Expression of Vascular Endothelial Growth Factor
during Development of Steroid-induced
Osteonecrosis: An Experimental Study in Rabbits
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Abbreviations : VEGF, vascular endothelial growth factor
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BOTHD., MBORBEREBICKGLTHEINSL L VI
B2, BPEFTLVOEOLERECBCTRANLET S LW
STHRENHELENTVWETY, Tk eIz s
E, 2704 FHERUKMEFIEFLEDREICB VT, VEGF
OEBERFTHIEICL Y, BEMEOEEFZ L OHL»ICT
BIENTERBLELZLNS,
ZITEMETIE, 2704 FRGEREEFEETTLVE A
T, A704 FiE5HOBRVEGFOBH R, 2504 F
MEHEERE L OBEES L F0OBNFBIEORBRIZOWT
HEt L7z,

WHEbBLUAHE

EREWIEAREH3Skg ORAME R RKABK R Y BV,
FARMEDO T b a— Vi, SRAFESFIHRGYERGHES
BE&OBMIIETTITbRILDTH S,

[. 25704 FESERRICH T 3 BHEBORIBAGS
EEBEEREE, SLURERMLICOVTORE
(X8R 1)

KE1kgH7- 0 dmg DEEFEA F ATV F=vay (HEKT »
TVar, BE) Y 1EOKEBHHICHIELLATOL Mk
SR\ (A704 FB) 2ER L. 2504 M5 1H%, 3
B, 58%%, 1:B%, 28%, 4BBICERLAEEFLVEEN
FR1EH, 3AH, SHME, 1A, 288, 4LBHE L, &8
AENFRIORTO2ER L. Zhbi, AF04 Fiis
TR -G CTHETLAMEBARRE GHES) % 107K L,
AFO4 FEENBEOS LS TTHBTHRIT L. BREOK
THRICA 75—V (KEEXRE, KR 0SFBECTER
FREW R, P LICHHOKRRESBE LY. BRogic
MW (Exakt, Hamburg, Germany) % VT, KRB
WVEEFNFNOMEEE L ) H4em O E TF 8- FE IS8T
L, BIKECTRAIEMFESNL XD ITEW L7, EliEEL
1210%F L~ YIZRBE L TH48RHEE L, EDTARTH
K, 7357 4 YK 2B L72%, HERBERZ/ERL, L
TOEBIZOERE L.

1. mEEEFNEL

FROBE MRS L UIEIMRIRE Ly, 2 —EH
BWOFHBPTFAMICERL IO BIEE L EHLY, #
NENROBFIZRD 6N - FIRFEROFHEREZEN L ELIZ o0
THRET L 72,

2. BEEREEE

BRIEDOFERL, HOARREIT 2 5EELED K
REOEHETER LA, FRLABHOKBENEL Hh—F
KTOBIERLEDLHAR, BIEEHY L L. AEEORK
TBIBVT, ZHBOEORZINE y REZ AV, 2BHOE
DIFEITI Fisher DE MR BB L Av7z. BRES%RH
(0<0.05) DFEERFEEZDHH & L7,

3. BIEFEREN

BRFEDREMMIL, ABRELME L BHE (BHEE, KE
FER) BESE (R, SM), EFTE I, S, §%E
(R, 4D, O8IKBUISTERE L 225,

I. 2704 FESREAEEEMBIZH T3 VEGFOHR

RIS OV TORE (K5 2)

A7 04 FESGRREOBIBEGRBILTH S, KBBILE

28175 VEGFEBIMNE, BER, BEHLLMma L.

1. VEGFEBIMaDOEHE

AN T FTEY Y - ¥4 F vk (Labeled streptavidin
biotin) {2 & A RIEMEILFEICL ) VEGF R 2 BEE L /-,

FERITERL-A704 FEE 68 (HBEHEOSLETT
FEMTHI L. £ EhoKBERMNED/8T7 71 VYR %,
FTFILUyBIPIY ) - NIZEYBNT T4 %L,
0.3%BEEILKEMA ¥/ — V2300 R LAREAL+F
F—YiEHEE (&5 \WidsE) L. PBSTHE®%, EF
BB EBRET L0, 5% 7 P MET7ILT I V2305
MLz —R¥FE LT, MIVEGFY Y AE/ 70—+ il
& (X 100, NEOMARKERS, Fremont, USA) # v, 4'CT—
BRIL S ¥7:. PBSTS54-#, 3EGEE L%, —kiikeL
TEFF b4 FH~ v X 1gG ZkILE (X 200, DAKO,
Glostrup, Denmark) % vy, ZinT607 B XIG &&, PBSTS
SH, SEEEL:. 20T, "VAF LV —VPEBAINL S
b7 ¥ (peroxidase labeled streptavidin) (X 300, DAKO,
Glostrup, Denmark) & RiRT3045HXE &¢7:%, PBST5H4
M, 3mEE L7z, 512, 0.0006% B8 LKZEM005% YT
3 /Ry ¥ v (diaminobenzidine) (FMZ{LFEMZERT, BEX) i
WIZT, 5~ 100 HBBR L. BREGEMECTHEL CER
L7z, BEBEBETAV—~"T 322 V2T, BK, B,
HALAFHABBETOBRSEICHCA, BHEIBELT, v M i
HWBOZ > ABBHIRAE HV/. F7-, BHBEL
T 1 RIFEOR DY IZPBS 2 v/

2. VEGFFatE, Bz, Mmoot EshiE

EREOFEIZLY, HRESBE S -MLE VEGFEIRM
RREHEL., FAMIEKOR—HEEFIIBVWT, 10EULLD
VEGFREBEManEHEZ RO 561 [VEGFBHE] kL
HEL 7.

VEGF a3, v agf B3 5 VEGFBEORREE
DESGTHEH L, RELATAHOAKBREOELLA—HTH
VEGFGHETH - 7235413, VEGFREH& L7,

VEGF BB IE, FEE1 & FBICARE LA % 8 X ki
SrVTRRAE L 7=,

Il. VEGF- mRNA, VEGFEBREROEBNE/LIZOVT

DIREY (KER3)

A7 04 Fix5RRBOKBEEEMERIC BT 5 VEGF mRNA,
VEGFEHDRBEHIFZBEMIZED I H BT 202 M5EW
TUTOEREIT - 72,

1. 2 v b VEGF cDNA & KB VEGF mRNA D3 EM DR

HifE, KR VEGF cDNADEETFEINEHRE SN Thin,
L7 oT, i3 Tw5bT v hVEGF cDNAZ Fivy, #1
HREVEGF mRNA & RERIRT B D0 &) hERE L7,

1) RNADIH

10:EECRERN30gD T A Ay —RHE®T v b (BEF v —
WY o5, HiE) 8AE CHRER 30g M Std:ddY 77 A (HA
SLC, ER) 2z F#NFRIET D, BLUMRARHBERRLN
ERYTY N (RAKREE, KR OSFBEIITRERS
T, TNEFNLLEREBH LA ELICREEZEIILYEE
L, RNAZI 32 F T80 CTHRAELL. B LIHEEY
VTNBLEEM S T VY 7 =N/ a7 L AP
L DAERNAZH L7, #H100 mg il LT, 2ml % RNAzol
(Tel-Test, Friendswood, TX) # 2 C, €Y+ 1 XL, 4CT,
547H, 3000MIZTHEL LT, LiF%x 1L.5mlE LEICIFIL /2.



12 H

FHLZLEDOISOIBO 7007 4 W AEMA, 158
CHEIEL, KEWSHGHEEBELA. 4TT, 55H, 13000 Mz
THELLT, KBE 72/ - NVBIZHPN-BDY L, LBO
KB EFH Lv 15mlE-LE IR L 7:. RRLCKEDO2EE
DYTFNI—FTLEMZ, BFELEZ4CTT, 55H, 13000
BETHELLTEBOYIF VI —FVERELT, KBz
BALZET7z/—VEkRELE. KBLEEBOAL YV 7OELT
VIa—nEmR, kEICI5SMBELZ. 4TT, 155H,
13000 [I#E T L CRNADILBR 2B 7. 75% L% / — L Tik
Bexik#®tk, 4CT, 850, 7500@ETELLTLY / —
FESIIRELZ. RNAGBEZRL & T 2V K TRNADLE
A3 A YA

2) VEGF cDNA 70— 7 DiER:

v b VEGF cDNA®E, &IRKFRZRES ZF5CH M
REWEFSE - HES—FR L5 IR, ZDODNAR
Megaprime DNA Labelling System (Roche, Mannheim,
Germany) % BV CRGHEEZ L 7. 1.5mlE L8 12 25ng @
VEGF ¢DNA%* A#, 100°C, 5% M#0H L TIAREDNAIIZL
ot%, REWXSHOMBELA. 20%, #4010 X BHRK,
primer (dN), dATP, dTTP, dGTP, [«-*P] -dCTP ([ «-*P] -
dCTP (3000Ci/mmol, Du Pont, Wilmington, USA) B & UF,
KlenowB#Z % nz, 37CTISHHBER L. Kiv% TEHREH
WeELL, 7z/—V/2au 7+ VAHiEEL, Y50
I—FVABIZLDRALAE 72 ) —VERELL. £77F
v 7 A G-50 71 7 & (Amersham Pharmacia Biotech, Uppsala,
Sweden) #HWT, 70— 7ERIFHIN 272 [« FP] -
dCTP%#BEL:. 2OBRIAT V-5 HT, 7u—7H
2~3x 10°dpm/ p g DIFRMIRETHEM L o2 L R HER L 72,
3) /—¥r7uy b E

FhEN20 p gDFRNAZ, Thomas DFHEIZHES T Y
XML ERL, 100ng/mlDBEDORILIF T 4
EFEALLI%THO—AF ML Y ERIKBI%1To7:. RNA~
— % —& LT, RNAJ ¥ — (BRL, Gaithersburg, USA) % Hu /=,
BRkENE, UVA LI 2A—% 2L Y &Y TIVOrRNADHKL
BErEEL:. BIEEERNAR 7T HU—A TS Vb A0r
A ¥ 7L~ (Pall BioSupport, Port Washington, USA) = —H#iz
B, #5%UVA }J %) 75— 1800 (Stratagene, La Jolla,
USA) # V7120 3 ¥ 2 — V0% 254nm OEIE % BBS
LTAY TV YZEZSEL, ZOAY TV iionT, IM
i+ b v 4, 50mM TrissHCI#: i (pH7.5), 10X 7 1
VAMEHR AXTFT NN MERIZ002% Ry E=vER) Fu,
002% 7743, 0L02% 7 IMETNT V), 0.1%BN-7
TYNHNIT L EEF MY T LA, 10mM EDTA, 250ng/ml 4%
MY T FDNADLS LA T UL T ) ¥4 E— 3 VERY
BT, 65 CT2RHEN T NA TN ¥4 ¥-2a v efTol.
BEWT, TINATYTFAE¥—2 3 VIESTICBRESEL - 32P1E
WMVEGF 70— 7%MA, 65CTI6~ 4B DA 71) ¥4
E—var¥ffol. "M TN T4 E=avigk, 2Ty
% 2XS8SC (1 XSSCix0.15Mafk+ M) 7 4, 0.0156M 7 =
FT RS L) LD TTI0OE2EZERL, 21 T0.1%SDS
2 EL2XSSCIZL D 65 CTI5FH2mpes L7, HiEtk, X#
7 4 b 2 BIOMAX MS (Kodak, Rochester, USA) % I\ T —80TC
TRFFOEA T T 7.

2. A7 4 FERERBEOKRBERLIBIC ST 5 VEGF- mRNA

R ORI

EBR1LERIC, 2701 FEE 68 LdBRobbETT
BEECHRET L 2.

FH QT ORROKBELRM L, BEUHHE (Exakt,
Hamburg, Germany) % BT KBEAMIE %S0, BHLH
HL, BRNAZHIB LT/ =¥ 7oy NEFIT- 2. B5
N7y FORUEHDORBIZIE, SIRKET IV =TS
LI —DNLFA AT TTF T 4% —BAS2000 (BE+ 7
14, BE) 2V, 77— 9 OB % BEEF Y 7 b Image
Gauge version 341 (E -7 1 W 4) Tir»7-.

BON/AfEExESDTRL, ThoOBBOREICIE—T
EESBESTEEH, FEENS B EOBER LTI
Scheffe D FIRE % FV 27z, fEIRES5 % KiH (p<0.05) DFE&EH
BEHHELL.

3. A70 A4 FESRROKBREAMIEIZBI) 5 VEGFEBRR
BoZRHEL

AruoAf FHO3SBE, 5HE, LBROIBLGBEDSD
S TAHBTHRET L.

EHORROKBEOFMEIEML, ELIC@AEREICLY
HAEL, BALTHETAET—80CCHRELL. BELALE
BE400mgi23F L T, 2ml P lysis buffer, RIPA# Mz K ET F+ 4
X L, BCA Protein Assay Reagent Kit (Pierce, Rockford, USA)
THWTERYER L.

1) YxA¥ 70y bk

BR KB Laemmli & PO SDSPAGEEIZ & 7o, 77
VT IRV ORER, REHESVESREL, SRSV
312% & L, BRI B4l BAREE3 v g/ u ) T0WKE
L7z, BRKEERTH, "VEOBRASFRIEZ YT 70
A1) FJE (polyvinylidene difluoride membrane) (Bio-Rad
Laboratories, Hercules, CA) (85 &4#72. 0.05% YV 1 — 20
HIMPBS (PBS with 0.05% Tween20, PBST) {Z5% A ¥ A I V7
(BH, HE) #MA-BWTTOy 3 7 %9iTo 8%, ¥
VEGF=7 A€/ 70—+ VK (X200, NEOMARKERS,
California, USA) # AV T4 C TG 247, HEOBREIZIE,
IUNZARNTEN IR+ X (enhanced chemoluminescence,
ECL) V=X % 7oy b A5 4 (Amersham Pharmacia
Biotech, Uppsala, Sweden) %/ L 7.

B #

I. 2704 FERERBICH T3 BEEDBORIEMEEEH
T EBEFERER, bLURERMICOVTORE
(E8&1)

1. WHEMARFRNEL

ATHERE, 1HE, SHEICESICETEIRO O,
5HE, 1LABIIBVL T, BFEEROFEBEF LEAL, B
HOIEEBHAZL OBRIIBEETH -2, BREOBMABIL,
BRL THEFIAEREL TR, $5VEZEFIE
(empty lacunae) /R L T 7z, FOFEBOBME MM IXIE
o7 MR e B LM e MRELZZIRECTH -7, R
TAFRLIZEEFE I > TV B d OO F DM I LENRh
Tz BEREABCE LI LTS Abh, ESEHED
BRICEBEORESR SN (KA, B).

2BEBETIE, SHE, LB EERBOTFEEMEIIHEMEL,
IR R REROSHEMMAEILIZIZREIHIEICHE-> Ty,
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Fig. 1. Histopathologic findings of osteonecrosis in 5-day group.
(A) and (B), Empty lacunae were found in bone trabeculae, and
the surrounding bone marrow tissue also necrotic changes
(hematopoietic cell necrosis and fat cell necrosis). These were
observed in the area between the metaphysis and diaphysis of
the proximal femur. Although the fat cells showed degenerative
or necrotic change, their architectures did not collapse. HE
staining. Original magnification, (A) * 200, (B) < 400. Scale
bars, (A) 20 x m, (B) 10 » m.

C

Fig. 3. Immunohistochemical findings of VEGF in 3-day group.
(A) The VEGF-expressing cells were aggregated and among
the bone marrow cells, e.g., interstitial and myeloid cells. (B)
The larger aggregation of the VEGF-expressing cells (arrow
heads). (C) The VEGF-expressing osteocytes were found in
bone trabeculae surrounding the VEGF-expressing bone
marrow cells. VEGF staining. Original magnification, (A) X
200, (B) * 20, (C) * 200. Scale bars, (A) 20 »« m, (B) 200  m,
(C) 20 p m

Fig. 2. Histopathologic findings of osteonecrosis in 4-week
group. Necrotic bone trabeculae showing empty lacunae were
surrounded by appositional bone formation that was associated
with granulation tissue in the area surrounding necrotic bone
marrow tissue. HE staining. Original magnification, > 100.
Scale bars, 20 » m.



14 )

B.

Fig.4. Schematic drawing of the location of the VEGF positive
cells and the osteonecrotic areas in the proximal femur. @,
VEGEF positive cells. A,necrotic focus. (A) 3-day group, (B) 5-
day group, (C) 1-week group

39kb —

v

G3PDH

G3PDH

Fig.5. Northern blot detection of mRNAs for VEGF and
G3PDH in (A) rat kidney, (B) mouse kidney, (C) rabbit kidney.
20 4 g of total RNA was loaded in each line. VEGF mRNA is
localized as a band at 3.9 Kb.

Fig. 6. Northern blot detection of mRNAs for VEGF and G3PDH in rabbit femur. 20 x g of total RNA was loaded in each line. VEGF
mRNA is localized as a band at 3.9 Kb. (A) control group, (B) 1-day group, (C) 3-day group, (D) 5-day group, (E) 1-week group, (F) 2-week

group, {G) 4-week group

Table 1. Prevalence of osteonecrosis

Number of examined Number of

Group rabbits osteonecrosis
Control 10 0

1-day 10 0

3-day 10 0 *
5-day 10 2

1-week 10 5

*%

2-week 10 6

4-week 10 6

* statistically significant with Fisher’s exact test (P<0.05).
** not significant among each other using X2 test.

Table 2. Prevalence of VEGF expression

Number of examined Number of VEGF

Group rabbits positive rabbits
Control 10 1 —
I-day 10 2 —
3-day 10 5 —
5-day 10 6 — *
1-week 10 5 —
2-week 10 2 —
4-week 10 2 —

* not statistically significant with x 2 test.
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300 —

250 —

200 —

150 —

Relative VEGF - mRNA (%)

100 -

Control 1-day 3-day S-day 1-week 2-week 4-week
Time after injection of methylprednisolone acetate

Fig.7. Relative VEGF-mRNA in rabbit femur. Increased
expression of a band was shown in semiquantitative fashion by
densitometric scanning of a representative gel. The experiment
was repeated three times with similar results. * P<0.05 by
Scheffe F test. Values are expressed asx SD.

F7HRIE L - BERF MR A R v BB L T,
4EBTIE, WELA-BHOABIIERAR v/ 077 —U%
EPEMROEEFZOON, BRI SBEISEATY . &
EEREEICIERLTNEEEIZD SN (K2)., Zhs
ORBIFEIRETHENTH Y, 4BFOERICSANSC1EE
ZEDRBIBIREOHMBENBOONLEZ Lidhh o1

2. BERREER

FEIBIIAEEE, 1HE, SBHICBFOON o728, 5
HEETL0TH23] 20%), LBBEETI0THR5T] (50%), 2:HEE
T10$6T] (60%), 4:BFETIOTIF 6] (60%) 258872,
HEREE, 1HE, SHEICHNIAR, 28, GAREZO0F
BREREEBREIIBWCE, $/508, 188, 288, 458
HOABRBMTIIAEEEZI b o/ (RD.

3. BHERAIA
BLAEDBERRIIERHD, ETTH, S&BoNlizE
BLTHEY, ZOSHKELFEEIDDOLNI5BHLED
FEM TR o 7.

I. 2704 FESEREAEBOBRERICH T 5 VEGF

DEBRIZOVWTORE (K2

1. VEGF&HEMiznBE
VEGF#IMAE, ~BH#, 13 B TREESEICED
LNbOD, BohkEEL LTIROLNE o7, SHE,
5HE, 1#BICBVWTE, BIfMlE, ~ro77—-Y, %
PO E LS -7 VEGF ERMBOEE+EH 7 (Z
3A). FA3HBEIZBWU, LEBICBIARBABEOEE
RO (K3B). BHIBIZIEIEAENBEHETH - 7228,
VEGF ##HB L T2 EHMIICHE L EMRoB &L,
SHBO—HIIBWTOABEE s/ (M3C). VEGFIZMRE
8T, REBMNESHEOMBIZEHL TWw.

$:, HorRBER T BRI EAET A EMICEE
BIVEGF Bl 4R hhr -7z —F, 1BE, 288, 48
HOBRE I 23 EMEROFMEICBVTIX, VEGFREIEMAL
BEERICEOLNL D0, HohLEEL LTREDLAE
otz

2. VEGF Bt

RIEMBALFAYIC VEGFIEHERIL, o bo— L EEHT 1034
17 (10%), 1HEA 10119277 (20%), 3HEHI 1074535

A B C D E F G H

i

48kD — . B4 VEGF
i
33kD — Lo

Fig. 8. Western blot detection of VEGF protein in rabbit femur.
VEGF is detected in protein by incubating protein lysates with
heparin-agarose beads, eluting with sample buffer, followed by
electrophoresis through a 12% polyacrylamide gel. VEGF is
localized as a band at ~46 KD. (A) and (B) control group, (C)
and (D) 3-day group, (E) and (F) 5-day group, (G) and (H) 1-
week group

(50%), SHBTEAI0IH 6] (60%), 1BEHHT10PH5T]
(50%), ZHEFEF10TIF 2] 20%), 4 BENF10PF 23]
20%) Thotz, T bo—E, 1HE, 288 488010
~20%I\IHEBEL T, 3HEE, 5B, 1LBED, 50~60% &%
REWERE L/ (FE2).

3. VEGF DR ERIL

I 20#RTVEGFpE Db orzay bu— B, 1
HE, 288, GERCBVYWTERBS»REREZED o7
», VEGFEMHEA50~60% L E»-7/-3 8%, 5%, 14
HilbuvTid, BEEOFRIBMLTH L ERIES, BT TH,
BHRBOAMIE ERIEZ RO (F4).

Il. VEGF- mRNA, VEGFEBRERBEOBBNETLIZOWT

D¥RET (EBR3)

1. 5 v } VEGF cDNA & KR VEGF mRNA DR E M DR
Fv b, YUR, REROVWTIOBES,S S, mRNADOKH
BRI FEAD, 205 TEIE39kbTHo7: (X5). %
DEBEEL, ZVLONLT v b, YA, FROETH -7
7 v PO VEGF-mRNAIZ3.9kbTH 2 Z L S HILRTH ) 919,
INSDNY Fidw§Fh b VEGF-mRNA X £ % & i,

2. A784 F&RSRBEOKBEEEMERIZH T % VEGF- mRNA
B OREREREL
LEDOEERRICLY, 5y POVEGFDNA%Z 7a—7¢ LT
BT, RROKBEEHIZHEIT S VEGFmRNA DR 4 ket
L7, Z0HE, EEB301LHEBEIIL, TXTOHET39kbD
VEGF-mRNA #/R§ /3 F% D7 (6). RNAIZKEEIZIZRE
FRYHNTBY, FORBEABENY FOBREICEHATLZ L
25, control ED % 100% & L 72T T & control Bz
ERZA7o4 FiRSHETERBELBICEALTEBY, 3HE
TY— %80, ZORBEBIBLIZF21ETHY, HEIC
BUWERETH o7 (P<0.05). F0H%IIBLL, 1B8E,S 458
BHITE77 =T, Z20REE S control L IZIFASET
Hotz (A7),

3. A7 A FISERBDOKMEEMERIZEBIT S VEGFEER
FoRHEL
SHEIZBVWIVEGFORBEZEZONB N FERD/-
FZO5TFEIZ46kD TH o7 (H8). FOMOEIZBNVT
X, BEERIT NV FEELSI TR 7.



16 #

-1 =

A704 FERMEAREHEBREOEERFEICOVTI, 4
BHBREEHAL SICBIFS, FENEOCEBRIIRET S
1B RBR S BEIEIE & FEASSENICENT A2 207, B#
FHCBHDEIIC L > TRETHE VI ATEERO—H T A
TWwaY, LaLlid s, BOORELARKHPLENIIESF
W BEL SIEREEBEENTWEY, TRETIZATFOA N
HABRSEEREOFE L LT, BEFELEOWKREIREL
2Mms?, EHERY, BIFMROEHEPERY, FHAED
LER?, BRABRAEE? 2L, BICbEks 2502 ERE
ENTELD, TNSIIVThOBEES TR EN-BOER
FLEIHBMENTZLDOTH o7, —RICEEFITIX, BIEE
PRELLCEZOBRHOFREREGRLHBL ZLFHETH 5.
FDI0, AT U4 FHEEEREEHEBILE DR ERTF M
BRI, AREEWETTVOERPEETHLLEEZONT
Eyal

INFTI, BAGBYEFTLVERWT, AF0 1 FHENY
KBREEBERESHERLIIEVIRIN L ENTELD, §
ML ETVRBEREL G208, L LEE,
Yamamoto 53 A F NS L Fova Yy 2 REICKBILHESGT
LI ET, BHBE,OSBRBIO CRBABKENICE M OF
IR L UL - BEEAE LA T E R RMICEE L. E4m
WL, FEkgH72 ) dmgOBEEEAF LT L F= v oy &8
1E, 4BEKES LARBEFVEERL, 1530117 (73%)
LBERFEELALZERELTWEY, LEALAHS6,
Yamamoto 5 9D EFILTlE, A5F04 FOZKEEHNSETET
FEFFLIELIERSRAEZ E, NMASOFETIE, A704
FEEBES T 57010, BMREEORKERHE R 21234 m
ETHBEI L NS, A704 FOBRSBLESHELBE
THLERS o/, FIT45EIL, dmgDBEEEAF LT L F=
Vv EIAOAES LE-FRY AV TR T /2. 208
B OBHIIAGIEE, 1R, SHEILEEDOONL o205,
S5EBTI0OTH2T 20%), LEABETI0OTIRS5D (50%), 24
BT10THh 60 (60%), 4:BFETI0TIH6T] (60%) (2520 T
Wi T GEEDP S 4BE T COIHBTHIERSAEREEL
HATEMLEEZI R, BEEEIIAT IS Mix5%58E
THENL, 20877 b=l bEmAALN. DELY
Amg DEEEAF NV TV Fovy o v 2 1HOAES L2KBER
WTh, BREOCBWVWAFO M FEBERZFBELATEY
A7 FREGERSYEFNELTERTH L I ENTFERE
FOVAR

—%, MECED - BREEFRKENEET S L, FORMMHE
BBHRIELRT. 200D LTVEGF#RBT LI &°
MHENTWBEE D FHVEGF2HETLRFOHTIE, &
BENL 2 EDBBATH YO, Lad»>T, 28D
VEGF ofitiix, B #0FEAKOBmREL KLY 5 L%
AoNA. BEFLIIBWTIE, KEERKECHAFELLT v
oURE, PR, B, BN, S5o88TIC VEGF 0RO TE
FEOLHEIR, WEMT » PR T RAIBWT, BaKkT
OVEGFORFDOTEF B WMED O, REO—EHEM
BREFMIIBWT, FREHSPICVEGFDORBDOTHZ RO
HEILR Y, BHELDLDONH B, VEGFIZETA LR
DEILEREBIZLEATOL FEERERIIBVT

VEGFORB AT A LIIRTO A/ FHEBEREEEMLE O
BLEZ DB IZL, AT O FESRICERINSBEMS
TEDZE L BT BETAIENTEL. Jhicky, BiE
EEDAHZ A L% SHIIBHTE, MEFEFELXTHT
NIEEHROFHEEZHELTAZEIIb DL EELLN
L, ThECIABPEFVESD, AF04 FEFEEOM
DEPEF AP BNT, BEEEFERI TELEEDHE
ErEETRLZRER L2V, FITEMETIR, X704
FESERROABBIZBITAVEGFORBRICEBL, X704
FYERETE L B OBESEICOWTRE L. KEFLIIBIF
5 RERBLER G VEGFORERICOWT, FO8RIL, E8
2TiE, 1) VEGFRBHMRIIBAICERL CALNIBAEDS
W2k, 2) BERMBOALSY, FHLRRAOMKE SO
EEOMBIZRBLTWAZ L, 3) 1BE, 28, 48%
DEEERE 2 OBEEAMBZIZEIRD L2 L, 4) VEGFEH
£, M, SHE, 1AW TE, ZoO3HICB T
VEGF B SR 7 A5 BB T AR T H 2 B Hm e, BT T,
BREOMEIIZVEVI LD THo7-. LD 3)4) DHER
S EIEEA S, VEGFIZBEIERET O (RS /- EiR
IR, BREBARIRBR Lo ol, EEZXDIENT
h, FE5121)2) OFEENTIZA L, REFTILOKRE
FIZBWTR, A704 FESZIIBITORN, EERKES
AL, FRIIHOLL CHEEA B VEGF 2 BHRL /20T
v b iEgE L.

AEFZETIE, 5 v POVEGFcDNA% Jo—7& LTHWY,
RROVEGF-mRNADKK 21T » 7. 8K 5 v k VEGF-
cDNAZH W THERBRD VEGF-mRNADRH 21T » -85 IT &
{, #7295 v PO VEGF-mRNADIEHEFIZ oW TIREH S K
20H 5, FEDVEGF-mRNADIEREEFILEHWHOZEICD
VWTHWELHSMIZE SN TVWAREVLD, SEOEBRIDESR
TiE, v b, TR, FROVEGF-mRNAIZH 5 BE DA
BEROLEIEHNTEL. —F, RENOVEGF-mRNADST &
IZowT, Fan 5 ¥, Xub ™3, wWTh$3.9kbTH B L HE
L, Das 5% 4.2kb & 3.7kb /N FOHEHEZHREL T 5.
AFFZRTH NG LRABROFERIEONL. LdoT, KE
D VEGF-mRNADKEIZF v FDVEGFcDNA% 7o —7& L
THWAHERERLZODOTHDLEZ LN,

EElll & VEGF-mRNA % VEGFEH O FHICEAL T, Plate 57
7y POPRRBRAEETVICBVT, FHEMAKFEHIC
VEGF-mRNADORBEE#HIT LT b, £0ER, VEGF-mRNA
DORBIIAERIHH,OR LN, UBMBIIE—2 R,
1EB#%T CHEREL Cv AECnS Y85y bo—@lse
I E 72 5T, VEGF-mRNA DRIEAE M # 8B A
LRLN, 4WERBICY-2ER2B I LIIMAT, VEGFEH
b 24BEHBICE — 7 RO LHMEL T 5. F7-Hayashi 5°
i1, KROFHEMBEFEREFTVICBWT, BIERLSEMN
TVEGFEHDE— 2 3FDL-EHRE LTS, T2 AT
By MEICBUARBROVEGFEHD G TFRIZOWTIH,
Hayashi & ®#38kD & 45kD {Z Cherwek 52, Annex 52 &
LIZ4kD TH o EHE L TwAE. AEFLIIBV T, £
E%3, 4706, VEGF-mRNADOEHA AT O A FI¥5%3ABIC
Y—2r %38, FREEBICVEGFERDL3HBIZREL, £
DHFEIFIKD TH o7z, SHOHRLBEDOHEL ST R
HE, KEFMIIBWT, X704 FESHZBVWLDTIE2



AF a4 FIESRRBIZHBITHEHNVEGF DEIE 17

BB, B EH3HMBIIBEMNRBIENRE L ZOTIREW
HEEZONL. E, MRIOERE &S IZFERNIZEETLD
BEHRANTRE 2 -oTETBY, FOBEBRPIIOVWTES
L7z 20 0HEH LS. Kubo 5393, BHBHEZIIES K
B&-EEEIRIEIZ DT, Shimizu 5%, Sakamoto 53z X504
FiREHEORBEEEREAIIETARIMENEEFTo T
b, FNHIIZLDBE, AFOM FAERS#6~ 108 TEEE
EOFEERT N FENRORTWE, —F, TOMRI®D
Ny MR, RIS A IEREBEERALLDOTH DL Z L,
FTCURHEHLNIE>TWAE™, $7:Sugano b PO KRG
FIT DL ° Nakamura & P DI B FEA OB ERH
Hik, BHOEMAELTHS, MRIT/SY Fige LTHRET
ELFTILEPABEFETLZEOHELPICENRTVS, Zh
LEZBLIBE, e bOATOA FHERBEABEHEIBERNSE
AR, N FEFHESNAEAI VA E DL LBEII
ErDET--BETHY, X704 FAEHRS5%2~6BTH
BEEZOND. ELICATUA FOELMEIC T 5 EEI
SHEREZZERT AL ELICRVEHTH 2 WML BT
5. LIzt oT, RAFEOEREDIS, E NEREDAT O F
KHTARIEDEXZBLTCIRATOA FEERIADAEW
) ELOTRIICEEERSBEL T ATHEENEZ OIS,
2704 FHESHEFOBRIZOWT, »2Tid, Inoue s ©
2 Saito H VATHE LA X510, KBREHEESRLIERTE
MEEPERNTRIENICE LS Z LT, BREMICEIHIEEDN
EHRTDHEEZ SN TW. LH» L, Yamamoto & i3 606 )
DR FEMARBRE BHEEFCE O MR £ MBS IR L2
R, BREOBERTTO-HIZ2H (03%) DA THo7-LD
HEFLTWDE, TAMRICEAHHEHAETS, £U-E
FEHEIIHANT LI WS THIIMALAL DI, EHi
BROBREVSADONIIEFII L o2 L BE SN TWBE D,
X5 NS OMETIE, A7 M FEREABREHBEENS
b LBREECHEZENIT L, 2bOTERICELIER
THHEBRENTEBY, FOBMBEIIATOA PO
SOFEI,POLTIEDATHEI L FREL TS ER
RTV5, MEYEAT O A FEBIHEIE DT L2 BIEE D
BRICELT, FRIZA704 FERSL, 18, 2,8, 48%
ZEBRLIGEDEEEBRERSENEFNAT%, 60%, 73%
277 P -THEELYRDT, RBABENCIOH - 2F
WAL L 2R BB AR LR b B kb o
ol it REFVICBITABEEE, A704 FE5H#1
~2BE ) EDLDHTREICAL, »oBHEHEBELFIERIT
MR, EATF O/ FiSZLERHZICIROAEET
b, BOEBEINBEZLDLZWEBERDODOTHLEHELT
w5, 4[H, VEGF-mRNADOERWRBEZRE LA, 20
BHREBVHRSHINBE Y- L L—ElTho7m b I
Bz, 2504 FESBICRETZEMBEEERLEY 1HOA
TholEZbND, THE, BEEXS5HEHLI VD, X
74 MRS UBUREIZIZIZZORERIIBLI L b - 2 ER
I DR VEGF ORI HEE, SABE, 1HBIIEL, #
NURBEET T L OIERINVEREZIHTLLDOTHY,
& HITHTIR U AR5 AR B TR OF R AR O R B 7
FRET P MRIC L AR EMADOHEREZIEMNTI b0 LZE
Zbhb,

UDbps, 27094 FEFERIIATO A FE5%30HiI%

KENBENREL, »2oBIEENDE LD VERRED
LDTH5LH., ZOREIE, BFEEEEDOTE, HrvidiEHE
WHIEEEZDLCTEETHSD. Thbh, BostkEms
RETIIRMBIENBERI - E 7 5 D BRBENRK A
LRTWAEY, X704 FEEEFRIZBW TS, A704 N
SR EFERED L IZHBLDHEIT S, RALDPOFHHETZHL
LUVENHDEEZ S, B VEGF % B v 7 M H A sEiiE
B2£0Tw3, 1 2OEHRAEEFVIZTIA LIRS & —
THWVEGF DRAIESLYRROBE THSIRBET 7L
~VEGF %25 T5Z & ¢, MIBMT+RESE, B
WEERAALERENIESL, BRI TIde M OBEREERLTTH
NTEWOD RERIZBEDRBBENOVDEDII R B
EFFIFSIA TS, KFEOKRELS, 29 LAnEGHE®E
B E PSS R ORB O REYEIE, SEILHE O H/ME 1T
BEZOLOOFHE V) ALS, thoatEtER & Ei
A7 04 FHEREAMEEBREICDICHCE 2RSS
BLEZS.

% B

A7 04 FRSRRBEREEFLEHNT, X704 Fig5
BOBAVEGFOREHL IR, A704 FEBEERELEEDE
EBLUZOBRMEFORRABPICOVTREL, UTOHR
187,

1. WEMAMKERICEEIIIATEE, 108, SHEIZETED
SNadholzh, SHETIONF2T 20%), 1AET10H
501 (50%), 2ATETI0PF 6T (60%), 4 BEHTI0Th67]
60%) (2387, Fio, BEACOBERIITRIEE, EFT
W, ERMONECEPLTBY, FO5HIKREL GEFEIR
HHNT5 HBRLREO REMTELIZ 2o 7.

2. AmgDEEEEA F LT L F= s 2 1AOABE LR
BT, BHEEL AT O A FREBETREIEGONTED,
AFO4 FEBEEEHYETVE L TEHTHD 2 LI E
i,

3. RIBMALEMICIEE, 5A%, LAFEIIBWT, VEGF
HIBMBIERRNICERL TCASNLIEAYE L, MERMABED
A OTEHMMKROMBEL &L LEOMBIZERL T
7oo TR, 28R, AEBHOBIEE, BHERHLFOH
PABICIERD b o7z, VEGFIEMZII3AR, 5HE, 1,8
HTRRm <, VEGFRBHEMMIIBEROITF RN TH L BH
WS, BT TH, EBRRoRMIIEh o7,

4. KEFNVORBBIZBW T, X704 Fi5£IIEHRD
Eil, REEERENRAEL, FhoH U CHESEAVEGF 2 58
(BYARSE 5 & AS

5. VEGF-mRNAD5HIE, A7 04 FiE5#%3F I — 7
2R, FNELHERKIZVEGFERD3HBICRB LA,
VEGFmMRNARHOY — 7 13H 2 e O—BH/51TTh o 7=,
6. REFMIIBWTIX, A704 FiF5EHBEVWLDOTIZI2H
iz, B L L3HARBICIEENRBENFEEL, F0OEMEBEE
BBV ETIEDEVWDIDTHEEELT.

# 23
PieR2 51 20A, HIEELHKEEBRY £ L BME BB
FEOBBLHTLEL010, EROUBE LSRR BIEEZ VL
&I LASRERRFERIAHRARERIZIRESH LT, E120



18 H

EOETIHY, BEGHBEZRY I L ERREREREZ RN
FEHARREREETT (DRHFE—HE) HRH 8%, FHES
\NKEZEBEEE, BiGARFMFHOEENEE 2MERIFEHRR, &R
FEPSHMBE BT, CBHCLLIT. KRR, FHREOETI
BN E E LASRREERNAHE MRS OKES, REEX
ERIZHB I EE L Thedh - LEFETR, SRRERFREEZRT
RHARREREZSHFOF 4 IEBHOELRLET

X 7y

1) #THEF, B, BT BEHREXK BARRZEA
FEHCHEEEARGHEFEOEFRORT. EESHY
BERBIMRMAER F - HERATHIEE HFREKRE
SIRTERE AN RS RS FR I3 EENIFEREE:4-8, 2002
2) Mont MA, Hungerford DS. Non-traumatic avascular
necrosis of the femoral head.

] Bone Joint Surg Am 77:459-474, 1995

3) Chang CC, Greenspan A, Gershwin ME. Osteonecrosis:
current perspectives on pathogenesis and treatment. Semin
Arthritis Rheum 23:47-69, 1993

4) Lee CK, Hansen HT, Weiss AB. The "silent hip" of
idiopathic ischemic necrosis of the femoral head in adults. J
Bone Joint Surg Am 62:795-800, 1980

5) MMEX. A7 04 FEEEEET I OFER L £ 0FH
HBFHRET — AT 01 FEBBERORERFBL U7 R -
VAL OBEEIIDWT—. @RKETEEFESME  109:262-
278, 2000

6) Yamamoto T, Irisa T, Sugioka Y, Sueishi K. Effects of pulse
methylprednisolone on bone and marrow tissues: corticosteroid-
induced osteonecrosis in rabbits. Arthritis Rheum 40:2055-2064,
1997

7) Plate KH, Beck H, Danner S, Allegrini PR, Wiessner C.
Cell type specific upregulation of vascular endothelial growth
factor in an MCA-occlusion model of cerebral infarct. ]
Neuropathol Exp Neurol 58:654-666, 1999

8) Hayashi T, Sakurai M, Abe K, Sadahiro M, Tabayashi K,
Itoyama Y. Expression of angiogenic factors in rabbit spinal cord
after transient ischaemia. Neuropathol Appl Neurobiol 25:63-71,
1999

9) Minchenko A, Bauer T, Salceda S, Caro J. Hypoxic
stimulation of vascular endothelial growth factor expression in
vitro and in vivo. Lab Invest 71:374-379, 1994

10) Jin KL, Mao XO, Nagayama T, Goldsmith PC, Greenberg
DA. Induction of vascular endothelial growth factor and hypoxia-
inducible factor-lalpha by global ischemia in rat brain.
Neuroscience 99:577-585, 2000

11) Marti HJ, Bernaudin M, Bellail A, Schoch H, Euler M, Petit
E, Risau W. Hypoxia-induced vascular endothelial growth factor
expression precedes neovascularization after cerebral ischemia.
Am J Pathol 156:965-976, 2000

12) Chomczynski P, Sacchi N. Single-step method of RNA
isolation by acid guanidinium thiocyanate-phenol-chloroform
extraction. Anal Biochem 162:156-159, 1987

13) Fan L, Wakayama T, Yokoyama S, Amano O, Iseki S.
Downregulation of vascular endothelial growth factor and its
receptors in the kidney in rats with puromycin aminonucleoside

nephrosis. Nephron 90:95-102, 2002

14) Thomas PS. Hybridization of denatured RNA and small
DNA fragments transferred to nitrocellulose. Proc Natl Acad Sci
U S A 77:5201-5205, 1980

15) Laemmli, UK. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature 227:680-685,
1970

16) Xu F, Severinghaus JW. Expression and response to
hypoxia of vascular endothelial growth factor (VEGF) in rat and
rabbit tissues. Adv Exp Med Biol 454:311-317, 1998

17) Milgram JW. Radiologic and histologic pathology of
nontumorous disease of bone and joints, 1st ed, p1027-1044, Lea
& Febiger, Philadelphia, London 1990

18) Zalavras C, Dailiana Z, Elisaf M, Bairaktari E,
Vlachogiannopoulos P, Katsaraki A, Malizos KN. Potential
aetiological factors concerning the development of osteonecrosis
of the femoral head. Eur J Clin Invest 30:215-221, 2000

19) Atsumi T, Kuroki Y. Role of impairment of blood supply of
the femoral head in the pathogenesis of idiopathic osteonecrosis.
Clin Orthop 277:22-30, 1992

20) Jones JP. Fat embolism and osteonecrosis. Orthop Clin
North Am 16:595-633, 1985

21) Arlet ], Ficat P. Anatomo-clinical (radiological and
etiological) forms of so-called primary chronic ischemia and
osteonecrosis of the upper femoral epiphysis Rev Rhum Mal
Osteoartic 38:41-49, 1971

22) Wang GJ, Sweet DE, Reger SI, Thompson RC. Fat-cell
changes as a mechanism of avascular necrosis of the femoral
head in cortisone-treated rabbits. ] Bone Joint Surg Am 59:729-
735, 1977

23) A, BARMRE, WE W, hHBEKEK, WEE,
KHEZ., A704 FESTICBITAKREHENTE. EEEY
ERBBREUERNRBHEBERENEE FRIEEMEHE
#.87-89, 1992

24) Glueck CJ, Freiberg R, Tracy T, Stroop D, Wang P.
Thrombophilia and hypofibrinolysis: pathophysiologies of
osteonecrosis. Clin Orthop 334:43-56, 1997

25) Gold EW, Fox OD, Weissfeld S, Curtiss PH. Corticosteroid-
induced avascular necrosis: an experimental study in rabbits.
Clin Orthop 135:272-280, 1978

26) Cherwek DH, Hopkins MB, Thompson MJ, Annex BH,
Taylor DA. Fiber type-specific differential expression of
angiogenic factors in response to chronic hindlimb ischemia. Am
J Physiol Heart Circ Physiol 279:H932-938, 2000

27) Annex BH, Torgan CE, Lin P, Taylor DA, Thompson MA,
Peters KG, Kraus WE. Induction and maintenance of increased
VEGEF protein by chronic motor nerve stimulation in skeletal
muscle. Am J Physiol 274:H860-867, 1998

28) Yew DT, Yi X, Chan WY, Lam WK. A rabbit model of
proliferative vitreoretinopathy induced by injection of astrocytic
cultures. Cell Mol Neurobiol 19:759-773, 1999

29) Shweiki D, Itin A, Soffer D, Keshet E. Vascular endothelial
growth factor induced by hypoxia may mediate hypoxia-initiated
angiogenesis. Nature 359:843-845, 1992



A7 04 FEERRIZBT 5 EHNVEGF ORI 19

30) H¥ =, EWIEEZ. KEEEII B2 8ETRARAS -
B EMERT 2444, HBTE 1911541159, 2000

31) Das SK, Chakraborty I, Wang ], Dey SK, Hoffman LH.
Expression of vascular endothelial growth factor (VEGF) and
VEGF-receptor messenger ribonucleic acids in the peri-
implantation rabbit uterus. Biol Reprod 56:1390-1399, 1997

32) Yamamoto T, Hirano K, Tsutsui H, Sugioka Y, Sueishi K.
Corticosteroid enhances the experimental induction of
osteonecrosis in rabbits with Shwartzman reaction. Clin Orthop
316:235-243, 1995

33) Skorjanc D, Jaschinski F, Heine G, Pette D. Sequential
increases in capillarization and mitochondrial enzymes in low-
frequency-stimulated rabbit muscle. Am J Physiol 274:C810-818,
1998

34) Kubo T, Yamazoe S, Sugano N, Fujioka M, Naruse S,
Yoshimura N, Oka T, Hirasawa Y. Initial MRI findings of non-
traumatic osteonecrosis of the femoral head in renal allograft
recipients. Magn Reson Imaging 15:1017-1023, 1997

35) Shimizu K, Moriya H, Akita T, Sakamoto M, Suguro T.
Prediction of collapse with magnetic resonance imaging of
avascular necrosis of the femoral head. ] Bone Joint Surg Am
76:215-223, 1994

36) Sakamoto M, Shimizu K, lida S, Akita T, Moriya H, Nawata
Y. Osteonecrosis of the femoral head: a prospective study with
MRI. ] Bone Joint Surg Br 79:213-219, 1997

37) AR%—, WAEHA, BAawk. SREAREEELE
DMRE% & k%, BRNE 48:761-768, 1997

38) Sugano N, Masuhara K, Nakamura N, Ochi T, Hirooka A,
Hayami Y. MRI of early osteonecrosis of the femoral head after
transcervical fracture. ] Bone Joint Surg Br 78:253-257, 1996

39) Nakamura T, Matsumoto T, Nishino M, Tomita K, Kadoya
M. Early magnetic resonance imaging and histologic findings in
a model of femoral head necrosis. Clin Orthop 334:68-72, 1997
40) Inoue A, Ono K. A histological study of idiopathic
avascular necrosis of the head of the femur. J Bone Joint Surg Br
61:138-143, 1979

41) Saito S, Ohzono K, Ono K. Early arteriopathy and
postulated pathogenesis of osteonecrosis of the femoral head.

The intracapital arterioles. Clin Orthop 277:98-110, 1992

42) Yamamoto T, DiCarlo EF, Bullough PG. The prevalence
and clinicopathological appearance of extension of osteonecrosis
in the femoral head. ] Bone Joint Surg Br 81:328-332, 1999

43) Hayashi T, Abe K, Itoyama Y. Reduction of ischemic
damage by application of vascular endothelial growth factor in rat
brain after transient ischemia. J Cereb Blood Flow Metab 18:887-
895, 1998

44) Tsurumi Y, Takeshita S, Chen D, Kearney M, Rossow ST,
Passeri ], Horowitz JR, Symes JF, Isner JM. Direct intramuscular
gene transfer of naked DNA encoding vascular endothelial
growth factor augments collateral development and tissue
perfusion. Circulation 94:3281-3290, 1996

45) Lazarous DF, Shou M, Stiber JA, Hodge E, Thirumurti V,
Goncalves L, Unger EF. Adenoviral-mediated gene transfer
induces sustained pericardial VEGF expression in dogs: effect on
myocardial angiogenesis. Cardiovasc Res 44:294-302, 1999

46) Rosengart TK, Lee LY, Patel SR, Sanborn TA, Parikh M,
Bergman GW, Hachamovitch R, Szulc M, Kligfield PD, Okin PM,
Hahn RT, Devereux RB, Post MR, Hackett NR, Foster T, Grasso
TM, Lesser ML, Isom OW, Crystal RG. Angiogenesis gene
therapy: phase I assessment of direct intramyocardial
administration of an adenovirus vector expressing VEGF121
cDNA to individuals with clinically significant severe coronary
artery disease. Circulation 100:468-474, 1999

47) Losordo DW, Vale PR, Isner JM. Gene therapy for
myocardial angiogenesis. Am Heart J 138:5132-141, 1999

48) Laham R]J, Sellke FW, Edelman ER, Pearlman JD, Ware JA,
Brown DL, Gold JP, Simons M. Local perivascular delivery of
basic fibroblast growth factor in patients undergoing coronary
bypass surgery: results of a phase I randomized, double-blind,
placebo-controlled trial. Circulation 100:1865-1871, 1999

49) Henry TD, Rocha-Singh K, Isner JM, Kereiakes DJ,
Giordano FJ, Simons M, Losordo DW, Hendel RC, Bonow RO,
Eppler SM, Zioncheck TF, Holmgren EB, McCluskey ER.
Intracoronary administration of recombinant human vascular
endothelial growth factor to patients with coronary artery
disease. Am Heart J 142:872-880, 2001



20 H T

Expression of Vascular Endothelial Growth Factor during Development of Steroid-induced Osteonecrosis: An
Experimental Study in Rabbits Sinichi Yagishita, Department of Restorative Medicine of the Neuro-musculoskeletal
System, Division of Cancer Medicine, Graduate School of Medical Science, Kanazawa University, Kanazawa 920-8640— J.
Juzen Med. Soc., 115, 10 — 20 (2006)

Key words osteonecrosis, rabbit, steroid, vascular endothelial growth factor
Abstract

The association between steroid use and the development of osteonecrosis (ON) has been well established. Increased use
of steroids for immunosuppression in patients with organ transplants and for conditions such as systemic lupus erythematosus
has resulted in an increased incidence of steroid-induced ON. However, the precise pathogenesis of steroid-induced ON
remains unknown. Vascular endothelial growth factor (VEGF) is an angiogenic promotor that is rapidly induced as a response
to local hypoxia. The up-regulation of VEGF has been validated in several animal models. The present study in a rabbit model
of ON was performed to investigate the relationship between the expression of VEGF and the development of steroid-induced
ON, and to clarify the role of ischemia in the development of ON. Mature Japanese white rabbits were divided into 6 treatment
groups and an untreated control group. The treatment groups received a single intramuscular injection of methylprednisolone
acetate (4 mg/kg). The animals in the treatment groups were sacrificed at different time points (1 day, 3 days, 5 days, 7 days,
14 days, and 28 days) after the steroid treatment. On histopathological examination, the earliest indication of ON (dead bone
marrow cells and osteocytes) was five days after the steroid treatment. ON was observed in the area between the metaphysis
and diaphysis of the proximal femur. On immunohistochemical examination, upregulated VEGF expression could be found
up to one week after the steroid treatment. The VEGF-expressing cells were aggregated and among the bone marrow cells,
e.g., interstitial and myeloid cells. The VEGF positive cells tended to be located in the medial proximal part of the femur
between metaphysis and diaphysis, where osteonecrosis was frequently observed. The peaks of VEGF- mRNA expression
(2.1-fold greater than that of the untreated control rabbits) and VEGF protein production occurred 3 days after the steroid
treatments. VEGF- mRNA expression decreased gradually after that peak and became almost equal to that of untreated
control at 7 days after steroid treatments. These results suggest that the ischemic event that causes ON also switched on VEGF
production and that the onset of ischemic ON occurs soon (approximately 3 days) after the initial steroid treatment. These
findings support the hypothesis that steroid-induced ON is caused by an acute single ischemic event after initial steroid
treatment.



