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VEGF Expression and Microvessel Density in Oral Squamous Cell Carcinomas

Ji-Jun Lim, Sam-Pyo Hong, Jae-Il Lee, Seong-Doo Hong, and Chang-Yun Lim

Department of Oral Pathology, College of Dentistry, Seoul National University, Seoul 110-749, Korea

Angiogenesis is an essential process in tumor growth and metastasis. VEGF has been considered a leading candidate
inducing tumor angiogenesis. VEGF expression was significantly correlated with clinical stage, lymph node matastasis,
and prognosis of cancers of various parts of body. However, little has been known about the correlation between VEGF
expression and clinicopathologic parameters in oral squamous cell carcinoma. The aim of this study was to correlate

VEGF expression with the clinicopathological parameters and microvessel density. Forty six oral squamous cell
carcinomas were analyzed using immunohistochemical method with primary antibodies to VEGF and CD31. VEGF
expression was-detected in 33 (71.7%) of the 46 cases. The microvessel density was significantly correlated with VEGF
expression (P=0.002). There was no correlation between microvessel density and tumour size, clinical stage, and lymph
node metastasis, respectively. VEGF expression did not correlate with the histological grade of tumour differentiation,
tumour size, and clinical stages. The VEGF-positive rate seemed to be higher in patients with cervical lymph nodal

metastasis than in those without it, but it was not statistically significant. In conclusion, the overexpression of VEGF

in the oral squamous cell carcinoma seemed to be associated with a more aggressive course of the disease. Further study
is necessary to define the role of VEGF in oral squamous cell carcinoma. (Korean J Pathol 2000; 34: 190 ~198)
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, TRAEAA B edllEol} cy-
o MEsh, FAE ERe] WIAMEE basic
fibroblast growth factor (bFGF), insulin-growth factor-2,
platelet-derived growth factor 53} 7Z+-& AARIAEE
Hulste] ZFokg A7) 3,’ collagenase, urokinase,
plasminogen activator 52| Ha|HLALE WA slo] F
AE7} FhzHog HEEE d 7ojd duy
Aolztz A A F7HA w8 A Ao 2+ acidic fibroblast
growth factor (aFGF), basic fibroblast growth factor
(bFGF), transforming growth factor- @ (TGF- @), TGF-
B, hepatocyte growth factor, tumor necrosis factor- @
(TNF- @), angiogenin, interleukin-8, vascular endothelial
growth factor (VEGF) So] glow ™ a1 FAx
VEGFE dahls|dl o] Auidon geie] 28
ARG S Jog|x= FZFEA vascular permeability
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factor (VPFHZ% w =} VEGF= 1989\d0]| ulA =]
34 ~42 kDa¥9] cytokine2 & o}u]| At $ol] ulg} VEGF
121, 165, 189, 2069] W] 77} Ea)3c}.5°""” VEGF
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EGF, TGF- 33, keratinocyte growth factor 5-2] cytokine
7} p53 F9 T4 AFAA el o3l WHo] AT
B3u¥ 3 Qok""" VEGFE g3 AL FHel e
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A o]9lo|l= FH W3] M| Eol|A] urokinase, collagenase,
serine protease 59| WS §E3lo] A EL/|AL H
HAIA I NAAEL ZHAEY] &S LolsiA o
ch w3t die] A S FUHAA o] Eate)
2 wbv oA sla, $3714& E43HAA fibrino] F
B AEZRAE PAslo] FRHAEY B A £
o]|FF &olslA gt 1 2ol VEGF= &89 fen-
estration, VCAM-1, ICAM-19] w&=7} clsligto] 3}
A 8 AR 5 YoM o] gk VEGF
o] 5422 Qlsl] o8 FkollA VEGF w3 uigt o
F7}F A#g=]o] ke, Ferrara 578 744 chA 2
BEAZEE, oF, dR55 234, 4, 14, &3]
A, A%, 33, G4 9 AZ RN s 4F 5
|4 VEGF mRNA7} b8 icka B wslic}. f4t
FF? 2ANAREPY AFARLE AL Al
o g VEGF #de] F49 dAE, 444 17, ¥
ZA Aol 9 ¥ Tt AAAAZ} ik g A 9l
ot F3EEol 9lojA VEGF 2dls} #ax A& of
2 A on, Moriyama %2 VEGFZdo] 2 =& Ao
o AJBAZE Ao, vAER YEo= FARA
7} 9t B sl Maeda S VEGF wH&l o)
HkE ol wlsl) 51 AYESo] Yokor, 1 99 =23
A B3R, W), A2 Aol St AdBAL
olcka ¥ aslgdch

wehA] A 25-2 VEGFSE #& = Wy} o H2
7 BHAELENA Az HRGAG Folo]
VEGF 43} vl Alg 9 o Fok] 248 57,
Q7 YA Aol T3] ADUAE RHsho], T
% A AENEoIA VEGF o] A4 9453}
AT Bl JEAE BQsl, dFAREA 71X
7F QA E Hksr] Al 2 AFE Al

X
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A4 &elo|=E AN Este] WHO 25776l ube} £
= ASH T8 Low ¢Foz AT

2) HAYXXSISN AL 74 F9] el oz
= 4 pm FAZ HAFEE A|&}ste] Silaneo] YA
frelgetol 2ol F2bste] 2uleldlAZ]l F A7
e ZAW ALY AEL A etol
3% HOlA 3087 Aelsha, w7l ulEolAal ot
<& wA¢l7] sl 3% normal swine serum O 2 14]
HESt AHesisich YA EA VEGF ofF2¢HA
(A-20, Santa Cruz Biotechnology, Santa Cruz, Califor-
nia, US.A)E 1: 40022 3]Aslo] AFL3}9l a1, 4°Col|
A HhA) HRS A7tk DAKO-LSAB kitZ o] £3}0 bio-
tinylated antibody®} peroxidase7} ¥-2}=l streptaviding
AA7l £ w2 DAB (3,3’-diaminobenzidine tetra-
hydrochloride)2. 2 3} o™, 29L& Mayer’s he-
matoxyling o] &3}gich. v JNA] 7+ =2 o] i
SN EE VEGF 289 JFAAd=zE 4gton, S4 o
ZT-L 1X3HA|E A A rabbit serum . E thA|EF Ao g
stich. vl A8 WES 2] el WTHsIA)
X Z A A CD31 (JC70A, DAKO, Denmark)ol] o3t
FAE 1:2022 3|Aste] VEGFo|A9} 72 Hhyo
2 wezR s ae s

3. M40l mx 9 SHEN

1) VEGF W8 EHS: VEGFS} CD 31 Aol gt =
Az BES Y4H AEe AR T2
% o] F7uelol Aol oJa A4s9ich. VEGE] o
ANEL F7 ARANEYLZNA Maeda 50| AH&31
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2) DM U 55 v]d€dH 242 Bosari 5%
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A E& Al B91E ZobA aulg (2004, 0.785 mm’)
2 goiste] mAlEd FE Aol 2 F U =2 290
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e 7THKAY, A8 A7 Het 8l o]} AH &
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glo] CD31 gAloll FAola AAHMET T HulslA &
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Ak’ ozl o8 BZA)L Ay A, TAE
Aol A A 7} Yrjgts dFol A FE €%
T ZAESANA A LA Z et

3) EAISY 24: SAIX el SPSS (ver 9.0) FAIZ
2awg A8ste] VEGF 2da 43 9 #elds
ool ztele] A A H) AL Pearson®] chi-square 7
A 3} Fisher?] A E AR oz B A9 o], VEGF
By oAEd dEete FAPAMEZE Mann-
Whitney U A% & A-&53ich vlAlE R Hxe} gJ3H
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Table 1. Summary of VEGF expression and microvessel density of oral squamous cell carcinomas

Case Age Sex Site Grade Stage VEG].: MlCl'OV.CSS el
number expression  density
1 72 F Lip, lower low TINOMO + 20.5
2 62 F Gingiva, Mn low T4N1MO + 15.5
3 53 M Buccal mucosa int. T2NOMO + 52.5
4 49 M Soft palate low T4N1MO + 61.5
5 66 F FOM low T2NOMO . 57.0
6 53 M Buccal mucosa low T2NOMO + 69.0
7 50 M Tongue low T2NOMO + 24.5
8 60 M Gingiva, Mn low T4N1MO + 41.5
9 49 F Tongue low T2N2MO + 525
10 41 M Tongue low T4NOMO — 28.5
11 52 F Gingiva, Mx int. T2NOMO + 41.0
12 41 M Gingiva, Mn low TINOMO + 74.5
13 55 M Tongue low TINOMO + 56.0
14 68 M Gingiva, Mn low T1INOMO + 535
15 66 M Retromolar area low T4N1IMO o 14.5
16 62 M Gingiva, Mx int. T4N1MO + 25.5
17 67 M Soft palate low T4N1MO = 17.0
18 58 M Gingiva, Mx low TINOMO = 17.0
19 43 F Retromolar area low T2NIMO + 42.5
20 67 F Soft palate int. T2NOMO - 14.5
21 68 M Retromolar area low T2NOMO + 26.0
22 65 M Lip, lower low TINOMO + 335
23 66 F FOM low T4N1MO + 215
24 40 M Tongue low T1NOMO + 58.0
25 59 M Gingiva, Mn low T4N1MO = 42.5
26 59 M FOM low T2NOMO + 66.0
27 46 F Gingiva, Mn low T2NOMO = 42.0
28 55 F FOM low T4N1IMO + 35.0
29 71 M Tongue low TINIMO + 68.0
30 60 M Oropharynx low T4N2MO + 47.0
31 47 F Tongue low T2NOMO + 64.0
32 58 M Gingiva, Mn low T2N1IMO + 33.5
33 65 M FOM low T4NIMO — 19.0
34 64 M Gingiva, Mx low T3NOMO - 16.0
35 75 M Gingiva, Mx high T4NOMO + 41.0
36 51 F Hard palate low T1INOMO + 275
37 41 F Retromolar area low T4N1MO + 24.0
38 48 F Tongue low TINOMO + 27.5
39 66 M Buccal mucosa low T4NOMO + 29.0
40 46 F Oropharynx low T4N1IMO + 435
41 42 F Retromolar area low T4N1MO + 29.5
42 68 M Hard palate low TINOMO - 24.5
43 65 M Tongue low T2NOMO + 72.5
44 74 M Retromolar area low T4NOMO + 235
45 61 M Tongue int. TINOMO + 47.0
46 66 M Gingiva, Mn low T4NOMO - 18.0

FOM: floor of mouth, Mx: maxilla, Mn: mandible, int.:

intermediate
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U el alEARske] 4RBA WRE tess)
Kruskal-Wallis testE A-£3}9ch. §o4F2 P 7o)
005 olstel AL SJiQlE Aoz s

Z 1}
1L EXMaEY U ANH AA
B29] AHEEE 402328 T5A7MA QG o, HFA
He 5784300k iulE o 19 lejglon], X%
Ex 3 (217%), A2 (17.3%), FFAF (13.0%),
BAAL (109%), F24A (109%) T <ol
(Table 1). % 271 2 cm 0|3}l Tlo| 11, 2~4
cm?8l T27} 14¢]], 4 cm o|AQl T37} 1], £3|7} AR
Z&Zol} 23T 5o AdfzFor FeH AL

Table 2. Correlation between VEGF expression and micro-
vessel density

Microvessel density

P-value
Mean+SD Range
VEGF expression
Positive (n=33) 43.0+t17.2 14~94 0.002°
Negative (n=13) 25.8+13.3 14~60

% Mann whitney U test, SPSS program, mean MVD: 382+
17.9, VEGF: vascular endothelial growth factor

Table 3. Correlation between clinicopathologic parameters
and microvessel density

Microvessel density

Variables P-value
Mean £+ SD Range
Clinical stage
I (n=11) 39.8+18.9 15~94 NS*
II (n=11) 48.1+19.9 16~92
III (n= 4) 40.0+21.7 18~82
IV (n=20) 31.5+17.9 14~75
Histologic grade
Low grade (n=40) 38.4+18.5 14~94 NS§*
Int. grade (n=5) 36.1+15.7 19~58
High grade (n=1) 41.0 41
LN. metastasis
Positive (n=18) 33.3+14.0 14~94 NS
Negative (n=28) 41.3+19.6 16~79

NS: not significant, *: Kruskal-Wallis test, b, t-test, SPSS
prgram, mean MVD: 38.2+17.9, LN: lymph node, int.:
intermediate

T47} 19619 2.1, 4690 F 18dllol|l 4] R PZA Ao
7} 9%t} AJICC (American Joint Committee on Can-
cer)®] Efroll 93 A 7| stage Io] 11¢]], stage 1T
7} 119]], stage 117} 44|, stage IV7} 20409t} =328
A &A%Y B350 BE BRI ASFo] 40q,
Fewol 5el, LFFo| 1%t
2. VEGF W3l %A

VEGF= & Z4AE9 AZEA ] 29 7o
E Ao, 3 ERNIAAE, I AE,
ZF, g, HFRAZE, 23T Gl Al
dAE e, T AT de B4t HAY
A Zoll= ofF FalAl A=At (Fig. 1). 47
EE F9lol we} desigion, 359 AR Fu
Fub FEAEY] A&HIL ofF ZslAl A=t

3. OJM&2 gz (Table 2, 3)

CD313Alell oj3fl W HI AL A|E£- o] ZAo 2
oJ M=t} (Fig. 2). VEGF A FollA ujAdz Ux
7} 43.0£17.2, SATFA 258113302 kAl FollA
o =93, EA%HeE o3 o)zt e} (P<
0.05). 443 Wrleh 2237 L35 g vAEH
s AUz} gged, P24 Holo S, Aol
TollA] 333+14.0, H]Ao]|FollA 41.3+19.602 HA
ol FollA EA Ugtou, FATHoZ {3t Aol

Table 4. Correlation between VEGF expression and clini-
copathologic parameters

VEGF expression
No. of patients (%)

Variables = Number P-value
Positive Negative

Differentiation

Low grade 40 28 (70.0) 12 (30.0)0 NS

Int. grade 5 4 (80.0) 1 (20.0)

High grade 1 1 (100.0)
Tumour size

Tl 12 9 (75.0) 3 (250) NS

T2 14 11 (78.6) 3 (21.4)

T3 1 1 (100.0) |

T4 19 13 (68.4) 6 (31.6)
Clinical stage

I 11 8 (72.7) 3 (273) NS

II 11 8 (72.7) 3 (27.3)

I 4 3 (75.0) 1 (25.0)

v 20 14 (70.0) 6 (30.0)

NS: not significant, x ? test, SPSS program, VEGF: vascular
endothelial growth factor, int.: intermediate
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Fig. 1. A. VEGF immunostaining in cancer cells of oral squamous cell carcinoma. Cytoplasm shows strong granular
immunoreactivity. B. VEGF immunostaining in cancer cells of oral squamous cell carcinoma. Cytoplasm shows negative
immunoreactivity.

Fig. 2. CD 31 immunostaining. Microvessel density in VEGF positive oral squamous cell carcinoma (A) is higher than that
in VEGF negative one (B).
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Table 5. Correlation between VEGF expression and lymph
node metastasis

VEGF expression
No. of patients (%)

Lymph node metastasis P-value
Positive Negative
Negative (n=28) 19 (67.8) 9 (32.2) NS
Positive (n=18) 14 (778) 4 (22.2)

NS: not significant, x ? test, SPSS program, VEGF: vascular
endothelial growth factor

F5FNA 80.0%, LEFIA 1000%2 £3E7}
whZol] wte} VEGF A9 vl go| F7hsle A
WA FALTY 4 SShet (P>005).

5. 4% HmE MO0 ME VEGF &8 (Table 5)
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2 oA VEGFe FE FUAEY AEA 7
HEgog o] Hgon, JF A HIAAE Y
HEZAEY HREAE 28l HAAE, o8 )
T, JZTF 59 AFAXNE FHAER = s
At QAEIgon, FFAE FH e AT A
E ofF oAl A=AV A=A ekt kA
o8 ALLEF Al BIZAE, THZF, o3 W7,
HAAZE, AFEAZellA VEGF7} W@ty g4
ek Namiki 5% SN AL 73S o, o,
At FollA] VEGF7} W dcky Al ZejkddS F3l
o] Huslglont, ofF A¥gt AEo] A % A
ojch. B odollA @] AL VEGF7} A€ A
< NI A ES AAH QD Bl o Zo|elr] Kt
T FYAEE 3 of AFod|A A= VEGF7}
R Al £] 4714 fit-10]v} KDRell A3t Ao
2 A7) 1 0] $E Brown S0 VEGF mRNAS}
fit-1 2 KDR mRNA®l| tiglt in situ hybridizationg 4
S71Al FoFA S RHI|AEA 3l AP A,
VEGF mRNAY ZokA| Eoj|ut, flt-1 3 KDR mRNAE
RN A el F3kE] o] VELR 7] wff Folct. VEGF %
d zAel A= obF] B3] gHAA kAR,
st Ael} AR 2 AAs) ARelA g Fay
VEGF 447 wdZ7le] dlelgta g4 Qe
21 2] EGF, TGF- B3, keratinocyte growth factor, IL-1 3,
PGE,, IGF-1 9] cytokineol] 2]3] VEGF Wdo| Z7}

Hobs A7t Qlow, FddA5A2 ps3z B
o] p53¢] EHo|7} protein kinase C2| &4]3}o)| o3t
VEGF mRNA9| u&dZ7}e] #ojdicim slgiont
Mukhopadhyay S'°-2 wild type?] p53¢] VEGF mRNA
o] PAL dAlsht Sl PNA = S A o
o} VEGF9] wtslo] Ajd o2 v] Ho| Utz 319
t}. 2 oA VEGF 44T vl&d 71.7%%2 Ve
Y=d), Maeda S2%3} Uchida S%0] A 59HE (61.6%),
A FF 43.4%), 17 AFAEZLE 424%) SolA 2
e FX R A Ugich B A3 S, 94T
7} 22 AT Ut AAFH R ygton, 17} H
HAZLF] A5 dF5%gol theksla, p53 FkA
FAAY Eodwolrl e Aog HuET glo]A,
o 5943 VEGF &R 5919 dhen| 2l o
%33 p53 Qo] H ol w2 VEGF L8 A 9]
H| 27} o] Fojzjol & Aoz A7ZH)

VEGF ##o] Az da3Asa Ao Qerts
gelslr] $sto] B dFolA = VEGF AT 54
7kl g3 s g AAsoH, uAdd +5
A7] A3 EBNIAHEE IC-T0AA 2 H o =2 38
A Algsidich AF7HA 3 5 FAE] ¢
YukH 0 2 Factor VI AE Ho| A&slo] gk,
o] &AL HZ Ao YA FolE FME ], HAYA
o] WolZltta ¥e{#| 9l ojol| ubsl JC-70AEHAI=
Yz YA Eolle A=A g, kA WY
zZ318 848 7MY, el o] 2F AT A
o Adld o] QAE F glojA E Ao ALE9]
ot 8% B odFol| 2] VEGF wals} Aagt njgst =
& VEGF AToA SATED 9494 =4
el VEGF7} A A A8 DA o] Bojghs e &
919c}. Moriyama §7& 77+ A EHEo)| 4 VEGF,
KDR, flt-19] flt-49] w3} vjAdgd3 dxo}o] A4
AE B4 vl flit-40] A5k FAFollA AR U
7 F9AUA =4 Ugken, 1 9 vAgd Uxe}
F 327 9 228 B59: G Xol7} gl
I sich B dfeAE 2 Bix gl g4
719} u g U5 Aolole Fodk Zolrl itk
2 odFd|4 VEGF w3 Foko| 77], d47]9he
H 2ol F4dE ARAE dlen, o
Maeda 57} Moriyama §°°¢] A7 A7} E A28}
ok FAAEY] S, i A 2 AP ¢E o=
Al F 271, 449719 VEGF wdo] A#A7} ¢l
A dees AL FAzAWY 71£9] dahitdo] o2
3ol nlsl ol Hof ojA, x7] FgAAe] ANY
B YAl A Ggs vA Gedkn 44 F g9le
" ob Reat o] g W AA gkeh B Aol A
71& gty Adsie] FRz3 F o3, A4
Zro] dyhuldo] @ 33 ol¥r}t AL tAo]d]
VEGF$} F9 37] 5& nlaste] Bgton}, fxHz
AYTFE 771 FHol fYAJE AES A Xk
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VEGF s} B3t5ete] 4adAdl glojAs £3E
7} vhuk3ol] wlel VEGF °“*4 H]go] Frksiglon,
T3 Kole HelA] ket E A9 B, BIE
HE AT 771 AeHF 4001] Fow 5o, 15F 1
d2 FEHI L5FY HUT 57 Hof A A2
= HE T Jc £359te] AR S FHely] 9
sto] 7 FHE F o B 9 AYFog ATt A
sixjojoF g Zlo|ct.

VEGF Wals} gl Ho] {5919 AatatAlol A&
HxA FHolFollA VEGF FATF (77.8%)0] AT
(678%) Reb 57 Ustor, §ARA fel4e U
oh. 2 f=A Folof] whE nAlER Ure] A4,
24 u|Ao|F (41.3+19.6)d0]4 Ho]F (33.3+14.0)
B} =4 Uil Moriyama $%2] ZAzloAE 77
ARG ANELGFAA FZA vdol oA mAEH U
7b B EA Ugtew, Gleich 59 Aol 494

o] gigltt. Gleich §°& mlAEF Y= ZHo] 77 A
v‘a‘*ﬂ*“*—ﬂl/ﬂ HZA Holg} WA stA BA=A F3}

© ol 5 th3 Zo] At $4 FAREG L
dyto] @i, p53 59 ojg] §AA} wolr} wo] &
ol i}, A& Aol AE FEFAE AA sHssiA
slo] Foko] Aol ARG ol HA Jgs we
o, F WAl 2717t & T3 35 FHA, AAE
gelslr] 3 301 | A EB 71 GolAl AAl Ao|z}
dold RS FAA AT 7hsAde] dew, Al
WA= J‘?JH Ageta e el AR J)E
o] dag 7Y ¢ gldke Aotk B T4 H=
A Ho| o] 79} Azsloi A, v|AEA YEHrh= VEGF
Walo] o WA A4S JehliEdl, ol= VEGF
7} AAAG o] =2] #But olz}, serine protease, plas-
minogen activator, matrix metalloproteinase 9] 4&l-$
FEste] AEYANAL e, B R4 =
V2 8 s ZHAE §FAA fibrino] FH-3 7]
As AT EZN RN A EL} FAAEY o]F
golslA =™ Jete Aoz Az

ol 4# 2 AFANE F7F HAFAELFA VE
GF &2 A8 HP A7 24 #do| glon, Y=
A Aot £3E T oAz E uAEH Uy
oo E2 Aol USE s a3y 3%
A A E4Eol| 4 VEGFE %iﬂ o FAAZA AL
317] 9134 = VEGFS} t}2 g3 A dzlete] 435
§ 3 VEGE e el felste gl e 2
7 Bgslolof Hul, AEETe AVBAG o AT
5 gto g Ajyx|ojo} 3 Ao|c}.

4 =
T4 WA ELFANA VEGF o] A4 P4

S3b WA Bae] YEAE ek, dFAEA
A7 GEAE Bobel] fstel Agohsmyel 23t

N8N 77 FedlA 77 ARAEGF o2 At
< 460115 o2 VEGFS} CD31¢] thdt W =23}
S Algete] VEGFLaAL nAgdt Ux g =
A Fits, 947, FE Aol “»M SUBAZ
SAtA R EA4ste, bt 2 AES Ak

VEGF ¢4 TollA wAds dx7} %ﬂli"ﬂ_‘li &
QA EA vgheort (P=0.002), 47, 22eH
3= g JZA Heolg} v EH U Aolol: FAl
Aoz fo% Xol7t gllvh. VEGF wdz z2e
A E£oEste] ARdA vlszelA 357 vl
utzt VEGF 4T 471 F7hete g 2o,
SAAQ T8 At (P>0.05). U 271, 9
719t VEGF ZaAelolA e 4adiAZE giich
VE GF "33 5 f=4d o] {7949 4434 u|
EollA |l Ho|LollA VEGF A F9 71 =7
wgkot, SAE Fo42 AN (P>0.05).
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ol AYEBY 53 UAHE Aol Al%ii'- =
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T 9 AEEHS gRBA i A7} oz
Agsofof & Aoz Azt

ol-}l

_r-?Lil-n ¥ o o
dﬁﬂ$&

& 1 & 8§

1. Folkman J. What is the evidence that tumours are angi-
ogenesis dependent? J Natl Cancer Inst 1990; 82: 4-6.

2. Moscatelli D, Gross J, Rifikin D. Angiogenic factors sti-
mulate plasminogen activator and collagenase production
by capillary endothelial cells. J Pathol 1993; 170 (suppl):
388a.

3. Weidner N, Semple JP, Welch WR, Folkman J. Tumor
angiogenesis and metastasis-correlation in invasive breast
carcinoma. N Eng J Med 1991; 324: 1-8.

4. Pepper MS, Ferrara N, Orci L, Montesano R. Vascular
endothelial growth factor (VEGF) induces plasminogen
activators and plasminogen activator inhibitor type 1 in
microvascular endothelial cells. Biochem Biophys Res
Commun 1991; 181: 902-6.

5. Mandriota SJ, Seghezzi G, Vassalli JD, et al. Vascular
endothelial growth factor increases urokinase receptor
expression in vascular endothelial cells. J Biol Chem
1995; 270: 9709-16.

6. Keck PJ, Hauser SD, Krivi G, et al. Vascular perme-
ability factor, an endothelial cell mitogen related to
PDGF. Science 1989; 246: 1309-12.

7. Senger DR, Galli SJ, Dvorak AM, et al. Tumour cells



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

AAF 9 49 : F7} HAFH M FEYE A Vascular Endothelial Growth Factor ¥+83} vjAld 3 A%

secrete a vascular permeability factor that promotes accu-
mulation of ascitic fluid. Science 1983; 219: 983-5.

. Folkman J, Shing Y. Angiogeneis. J Biol Chem 1992;

267: 10931-4.

. Dvorak HF, Orenstein NS, Carvalho AC, et al. Induction

of a fibrin-gel investment: an early event in line 10 hepa-
tocarcinoma growth mediated by tumour secreted pro-
ducts. J Immunol 1979; 122: 166-74.

Leung DW, Cachianes G, Kuang WJ, et al. Vascular en-
dothelial growth factor is a secreted angiogenic mitogen.
Science 1989; 246: 1306-9.

Tischer E, Mitchell R, Hartman T, et al. The human gene
for vascular endothelial cell growth factor. Multiple pro-
tein forms are encoded through alternative exon splicing.
J Biol Chem 1991; 266: 11947-54.

Houck KA, Ferrara N, Winer J, Cachianes G, Li B,
Leung DW. The vascular endothelial growth factor
family: identification of a fourth molecular species and
characterization of alternative splicing of RNA. Mol
Endocrinol 1991; 5: 1806-14.

Frank S, Hubner G, Breier G, Longaker MT, Greenhalgh
DG, Werner S. Regulation of VEGF expression in cul-
tured keratinocytes. Implication for normal and impaired
wound healing. J Biol Chem 1995; 270: 12607-13.
Dameron KM, Volpert OV, Tainsky MA, Bouck N.
Control of angiogenesis in fibroblasts by p53 regulation
of thrombospondin 1. Science 1994; 265: 1582-4.
Kieser A, Weich HA, Brandner G, Marme D, Kolch W.
Mutant p53 potentiates protein kinase C induction of
vascular endothelial growth factor expression. Oncogene
1994; 9: 963-9.

Senger DR, Perruzzi CA, Feder J, Dvorak HF. A highly
conserved vascular permeability factor secreted by a
variety of human and rodent tumor cell lines. Cancer Res
1986; 46: 5629-32.

Roberts WG, Palade GE. Increased microvascular perme-
ability and endothelial fenestration induced by vascular
endothelial growth factor. J Cell Sci 1995; 108: 2369-79.
Melder RJ, Koenig GC, Witwer BP, et al. During angi-
ogenesis, vascular endothelial growth factor and basic
fibroblast growth factor regulate natural killer cell ad-
hesion to tumour endothelium. Nat Med 1996; 2: 992-7.
Broxmeyer HE, Cooper S, Li ZH, et al. Myeloid pro-
genitor cells regulatory effects of vascular endothelial
growth factor. Int J Hematol 1995; 62: 203-15.

Ku DD, Zaleski JK, Liu S, Brock TA. Vascular endo-
thelial growth factor induces EDRF-dependent relaxation
of coronary arteries. Am J Physiol 1993; 265: H586-92.
Ferrara N, Davis-Smyth T. The biology of vascular en-
dothelial growth factor. Endocr Rev 1997; 18: 4-25.
Toi M, Hoshina S, Takayanagi T, Tominaga T. Asso-

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35,

197

ciation of VEGF expression with tumor angiogenesis and
with early relapse in primary breast cancer. Jpn J Cancer
Res 1994; 85: 1045-9.

Maeda K, Chung YS, Ogawa Y, et al. Prognositic value
of VEGF in gastric carcinoma. Cancer 1996; 77: 858-63.
Takahashi Y, Kitadai Y, Bucana CD, et al. Expression
of vascular endothelial growth factor and its receptor,
KDR, correlates with vascularity, metastasis, and pro-
liferation of human colon cancer. Cancer Res 1995; 55:
3964-8.

Moriyama M, Kumagai S, Kawaskiri S, et al. Immu-
nohistochemical study of tumour angiogenesis in oral
squamous cell carcinoma. Oral Oncol 1997; 33: 369-74.
Maeda T, Matsumura S, Hiranuma H, et al. Expression
of vascular endothelial growth factor in human oral squ-
amous cell carcinoma: its association with tumour pro-
gression and p53 gene status. J Clin Pathol 1998; 51:
771-5.

Pindborg JJ, Reichart PA, Smith CJ, Waal van der L
Histological typing of cancer and precancer of the oral
mucosa, 2nd edition. World Health Organization: Sprin-
ger, 1997; 11-3.

Maeda T, Matsumura S, Hiranuma H, et al. Expression
of VEGF in human oral squamous cell carcinoma: its
association with tumour progression and p53 gene status.
J Clin Pathol 1998; 51: 771-5.

Kim KK, Kim JR. Expression of vascular endothelial
growth factor (VEGF), phospholipase C- 7 1 and Ki-67 in
squamous cell carcinoma and high grade squamous
intraepithelial lesion of the uterine cervix. Korean J
Pathol 1998; 32: 290-7.

Bosari S, Lee AK, DeLellis RA, et al. Microvessel quan-
titation and prognosis in invasive breast carcinoma. Hum
Pathol 1992; 23: 755-61.

Jang TJ, Kim JR. Immunohistochemical study of the vas-
cular endothelial growth factor in gastric carcinoma.
Korean J Pathol 1997; 31: 401-9.

Freeman MR, Schneck ML, Gagnon ML, et al. Peripheral
blood T lymphocytes and lymphocytes infiltrating human
cancers express vascular endothelial growth factor: a po-
tential role for T cells in angiogenesis. Cancer Res 1995;
55: 4140-5.

Gaudry M, Olivier B, Valerie A. Intracellular pool of
vascular endothelial growth factor in human neutrophil.
Blood 1997; 90: 4153-61.

Xiong M, Elson G, Legarda D, Leibovich SJ. Production
of vascular endothelial growth factor by murine macro-
phages: regulation by hypoxia, lactate, and the inducible
nitric oxide synthase pathway. Am J Pathol 1998; 153:
587-98.

Steinbrech DS, Longaker MT, Mehrara BJ, et al. Fibro-



198 g stz]z] : A 34 A A 33 2000

36.

37.

38.

39.

40.

41.

42.

blast response to hypoxia: The relationship between an-
giogenesis and matrix regulation. J Surg Res 1999; 84:
127-33.

Namiki A, Brogi E, Kearney M, et al. Hypoxia induces
vascular endothelial growth factor in cultured human
endothelial cells. J Biol Chem 1995; 270: 31189-95.
Brown LF, Berse G, Jackman RW, et al. Expression of
vascular permeability factor and its receptors in adeno-
carcinomas of gastrointestinal tract. Cancer Res 1993; 53:
4727-35.

Minchenko A, Bauer T, Salceda S, Caro J. Hypoxic stim-
ulation of vascular endothelial growth factor expression
in vivo and in vitro. Lab Invest 1994; 71: 374-9.
Shweiki D, Itin A, Soffer D, Keshet E. Vascular endo-
thelial growth factor induced by hypoxia may mediate
hypoxia-initiated angiogenesis. Nature 1992; 359: 843-5.
Uchida S, Shimada Y, Watanabe G, et al. In esophageal
squamous cell carcinoma vascular endothelial growth
factor is associated with p53 mutation, advanced stage
and poor prognosis. Br J Cancer 1998; 77: 1704-9.
Portugal LG, Goldenberg JD, Wenig BL, et al. Human
papillomavirus expression and p53 gene mutations in
squamous cell carcinoma. Arch Otolaryngol Head Neck
Surg 1997; 123: 1230-4.

Raybaud-Diogene H, Tetu B, Morency R, Fortin A, Mon-
teil RA. p53 overexpression in head and neck squamous

43.

44,

45.

46.

47.

48.

49.

cell carcinoma: review of the literature. Eur J Cancer B
Oral Oncol 1996; 32: 143-9.

Parums DV, Cordell JL, Micklem K, et al. JC 70: A new
monoclonal antibody that detects vascular endothelium
associated antigen on routinely processed tissue sections.
J Clin Pathol 1990; 43: 752-7.

Mukai K, Rosai J, Burgdorf WH. Localization of Factor
VIlI-related antigen in vascular endothelial cells using an
immunoperoxidase method. Am J Surg Pathol 1980; 4:
273-6.

Petruzzeli GJ. Tumor angiogenesis. Head and Neck 1996;
18: 283-91.

Gleich LL, Biddinger PW, Duperier FD, Gluckman JL.
Tumor angiogenesis as a prognostic indicator in T2-T4
oral cavity squamous cell carcinoma: A clinical-path-
ologic correlation. Head and Neck 1997; 19: 276-80.
Graeber TG, Osmanian C, Jacks T, et al. Hypoxia-
mediated selection of cells with diminished apoptotic
potential in solid tumors. Nature 1996; 379: 88-91.
Dvorak HF, Harvey VS, Extrella P, et al. Fibrin con-
taining gels induce angiogenesis: implications for tumor
stroma generation and wound healing. Lab Invest 1987,
57: 673-86.

Dvorak HF. Tumors: wounds that do not heal. Similarity
between tumor stroma generation and wound healing. N
Engl J Med 1986; 315: 1650-8.



