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Abstract

Background: Hypercoagulable states (HS) can result from several different inherited and acquired disease
conditions that cause abnormalities in the genes, proteins and cellular factors involved in the coagulation
cascade. Novel insight into the molecular mechanisms involved in the coagulation pathways can provide a
framework to develop improved therapeutics to treat patients with coagulation disorders. Therefore,
investigating the genetic abnormalities present in patients with coagulation disorders can offer critical insight
into disease pathogenesis. Our study aimed to assess the promoter methylation patterns of the phosphatase and
tensin homologue (PTEN) gene as a potential underlying factor involved in HS.

Methods: To measure the differences between the mRNA expression of PTEN in HS patients and healthy
individuals we used qRT-PCR. Following bisulfite conversion, the promoter methylation status was analyzed
using methylation specific PCR. The two-tailed student t-test was used to analyze the quantitative data. The
data was considered statistically significant with a p value <0.05.

Results: Our findings reveal PTEN to be down-regulated by 30% in the blood samples of HS patients when
compared to healthy controls. The MSP data showed the PTEN promoter region to be un-methylated in both
patients and healthy individuals.

Conclusions: Since no differences in the methylation patterns of the PTEN gene was found between HS
patients and controls, this suggests that DNA methylation of the PTEN promoter may not be a significant
contributing epigenetic modification involved in the development HS. However, MSP may not be able to
detect subtle changes in DNA methylation status. Thus, using an alternative high resolution technique may
more accurately indicate differences in the PTEN promoter methylation status in HS patients.
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Introduction

The coagulation system is composed of wide
spectrum of cells and proteins that hold integral roles
in orchestrating the coagulation cascade in response
to blood vessel damage. Normally, the coagulation
system maintains a fine balance between the pro-
and anti-coagulation factors. The coagulation system

can reach an imbalanced state during a perioperative
period or times of critical illness. This imbalance
may be secondary to certain inherited or acquired
factors predisposing an individual to develop
thrombosis, otherwise known as a hypercoagulable
state (HS) (1).
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Several studies have shown a connection
between tumors and blood coagulation, such as the
occurrence of blood vessel remodeling and systemic
coagulopathy in various human cancers (2, 3). It has
been previously hypothesized that certain
aberrations in critical components involved in blood
coagulation, such as the over-expression of tissue
factor (TF) or thrombin receptor, PARL are
involved in certain cancers. These factors have
been shown to be regulated in part by the activation
of various oncogenic factors such as K-ras and
epidermal growth factor receptor (EGFR), or by
the inactivation of the tumor suppressor, p53 (4, 5).
Alterations to these oncogenic factors significantly
influences TF in both soluble and cell-associated
forms, which can lead to the development of HS
(6). Emerging evidence has supported a role for
additional genes including, PML-RAR alpha,
PTEN, and MET in cancer coagulopathies (7).

The PTEN (phosphatase and tensin
homologue) gene encodes for an enzyme that is
found ubiquitously in the tissues of the body. The
enzyme encoded by PTEN acts as a tumor
suppressor through regulating cell division
preventing rapid and uncontrolled cell growth and
proliferation. The PTEN enzyme holds a role in
mediating apoptotic signaling pathways, regulates
cell migration, adhesion, and enhances
angiogenesis (8). These functions may constitute
critical events in cancer coagulopathy,
angiogenesis, and tumor metastasis. Further
investigation into the molecular events underlying
HS will allow for improved therapeutic design
and treatment for HS patients (9). Evaluating the
molecular mechanisms by which PTEN is
regulated in HS patients may therefore provide
valuable information into the pathogenesis of HS.

Research has revealed a critical role for
epigenetic  modifications such as DNA
methylation, acetylation and phosphorylation, in
the development of HS (10, 11). Epigenetic factors
cause heritable modifications to gene expression
that can lead to the suppression or activation of
particular genes without directly altering the DNA
sequence (12, 13). Several lines of evidence have
highlighted the significant influence methylation-
based modifications have on the function of gene
promoter regions encoding for various clotting
factors (12, 14).
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Methylation of PTEN has been observed in a
variety of different human cancers displaying
highly abnormal DNA methylation patterns (15-
17). However, investigation into the PTEN
methylation pattern of patients with HS is quite
scarce. Thus, we aimed to examine the role of
PTEN in HS pathogenesis and investigate the
DNA promoter methylation patterns in HS
patients. Our results provide insight into the
molecular events that occur in patients with HS and
provide a framework for better therapeutic design
for these individuals.

Materials and methods

Clinical samples

The present study was a case-control study conducted
in Qazvin province, Iran. Of the 30 randomly selected
participants, 26 were HS patients and 4 were normal
individuals. Each participant provided written consent
and blood was collected from each individual. The
study was approved by the research ethics committee
of Qazvin University of Medical Sciences, Qazvin
Iran. Since heart or coagulation treatments and
medications such as warfarin, may interfere with the
methylation status of DNA, patients participating in
the study must not have received this kind of
medication. The healthy control group was selected
randomly among different age groups with no history
of HS, heart problems or coagulopathy.

Sample collection, DNA extraction, and bisulfite
conversion

Whole blood samples were collected using
vacuum  tubes containing K3-EDTA as
anticoagulant. The samples were used immediately
or stored at 4 °C for DNA extraction within 24
hours, or for RNA extraction within 2 hours. DNA
extraction from whole blood samples was
performed using a commercially available kit
(Gene ALL, Seoul, South Korea). The purity and
concentration of isolated DNA samples were
analyzed using a Nano drop device measuring the
ratio of A260/230 and A260/280, respectively.

The DNA samples were then treated with
bisulfite using the fast bisulfite kit (Qiagen,
Frankfurt, Germany) according to the
manufacturer’s instructions. Bisulfite conversion
is a process during which the non-methylated
cytosine residues convert to uracil, while the 5-
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methylcytosine residues remain intact. This
provides a platform to distinguish converted
from intact bases, allowing the methylation
status of the target DNA segment to be
examined.

Methylation specific PCR (MSP)

To differentiate between methylated and un-
methylation cytosine bases we carried out
Methylation specific PCR (MSP), which provides
a high resolution result of DNA methylation. The
specific primers for determining the methylated
and un-methylated status of the promoter segment
were designed using MethPrimer design tool
(http:/Amwww.urogene.org/Methprimer/index1.html)
The primers were designed such that the sequence
around the transcription start site (TSS) was
preferentially amplified. A DNA sample treated

with the Sss1 Methylase enzyme was used as
positive methylated sample control.

To conduct the MSP reactions, the polymerase
chain reaction for PTEN-UM and PTEN-M were
carried out in a 50 pL volume containing 1%
polymerase chain reaction buffer (15 mmol/L
MgCI2), 2.5 mmol/L mixture of dNTPs, 10 pM of
each primer, 4 U HotStart Tag DNA polymerase
(Qiagen, Frankfurt, Germany), and 25 to 50 ng of
bisulfite-modified DNA. Amplification was
performed in a thermocycler with the following
conditions: 95 °C for 15 minutes, cycled at 94 °C
for 30 seconds, 60 °C for 1 minute, and 72 °C for
30 seconds (40 cycles) followed by extension at 75
°C for 5 minutes. The reaction samples were then
resolved in a 2% agarose gel to visualize the
products. The nucleotide sequences of the primers
used in the MSP reactions are listed in Table 1.

Table 1. Specific primer used to amplify the methylated and un-methylated pattern of PTEN gene promoter region. of treated DNA
Primer forward and reverse sequence for MSP technigque and PTEN expression. MF: methylated forward; MR: methylated reverse; UF:

unmethylated forward; UR: unmethylated reverse.

Primer 5’ to -3’ sequence

MF S-GTTTGGGGATTTTTTTTTCGC-3'

MR 5-AACCCTTCCTACGCCGCG-3'

UF S-TATTAGTTTGGGGATTTTTTTTTTGT-3'
UR 5-CCCAACCCTTCCTACACCACA-3'

Total RNA isolation and quantitative real-
time PCR (QRT-PCR)

Total RNA was extracted from the control and
patient samples using a commercially available
column-based kit (Gene ALL, Seoul, South Korea)
to measure the quality and concentration of RNA.
The Nano drop technique was used by examining
the ratio of light absorption at a 280/260 nm
wavelength. Reverse transcription was performed
with 1 pg of total RNA. To synthesize cDNA, the
Thermos Scientific™ kit was used according to

manufacturer's instructions.

The gRT-PCR was performed using the Rotor
Gene 6000 PCR machine (Corbett). The reactions
were performed using the Amplicon PCR Master
Mix. The normalized values of MRNA levels were
calculated by comparing -Actin expression levels
as the housekeeping gene using the 2-AACT
method. Test specificity was verified via melting
curve analysis and agarose gel electrophoresis. The
primer sequences used in gRT-PCR are listed in
Table 2.

Table 2. The primer sequences for relative quantification of PTEN gene by gRT-PCR.

Primer 5’ to -3’ sequence
Human PTEN Forward 5S-CCGAAAGGT TTT GCT ACCATT CT-3'
Human PTEN Reverse S-AAAATTATTITCCTTTCTGAGCATTCC3'
Human p-actin Forward 5-CCT GTACGC CAACAC AGT GC-3'
Human p-actin Reverse “ATACTCCTGCTT GCT GATC-3
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Statistical analysis

For all the quantitative data, the mean value + one
standard deviation is shown. Statistical analysis for
each set of experimental means was performed
using Graph Pad Prism. A two-tailed Student’s t-test
was used and P-values less than or equal to 0.05
were considered to be of statistical significance.

Results

In the sample population of HS patients, 16 subjects
were shown to have HS due to the presence of
Factor 5 Leiden. Five samples were found to have
defects in anti-thrombin, while 3 HS patients had a
deficiency in protein C and S which (Table 3).

PTEN gene methylation

The MSP data showed that PTEN methylation
remained stable among different phenotypes of HS
(various ages, genders and the underline causes).
Analysis of band intensities showed that the
methylation pattern of PTEN displays an un-
methylated status among the HS patients and
normal individuals. This was determined by
observing very sharp product intensities with un-
methylated primers and a weak or invisible band
intensities for the methylated primers. Our
observations suggest an un-methylated status of
CpG Islands in the selected PTEN promoter region
(Figs. 1and 2).

Table 3. The most prevalent cause of HS development in the patients under study.

Cause of HS Male Female
Average adult age 45 52

Average child age 12 11

Factor 5 Leiden defects 34% 26%

Anti-thrombin defects 14% 9%

Pro C and Pro S deficiency 8% 5%

Other reasons 1% 3%

Hb average 10.3 94

ladder child with HS e coner ., Healthy group

MET UN-MET MET UN-MET

270 bp

MET UN-MET MerT UN-MET mer UN-MET

Fig. 1. MSP product from PTEN gene in pediatric subjects; Met: the reactions where the methylated primer was used; Un-met: the

reactions where the Un-methylated primer was used).
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Adults With HS

Un-Met Met Un-Met

Met Control

Met

Un-Met Negative
contol contol

Healthy group

Un-Met

Un-Met Mét  Un-Met Met

Un-Met Met

Fig. 2. MSP product from PTEN gene in adult; Met: the reactions where the methylated primer was used; Un-met: the reactions where

the Un-methylated primer was used).

The expression of PTEN

The PTEN gene expression levels were
measured using mMRNA relative quantification
normalized for B-Actin expression levels. As
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shown in Figure 3, gqRT-PCR analysis revealed
that the level of PTEN was down-regulated by
30% compared to normal individuals.
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Fig. 3. Comparing PTEN expression in patients with HS and healthy control group; as it is observed, the PTEN is down regulated in HS
patients (in comparison to control group) by mean factor of 0.702. Analyzing CT in graph pad (right) software reveals the significance of

change in PTEN expression by p value<0.05.

Discussion
Several lines of studies have supported the aberrant
gene expression pattern and wide range of genetic
abnormalities in  the patients  with
hypercoagulability status (HS). In this regard, we
attempted to clarify the possible contribution of
promoter methylation on the PTEN expression- as
a common deregulated gene- in the HS patients,
and demonstrated that despite 30% decrease in
MRNA expression levels, PTEN is not a target of
DNA hypermethylation in the subjects.

DNA methylation primarily occurs at CpG
sites, and the majority of cytosine residues are

methylated in mammals. However, there are
regions of DNA near the promoter of genes that
have a higher concentration of CpG sites, known as
CpG islands which are not methylated in normal
cells while highly methylated in cancer cells. This
change in DNA methylation is considered an
epigenetic modification commonly found in
tumors and marks the early stages of cancer
development. Hypermethylation of CpG islands
has the potential to turn off wvarious tumor
suppressor genes and therefore initiate cancer
development (18, 19). Hypermethylation of tumor
suppressor genes has been shown to occur in a
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variety of human cancers (20). Abnormalities in
cellular function as a result of tumor-related
changes has the potential to trigger coagulopathy.
Several studies have aimed to understand the
function of tumor suppressor genes and their role in
coagulation disorders such as HS (2, 3). In this
study, we aimed to determine how the PTEN
tumor suppressor gene is dysregulated in HS
patients and examine the potential role for DNA
methylation. Although our findings revealed a
down-regulation of PTEN expression in HS
patients, examination of the promoter region of
PTEN via MSP showed no changes in the
methylation patterns in the HS samples compared
with controls.

Our results suggest that the changes in PTEN
expression in HS may be due to mechanisms other
than DNA methylation at the promoter region.
However further investigation is needed to confirm
this observation. Using methylation-based
methodologies with higher resolution may be able
to reveal subtle changes in methylation levels,
which are hard to distinguish using the MSP
technique. Assessing histone modifications and
other epigenetic modifications may provide insight
into the epigenetic-based changes controlling
PTEN gene regulation in HS.

Treatments capable of reversing the epigenetic
changes of patients, such as inhibitors of histone
de-acetylation (HDAC inhibitors) and de-
methylated factors (DNMT inhibitors), provide an
opportunity to reverse harmful gene expression
patterns. The relationship between epigenetic
modifications and malignant and normal
hematopoiesis has gained attention over the recent
years. Several lines of evidence support a positive
role for epigenetic therapies, such as DNA-
demethylating drugs which can act on gene
promoter regions encoding for clotting factors and
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