
Abstract. We immunohistochemically examined the
expression of the glucose transporters (GLUT)1, GLUT3
and GLUT4, in 154 tumor samples of epithelial ovarian
carcinoma. In addition, we investigated the correlations
between the expression of GLUTs and the vascular endo-
thelial growth factor (VEGF), and microvessel count and
clinical parameters. The rates of expression of GLUT1, GLUT3
and GLUT4 were 98.7%, 92.8% and 84.4%, respectively.
GLUT1 and GLUT4 were both strongly expressed in serous
adenocarcinoma, but weakly expressed in clear cell adeno-
carcinoma. The expressions of GLUT1 and GLUT4 correlated
with the clinical disease stage. The expressions of GLUT1,
GLUT3 and GLUT4 correlated positively with VEGF
expression. The expression status for GLUT1, GLUT3,
GLUT4 and VEGF did not represent a prognostic factor.
These findings suggest that characteristic differences in the
patterns of glucose uptake can exist according to the histo-
logical type and that GLUT1, GLUT3 and GLUT4 could be
related to tumor angiogenesis in epithelial ovarian carcinoma.

Introduction

The major histological types of epithelial ovarian carcinoma
are serous, mucinous, endometrioid and clear cell
adenocarcinoma. Mucinous and clear cell adenocarcinomas
display poor sensitivity to chemotherapy regimens, and thus
these histological types show poor prognosis in advanced
cases (1,2). In Japan, clear cell adenocarcinoma accounts for
a large percentage of epithelial ovarian carcinomas, about
20%, much higher than the approximate 5% reported in

Europe and the United States. Therefore, therapeutic strategies
for advanced ovarian clear cell adenocarcinoma represent a
very important issue in Japan. One of the most important
pathological features of clear cell adenocarcinoma is the
accumulation of glycogen in the cytoplasm (3). Glycogen is
synthesized to store glucose. We surmised that this
characteristic accumulation of glycogen in ovarian clear cell
adenocarcinoma could be related to clinical characteristics.
Elucidating the differences in glucose metabolism as a
function of the histological type of epithelial ovarian carcinoma
and clarifying the relationships between glucose metabolism
in the tumor and tumor growth, tumor angiogenesis and metas-
tatic infiltration, would thus provide useful information.

The uptake of glucose into the cells is the first step in
glucose metabolism. Glucose in the blood is incorporated
into the cells and then metabolized in the glycolytic pathway.
Glucose is transported into the cell via facilitative glucose
transporters (GLUT). To date, 12 isoforms of GLUT have
been identified (4). The up-regulation of the GLUT expression
occurs in the transformation process and this increased
expression could be a fundamental part of the neoplastic
process (5).

The present study immunohistochemically examines the
expressions of GLUT1, GLUT3 and GLUT4 in epithelial
ovarian carcinomas, and analyzes the correlations between
those isoforms and the histological type and clinical stage of
the disease. In addition, we investigated the expression of
GLUTs and tumor angiogenesis in epithelial ovarian
carcinoma. Angiogenesis is essential for tumor growth, thus
strongly suggesting that the vascular endothelial growth
factor (VEGF) is involved in the angiogenesis of epithelial
ovarian carcinoma (6,7). We therefore investigated the relation-
ships among the GLUT expressions, VEGF expression and the
microvessel count (MVC) in epithelial ovarian carcinoma.
We also analyzed the clinical data, examined the relationships
between the GLUTs and the clinical parameters and
identified prognostic factors for epithelial ovarian carcinoma.

Materials and methods

Patients and samples. We studied 154 patients with primary
epithelial ovarian carcinoma who underwent surgical resection
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at Osaka City University Hospital between March 1994 and
April 2005 (Table I). Information regarding the clinical and
pathological characteristics of the patient population was
obtained from the medical records. All the patients provided
written informed consent to participate in the study. According
to the criteria of the International Federation of Gynecology
and Obstetrics (FIGO), 57 cases were stage I, 27 were stage II,
63 were stage III, and 7 were stage IV. No patients had
received chemo- or radiotherapy prior to the tumor sampling.
Surgical specimens were obtained from the patients, fixed in
10% formaldehyde and embedded in paraffin, then cut into
4 μm-thick sections and mounted on glass slides.

Immunohistochemical analysis. The expressions of GLUT1,
GLUT3, GLUT4 and VEGF were investigated in paraffin-
embedded sections using the avidin-biotin-peroxidase
complex method. The paraffin sections were deparaffinized
and immersed in 3% hydrogen peroxidase. Next, an antigen
retrieval procedure was performed by microwaving in 10 mM
citrate buffer (pH 6.0) at 500 W for 20 min. After washing in
phosphate-buffered saline (PBS), the tissue sections were
preblocked by 10% normal goat serum for 15 min. The
protocol for the Dako LASB 2 peroxidase kit (Dako, Kyoto,
Japan) was followed for each section. The sections were
incubated for 60 min with primary antibodies in a humidity
chamber. The primary antibodies comprised of the poly-
clonal rabbit anti-human GLUT1 antibody (A3536; Dako,
Carpinteria, CA, USA), the polyclonal rabbit anti-GLUT3
antibody (AB1345; Chemicon, Temecula, CA, USA), the
polyclonal rabbit anti-GLUT4 antibody (AB1346; Chemicon)
and the polyclonal rabbit anti-VEGF antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Working dilutions
for each primary antibody were 1:200 for anti-GULT1, 1:400
for anti-GLUT3 and GLUT4 and 1:100 for anti-VEGF. The
sections were rinsed with PBS for 15 min, and incubated for
10 min with a secondary antibody (biotinylated goat anti-
mouse and rabbit immunoglobulin G secondary antibody;
Dako), then incubated with streptavidin-peroxidase complex

using 3,3'-diaminobenzidine as a chromogen. Counterstaining
was performed using Mayer's hematoxylin. The Specificity
of the immunohistochemical reactions was checked by omitting
the primary antibody.

Staining analysis. The grade of immunostaining for GLUT1,
GLUT3, GLUT4 and VEGF was based on the mean percentage
of positive tumor cells determined in 5 areas at x400 magnifi-
cation as assessed by 3 independent observers. The results
were classified as negative (-) when <5% of the cells displayed
positive staining, weakly positive (+) when 5-50% were
positive, and strongly positive (++) when >50% were positive.

Microvessel staining and counting. The avidin-biotin-
peroxidase complex method was performed using an LASB 2
kit (Dako). The monoclonal mouse anti-CD34 antibody
(Zymed Laboratories, San Francisco, CA, USA) was used at
1:200 dilution. Reaction with primary antibodies was incu-
bated for 60 min in a humidity chamber. For the negative
controls, the tissue sections were treated with normal goat
serum instead of the primary antibodies.

For microvessel counting, single red-stained cells or
clusters of endothelial cells that were clearly separate from
adjacent vessels, tumor cells and other connective tissue
elements were counted as microvessels. The stained sections
were screened at x5 magnification in order to identify the
areas of highest vascular density in the tumor, and the vessels
were counted at x200 magnification (x20 objective and x10
ocular) in the 5 areas with the highest vascular density. MVC
was recorded as the mean number in these 5 areas.

Statistical analysis. The Mann-Whitney U test was computed
between the histological subtype and the GLUT 1, GLUT3
and GLUT4 expression. Spearman's rank correlation was
computed between the clinical stage and the GLUT 1, GLUT3
and GLUT4 expression. The relationships between VEGF
expression and GLUT1, GLUT3 and GLUT4 expression
were evaluated by Spearman's rank correlation coefficient.
The relationships between MVC and VEGF expression were
evaluated using Spearman’s rank correlation coefficient.

In this study, age, stage (I-IV), histological type (serous,
mucinous, endometrioid and clear cell), and the expression
of GLUT1, GLUT3, GLUT4 and VEGF were tested as
prognostic factors using Cox's proportional hazard model.
Calculations were performed using Statview for Windows
version 5.0 software (Abacus Concepts, Berkley, CA, USA).
Values are expressed as the means ± standard deviation, and
values of P<0.05 were considered statistically significant.

Results

Expression of GLUT1. GLUT1 was strongly expressed in the
tumor cells. Expression was observed in the cell membrane
and cytoplasm, but the nucleus showed no staining for GLUT1.
The stroma also showed no staining for GLUT1, whereas the
erythrocytes stained positively (Fig. 1A). Positive immuno-
staining for GLUT1 was observed in 98.7% of the epithelial
ovarian carcinomas (152 of 154). The expression of GLUT1
differed among the histological types, and the difference
between serous and clear cell adenocarcinoma was significant
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Table I. Patient characteristics.
–––––––––––––––––––––––––––––––––––––––––––––––––
Total number of patients 154

Age mean (range) 52.7±11.7 years (16-82)

Histology
Serous 58 (37.7%)
Mucinous 20 (13%)
Endometrioid 24 (15.6%)
Clear cell 49 (31.8%)
Others 3 (1.9%)

Stagea

I 57 (37%)
II 27 (17.5%)
III 63 (40.9%)
IV 7 (4.5%)

–––––––––––––––––––––––––––––––––––––––––––––––––
aAccording to classifications of the International Federation of
Gynecology and Obstetrics (FIGO).
–––––––––––––––––––––––––––––––––––––––––––––––––
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(P=0.0003). GLUT1 expression showed a positive correlation
with clinical disease stage (P=0.012) (Table II). Data analysis
by stratification for the histological type revealed a clear
positive correlation between GLUT1 expression and disease
stage only in serous adenocarcinoma (P=0.038, Spearman's
correlation coefficient by rank; data not shown).

Expression of GLUT3. GLUT3 was strongly expressed in the
tumor cells. Expression was observed in the cell membrane
and cytoplasm, but not in the nucleus or stroma (Fig. 1B).
Positive immunostaining for GLUT3 was observed in 92.8%
of the epithelial ovarian carcinomas (143 of 154). The
expression of GLUT3 showed no differences among the
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Table II. Intensity of GLUT1 staining, histological subtype and FIGO stage.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Negative Weakly Strongly Positive P-value
positive positive rate (%)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Histology <0.0001b,d

Serous (n=58) 0 1 57 100
Mucinous (n=20) 0 1 19 100
Endometrioid (n=24) 0 2 22 100
Clear cell (n=49) 2 10 37 95.9
Others (n=3) 0 0 3 100

Stagea 0.012c,e

I (n=57) 2 9 46 96.5
II (n=27) 0 2 25 100
III (n=63) 0 2 61 100
IV (n=7) 0 1 6 100

Total (n=154) 2 14 138 98.7
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
FIGO, International Federation of Gynecology and Obstetrics. aAccording to the classifications of FIGO. bAccording to the Mann-Whitney
U test. cAccording to Spearman's correlation coefficient by rank. GLUT1 expression was strongly positive in 138 cases (89.6%), weakly positive
in 14 cases (9.1%), and negative in 2 cases (1.3%). The expression of GLUT1 differed significantly between the histological types (dserous vs
clear cell, P=0.0003). A significant correlation was identified between GLUT1 expression and clinical stage.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Immunohistochemical staining of GLUT1, GLUT3, GLUT4 and the vascular endothelial growth factor (VEGF) in epithelial ovarian carcinoma. (A)
GLUT1 expression in serous adenocarcinoma of the ovary. GLUT1 expression was detected in the cell membrane and cytoplasm of the tumor cells. (B) GLUT3
expression in endometrioid adenocarcinoma of the ovary. GLUT3 expression was detected in the cell membrane and cytoplasm of the tumor cells. (C)
GLUT4 expression in clear cell adenocarcinoma of the ovary. GLUT4 expression was detected in the cell membrane, cytoplasm and nucleus of the tumor
cells. (D) VEGF expression in clear cell adenocarcinoma of the ovary. VEGF expression was mainly detected in the cell membrane, cytoplasm and nucleus of the
tumor cells. Original magnification x200.
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histological types. No correlations were found between GLUT3
expression and clinical disease stage (Table III).

Expression of GLUT4. GLUT4 was strongly expressed in the
tumor cells. Expression was observed in the cell membrane,
cytoplasm and nucleus. The stroma showed no staining for
GLUT4 (Fig. 1C). Positive immunostaining for GLUT4 was
observed in 84.4% (130 out of 154) of the epithelial ovarian

carcinomas. GLUT4 expression differed as a function of the
histological type, and significant differences in expression
existed between clear cell adenocarcinoma and serous,
mucinous and endometrioid adenocarcinoma (serous vs clear
cell, P<0.0001; mucinous vs clear cell, P=0.0132; endo-
metrioid vs clear cell, P=0.0210). GLUT4 expression showed
a positive correlation with clinical disease stage (P=0.014)
(Table IV).
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Table III. Intensity of GLUT3 staining, histological subtype and FIGO stage.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Negative Weakly Strongly Positive P-value
positive positive rate (%)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Histology NSb

Serous (n=58) 2 8 48 96.6
Mucinous (n=20) 1 2 17 95
Endometrioid (n=24) 3 4 17 87.5
Clear cell (n=49) 5 6 38 89.8
Others (n=3) 0 1 2 100

Stagea NSc

I (n=57) 7 7 45 87.7
II (n=27) 1 2 22 96.3
III (n=63) 3 10 50 95.2
IV (n=7) 0 2 5 100

Total (n=154) 11 21 122 92.8
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
FIGO, International Federation of Gynecology and Obstetrics. NS, not significant. aAccording to the classifications of FIGO. bAccording to
the Mann-Whitney U test. cAccording to Spearman's correlation coefficient by rank. GLUT1 expression was strongly positive in 122 cases
(79.2%), weakly positive in 21 cases (13.6%), and negative in 11 cases (7.2%). No significant differences in GLUT3 expression existed
between the hisgological types. No significant correlation was found between GLUT3 expression and clinical stage.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table IV. Intensity of GLUT4 staining, histological subtype and FIGO stage.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Negative Weakly Strongly Positive P-value
positive positive rate (%)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Histology

Serous (n=58) 3 3 52 94.8 0.0003b,d

Mucinous (n=20) 2 1 17 90 0.013b,d

Endometrioid (n=24) 1 5 18 95.8 0.021b,d

Clear cell (n=49) 18 5 26 63.3
Others (n=3) 0 0 3 100

Stagea 0.014c,e

I (n=57) 17 5 35 70.2
II (n=27) 1 2 24 96.3
III (n=63) 5 7 51 92.1
IV (n=7) 1 0 6 85.7

Total (n=154) 24 14 116 84.4
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
FIGO, International Federation of Gynecology and Obstetrics. aAccording to the classifications of FIGO. bAccording to the Mann-Whitney
U test. cAccording to Spearman's correlation coefficient by rank. GLUT1 expression was strongly positive in 116 cases (75.3%), weakly positive
in 14 cases (9.1%), and negative in 24 cases (15.6%). GLUT4 expression differed significantly between the histological types (dserous vs
clear cell, P<0.0001; mucinous vs clear cell, P=0.0132; endometrioid vs clear cell, P=0.0210). A significant correlation was identified
between GLUT4 expression and clinical stage.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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GLUT expression and tumor angiogenesis in epithelial
ovarian carcinoma. VEGF was strongly expressed by the
tumor cells, in the cytoplasm, cell membrane and nucleus
(Fig. 1D). The rate of positive expression of VEGF was
96.7% (149/154). An investigation into the relationships
between GLUTs and VEGF expression showed significant
positive correlations between the expressions of GLUT1,
GLUT3 and GLUT4 and VEGF expression (Table V). VEGF
expression also correlated positively with MVC (Fig. 2).

Prognostic factors. Table VI shows the results of Cox's
proportional hazard model analysis for the prognostic factors
among age, stage, histology (mucinous, endometrioid and
clear cell vs. serous adenocarcinoma) and the status of

expression for GLUT1, GLUT3, GLUT4 and VEGF. Age,
stage and histology were identified as significant prognostic
factors. The prognostic factor of histology displayed significant
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Table V. Correlation between VEGF and GLUT1, GLUT3 and GLUT4 expression.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
VEGF Negative Weakly Strongly Total P-value

positive positive
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
GLUT1

Negative 2 0 0 2
Weakly positive 1 3 10 14 0.015a

Strongly positive 2 13 123 138

GLUT3
Negative 2 2 6 11
Weakly positive 1 1 19 21 0.037a

Strongly positive 2 12 108 122

GLUT4
Negative 4 5 15 24
Weakly positive 0 2 12 14 0.003a

Strongly positive 1 9 106 116

Total 5 16 133 154
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
VEGF, vascular endothelial growth factor. aAccording to Spearman's correlation coefficient by rank. A significant correlation was identified
between VEGF expression and GLUT1, GLUT3 and GLUT4 expression.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. Correlation between microvessel count (MVC) and vascular
endothelial growth factor (VEGF) expression. The plot of MVC according
to the status of VEGF expression is shown. The status of immunostaining
was classified as (-) for <5% positive cells, (+) for 5-50%, and (++) for >50%.
The P-value shown indicates the results of the analysis of significance using
Spearman's rank correlation coefficient. A significant positive correlation
existed between VEGF expression and MVC.

Table VI. Life table analysis by Cox's proportional hazard
model.
–––––––––––––––––––––––––––––––––––––––––––––––––
Covariate Partial Odds P-value

regression ratio
coefficient

–––––––––––––––––––––––––––––––––––––––––––––––––
Age 0.040 1.041 0.0056c

Stage 1.562 4.770 <0.0001c

Histology 0.0312c

Mucinous -0.085 0.918 0.8954b

Endometrioid 0.771 2.161 0.1053b

Clear cell 1.335 3.799 0.0056b,c

GLUT1 (0, 1)a -0.756 0.469 0.1833
GLUT3 (0, 1)a 0.061 1.063 0.8741
GLUT4 (0, 1)a 0.544 1.724 0.1837
VEGF (0, 1)a -0.581 0.560 0.1682
–––––––––––––––––––––––––––––––––––––––––––––––––
VEGF, vascular endothelial growth factor. a0, negative or weakly
positive tumors (≤50% tumor cells positive); 1, strongly positive
tumors (>50% of tumor cells positive). Not significant, p≥0.05. The
age of the patients, stage (I-IV), histological type (serous, mucinous,
endometrioid, clear cell) and the expression of GLUT1, GLUT3,
GLUT4 and VEGF were assumed to represent factors affecting
prognosis and were assessed using Cox's proportional hazard
model. Patient age, stage (I-IV) and histological type were found to
correlate with survival time (p<0.05), but no correlation was identified
between the expression of GLUT1, GLUT3, GLUT4 and VEGF.
bSerous vs mucinous, P=0.8954; serous vs endometrioid, P=0.1053;
serous vs clear cell, cP=0.0056
–––––––––––––––––––––––––––––––––––––––––––––––––
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differences in the odds ratio between serous and clear cell
adenocarcinomas. The expression statuses of GLUT1, GLUT3,
GLUT4 and VEGF were not prognostic factors. Analysis of
the prognostic factors by the stratification for histological
type also revealed that the expressions of GLUT1, GLUT3,
GLUT4 and VEGF were not prognostic factors (data not
shown).

Discussion

The proliferation and development of tumor cells requires
copious amounts of glucose. GLUTs are necessary for the
uptake of glucose by tumor cells, and the most important of
these transporters is considered to be GLUT1 (4). Twelve
isoforms of GLUT have been identified (5). The present
study investigated GLUT1, GLUT3 and GLUT4 among the
isoforms that are expressed in the tumor cells of epithelial
ovarian carcinoma.

GLUT1 is involved in glucose transport in the basic state
(8). Elevated GLUT1 expression has been described in many
cancers, including brain, breast, lung, gastrointestinal and
ovarian carcinomas (4,5,9-16). Cantuaria et al reported that
the expression of GLUT1 is significantly stronger in ovarian
serous adenocarcinoma compared with other histological
types (13). The present study found that the rate of positive
GLUT1 expression varied among the histological types of
ovarian carcinoma, being highest in serous adenocarcinoma
and lowest in clear cell adenocarcinoma. We thus confirmed
that the rate of GLUT1 expression is very high and that
GLUT1 plays a major role in the uptake of glucose into the
tumor cells of epithelial ovarian carcinoma. In addition,
GLUT1 correlated with clinical disease stage and VEGF
expression. The proliferative ability of tumor cells has been
shown to be significantly higher in serous adenocarcinoma
compared with clear cell adenocarcinoma (17). The present
results provide a partial explanation for the low proliferative
ability of clear cell adenocarcinoma.

GLUT3, like GLUT1, is broadly expressed in the body
tissues, and is also thought to be involved in glucose uptake
in the basic state (18). GLUT3 is expressed in several tumors
such as brain, breast, gastric and ovarian carcinoma (4), and
the overexpression of GLUT3 has been identified as a
significant indicator of poor prognosis in human non-small
cell lung carcinomas (10,11). In the present study, the
expression rate of GLUT3 was high and correlated with
VEGF expression. These findings indicate that GLUT3 is
involved in the glucose uptake by tumor cells and also in
tumor angiogenesis. The expression rate of GLUT3 did not
differ with the histological type. Staining for GLUT3 is
reportedly homogeneously and weakly positive in malignant
ovarian tumors, and the expressions are similar even in benign
and borderline malignant ovarian tumors (14). These obser-
vations suggest that GLUT3 could mediate a pathway of
basic transmembranous glucose uptake in ovarian tissue
independent of pathological changes.

GLUT4 is mainly expressed in insulin-responsive organs,
such as the heart, skeletal muscle and fatty tissue (19). A few
studies have investigated the expression in cancer cells such
as breast, gastric, lung and ovarian carcinoma, but no correl-
ation was identified with the prognosis of any of these

diseases (4,18,20). The present study found that the rate of
GLUT4 expression differed among the histological types of
ovarian carcinoma, with significantly lower rates in clear cell
adenocarcinoma compared with other histological types. In
addition, GLUT4 expression showed correlations with VEGF
expression, indicating that GLUT4 is involved in tumor
angiogenesis. GLUT4 expression also correlated with the
clinical stage of disease, but investigation by stratification on
the basis of histological type showed no correlations with the
disease stage (data not shown). We were unable to elucidate
the importance of the finding that the positive expression rate
of GLUT4 was particularly lower in clear cell adeno-
carcinoma. GLUT1 and GLUT4 can thus regulate glucose
metabolism via different pathways (20). Further studies
regarding the differences in glucose metabolism in different
histological types of ovarian carcinoma are warranted.

Angiogenesis is essential for tumor growth, infiltration
and the metastasis of solid tumors. The microvessel density of
tumors increases in response to various angiogenic factors
produced by cancer cells, contributing to the growth of the
primary lesion and the ability of the cancer cells to avoid
apoptosis and carry out infiltration and metastasis (21).
VEGF has been shown to be strongly involved in angiogenesis
in epithelial ovarian carcinoma (6,7,22,23). The clinico-
pathological role of angiogenesis in ovarian carcinoma
remains controversial: Some reports have described MVC as
a prognostic factor, while other studies have identified no
effect on prognosis (22). The present study identified a
significant correlation between VEGF expression and MVC.
In addition, the expressions of GLUT1, GLUT3 and GLUT4
were found to correlate with VEGF expression. Our findings
thus indicate the possibility that GLUT1, GLUT3 and GLUT4
are involved in tumor angiogenesis via the expression of
VEGF. The expression of GLUT1 is observed in most
malignant tumors, and also correlates with clinical disease
stage. Accordingly, GLUT1 plays a primary role in tumor
angiogenesis, with GLUT3 and GLUT4 probably playing
supporting roles in that process. It is likely that GLUT4 has a
certain relationship with the differences in histological type.
However, we were unable to demonstrate any unique role for
GLUT4 in relation to each of the histological subtypes.

Ovarian carcinomas with strong GLUT1 expression
reportedly display a slight tendency toward shorter survival
compared to those with weak or no GLUT1 expression, but
no significant correlation has been found (14). We applied
multivariate analysis in order to examine the prognostic factors
in our patient group, showing that the statuses of expression
for each of GLUT1, GLUT3, GLUT4 and VEGF did not
represent prognostic factors, whereas age, disease stage and
histological type did.

In conclusion, the expression of GLUT1 has been reported
to be involved in the uptake of glucose by epithelial ovarian
carcinoma cells, and the present study determined that the
GLUT3 and GLUT4 expressions are also involved. Different
histological types of epithelial ovarian carcinoma show
characteristic patterns for glucose uptake, and GLUT1 and
GLUT4 expressions tend to be lower in clear cell adeno-
carcinoma. GLUT1, GLUT3 and GLUT4 could also be
involved in tumor angiogenesis via the expression of the
angiogenic factor VEGF, but the expressions of each of these
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isoforms did not represent prognostic factors. In future, we
hope to continue our investigations into the roles of other
enzymes in glucose metabolism.
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