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Frequency of Factor V Leiden, Prothrombin
G20210A and MTHFR C667T Mutations in
Beta-Thalassemia Patients Compare with
Normal Individuals from North of Iran
Abstract
Background: Thrombophilia is an abnormality of blood clotting due to both
genetic and non genetic factors. Among genetic causes, Factor V Leiden (R506Q),
G20210A in prothrombin, and C667T in methylenetetrahydrofolate reductase
(MTFHR) mutations are more important. The purpose of this study was to define
the frequency of these three risk factors among normal individuals and betathalassemia from Mazandaran, a province in north of Iran.
Methods and findings: In this study, 105 normal individuals (as control) and 158
patients with beta-thalassemia were investigated in Sari, Mazandaran province.
After DNA extraction, genotyping for three genes was determined using PCRRFLP methods. Frequency of the FV Leiden was 4.8% in normal control and
4.43% in beta-thalassemia cases, respectively. C667T allele frequency (allele T)
in the MTHFR gene was 45.19% and 36.70% in normal and patients, respectively.
Frequency of G20210A variant in normal control was 0.96 percent, but it was not
seen in patients.
Conclusions: The results of this study showed no significant rates among the
beta-thalassemia patients and normal individuals regarding the three genetic
thrombophilia risk factors in this population. So these three genetic variants are
not the cause of higher thrombotic risk among the beta-thalassemia patients from
the Mazandaran province in Iran.
Keywords: Factor V Leiden; Prothrombin G20210A; MTFHR C667T; Thrombosis;
Thalassemia

Introduction
Thrombosis is one of the most common causes of mortality
and morbidity, in which multiple interactions between genetic
and environmental factors contribute to the development of
the disease [1]. Age, obesity, long immobility; surgery, cancer,
and pregnancy are the most environmental factors that make
a person susceptible to thrombosis. There are two sets of
genetic mutations which are involved in thrombosis. First group
includes the mutations that result in reduction at the level of
anti-thrombotic proteins (like the mutations at Antithrombin3, S
and C proteins) [1,2]. 5-10% of patients with venous thrombosis
hold mutations in these genes [3-5]. Second group consists
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of the mutations which increase the level of prothrombotic
proteins, like mutation at Factor V Leiden (G1691A), prothrombin
G20210A, and MTHFR C677T variants [6-9].
Individuals with the Factor V Leiden mutation (A1691G; R506Q)
are resistant to activated protein C and more susceptible to
venous thrombosis. Factor V Leiden is the most prevalent
inherited factor causing thrombosis with autosomal dominant
segregation pattern. Compared with normal people, patients who
are heterozygous for this mutation are almost 3% to 5% more
susceptible to thrombosis, but those with homozygous form of
the mutation, are significantly higher prone to the disease (50% to
100%) [9-13]. The second common polymorphism among patients
with thrombosis is a mutation in the 3’UTR of the prothrombin
gene (G20210A) which was described for the first time in 1996.
Individuals with this mutation have the risk of developing
thrombosis three times more than normal ones [8-14]. Another
factor which can cause thrombotic is hyper homocysteinemia.
Decreasing the function of methylenetetrahydrofolate reductase
(MTHFR), an enzyme that converts homocysteine to methionine,
causes hyper homocysteinemia. C667T mutation reduces the
MTHFR enzyme’s function and increases the risk of thrombosis
[15].
Many studies have shown that patients with beta-thalassemia,
have a higher risk for thrombosis than normal individuals. Also
thrombosis is more prevalent among splenectomized patients
[16,17]. Thrombotic repeatedly have been reported among betathalassemia patients with diabetes, heart and lung Abnormalities,
hypothyroidism, liver abnormalities, and splenectomy. Some
thalassemia patients are susceptible to splenectomy, and suffer
more from morphological abnormalities in platelets, which lead
to increased risk for thrombosis [18,19]. A research was done
in seven countries and the risk of thrombosis was investigated
among thalassemia patients. The result indicated that 4.9% of
beta-thalassemia patients had thrombosis experiences [20]. In
this study, we have investigated the prevalence of three genetic
risk factors of thrombophilia among beta-thalassemia patients,
the most prevalent genetic diseases in Iran and in Mazandaran
compared with normal individuals.

Material and Methods
Patients
This is a descriptive cross sectional study. The study population
consisted of 158 individuals whose diagnosis of thalassemia
and was registered in the department of thalassemia, Bali Sina
hospital, in Mazandaran province, north of Iran. Also 104 healthy
blood donors and university staffs as a control group with the
age between 20 to 40 years were recruited. Among the cases,
84 were men with the mean age of 28.5 ± 9 (ranging from 12 to
49), and 74 women with the mean age of 28.1 ± 10.7 (ranging
from 13 to 52). Some of the patients were spleenctomized,
which were at higher risk for thrombosis. Some other patients
came to department for blood transfusion regularly. This study
was approved by the Institutional Review Board and Ethics
Committee of Mazandaran University of Medical Sciences, Iran.
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DNA extraction
Blood samples were collected in EDTA for all 262 subjects and
Genomic DNA was isolated from whole blood by a modified
Nucleon BACC II method from whole blood (Tepnel Life Sciences,
Manchester, UK). Concentration and purification of extracting
DNA were measured using a UV spectrophotometer and samples
were stored at -20°C.

Genotyping and molecular studies
All samples were tested for Factor V Leiden, G20210A in
prothrombin and C667T in MTHFR gene using PCR-RFLP
method. 1-2 μl of extracting genomic DNA was amplified by
Taq DNA polymerase, and each PCR reaction contained 10
mm Tris (PH=8.3), 50 mm KCL, 1.5 mm MgCL2, 200 μM each
deoxynucleoside triphosphates (dATP, dCTP, dTTP, and dGTP),
0.25 mg of forward and reverse primers, and 1U Taq DNA
polymerase (Cinnagen, Iran) in a total volume of 25 μL. PCR
products were treated by digestion with restriction enzymes.
For the detection of each mutation, we used PCR reaction with
specific primers and the unique restriction enzyme. In brief,
7 to 10 μL of each PCR product was digested with restriction
enzyme overnight. Finally, the digestion products were loaded
on 10% polyacrylamid gel and stained with Ethidium bromide.
A. PCR products of Factor V Leiden run on 10% polyacrylamide
gel after digesting with Mnl I restriction enzyme. Samples 3 and
4 are heterozygous and showing two bonds for 160 and 200 bp.
Sample 2 display a normal individual with three bonds for 37, 53
and 160 bp. Bonds 37 and 53 bp are not seen in the picture. PCR
products of prothrombin (G20210A) run on 10% polyacrylamide
gel after digesting with Hind III restriction enzyme. Sample 2 is
a heterozygous with three bonds of 23, 322 and 345 bp. Other
samples are normal showing just one bond in 345 bp. Bond 23
bp is not seen in the picture. PCR products of MTFHR (C667T) run
on 10% polyacrylamide gel after digesting with Hinf I restriction
enzyme. Samples 1 and 2 are from normal individuals, showing a
328 bp only. Sample 3 is a heterozygous with three bonds of 155,
173 and 328 bp. Sample 4 demonstrates a mutant homozygous
with two bonds in 155 and 173 bp (Figure 1A-1C).
FV Leiden genotyping: Amplification was carried out for 35 cycles
of 60 seconds at 95°C, 1 minute at 62°C, and 1 minute at 72°C,
with a final extension for 10 minutes at 72°C. A denaturation
step at 94°C for 5 minutes at the beginning was applied to all
DNA samples. PCR products were run on 10% polyacrylamide gel
followed by ethidium bromide staining. A DNA fragment of 250
bp was produced. The amplified fragments were digested with
Mnl I restriction enzymes.
G20210A genotyping: To detect G20210A mutation, amplification
was carried out for 35 cycles of 60 seconds at 95°C, 1 minute at
60°C, and 1 minute at 72°C, with a final extension for 5 minutes at
72°C. A denaturation step at 94°C for 5 minutes at the beginning
was applied to all DNA samples. A DNA fragment of 345 bp
was produced as the PCR product. The amplified fragments for
detection of mutation were digested with HindIII restriction
enzyme. PCR products were run on 10% polyacrylamide gel
electrophoresis followed by ethidium bromide staining.
This article is available in: http://www.imedpub.com/journal-genomics-gene-study/
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studied using Hardy-Weinberg principle. For the investigation of
any correlation between patients and control group, a chi-square
(χ2) statistical analysis was used and statistical significance was
assumed at the P<0.05 level.

Results

Figure 1 Polyacrylamide gel electrophoresis results
for FV, MTHFR and Prothrombin variants.

C667T MTHFR genotyping: In order to detect C667T mutations,
amplification was carried out for 35 cycles of 60 seconds at 95°C,
1 minute at 60°C, and 1 minute at 72°C, with a final extension for
5 minutes at 72°C. A denaturation step at 94°C for 5 minutes at
the beginning was applied to all DNA samples. PCR products were
run on 8% polyacrylamide gel followed by ethidium bromide
staining. A DNA fragment of 328 bp was produced by the relevant
primers. Like two previous factors, the amplified fragments for
the detection of mutation were digested with Hinf I restriction
enzyme. Table 1 indicates the genotyping details for all three
investigated variants.

Statistical Analysis
The allelic frequencies and the genotype frequencies were

158 thalassemia patients and 104 healthy individuals were
studied for three genetic risk factors. Table 2 represent the
genotype distribution achieved in this study. Seven thalassemia
patients were heterozygous for factor V Leiden, as well as 3
heterozygous and 2 homozygous in control individuals. There
was no thalassemia patient, with G20210A mutation, but one
person among 104 control individuals has been heterozygous for
this mutation. For C667T MTHFR, from 104 normal individuals,
44 were heterozygous and 3 were homozygous for TT, while in
patients, 49 were heterozygous and 9 homozygous, respectively.
The allele frequencies for FV Leiden (A1691G), was 4.8% and
4.43% in normal and thalassemia patients, respectively using
Hardy–Weinberg equilibrium. The allele frequency of the
mutant allele (T) for C667T in normal and thalassemia patients
was 45.19% and 36.70%, respectively. Also the frequencies of
the mutant allele (A) for G20210A in prothrombin gene were
0.96% and 0.0% in normal and patients, respectively. The
current study has shown that 49.77% of normal individuals and
41.13% of thalassemia patients have at least one of these three
mutations which are thrombotic risk factors. In fact, 6/77% of
patients had thrombotic experiences, and 42.37% of them were
splenectomized. We found one patient who was heterozygous
for both Factor V Leiden and C667T mutations, but this case had
no experience of thrombosis.

Discussion and Conclusion
Previous studies showed that thromboembolic has increased in
patients with thalassemia. For example, an investigation in Italy
revealed thrombosis in 29% of the thalassemia patients that did
not transfuse blood regularly and 2 percent of beta-thalassemia
major patient [21]. The disorder was more prevalent among
splenectomized thalassemia patients. It is also observed that
venous thromboembolism like pulmonary embolism, deep vein
thrombosis (DVT), and portal vein thrombosis are more common
among thalassemia patient especially in intermediate patients
[22]. Zeinali et al. investigated the frequency of thrombolytic
mutations, including Factor V Leiden and prothrombin (G202010A)
in normal individuals in Tehran, Iran. They observed that 5.5%
(allelic frequency 2.7%) of participants were heterozygous
for Factor V Leiden and 3.1% (allelic frequency 1.5%) were

Table 1 List of primers, PCR products length and restriction enzymes used in genotyping of FV, MTHFR and Prothrombin variants. Also, PCR fragment
sizes after enzyme digestion are shown in the table for each genotype.
Gene/variant
FVL-F
FVL-R
MTHFR-F
MTHFR-R
Prothrombin-F
Prothrombin-R

Specific primers
5'-CCATACTACAGTGACGTGGA-3'
5'-AATGTTATCACACTGGTGCTA-3'
5'-AGGACGGTGCGGTGAGAGTG-3'
5'-AGTCCCTGTGGTCTCTTCAT-3'
5'-TCTAGAAACAGTTGCCTGGC-3'
5'- ATAGCACTGGGAGCATTGAAGC-3'

© Under License of Creative Commons Attribution 3.0 License

PCR product length (bp)
250

Restriction enzyme
Mnl I

328

Hinf I

345

Hind III

Fragment lengths (bp)
Normal: 160, 53,37
Mutant: 200, 50
Normal: 328
Mutant: 173, 155
Normal: 345
Mutant: 322, 23
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Table 2 The prevalence of genotypes and allele frequencies for tree
thrombotic risk factors among thalassemia patients and normal individuals
in north of Iran.
Variants
Factor V Leiden (G1691A)
Total cases
Homozygous Mutant (AA)
Heterozygous Mutant (GA)
Homozygous Normal (GG)
Frequency of mutant allele (A)
Prothrombin (G20210A)
Total cases
Homozygous Mutant (AA)
Heterozygous Mutant (GA)
Homozygous Normal (GG)
Frequency of mutant allele (A)
MTHFR ( C667T)
Total cases
Homozygous Mutant (TT)
Heterozygous Mutant (CT)
Homozygous Normal (CC)
Frequency of mutant allele (T)

Thalassemia
patients

Normal control

158
0
7
151
4.43%

104
2
3
98
4.80%

158
0
0
158
0

104
0
1
103
0.96%

158
9
49
100
36.70%

104
3
44
57
45.19%

heterozygous for prothrombin (G202010A) [23]. In our report, the
number of individuals who were heterozygous for Factor V Leiden
in normal cases is lower than Zeinali’s population, but the allelic
frequency of this mutation is a little higher (4.8%). Moreover,
the frequency of prothrombin (G202010A) in Mazandaran
province (allelic frequency (0.96%) is lower compared to Tehran’s
population. Rahimi et al. illustrated that in the west of Iran,
the prevalence of prothrombin (G202010A) was 1.3% among
thalassemia major, and 3.3% among normal individuals, while
no one with thalassemia intermedia had this mutation [24].
This study confirmed another investigation by Karami et al. in
2007, that reported 3% prevalence of factor V Leiden, among 60
thalassemia intermedia patients from the same area in the north
of Iran [25]. The prevalence of MTHFR (C667T) polymorphism
among thalassemia patients was reported 93.2%, and 48.3%
among normal individuals from western Iran [24]. Frequency
achieved in this study was similar in normal individuals. Although
our findings confirmed that the prevalence of this mutation
is high among Iranians. In Italy, the prevalence of thrombosis
among thalassemia patients was reported 13.55% [21]. In our
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study, 6.77% of patients had thrombosis experience. In Lebanon,
heterozygous frequency of factor V Leiden was reported 14% in
thalassemia patients and 12.4% in healthy individuals while we
found 4.43% heterozygous in thalassemia patients and 4.8% in
healthy individuals respectively, that are lower the prevalence
compared with Lebanon [26]. A same study in Turkey declared
that the prevalence of factor V Leiden in healthy individuals was
6%, which is close to report in this study [27]. Study of these three
common genetic factors in thrombosis for both prevalence and
causative role is still in progress in many areas which indicates the
importance of them in coagulation disorders [10,14,28-30]. Even
some other investigations which include Factor V, prothrombin
(G202010A) and MTHFR (C667T) in another diseases have been
conducted, represented the relevance of thrombosis genetic
components and other maladies [31,32].
Since there is no difference in the frequency of thrombosis
genetic risk factors between thalassemia patients and healthy
individuals, the higher incidence of thrombotic event among
thalassemia patients could be considered as a result of other
components including: splenectomy, severe anemia, and
deficiency in the action of coagulating factors [33]. Although,
our study has showed that the higher incidence of thrombosis
is not because of investigated mutations, yet it is suggested
that thalassemia patients with these mutations should be under
control.
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