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Risk of prostate cancer and
thrombosis-related factor polymorphisms
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Abstract. Venous thromboembolism (VTE) is a complication
commonly encountered in cancer patients and is considered
to be a major cause of morbidity and mortality. The genetic
polymorphisms of thrombophilic factors in cancer patients
have been focused on during the last few years. However, the
number of available studies on the association between pros-
tate cancer and thromboembolic diseases is limited. Prostate
cancer is one of the four major types of cancer and its devel-
opment is affected by a variety of environmental and genetic
factors. In the present study we aimed to focus on the effects of
thromboembolic factor gene variations on the risk of prostate
cancer. In order to conduct our prospective study, we used
amplification-refractory mutation system-polymerase chain
reaction to investigate three polymorphisms [factor V Leiden
(FVL) G1691A, factor II (prothrombin, PTH) G20210A and
methylenetetrahydrofolate reductase (MTHFR) C677T]
in prostate cancer patients, via comparison with normal
individuals. The results demonstrated no significant differ-
ences in FVL and PTH gene variations between cases and
controls (P>0.05). Although some cases with the T allele
of MTHFR 677 were identified, no significant solidarity
was established by statistical analysis (P>0.05). Therefore,
non-genetic factors that may disturb homeostatic balance
should also be considered in future studies, in order to deter-
mine the exact association between VTE and prostate cancer.

Introduction

Cancer and thrombosis are closely interwined, as the coagu-
lation system may affect tumor angiogenesis (1) and cancer
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may constitute a risk factor for thromboembolic diseases (2).
Several factors mediate this interaction, although the most
extensively investigated mediators between these two disor-
ders are the platelets, which play a double-edged role in the
interplay between thrombosis and cancer. First, platelets are
optimal carriers of growth factors to tumor cells. In addition,
platelets may coat circulating tumor cells, protecting them
from the immune system and assisting their invasion. Second,
the prothrombotic properties of platelets may be stimulated
through a cascade triggered by tumor cells (3).

Prostate cancer is the second most common cancer
among men worldwide and the sixth most common cause
of cancer-related mortality. As it is common in developed
countries and its incidence is on the increase in developing
countries (4), there is a pressing need for novel treatments
and prediagnostic strategies for prostate cancer. Phylogenetic
studies demonstrated a strong genetic basis for the incidence
of this type of cancer (5), which may divert our studies to the
genetic field. There have been several genetic studies on prostate
cancer, particularly in the field of genetic variation research (6).

Thrombosis-related factor genetic variations have been
recently focused on due to their effect on cancer (7). Although
the interactions between thrombosis and prostate cancer is
well established (1,2), the number of available studies on the
variations of thrombosis-related factors in patients with pros-
tate cancer is limited (2). In this study, we focused on this area
by evaluating the most common genetic variations of three
factors: factor V Leiden (FVL), factor II (prothrombin, PTH)
and methylenetetrahydrofolate reductase (MTHFR) enzyme.

The MTHFR enzyme, which is encoded by the MTHFR
gene, is one of the factors of the coagulation system. A C-T
polymorphism at nucleotide 677 in the MTHFR gene leads
to increased levels of homocysteine, which is a risk factor
for thrombosis (8). The other most extensively investigated
thrombosis-related factors are FVL and PTH. FVL and
PTH gene variations have been associated with protein C
resistance, which is also a significant risk factor for venous
thromboembolism (VTE) (7). MTHFR, FVL and PTH gene
polymorphisms have been associated with different types of
cancers (1,9); however, there is a relative lack of studies on the
association of these polymorphisms with prostate cancer. Our
study aimed to evaluate the presence of FVL G1691A, PTH
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Table I. Primer set sequences.

Amplicon
Gene Sequence of forward primer Sequence of reverse primer size (bp)
Prothrombin 5'GCACTGGGAGCATTGAGGATc3™ 5S'TCTAGAAACAGTTGCCTGGCAG3' 34
Factor V
Leiden 5'GCAGATCCCTGGACAGACg3"™ 5'GGACTACTTGACAATTACTGTTCTCTTG3' 152
MTHFR 5'AAGCTGCGTGATGATGAACTt3"™ S'TTGGAAGGTGCAAGATCAGAG3' 226
Hemoglobin
subunit 3 5'GTGCACCTGACTCCTGAGGAGA3Z' 5'CCTTGATACCAACCTGCCCAG?3' 102

“Lowercase nucleotides are showing the position of a variable nucleotide in each primer set, which distinguishes between normal and mutant

primers. MTHFR, methylenetetrahydrofolate reductase.

Table II. Genotype frequency among cases and controls.

MTHFR C677T Prothrombin G20210A FVLGI691A
Groups CC (%) TC (%) GG (%) AG (%) GG (%)
Cases 27 (90.0) 3(10.0) 29 (96.7) 1(33) 30 (100.0)
Controls 34 (85.0) 6 (15.0) 40 (100.0) 0 (0.0) 40 (100.0)

MTHFR, methylenetetrahydrofolate reductase; FVL, factor V Leiden.

G20210A and MTHFR C677T polymorphisms among Iranian
prostate cancer patients.

Materials and methods

Subjects. A total of 30 patients and 40 controls were recruited
from Hashemnejad Hospital, Tehran, Iran. The patients
enrolled in the study had prostate-specific antigen (PSA)
levels >20 ng/ml, Gleason scores >7 and a median age of
64 years (range, 49-78 years). The selected controls had PSA
levels of <4 ng/ml and were of the same median age.

All the clinical procedures were approved by the local Ethics
Committee of Hashemnejad Hospital and the participants
provided informed consent prior to their inclusion in the study.

Methods. Genomic DNA was extracted from peripheral
blood samples obtained from the cases and controls using
standard protocols. The amplification-refractory mutation
system (ARMS) was used to determine the single-nucleotide
polymorphisms (SNPs) in each sample. In addition to
designing the ARMS-polymerase chain reaction (PCR) primer
sets for each gene polymorphism, we used the primer pairs
for amplifying the hemoglobin subunit § gene in each sample
to provide an internal control (Table I). The PCR cycles were
conducted using Flexigene (Techne Corporation, Minneapolis,
MN, USA). The amplification programs for each primer pair
are described below.

All the PCR procedures were performed in a total volume
of 25 ul. The PCR reaction for MTHFR consisted of an initial
denaturation step for 5 min at 94°C, followed by 35 cycles of

denaturation for 40 sec at 94°C, 50 sec of annealing at 62°C
and an extension step at 72°C for 45 sec. To amplify FVL,
PCR was performed under the following conditions: initial
denaturation at 94°C for 5 min and 35 cycles with 3 segments
of denaturation at 94°C for 1 min, annealing at 60°C for 1 min
and extension at 72°C for 30 sec. For SNP analysis of the
PTH gene, PCR consisted of an initial denaturation at 94°C
for 5 min and 35 cycles with 3 segments of denaturation at
94°C for 1 min, annealing at 60°C for 1 min and extension at
72°C for 1 min. All the PCR reactions terminated with a final
elongation for 5 min at 72°C.

The PCR products were separated using electrophoresis
on 2% agarose gel supplemented with SYBR-Green for DNA
product visualization under UV light.

Statistical analysis. The statistical analysis was performed
using SPSS software, version 19.0 (SPSS Inc., Chicago, IL,
USA). Allelic and genotypic associations were evaluated by
the Chi-square and Fisher's exact tests.

Results

SNP detection. We successfully detected the three previously
described SNPs (rs1801133, rs6025 and rs1799963) in 30 pros-
tate cancer patients and 40 healthy individuals that were used
as controls. The distribution of the genotype frequencies
of FVL G1691A, PTH G20210A and MTHFR C677T are
presented in Table II.

FVL mutations. FVL mutations of the homozygous or
heterozygous genotype were not detected in any of the cases



or the controls. All the subjects were found to be normal
homozygous.

PTH mutations. There were no statistical differences
between the two groups with regard to PTH G20210A muta-
tion (P=0.429). However, the heterozygous form was detected
in one patient (3.3%).

MTHFR mutations. The MTHFR C677T genotype hetero-
zygous mutation was detected in 3 cases (10%) and 6 controls
(15%). However, there was no statistically significant asso-
ciation between this mutation and the risk of prostate cancer
(P=0.404).

Discussion

Prostate cancer is the most common type of cancer among
men (10). Therefore, there is a need for novel prevention
and treatment strategies for this disease. Although there are
certain clinical prostate cancer diagnostic tests available,
such as the measurement of PSA or early prostate cancer
antigen-3 levels (11,12), a prediagnostic genetic test is required
to screen unsuspected cancers. Accordingly, over the last few
decades, scientists have focused on linking SNPs to prostate
cancer and several SNPs that substantially affect the risk of
prostate cancer were identified (6).

In addition, the interactions between different types of
cancer and VTE factor gene variations have been estab-
lished (1,9,13).

The association of the MTHFR 677TT genotype with
certain types of cancer, such as an elevated risk for thyroid
carcinoma (14), bladder cancer in a Turkish population (15)
and a reduced risk of colorectal cancer (13), was previously
demonstrated. However, Jakubowska et al (16) reported no
association between MTHFR 677 polymorphisms and breast
cancer and Kang ef al (17) observed no differences in the distri-
bution of this variant in colorectal cancer patients compared to
normal individuals. Our results also demonstrated no interac-
tion between prostate cancer and the MTHFR variant in the
Iranian population. Although the higher frequency of the
TT genotype of MTHFR 677 in the control group did not reach
a statistical significance, it may complicate the interactions
between thrombosis and prostate cancer. The substitution of
T in nucleotide 677 of the MTHFR gene produces an enzyme
with reduced activity and results in an increase in the levels of
homocysteine (18). Hyperhomocysteinemia is also a signifi-
cant risk factor for thrombosis (8). The presence of an allele
which leads to thrombosis in our control group rather than the
case group was an interesting issue and our data should be
extended to address this issue more confidently. In addition,
this polymorphism should be evaluated in prostate cancer
under different conditions, such as surveying the variant in
patients with and without VTE. Another example is the study
of Ozkan et al (9) that acclaimed a significant difference
between cancer patients with and without thrombosis in terms
of the presence of the MTHFR mutation.

An increased risk for colorectal cancer was previously
demonstrated for homozygous carriers of the FVL poly-
morphism compared to non-carriers (19). In addition, the
contribution of FVL mutations in the oncogenesis of oral
cancer was demonstrated by Vairaktaris et al (1). Our study
did not identify such an interaction with prostate cancer. The
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direct outcome of this finding was that the FVL G1691A poly-
morphism does not affect the risk of prostate cancer. However,
two points should be considered. First, this polymorphism
has been a subject of controversy. Although no association
was reported between FVL mutations and cancer patients
by Ozkan et al (9), a significant effect of FVL on throm-
bosis in patients with malignant diseases was established by
Pihusch et al (20). Second, the SNP allele frequencies vary
significantly between human populations. This controversy
may result from the differences between the studied popula-
tions. In the Iranian population assessed by the present study,
there was no observed association between FVL mutations
and prostate cancer; however, data collection from other popu-
lations is required to verify this null association.

PTH G20210A carriers were shown to be at reduced risk
for colorectal cancer in a German population (19). However,
Ozkan et al (9) reported no significant association between
PTH mutations and cancer, there was no association with lung
cancer (21) and we did not observe any significant interaction
in Iranian prostate cancer patients. These data indicate that
PTH G20210A is not significantly associated with cancer.
However, similar to FVL, allele frequencies from different
population must be assessed to verify our conclusions.

In conclusion, this study revealed no association
between the risk of prostate cancer and the most significant
thrombosis-related factor gene polymorphisms in an Iranian
population. However, although we were unable to demonstrate
such an association, a large and prospective study may yield
different results.
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