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Dynamic MRI and Tumor Angiogenesis of
Breast Cancer

Kazuhiko Yasumura,"” Kenji Ogawa,”
Yuji Yuasa,” Hideko Hiramatsu,”
Kyoichi Hiramatsu,” and Masaki Kitajima®’

The purpose of this study was to clarify the mechanism under-
lying early enhanced MR images of breast caricer by dynamic MR
imaging from the aspect of tumor angiogenesis. The images de-
picted by dynamic MR imaging of breast cancer were divided into
the following two groups: a marginal strong enhancement (MSE)
pattern and a variable pattern without marginal strong enhance-
ment (non-MSE). Twenty patients with invasive ductal carcinoma
(maximum diameter < 2 cm) were examined by dynamic MR
imaging, and the histological materials were submitted to two-
dimensional computer image analysis with immunohistochem-
istry and histochemistry; morphological microvessel character-
istics and microvessel density were examined; and the expres-
sion of vascular endothelial growth factor (VEGF) was investi-
gated.

In the MSE cases, vessel wall irregularity of capillaries and
venules in the peripheral area adjacent to the tumor correlated (p
<0.0001 ) with the enhancement pattern, and the total microvessel
density (especially of arterioles with a maximum diameter less
than 50 m)of the peripheral area adjacent to the tumor was sig-
nificantly higher than that of the tumor area. However, in the non-
MSE cases, total microvessel density showed no significant dif-
ference between the peripheral area adjacent to the tumor and the
tumor area, whereas the capillary density of the tumor area was
four times greater than that of the peripheral area adjacent to the
tumor. The expression of VEGF was strongly positive for the tumor
nest adjacent to the capillaries. These results suggest that the
enhanced images of the MSE pattern depend on abundant blood
supply from arterioles and that the images of the non-MSE pat-
tern might be reflective of angiogenic activity including variable
VEGEF expression of tumor cells.

Thus the mechanism underlying early dynamic MR images of
breast cancer was a complex result of tumor angiogenesis and the
microcirculatory environment.
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FUE O£ W & L Tdynamic MRUIAESH#E BT |2 15
Y, FEEDRFEED Y Th { FORBRAOHREICERL T
bISH &N, BUETIEIED 2 UREGm RS EEN—D &
) o0dHBHYY, FLHEHEC BT A dynamic MRIFT RLO4F
Bk, EEAEAGRREOBVESRED LAY VB LT,
55 W0 % D FERE S O P L LS B THESE DRI & D 5 E
BARHENS Z L L ERTWAEYT, [EELIFIR R
MROBZ HERE L TIINESLEIC B 5 M OMP 5
& UHESEAAR P C O L2 &I X B MR R
PR SN TV DAY, HEFETH - THLT L b IEEI
BTV B EA RO WD LY, I RO
JoHE RGBT AR 6h s T L b HE ST
WBY, IS OBEIIREITREF ORI OK E & % L8
B, F—HEHETEGA L SR TE L3O ESEDdynamic
MRE{GIRER AR 2B 2 BEH AR T4 TH s L b E
;‘) %ff—;;;: bw.(n.lz]_

FLIRIESS 12 B W T #lgadolinium-diethylenetriamine
pentaacetic acid (L FGd-DTPA) | & i isZa RO B Z
ZETF-ELTIE, MM 5 1) RIS, 2)M
EoiEiatE, 3)MIICBT 2Gd-DTPADIFH 4 KN HITH
TV BANY | JIE 55 i 2 BE & 1) Ao V) BRI A
(tumor angiogenesis) 'V 25 { PItR§ % &£ 1Y, dynamic
MRE[{% & DHERGEIE {AThNTWwAHY, dynamic MR
GO LEIIPHETDH D', ZOBT VRO TR
TIREEIFAINTE S, FCEFNER MK 5
B oW CHIEAR, BHImYE, ##HRA dynamic MR
B2 XD &) REEERIZTIOFMIoOVWTIISHZ
THE SN TW2WS | EfEZdynamic MREHEZ T 21T 9
72 212 F QWL 2 A A IR IS & #5eH] O
BREDRIAALETH Y, FO701213 F FH 2 IEHH
MMEHEEHASPIITELEIDH 5.

PLE® &9 BRI B\ TARNSE Tlddynamic MRE{§ &
NS S HESE O BRIZ DWW, FLAEDdynamic MR {$
ZWHB L SRS RV RN R E LTWE I ERD,
JEE O X RCMBIIRIZAF B L, WIEERICBITOMEE L 72k
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KEE 2em LT O REAFIERER]' % 512 F T R RIS
EHMBALFED ZH A2 ICH L CRGMIm A % sk, £
AIMAE, MERICOBL, 20 Ca—2 —mEMITcL Y
FLREHLRRIC 317 B SR O — K TCH 72 2R R RE) 33
L OVE B9 (MAFHF L) 72 SERT AR RRAT % 47V B M dynamic
MRE{RIZRE & H L7z SIS H AE l- B\ T EE A
BEZRITYA Ph A 2L LOGEEREE ST AME
Y HF-vascular endothelial growth factor (2L FVEGF) D3,
FERIARIC BT B 53 & - dynamic MRIEIETZEEIZ DWW Tk
AL

& EFE

1.0 ®

199445 1 A X 91996412 A & T2 H A S Fmbest
THFAr SN, MRUREDTT L IVHEALES I OfeE LT
B FLFRIEGIT8BI, NEBEE 2cm LT DFESIA & i3 ML
FE30B & MAEA T L7z, R EEAI210% kv =)
SNITHEIER, HIMIEZH L 7-MRIE{ZICTEEL A X 0 I
BHZ/EONDE L9, RREICTHYHLIST 7 1 24
RElEELTAY bR r - T T v el NG
WAbFB L UL FEO —ERB 2T o7, e LTIE
fEFERILIR 106 (185 ~635E, Fiy42.75%) &\ 7z, HEA
DEERERLREDOTERIOME BRI L, FLEES206
(39 ~77i%, FH53.5m%) DRGNS % x5 (M, et
L7,

2. B &
1)dynamic MRE1%

a) MR % # % : MRIIZ & 610.5T MR {8 [GE
Yokogawa Medical Systems, Tokyo, Japan, Vectra fast
(0.5T) 12T, FLBREHAI 2 1 )V (GE Medical Systems, Mil-
waukee, Wis., USA) & FIVTHRfE L7z, ERIMIZ 2R E
2T, HMOTURRG, BLUT2MMGELReL %,
dynamic-MRIE{§ & #R1& L /2. T1#{%13SEH: [Spin-
echo, 450/25/3(TR/TE/excitations)], T2i#FH{&I1Fast SE
i%[fast spin-echo sequence, 3500/100/3/8 (TR/TE/excita-
tions/ echo train length) 12 £ ), ZRMFE (= M) v 2 A
=320 x 224; FOV =20cm; A5 4 A% =5mm; A5 1 A
B = 1mm) T L 7. dynamic study TIZSE (400/
20, ¥ MUy TR =224x192, WIEEEHI18FY)ICL D,
T8 FHTE N E D & SIRET % (3images; FOV = 26em; A
TAAE =Tmm; 27 4 AR = Imm) 2| L7, &
#1lZGd-DTPA (0.1mmol/kg of Gd-DTPA, Schering, Ber-
lin, Germany) % V>, &R & Y 1080 THEA L7-74,
EEEAIEAK20mIEZFEA L2, 85 NS pmoEE)
HHYT B EHLAOWE (TR 25752 FLTH
T a YR ERER LT,

b)MREIEH)5E | MREHEDFIE L 3 ADFEE (KL
WiE 2 2B L UHEE 1 8) 12X hfTn, B ifidynamic MR
W DH 78 2EHE | Zearly subtracted MR image (GEFH1E A S

22

% & D40~60F1%) I2BWT 7 1 Vo FIEELBT L 52
v TIRDELRROENLIEG & FNDHNOFTR %2 23 3
FEBID 2 FEIZ5HIL, i3 % marginal strong enhancement
type (LA FMSE) (1561) (Fig. 1A), #% % non marginal strong
enhancement type (Ll FnonMSE) (5 ) (Fig. 1B, Fig. 1C) &
Byer
2) REHEBILES S URR LR L B ZEike

PRI A DERER X M S PRI D~ — 7 — T 2 HiCD-
34%E / 71— fjifk (Novocastera Lab.Ltd., claremont place,
UK) = HVEERPUA M % i1T L, 3,3 dimanibenzidin
(DAB) IZTHHUL (Fta) L7z, Z0%IE—MHEkI B 1o T
TERRAE 2 JLER 220912 Victoria blue (VB) 12 THefa L7,
VEGFDFEBLUIHVEGFi/A (Santa Cruz Biotechnology. CA,
USA) % FIVBEEUA ML % 17V Fast blue (HE4863) 12 T
g7,
3) AR M S 52 R

a) “HSEMBITAROBIEE | HEEMBAXIOPHOT (Carl
Zeiss, Germany, *J# L » X iXPlan-apochromat x
10N.A.0.32) 2 H L, NEHPIER (IEEF B0 M), NEg:1
AR (REBF I HE L 7 FUMAAR) , A 3R LA AL O 3 EBATIC
DWT T 2 & A IE O RIE 24T - 72, 51 (BHl
6.8 x 106wm?) IXFHIEDZ BN 2 B3 72012 3 B
FAIZDWT 5 B (REHUTER © 34mm) 2 A D L7z, 2
¥ a— 5 - W{EMHTIEE X, Interactive Build Analysis
System (IBAS; Carl Zeiss, Jena, Germany) % L, Al
AT 70 79 L E R LW & 1T o 72, —EGuniE
A% 5 CD-34 (DAB) B PSR AL (ML PR AR % i 3 210
(ETFHNY F2NAT 4 V7 —1F436 (W E — 7 : 436nm, fitfi
E20nm 5 ) S AKETE, FUR), MMM BIRAY
WHAIZ TN FAARAT7 4V 7 —1F600(AY — 27 ¢
600nm, HUEIE20nm ; 1) /S AN TTHE, HIR) 24dH,
DAB VBN E % Bhik, DABMYEVBEYEIE % #Hik
ERHL, S5 ITEHROFTMAE A Oumbl T % E40iM
B & e L (P CIiER NI, M IEgmn s
at), UTo&M 74— —%5Hi, rﬂﬁi%ﬁ&ﬁ‘f Lz
INT A= & — 3 LB AE OO, CE‘FE(AREA) ©)4
/ME(DMIN), @fcAE(DMAX), Dtz oIRES Yl
2 % 23 ©M % (F-CIRCLE; 4 - 7 - Art;aﬂ’E‘.RIMZ » T
B & LTHO N NEREERGOREDOREE (MM) %73 /3
T A—F—T, HEIEWIZEMEERFORESKE WS
EERLTWE)?, @KEME (F-SHAPE; DMIN/DMAX :
Wimg s LTRONIMEREDEREET NG A—F —
T, EPEVIZEMNEERGEOEANKE N EE2ELT

WB)2ZoWTHREREL, EHIMERKFICLLZFZ
B L UNME R (IS By AT TS (34mm?) ] DT 5 4
b Tiro7r-.

b) BOHINE D " RT3 > ¥ 2 — & —Ei{GHHT OFIE (Fig.
2, Fig.3) : NHBEMEED O BEBTEB~O AN, €/
7B TVHRXT(CTC2600 : ith b@fE) 2/ L 72,

HAERSE H60% H715
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A B

C
Fig.1 Typical image of early dynamic MR image.
A: marginal strong enhancement type.
B, C: non marginal strong enhancement type.

(1) W5 AT ALEE > TN (VI IBASIZ CTRIE D £ HE/ 7 A — & — ZEHUT 5.

(I) VB-HEZ¢ 4 id(%: (Fig. 3a). (IX) S 1L D> B FE/ < T A — 8 — DFEEHEHTHE R IIMSE,
(1) FLBR LR D S et (BESRPUIRIIEEE) 4 1) ¥V Ba% nonMSE & B D JEHFPER & 0k IC D W T HEBRE L, T8
A7 (Fig. 2b, Fig. 3b). dynamic MRi{% & ORISR EFAM L 72, #ETERITIIF-test
(IMN1F436 7 4 IV % -- 12 X ADABMEEMLAT) (Fig. 2¢, Fig. # & Uone way analysis of variance (one way ANOVA) |ZT
3c). 4TV, post hoc analysisltFisher's PSLD % Hi\», PfE0.05LL
(IV)IF600 7 4 ) % —IZ X A VBEFM:E7 A (Fig. 2d, Fig. TERERE L.

3d).

(V) & o« (1) (IV)G)W;% a2y b A M,

flft, EASRIVLEZT, MEDANOSEERETS. | I walli ~
1 ARD l[u%&%a)ﬂﬁ]ﬁ;ﬁ%:ﬂlw_l_&c‘: (7] B L T {2 00 R SE T Ik 3 N E b;LfaE"fﬂ%kL:b\1/a_xAmE’Jm1ﬁﬁ¥J|‘ﬁ & dynamic MR
BRI o 72 & T S S ERAL L (1) O %720 & 14 Eilg & ORR
DA, R LT AV) DE{ED S VBIEEERAL D A D AfFEIc BV THE L LzgLRE2000, fEEEILIE106]IC
B2 ERT 5. BWTIBASIZ & D EHA U 2 Boiin B8 501327,944 K T &
(VDEfROHIE - (V) X hfEshi-dXTomEOREE D, FOPMFIZILBEG OMEINR3324, FEMMES, 984,
VBIGPEERAAhE Ei{ % i As b, —I L 22meE & Bk & HEIR17,141 48 X OREE S FUROMEIIR2304A, EMIiME
L02) fEPIFEFEMEE % 4T ) (Fig. 2, Fig. 3e). 3464, MIEHIR2,9974THA. NS DMIMEIZD X%
VII)H%*HeraiU’Ea’ﬂM&LE"@ﬂHl‘ (V) DIEiED & (VI) OER M3 DILHE (CEIZEAL) & dynamic MRE{EDBIR B X UM
fﬁ]l’ﬂjwf?"%“b"?’ NS 2 a YL T, #HiRB L UMM MAFEE (A24L) & dynamic MRIE{ZDERIZDWT, IE
B LEIEERALEL % 4T 9 (Fig. 2f, Fig. 3f). BrNER & A oW biRET L, & S IZIESERERIC B

FHE124E6 H25H 23
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Light microscopic image of vasucular density by
immunchistochemistry and histochemistry

~” N,
Immunohistochemical
identification of blood vessels &

capillaries by CD 34 I
Absorption of Reduction of
VB dye by IF filter

A peak i!36 nm A peak 600 nm
1

Histochemical identification of
arteries by VB staining

DAB products by IF filter

‘ Enhanced DAB image ‘ d[ Enhanced VB image

Segmented image
of arteries

veins and capillaries

Segmented image of

HHEIR D B RE | INESE0538, P9l & D e cid %
WHHROENLBMIZBOTETLTEY, i
nonMSEMiH (0.520) TidiB#kiEk (0.574) X U #EFt504
IZHIEOIT (p=0.0067) % 52 M55 HEfH#% 0D 78 Ahs
KEWwZ & %R L7 (Fig. 5a).

EANIIE O E P EEIZMSELZ 3\ THEE L4 (0.590)
HINEB(0.615) & D HEITM < (p<0.0001), 1EFE)RE
DFENL L TOMBEWEIFOEAHPIE L b K&
- 72 (Fig. 5b).

AR O LI RE I IMSEiJ#5:35, nonMSENHERD & %
IELROEN LB B TIEEIET (p<
0.0001) LT3 Y (MSE : iL##i60.514 vs N50.528,
nonMSE : N#80.518 vs #550.558), s o
% AL THIFRIR D & 1 58 TE R ASERSD S N7 (Fig.
5c).

2) MEEE DR

a) BN IMAE % (mean valus/34mm?)

MEONR, EANMAE, AIEIR % & e 2R 13

LEERELR & O BT, MSEDIEBSHM T3R5 (p =
0.3164), NE#F0#%T2.06%(p=0.0022), F7znonMSE
DIEBENEBT1.745 (p = 0.1197), NEHHDFZET1.91% (p
=0.0304) & WT IO IZI T HAEHERFLIR X b
BmERLI2DS, Hat0E BRI S S o
{EMSE, nonMSEDEHEIFIZHB VT Tdh -7, JHE
Mg & RO LTI, SRl % E IMSETIZ
TN R DR WD TIIEHPIE D156 (p =

Fig. 2 Configuration of 2D vascular image analysis.

I A VEGF D FEH A dynamic MRIE[{Z 12 M T$ 528 20w T
Mat L7z,
1) TG REFAOARAT (B RORRAT)

a) 3% (F-CIRCLE : 4 * 7 * Area/PERIM?2)

FUEYIR O FITE S IEBELAFE & PR & D LB TIIMSELS
B TIINESLiFDSPIE & 1) 2218 < [587%0.598 vs &R
0.628(p=0.1109)], nonMSE Tl3HERD J ASikat 14 1
(21 < [N#60.627 vs ##50.724 (p < 0.0001)], MSE,
nonMSE &5 & & BRI R ORI D HRALIZ B\ TR
DAEDORED X ) KEH > 72 (Fig. 4a).

EHIIE O P RER PGS & BB O i Tld, MSETIE
WFDFHAER & D K <[5 0.907 vs N0.949 (p <0.0001) ],
nonMSE T ESFAHER D %85 & 1) %201 < [38450.951 vs
M£60.948 (p = 0.7727)], MSE, nonMSE &5 5 T b 3540
ROFNDEALIZ BV CEMIME OMEHRIT X ) K < M
BERBOREDOBEN L Y K& H - 72 (Fig. 4b).

HHTERAR O ISR L RE 058, NEF & DB TIIMSE,
nonMSE® 3 %) e D Feh 5 &7 (MSE il 5530 4%,
nonMSE : PIEB) (2 B\ TiEEHAIA I T LA ORE
LY RED57:(p <0.0001) (Fig. 4c).

b) FLM B (F-SHAPE: DMIN/DMAX)

24

0.0160) DA FEDWEIN% 7R L 724%, nonMSE Tk &
B NG N C RS 45: D0.91% (p = 0.5768) & Jid>
L Cv72(Table 1).
b) #BhR
(1) SHBIIR 2 5
HNEIR TG (L SR FLIR & DT, MSE, nonMSE &
b (IS TREEIRILIR O2.055 DB IN % 7% L 72 A5HEH5
MERCTIMER IR L VP ER Lz, bbb, MBIk
WRL IR FLIR & U BB 224% TMSE T2.3f% (p = 0.0526),
nonMSET1.8% (p=0.3431) ¥ 7= L7435, IEEPET
{IMSEIL T HRFLIR D0.445 (p = 0.3214), nonMSETi30.8
1% (p = 0.8446) LA LTz, —J5, MIBIIRSSEE (M0
#% & PNER & O TIE, MSE Tz S5 iS5 E P o LR
HLRE CHER IR 06.445% (p = 0.0017) L FWIZHIINL T W7z
#%, nonMSE TIdiE 5 & L5 NEH;AES T b IEH;2i%00.56%
(p=0.3224) &4 L Tv 72 (Table 1).
(2) MBYIR 5 R EER e
A 5 FLIRE C M B IR IR A A BT 98 BE (mean value/
34mm?) 1z KE10~50um T7.900, #£50~100umT
6.700, #100~500,mT8.300% 3 HTRELZEIT DL
raoiz,
MSEDfE#5:015 T I AIB)IR A AAES0~ 100wmEE & 1100~
500pmBE TIEMEHF IR & A E LR ZEIRDO VA, F10~
50umBEiE39.800 CIEDEE L O H AN ZER L, HESANES

ARERRE %605 5715
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Fig. 3 Compute-assisted digitiz-
ing procedure of microvessals.

OEFEE L 534 (p < 0.0001) (EEHILMOS50H (p = FrnonMSERHEMME OB ILE b CEI0~50umiF0 L O
0.0002) ) CATEARIME R Lz, Tidn o7z (Fig. 6).

-}, nonMSE TIEBHRR 2 A58 10~ 50pm B35 1L AN % SES K i
T25.6, MHEMNHTI7.6T, HEI&TIINHD1.5MF(p= EAM A IR AL L OB TIIMSED#ERN
0.5375) [ ILIROE 3 & (p=0.1166) | TH =245, IE i, WS L UnonMSEDIRBA TN R LA, Thb
HAEROEEI0~50umiF I EMSED [RIEERED2, 3i I.p_i] 3425) £ MSE @ IR0 TS ST FLIR 06.06% (p < 0.0001), i
(TR D#2.215(p = 0.3883) TH - T4abh M3 7 (p = 0.0093), nonMSEDNESPIS T4.115(p=
MSE, nonMSETE#EIZEH fgiEIfJ|'*ftf?3‘”*'llllll”b1$i"' 0.0237) Cd - 7245, nonMSED IR I Ie R LR M0
THE IR ATFEIO~-S0umBEAFHIZMMLTED, E(p=09378) L AELZIRD LD o7,
nonMSETIZ 10— 50umEoXinid £ *J'H‘L:_' Choatz * -h, EMMTFERRELEELEABORETIE,

25
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(irregularity of vessels) (error bar: & 1 standard error)
a arteriole b capillary (< 10um tumor vessel) cvenule (>10um tumor vessel)
8 97 .76
) |— p=0.?72? - r F)(OOU(” A
77 96 1 74 1 $
. r p<0.0001 4 ¥ 1 rp<0.0001
.75 A 72
: 95 !
72 1 { E % ;]
2 7 ' 2 .94 o | rp<0.0001 4
2" e e 68
O O oo v
.68 1 w ] I o)
- -p=0.1109 93 66 - 3
.65 1
92 Y
&2 - { .64
6] 3 i 91 L § 624 F
57 T T T T .9 T T T T 6 T T T T J
a3 m o [1:] [ [ [0
E B B £ E E B e E B
Z g B g E ] 8 g B
5 E B E & 5 5 E I -
g o g o e w g w T
g = g 2 g 2 8 2 g = 8 %2
= = =] = =] = = =]
8 g 2
‘ ard standard A standard standard ._standard standard
cases MEAN daviation error cases mean dayiation error cases meandayiation error
MSE marginalarea | 861 .598 .207 .007 MSE marginal area |3024 .907 .161 .003 MSE marginal area | 6883 .617 .196 .002
MSEtumorarea| 135 .628 .206 .018 MSE tumor area 1974 .949 .146 .003 MSE tumor area [5041 .674 .194 .003
nonMSE marginal area | 230 .724 .192 .013 nonMSE marginalarea | 190 .951 .138 .010 nonMSE marginal area |3048 .740 .241 .004
nonMSE tumorarea | 106 .627 .225 .022 | nonMSE tumorarea | 710 .948 .145 .005 | nonMSE tumor area | 2169 .659 .203 .004 |
Fig. 4 F Circle(mean value)
(deformity of vessels) (error bar: + 1 standard error)
a arteriole b capillary (< 10um tumor vessel) cvenule (>10um tumor vessel)
B .635 .57
0. =0.32
I—li 0.0067 63 1 rp=0.3226 1 P <0.0001 5
58 - } o 56 ;E
k 1 ~p<0.0001 )
56 1 62 55 -
- @ 615 1 lei @
g =0.6684 g §
c% 544 rp=0 1 5 61 A éj .54
v - 605 1 = - p<0.0001 4
2 53 1 -
5 E 6 - 53 E’
&5 - .585 - .52 4 )
.59 - E § f
48 . . r : 585 : . . : 51 . : . .
s § £ ¢ E§ § & ¢ § § 8§ 8
T 5 ® B s 5 ® g = g; T 5
BRN P oE P il
g L L £ L 1= L LLI £ [UN]
w 2 w2 w2 w2 w £ w9
(73] w 5] g = %] w =
= = 5 = 5 = b= S
g g g
standard standard standard standard standard standard
cases mean deyiation error €ases Mean geyizion emor Cases mMean geviation eror
MSE marginal area | 861 .510 .170 .006 MSE marginal area |3024 .590 .131 .002 MSE marginal area 6883 .514 .161 .002
MSE tumorarea | 135 .517 .189 .016 MSE tumor area {1974 .615 .128 .003 MSEtumcrarea |5041 .528 .156 .002
nonMSE marginal area | 230 .574 .165 .011 nonMSE marginal area | 190 .615 .129 .009 nonMSE marginal area | 3048 .558 .153 .003
nonMSE tumorarea | 106 .520 .180 .018 nonMSE tumorarea | 710 .625 .130 .005 nonMSE tumer area 2169 518 .164 .004
Fig. 5 F Shape(mean value)
HARERSE £60% #7175
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Table 1 Microvessel density and the pattern of early dynamic MR images

Microvessel density of normal breast tissue /34 mm?
tissue all microvessels arterioles capillaries venules
normal breast normal-area 359.6+173.5 12 25.3+21.0 346+537987 299.7 +147.3 1
(n: 10)
Microvessel density and enhancement patterns /34 mm?
enhancement patterns all microvessels arterioles capillaries venules
MSE type
(n:15) tumor-area 4725+ 265.8 9 9.0+7.7% 127.5+85.198190  336.1:+195.0 1%
marginal-area 722.1+243.8 13 57.7+64.0¢ 2058+ 1053989 4587 +162.5
nonMSE type
(n:5) tumor-area 596.8 +231.2 21.0+354 1142.0+76.8 " 433.8 £ 1421
marginal-area 688.8 £501.3 2 47.6+31.2 38.2+48.39 10 603.0+ 515.5 11 12)

1)p = 0.0020, 2)p = 0.0318, 3)p = 0.0154, 4)p = 0.0016, 5)p < 0.0001, 6)p = 0.0093, 7)p = 0.0237,
8)p = 0.0138, 9)p = 0.0003, 10)p = 0.0448, 11)p = 0.0169, 12)p = 0.0251

vessel counr/34rmm? error bar: + 1standard error
MSE type nonMSE type
normal area
60 marginal-area tumor-area marginal-area tumor-area
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‘\ Fig. 7 Double-labeling Immunohistochemistry. The
over expression of VEGF (purple color) is observed
in lun;ur cells adjacent the tumor microvessals (brown
color),
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