concentrarions of VEGF for 24h(A). or incubated
without (open circle) or with VEGF (100 ng/ml,closed circle) for the indicated times (B) . Then,the areas
of pits excavated by the isolated ostcoclasts were measures. The numbers of TRAP-positive osteoclasts
on the dentinc since were counted and the percentage to the number of initially seeded ostecoclasts
" was indicated as survival rate. The experiments were performed four times,and the values are means=®
S. D. for five cultures in a representatioive experiment.* P<(.01 vs. untreated cells.

HUVEC Rab. Aorla Rab. QC
RT ¥ — + — + —

fit-1

Fig 2 : .
RT-PCR analysis for the expression of VEGF receptors in mature osteoclasts. (A) Equal amounts of total
RNA from endothelial HUVEC cells. rabbit (Rab.) acrta and isolated rabbit osteoclasts (Raaab.0C) were
reverse-transcribed (RT, —=),or not {RT,—), and then the samples were ampiitied with Flt-1 or
KDR/Flk-1 primers.The PCR products for FIt-1 aand KDR/Flk-1 were 971 bp and 398 bp. respectively.

—195—



EL ..
- £ / .
> - -
EXRE
T o

E

a-KDRflk-1-WB

Fig. 3 :
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Expresssion of VEGF receptor. proteins in mature osteoclasts -Rabbit unfractionated bone cells were
immunostained with polyclonal rabbit anti-Flt-1 IgG (A), monoclonal mouse anti-KDR/Flk-1 IgG(C)
antibody, non-immune rabbit [gG (B) or non-jmmune mouse IgG (D). Note that multinuclcate
osteoclasts (arrows) wrer positively immunoreactive for two-distinct reseptors of VEGF. Bar in each
photograph indicates 100 xm. (E) Western blotting analysis for VEGF resepters expressed on mature
osteoclasts. Membrane proteins were expracted from HUVEC cells (lanes 1 and 3 ) and isolated mature
osteoclasts (lanes 2 and 4), and used for Western blotting analysis of KDR/Flk-1 (lanes 1 and 2) and Flt-
1 (lanes 3 and 4). Arrows indicate immunoreactive bands for KDR/FIk-1 and Fit-1, respectively.
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Fig. 4
Involvement of protein tyrsine phosphorylation in
_ the stimulatory effect of VEGF on osteoclastic
bone resorption. lsolated osteoclasts were
stimulated with various concentrations of VEGF
for 2 min (A, B). Proteins in cell lysales were
eleclrophoresed and then Western-blotted with
anti-phosphotyrosine (A) and anti-c-xrc (B)
antibodies. A ¢-Src signal in each lane serves as
guantitative internal control.
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FAHOFE, MEBEANBRERCL > TRET S, ZOBOREIZLIAPTRGIEL b ->T0
R2ILNEZLRD, LAL, BT OBRENODERIZOWTOMEZS £hH L A, FERDPIC
B BFGROBOREL, EL L THRERRERRRIZL - TEZ 2. BEHTRHET T L8 EHE
T, MEBRERICHRET 5. RBMEOME AHLE L CRBEEOTRIEARIELTEIREL &
5. KT, AR{ELIEBREEB A MEOHAE LREMRICL > TR U TRHEBEAER T2 88
oo 2 KRR A TR BT B, 2 OBOTRICE - T H e % BRI - & 5 HE
EREhd, TOFOEE. FICREABILOBEIIIARIBE SED-TO 200 5H56 21275
Zlid, FONABEETHELEALND, A, RELOMER TR, KRAZOWES 5 LA
T, BERE» SEREBWELICBERL T2 258 L €&/, £ DMCanglogenin AR IZ & &
NTED, AEHFREL S IZHEHREOER - BHLCZEETI I LAl e I L, I
angiogeninﬁ“j’(;%ﬁ%‘i NnTW3Z &6, A Wangiogenindt, LA SHPOREIZE LS R SE
Abhiz, '

AFFZE T, angiogenin & FIARIZIE OFE 2D 5 M N E AR T (VEGF) 5. BOMifEc
EDEDICBH BN I LIIDVWTHRE L, FOKR. VEGFIZ, EEWEEMiiZfEEL., B
WIN RS 3 Z & bbb o7, VEGFE., BEFMEPREEROME, SRHAT I I tMEINT
W5, 20L&k, BHEBOBEGRRIC BT, Bl HER DM, & 45l X 3 VEGF
PIEDRA L BRI X 2B PN Om GBS L T0s ZeWa®rEhd, £/, VEGFIZL3
BN eI A . A IR R BT A VEGF2E K2 L T, BEMlsADF o v
F o — EIEEL &S, FRNEESEET 3 Z SR E N, BEORE T, mE AL RaEmEAE
T (VEGE) #EBORBIIAELSEb- T3 2 &R ERH (Engsig. M. T. et al: J. Cell Biol., 154,
879-889 (2000)), ZHET, BASHEMIZ L TEAER LGN ZORLTHM ERZ L2k 3,
X 5z, MBI 7 (VEGF) 48, WIREEELic BB AR A RIELTHE I LAE L
Ehiz, ZOTZ &I, angiogeninil &, WEREEBLEH S D ERAEAAKELTHE Z L4
Eiohs., $HIE, REERBICET 3 MEHERTORENOWTHRE L, FAPomERERT
IZDWTHERS, &5, RSP IZEENIHEABLHICES TR 2P0 & LT, BRNDH
BAAOER., £ OFEMz, SEflat E~OEHAEZHe2II L0, BRMITE., LT HORE
BB A B S X ADBIE L TOE N E A TS,
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