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Summary The influence of vascular endothelial growth factor (VEGF) expression and microvessel density (MVD) on prognosis and the
relationship between VEGF expression and MVD in ovarian carcinoma are not well defined. We studied VEGF expression in parallel with
MVD by immunohistochemistry in 94 ovarian tumours (64 malignant, 13 borderline, and 17 benign) and correlated the results with the
clinicopathologic prognostic factors of the disease to clarify their significance in this disease. Assessment of VEGF mRNA isoforms by
RT-PCR was also performed. Of the malignant, borderline, and benign ovarian tumours respectively, two (3%), four (31%) and 16 (94%) were
negative, 31 (48%), seven (54%) and one (6%) had low expressions, and 31 (48%), two (15%) and none (0%) had high expressions of VEGF.
There were significant associations between the VEGF expression and disease stage (P = 0.002), histologic grade (P = 0.0004), and patient
outcome (P = 0.0002). MVD did not correlate significantly with the clinicopathologic parameters. Likewise, no correlation was found between
MVD and VEGF expression. The survival of patients with high VEGF expression was significantly worse than that of patients with low and
negative VEGF expression (P = 0.0004). Multivariate analysis revealed that disease stage and VEGF expression were significant and
independent prognostic indicators of overall survival time (P = 0.008 and P = 0.006 respectively). These findings suggest that in conjunction
with the established clinicopathologic prognostic parameters of ovarian carcinoma, VEGF expression may enhance the predictability of
patients at high risk for tumour progression who are potential candidates for further aggressive therapy. © 2000 Cancer Research Campaign
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Ovarian carcinoma has the highest mortality rate among gynaecproliferation and migration of endothelial cells, providing nourish-
logical malignancies. About two-thirds of patients have alreadyment to the growing tumours and allowing the tumour cells to
advanced disease at the time of diagnosis. Established prognostistablish continuity with the host vasculature (Ferrara, 1995).
indicators of ovarian carcinoma currently include disease stag®EGF is a 34-45 kDa heparin-binding glycoprotein which was
histologic grade, residual tumour volume, and response toriginally identified as a hyperpermeability factor and subse-
chemotherapy. The identification of prognostic factors that, inquently found to be a potent mitogen for the endothelial cells
association with established clinicopathologic parameters, predi¢Eerrara, 1995; Senger et al, 1983; Ferrara and Hanzel, 1989; Keck
which patients are at high risk for the development of tumouet al, 1989). It induces neovascularization through its specific
progression, is significantly helpful in better treatment andreceptors flk-1 (KDR) and flt-1 (Terman et al, 1992; deVries et al,
improvement of the survival of patients with ovarian carcinomal992). By alternating splicing of mRNA, four major isoforms of
Angiogenesis is an essential requirement for tumour growth andEGF with 121, 165, 189, and 206 amino acids may be identified
metastasis and basically depends on the production of angioger{iischer et al, 1991). These isoforms have different bioavail-
factors by host and/or tumour cells (Folkman, 1986; 1990). It haabilities due to their different heparin-binding activity. VEGF 121
been shown that in animal models, without angiogenesis, tumoudoes not bind heparin and is secreted as a freely soluble protein.
grow as in situ and will not expand beyond 2-3 mm in diameteWEGF 165 is a basic, heparin-binding protein, abundant in many
(Folkman, 1986). The importance of angiogenesis in tumouhuman tissues and tumours, and is also secreted, but to a lesser
progression has been highlighted by studies showing that th#egree than the 121 isoform. The longer isoforms with 189 and
angiogenic potential of tumours assessed by tumour microvesse06 amino acids have a greater affinity to heparin and are incorpo-
density (MVD) directly correlates with poor prognosis (Weidnerrated in the extracellular matrix. Inhibition of VEGF activity by
et al, 1991; Weidner and Folkman, 1996). neutralizing antibodies, or by the introduction of dominant nega-
Various growth factors have been shown to stimulate angiogeniive VEGF receptors into endothelial cells of tumour-associated
esis in physiological and pathological conditions, includingblood vessels, resulted in the inhibition of tumour growth, and
neoplastic disease. Among these, vascular endothelial growtiumour regression, indicating that VEGF is a principal initiator of
factor (VEGF) has been shown to play a major role in thgumour angiogenesis (Kim et al, 1993; Millaure et al, 1994).
Recent studies have demonstrated a significant correlation
between VEGF expression and MVD in malignant tumours arising
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1997; Yamamoto et al, 1997; Fujimoto et al, 1998). It was founiTable 1 VEGF expression and microvessel density in ovarian tumours
that patients with early stage ovarian carcinoma and increas

. ) VEGF i Mi I i
VEGF expression had poorer prognosis (Paley et al, 1997 GF expression icrovessel density
Moreover, strong VEGF expression was suggested to play a/ariable n  Low+Neg High Low High
important role in the tumour progression of ovarian carcinom:

(Yamamoto et al, 1997). In these studies, no attempt has beAdenocarcinoma® 64 31+2 31 26 38
made to assess the relationship between VEGF expression & fﬂgﬁzus ig 1;1:8 12 Z 22
MVD Studies. anressing such an interrelationship are ver gpqometroid 5 1+1 3 2 3
limited (Nakanishi et al, 1997; Hartenbach et al, 1997; Orre an Clear cell 18 8+1 9 1 7
Rogers, 1999). In one study, a significant association was fourBorderline tumour 13 7+4 2 4 9
between the MVD and VEGF expression (Nakanishi et al, 1997 fﬂefqus ﬁ é:g 1 2 §

. . ucinous

In contrast, two othgr studies found no correlation between MV[Benign cystadenoma 17 1416 0 6 n
and VEGF expression (Hartenbach et al, 1997; Orre and Roge serous 5 0+5 0 2 3
1999). Furthermore, studies using multivariate statistical analyst Mucinous 9 1+8 0 2 7
to assess the potential prognostic value of MVD and VEGI Endometroid 3 0+3 0 2 1

expression in ovarian carcinoma are rare. In a study using mul
variate analysis in early-stage ovarian carcinomas, VEGF oveThe chi-square test and Fisher’s exact test were used for comparison. *VEGF
expression was found to be the strongest independent varialexpression in adenocarcinoma vs borderline and benign tumours: P = 0.02
- . and P = 0.0002 respectively.

predictive of a poor survival (Paley et al, 1997). Another study
showed that only disease stage was significant prognostic factor

and VEGF expression was not an independent prognostic indicator . . . . .
(Yamamoto et al, 1997). VEGF expression was also found to b vidin-biotin-peroxidase complex method. Endogenous peroxi-

) - . . 0
correlated significantly with disease-free survival in patients withh‘r“(‘;‘e was bIoc.Iéed. n dipara:ff]:nlzgg t'.SSUAeﬂ sectlor;‘s., by .3;]/0
invasive serious ovarian carcinomas (Garzetti et al, 8999 ydrogen peroxide in methanol for 20 min. After washing wit

1999b). Thus, the influence of VEGF expression and MVD OIrTohosphate buffer saline (PBS), pH 7.4, tissue-nonspecific binding

prognosis and the relationship between VEGF expression argles were blocked t_)y 10% “Om.‘a' goat serum for 20 min. The
MVD in ovarian carcinoma are still controversial. sections were then incubated with afflnl_ty-purlfled rabbit poly-
The purpose of this study was to clarify the significance Ofclonal anti-human VEGF (Santa Cruz Biotechnology Inc, Santa

VEGF expression and MVD in relation to established cIinico-Crluz'dCA’ .USA)Datk 1:C1:00 g”u“?n or agi'hljgin faitgz)(;/gll
pathologic prognostic factors of ovarian carcinoma. related antigen (Dako Co., Carpinteria, ! ) at 1. -

tion overnight at 4C. Anti-human VEGF antibody had been
raised against an amino-terminal peptide (amino acids 1-20) of
MATERIALS AND METHODS VEGF molecule which recognizes all splice variants of VEGF.

This study is composed of 94 diagnosed patients with epitheliai'l—hiS an_tibody hé_‘s b'een widely used and accepted for immunohis-
chemical localization of VEGF (Boocock et al, 1995; Yamamoto

ovarian tumours who underwent surgery. The representative tissﬁ% ) . )
specimens from the lesions included 64 consecutively operate%t al, 1997; Garzetti et al, 1999199%; Orre and Rogers 1999).

ovarian carcinomas, 13 borderline and 17 benign ovarian tumouéﬂsr was_hes BWitIh PBS, kc):iztinégfd anti-rablt_)itd I?ﬁ (V%ctlc))r
(Table 1). The ages of patients ranged from 21-88 years (medialn‘?l or_atorles, urlingame, P ) was applied toflowed by
54 years). Serial i sections from the tissues were prepared. Awashlng and detection using the avidin-biotin-peroxidase complex

section from each tissue was stained with haematoxylin and eosjfpako Co). Diamino-benzidine was used as chromogen. The

to verify the tissue and confirm the diagnosis. Histological typesSeCt'onS were counterstained bngfly with Mayer’s haematoxylin,
ehydrated, and mounted. Negative controls included the use of a

and grades were determined using the World Health Organizatio% ii bbit i lobuli h . ibod
Criteria (Serov et al, 1973), and the stage of tumours was asses §_peu ic rabbit Immunog 0. ulin as the primary ar_m ody. As
[;;osmve control, we used sections from an adenocarcinoma of the

according to the International Federation of Gynecology an iously found to b itive for VEGF . d
Obstetrics staging system (Peterson, 1988). All carcinoma patien Nng previously founc to be positive for expression an
lactor VIlI-related antigen.

on this study received postoperative chemotherapy with variou
regimens for a high-risk early stage (stage I, grade 3; stage IC; any
stage Il) or advanced diseases (stages lll and IV). The C"niCQEvaIuation of immunostaining and microvessel
pathologic characteristics of patients are shown in Table 2. . g

; ) . . “tounting
Tumour sizes ranged from 5-30 cm in greater diameter (median,
12 cm). Of the 64 ovarian carcinoma patients, 43 were alive witfEvaluation of immunostained sections was done without knowl-
no evidence of the disease, six were alive with disease, and #slge of the clinical status of the patients. VEGF immunostainings
were dead of the disease at the time of analysis. The mediavere semiquantitated according to a method used by us previously
follow-up for all patientsr{ = 64) was 31 months (range, 3-120), (Ghazizadeh et al, 1997). After screening the whole section and
and for surviving patientsn(= 49) was 40.5 months (range, selection of microscopic fields using a random point grid, the
16-120). mean percentage of specific brown immunostained tumour cells
for five microscopic fields at 200 magnificationX 20 objective
lens andx 10 ocular lens; 0.74 mhper field) was determined and
was assigned an arbitrary numerical score as: 0% = 0; 1-25% = 1;
Immunostaining for VEGF and factor Vlll-related antigen 26-50% = 2; 51-75% = 3; and 76—-100% = 4. In addition, the mean
(specific for endothelial cells) was performed using theintensity of immunostained areas based on the arbitrary numerical

Immunohistochemistry
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Table 2 Clinicopathologic characteristics, VEGF expression and microvessel density in ovarian carcinomas

VEGF expression Microvessel density
Variable n Low + Neg High P2 Low High p?
Age
<60yrs 42 23+2 17 0.07 18 24 0.61
> 60 yrs 22 8+0 14 8 14
Tumour size
<10cm 20 11+0 9 0.71 8 12 0.94
>10cm 44 20+ 2 22 18 26
Histologic type
Serous 29 14+0 15 0.68 9 20 0.21
Mucinous 12 8+0 4 4 8
Endometroid 5 1+1 3 2 3
Clear cell 18 8+1 9 11 7
Histologic grade
Low (1-2) 46 28 +2 16 0.0004 21 25 0.19
High (3) 18 3+0 15 5 13
Disease stage
Low (I-II) 37 23+2 12 0.002 17 20 0.31
High (11I-1V) 27 8+0 19 9 18
Patient outcome
Alive with no
evidence of disease 43 27+2 14 0.0002 18 25 0.77
Died or alive
with disease 21 4+0 17 8 13

aThe chi-square test and Fisher’s exact test were used for comparison

scores of none = 0, weak = 1, moderate = 2, and strong = 3 wasund PCR products was used for second-round amplification with
recorded. The two values obtained for each section were theéhe nested primers (a) and (b). Amplification was for 30 cycles
multiplied by each other to generate the semiquantitative value afnder the same conditions as for the first-round amplification. The
VEGF antigen per tissue (range, 0-12). PCR product was resolved by gel eletrophoresis and visualized by
For microvessel counting, each stained slide for factor VllI-ethidium bromide staining. A glyceraldehyde 3-phosphate dehy-
related antigen was examined under low magnificatioh0Q) to  drogenase (GAPDH) was used as the internal control. Using the
identify the regions of highest vascular density (vascular ‘hotdescribed primers, the expected PCR product for each VEGF
spots’) within the tumour. Microvessels were counted in fivevariant was calculated as: 440 bp, 572 bp, 644 bp, and 695 bp for
microscopic fields of highest vascular densitg @00 magnifica-  isoforms of 121, 165, 189, and 206 respectively.
tion (as above). The mean microvessel count was then calculated
for each specimen, averaged between two independent Obsew%?atistical analysis
and was recorded as ‘MVD’. Small vessels counted were capil-
laries, arterioles and venules, regardless of the presence or abseN&&GF expression and MVD in relation to various clinicopatho-
of lumens (Weidner et al, 1991). Larger arteries with thick smoothogic factors were assessed using the chi-square test and Fisher’s
muscle walls and distended venous sinuses were excluded. exact test. Correlation between VEGF expression and MVD was
examined by Spearman rank correlation test. Cumulative survival
probabilities of the patients were calculated by the Kaplan—Meier
method and log-rank test. The results were analysed for the
endpoint of overall survival. Survival times of patients still alive
Total RNA from ovarian tissues (one normal ovary, one seriousvere censored with the last follow-up date. Cox proportional
cystadenoma, two serous papillary, one poorly differentiated andazards regression analysis was used to identify parameters that
one mucinous adenocarcinoma of the ovary) was extracted usimgd significant independent relation with overall survival time. All
the acid guanidinium thiocyanate-phenol-chloroform extractionstatistical analyses were done by the SPSS statistical software
method. Complementary DNA was synthesized fropg 2f total system. A probability®) value of less than 0.05 was considered
RNA primed with oligo(dT), using Superscript Il reverse tran- significant.
scriptase (Gibco BRL Ltd, Rockville, MD, USA) at&7for 1.5 h.
Nested PCR was carried out usingillof the cDNA and the
following primers (5-3) that span the variable splice region of
VEGF mRNA: (a) GCTACTGCCATCCAATCGAGACC (exon 3,
forward); (b) GTT TCTGGATTAAGGACTGTTCTGTCG (exon
8, reverse); and (c) AATCCAATTCCAAGAGGGACCGTGC VEGF immunoreactivity was observed mainly in the cytoplasm of
(exon 8, reverse). First-round amplification was carried out usingumour cells, and also frequently in stromal cells and macrophages
0.4umol I each of primers (a) and (c) for 15 cycles (1 min at(Figure 1). In benign mucinous cystadenomas, epithelial cells were
94°C, 2 min at 62C, and 3 min at 7Z). Then 1ul of the first ~ mostly negative for VEGF staining, but the luteinized theca-like

Reverse transcription polymerase chain reaction
(RT-PCR) analysis

RESULTS

VEGF expression and microvessel density
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Figure 1  Immunohistochemical staining for VEGF (A to E) and Factor Vlll-related antigen (F) in ovarian tumours. (A) Benign mucinous cystadenoma showing
lack of the staining in epithelial cells and presence of weak staining in luteinized theca-like cells in the subepithelial stromal region (arrows). (B) Serous papillary,
(C) poorly differentiated serous and (D) well-differentiated mucinous cystadenocarcinomas, and (E) endometroid type adenocarcinoma, all showing moderate to
strong cytoplasmic staining in the epithelial tumours cells. (F) Distinct visualization of intratumoural microvessels. Scale bars: 100 pm.

cells in the subepithelial stroma showed positive staining (Figure Factor Vlli-related antigen staining was observed in the
1A). Negative control sections lacked immunostaining for VEGFendothelial cells lining intratumoural microvessels, however with
while positive control sections showed moderate to strongariable intensities (Figure 1F). The mean MVD in benign,
immunostainings for it. The median semiquantitative VEGFborderline, and malignant ovarian tumours were 3&8%.81,
expression value for ovarian carcinomas was 3 (range: 0-8) whic3v7.54+ 11.65, and 37.64 16.08, respectively. The median MVD
was designated as a cut-off limit for determining a low and negavalue for ovarian carcinomas was 32 (range: 9-85), which was
tive (values 0-2) and high (values 3-8) expression. Of the 6designated as a cut-off limit for dividing the cases into two groups
ovarian carcinomas, two (3%) were negative and 31 (48%) eaatf low (< 32) and highX 32) MVD for the statistical comparisons.
had low and high VEGF expressions (Figure 1 B—-E). Of the 13

borderline ovarian tumours, four (31%) were negative, seve

(54%) had low and two (15%) had high VEGF expression. Of th;ﬁT-PCR ANALYSIS

17 benign cystadenomas, 16 (94%) were negative, and one (6®Y-PCR was used to assess the differential expression of VEGF
had low VEGF expression (Table 1). mRNA splice isoforms in normal ovary and a number of benign

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 83(2), 196-203
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Figure 2 VEGF mRNA expression in ovarian tissues showed four bands of ’ )
440, 572, 644, and 695 bps corresponding to VEGF isoforms of 121, 165, : High stage (n = 27)
189 and 206 respectively. M: molecular weight marker; Lane 1: normal ovary; 0.2 e =
Lane 2: serous cystadenoma; Lanes 3 and 5: serous papillary '
adenocarcinoma; Lane 4: poorly differentiated adenocarcinoma; Lane 6:
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corresponding to the isoforms 121, 165, and 189. 0 20 40 50 80 100 120 140
Months
Figure 4  Survival curves of ovarian carcinoma patients grouped according
1.2 . to low (I-1l) and high (I1I-1V) disease stages showing a significant difference
(P =0.0004).
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Figure 3 The overall survival curve of ovarian carcinoma patients showing
a 5-year survival time of 66.4%.
0.0 P =0.0004
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and malignant ovarian tumours from which frozen tissue samples ) ) Mom.hs .

_ I igure 5  Survival curves of ovarian carcinoma patients grouped
were available. PCR amplification of cDNA prepared from frozenaccording to low and negative (scores 0-2) versus high (scores > 3)
tissues of one normal ovary, one serous cystadenoma, two sercVEGF expression showing a significant difference (P = 0.0004).
papillary, one mucinous, and one poorly differentiated adenocarci-
noma of the ovary showed the expression of four bands of 440,
572, 644, and 695 bps corresponding to VEGF isoforms of 121 = 0.0002 respectively). The mean MVD, as well as a high or low
165, 189 and 206 respectively (Figure 2). In normal ovary, théMVD, did not differ significantly among benign, borderline, and
predominant isoforms were VPF/VEGF 165 and 121 respectivelynalignant ovarian tumours (Table 1). Likewise, no significant
with the lack of isoform 206. In cystadenoma and carcinoma of theorrelation was found between MVD and the clinicopathologic
ovary, all four isoforms were detected, however with an occasionglarameters in ovarian carcinomas (Table 2). Moreover, there was
lack of the longest isoform 206 in case of carcinoma (Figure 2no correlation between VEGF expression and MVD (Spearman
case No. 3). The predominant isoforms were, however, VEGF 121ank correlation coefficients: = 0.0173,P = 0.892). We also
165, and 189 in that order. examined whether any correlation exists between the two parame-
ters within each set of histologic type of ovarian tumours and
failed to find a significant correlation (data not shown).

To investigate whether VEGF expression and MVD predict the
prognosis of patients with ovarian carcinomas, cumulative
A high VEGF expression was significantly associated with ovariarsurvival curves for the 64 patients with ovarian carcinomas were
carcinomas as compared to benigh= 0.0002) or borderline constructed according to the Kaplan—Meier method, and differ-
(P = 0.02) ovarian tumours (Table 1). No significant differenceences in survival were assessed with the log-rank test. The overall
was found between the low and negative vs high VEGF expres-year survival probability of the patients in our series was 66.4%
sions and patient age, tumour size, and histologic types (Table ZJigure 3). The survival rate of patients with a high disease stage
However, histologic grade, disease stage, and patient outconfgurvivors,n = 15) or a high VEGF expression in the tumour
showed significant differences? (= 0.0004,P = 0.002, and (survivors,n = 18) was significantly worse than that of patients

Clinicopathologic correlations of VEGF expression and
microvessel density
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1.2 Table 3 Multivariate Cox proportional hazards regression analysis
Variable Wald chi-square P
1.0 94
L Microvessel density (low vs high) 0.215 0.643
! Histologic grade (1-2 vs 3) 2.261 0.132
= 0.8 1 —-lrr'_"‘i" . . Disease stage (Il vs llI-IV) 7.032 0.008
2 e High MVD (n = 38) VEGF (low and negative vs high) 7.335 0.006
5 -+
2 0.6 1 ! Low MVD (n = 26)
© 0.4 fluid of a variety of malignancies (Kraft et al, 1999). Serum VEGF
level has also been reported to be elevated in ovarian carcinoma
0.2 1 patients (Kraft et al, 1999; Tempfer et al, 1998) and it was shown
to be an independent prognostic factor (Tempfer et al, 1998). As
00 . { ‘ ‘ {P=0'84. our study was retrospective in nature, the serum VEGF values of
) 20 40 60 80 100 120 140 the patients had not been measured to allow correlation with the
Months immunohistochemical findings. In our study, immunostaining for
Ei . . . ) i VEGF was largely restricted to the carcinoma cells, which is
igure 6  Survival curves of ovarian carcinoma patients grouped according . ) A
to low (<32) and high (>32) microvessel density (MVD) showing no consistent with the previous reports (Boocock et al, 1995; Abu-

significant difference (P = 0.84). Jawdeh et al, 1996) and support the observed increased serun
VEGEF levels in ovarian cancer as well (Kraft et al, 1999; Tempfer
et al, 1998). We also observed VEGF immunostaining in the
with a low disease stage (survivons: 34) or a low or negative |uteinized theca-like cells in the subepithelial stroma, particularly
VEGF expression (survivors,= 31;P = 0.0004; Figure 4 and 5). in mucinous cystadenomas. This finding is in accord with the
Further survival analysis of low-stage patiemts (37) in relation  previous observation of strong VEGF expression in the luteinized
to VEGF expression did not show a significant difference, becauseells of developing follicles and corpora lutea (Kamat et al, 1995),
of the small number of events occurring in this subgroup. A highand accounts for a portion of VEGF production by the ovary in
or low MVD did not correlate with the survival time of patients health and disease. We did not observe a significant correlation
(Figure 6). between VEGF expression and MVD in ovarian tumours. This
In a multivariate Cox proportional hazards regression analysiginding is consistent with the previous observations from a study
VEGF expression and disease stage were found to be significapih a limited number of epithelial ovarian carcinomas showing that
independent prognostic indicators of overall survival timea high VEGF expression was associated with a poor overall
(P =0.006 and® = 0.008, Table 3). survival, but no association was found between the VEGF expres-
sion and tumour MVD (Hartenbach et al, 1997). In one study, a
significant association was found between MVD and VEGF
DISCUSSION expression in that the MVD of VEGF-rich tumours was signifi-
The current retrospective study established that both VEGEantly higher than that of VEGF-poor tumours (Nakanishi et al,
expression and disease stage were independent significant prd@97). In contrast, another study of serous and mucinous ovarian
nostic factors for predicting the survival of patients with ovariantumours suggested that VEGF may play a role in the control of
carcinomas. Overall immunoreactivity for VEGF was observed irangiogenesis in serous and benign tumours, but it does not seem t
6% of benign cystadenomas, 69% of borderline tumours, and 96%ontribute to the higher MVD in mucinous tumours (Orre and
of carcinomas. The frequency of high VEGF expression wafagers, 1999). Therefore, we also sought to determine whether
significantly higher in carcinomas (48%) than that in benign (0%)any correlation exists between VEGF expression and MVD within
or borderline (15%) tumourd?(= 0.0002 and® = 0.02 respec- each set of histologic type of ovarian tumours, but failed to iden-
tively). Among the clinicopathologic parameters of ovarian carciify a significant correlation. The lack of correlation between
noma, the degree of VEGF expression also correlated significant¥YEGF expression and mean MVD observed in this study could be
with the histologic grade, disease stage, and patient outcomexplained by differences in methodologies used for the assessmen
Particularly, patients with high VEGF expression had pooreof VEGF and MVD. These include the use of serial tissue sections
survival times. and the equal size of the examined tumour area for determining the
VEGF was first recognized as a vascular permeability factoexpression level of VEGF and mean MVD employed in this study.
that induced tumour ascites and was active in increasing bloothese factors were not taken into account in many other studies.
vessel permeability, endothelial cell growth, and angiogenesis In our series, the mean MVD values in benign, borderline, and
(Senger et al, 1983; Leung et al, 1989). It was also described asalignant ovarian tumours were almost similar, and a high or low
having a direct mitogenic action specific to vascular endotheliaMVD did not correlate with other clinicopathologic parameters of
cells (Keck et al, 1989). In ovarian carcinomas, the expression alvarian carcinomas, including the survival time of patients (Table
VEGF has been documented (Boocock et al, 1995; Abu-Jawdeh 2tand Figure 7). The prognostic independent influence of neovas-
al, 1996). An increased VEGF mRNA or protein expression hasularization has been reported in several types of human solid
been correlated with a worse prognosis in patients with early anchncers (Weidner et al, 1996). In ovarian carcinomas, it has been
advanced stage ovarian carcinomas (Paley et al, 1997; Hartenbat¢monstrated that analysis of neovascularization in advanced
et al, 1997). VEGF level has been shown to be elevated in cystage ovarian cancer may be a useful prognostic factor
fluid of ovarian malignancy (Hazelton et al, 1999) and in ascitigHollingsworth et al, 1995). However, recent results contradicted
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the putative association between increased MVD and poor progrerrara N (1995) The role of vascular endothelial growth factor in pathological
nosis in ovarian tumours (Orre et al, 1998). The result of our studry angiogenesisBreast Cancer Res Trea6: 127-137
err

L . . . L . . ara N (1999) Vascular endothelial growth factor: molecular and biological
is in accord with this notion. These findings suggest that in ovarian aspectsCurr Top Microbiol Immuno237 1-30

tumours, increased VEGF expression may not indicate aBgikman J (1986) How is blood vessel growth regulated in normal and neoplastic

enhanced angiogenesis, but it may reflect growth activity of the tissue? G.H.A. Clowes Memorial Award Lectu@ancer Red6; 467-473

tumour Ce”s In th|s Context’ a recent Study by Garzet“ et aF|¢0Ikman.J(1990) What is the evidence that tumours are angiogenesis-dependent?

. : J Natl Cancer Ins82: 4-6

(19993.) has Sh(.)Wh. a Co.rrelatlon between YEGF expression angujimoto J, Sakaguchi H, Hirose R, Ichigo S and Tamaya T (1998) Biologic

MIB1 index, which is an important prollferatlve marker. implications of the expression of vascular endothelial growth factor subtypes in
Several different isoforms of VEGF have been described that ovarian carcinomaCancer83: 2528-2533

result from alternative splicing of its mMRNA. To assess whethefarzetti GG, Ciavattini A, Lucarini G, Pugnaloni A, De Nictolis M and Amati S et

differential regulation of VEGF isoforms by ovarian carcinoma al (199%) Expression of vascular endothelial growth factor related to

. . . 72-kilodalton metalloproteinase immunostaining in patients with serous
could account for its increased secretion, RT-PCR analysis was ovarian tumoursCancerss: 22192225

employed to find out which isoforms were expressed specificallysarzetti GG, Ciavattini A, Lucarini G, Pugnaloni A, De Nictolis M and Amati S
in normal, benign, and malignant ovarian tissues. We found VEGF et al. (1999) Vascular endothelial growth factor expression as a prognostic
121, 165, and 189 to be uniformly expressed in all ovarian tissues index in serous ovarian cystadenocarcinomas: relationship with MIB1
with the predominant isoforms being 165 and 121; and that thg ImmunostainingGynecol Oncor'3: 396401

. K . R hazizadeh M, Ogawa H, Sasaki Y, Araki T and Aihara K (1997) Mucin
isoform 206 was occasmnally IaCkmg' The relative abundance o carbohydrate antigens (T, Tn, and sialyl-Tn) in human ovarian carcinoma:

the different isoforms did not alter appreciably among different  Relationship with histopathology and prognosism Pathol28: 960-966
histologic types, or among normal, benign, and malignant ovariaHartenbach EM, Olson TA, Goswitz JJ, Mohanraj D, Twiggs LB, Carson LF and
tissues AIthough many cases need to be examined before drawing Ramakrishnan S (1997) Vascular endothelial growth factor (VEGF) expression

. . and survival in human epithelial ovarian carcinon@emcer Lettl21:
any conclusion, our results on the small number of tissues exam- o "=

ined is at least consistent with the results of VEGF mRNA isofornyazeiton b, Nicosia RF and Nicosia SV (1999) Vascular endothelial growth factor
expression in a previous study of ovarian carcinoma cell lines levels in ovarian cyst fluid correlate with malignan€jin Cancer Res:
(Boocock et al, 1995) and a recent study of normal ovary and 823-829 _ _

ovarian carcinomas of various histologic types which showed thgolllngsworth HC, Kohn EC, Steinberg SM, Rothenberg ML and Merino MJ (1995)

. K . Tumour angiogenesis in advanced stage ovarian carciomd.Patholl47:
isoforms 165 and 121 to be predominant regardless of the histo- 33 4

logic type and disease stage (Fujimoto et al, 1998). Kamat BR, Brown LF, Manseau EJ, Senger DR and Dvorak HF (1995) Expression
In conclusion, our study signifies the prognostic value of VEGF  of vascular permeability factor/vascular endothelial growth factor by human

expression in ovarian carcinoma, and suggests that in conjunction 9ranulosa and theca lute#m J Patholl4G 157-165
with the established clinicopatholodic prognostic arame,[ersKeck PJ, Hauser SD, Krivi G, Sanzo K, Warren T and Feder J, et al (1989) Vascular
p gic prog p ' permeability factor: an endothelial cell mitogen related to P[38ience246

VEGF expression may help to more accurately predict patients at 1309-1312

high risk for tumour progression who are potential candidates fokim KJ, Li B, Winer J, Armanini M, Gillet N, Phillips HS and Ferrara N (1993)
aggressive therapy. The significance of high VEGF expression Inhibition of vascular endothelial growth factor induced angiogenesis
may be more applicable in patients with low-stage disease, sin%aﬁs“ppresses tumor growth in vivdature362 841-844

. . . . . A, Weindel K, Ochs A, Marth C, Zmija J, Schumacher P et al. (1999) Vascular
IOW'Stage patients with hlgh VEGF expression may benefit from endothelial growth factor in sera and effusions of patients with malignant and

additional therapy. This speculation awaits further studies and nonmalignant diseas€ancerss: 178-187
approval. Finally, prospective studies are warranted to establigiillaure B, Shawver LK, Plate KH, Risau W and Ullrich A (1994) Glioblastoma
the role of VEGE expression as a prognostic marker in ovarian growth inhibited in vivo by a dominant-negative Flk-1 mut&tature367:

. 576-579
carcinoma. Nakanishi Y, Kodama J, Yoshinouchi M, Tokumo K, Kamimura S, Okuda H and

Kudo T (1997) The expression of vascular endothelial growth factor and
transforming growth facotor-beta associates with angiogenesis in epithelial
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