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Introduction

Endometrial carcinoma is one of the most common
gynecologic malignancies and the age-standardized inci-
dence rate is rising in Japan, possibly due to changing
lifestyle and dietary patterns. Prolonged unopposed estro-
gen stimulation such as the use of tamoxifen, late
menopause, and obesity have been identified as major
risk factors for endometrial carcinomas. Recent studies
show a relationship between the hereditary syndrome
such as the Lynch syndrome and endometrial carcinomas,
and demonstrate that a genetic factor is another risk
factor of endometrial carcinomas [1, 2].

Angiogenesis is an important step in the development
of cancer and is necessary for primary tumor growth,
invasiveness, and metastasis. Increased tumor vascular-
ization and expression of angiogenic factors are associ-
ated with advanced tumor stage and poor prognosis in
various cancers. Vascular endothelial growth factor
(VEGF), the most potent endothelial cell mitogen, has
been shown to play a critical role in tumor angiogenesis
[3]. VEGF binds to two kinds of VEGF receptor tyrosine
kinases on endothelial cells and activates intracellular
signal transduction pathways, leading to the promotion of
angiogenesis and vascular permeability [3]. 

VEGF has been shown to be up-regulated at mRNA
and protein levels in a variety of carcinomas [6-12]. Ele-
vated serum or intratumoral VEGF levels were associated
with advanced stage disease and poor prognosis for
several cancers, including breast [3], renal [4, 5], lung
[6], endometrial [7, 8], and prostate carcinomas [9].

Serum levels of VEGF were significantly increased
with the advanced FIGO stage of endometrial carcinomas
[7]. Yokoyama et al. demonstrated that VEGF is a useful
biomarker to predict myometrial invasion and lymph
node metastasis in endometrial carcinoma [8]. These
results suggest that VEGF may contribute to the patho-
genesis of endometrial carcinomas. 

Several studies have recently demonstrated positive
associations between VEGF gene polymorphisms and
several diseases. Among more than 30 single nucleotide
polymorphisms (SNPs) located on the VEGF gene, three
SNPs such as -460 C/T in the promoter region, +405 G/C
in the 5’-untranslated region, and +936 C/T in the 3’-
untranslated region were reported to be implicated in
VEGF production and the risk for several diseases [3].
The -460 C/T polymorphism was associated with prostate
cancer [10] and oral cancer [11], whereas the VEGF +405
G/C polymorphism was associated with endometriosis
[12]. The VEGF +936 C/T polymorphism was associated
with preeclampsia [13] and breast cancer [14].

Polymorphisms in VEGF have been extensively studied
as possible factors influencing susceptibility to numerous
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cancers [3, 10, 11, 14, 15]. The frequency of the VEGF -
460 T/T genotype was shown to be significantly
increased in patients with oral and prostate cancers com-
pared to controls [10, 11], and that of the VEGF +405 C
allele was significantly increased in prostate cancer with
high histological grade [15]. The frequency of the VEGF
+936 T allele was significantly lower in breast cancer
patients compared to controls [3, 14]. 

However, it remains unknown whether VEGF gene
polymorphisms are associated with endometrial carcino-
mas. In this study we investigated the possible associa-
tions between the VEGF -460 C/T, +405 G/C, and +936
C/T polymorphisms and endometrial carcinomas in a
Japanese population by using polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP)
analysis. 

Materials and Methods

Subjects

The design of this study was approved by the Medical Ethics
Review Committee of Kobe University Graduate School of
Medicine. Written informed consent was obtained from all
women involved in this study. The patient group consisted of
105 unrelated Japanese women with surgically confirmed
endometrial carcinoma based on operative records and histolog-
ical findings. All the patients had surgically confirmed Stage I
to IV diseases according to the Federation of Gynecology and
Obstetrics (FIGO) classification [16]. The age of patients with
endometrial carcinoma ranged from 36 to 80 yrs with the mean
age of 57.1 ± 11.0 yrs. Patients were excluded from the study if
the operative records were unavailable or if there was any doubt
about the diagnosis.  Women who were non-Japanese (ethnic-
ity/race) were excluded.  Age-matched controls with a mean age
of 56.6 ± 10.9 yrs consisted of 179 healthy Japanese women
who had participated in a routine cancer detection program for
gynecologic cancers at our hospital.  They had no history or
suggestive clinical evidence of endometrial pathology (Table 1).
Patients were followed-up for cancer recurrence and mortality.
Of the total 105 patients, 50 (47.6%) patients could be fol-
lowed-up via in-person contact. Among them, four patients have
died to date, and the remaining 46 participants are still living. 

Genotyping

Genomic DNA was extracted from EDTA anticoagulated
whole blood using the Wizard DNA Purification Kit (Promega,
Madison, WI, USA). The –460, +405, and +936 polymor-
phisms in the VEGF gene were determined by using PCR-
RFLP analysis. 

Genotyping for VEGF -460 C/T polymorphism was per-
formed by the forward primer 5’-TACGTGCGGACAGGGC-
CTGA-3’ and the reverse primer 5’-TACGTGCGGAGGGC-
CTGA-3’, followed by digestion with the restriction enzyme
BstUI. Genotyping for VEGF +405 G/C polymorphism was
performed by the forward primer 5’-AATTATTTTTGCTTGC-
CATT-3’ and the reverse primer 5’-GTCTGTCTGTCTGTCT-
GTCCGTCA-3’, followed by digestion with the restriction
enzyme BsmFI. VEGF +936 C/T polymorphism was performed
by the forward primer 5’-AAGGAAGAGGAGACTCTGCGC-
3’ and the reverse primer 5’-TATGTGGGTGGGTGTGTC-
TACAGG-3’, followed by digestion with the restriction enzyme

NlaIII. The conditions for the genotyping were as follows: PCR
in a 20 μl reaction mixture containing 20 ng of genomic DNA,
10 pmol of each primer, 250 μM of dNTPs and 1.0 unit of Taq
gold DNA polymerase. The concentration of MgCl2 varied
between the PCR reactions for the different polymorphisms
with 1.5 mM for VEGF -460 C/T polymorphism and VEGF
+405 G/C polymorphism, and 2.0 mM for VEGF +936 C/T
polymorphism. The PCR was conducted with ABI 9700 ther-
mocycler (PE Applied Biosystem, Foster City, CA, USA) by
using the following thermal profiles: an initial denaturing cycle
of 94°C for 1 min, 32 cycles of denaturing at 94°C for 1 min,
annealing at 60°C for 1 min, and extension at 72°C for 1 min,
and a final cycle of 72°C for 5 min for VEGF -460 C/T poly-
morphism; an initial denaturing cycle of 96°C for 12 min, 35
cycles of denaturing at 94°C for 1 min, annealing at 55°C for 1
min, and extension at 72°C for 1 min, and a final cycle of 72°C
for 5 min for VEGF +405 G/C polymorphism; an initial dena-
turing cycle of 96°C for 12 min, 35 cycles of denaturing at 94°C
for 40 s, annealing at 64°C for 1 min, and extension at 72°C for
40 s, and a final cycle of 72°C for 5 min for VEGF +936 C/T
polymorphism. Digestions with the appropriate restriction
enzyme were performed according to the manufacturer’s
instructions (New England Biolabs, Beverly, MA, USA) at
60°C for 24 h in the case of VEGF -460 C/T polymorphism,
65°C for 24 h in the case of VEGF +405 G/C polymorphism,
and 37°C for 24 h in the case of VEGF +936 C/T polymor-
phism. DNA fragments were subjected to electrophoresis in a
2% agarose gel for the VEGF +405 G/C and +936 C/T and a
4% gel for the VEGF -460 C/T. Gel was stained with ethidium
bromide (0.1 μg/ml) and visualized by ultraviolet illumination. 

Statistical analysis

Genotype distributions were examined for the significant
departure from the Hardy-Weinberg equilibrium by a goodness-
of-fit (chi-square) test. Chi square analysis was used to examine
differences in the proportions of genotype of three polymor-
phisms between patients and controls. Fisher’s exact test was
applied when appropriate. Odds Ratios (OR) and 95% confi-
dence intervals (CIs) were used to compare categorical vari-
ables; p < 0.05 was considered statistically significant. 

Cases were divided into two subgroups consisting of women
with Stage I-II and Stage III-IV disease, endometrioid and non-
endometrioid cancers, and the allele frequencies and genotype
distributions of the VEGF polymorphisms in the subgroups
were analyzed separately. Haplotype frequencies and standard-
ized disequilibrium coefficient (D’) were evaluated using the
program Haploview (available at http://www.broad.mit.edu/mpg/
haploview/tutorial/php); p < 0.05 was considered significant.

Three-year disease-free survival rates were evaluated using
the Kaplan-Meier method and the differences in survival across

Table 1. — Characteristics of the Japanese endometrial
carcinoma samples at diagnosis.

Characteristics Endometrial carcinoma patients (n = 105)

Age at diagnosis (yrs) 57.1 ± 11.0
Histological type

endometrioid 89 (84.8%)
non-endometrioid 16 (15.2%)

Stage at diagnosis
I 62 (59.0%)
II 23 (21.9%)
III 19 (18.1%)
IV 1 (1.0%)
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different genotypes were assessed using the log rank test. The
end point for disease-free survival was cancer recurrence/metas-
tasis or death related to endometrial carcinoma. The disease-
free survival period was calculated as the time from initial diag-
nosis to the end points of the study, censoring at the date of last
contact.

Results
Genotyping of the VEGF -460 C/T, +405 G/C, and

+936 C/T polymorphisms was successful in all 105 cases
and 179 controls. The breakdown for stages of endome-
trial carcinoma are shown in Table 1. 

The genotype distributions were all in Hardy-Weinberg
equilibrium in both cases and controls. The genotype dis-
tributions and allele frequencies of the VEGF -460 C/T,
+405 G/C, and +936 C/T polymorphisms in endometrial
carcinoma patients and controls are shown in Tables 2, 3,
and 4. The allele frequencies among control individuals
with these polymorphisms were comparable to those of
controls in other published studies using individuals from
the Japanese population [19, 23]. The -460 allele frequen-

cies of our controls were significantly different from those
reported in UK (p = 0.0000005) [17] and Indian popula-
tions (p = 0.0000005) [18]. Of the VEGF +405 G/C poly-
morphism, the allele frequency in Indian controls is sig-
nificantly different from those of Korean (p = 0.0001) [12]
and Japanese (p = 0.0000002) [19]. There were no signif-
icant differences in the genotype distributions and allele
frequencies of the VEGF-460 C/T, +405 G/C, and +936
C/T polymorphisms between endometrial carcinoma
patients and the controls. Furthermore, the stratification
by histologic types and staging failed to identify statisti-
cally significant differences between endometrial carci-
noma patients and the controls (Tables 2, 3, and 4).

There was strong linkage disequilibrium between the -
460 T and +405 C alleles (D’ = 0.91), but not between -
460 and +936 or between +405 and +936. Haplotype
analysis was therefore conducted between -460 C/T and
+405G/C polymorphisms alone. The frequencies of -
460/+405 haplotype T/C, T/G, C/G, and C/C were
49.6%, 21.4%, 27.2%, and 1.8% in endometrial carci-
noma cases and 44.4%, 26.6%, 27.9%, and 1.1% in

Table 2. — Distribution of VEGG -460 C/T polymorphism in endometrial carcinomas and controls.

Disease VEGF -460 genotype (%) Allele (%)
T/T C/T C/C p value T C p value

Endometrial carcinomas (n = 105) 54 (51.4) 42 (40.0) 90 (8.6) p = 0.54a 150 (71.4) 60 (28.6) p = 0.90a

Histological types
endometrioid (n = 89) 46 (51.7) 36 (40.5) 70 (7.8) p = 0.67a 128 (71.9) 50 (28.1) p = 0.82a

non-endometriodi (n = 16) 8 (50.0) 6 (37.5) 2 (12.5) p = 0.57a 22 (68.8) 10 (31.2) p = 0.79a

Stage
I-II (n = 85) 46 (54.1) 31 (36.5) 8 (9.4) p = 0.29a 123 (72.4) 47 (27.6) p = 0.74a

III-IV (n = 20) 8 (40.0) 11 (55.0) 1 (5.0) p = 0.74a 27 (67.5) 13 (32.5) p = 0.65a

Controls (n = 179) 86 (48.0) 82 (45.8) 11 (6.2) 254 (71.0) 104 (29.0)
aversus controls.

Table 3. — Distribution of VEGG +405 G/C polymorphism in endometrial carcinomas and controls.

Disease VEGF +405 genotype (%) Allele (%)
G/G G/C C/C p value G C p value

Endometrial carcinomas (n = 105) 25 (23.8) 52 (49.5) 28 (26.7) p = 0.31a 102 (48.6) 108 (51.4) p = 0.17a

Histological types
endometrioid (n = 89) 20 (22.5) 43 (48.3) 26 (29.2) p = 0.22a 83 (46.6) 95 (53.4) p = 0.09a

non-endometriodi (n = 16) 5 (31.2) 9 (56.3) 2 (12.5) p = 0.53a 19 (59.4) 13 (40.6) p = 0.59a

Stage
I-II (n = 85) 20 (23.5) 44 (51.8) 21 (24.7) p = 0.32a 84 (49.4) 86 (50.6) p = 0.28a

III-IV (n = 20) 5 (25.0) 8 (40.0) 7 (35.0) p = 0.51a 22 (55.0) 18 (45.0) p = 0.26a

Controls (n = 179) 58 (32.4) 79 (44.1) 42 (23.5) 195 (54.5) 163 (45.5)
aversus controls.

Table 4. — Distribution of VEGG +936 C/T polymorphism in endometrial carcinomas and controls.

Disease VEGF +936 genotype (%) Allele (%)
C/C C/T T/T p value C T p value

Endometrial carcinomas (n = 105) 59 (56.2) 39 (37.1) 7 (6.70) p = 0.46a 157 (74.8) 53 (25.2) p = 0.24a

Histological types
endometrioid (n = 89) 51 (57.3) 32 (36.0) 6 (6.70) p = 0.60a 134 (75.3) 44 (24.7) p = 0.32a

non-endometriodi (n = 16) 8 (50.0) 7 (43.8) 1 (6.20) p = 0.54a 23 (71.9) 9 (28.1) p = 0.34a

Stage
I-II (n = 85) 47 (55.3) 31 (36.5) 7 (8.20) p = 0.39a 125 (73.5) 45 (26.5) p = 0.16a

III-IV (n = 20) 12 (60.0) 8 (40.0) 0 (0.00) p = 0.44a 32 (80.0) 8 (20.0) p = 0.89a

Controls (n = 179) 114 (63.7) 55 (30.7) 10 (5.60) 283 (79.1) 75 (20.9)
aversus controls.
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control subjects, respectively (Table 5). No significant
difference was noted in the frequencies of haplotype -460
T/+405 C between cases and controls. 

The possible associations between the genotypes in
three VEGF polymorphisms and three-year disease-free
survival were evaluated in 55 patients using the Kaplan
Meier method. During the study period, seven patients
recurred. The Kaplan Meier survival curves showed no
associations between VEGF -460 C/T, +405 G/C, and
+936 C/T polymorphisms and disease-free survival in
endometrial carcinoma, respectively (p = 0.58, p = 0.14,
and p = 0.69). 

Discussion

In this study we investigated the possible associations
between endometrial carcinomas and VEGF -460 C/T,
+405 G/C and +936 C/T polymorphisms in a Japanese
population. We could not find any associations between
these polymorphisms and endometrial carcinomas. We
performed separate analyses on histological types and
stratification by the FIGO stage, which failed to show any
significant differences. In addition, we evaluated the
associations of these polymorphisms with three-year
disease-free survival of the patients, but could not find
any associations between these polymorphisms and
disease-free survival. To the best of our knowledge, this
study appears to be the first report to demonstrate no
associations between VEGF -460 C/T, +405 G/C, and
+936 C/T polymorphisms and endometrial carcinomas in
a Japanese population. 

Ku et al. investigated the possible association of VEGF
-460 C/T polymorphism and oral cancer by PCR-RFLP
analysis in a Taiwanese population, and reported that
VEGF -460 T/T genotype frequency in patients was sig-
nificantly increased compared to the controls [11]. Chen
et al. also reported that VEGF -460 T/T genotype fre-
quency in patients with prostate cancer was significantly
increased compared to the controls in the same popula-
tion [10]. These studies suggest that VEGF -460 T allele
may be a risk factor for the development and progression
of various cancers. The difference in the results between
previous data and ours might be due to the ethnic varia-
tion because disease susceptibility is dependent on both
the prevalence of polymorphism in the population and
exposure to environmental factors. In the VEGF -460 C/T
polymorphism, the allele frequency in our Japanese con-

trols is similar with that of the Korean population, but is
significantly different from that of Indian (p < 0.01) and
UK populations (p < 0.01). Therefore, our results may
not be directly applicable to other populations including
Indian and UK populations.

Several studies have demonstrated positive associations
between VEGF +405 G/C polymorphism and diseases
such as breast cancer [20], showing that the frequency of
VEGF +405 C allele was increased in patients compared
to controls. Awata et al. showed that fasting serum VEGF
levels were higher in a normal Japanese population with
VEGF +405 C/C genotype [21], suggesting that VEGF
+405 G/C polymorphism is associated with VEGF syn-
thesis. Taken together, VEGF +405 C allele may be
involved in the pathogenesis of several diseases, although
it still remains unclear how polymorphisms in the
untranslated region of the VEGF gene influence its
protein production [18, 21, 22]. In contrast, no associa-
tions have been noted between VEGF +405 G/C poly-
morphism and diseases such as preeclampsia [13]. Our
results coincide with the results of Han et al., Seo et al.,
and Papazoglou et al., which could not find a positive
association between this polymorphism and diseases.

There are several reports which have shown positive
associations between VEGF +936 C/T polymorphism
who and the progression or aggressiveness of tumors.
Krippl et al. reported that the carriers of VEGF +936 T
allele were at a decreased risk for breast cancer and that
carriers of +936 T allele showed significantly lower
VEGF plasma levels [14]. On the other hand, no associ-
ations were reported between VEGF +936 C/T polymor-
phism and diseases such as renal cell carcinoma in a
Japanese population [23] and breast cancer in Polish and
German populations [20]. We could not find any associ-
ations between endometrial carcinomas and this poly-
morphism in the population studied.

Lu et al. investigated the possible associations between
these three polymorphisms and breast cancer patients in
a Chinese population [3]. They found strong linkage dis-
equilibrium between the VEGF -460 C/T and +405 G/C
polymorphisms (D’ = 0.94) and an association of the
VEGF -460 C and +405 G haplotype with poorer survival
of breast cancer patients, but failed to identify an associ-
ation of VEGF +936 C/T polymorphism with overall sur-
vival or disease-free survival [3]. In this study, we found
a similar strong linkage disequilibrium between the -460
T and +405 C alleles (D’ = 0.91), but the haplotype analy-
sis did not reveal a positive association between endome-
trial carcinoma patients and controls. We also evaluated
the association of VEGF -460 C/T, +405 G/C and +936
C/T polymorphisms with the three-year disease-free sur-
vival of endometrial carcinoma patients, but could not
find any clear associations between these polymorphisms
and the disease-free survival of this cancer.

In conclusion, this study appears to be the first descrip-
tion to demonstrate no associations between endometrial
cancer and the VEGF -460 C/T, +405 G/C, and +936 C/T
polymorphisms, suggesting that these two polymor-
phisms are unlikely to be involved in the pathogenesis of

Table 5. — Haplotype frequencies of VEGG -460 C/T and
+405 G/C polymorphism in endometrial carcinomas and
controls.

Haplotypes Haplotype frequencies (%)a Odd Ratios 95% CI
-460 +405 Endometrial carcinoma Controls

T C 49.6 44.4 1 –
T G 21.4 26.6 0.70 0.38-1.29
C G 27.2 27.9 0.88 0.50-1.57
C C 1.8 1.1 1.52 0.21-11.0
aObserved haplotype frequencies were estimated by the Expectation-Maximiza-
tion method using a Haploview program.
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endometrial cancer in a Japanese population.  Although
this model is biologically plausible, we recognize that our
conclusions are based on relatively small numbers and
will require verification from additional independent
studies because the sample sizes are not sufficient to con-
clude the differences as non-significant (the power level
of < 80%).
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