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Abstract. Background/Aim: The aim of this study was to
evaluate the association between selected polymorphisms of
the vascular endothelial growth factor gene (rs699947,
rs144854329, rs833061, rs2010963, rs3025039) and the risk
of prostate cancer development and progression. Materials
and Methods: The present study included 446 patients with
prostate cancer and 241 healthy men. Genotyping was
performed by polymerase-chain reaction-restriction fragment
length polymorphism analysis. Results: No significant
association between the individual polymorphisms studied
and the risk of prostate cancer development was detected. A
statistically significantly increased risk of prostate cancer
development associated with the presence of 9 or 10 risky
alleles was found considering the whole group of patients,
as well as in patients with low-grade carcinomas (Gleason
score <7). Conclusion: Individual polymorphisms of VEGF
do not appear to contribute to prostate cancer. However, a
combination of risky alleles of the studied polymorphisms
significantly increases the risk of prostate cancer in Slovak
patients.

Prostate cancer is highly heterogeneous disease and the exact
cause of its origin is not yet known. Different molecular
pathways, including angiogenesis, play an important role in
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pathogenesis of prostate cancer and involve a large number
of specific proteins, including growth factors and cytokines.

Vascular endothelial growth factor (VEGF) is homodimeric,
heparin-bound glycoprotein which belongs to a group of
proangiogenic factors (1). It is a key factor that stimulates
physiological, as well as tumour angiogenesis (2, 3). VEGF is
a specific mitogen of endothelial cells that increases vascular
permeability and activates the VEGF signalling pathway (4).
This pathway induces proliferation, migration and invasion of
endothelial cells that are able to reduce and to remodel the
extracellular matrix. These processes result in the initiation of
angiogenesis (2, 5-7). VEGF promotes dedifferentiation of
tumour cells and their better survival through autocrine VEGF
signalling. This growth factor facilitates tumour cell entry into
the circulation by increasing vascular permeability and it
allows metastasis to distant sites (1, 2, 8, 9).

The gene encoding VEGF is located on chromosome 6
(6p21.1) and comprises a 14-kilobase coding region with
eight exons and seven introns (10). Polymorphisms of the
VEGF gene may contribute to the malignant transformation
of prostate cells or can affect disease progression, metastasis
and the effectiveness of therapy by change in transcription
of the gene and subsequently increased production of
intracellular VEGF protein (11-14).

The main objective of this study was to determine the role
of VEGF gene polymorphisms (-2578 rs699947; 18 bp I/D
rs144854329; —-460 rs833061; —634 rs2010963 and +936
rs3025039) in the development and progression of prostate
cancer.

Materials and Methods

Study population. The present case—control study included 446
patients with histologically verified prostate cancer [mean
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age=66.8+8.09 years; median prostate specific antigen (PSA)=9.18
ng/ml (interquartile range=5.30-20.07 ng/ml); mean Gleason score
7.03+1.30] and 241 controls [mean age=57.99+9.73 years; median
PSA=1.06 ng/ml (interquartile range=0.54-2.39 ng/ml)]. Healthy
men for the control group were selected during routine urological
examination and were confirmed to be without any prostatic disease
and individual cancer history.

Genotyping. Venous blood (5 ml) was taken into K2EDTA tubes
from all of the men. Isolation of genomic DNA from whole blood
samples was carried out using Wizard® Genomic DNA
Purification kit (Promega, Madison, WI, USA). Genomic DNA
samples were stored at —20°C until genotypic analysis. The VEGF
gene polymorphisms were determined by polymerase-chain
reaction (PCR)-restriction fragment length polymorphism
analysis. Amplification of the DNA fragments was performed in
a 12-pl master mix consisting of: 1 pl of genomic DNA, 6 ul
Dream Taq Green PCR Master mix (2x), 0.4-0.5 pl of each primer
(25 pmol/pl) and 4-4.2 pl of DNase-free water. The primer
sequences used for detection of the VEGF gene polymorphisms
are listed in Table I. The PCR amplification conditions were as
follows: 5 min of initial denaturation at 95°C, and 28-35 cycles
(depending on the primers used) consisting of 30-50 s of
denaturation at 95°C, 30-40 s hybridization at different annealing
temperatures (Table I) and 45-50 s elongation at 72°C, followed
by a 5-10 min final elongation at 72°C. PCR products were
subsequently digested with specific restriction enzymes for 15-30
min at 37°C (Table I). Only the 18 bp I/D VEGF polymorphism
was determined by sequence-specific primers. Digested products
were separated using electrophoresis on 2% or 4% agarose gels
and visualized by ethidium bromide staining.

Statistical analysis. Chi-square test and Fisher’s exact test were used
to compare the genotypic distribution between patients with prostate
cancer and healthy men and to evaluate association with selected
clinical data as well as combinations of polymorphisms. Genotypic
frequencies of individual polymorphisms were tested for Hardy—
Weinberg equilibrium in the control group. Associations were
considered to be statistically significant when p<0.05. StatsDirect
statistical package version 2.7.0.2 (StatsDirect Ltd, Cambridge, UK)
was used for statistical analysis.

Results

Main clinical characteristics of patients (446) and controls
(241) are reported in Table II. Five polymorphisms of the
VEGF gene were evaluated: rs699947 at —2578, rs144854329
at —2549, and rs833061 at —460, all located in the promoter
region; 1s2010963 at —634 in the 5’-untranslated region of the
gene; and rs3025039 at +936 in the 3’-untranslated region of
the gene. The distribution of genotypes of observed
polymorphisms in the patients and control group is
summarized in Table III. Distribution of genotypes in the
control group was in Hardy—Weinberg equilibrium for all
polymorphisms of VEGF gene (p>0.05), except the —634
VEGF polymorphism (p=0.007).

No significant association  between
polymorphisms and risk of prostate cancer development and

individual
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progression in the group of patients overall was found (Table
III). Subsequently, the patients were stratified according to
Gleason score (Gleason score <7 and Gleason score =7,
eventually Gleason score =8) and prostate specific antigen
(PSA <10 ng/ml and PSA =10 ng/ml) in order to detect any
possible correlation between VEGF gene polymorphisms and
aggressiveness of prostate cancer. Although no significant
association between individual polymorphisms and
aggressiveness of prostate cancer was found, the GC
genotype of the —634 VEGF polymorphism was borderline
associated with increased risk of prostate cancer development
in patients with Gleason score <7 (OR=1.58, 95% CI=0.97-
2.57, p=0.06) (Table IV). The frequency of the both the CC
genotype (OR=1.76, 95% CI=0.91-3.40, p=0.089) and the C
allele (OR=1.38, 95% CI=0.96-1.99, p=0.08) of the —634
VEGF polymorphism was higher in patients with prostate
cancer with Gleason score =8 (Table IV). The frequency of
the CC genotype was also higher in patients with PSA =10
ng/ml compared to the control group (OR=1.63, 95%
CI=0.95-2.80, p=0.078) (Table V). However, the results were
on the border of statistical significance. The CC genotype was
significantly associated with increased risk of prostate cancer
development in patients with PSA =10 ng/ml compared to
those with PSA <10 ng/ml (OR=1.92, 95% CI=1.04-3.55,
p=0.036) (Table V).

Combination of five polymorphisms of VEGF gene was
evaluated according to number of variant (risky) alleles. The
following alleles were considered risky: —2578C, 18 bp D,
—460T, —634C and +936T. The presence of 9 or 10 risky
alleles was associated with statistically significant increased
risk of prostate cancer development considering the whole
group of patients (OR=2.34, 95% CI=1.1-4.98, p=0.03)
(Table VI) as well as in patients with low-grade carcinomas
(Gleason score <7) (OR=4.18, 95% CI=1.25-13.98, p=0.015)
(Table VII).

Discussion

The VEGF gene is highly polymorphic and its expression may
be affected by several polymorphisms. The exact mechanism
of influence of these polymorphisms has not been elucidated
yet but it is supposed that they might affect the transcriptional
activity of the VEGF gene and consequently alter
concentrations of VEGF. Since VEGF promotes angiogenesis,
it is possible that higher concentrations of VEGF in the
tumour microenvironment induce more rapid progression and
survival of residual tumour cells and may contribute to the
development of metastases or local recurrence of disease (11).
In our study, we investigated polymorphisms that have not
been studied in relation to prostate cancer or for which
published results are contradictory.

The 2578 VEGF polymorphism lies within the potential
GATA binding protein 2 (GATA-2) binding site and the C
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Table 1. Specific conditions for analysis of individual polymorphisms of the vascular endothelial growth factor (VEGF) gene.

Position in VEGF gene Sequence of forward (F) and Annealing Restriction Product
reverse (R) primers (5°-3”) temperature enzyme (bp)

—2578 A/C F: GCA CCT CCA CCA AAC CAC AGC AAC AT 62°C Bglll 360; 205, 155
R: CAA GCC CCC TTT TCC TCC AAC TCT CC

18 bp I/D F: CCT GGA GCG TTT TGG TTA AA 59°C - 234,216
R: ATA TAG GAA GCA GCT TGG AA

-460 C/T F: CTC TTT AGC CAG AGC CGG GG 60°C Hinll 175; 153, 22
R: TGG CCT TCT CCC CGC TCC GAC

—634 G/C F: ATT TAT TTT TGC TTG CCATT 55.7°C Fagql 204; 193, 111
R: GTC TGT CTG TCT GTC CGT CA

+936 C/T F: AAG GAA GAG GAG ACT CTG CGC AGA GC 63°C Nlalll 208; 122, 86

R: TAA ATG TAT GTA TGT GGG TGG GTG TGT CTA CAG

allele might stimulate the activation of the promoter of
VEGF gene through the GATA-2 transcriptional factor (12,
15). We did not find a statistically significant association
between this polymorphism and risk of prostate cancer
development, nor with clinical characteristics (pathological
Gleason score, PSA). Some other studies similarly did not
observe any association between the risk of prostate cancer
development and progression (pathological stage,
pathological grade, PSA concentrations at diagnosis, or age)
(16, 17) or clinical recurrence of disease (18). In contrast
with previous studies, Martinez-Fierro et al. found a 6.1-fold
increased risk of prostate cancer development to be
associated with the CC genotype of the —2578 VEGF in the
Mexican population. However, these authors did not observe
statistically significant association of this polymorphism with
progression of prostate cancer (Gleason score, PSA) (12).

The second polymorphism localized in the promoter
region studied was the polymorphism 18 bp I/D VEGF. To
our knowledge, this appears to be the first study evaluating
possible association of this polymorphism with prostate
cancer. The functional mechanism of this polymorphism is
not known yet, but it is supposed that the presence of the D
allele may be associated with increased transcription, which
would probably lead to increased VEGF concentration (19).
We did not find any association between the 18 bp I/D
VEGF polymorphism and prostate cancer or some clinical
characteristics of the disease (Gleason score, PSA). Similar
results were reported by Ungerbidck er al. in a study
evaluating this polymorphism in connection with colorectal
cancer (20). On the contrary, a higher frequency of the II
genotype and I allele of 18 bp I/D VEGF was found in
patients with breast cancer in comparison to healthy
individuals (21). This polymorphism was reported to be in
complete linkage with single nucleotide polymorphism
—2578 VEGF and individuals with the —2578A allele have
an insertion of 18 bp (19, 22). We observed similar results
in our study.

Table II. Characteristics of control group and patients with prostate
cancer.

Characteristic Control group Prostate cancer
(N=241) (N=446)
Age (years)
Mean+SD 57.99+9.73 66.8+8.09
PSA (ng/ml)

Median (25th-75th percentile)
Gleason score
Mean+SD NA

1.06 (0.54-2.39)  9.18 (5.30-20.07)

7.03x1.30

NA: Not applicable; PSA: prostate-specific antigen; SD: standard deviation.

The final polymorphism in the promoter region of VEGF
studied here is localized at the —460 position. Although it is
supposed that the presence of the C allele may affect VEGF
concentration (11), the exact functional mechanism of this
polymorphism is not known yet. In our study, we found no
association between the —460 VEGF polymorphism and the
risk of prostate cancer development and progression. Other
studies reported similar results (11, 16). On the contrary,
Onen et al. reported that the CT genotype of —460 VEGF
polymorphism was associated with an increased risk of
developing pT3a-T4b tumours in a Turkish population
(OR=2.42,95% CI=1.09-5.39, p=0.027) (23). Another study
in a Taiwanese population reported that the T allele of this
polymorphism was associated with increased risk of prostate
cancer and the TT genotype was considered as the risky
genotype (24). Different results were reported by Fukuda et
al. (11). They found that C allele-bearing genotypes of —460
VEGF were significantly associated with a higher likelihood
of clinical recurrence of disease (increase of PSA) in patients
after radical prostatectomy. On the other hand, the TT
genotype of this polymorphism was associated with
statistically significantly worse survival in those with
metastatic disease (11).
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Table III. Distribution of the genotypes of vascular endothelial growth factor (VEGF) polymorphisms.

VEGF polymorphism Genotype Control group (%) Prostate cancer (%) OR (95% CI) p-Value
-2578 A/C AA 25.73 28.70 1.00 (ref.)

AC 48.54 45.07 091 (0.62-1.34) 0.63

CC 25.73 26.23 1.09 (0.71-1.69) 0.68
18 bp I/D 1I 26.55 26.01 1.00 (ref.)

ID 47.72 45.74 0.98 (0.67-1.43) 091

DD 25.73 28.25 1.12 (0.73-1.73) 0.60
-460 C/T CC 25.73 26.23 1.00 (ref.)

CT 48.54 45.07 091 (0.62-1.34) 0.63

TT 25.73 28.70 1.09 (0.71-1.69) 0.68
-634 G/C GG 46.22 44 42 1.00 (ref.)

GC 36.55 37.38 1.06 (0.75-1.52) 0.73

CC 17.23 18.20 1.10 (0.7-1.72) 0.68
+936 C/T CC 71.37 73.48 1.00 (ref.)

CT 24.48 23.37 0.93 (0.64-1.34) 0.69

TT 4.15 3.15 0.74 (0.32-1.69) 047

CI: Confidence interval; OR: odds ratio.

Table IV. Association between the genotypes of the —634 G/C vascular endothelial growth factor (VEGF) polymorphism and prostate cancer risk
in patients stratified according to Gleason score.

-634 G/C Gleason score <7 (N=121) Gleason score =7 (N=184) Gleason score =8 (N=81)
VEGF

Frequency (%) OR (95% CI) p-Value Frequency (%) OR (95% CI) p-Value Frequency (%) OR (95% CI) p-Value

GG 364 1.00 (ref.) 41.85 1.00 (ref.) 395 1.00 (ref.)

GC 454 1.58 (0.97-2.57)  0.06 36.96 1.12 (0.73-1.72)  0.62 34.57 1.11 (0.62-1.98) 0.73
CcC 18.2 1.34 (0.72-2.51)  0.36 21.19 1.36 (0.80-2.30)  0.25 25.93 1.76 (0.91-3.40)  0.089
Allele G 59.1 1.00 (ref.) 60.33 1.00 (ref.) 56.79 1.00 (ref.)

Allele C 409 1.26 (0.92-1.73)  0.16 39.67 1.20 (0.90-1.58)  0.21 43.21 1.38 (0.96-1.99)  0.08

CI: Confidence interval; OR: odds ratio.

Table V. Association between the genotypes of the —634 G/C vascular endothelial growth factor (VEGF) polymorphism and prostate cancer risk in
patients stratified according to prostate-specific antigen (PSA).

-634 G/C PSA <10 ng/ml (N=178) PSA =10 ng/ml (N=150) PSA <10 vs. 210 ng/ml
VEGF

Frequency (%) OR (95% CI) p-Value  Frequency (%) OR (95% CI) p-Value OR (95% CI) p-Value
GG 42.7 1.00 (ref.) 40.67 1.00 (ref.) 1.00 (ref.)
GC 43.82 1.298 (0.85-1.98) 0.23 34.67 1.08 (0.68-1.72) 0.75 0.83 (0.51-1.35) 0.45
CcC 13.48 0.84 (0.47-1.52) 0.58 24.66 1.63 (0.95-2.80) 0.078 1.92 (1.04-3.55) 0.036
Allele G 64.61 1.00 (ref.) 58 1.00 (ref.) 1.00 (ref.)
Allele C 35.39 0.995 (0.75-1.33) 0.97 42 1.32 (0.98-1.77) 0.069 1.32 (0.96-1.81) 0.08

CI: Confidence interval; OR: odds ratio. Statistically significant results are highlighted in bold.

The next polymorphism we studied is localized at position ~ Orlandi et al. assumed that this polymorphism may increase
—634 in the 5’ untranslated region of VEGF gene. The the concentration of intracellular VEGF protein and thus
functional mechanism by which this polymorphism affects  change the response of patients to treatment (13). In our
prostate cancer cells has not been explained in any study yet.  study, we found no statistically significant association
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Table VI. Analysis of combination of five vascular endothelial growth factor (VEGF) polymorphisms and their association with prostate cancer.

Number of risky alleles* Control group (%) Prostate cancer (%) OR (95% CI) p-Value
0+1 8.29 5.35 1.00 (ref.)

2+43+4 25.81 25.55 1.53 (0.76-3.1) 0.23
5+6 4424 37.71 1.32 (0.67-2.59) 042
7+8 8.76 11.92 2.11 (0.93-4.78) 0.07
9+10 12.9 19.47 2.34 (1.1-4.98) 0.03

CI: Confidence interval; OR: odds ratio. Statistically significant results are highlighted in bold. *Variant alleles considered as risky: —2578C, 18

bp D, —460T, —634C and +936T.

Table VII. Analysis of combination of five vascular endothelial growth factor (VEGF) polymorphisms and their association with prostate cancer in

patients stratified according to Gleason score.

Number of risky alleles* Gleason score <7 (N=121)

Gleason score =7 (N=184)

Patients (%) OR (95% CI) p-Value Patients (%) OR (95% CI) p-Value
0+1 3.28 1.00 (ref.) 795 1.00 (ref.)
2+3+4 24.59 2.41(0.75-7.77) 0.13 27.81 1.13 (0.49-2.59) 0.78
5+6 40.16 2.29 (0.74-7.16) 0.14 41.72 0.98 (0.44-2.18) >0.99
7+8 10.66 3.08 (0.85-11.22) 0.08 15.90 1.89 (0.74-4.88) 0.18
9+10 21.31 4.18 (1.25-13.98) 0.015 6.62 0.54 (0.19-1.5) 0.23

CI: Confidence interval; OR: odds ratio. Statistically significant results are highlighted in bold. *Variant alleles considered as risky: —2578C, 18

bp D, —460T, —634C and +936T.

between the —634 VEGF polymorphism and risk of prostate
cancer development in patients overall. Langsenlehner et al.
similarly reported no association between this polymorphism
and aggressiveness of prostate cancer (Gleason score,
pathological stage and PSA) (16) or clinical recurrence of
disease (18). Unlike these results, Sfar et al. reported that the
combination of the CG with CC genotypes of —634 VEGF
was associated with an increased risk of prostate cancer
development (OR=1.95, p=0.02) in a Tunisian population.
They also observed a highly significant association of the GC
(OR=3.83, p=0.001) and CC (OR=4.89, p=0.004) genotypes
of this polymorphism with an increased risk of high-grade
disease (14). Similarly to these results, we found that the
frequency of the CC genotype of —634 VEGF was higher in
patients with prostate cancer with Gleason score =8 and in
patients with PSA =10 ng/ml compared to the control group.
On the contrary to previous study, we observed that the GC
genotype of —634 VEGF was associated with increased risk
of prostate cancer development in patients with Gleason score
<7. The results of previous studies point to the possible role
of this polymorphism in the development and progression of
prostate cancer.

The TT genotype of the polymorphism localized at the
+936 position in the 3’ untranslated region of VEGF was
reportedly associated with lower serum concentrations of

VEGF compared to the CC genotype in a healthy population
(25). Therefore, it is assumed that the +936 C/T VEGF
polymorphism might alter VEGF concentrations and thus
alter the response of patients to treatment (13). We found no
association between this polymorphism and the risk of
prostate cancer development or its aggressiveness (Gleason
score and PSA) similarly to other studies (14, 16).
Langsenlehner et al. also found no association of this
polymorphism with clinical recurrence of disease (18).

Although the individual VEGF gene polymorphisms had
no effect on the risk of prostate cancer development and
progression, the analysis of combinations of the studied
polymorphisms showed significant differences between
patients with prostate cancer and a group of healthy
individuals. The presence of 9 or 10 risky alleles of these
polymorphisms (-2578C, 18 bp D, —460T, —634C and
+936T) significantly increased the risk of prostate cancer. To
our knowledge, this is the first study on correlation of
combinations of VEGF polymorphisms with prostate cancer
development and prognosis.

In conclusion, our study may help clarify the role of
VEGF polymorphisms in the etiopathogenesis of prostate
cancer. Prostate cancer is a multifactorial disease and its
development and progression may be promoted not only by
VEGEF but also by various other factors. The identification
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of specific gene polymorphisms, or combinations of these
polymorphisms in selected genes, might contribute to earlier
diagnosis of the disease, as well as helping distinguish low-
risk from high-risk prostate cancer and thereby determine the
aggressiveness of prostate cancer.
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