NGEE &7 30% 2 5 83~97 (2004)

Mt (B X %) il B S 8% % A A EE MM
DRZREFHE | BFRBH S SCNEHRERSRFIRE DIE
BRIMEIRRNDOZE

B

BENEOHEE, HELHHENEEE E2 AVERETRE T IEBRERREERT 5.
F, MEHERERAFOREPRHSHEBHEITV, ZOREEPEERRSELTE
RYICFFE S 5.

Zv FOTIEEICS Yy FELIRIREZ ML, KBS KMES SPring-8 THR4EIh B8
BXREAVWEEEMMEOLESE 21TV, FEECEELAZI10mOE TRAF 8%
HEIRMEHMEREREL 2. £/, BHE2BRDS v & ELEBEE, KHE (RT)
FR53%%, ¥ VEGFR Stk (AI) %58, b-FGF (AP) H5HND4>DITIL—T (&
n=5) (Ihif, B4 BEROEERENEEBENETLERHARXTEEL /.

EEMEDTEENFMEICE, EENEICHENAMRTIAT7LTHET 2F%L,
microvessel density (MVD) (D%, Ef&MEFY 7 &ALV 2 ELREBICTEFEITO>F
ErRAWE X515, 2{EETHES /- MVD EEEESFIRETEBA MVD & E5tHEL,
METEN LEIN &, EBEIRBEOFMEE, NEEXFI1FIvy - X454 =T
15 7/-& 8O time-density curve # /N2 —1tL, ThdE95EL /.

B AHMLESEEEICKL SR/ MEHMERIE, 20~30um TH o7/, AP HIIELE
HEERL, EENENCXIA7AEIIEEETRL, MVDHEEE R ATEIZEM
BF LRI TZROT7ARNIES, MVD $EEERL . RTETIRAIAT7EEHIEIEL,
MVD [3fEfEZRL 7z. |MALBEHICH (TS 2 ELTHAMVD L&KL VE/LZMVD &
OFEIC, BEFNICERLHBPBEREEOA. APHOMMMEESSEIC & B time-
density curve /N2 — 2 (3 #EEI AR L, Al & RT #CIIENERI A RSERICH - 7.

SENERBRELY, HROMBEZETIIBRERARETH - 7/ 20~30 pum DIEEMH
HmMEZEATIC, BETIEHTELE £, EERAMEREDEERNLBHIED
RZELEZEEMNICFMMET 2 Z ENRBETH > /- (FHC164E 9 A 27 H %#)

Analysis of the Microvasculature of Rat Transplanted Tumors Using the
Synchrotron Radiation Microangiography System : Effects on Tumor
Microvasculature and Microcirculation of Radiotherapy and Angiogenesis-
Related Factors

Ryuji TOKIYA
JISER RS BaHER (R Department of Radiation Oncology, Kawasaki Medical
T701-0192 AR ES577 School : 577 Matsushima, Kurashiki, Okayama, 701-0192

e-mail address . radoncol@med.kawasaki-m.ac.jp Japan



84 N EE & Rk (%30% %2% 2004)

=g
&

The purpose of this study was to establish an in vivo experimental system using monochromatic
synchrotron radiation microangiography (MSRA), with which we could observe morphological
changes in tumor microvasculature. In addition, using this experimental system, we also
investigated the morphological and dynamic changes occurring in the tumor microenvironment
under the influence of an angiogenesis activator, an inhibitor, and irradiation.

Using male athymic rats into which N-nitrosomethylurea-induced mammary adenocarcinomas
had been transplanted in the inferior epigastric wall, microangiography was performed with the
SPring-8 BL20B2 beamline. At two weeks after tumor transplantation, the rats ware divided into
the following four different procedure groups of five rats each : a non-treated (NT) group, a
radiation therapy (RT) group, an anti-VEGFR neutralizing antibody (AI) administered group,
and a b-FGF (AP) administered group. In all groups, changes in tumor microvasculature were
assessed four weeks after the tumor transplantation. The morphological changes in tumor
microvessels were analyzed with a scoring system which involved the assignment of a special score
to a typical finding, and microvessel density (MVD) was evaluated with binary data originating
from image analyzing software. The MVD from binary analysis was compared with the MVD
from histological analysis to evaluate the correlation between two groups. The circulatory
dynamics of the tumor were assessed by the time-density—curve obtained from an angiographic
dynamic study.

The minimal detectable vessel diameter was 20 to 30 um. Compared to the NT group, the AP
group showed a higher total tumor vessel score and a higher MVD. The Al group had a lower total
score and lower MVD, and the RT group had a higher total score and lower MVD than the NT
group. A statistically significant correlation was found between the binary MVD and histological
MVD in both the marginal and central areas of the transplanted tumor (p =0.004 and 0.02,
respectively) . The time-density curve of the AP group revealed a rapid increase in the first pass
curve with a peak and then a gradual decrease. The AI and RT groups showed on initial rapid
increase without peak and continued gradual increase thereafter.

This experimental system could make possible in vivo observation of tumor microvessels with a
minimal diameter about 20 to 30 gm which have not been identified before, and also provides
methodology for the quantitative assessment of morphological changes in tumor vessels before and
after administration of irradiation or angiogenesis related molecules. (Accepted on September 27,
2004) Kawasaki Igakkaishi 30(2) . 83—97, 2004
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Microangiographic system
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Experimental animal and tumor

FHER 120~150g (6 Hin) DOHED TH
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transplanted tumor

superficial inferior epigastric a.

Fig. 1. Lower abdominal tumor transplanted model

The main feeding vessels to a tumor transplanted in the lower abdominal
wall are the superficial inferior epigastric arteries. An indwelling micro—
catheter was placed in the right common iliac artery via the abdominal aorta.

micro-catheter

abdominal aorta

common iliac a.

(630% %275 2004)
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Dynamic study (time-density curve)
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Imaging analysis
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Scoring of tumor microvasculatures
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72, BHTHRLILZAOOLNZHADF 2 v >
Lacsk L7z,

Fig. 2. Scoring of the tumor vasculature
A. 36 division grid of 6 X 6
B. a: serpiginous (black arrow heads), retiform (black arrows)
b : dilated (white arrows)
¢ : encasement (white arrows)
d : extravasation (white arrow heads)
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Measurement and quantification of angiological
MVD
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Histological analysis and histological MVD
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Statistical analysis
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Microangiographic imaging
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WCHNSTHE 7L AhLEHELT, Bl
] A/ IS 21X 20~30 um TH B L HIE L
7> (Figure 3).
Microangiographic changes recognized in tumors
of no-treated and treated groups

HERLE B CIIER OBR IR, Bz icBig
EN B JEEME O DGR 57z (Figure 4).
Tbb, Bk 1EEIZE, &£30~50um
LAV ORI OPLRRPIETSRO b, B
fith 2 MEICIE, MEDOTYr—R A hRHE
WEEEDROONDB L) I2% ), BhEtk 3HE
I21&, 8 30~50 um L~V 0 BEAF O L A
WROFAEME L 28RDOEL Y bT—7 D
BASERD bz, A% 4 BE I, HrAmLE
DOREPRAERE D S S IR ANZEZA DG L
BHRRD LN, BAFOINE & I OEREAHEN T
W5 EZATIE, ZDIZITHLERIC hypovascular
area H3FA b7z, FEISAHMRAEAR & DRI T,
BWWHETH5H Z & HHERR T & 72. hypovascular

Fig. 3. Microangiogram of non-treated rat’s superficial inferior epigastric
vessels

Blood vessels with a diameter of about 20-30 micrometers which are the
third branches from trunk vessels, are detectable. The diameter of the trunk
vessels could be determined by comparing them with the tungusten wire

(upper right part in the figure), which is equivalent to a diameter of an
accurate 100 micrometers. (field of view : 9.5 X 9.5mm/ 1024 X 1024
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Fig. 4. Tumor growth and modification of the microvasculature according to time passage

Top : macroscopic changes in the transplanted tumor

middle : histological changes (hematoxylin and eosin stain, magnification X 20)

bottom : microangiographic changes,

a) one week : existing microvasculatures diameter about 30-50 micrometers show erpiginous and dilating changes
b) two weeks : adding to changes noted in figure a), encasement and/or retiform changes in the existing vessels are

recognized

¢) three weeks ! fine retiform vessels developing between the existing 30-50 micrometer vessels have remarakably

increased in number

d) four weeks : extravasation and oozing are noted in the more peripheral part of the new fine retiform vessels

area D% { BSEHOIFITHLEICHELTH
D, W, EEOABITIEY v REDOMIBT
® & 9 7 hypervascular aera 23T & LTV 72,
Figure 512, &AW BEEIZBIT S, B4
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MR, — > — AR 2 MR B g
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Fig. 5. Typical microangiographic changes recognized in tumors of the non-treated and treated groups (four weeks)
A) non-treated B) treated with angiogenesis promoter C) treated with angiogenesis inhibitor D) treated with

irradiation

All findings are described in the text. See the corresponding chapter.
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TRATEFHIEME R L.
Assessment of the angio-MVD
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Histological assessment (H&E stain) of the
MVD
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Comparison between angiological MVD and
histological MVD

4 AL {8 FE @ angio-MVD & his-MVD & @ #
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Fig. 6. Angiological and histological microvessel density with tumor growth
angio-MVD ! angiological microvessel density,
his-MVD : histological microvessel density
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7. AP ERETIE, EEE, POEE b
angio-MVD, his-MVD ASEifE %R L7,
Dynamic study
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7o, HWMEBHICBT 2B 4HE O time-
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Fig. 7. Comparison of angio-MVD (top) and his-MVD (bottom) in non-treated and treated groups
Relative to the non-treated group (NTG), lower angio-and his-MVD were observed in both marginal and central parts
in the RT group. The Al group had lower angio—and his-MVDs in both marginal and central parts than the NTG. The AP
group had higher angio-and his—-MVDs in both marginal and central parts than the NTG group.

angio-MVD ! angiological microvessel density
his=-MVD : histological microvessel density

RT : radiation therapy, Al : angiogenesis inhibitor, AP : angiogenesis promoter

FOVZRRAN L, P8 CHESE B EhRE o 3l % 5 A
TRADMETH 5.

Fa BTy NOTERERMIES €7V
&, fERDMEES LI TOVHEIC L B in
vivo FEAH B 55 37 A M5 AT € 7 VA ISR B
ANOREMEPE - LENTBY, MHlmE
TRREOBEHZIESEL I EPNRETDH
5. Zhud, EEFRORE S AEMH % RIS
L, BEEINEEHEMEDOI Y N T A M EHIT
52 T, MEIIR, MEIR, EANE R EOBE
FIMEIELD D T, BEEOMMICERENEST
HEFAEIME LAV O R SRS T ST
5L ZWHIC L.

2. Bt (B X % v 72 85 ok
Bk, o A EEIE
2 -1 FlHsNmE

I, REDOHAIC VX2 % BHE L,
BES R E AL ) RS 02 ico %, HAod)
k7> 5¥ 5 F LBREE N 27 A& A LT

ATHEXBICLVFFEL TS, ZOBED
HNER M EE, e & IZIZHA%EO 25 um
Thot. T2, SHOMOERERL LT
4772 - 7>, resolution test chart & W72 — A
54 ¥ BL20B2 2B A&/ N22 M 4R HEIL, 8.8
um TH o7z, Baml, [ UERDEMKART
HIUL, FBEFZERAE R & W U/ A
BohizbBEbhdh, ErOEEKREOEA
R 3~10mm b Y, S5 IMEORES %
BB L7720, 22 RREET L2 &
Bbhi-.

2 -2 EER

$HERUL T B D S TR ML 35 12 SRR B 2 0
MRS AR A L I TR B L
7z, BAiftE 1~ 2HBI121E, £30~50 um L
NV OB O, BATR T Y —A X Y
NASHULET R E 22 D, BRI O HEIRRE & 1256
SHNCEDOEN DDA TH 7. Btk 3HH
T, Al ORE ZREAOME & mE o M



A.

18900
18880
18860
16840
18820
18800
16780
16760
16740
18720

23000
22500
22000
21500
21000
20500

20000

B.

20100

TS L DRI

1 weeks

17 33 49 65 81 97 113 129 145 161 177 193
a) one week after transplantation

—

S

3 weeks

17 33 49 65 81 97 113 129 145 161 177 193

¢) three weeks after transplantation

20000

19900

19800

19700
19600

19500

19400

19300

18200

Al

19100

1

21500

17 33 49 65 &1 97 113 129 145 161 177 193

e) angiogenesis inhibitor : Al

21000

20500

20000

Vi

i

19500

19000

18500

RT

1

17 33 48 65 &1 97 113 129 145 161 177 193
g) radiation therapy

% F o 7 SO M4 0 F BB RF AT 93

20150

20100

20050 MM

20000

19950 ’,l
19900

19850

19800

19750 Jnmw

I 17 33 49 65 81 97 113 129 145 161 177 193

b) two weeks after transplantation

22600
22400

P il
22200

22000 f

21800 /

21600 {
21400 }
21200
21000

i 4-weeks —

20600

117 33 49 65 8! 97 113 129 145 161 177 193

d) four weeks after transplantation

23500

23000

22500 /N

22000 1

21500 7

21000 l

20500 |+

20000

19500 AP |

19000 Loovvw v v v v
17 33 43 65 81 97 113 129 145 161 177 193

f) angiogenesis promoter : AP

Fig. 8. Microangiographic time-density curves in tumors
of non-treated and treated groups
A. Non-treated group
B. Treated groups (four weeks after transplantation)



o JI Illgj“ E ? :/E{\ ;:;f»

BOFEMBEDO R Y v T — 7 BEISED NS
Xk, 4EBIZIE, WREEORSIZEK
RN R OGAH LEBESRO b, 20
R, MEHEOIER T, BAOME
PR B & v 9 5 % Folkman & 2S5 L
7o, MM NES MET AR FEZ AR L TH
0, FNHSHEE D OBIMEBR IR LI 5
AEBIERITE W)Y 2BREEIICHE
HeadboklBbhiz, 4, BEEF—EDOK
EXRMZ DL, TOREBIIHAEMEDLE
& %Y, VEGF 7% & o & i #r 4 F 1 A% i
BN R B AR R i R R 2R L, S
DIMEFRACERELZKEHAEZRL TS LOHK
202 ) in vivo IZ BT BIEHIC R B L EZ
bz,

2 -3 JLER

IR 955 DR XL 225 S R P IR BR A T & 72 1k
BB 425 2 5, b-FGF?¥, i VEGFR
TIPS 20 D 5. R AR IR ST X 5 R
DWW THALER: & R OBE 217 - 7-.
Bhi# 4BH O AP 5B, [ UBHE
FEOHERLERE L B LT, BiAImE oA
W& 720, BEEMOHIIE 1 /5 h 2 B8R 2t
ROBRPTREREEIRD L RO LN,
Bhiftk 4 HE T, EEOMBEEI®HL R,
JEHNEE FA L, MEss2mEsMEING
o, FAEMEAE R TWBIZH20b S FHEE
ZRBICHA L Z LN L. COBKBEIRER,
VEGF O JEA % JUE & & % %%, b-FGF D X 9
ZMEHERFOHFEAT T, VEGF D REA
TEFEICTTHE SN, oM, BHk4EE
D AP ¥ 5-BE T, HEALE B P AR
OHIRA Y b7 — 7 PSBEEICEE SNz DL
EZz2 b,
BH#%AEBO ATRSEH T, FUBH
BAOMmMBER L HEL THEEO LIS
hypovascular area /i < #8% 5, JE B A 1
BOWENHL 2 S Twz, BEHL
M N IR D 2 25 R 145 A9 5 VEGF O
ERHHI S NS Z & T, FAEMEDOFE) R E
g, BRRL TRV Ao db DL EZ

(530% %275 2004)

5722829

RTRECIIMMLERE & LT, AL
PO LZ RO LN, [F UBHEOBELER &
H# L C, hypovascular area 2558 Xk 1) 380 5
NBMEMEAH -7z, UL, oA
BoOWAMEmMII®E, BEHL, BEHHRREHC
X MEREERIMZ, HEHMREOBEES T
RE—=YRIZEY, KEETTrLrA) UTEER
¥ o 7z NEG MR & 0, J) 7% VEGF O A
BRICE Y, FAEMESHEESK, 5%
PRHEECRAN LESHID L) X ho/zb D
LEZHNA.

2 — 4 HSNIEREHmN O EMF T

41X, angio-MVD OEHEM:%MET 5 H
BT, MEEMTHEHLZE KO his-
MVD & & it bt % - & 721V, his-MVD @ FF Al
$ix, MEE O EME % € 2Tl 57200 —
WM HETHY, BEZOFFEICLD, HEE
FrA M O MVD & FROMIZLIELIEHR
HEMERERO LML Z LWMESh T
2,30),31)

SE OGS T, OB & O ERiIz b
I} T, angio-MVD & his-MVD O ¢ & #& - %
L7, TOfER, B OLER TRatEn
WKAEBEGHEIRD LN, FOETIHEERETIE
WD OOMBEOMEMDRD Sz, EEF
LETOMBEOETIE, HOWMICHEET S
hypovascular 78 18 % angio-MVD 7% # K F¢ Al L
TRERICEBDDEER 5N, his-MVD T
1%, NE 0 &R @ hypovascular $8 38 (3 B2 58 B
WCHB L, BEMFEEE - ROk
72 7%, angio-MVD T, HEILH % BT
EBE T A EEAHINE 2> ThAY Y ML
WREEIEZ LN, BEOD L Z 5 angio-
MVD @ F 3 Tl&, hypovascular 4 3% & HE5E %
XH§ 5 Hikid e <, MARFNIIEREDS
&5 O34 1% angio-MVD O 3 12 1 B AL
ERBbh. L2 LESHOMKE 25, angio-
MVD % 5E & IZFFi 3 5 2 & 1, his-MVD
ERIBICEZRDNDAHZ EDBRTE .



R O MOUR ML % 55 & v 72 BRSO 1 5 o 2 BE ST A 95

3. TEERUMERRICEEE B XT3 IEE M
=t =)

JEERIMEBR L, A BRAEBICEE L%
FERIZLTWE. FIZIX, bERECIE, B
BN D MG ANE B AR~ D HEH B % g 5
ZHTH Y2, BRI BT B EE
R, JESN O MG R S 15 JE ARk
SIERIET 2 EvbnTE )%, R
BT, BN R) RS IE S N i % i S 4
5T L THWMT LI EBMBENRT WS,
CD L) IIHAEREIT) LT, EHOMER
ZHTRSECIRBm O A TR L, MMEBREIE
DIREE LTHIBTHIEPFEETHY, b
nbhd€) LBlurolidzidas., 4
DHBUMERBIRBOIERE L LT, &EF0o—E
B, —EEHKS T T first-pass £ 12 & 5 time-
density curve & F\>, MEALERE & UEHZNZE
L O time-density curve I2 X 55 4 F 3 v 7 -
Y — Y EFETHEN X3 7% MVD @
KR &tk U MAE TR & MR BYRE 2 74T - i)
L7z,

3-1 Ra7{BITMVD koxtlt

WALEFICBWT, FE30~50um LXRVO
BEAF LA DR, MEATR T Y — A X v+ a8
ZACOFREZ TR 1 ~28H TlE, time-
density curve [3EZERICTELR D B &
Ht, ¥ — 7 BRI A WAl 2 L7,
T 72, EEMMINEEEERICIBTZ =2
A Y bR, £20~30 um LX)V O A 12
HERME E R e il LIRSS C BB H N 5 Bl
3 ~ 4 ;8 H @ time-density curve 1%, EH I
RN BALH E) REAE, FOBRY—-7EE
BT AL TT M=, bW E2RETS
WA Do 72, KRIZ, APEREGBETHRD BHEE
2R O NI R, FrAEmE g L
BRI EDOERTH Y, # 0 time-density
curve [ZWIHBEITH o 2. T, ALFERET
3, &FE L CHAENEORBIEHE S R,
hypovascular area DfFfE &L TV 7 — A A ¥ b3
KL RO LND, FRTRIET L5 4F
Iy 7 Y= VITERRICER P RS LS

Daht, TORE—ZEZRRTHILRLT
I h—L bW E RS 2HIANCH - .
RT # T %, hypovascular area O fE1E & 4t 4 H
LEBEVPERDEZLLRABDLN, F¥4F3I vy -
F— 3R BT A EAICH o 7.

% % D angio-MVD & time-density curve @ %}
Tid, L% SB X OHLEE o angio-MVD
PR B ALRER, HEEBAM 3 ~ 4 BB 08
WMEFED X 912, EEEHD angio-MVD 754
SAZHEI L T C b RS ROMBERE OB
IR LB OIEFE R o W B C IS AR P o F -
R ERA L, —RNZERNEORENE -
TW A A% 213, time-density curve |3 3% 2
BISERR D% EAS) 2 AE, ZOHE—2
R THIERLTT M= bRl % R
TAHEMICH o7z, Tz, EEERICERE T
HEY) R AE, =2 2 REABTR T 5 @K
# @ time-density curve |&, 2 E 50 -
HiL 8 @ angio-MVD 2SI IS HI N L T v %
AP BER, T N O R BUE A < BEAF IS o
PEEREYEDSIL R 2N T B SR 1 ~ 2
HERICRONDZ Y - ThH o,

ES & O

SPring-8 U A b F AT % Bl X % H
v, BAEE SRR IC B 59 A £ 20~30 um L
OV D7 BEAE B X OB A AR 5 % g4
L VHEmERR L7, REETIE, #tk
DIMEZZETIIBECE R o EEN, B
& OVREE JE 3L O B A I A DA 8 Re RIS I B D B
IMERERROBIZES TR TH 72, SHIZ, =
DEBRZEH LI LT, invivolZ BT 5E
PR I 0D 534 95 FE A angio-MVD & L TE
BLWEETH Y, TOHEICX HWLER - %O
ERZLO MDY, k2 OTRbRTY
B HRRF A (his-MVD) TE O W24 R
& BER OB & v ) RS T CHET
BT EDNGhoT. R THEL N RS
FERDS, GHBDADHERERIED— % (27 9 I
SRR MEH A SR T % &0 720 K



96 NI g BB E & K

HHEERGICL 5, BEENENOBREENFEE
RFOR R FHNHET A, FHE—
DDAT v TERREMETZ DL MEFINI.

&!I

B

MeRRABITHY, KFROFIMEE 77— 5 T
2D EEIRE W22 E F L2)IERREREHHR Ga
B FHE SHRERBIRICRVEHOBEERLET
F 7o, BT EREE L CnwizZE F LI ER
KGR (GBI ¥F8E REREHRLZ LTS

(5830% %275 2004)

R B # R, M) SEELREMELY Y —
(SPring-8) DMK —AFFER, JINFEFIRFHLM% - &
TSt Y ¥ —OEFHET, HRPTAEME IO
PHEH LT, ABIEO—EMIFERKSE T
oYy MR (REHE D 5WER13-212, 14-
210, 15—208A) DIEMIZ L o> TIHIDONIZHDTH 5.
AL DO EF I 150 H ARG HUES 2k s (P
144811 A 23H, HHD), 41 H AR BRY SRS (F
B 15 4F 10 H 24 H, #L 1), the 8th International Confer-
ence on Biology and Synchrotron Radiation Date : 7 -11
September 2004, Hyogo, Japan {[ZBWTHEL 2.

X 73

1) Fidler IJ : Modulation of the organ microenvironment for treatment of cancer metastasis. J Natl Cancer Inst 87 :
1588 —1592, 1995
2) Fidler 1J, Ellis LM : The implications of angiogenesis for the biology and therapy of cancer metastasis. Cell 79 : 185
—188, 1994
3) Folkman J . The vascularization of tumors. Sci Am 234 : 58— 64, 70—73, 1976
4) Mori H, Hyodo K, Tanaka E, Uddin-Mohammed M, Yamakawa A, Shinozaki Y, Nakazawa H, Tanaka Y, Sekka T,
Iwata Y, Handa S, Umetani K, Ueki H, Yokoyama T, Tanioka K, Kubota M, Hosaka H, Ishikawa N, Ando M : Small-
Vassel Radiography in Situ with Monochromatic Synchrotoron Radiation. Radiology 201 : 173—177, 1996
5) Yamashita T : Evaluation of the microangioarchitecture of tumors by use of monochromatic x-rays. Invest Radiol 36
1 713-1720, 2001
6) Umetani K, Itasaka S, Ogura M, Kimura H, Hiraoka M : Synchrotron radiation microangiography system for
observation of blood flow in murine tumor vasculature. Bioimages 9 : 97 —106, 2001
7) Wil R O & AR IC B S 5 EERIIRTSE. PLHFEE23 1 100-120, 1971
8) Kamitsbo H : Spring-8 Program, J. Synchrotron Rad 5. 1988, pp 162—167
9) KM 1 v m ba SO R L, 1996
10) MEAET [ o RRE BB AR 25 & o 2o BN Y, BURDEERRE 14(4) 1 40—46, 2001
11) Tokiya R, Umetani K, Imai S, Yamashita T, Hiratsuka J, Imajo Y : Observation of Microvasculatures in Athymic
Nude Rat Transplanted Tumor Using Synchrotron Radiation Microangiography System. Academic Radiology (in
press)
12) Umetani K, Yamashita T, Maehara N, Imai S, Kajihara Y : Synchrotoron radiation microangiography for real-time
observation of angiogenic vessels in cancer, Anal Sci 17 (supp) : 1531 — i534, 2001
13) Umetani K, Yamashita T, Maehara N, Tokiya R, Imai S, Kajihara Y : Small-field angiographic imaging of tumor
blood vessels in rabbit auricle using x-ray SATICON camera and synchrotron radiation. EMBC supp : 978 — 981,
2003
14) Osborne MP, Ruperto JF, Crowe JP, Rosen PP, Telang NT : Effect of tamoxifen on preneoplastic cell proliferation in
N-nitroso-N-methylurea-induced mammary carcinogenesis. Cancer Res 52 : 1477 — 1480, 1992
15) Quan C, Wang HL, Lu SJ : Resistance to mammary carcinogenesis in Copenhagen rats : Potential roles of vascular
endothelial growth factor and mast cells. Cancer Lett 186 : 165— 175, 2002
16) Gimbrone Jr MA, Cotran RS, Leapman SB, Folkman J : Tumor growth and neovascularization . An experimental

model using the rabbit cornea. J Natl Cancer Inst 52 : 413 —427, 1974



17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)
34)

35)

36)

37)

38)

R OGO 8 5 ek & o 72 BB B L 4 oD 2 TB BT Al 97

Less JR, Skalak TC, Sevick EM, Jain RK : Microvascular architecture in a mammary carcinoma : Branching patterns
and vessel dimensions. Cancer Res 51 : 264 —273, 1991

Folkman J : Tumor angiogenesis . Therapeutic implications. N Engl J Med 285 : 1182—1186, 1971

Folkman J, Klagsbrun M : Angiogeneic factors. Science 235 : 442 — 447, 1987

Dvorak HF : Vascular permeability factor/vascular endothelial growth factor : a critical cytokine in tumor
angiogenesis and a potential target for diagnosis and therapy. J Clin Oncol 20 : 4368 —4380, 2002

Shibuya M : Vascular endothelial growth factor receptor family genes . when did the three genes phylogenetically
segre gate? Biol Chem 383 : 1573 —1579, 2002

Toi M, Matsumoto T, Bando H : Vascular endothelial growth factor : its prognostic, predictive, and therapeutic
implications. Lancet Oncol 2 : 667 —673, 2001

Veikkola T, Karkkainen M, Claesson-Welsh L, Alitalo K : Regulation of angiogenesis via vascular endothelial
growth factor receptors. Cancer Res 60 : 203 —212, 2000

Karkkainen MJ, Petrova TV : Vascular endothelial growth factor receptors in the regulation of angiogenesis and
lymphangiogenesis. Oncogene 19 : 5598 — 5605, 2000

Ferrara N : The role of vascular endothelial growth factor in pathological angiogenesis, Breast Cancer Res Treat
36 1 127-137, 1995

Terman BI, Dougher-Vermazen M : Biological properties of VEGF/VPE receptors. Cancer Metastasis Rev 15 :
159—-163, 1996

Pepper MS, Ferrara N, Orci L, Montesano R : Potent synergism between vascular endothelial growth factor and basic
fibroblast growth factor in the induction of angiogenesis in vitro. Biochem Biophys Res Commun 189 : 824 — 831,
1992

Senger DR, Brown LF, Claffey KP, Dvorak HF . Vascular permeability factor, tumor angiogenesis and stroma
generation. Invasion Metastasis 14 © 385—394, 1994—5

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

Weidner N, Semple JP, Welch WR, Folkman J : Tumor angiogenesis and metastasis—Correlation in invasive breast
carcinoma. N Englf Med 324 : 1 — 8, 1991

Toi M, Inada K, Suzuki H, Tominaga T : Tumor angiogenesis in breast cancer : Its importance as a prognostic
indicator and the association with vascular endothelial growth factor expression. Breast Cancer Res Treat 36 : 193 —
204, 1995

Suzuki M, Hori K, Abe I, Saito S, Sato H : Functional characterization of the microcirculation in tumors. Cancer
Metastasis Rev 3 : 115—126, 1984

Jain RK : Determinants of tumor blood flow . A review. Cancer Res 48 : 2641 — 2658, 1988

Cater DB, Adir HM, Grove CA : Effects of vasomotor drugs and “mediators” of the inflammatory reaction upon the
oxygen tension of tumors and tumor blood-flow, BrJ Cancer 20 : 504 —516, 1966

Kruuv JA, Inch WR, McCredie JA : Blood flow and oxygenation of tumors in mice. I. Effects of breathing gases
containing carbon dioxide at atmospheric pressure. Cancer (Phila.) 20 : 51—59, 1967

Voorhees 3rd WD, Babbs CF : Hydralazine-enhaced selective heating of transmissible venereal tumor implant in
doges. Eur J Cancer Clin Oncol 19 : 1027 —1033, 1982

Horsman MR, Christensen KL, Overgaard J : Hydralazine-induced enhancement of hyperthermic damage in a C3H
mammary carcinoma in vivo. IntJ Hyperthermia 5 : 123—136, 1989

Leunig M, Yuan F, Menger MD, Boucher Y, Goetz AE, Messmer K, Jain RK : Angiogenesis,
microvascularbarchitecture, microhemodynamics, and interstitial fluid pressure during early growth of human
adenocarcinoma LS174T on SCID mice. Cancer Res 52 : 6553 — 6560, 1992



