
ORIGINAL ARTICLE

Expression and prognostic relevance of vascular
endothelial growth factor (VEGF) and its receptor (FLT-1)
in nephroblastoma
M A Ghanem, G J van Steenbrugge, M K Sudaryo, R B Mathoera, J M Nijman,
Th H van der Kwast
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

J Clin Pathol 2003;56:107–113

Aims: To investigate the prognostic relevance of vascular endothelial growth factor (VEGF) and its
receptor Flt-1 in nephroblastoma and whether tumour microvessel density (MVD) immunoreactivity,
determined by the CD31 antigen, is related to the expression of VEGF and Flt-1.
Methods: The expression of VEGF and Flt-1 and MVD were investigated by means of
immunohistochemical analysis in 62 Wilms’s tumours. Patients were treated preoperatively with
chemotherapy and had a mean follow up of 5.7 years.
Results: In general, VEGF and Flt-1 were expressed in normal kidney parenchyma and to a variable
extent in the three main components of Wilms’s tumour, namely: the blastemal, epithelial, and stromal
cells. In tumour tissue, 52% and 47% of blastemal cells were positive for VEGF and Flt-1, respectively.
A non-significant correlation was found between the expression of VEGF and Flt-1 in blastemal and
epithelial cells and the clinicopathological stage. MVD was significantly higher in VEGF and Flt-1 posi-
tive tumours than in VEGF and Flt-1 negative tumours. Univariate analysis showed that the expression
of VEGF and Flt-1 in blastemal cells was indicative of clinical progression and tumour specific survival.
In addition, MVD expression was indicative of clinical progression. Epithelial staining was of no prog-
nostic value. In a multivariate analysis, VEGF protein expression by blastemal cells was an independ-
ent prognostic marker for clinical progression.
Conclusions: These results indicate that VEGF and Flt-1 protein expression are closely related to MVD
and seem to be an important predictor for poor prognosis in treated patients with Wilms’s tumour.
Therefore, the expression of these molecules in primary Wilms’s tumour may be useful in identifying
those patients at high risk of tumour recurrence and in guiding antiangiogenic treatment.

Wilms’s tumour is a paediatric malignancy of the kid-

ney and one of the most common solid tumours in

children.1 Despite the remarkable response to

chemotherapy, 5–10% of tumours are fatal because of the

occurrence of metastases and drug resistance.2 Therefore, it is

important to find markers that can predict recurrence or the

development of metastases so that we can screen for high risk,

early stage patients, who may need preventive chemotherapy

or other adjuvant treatment. In solid tumours, it has been

suggested that angiogenesis plays an important role in

tumour progression and the spread of metastases through the

bloodstream.3 In fact, tumour growth beyond 1–2 mm is

strictly dependent on angiogenesis.4

“Previous studies indicated that vascular endothelial
growth factor and its receptor Flt-1 play an important role
in tumour metastasis, and are associated with poor
prognosis in clinical human tumours”

It has been reported that several growth factors with

angiogenic activity are produced by solid tumours.5 Vascular

endothelial growth factor (VEGF) is an angiogenic factor that

is highly specific for endothelium, and also functions as a vas-

cular permeability factor.6 VEGF has been identified during

normal growth and development in the kidney, and it has

been found in genitourinary neoplasms.7 8 The fms-like

tyrosine kinase (Flt) is a transmembrane receptor of the tyro-

sine kinase family, which has been identified as a receptor for

VEGF.9 10 Recently, the expression of VEGF receptors has been

detected in several types of non-endothelial cells, such as

melanoma cell lines, some leukaemic cell lines, and retinal

progenitor cells, suggesting that VEGF receptors are not

restricted to endothelial cells.11–13 Previous studies indicated

that VEGF and its receptor Flt-1 play an important role in

tumour metastasis, and are associated with poor prognosis in

clinical human tumours.14–16 It has also been reported that

tumour angiogenesis, as reflected by microvessel density

(MVD), may provide prognostic information in carcinomas of

the breast, the uterine cervix, and the ovary, in addition to a

variety of other malignancies.17–21

With regard to Wilms’s tumour, one study using a murine

model reported the overexpression of VEGF in a highly meta-

static Wilms’s tumour line.22 However, the clinical relevance of

this animal study has not yet been demonstrated. In our

present study, the prognostic relevance of VEGF and its recep-

tor Flt-1 and the association of their expression with MVD

were determined in patients with Wilms’s tumour who were

treated by preoperative chemotherapy and radical nephrec-

tomy.

MATERIALS AND METHODS
Patients
During the period 1987 to 1999, 62 patients with nephroblas-

toma were treated by neoadjuvant chemotherapy and
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subsequent tumour nephrectomy. After treatment, the pa-

tients were followed regularly and all data concerning diagno-

sis, treatment, and follow up were stored in a database. Clini-

cal progression was defined as histologically or cytologically

confirmed local recurrence or the appearance of distant

metastases. Tumour death was defined as death resulting from

the direct effect of metastases.

Sample selection
All nephrectomy specimens were fixed in 10% buffered

formalin and sections routinely obtained from the most vital

appearing tumour areas were embedded in paraffin wax. The

haematoxylin and eosin stained slides were reviewed by an

experienced paediatric pathologist. The tumour stage was

assessed according to the SIOP trial protocol established in the

SIOP meeting in Stockholm in 1994.23 Among the tissue blocks

available from individual patients, tumour samples containing

the three different cell types of Wilms’s tumour were selected.

In addition, adjacent normal kidney tissue was taken from

each patient.

Antibodies
The following primary antibodies were used: rabbit antihu-

man VEGF and Flt-1 polyclonal antibodies (A-20 and C-17,

respectively) from Santa Cruz, Santa Cruz, California, USA

and mouse monoclonal antibody against CD31 (clone JC/70A;

Dako A/S, Glostrup, Denmark). The specificity and character-

istics of these antibodies have been published elsewhere.3 11 12

Immunohistochemical staining procedures
Rabbit polyclonal antibodies against VEGF and Flt-1
The PAP (peroxidase–antiperoxidase) immunohistochemistry

technique was used and applied to serial sections (5 µm) from

all samples, which were mounted on 3-aminopropyl-

trietoxysilane (Sigma Co, St Louis, Missouri, USA) coated

glass slides, and which were subsequently incubated over-

night at 60°C. For antigen retrieval, the slides were micro-

waved at 700 W in 0.1M citrate buffer at pH 6.0 for 15

minutes. Sections were incubated with 10% normal goat

serum (Dako A/S) in phosphate buffered saline (PBS)/5%

bovine serum albumin (BSA) for 15 minutes. Subsequently,

the sections were incubated with the primary antibody for one

hour at 37°C in a humid chamber. The antibody was diluted in

PBS/5% BSA at a 1/75 dilution for VEGF. After being incubated

with goat antirabbit antiserum, the PAP complex (Dako) was

diluted in PBS/5% BSA and incubated for 30 minutes, after

which antigen antibody binding was visualised with diami-

nobenzidine tetrahydrochloride dihydrate (DAB; Fluka, Neu-

Ulm, Germany). Negative controls were included by replacing

the primary antibody with the IgG fraction of normal rabbit

serum. Normal kidney tissue, which was present in most tis-

sue specimens, served as a positive control.

Immunohistochemical staining with rabbit polyclonal anti-

body to Flt-1 was performed in the same way as that for VEGF,

except that the microwave treatment was omitted.15 The dilu-

tion of antibody for Flt-1 was 1/30.

Monoclonal antibody to CD31
Serial sections of the same specimens immunostained for

VEGF and Flt-1 were used. The immunostaining procedure

was similar to that of VEGF, with the exception of microwave

treatment, which was performed by digestion with 0.1%

trypsin for 10 minutes at 37°C. After rinsing with cooled PBS,

slides were incubated with 10% normal rabbit serum for 15

minutes (Dako A/S). Subsequently, slides were incubated with

the primary antibody to CD31 (Dako A/S) for one hour at 37°C

in a humid chamber. The antibody was diluted 1/10 in PBS/5%

BSA. After being incubated with rabbit antimouse immu-

noglobulin (Dako A/S), the PAP complex was diluted in

PBS/5% BSA and incubated for 30 minutes, after which anti-

gen antibody binding was visualised with DAB (Fluka).

Immunostaining analysis (quantification)
The slides were examined at ×25 magnification without

knowledge of the clinical outcome of the patients. The

proportion of tumour cells staining for VEGF and Flt-1 was

graded on an arbitrary scale of 0–4, namely: 0, no positive

tumour cells; 1+, < 10% positive; 2+, 10–25% positive; 3+,

25–50% positive; and 4+, > 50% positive. The specimens were

regarded as positive when the percentage of positive cells was

> 10%.

Microvessel staining and counting
Immunohistochemical staining for the endothelial marker

CD31 was carried out to evaluate MVD in tumour tissues. The

number of CD31 positive vessels was recorded by counting any

positively stained endothelial cells or endothelial cell clusters

as a single, countable microvessel in a ×250 field (×25 objective

and ×10 ocular; equivalent to 0.64 mm2/×250 field) in the five

areas with the highest vascular density. The mean of five

counts was used as the MVD for each case. MVD was

performed by two investigators (GM and MRB), neither of

whom had knowledge of the clinical outcomes, clinicopatho-

logical features, or expression of VEGF. MVD was not only

analysed as a continuous variable, but also as a dichotomous

variable, defining < 15 microvessels/field (0.64 mm2) as less

vascularised and > 15/field as highly vascularised. The results

of the CD31 counts were expressed as a mean (SD).

Statistical analysis
Statistical analysis was performed using the SPSS 9.0 software

package. The association between VEGF and Flt-1 expression

and clinicopathological features was analysed using Pearson’s

χ2 test. VEGF and Flt-1 immunostaining and its association

with CD31 counts were analysed by the paired sample t test

and the ANOVA test. For the analysis of survival data, Kaplan

Meier curves were constructed and the logrank test for trend

was performed. Multivariate analysis was performed using

Cox’s proportional hazards model, with p < 0.05 being

considered significant.

RESULTS
Clinicopathological findings
Twenty six of the patients were girls and 36 were boys. The

stage distribution was pT1 in 22, pT2 in 19, and pT3 in 21

patients. All the tumours studied were of the classic triphasic

type. Three of the patients had low risk tumours, whereas 59

had an intermediate risk tumour. The mean overall follow up

period was 5.7 years, and the mean age at surgery was 4.7

years. Clinical progression occurred in 14 patients and seven

patients died from their tumour. At the end of the follow up

period, 55 patients were alive.

Expression of VEGF and its receptor Flt-1 in Wilms’s
tumour tissues
Immunoreactivity for VEGF and Flt-1 was found in most renal

tubular structures, whereas staining was faint or absent in

glomeruli (fig 1A, B). VEGF and Flt-1 immunoreactive

blastemal cells were found in 32 and 29 of the patients with

Wilms’s tumour, respectively. VEGF and Flt-1 immunoreactive

tumour epithelial cells were found in 38 and 35 of the patients,

respectively. Immunostaining was mainly localised to the

cytoplasm of both the blastemal and epithelial cells (fig 1C–E).

Most sections stained more intensely for Flt-1 than for VEGF.

In addition, VEGF and Flt-1 staining was seen in the stromal

component of all the tumours studied. Tumour cells with rela-

tively strong staining for Flt-1 were seen more often in the

peripheral than in the central zone of the tumours (results not

shown). Absent or faint VEGF staining was seen on some

endothelial cells. Although increased expression of VEGF and

Flt-1 was seen in both the blastemal and epithelial component

of the tumours with increasing pathological stages (T1 to T3),
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this difference was not significant (table 1). Intertumoral

variation was limited. Epithelial differentiation in tumours

was accompanied by diffuse expression (fig 1D, E).

MVD and its correlation with VEGF and Flt-1 expression
Microvessels were defined by the presence of CD31 stained

capillaries or small clusters of CD31 positive cells (fig 1F). The

microvessel count ranged from 0 to 50 with a mean of 20.5

(SD, 14.8). The number of vessels counted in tumours with

VEGF and Flt-1 blastemal and epithelial positive cells was sig-

nificantly greater than that found in the negative tumours

(table 2). The high vascularisation foci occurred most

frequently within the tumour stroma. An increase in the

microvessel count was seen in both the blastemal and epithe-

lial component of tumours with increasing pathological stages

(data not shown). However, some patients had a high MVD

despite being VEGF and Flt-1 negative and some patients had

a low MVD although they were VEGF and Flt-1 positive.

Prognostic value of the VEGF and Flt-1 molecules
Univariate analysis using the logrank test for trend showed a

prognostic value of blastemal cell VEGF and Flt-1 expression

Figure 1 Immunohistochemical staining for vascular endothelial growth factor (VEGF) and its receptor (Flt-1) in (A, B) normal renal tissue and
(C–E) nephroblastoma tissue. (A) VEGF and (B) Flt-1 were detected in the tubular structures of normal renal tissue. VEGF and Flt-1 were mainly
identified in the cytoplasm of the blastemal component (C and E, respectively) and in the epithelium of nephroblastoma tissue (D and E,
respectively). (F) Nephroblastoma tissue stained with CD31 detected microvessels, which are seen in the stromal tissue. Original magnification,
×400.

Table 1 Relation between pT stage and blastemal
and epithelial cell expression

Stage

VEGF Flt-1

Blastemal Epithelial Blastemal Epithelial

T1 9 (15) 10 (16) 8 (13) 8 (13)
T2 9 (15) 13 (21) 8 (13) 12 (19)
T3 14 (23) 15 (24) 13 (21) 15 (24)
Total 32 (52) 38 (61) 29 (47) 35 (57)
p Value >0.05 >0.05

Data are presented as numbers, with percentages in parenthesis.
VEGF, vascular endothelial growth factor.
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for clinical progression and tumour related death (table 3; figs

2, 3). However, the expression of VEGF and Flt-1 by epithelial

cells had no prognostic value (table 3), whereas MVD had

prognostic value for clinical progression but not for tumour

related death (fig 4). To test whether VEGF, Flt-1, and MVD

had prognostic impact, a multivariate Cox’s regression analy-

sis was performed using the parameters pT stage, and VEGF,

Flt-1, and MVD expression. The parameters that were not

dichotomic were dichotomised as follows: pT1–2 versus pT3;

immunoreactive score for VEGF and Flt-1< 10% versus

> 10%, and for MVD < 15 microvessels/field (0.64 mm2 ) ver-

sus > 15/field. In that analysis, the expression of VEGF by

blastemal cells had a hazard ratio of 7.1, indicating that it was

a predictor of poor prognosis for clinical progression. There

was no independent marker to predict tumour specific

survival.

DISCUSSION
Angiogenesis is essential for tumour growth and metastatic

activity and is regulated by a variety of angiogenic molecules.

Recently, several angiogenic factors have been identified, and

VEGF is thought to be one such factor.7 Our present study was

carried out to investigate whether the expression of the VEGF

protein and its receptor (Flt-1) has prognostic value in speci-

mens of nephroblastoma, using paraffin wax embedded tissue

sections. All the patients received chemotherapy before

nephrectomy. The expression of VEGF and its receptor (Flt-1)

in normal kidney, which was present in almost all stained tis-

sue sections, served as an internal control for the immuno-

staining procedure.

VEGF is a multifunctional cytokine that acts in a highly
specific way as a mitogen on endothelial cells.3 6 VEGF is over-
expressed in several malignant tumours.14 An association
between VEGF expression in the primary tumour and poor
prognosis has been found in colorectal carcinoma, node nega-
tive breast cancer, and early stage ovarian cancer. An increase
in the serum concentration of VEGF was also shown to be a
predictor of metastasis in hepatocellular carcinoma and
gastrointestinal tumours.24–28 In contrast, a recent study by
Kawauchi et al could not show a correlation between VEGF
expression and either MVD or prognosis in synovial
sarcoma.29 With respect to VEGF expression and gastric cancer
prognosis, contradictory results are reported.30 31

A few studies have reported an association between the
Flt-1 receptor and poor prognosis in human tumours.15 16 In
our present study, we have shown that the expression of VEGF
and Flt-1 by blastemal cells in primary Wilms’s tumour corre-
lates with poor prognosis for patients with nephroblastoma.
This is in line with the view that the blastemal component of
Wilms’s tumour is associated with increased aggressiveness of
the tumour, with a higher tendency for clinical progression;

that is, metastatic ability.23 Chemotherapy is known to affect

the cellular compartments of the Wilms’s tumour—the blast-

emal component in particular. Having access to this type of

material derived from a considerable number of patients with

a good stage distribution, the aim of our study was to

determine those factors that could predict the clinical

outcome of patients after chemotherapy and surgery. We were

able to perform a similar immunohistochemical study on

material derived from a limited number of patients with

Wilms’s tumour who did not receive chemotherapy before

Table 2 Correlation between MVD and the expression of VEGF and Flt-1

Cell
component Expression

MVD

Mean (SD) p Value

VEGF Blastema Negative 11.5 (10.1) <0.0005*Positive 29.5 (12.9)

Epithelial Negative 11.5 (2.9) <0.0005*Positive 26.7 (13.2)

Flt-1 Blastema Negative 13.8 (12.2) <0.0005*Positive 28.7 (13.3)

Epithelial Negative 14.2 (12.4) <0.003*Positive 25.9 (14.3)

VEGF and Flt-1 Blastema Both negative 10.3 (9.6) <0.0005†Both positive 31.1 (12.6)
Either VEGF or Flt-1 positive 22.1 (12.6)

Epithelial Both negative 9.8 (9.5) <0.0005†Both positive 27.3 (13.4)
Either VEGF or Flt-1 positive 21.9 (15.2)

*Paired sample t test; †ANOVA test.
MVD, microvessel density; VEGF, vascular endothelial growth factor.

Table 3 Univariate analysis of prognostic markers

Variable

Blastemal cells Epithelial cells

Clinical
progression

Tumour specific
survival

Clinical
progression

Tumour specific
survival

χ2 p Value χ2 p Value χ2 p Value χ2 p Value

VEGF 12.8 0.0003 6.7 0.001 0.01 0.91 0.58 0.45
Flt-1 6.25 0.01 5.2 0.02 0.18 0.68 0.07 0.79

p Values were estimated using the logrank test.
VEGF, vascular endothelial growth factor.
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surgery. Preliminary results of VEGF and Flt-1 staining in

some of these tumours showed that the overall scores of the

blastemal and epithelial cells are higher, but that these

patients have a similar clinical outcome to those in the

pretreatment group described in here.

“The significant correlation between microvessel density
and vascular endothelial growth factor (VEGF) expres-
sion seen in our study suggests that VEGF is one of the
major molecules responsible for neoangiogenesis in
nephroblastoma”

Our immunohistochemical study also revealed that high

MVD correlated positively with the degree of VEGF expression

and poor prognosis for patients with nephroblastoma.

Recently, Skoldenberg et al confirmed the significant impact of

high MVD in Wilms’s tumour on survival and also found that

the serum concentration of VEGF in these patients was three

times higher than that seen in controls.32 The significant cor-

relation between MVD and VEGF expression seen in our study

suggests that VEGF is one of the major molecules responsible

for neoangiogenesis in nephroblastoma, although the ang-

iogenic potential is believed to be regulated by a balance

between various types of angiogenic molecules and angi-

ostatic substances. An association between VEGF expression

and MVD has also been reported in carcinomas of the lung,

stomach, breast, and vulva.20 31–34 A high MVD may promote

metastatic disease by exposing tumours to a greater endothe-

lial surface area, thus increasing the likelihood of haematog-

enous dissemination.14 In addition, the production of VEGF

may enhance the metastatic capability of a tumour in several

other ways.35 36

Although the reciprocal role of VEGF in tumour growth and

chemotherapeutic efficacy remains to be elucidated, our data

support the independent prognostic value of blastemal cell

VEGF expression, which has also been documented for

patients with oral squamous cell carcinoma treated with

chemotherapy.37 However, Albo et al have shown a possible

correlation between tumour MVD and chemosensitivity—

they found that tumours with a higher MVD are more sensi-

tive to chemotherapy.38 Because the delivery of chemothera-

peutic reagents to the tumour is largely dependent on the

blood supply, VEGF induced neovascularisation may in turn

favourably affect the response to systemic chemotherapy.39

The finding that an enhanced vascular supply stimulated by

VEGF induces an increased risk of metastasis suggests that

antiangiogenic treatments could be a potential adjuvant

Figure 2 Kaplan Meier curves showing a relation between
blastemal cell vascular endothelial growth factor expression and (A)
clinical progression and (B) survival. Censored patients are indicated
by vertical marks along the line. The numbers of patients in each
group are shown in parenthesis.

Figures 3 Kaplan Meier curves showing a relation between
blastemal cell Flt-1 expression and (A) clinical progression and (B)
survival. Censored patients are indicated by vertical marks along the
line. The numbers of patients in each group are shown in
parenthesis.
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therapeutic strategy for the prevention of metastasis after the
resection of the tumour. In experimental animal studies, anti-
VEGF antibody (A4.6.1) successfully suppressed both primary
tumour growth and metastasis in a murine model of anaplas-
tic Wilms’s tumour.40 These results, together with the results of
our clinical study, suggest that antiangiogenesis treatments,
such as ligands that antagonise the interaction of VEGF with
its receptors or antibodies directed against VEGF and its
receptors, may prove useful in the management of Wilms’s
tumour.41 42

In conclusion, the results of our present study have shown
that the expression of VEGF and its receptor (Flt-1) in primary
Wilms’s tumour correlates with an increase in MVD in the
tumour tissue and poor prognosis for patients with nephro-
blastoma. These findings suggest that VEGF secreted by
nephroblastoma cells elicits neoangiogenesis. If these results
are confirmed in additional studies, VEGF, Flt-1, and MVD
could emerge as additional parameters for predicting the out-
come of patients with nephroblastoma. VEGF and its receptor
Flt-1 may also be considered as potential targets of an antian-
giogenic therapeutic strategy.
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• In a multivariate analysis, VEGF protein expression by

blastemal cells was an independent prognostic marker for
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to MVD and seem to be an important predictor for poor
prognosis in treated patients with Wilms’s tumour
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treatment

112 Ghanem, van Steenbrugge, Sudaryo, et al

www.jclinpath.com

 group.bmj.com on February 10, 2012 - Published by jcp.bmj.comDownloaded from 

http://jcp.bmj.com/
http://group.bmj.com/


20 Fontanini G, Bigimi D, Vignati S, et al. Microvessel count predicts
metastatic disease and survival in non-small cell lung cancer. J Pathol
1995;177:57–63.

21 Gasparini G, Weidner N, Maluta S. Intratumoral microvessel density
and p53 protein: correlation with metastasis in head and neck squamous
cell carcinoma. Int J Cancer 1993;55:739–744.

22 Kayton M, Rowe D, O’Toole K, et al. Metastasis correlates with
production of vascular endothelial growth factor in a murine model of
human Wilms’ tumor. J Pediatr Surg 1999;34:743–8.

23 Boccon-Gibod L. Pathological evaluation of renal tumors in children:
international society of pediatric oncology approach. Pediatr Dev Pathol
1998;1:243–8.

24 Ishigami SI, Arii S, Niwano M, et al. Predictive value of vascular
endothelial growth factor (VEGF) in metastasis and prognosis of human
colorectal cancer. Br J Cancer 1998;78:1379–84.

25 Gasparini G, Toi M, Gion M, et al. Prognostic significance of vascular
endothelial growth factor protein in node-negative breast carcinoma. J
Natl Cancer Inst 1997;89:139–47.

26 Paley PJ, Staskus KA, Gebhard K, et al. Vascular endothelial growth
factor expression in early stage ovarian carcinoma. Cancer
1997;80:98–106.

27 Jinno K, Tanimizu M, Hyodo I, et al. Circulating vascular endothelial
growth factor (VEGF) is a possible tumor marker for metastasis in human
hepatocellular carcinoma. J Gastroentrol 1998;33:376–82.

28 Brown LF, Berse B, Jackmon RW, et al. Expression of vascular
permeability factor (vascular endothelial growth factor) and its receptors
in adenocarcinoma of gastrointestinal tract. Cancer Res
1993;53:4727–35.

29 Kawauchi S, Fukuda T, Tsuneyoshi M. Angiogenesis does not correlate
with prognosis or expression of vascular endothelial growth factor in
synovial sarcoma. Oncol Rep 1999;6:959–64.

30 Tanigawa N, Amaya H, Matsumura M, et al. Correlation between
expression of vascular endothelial growth factor and tumor vascularity,
and patient outcome in human gastric carcinoma. J Clin Oncol
1997;15:826–32.

31 Maeda H, Chung Y, Ogawa Y, et al. Prognostic value of vascular
endothelial growth factor expression in gastric carcinoma. Cancer
1996;77:858–63.

32 Skoldenberg E, Christiansson J, Sandstedt B, et al. Angiogenesis and
angiogenic growth factors in Wilms’ tumor. J Urol 2001;165:2274–9.

33 Toi M, Inada K, Suzuki H, et al. Tumor angiogenesis in breast cancer: its
importance as a prognostic indicator and the association with vascular
endothelial growth factor expression. Breast Cancer Res Treat
1995;36:193–204.

34 Obermair A, Kohlberger P, Bancher-Todesca D, et al. Influence of
microvessel density and vascular permeability factor/vascular endothelial
growth factor expression on prognosis in vulvar cancer. Gynecol Oncol
1996;63:204–9.

35 Pepper MS, Ferrara N, Orci L, et al. Vascular endothelial growth factor
induces plasminogen activators and plasminogen activator inhibitor-1 in
microvascular endothelial cells. Biochem Biophys Res Commun
1991;181:902–6.

36 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.

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

38 Albo D, Granick, MS, Jhala N, et al. The relationship of angiogenesis to
biological activity in human squamous cell carcinomas of the head and
neck. Ann Plast Surg 1994;32:588–94.

39 Kaya M, Wada T, Akatsuka T, et al. Vascular endothelial growth factor
expression in untreated osteosarcoma is predictive of pulmonary
metastasis and poor prognosis. Clin Cancer Res 2000;6:572–7.

40 Rowe D, Huang J, Kayton M, et al. Anti-VEGF antibody suppresses
primary tumor growth and metastasis in an experimental model of Wilms’
tumor. J Pediatr Surg 2000;35:30–3.

41 Mori S, Ueda Y, Kuratsu S, et al. Suppression of pulmonary metastasis
by angiogenesis inhibitor TNP-470 in murine osteosarcoma. Int J Cancer
1995;61:148–52.

42 Morisita T, Mii Y, Mitauchi Y, et al. Efficiency of the angiogenesis
inhibitor O-(chloroacetyl-carbamoyl) fumagillol (AGM-1470) on
osteosarcoma growth and lung metastasis in rats. Jpn J Clin Oncol
1995;25:25–31.

Call for peer reviewers

Clinical Evidence also needs to recruit a number of new peer reviewers specifically with
an interest in haematology, kidney disorders, oral health, and poisons. Peer reviewers are
health care professionals or epidemiologists with experience in evidence based medicine.
As a peer reviewer you would be asked for your views on the clinical relevance, validity,
and accessibility of specific topics within the journal, and their usefulness to the intended
audience (international generalists and health care professionals, possibly with limited
statistical knowledge). Topics are usually 2000–3000 words in length and we would ask
you to review between 2–5 topics per year. The peer review process takes place through-
out the year, and our turnaround time for each review is ideally 10–14 days.

If you are interested in becoming a peer reviewer for Clinical Evidence, please complete
the peer review questionnaire at www.clinicalevidence.com or contact Polly Brown
(pbrown@bmjgroup.com).

VEGF, Flt-1, and nephroblastoma prognosis 113

www.jclinpath.com

 group.bmj.com on February 10, 2012 - Published by jcp.bmj.comDownloaded from 

http://jcp.bmj.com/
http://group.bmj.com/


doi: 10.1136/jcp.56.2.107
 2003 56: 107-113J Clin Pathol

 
M A Ghanem, G J van Steenbrugge, M K Sudaryo, et al.
 
its receptor (FLT-1) in nephroblastoma
vascular endothelial growth factor (VEGF) and 
Expression and prognostic relevance of

 http://jcp.bmj.com/content/56/2/107.full.html
Updated information and services can be found at: 

These include:

References

 http://jcp.bmj.com/content/56/2/107.full.html#related-urls
Article cited in: 
 

 http://jcp.bmj.com/content/56/2/107.full.html#ref-list-1
This article cites 40 articles, 13 of which can be accessed free at:

service
Email alerting

box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in the

Collections
Topic

 (1279 articles)Immunology (including allergy)   �
 (99 articles)Paediatric oncology   �

 
Articles on similar topics can be found in the following collections

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on February 10, 2012 - Published by jcp.bmj.comDownloaded from 

http://jcp.bmj.com/content/56/2/107.full.html
http://jcp.bmj.com/content/56/2/107.full.html#ref-list-1
http://jcp.bmj.com/content/56/2/107.full.html#related-urls
http://jcp.bmj.com/cgi/collection/paediatric_oncology
http://jcp.bmj.com/cgi/collection/immunology_including_allergy
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://jcp.bmj.com/
http://group.bmj.com/

