
Abstract. Background: No direct comparison has been
made of the relationship between the expression of Wilms’
tumor gene WT1 within tumor cells and angiogenesis in vivo.
Materials and Methods: A series of 70 endometrial cancer
patients who had undergone a curative resection was studied
by immunohistochemistry to determine the correlation
between WT1 expression, angiogenesis (proliferation of
endothelial cell adhesion molecule-1, PECAM-1/ CD31) and
angiogenic growth factor (vascular endothelial growth factor,
VEGF). Results: A strong association was found between
WT1 expression score and mean vascular density (p<0.001,
n=70, ρ=0.568). Immunohistochemistry of serial sections
revealed that WT1 and VEGF were co-expressed in the same
area of endometrial cancer tissue. Conclusion: Tumor-
produced WT1, which may regulate the expression of VEGF,
is found to be associated with induction of angiogenesis in
endometrial cancer. 

Endometrial cancer is the most common gynecological
malignancy in the United States. In Japan, it is the second
most common gynecological cancer, but its frequency has
dramatically increased in the last decade. Although there are
well-established surgical and chemotherapeutic treatments,
the need for molecular-target therapy has increased,
especially for recurrent disease that has acquired radio- or

chemoresistance. A better understanding of the molecular
pathways of endometrial carcinogenesis is thus. 

The Wilms’ tumor gene WT1 has been isolated and
identified as a gene responsible for a childhood renal
neoplasm, Wilms’ tumor (1-3). This gene encodes a zinc
finger transcription factor and plays important roles in cell
growth and differentiation (4, 5). Although WT1 was first
categorized as a tumor-suppressing gene, it was recently
demonstrated that the wild-type WT1 possessed an
oncogenic rather than tumor-suppressing function in many
kinds of malignancies (6). WT1 is highly expressed in
hematological malignancies and solid tumors, including
endometrial cancer (7, 8).

In addition, recent studies have reported correlations
between WT1 and neovascularization in histogenetics,
normal genitourinary development, cardiac malformation and
tumor angiogenesis (9-11). Angiogenesis is an important step
for tumor growth in the transition from a small cluster of
malignant cells to a visible macroscopic tumor capable of
spreading to other organs via the vasculature (12, 13). The
seminal in vitro study by Cash et al. revealed that the DNA
binding domain of WT1 within tumor cells plays an essential
role in the transcriptional regulation of vascular epithelial
growth factor (VEGF), which is an important factor in
inducing tumor angiogenesis (14). Although the potential for
angiogenesis associated with tumor-produced WT1 has been
suggested, few reports are available on the effect of WT1 as
an angiogenic inducer in the intratumoral microenvironment
of human solid tumors.

To date, no direct comparison has been made of the
relationship of WT1 expression within tumor cells and
angiogenesis in terms of the mechanism of tumor
progression and metastasis. To address these questions, our
work aimed to investigate the role of WT1 within tumor cells
in angiogenesis by assessing proliferation of endothelial cell
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adhesion molecule-1 (PECAM-1, CD31) in surgically-
removed endometrial carcinomas.

Materials and Methods

Patients. This study included 70 primary endometrial carcinoma
patients consecutively admitted, treated and followed-up by the
Department of Obstetrics and Gynecology, Kanazawa University
Hospital from January 1995 to December 2002. None of the patients
had received any pre-surgical treatment and all had undergone a
total abdominal or radical hysterectomy plus bilateral salphingo-
oophorectomy. At the time of laparotomy, peritoneal fluid samples
were obtained for cytological testing. Systemic pelvic
lymphadenectomy was performed in 51 (73%) patients. Paraaortic
lymph node sampling was performed in two patients because of
visible or palpable enlarged lymph nodes. All patients were
classified by the FIGO surgical staging system (1988). No patient
had remaining macroscopic tumors or known distant metastasis
immediately following surgery. High-risk patients (e.g. those with
deep myometrial invasion, cervical involvement, special histology,
or peritoneal cytology) underwent external radiotherapy and/or six
cycles of chemotherapy (paclitaxel: 180 mg/m2, carboplatin:
according to Chatelut’s formula [area under the curve, AUC=5 mg
min/ml]) as postoperative adjuvant therapy. All treatments and
clinical research were conducted with written informed consent.

Immunohistochemistry. WT1, CD31 and VEGF were evaluated in
serial sections stained with appropriate antibodies. Table I shows the
primary antibodies, their sources, dilutions, incubation times and
epitope retrieval. Formalin-fixed, paraffin-embedded slides (5 μm-
thick) were deparaffinized and rehydrated in graded alcohols.
Endogenous peroxidase activity was quenched by dipping in 3%
hydrogen peroxide for 30 minutes. Staining was performed by
avidin-biotin complex (ABC) technique, using SAB-PO kit (Nichirei
Co.,Tokyo, Japan). Color development was carried out with the
peroxidase substrate 3-amino-9-ethylcarbazole (AEC) against WT1,
CD31 and VEGF. All slides were counterstained with Mayer’s
hematoxylin. Sections without primary antibodies, as well as those
with non-immunized mouse serum, served as negative controls.

Evaluation of staining. For evaluation of WT1 expression, staining
intensity was scored as 0 (negative), 1 (weak), 2 (medium), and 3
(strong). The extent of staining was scored as 0 (0%), 1 (1-25%), 2
(26-50%), 3 (51-75%) and 4 (76-100%) according to the percentage
of positive staining area in relation to the whole carcinoma area. The
sum of the intensity and extent score was used as the final staining
score (0-7) for WT1. Tumors having a final staining score of ≥5
were considered to exhibit strong expression.

In assessment of tumor microvessels, the densest vascular areas
were identified by scanning tumor sections at low magnification

(×40). After identification of the densest vascularization, a vessel
count was performed at ×400 magnification. The average vessel
number in 5 fields was expressed as the microvessel density (MVD).

Evaluation and counting were conducted by two observers (S.D.
and S.O.) who were unaware of any details regarding the patients’
background.

Statistical analysis. Chi-square test for 2×2 tables was used to
compare the categorical data. The difference in continuous variables
between groups was compared using Mann-Whitney U-test.
Relations between continuous variables were investigated by means
of Spearman’s rank correlation coefficient test. A p-value of <0.05
was considered to indicate statistical significance. All statistical
analyses were performed using the statistical package StatView
version 5.0 for Macintosh (Abacus Concepts, Berkeley, CA, USA). 

Results

Characteristics of patients. The patients’ average age at time
of surgery was 57.3 years (range, 26-78, years). Patients with
endometrial cancer included: 22 of premenopausal status, 4
of perimenopausal status and 44 of postmenopausal status.
The patients’ mean preoperative body mass index (BMI) was
24.0 (range, 16.9-32.9). 

WT1 expression. WT1 expression was positive exclusively in
cancer cells in 64 cases (91%). The expression of WT1 was
strong (final staining score of 5-7) in 31 patients (44%) and weak
(final staining score of 0-4) in 39 patients (56%). Typical WT1
expression in endometrial cancer cells is shown in Figure 1A.
The majority of positive cases showed diffuse or granular
staining in the cytoplasm. Staining of WT1 was heterogeneous in
advanced tumors and WT1 was frequently located at the invasion
front of the tumor. The association between WT1 expression and
clinicopathological variables is shown in Table II. 

WT1 overexpression was associated with advanced FIGO
stage (p=0.0266), myometrial invasion (p=0.0477) and high-
grade histological differentiation (p=0.0049), indicating up-
regulation of WT1 expression with tumor progression in this
study. 

CD31 expression. CD31-positive endothelial cells lining
microvessels within tumors were detected in 58 out of 70
patients (Figure 2). MVD varied from 0 to 66.8, with a
median of 13.6 and mean of 20.0 (standard deviation, 20.1).
MVD was significantly higher in tumors of advanced FIGO
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Table I. Characterization of the antibodies used in this study.

Antibody (Manufacture) Species Dilution Incubation time (temperature) Epitope retrieval

WT1 (DakoCytomation Inc. USA)  Mouse IgG 1:100 Overnight (4˚C) Microwave
CD31 (DakoCytomation Inc. USA) Mouse IgG 1:1 1 hour (room temperature) Microwave
VEGF (Thermo Fisher Scientific Inc. USA) Mouse IgG 1:100 2 hours (room temperature) Microwave



stage (p=0.0191), with myometrial invasion (p=0.0120) and
of high-grade histological differentiation (p=0.0019) (Table
III). The other clinicopathological characteristics were not
associated with MVD.

Association between WT1 expression and CD31. CD31 in the
strong-expression WT1 group was significantly higher than
in the weak-expression WT1 group, by Mann-Whitney U-test
(p<0.001) (data not shown). Moreover, considering WT1
expression scores as continuous variables, a strong
association was found between WT1 expression and CD31
expression (p<0.001, n=70, ρ=0.568) using Spearman’s
rank-correlation coefficient (Figure 3).

VEGF expression in WT1-positive cancer cells. Typical
VEGF expression within tumor cells is shown in Figure 1B.
Immunohistochemistry of serial sections revealed that VEGF
and WT1 were co-expressed in the same area of endometrial
cancer tissue. 

Discussion

Recent studies showed that tumor-produced WT1 influenced
tumor progression in various types of cancer. Yamamoto et al.
found that WT1 protein might be an accelerator of the

progression of ovarian serous adenocarcinoma (15). Sera et al.
concluded that overexpressed WT1 was associated with tumor
growth, and resulted in a worsening prognosis of hepatocellular
carcinoma (16). Hylander et al. demonstrated that patients with
WT1-positive tumors had a higher grade (p=0.006) and
advanced stage (p=0.002) of epithelial ovarian cancer (17).
Miyoshi et al. found that tumors >2 cm also showed a trend
toward an increase (p=0.09) in WT1 mRNA levels as compared
with tumors <2 cm in breast cancer (18). In the present study,
we found that WT1 overexpression was associated with
advanced FIGO stage, myometrial invasion and high-grade
histological differentiation, indicating up-regulation of WT1
expression with tumor progression. Our results are congruent
with previous reports of the other types of cancer.

Tumor development and progression are inherently
dependent on the process of angiogenesis. Ozalp et al. found
that microvessel density (MVD) as assessed by factor VIII
antigen was correlated with high surgical stage (p<0.001),
cervical involvement (p=0.01), adnexal involvement
(p=0.04), lymphovascular space involvement (p=0.02), pelvic
and paraaortic lymph node metastasis (p<0.001), and positive
peritoneal cytology (p<0.001) in endometrial carcinoma (19).
Salvesen et al. found that MVD as assessed by
CD105/endoglin antigen was significantly correlated with
MVD as assessed by factor VIII antigen (linear regression
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Table II. WT1 expression and clinicopathological characteristics.

Variable WT1 expression P-value
(χ2 test)

Strong Weak 
(n=31) (n=39) 

Age (years)
<60 (n=43) 16 27
≥60 (n=27) 15 12 0.1325

FIGO stage
I (n=52) 19 33
II, III, IV (n=18) 12 6 0.0266

Lymph node metastasis
Negative (n=65) 28 37
Positive (n=5) 3 2 0.4629

Depth (myometrial invasion)
a (n=17) 4 13
b, c (b, n=36; c, n=17) 27 26 0.0477

Histopathology, degree 
of differentiation

Grade 1 (n=38) 11 27
Grade 2, 3 (n=32) 20 12 0.0049

Menopause
Peri, pre (n=26) 8 18
Post (n=44) 23 21 0.0801

Body mass index
<25 (n=45) 19 26
≥25 (n=25) 12 13 0.6410

Table III. Microvessel density and clinicopathological characteristics.

Variable Microvessel density P-value
mean±SD (median) (Mann-Whitney 

U-test)

Age (years)
<60 (n=43) 19.3±19.9 (13.6)
≥60 (n=27) 21.3±20.8 (13.6) 0.8135

FIGO stage
I (n=52) 16.9±18.3 (10.9)
II, III, IV (n=18) 29.2±23.0 (19.6) 0.0191

Lymph node metastasis
Negative (n=65) 19.9±20.0 (13.6)
Positive (n=5) 21.8±24.8 (10.8) 0.8999

Depth (myometrial invasion)
a (n=17) 9.3±14.5 (4.2)
b, c (b, n=36; c, n=17) 23.4±20.6 (17.8) 0.0120

Histopathology, degree 
of differentiation

Grade 1 (n=38) 18.2±19.2 (13.6)
Grade 2, 3 (n=32) 23.3±21.8 (13.6) 0.0019

Menopause
Peri, pre (n=26) 12.6±14.7 (6.0)
Post (n=44) 28.8±22.3 (19.4) 0.5223

Body mass index
<25 (n=45) 17.1±18.2 (13.9)
≥25 (n=25) 21.7±21.2 (12.2) 0.4388
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Figure 1. Representative section of endometrial cancer with immunohistochemical staining of A: WT1 (×40; inset ×200) and B: VEGF (×40; inset
×200). Strong cytoplasmic staining of WT1 and VEGF is observable in the same area of serial sections.



0.32, p=0.001), and that CD105/endoglin-MVD is
significantly associated with FIGO stage (p=0.03), tumor cell
proliferation estimated by the expression of Ki-67 (p=0.007)
in endometrial cancer (20). Ueda et al. demonstrated that
intratumoral MVD (immunohistochemically using anti-CD34
antibody) was well correlated with histological type
(p=0.0415), depth of myometrial invasion (p=0.0176),
endometrial invasion (p=0.0354) and pelvic lymph node
metastasis (p=0.0354) in uterine cervical cancer (21). Kamat
et al. showed that high expression of MVD as assessed by
CD31 expression was associated with high-stage and grade 3
tumors (p=0.03 and 0.04, respectively) in endometrial cancer
(22). In the present study, we found that MVD as assessed by
CD31 expression was associated with advanced FIGO stage,
myometrial invasion and high-grade histological
differentiation. Furthermore, a strong association was found
between WT1 staining score and MVD using Spearman’s
rank correlation coefficient. These results suggest that WT1
may regulate tumor progression and angiogenesis in
endometrial cancer.

As a key mediator of angiogenesis, VEGF is tightly
regulated at both the transcriptional and post-transcriptional
levels. VEGF regulation is complex, since it is up-regulated
by hypoxia, growth factors, steroid hormones and
transcription factors including WT1 (23). Cash et al. showed
that WT1 had both transcriptional and post-transcriptional
effects on VEGF mRNA levels in prostate cell lines (14).
Hanson et al. found that methyltrienolamine (androgen
analog, R1881) increased the transcriptional activation of the
VEGF promoter by WT1 in LNCaP prostate cancer cells
(24). Overall, these reports suggest that WT1 plays an
essential role in the transcriptional regulation of VEGF in

cancer cells. On the other hand, WT1 is essential for kidney
development (25-27) and is co-expressed with VEGF in
normal kidney cells and in some Wilms’ tumors (27-30).
Therefore, for both developmental and cancer studies, it is
important to elucidate the mechanisms whereby WT1
regulates VEGF and thereby, angiogenesis. In the present
study, we also found that WT1 and VEGF were co-expressed
in the same area of endometrial cancer tissue. This result
suggests that WT1 may regulate expression of VEGF.

These results imply that WT1 plays an important role in
endometrial cancer-associated angiogenesis, probably via
induction of angiogenesis by VEGF. To the best of our
knowledge, this may be the first report to demonstrate the
positive role of WT1 in endometrial cancer-associated
angiogenesis and may prove of great benefit in finding a
rational approach to endometrial cancer therapy.

Recently, anti-angiogenic therapy has begun to show
promise as an effective treatment strategy for many types of
solid tumor. WT1 is also a target for cancer immunotherapy,
and this study suggests that a WT1 peptide vaccine therapy
might be effective not only as cancer immunotherapy but
also as anti-angiogenesis therapy.

In conclusion, tumor-produced WT1, which may regulate
the expression of VEGF, is associated with the induction of
angiogenesis in endometrial cancer.
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Figure 2. Representative section of endometrial tumor with
immunohistochemical staining of CD31 (×100).

Figure 3. A positive correlation between microvessel density and WT1
staining score was observed using Spearman’s rank correlation
coefficient.
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