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abstract 

Introduction: Venous thrombosis is a multifactor disease with high incidence in the population. The development of this disease is closely 
linked to the presence of environmental and genetic factors and may occur in combination or alone. Among the various genetic mutations 
that may predispose to a thrombotic event, the most frequent in the population is the G1691A mutation in clotting factor V, known as factor 
V Leiden (FVL). This mutation brings the phenotype known as activated protein C resistance, leading to a hypercoagulable state, which 
increases the risk of thrombosis. Objective: To investigate the presence of FVL in individuals with history of venous thrombosis, and as the 
control group, individuals with no history of the disease. Method: The method used was the polymerase chain reaction (PCR) followed by 
restriction fragment length polymorphism (RFLP). Results: The results showed mutation prevalence of 21.5% in heterozygosity in patient 
group; no individuals with mutated homozygous were identified. The results also showed a high recurrence rate among the mutation 
carriers. Conclusion: In conclusion, the research of mutation on factor V has strong impact on investigation of venous thromboembolism, 
in order to elucidate the etiology of the event, and in treatment and in prophylaxis against the recurrence.    
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Introduction

Venous thrombosis is a pathology with high incidence in 
the population and is a serious health problem due to its high 
morbidity, if not recognized and treated early and effectively. Its 
major complication is when the thrombus detaches from 
the vessel and reaches the proximal venous system, this may 
cause pulmonary embolism. The risk of thrombosis increases 
in patients undergoing orthopedic surgery or major surgery, 
during pregnancy, postpartum period, in cancer patients, or after 
trauma and prolonged immobilizations. In addition to these 
environmental factors, genetic factors may induce a systemic 
hypercoagulable state, causing venous thrombosis(1, 2). 

The term hypercoagulable is defined as state of activation of 
blood clotting without the formation of the fibrin clot. This state 
can be transitory, such as during pregnancy or in the postpartum 
period, or permanent, in cases of hereditary thrombophilia(3). 
This may be caused by insufficient inhibition of the blood clotting 
cascade, either by mutations that result in deficiency of natural 

blood coagulation inhibitors, either by mutations leading to the 
increase in the level or function of clotting factors(4, 5). 

In late 1993, Dahlbäck et al., investigating a family with a 
history of venous thrombosis, discovered through blood clotting 
tests that some family members showed a poor anticoagulant 
response to activated protein C. The researchers named this 
phenotype as activated protein C resistance (APCR)(6). In the 
following year, Dahlbäck and Hildebrand (1994) showed that 
the factor V not only expressed anticoagulants functions, but also 
participated as a cofactor in the anticoagulant system controlled 
by the active protein C (APC), and the mutations in the factor V 
gene could lead to resistance to APC(7).

Shortly after, in the city of Leiden, Netherlands, a group of 
researchers found that the phenotype of APCR was associated 
with heterozygosity or homozygosity for one point-mutation in 
the factor V gene, at position 1691, where occurred a substitution 
of a guanine (G) to adenine (A) – G1691A. The mutation 
causes an improper synthesis of the factor V molecule, in which 
the arginine is replaced by glutamine at position 506 of the 
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protein, one of the factor V cleavage sites. Changing the cleavage 
site, the mutated factor V becomes resistant to the neutralization 
by APC, resulting in the APCR phenotype. Since the discovery, this 
mutation is known as Factor V Leiden (FVL) or factor V R506Q(8).

The factor V has a dominant inheritance, that is, heterozygosity 
for the FVL increases the risk of thrombosis as much as five to ten 
times, and homozygosity (when both alleles are mutated), at fifty 
to one hundred times(2). This mutation is common in Caucasians 
and almost absent among blacks and Asians(4, 5).

Although many studies have been developed since the discovery 
of the mutation, data on its prevalence in Brazilian population are 
still scarce. The investigation of the presence of FVL in the general 
population and especially in patients with venous thrombosis is 
very important to clarify the causes and trace possible carriers of the 
mutation in asymptomatic members of the family, in order to assess 
the associated risks and determine a preventive medical monitoring(9). 

 

Objective

This research aimed at determining the prevalence of G1691A 
(FVL) mutation by the allelic discrimination of individuals who 
had episodes of venous thrombosis and individuals with no history 
of these events, besides other environmental factors associated 
with thrombosis, using the polymerase chain reaction followed by 
restriction fragment length polymorphism (PCR-RFLP) method.

 

Method

Participants were referred from a vascular clinic in the 
city Itajaí, Santa Catarina, who met the inclusion criteria: 
thromboembolic events history, confirmed by clinical and imaging 
diagnosis, and/or had family history of these events. As the control 
group, individuals who did not have thrombotic events and had 
no family history of venous thrombosis were evaluated. All subjects 
agreed on participating in this research upon reading and signing 
the free and informed consent form, which was approved by the 
Research Ethics Committee of the Universidade do Vale do Itajaí 
(Univali), under the opinion 737.684, August, 2014.

Data collection was conducted through a questionnaire in 
order to investigate the presence of other environmental risk factors 
associated with venous thrombosis, namely: trauma, prolonged 
immobilizations, use of oral contraceptive pills, pregnancies and 
abortions, chronic diseases, cancer, among others. 

The material collection was performed from a sample of 3 ml 
of peripheral blood in a sterile tube containing anticoagulant 
(ethylenediaminetetraacetic acid [EDTA]), for analysis of the FVL 
mutation.

Blood samples had the genomic deoxyribonucleic acid (DNA) 
extracted from the peripheral blood leukocytes, using the extraction 
commercial kit Purelink® (Invitrogen®), obtaining, at the end, a 
volume of 100 μl of DNA solution. The extracted DNA samples were 
quantified and assessed for purity by spectrophotometry, assessing 
the optical density (OD) at 260/280 ratio, in which OD values 
between 1.7-1.9 were considered successful for amplification. 

Allelic discrimination of patients regarding the factor V was 
performed using the polymerase chain reaction (PCR). For the 
reaction we used 200 ng of DNA, 50 pmol of each oligonucleotide 
(DNAexpress®) (sense FV1: 5’-TCTCTTGAAGGAAATGCCCCATTA-3’ 
and anti sense FV2: 5’-GGGCTAATAGGACTACTTCTAATC-3’), 
2.5 nmol of each deoxynucleotide triphosphate (dNTP) 
(Invitrogen®), 1 U of Taq DNA polymerase (Invitrogen Life 
Technologies®, Grand Island, NY, USA) and buffer in a final 
volume of 50 μl. For PCR, we used the protocol for 35 cycles with 
a variation in annealing temperature: 30 seconds at 94ºC, 30 
seconds at 60ºC and 1 minute at 72ºC. PCR were performed in the 
Thermal Cycler from Mastercycler personal (Eppendorf, Hamburg, 
Germany).

The analysis of PCR products was obtained after agarose gel 
electrophoresis and 2% tris-borate-EDTA buffer (TBE) 1×. For 
this purpose, agarose gel was applied to a volume of 6 µl (5 ul 
of each sample homogenized with 1 µl bromophenol blue), the 
electrophoresis run was performed and the gel was stained with 
ethidium bromide for ultraviolet transilluminator viewing.

The amplified PCR products were digested overnight at 37º by 
Mnl I restriction enzymes (New England Biolab Beverly, MA, USA), 
using a final volume of 20 μl, 10 μl of the PCR product and 10 μl 
of enzyme/buffer mix, according to the manufacturer’s instructions.

The size analysis of the fragments obtained by enzymatic 
fragmentation was performed again after electrophoresis in 2% 
agarose gel under the same conditions listed above. For proper 
analysis of the size of the fragments obtained in this run, we 
applied a standard molecular weight of 100 pb (DNA ladder 100 pb 
RTU Kasvi®) to the electrophoresis gel, and the samples were 
stained with the Safer Dye (Kasvi®) for later viewing in ultraviolet 
transilluminator.

Enzymatic fragmentation yields fragments of 120 pb and 
42 pb for the normal allele (wild type) and a single fragment of 
162 pb for the mutant allele. The FVL mutation determines the 
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loss of the cleavage site by the Mnl I restriction enzyme and thus, 
individuals heterozygous for the mutation present fragments of 
120 pb, 42 pb and 162 pb(10).

 

Results

FVL research was performed on 37 individuals of both genders, 
aged between 9 and 74 years, and mean age of 42.1 years. From 
the 37 samples analyzed, 51.3% were from patients with personal 
history of thrombotic event and/or family history and 48.6% 
constituted the control group of the study. Table 1 shows the 
clinical and personal characteristics of the groups surveyed, 
comorbidities and use of medication. 

Among the individuals in the control group we did not 
identify carriers of FVL mutation. In this group, 83.3% were 
women and 16.7%, men, mean age 41.5 years. Among the factors 
that predispose to deep vein thrombosis, 11.1% of patients were 
hypertensive, 16.6%, smokers and none reported diabetes mellitus. 
In this group, 22.2% of subjects reported use of regular medication 
and, among women 27.7% use oral contraceptives.

Among the patients with thrombotic events history, 21.5% were 
carriers of FVL mutation in heterozygosity. Homozygosity mutation 
carriers were not identified, and not mutated homozygous 
individuals (wild type) amounted to 88.5% of patients, according 
to data shown in Table 2. From the mutation carriers, 75% had 
thrombotic events with recurrence or complications, and 25% 
reported family history of the disease, with no associated personal 

Table 2 − Molecular profiling of patients regarding FVL

Genotype n %
Heterozygous 4 21.5

Homozygous mutated 0 0
Wild type (homozygous non-mutated) 15 88.5

FVL: factor V Leiden.

Table 1 − Clinical and personal characteristics of the participants

Patients 37 100%
Control-group 18 48.6%

Patients 19 51.3%
Family history

Control-group 0 0%
Patients 10 52.6%

Hypertension
Control-group 2 11.1%

Patients 4 21%
Diabetes

Control-group 0 0%
Patients 4 21%

Regular medication
Control-group 4 22.2%

Patients 18 94.7%
Contraceptive pills use

Control-group 5 27.7%
Patients 13 57.9%

event. Regarding gender, 75% were female and were 25% male. 

Also in the group with thrombosis history, the mean age was 
42.7 years. The female was represented by 84.2% of subjects and 
15.8% were male. In the interview, 52.6% of patients reported family 
history of venous thrombosis, in addition to the associated personal 
event. Diabetics and hypertensive amounted to 42% of patients in 
this group. Regarding the use of drugs, 31.6% confirmed the use of 
coumarin anticoagulants, 36.8%, use drugs to control metabolic 
disorders such as hypertension, diabetes, hypercholesterolemia 
and hypothyroidism, and 26.3%, use antidepressants. Among 
women, 57.9% of patients reported use of oral contraceptives. Only 
10.5% of individuals reported trauma before the thrombotic event; 
none reported major surgery or prolonged immobilization before 
the event. 

 

Discussion 

With the characteristics described in the studied group of 
patients, we found a higher frequency of thromboembolic events 
in females. Moreira et al. (2009), evaluating the presence and 
influence of risk factors associated with thrombosis in patients 
from the state of Ceará, also found higher prevalence of venous 
thrombosis in women (75%). According to the research conducted 
by these authors, women are statistically more likely to develop 
thrombosis, with a three times greater risk(11).

According to the literature, the higher frequency of thrombosis 
in women is due to the greater exposure to environmental 
risk factors for the development of thrombosis, such as oral 
contraceptives, pregnancy and abortion, hormone replacement 
therapy, among others(12). With regard to these factors, 57.6% of 
the participating women who developed thrombosis made use 
of oral contraceptives. Estrogens induce significant changes in 
blood coagulation, such as increasing coagulation factors and 
decreasing the natural inhibitors of coagulation, resulting in a 
light procoagulant effect, increasing the resistance to protein C 
and generation of thrombin(13-15). Oral contraceptives with third-
generation progestogens are associated with development of 
more pronounced acquired activated protein C resistance, when 
compared to oral contraceptives containing second-generation 
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progestogens, offering greater risk for women with FVL(16). The 
World Health Organization (WHO) predicts that patients with deep 
venous thrombosis personal history, pulmonary embolism and 
those carrying mutations associated to thrombosis, should not 
make use of combined oral contraceptives(17). 

In this study, the risk factors for venous thrombosis, such 
as hypertension, diabetes and smoking, were not associated to 
thrombotic event of participating patients, because these disorders 
have been reported long after the occurrence of the first thrombotic 
event and smokers were not identified in this group. There is no 
description in the literature involving the use of drugs for treatment 
of metabolic diseases with venous thrombosis or its complications. 
The FVL is the most common genetic mutation that leads to 
thrombophilia with a prevalence in Caucasian populations of 
approximately 5%, and is extremely rare in other populations(18). 
Rosendaal et al. (2005) describe that 3% of the general population 
are heterozygous and, homozygous individuals, have expected 
prevalence of two per 10,000 births. The same authors evidence 
that in heterozygous carriers of the mutation, the risk of venous 
thrombosis increases three to eight times and in homozygous it 
may increases 50 to 80 times(14).

According to the literature, the mutation is found in 20% 
of patients with venous thrombosis, and in over 50% of patients 
with thrombophilia(14). This figure corroborates the results found 
in this study in which the prevalence of the FVL mutation found 
was 21.5%. Moreover, in a study by Ramos et al. (2006), the 
frequency found was 13.3% for the FVL mutation(10). In another 
study conducted in Minas Gerais, Guimarães et al. (2009) 
investigated the presence of mutations in FVL and in prothrombin 
(G20210A) in 1,103 individuals suspected of thrombophilia. The 
FVL mutation was detected in 83 heterozygous subjects (7.52%) 
and four homozygous (0.36%), results lower to those found in 
this. However, homozygous individuals were not identified in this 
study(19). A recent study conducted in the Czech Republic with 575 
patients found a frequency of 20.9% of patients with FVL mutation, 
corroborating the results(20).

In this study, approximately 30% of patients with thrombotic 
episodes followed on anticoagulants use. According to the 
recommendations for anticoagulation therapy, the presence of 
inherited thrombophilia is not considered a major risk factor 
for determining the treatment duration, however the literature 
is disparate regarding the duration of anticoagulant therapy to 
prevent a future thrombosis event(21).

Ridker et al. (2003), in a randomized, double-blind, 
placebo-control study, demonstrated that extended therapy with 
coumarin drugs resulted in significant reduction in the risk of 
recurrent venous thrombosis, including patients with hereditary 

thrombophilia(22). Agnelli and Becattini (2008), evaluating the 
duration of treatment for venous thrombosis and how to predict 
recurrence, argue that all patients should receive anticoagulant 
therapy for three months, but patients with intrinsic risk for 
recurrence of thrombosis and bleeding events should be reviewed 
as the benefit of extended therapy(23). 

With regard to the recurrence of thrombosis, literature data 
are conflicting, both the use of an appropriate prophylactic therapy 
for these patients, and the risk of recurrence for heterozygosity FVL 
mutation carriers. In the present study, the thrombosis recurrence 
rate was 75% among patients with this mutation. A study published in 
2002 compared the incidence of recurrent venous thromboembolism 
among individuals heterozygous for the mutation and those without 
the mutation, finding a higher frequency of recurrence of those 
without the mutation (20% and 21.6%, respectively)(24). 

In a study developed in 2006, which evaluated 259 patients 
carriers of FVL and prothrombin (G20210A) mutations with 
recurrent thrombosis, the authors found that individuals 
homozygous for one of the two mutations or those carriers of both 
mutations in heterozygosity have an increased risk of recurrence, 
when compared to non-mutated individuals.  The same authors 
suggest that long-term anticoagulation therapy after the first 
thrombotic event seems to be beneficial in these cases(25). Moreover, 
Lijfering et al. (2010), evaluated 788 patients with recurrent 
venous thrombosis and carriers of FVL and G20210A mutation, 
the authors states that these individuals do not have increased risk 
of developing recurrent thrombotic condition(26). 

In a case report published recently, White et al. conclude that 
subjects heterozygous for the FVL mutation are at increased risk 
for recurrence, especially in the presence of modifiable risk factors. 
Therefore, awareness of patients about these risk factors are essential 
in order to reduce the risk of recurrent thromboembolism(21).

From a clinical point of view, it is difficult to calculate the 
risks to predict a recurrent thrombotic event because many factors 
involve the etiopathogenesis of thrombosis. A study published by 
Vlieg et al. (2015) combines high levels of D-dimer to the risk 
of recurrence of venous thrombosis and pulmonary embolism, in 
an attempt to establish a laboratory marker with high predictive 
value to aid in calculating the risk of a new thrombotic event(27).

Conclusion

This study found a prevalence of FVL mutation similar to 
that described in the literature, which reinforces the importance 
of research on this mutation to investigations of venous 
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resumo 

Introdução: A trombose venosa é uma doença de caráter multifatorial e de alta incidência na população. O desenvolvimento dessa 
patologia está intimamente ligado à presença de fatores ambientais e genéticos, podendo ocorrer em associação ou isoladamente. 
Entre as diversas mutações genéticas que podem predispor a um evento trombótico, a de maior ocorrência na população é a 
mutação G1691A no fator V da coagulação, conhecida como fator V de Leiden (FVL). Essa mutação provoca o fenótipo conhecido 
como resistência à proteína C ativada, levando a um quadro de hipercoagulabilidade, que aumenta o risco de trombose. Objetivo: 
Investigar a presença do FVL em indivíduos com histórico de trombose venosa e, como grupo-controle, indivíduos sem histórico. 
Método: A metodologia utilizada foi a técnica de reação em cadeia da polimerase (PCR), seguida de polimorfismo no comprimento 
dos fragmentos de restrição (RFLP). Resultados: Os resultados mostraram prevalência da mutação de 21,5% em heterozigose 
entre o grupo de pacientes; não foram identificados indivíduos homozigotos mutados. Os resultados também apresentaram alto 
índice de recorrência entre os portadores da mutação. Conclusão: Conclui-se que a pesquisa da mutação do fator V tem forte 
impacto na investigação do tromboembolismo venoso a fim de elucidar a etiologia do evento, além de auxiliar no tratamento 
e na profilaxia diante da recorrência.
 
Unitermos: reação em cadeia da polimerase; trombose venosa; trombofilia.
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