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Abstract Vascular endothelial growth factor (VEGF), qntroduction
potent angiogenic and vascular permeability factor, may
be important as a mediator of brain tumour progressi®olid tumours induce vascular proliferation by means of
However, it is still not clear whether VEGF plays a causngiogenic factors; the vascular proliferation supports
ative role in the early stage of glioma development. Weowth of the tumours [8, 15]. Vascular endothelial
investigated the relationship between VEGF protein exowth factor (VEGF) [7], a potent angiogenic agent,
pression (as assayed by immunohistochemistry) and gifays an important part in angiogenesis in various tu-
ferent morphological parameters reflecting tumour prarours [4, 28], and brain tumours in particular. There
gression (tumour diameter, vascular density and vascuiave been several reports on the presence of VEGF
diameter) in tumours at various stages. As a tumauRNA in tumour cells within human brain [16, 20, 25].
model, ethylnitrosourea (ENU)-induced rat malignant aSignificant elevation o EGF gene expression has been
trocytoma was used. Tumours were classified by size atgerved in highly vascular human CNS neoplasms, and
level of vascularity estimated by the von Willebrand fae- significant role is suggested for VEGF in the develop-
tor (VWF) staining. Tumours less than 10 mm in diamgent of neovascularity in CNS tumours [2]. Northern
ter were designated early stage neoplastic lesions. All@ét analysis of several growth factors in human gliomas
early astroglial tumours were found to be VEGF posind meningiomas has shown that the expression of the
tive. Increase in the VEGF immunopositive rate of tMEGF gene is closely correlated with vascularity in both
mour cells correlated significantly with increase in vagamours, but that of other angiogenic factor genes, such
cular density and vascular diameter. We suggest thatthebFGF, TGF{3, andTGF-« genes, is not [23].
VEGEF induces angiogenesis and growth of microvessels| ocalization of the VEGF protein has been reported
promoting growth of the early stage malignant astrocyte- surgically obtained human brain tumour tissues [20,
ma. 21, 27]. In the reports of this, a VEGF-positive reaction
was observed in tumour cells producing VEGF or in vas-
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system [3] and mwvides ealy-stage tumous (less than then incubted in pimary antibog (affinity-purified rabbit anti-
10 mm in diameter). VEGF; diluted 1:800 in thelbcking solution; Santa @z Bio-

. . . tedhnology) for 48h a 4°C. The sections ere washed with 0..M
We also imnunostained en Wllebrand &ctor (VWWF; b’ containing 0.1% BSA (PBSA) and inctin biotirylated

antibleeding fctor or cogulation factor VIII A) a useful goa anti-rbbit immunoglobulin (Vector Léoratories) diluted
maiker for brain tumour micovessels [17, 24] to per  1:400 in PBSA containing 2.5% NG8rflh & room tempeature.
rate the bain tumous with VWF-positve tumour mico- After a futther wash in PBSA, the sectionseve treaed with ai-

; ; din—biotin compla (Vectastain ABC kit, ¥ctor Ldoratories),
vessels fom those without slcmicrovessels. Based OnWashed in PBSand then inculiad in cobalt-nikel-diaminobenzi

VWF immunostaining and tumour &z tumous Were  gine-H,0, solution br 5min [1]. The sections ere delydrated in
classifed into thee goups: small tumowr less than increasing concerdtions of etlyl alcohol, deared in xylene and
1 mm in diametermedium-sied tumous 1-2.5mm in mounted The contol expeiments vere caried out ty omission of
diameter and lage tumous moe than 2.5nm in diame the pimary antibody and ly incubdion of the sections with the
ter Stdistical compasons vere then made of the primary antibod/ and its conwl peptide (Santa Qrz Biotedinolo-

VEGF(+)rate, vascular densityand \ascular diameter of ~  Sections adjacent to H&E-stained sectiorsrawused 6r im-

these goups.

Materials and methods

This stugy was caried out after pemission had beenrgnted ly
the Committee of Animal Expienentdion, Kurume Unversity.

Intracranial neoplasms &re induced tansplacentayl in six
pregnant Spague-Davley (SD) rats on dg 14 or 15 of gstdion,
by a single intapeiitoneal adminisation of ENU (50mg/kg bod
weight). Of the 41 dépring, 29 ofspring with motor palsy \ere
used or this stug 150-180 dgs after bith. Motor palsy is one of
the major symptoms of this &in tumour Under sodium pentobar
bital anaesthesia, the animalserm successely perfused with
hepaiinized (4 unit/ml) saline and 4%adfmaldelyde solution in
0.1 M phosphége tuffer (pH7.4). The bain tissues wre removed,
immersed in the sameax@ative ovemight & 4°C, and sliced con-
ally at a thikness of 2nm to investigate the pesence of tumosr
Tissue slices ere immesed in 0.1M phosphé#e huffer containing
20% sucose solution, embeld in OCT medium,apidly frozen
in dry ice-ethanol, and sted @ —80°C.

The pahological dassifcation of the ENU-inducedat brain
tumouss was perbrmed on H&E-stained gosections. fie WHO
classifcation of human hain tumous was not alays suitdle for
classifcation of the et brain tumous because tlyewere usualy
composed of a med cell populdon. This consisted maiglof as
troglioma, oligpdendoglioma and anglastic glioma cells [3]. In
the stug, we used tumowr tha consisted maigl of astoglioma
cells and/or analastic glioma cells and desiged these astglial
tumous malignant astrcytomas. Timouss thd consisted mainl
of oligodendoglioma cells, sbwannoma cells, pend/moma
cells, or neunoma cells vere excluded

The ciyostd seial sections (8um) were mounted on silan-

coded slide glasses and -airied for 1 h. In eab tissue bck, one
of the seial sections s stained with haertaxylin and eosin
(H&E) and the longst diameter of the tumouras measwd us
ing a gaticule. In ea® tumour section, 10idlds (eab field
0.1 mn?) were mandomy selectedthe rumber of bood vessels in
ead field was scoed and the omber counted in allidlds was
calculaed as the ascular density per tumourear. In all small tu
mours and some medium-gid tumous, havever, the 10 felds
were randomy selected fom seeral sections because thesarin
one section ws smaller than the sumear of the 10iélds. The
number of ood vessels s scoed and the ascular density as
calculded in the same manner in the mad ceebral tissues.

In ead tumour section, 10lbod vessels wre andomy select
ed and the minor axis of datlood vessel thawas egarded as its
vascular diameter as measwd using a gticule. The mean of
the \ascular diametsrwas calculted in eab tumour The \ascu
lar diameter \@s also measad in the namal ceebral tissues.

Sections adjacent to H&E-stained sectionsrenmused ér im-
munohistotiemical staining of VEGFThese sections &ve initial-
ly blocked for 1 h a& room tempegture in 0.1M phosphée-huf-
fered saline (PBS) containing 1% \line seum allumin (BSA),
2.5% nomal goa seum (NGS), and 0.01% rifon X-100, and

munohistotiemical staining of vVWFThese sections eve initially
blocked for 1 h & room tempegture in 0.1M PBS containing 1%
BSA and 2.5% NGSand then incultad in pimary antibod/ (af-
finity-purified rabbit anti vVWF; diluted 1:1000 in lbcking solu
tion; DAKO) for 1 h & room tempeature. The sections are
washed with 0.IM PBS and incubad in biotirylated ga anti-
rabbit immunoglobulin diluted 1:400 in PBSA containing 2.5%
NGS for 1 h & room tempesature. After a futher wash in PBSA,
the sections were treaed with aidin—biotin compl&, washed in
PBS and then inculiad in 0.02% diaminobenzidine and 0.01%
H,O, in Tris huffer saline solutiondr 5 min. The sections are
delydrated and mountedThe contol expeiments vere caried
out by omission of the pmary antibod).

VEGF-imnunostained tissue specimensrm anaysed and
scoed by two different obserers. In eab tissue specimen, 10
fields (eab field: 0.016 mr) were examined under light mios
copy. The intensity of VEGF immnoreactvity of ead tumour
cell was &aluaed as ngative, weakly positve or positve. Tu-
mour cells with veakly positve and positie imnunoractvity
were regarded as VEGF-posite tumour cells. @tal tumour cells
and VEGF-positie tumour cells wre then countedand the per
centge of VEGF-positie tumour cells among the total tumour
cells was egarded as the VEGF(+ate. The result of the VEGF
staining vas compaed staistically with tumour sig, tumour \as
culaiity, and \ascular diameter in the tumour tissue

Slides imnunostained dr VWF were anaysed and sced by
two different obserers. Accoding to the VWF imranoreactvity,
tumour micovessels \ere gaded as rggtive, positive, and stong
ly positive.

Results

The pdhological dassiication of the ENU-inducedat
brain tumous is shavn in Table 1. Thirty-four malignant
astocytomas thawere less than 10nm (0.5-9mm) in
diameter consisted maynbf undifferentided astocytes
characteized by a high mdear gtoplasmic atio and a
few shot cytoplasmic pocesses (. 1); these wre &-

Table 1 Incidence andlassif-

caion of ENU-induced tu No.
mours of the nevous system. .
Malignant astocytomas con Malignant astocytoma 44
sisted mainf of astoglioma <10 mm 34
cells and/or an@lastic glioma 210 mm 10
cells. W& used 34 malignantas Oligodendoglioma 13
trocytomas thawere less than  Medulloblastoma 3
10mm in diameter Schwannoma 5
Epengmoma 2
Neuinoma 2
Total 69




Fig. 1 Ethylnitrosouea (ENU)-induced malignant astytoma.
Tumour cells she a high udear gtoplasmic etio and a éw
shot processes. H&Epar 20 pm

Fig. 2 Vascular endothelialrgwth factor (VEGF) imnunostain
ing of the tumour tissueTumour cells she positive reaction as a
daik brown precipitae (@rrows) in their g/toplasm near theute-
us. VEGF-ngative tumour cellsgrrowhead$. InsetA reactve as
trocyte with a lage polygonal cell bog shavs positve reaction in
their gytoplasm.Bar 20 um

Fig. 3 ENU-inducedA small andB large malignant astrcytoma
A Arrows show intratumour Bood \essels. Abroken lineis a bor
der betveen the tumour tissue and the reunding bain tissue
B Arrows shov intratumour Bood \essels with dilation.H&E,
bar 50 um

amined 6r VEGF imnmunoreactvity, vascular density
vascular diameteand vVWF immunoreactvity.

All 34 malignant asticytomas, intuding those less
than 1mm in diametershaved a VEGF-positie imnu-
noreaction (kg. 2). VEGF-positve cells vere mainy tu-
mour cells. VEGF-posite reaction in tumour cells as
locaed in their gtoplasm adjacent to the celldeus
(Fig. 2). The VEGF-positre tumour cells ppeaed to be
distributed unibrmly throughout the tumourinduding
the peiphery of the necotic ara. A small nmber of
vascular endothelial cells anéactve glial cells also
shaved VEGF-positie imnmunoreactvity.

Since VEGF immnoreactvity was diferent in eah
tumout we assessed the VEGF(atl; which varied from
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Fig. 4A-C von Willebrand fctor (VWF) imnunostaining of the
tumour tissueA Blood vessels without posite imnmunoreaction
in the small tumourgrrows). B Blood vessels with posite imnu-
noreaction in the medium-sézl tumour &rrows). C Dilated Hood
vessels with stmg positve immunoreaction in the lage tumour
(arrows). Bar 50 um

39.0% to 87.8%. Of 17 tumaarthda were moe than
2.5mm in diameterll had a high (>70%) VEGF(&je.
In contiast, all 17 tumowr tha were less than 2.5im in
diameter had VEGF(+3tes less than 70%.

All 34 malignant asticytomas contained mioves
sels. In indvidual tumous, the ascular density aried
from 8.7 to 19.0, and theascular diameteraried from
5.3 to 51.8um. Lager tumous tended to shwo higher
vasculaity, and micovessels in lger tumous tended to
shov more dildion than those
(Fig. 3). These diled Hood \essels sometimegtained
diametes of 200um.

The vWF antiboyg stained tumour miowvessels in the
malignant asticytomas, ot failed to stain miavessels
in nomal brin. \ery little VWF immunoreactvity has
been eported in caillaries of the namal brmin [17], kut
in the pesent stugl VWF immunoreactvity in sud cep-
illaries was laver than the sensiity of our immuno
staining method Of 34 malignant asbtcytomas, 24 tu
mours possessed VWF-posii or stongly positve mi
crovessels, bt 10 tumous did not. V& anaysed the ela
tionship betveen tumour sig and VWF immnoreactvi-
ty (Fig. 4). In all the tumous less than Inm in diameter
microvessels sheed a vVWF-ngative reaction (kg. 4A).
In contast, in all the tumowrmoe than 2.5mm in dr

in smaller tumaur
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Fig. 5 Associdion of VEGF-positve rate with tumour goups.
*P<0.05 (post hoc $efié test).smalltumouss less than Inm in
diameter;mediummedium-sizd tumous 1-2.5mm in diameter;
large tumouis moe than 2.5mm in diamete

Fig. 6 Associdion of vascular density with tumour rgups.
*P<0.05 (post hoc Swfié test). normal nomal brin tissues
around the tumows

Fig. 7 Associdion of vascular diameter with tumourraups.
*P<0.001, **P<0.05 (post hoc 3efé test:

ametey dilated micovessels shwed a stongly positive
VWF reaction (kg. 4C). Hencethe malignant asicyto-
mas vere dassifed into thee goups: small tumowr
without vVWF-positve tumour micovessels (8 tumosr
less than Inm in diameter), medium-sd tumous (11,
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lar density and ascular diameter ere lower in the
] small tumous than in nanal brin (not stéstically sig-
nificant).

In adlition, we anaysed the caelaions betveen the
VEGF(+)rate and the a&scular densityand betwen the
VEGF(+)rate and the &scular diametein order to d¢ari-
fy the ole of VEGF in the induction of tumour mar
vessels. Me incease in VEGF(+ate corelaed posi
tively (P<0.05 andP<0.01, espectrely) with an in
crease of mscular density (§. 8) and with an ina@ase
of vascular diameter {§ 9). VEGF e&pression mg
. possilly have caused miliferation of the dildaed tumour

microvessels in the elyrstege malignant asticytomas.

vascular density

50 60 70 80 90

VEGF positive rate (%)

Discussion

VEGEF is beli®ed to plg an impotant pat in angogen
esis of bain tumous. Hawvever, it is not dear whether

. eaty-stgge bmin tumous epress VEGF This stug
. shoved tha the ealy stage rat malignant asticytomas

. induced ly ENU do epress VEGFAIl 34 malignant as

. trocytomas, gen those less than fhm in diameter
shaved positve immunoreaction gainst the VEGF ani
body, sugyesting tha VEGF mg have a ple in the
growth of the edry-stage malignant asticytomas. In ad
dition, coreldaions betveen VEGF(+)ate and wascular
density and betwen tumour sig and wascular density
indicate tha VEGF-induced aniggenesis mg prompt
the gowth of ealy-stage rat malignant asticytomas and
of sugically removed human kain tumous, as eported
previously [19, 20, 27].

A transpaent dvamber stug has shan tha the pe-
existing vascular netark is involved in gowing tumous
and gves fise to tumour gssels [11]. Suppbifor this
view is found in the pesent stugl The micovasculaure
within the tumour aried with the sie of the tumour
Small tumous (<1 mm in diameter) had miovessels
without VWF immunoractvity. In contast, lage tu
mours (>2.5mm in diameter) alays had micovessels
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Fig. 8 Coreldion of VEGF-positve rate and wascular density
(P<0.05).Continuous lineregression linr:

Fig. 9 Corelaion of VEGF-positve rate and wascular diameter
(P<0.01).Continuous lineregression line:

30

1-2.5mm in diameter) with mi@avessels sheing vari-
ous VWF imnunoractvity, and lage tumous with
strongly VWF-positve tumour micovessels (15, mer

with strong VWF imnunoreactvity and dildation. The
medium-sied tumous (1-2.5mm in diameter) ppeaed
to be a tansitional stee in tumour essel 6brmation, their

than 2.5mm in diameter). microvessels sheing varous intensities of VWF imm
Compaisons vere made of the VEGF(+te, vascd noreactvity and less dilation. Similar dianges in mi
lar density and ascular diameter beeen the thee tu crovasculaure hare beendund in SEM studies ofascu
mour goups. he mean a&lue of the VEGF(+ate was lar corosion casts of ENU-induceditrbrain tumous
significantly higher P<0.05) in the lage (69.8%) than [14]. Brain tumous less than 2nm in diameter shoed
in the small (53.7%) tumosr(Hg. 5), and the meanal hypovasculaity and no tumour @ssel érmation, hut
ue of the ascular density as also signi€antly higher those moe than 2mm in diameter hadhamacteistic an
(P<0.05) in the lage tumous (13.8) than in the smallgiogenic micovessels and those neothan 5mm in di
(10.4) tumous (Hg. 6). In adlition, the mean alue of ameter possessedikingly dilated and defrmed cail-
the \ascular diameter as signifcantly larger in the laries. Our stastical anaysis indicded tha VEGF &-
large (35.8 um) than in the small tumasir(8.7 um) pression my have caused @iiferation of the dilded tu
(P<0.001) (RFg. 7). Thus as tumowr gew, their tissues mour miciovessels in the lge tumous. Microvessels in
shaved higher VEGF(+ptes, higher ascular density the small tumow piobebly consist of pe-existing mk
and lager vascular diametsr In the naomal brin the crovessels, then, andhen the ENU-induced ain tu
mean \alue br vascular density as 11.0 and tliafor mours dtain a diameter oflut 1mm miciovessels af
vascular diameterl4.9um. The mean &lues br vascu fected ly VEGF possily initiate angogenesis and the
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formation of microvessels thiaincrease the lbod suppy
to proliferating tumour cells.

The \ascular density of the small tumsutended to

be lover than thaof the nomal brin, an lypovascular
condition tha may induce VEGF gpression. Hypgia
and glucose dwmivation induce VEGF xpression, to 4a
isfy tissue needsybexpanding the asculaure [26].
Although neadly half the tumour cells skved a posi
tive VEGF eaction, the small tumaosirstill had no con
spicuous aniggenesis, bt in the lage tumous, with an

cells of malignant &in tumous [17]. The pesent stug
indicates tha VEGF possily initiated formaion of
VvWF-positve tumour micovessels. Mis view is suppot-
ed ly the pahoptysiological stug/ of human bain tu
mours by Goldman et al. [10], hich sugiests VEGF in
duced VWF elease fom endothelial cells. Ais stug
also sugests thavWF release maaccount ér hyperco-
agulability manifesting as dcal tumour neasis. Since
all the bain tumous moe than 2.5mm in diameter
shoved stong VWF-positve reaction, it seems thahe

increase of theascular densitytaout 70% of the tumour microcirculdion in sut brain tumous ma be afected

cells shaved a positie VEGF eaction. It seems |y
thd initiation of the anggenesis myrequire accurla
tion of the VEGF-poducing cells. It has beemrported
tha there ae corelaions betveen VEGF immnoposi
tivity and VEGF concendtion and betwen VEGF con

by VWF. ENU-induced & brain tumous often had ne
crotic aras [3, 18].

This stu¢ shavs tha VEGF ma be an impadant an
giogenic factor in edly-stege brain tumous. Accunula-
tion of the VEGF-positie tumour cells malead to the

centition and micovascular density in glioma tissuesnitiation of angogenesis and theofmaion of tumour

[27]. Accunulation of the VEGF-poducing cells ma

microvessels, pmoting the gowth of the edry-stage tu

increase VEGF concermstion in the tumour tissue to amours.

sufficient level to initiate angogenesis.

In the ENU-induced malignant astytomas, VEGF-

positive reaction vas obsared in the tumour cells agcu
lature, and eactive glial cells. he tumour cells ware the
majoiity of the VEGF-positie cells. VEGF immno
staining péems \aty in different ieports, some immano
histodhemical studies skwng stioong immunostaining

predominanty in the micovasculdaure of gliomas as

VEGF-binding sites [20-22] and anotheegominanty
in the glioma cells [27]. fiis discepang is explained ly
the diference in the antibgdused as the antibodiegc
ognize specifc isoforms of the VEGFdmily [27]. Fur
ther studies a& necessgrto increase our undstanding
of the behwiour of eat VEGF isobrm in ealy tumous.

Reactve glial cells vere a minor component of the

VEGF-positve cells in the edy-stage brmin tumous.
Since nomal rat astocytes &press VEGF undenypoxic
culture conditions [12], theypoxia tha probably occus
during eaty tumour gowth may induce VEGF in eac

tive astocytes as ell as in tumour cells. Although 6

VEGF-positve reactve glial cells vere nuch fewer in
number than wre VEGF-positie tumour cells, themay
have a paticular ole in ealy tumous.

VEGF, also knavn as \ascular peneaility factor
has the hility to increase the peareaility of microves
sels, pimarily postcaillary verules and small &ins, to
circulaing macomolecules [6]. It has beepported tha
the ENU-inducedat brain tumour shaed a beakdavn
of the Hood-bmin barier [5, 18]. The incease of ascu

lar pemeadility in this brain tumour vas seen in lesions

more than 4nm in diameter with aich vasculaure [13].
This st@e mg comrespond to theokrmaion of the tu
mour micovessels with a stngly vWF-positve imnu-
noreaction and dil@tion in the lage tumous obseved
in this stug. It seems, thefore, tha VEGF ma induce
formation of hypempemedle tumour micovessels thia
cause beakdavn of the tbood—biain barier in the ENU-
induced &t brain tumous.

VWF is a useful mé&er for brain tumour micoves

sels, because its synthesis is @aged in endothelial
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