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SUMMARY
Background: Factor V-Leiden (FVL), Prothrombin (PRT) G20210A, and Methylene Tetrahydro Folate Reductase
(MTHFR) C677T and A1298C mutations are major inherited risk factors of thrombotic complications. Our aim
in this study was to investigate the prevalence of these mutations among Tunisian sickle cell patients.
Methods: Study subjects comprised 64 patients and 100 healthy controls. FVL, PRT G20210A, and MTHFR genotypes were determined using a reverse dot blot based method.
Results: In the patient population studied, the prevalence of FV Leiden was not statistically different from controls
while a significant prevalence of heterozygous PRT G20210A mutation among patients (10.93%) was found. An
increased frequency of the MTHFR 677 C>T genotype was seen among patients as well as controls. The results
showed no significant association between the MTHFR A1298C mutation and sickle cell disease (SCD). However,
the prevalence of carrier among studied patients was 15.62% compared to 7% among healthy subjects.
Conclusions: In conclusion, our data suggest a significant association between PRT G20210A and MTHFR C677T
and sickle cell disease among Tunisian patients.
(Clin. Lab. 2017;63:xx-xx. DOI: 10.7754/Clin.Lab.2017.170518)
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INTRODUCTION
Hemoglobin S (Hb S) is the most frequent hemoglobin
variant resulting from the substitution of valine for glutamic acid at the sixth amino acid (ß6 Glu→val) of the
β-globin chain [1].
This hemoglobin in homozygous state or in combination with one of the structural Hb variants such as Hb
D-Punjab, Hb O-Arab, Hb C or β-thalassemia mutation
results in sickle cell disease (SCD) that is characterized
by chronic hemolytic anemia and tissue injury secondary to vaso-oclusion [2].
SCD, one of the most common inherited diseases in the
world, is known as a hypercoagulable state in which
various hemostatic systems both in steady state and during vaso-occlusion are perturbed with increased activation of the coagulation system and platelets, thrombin
generation, and occurrence of thrombosis [3-5].
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In the present study, we investigated the hypothesis that
the presence of the factor V gene G1691A mutation
(factor V Leiden), the prothrombin gene G20210A variant, and MTHFR (methylenetetrahydrofolate reductase)
C677T and A1298C polymorphisms may be a risk factor for vascular complications in individuals with SCD.

RESULTS
FV Leiden, PRT G20210A, and MTHFR C677T,
and A1298C Prevalence
The results showed that there were 8 heterozygous patients (G/A) giving a prevalence rate of 12.5% for the
FV Leiden G1691A mutation, and none was a homozygous (A/A) carrier. In the control group, 5 were heterozygous and 1 was a homozygous carrier giving a prevalence rate of 6%, this did not reach statistical significance (Table 1).
The PRT G20210A mutation was identified in heterozygous state with a prevalence significantly higher among
patients (10.93%) than in controls (3%) (p = 0.03; OR
= 3.97; 95% CI (0.85 - 24.51).
In contrast, a significant increase in MTHFR C677T
carrier rate was seen in SCD patients (49/64; 76.56%)
compared to healthy subjects (40/100; 40%).
The prevalence of C/T genotype was higher among patients (75%) than in controls (35%). Whereas the prevalence of T/T genotype was higher among controls (5%)
than in patients (1.56%), this did not reach statistical
significance (Table 1).
No significant association between the MTHFR
A1298C mutation and SCD was found. There were
2 homozygous (CC) and 8 heterozygous (AC) MTHFR
A1298C individuals, while 7 control subjects were heterozygous.

MATERIALS AND METHODS
Study subjects
The study enrolled 64 patients including 35 with sickle
cell anemia (SS), 20 with sickle/thalassemia (S/thal),
7 compound heterozygous HbS/Hb C, and 2 compound
heterozygous HbS/Hb O-Arab.
The study population consisted of 26 males and 38 females, aged between 3 and 27 years, were recruited
from the Children's Hospital pediatric departments for
revaluation of chronic anemia.
This population was gender and age matched with a
control population of 100 subjects referred to the
Laboratory of Molecular Biology in Military Hospital
of Tunis with uncomplicated histories.
The present study was approved by the Ethical Committee of the Military Hospital of Tunis, Tunisia, and it
conforms to the provisions of the Declaration of Helsinki. The study was conducted after all patients or their
parents had given their full informed consent.
Detection of mutations
Total genomic DNA was isolated from peripheral blood
leukocytes by DNA extraction kit (QIAmp blood kit,
Qiagen GmbH, Hilden Germany) according to the manufacturer’s protocol. A multiplex amplification with
biotinylated primers was used to amplify the genomic
DNA. The polymerase chain reaction (PCR) products
were subjected to a reverse hybridization using the GenoType Factor V Leiden, Prothrombin G20210A, and
MTHFR test that is based on the DNA.STRIP technology (Hain Lifescience GmbH, Nehren, Germany) and allowing the molecular characterization of the Factor V
Leiden, Prothrombin G20210A, and MTHFR C677T
and A1298C mutations of the human gene.

DISCUSSION
Several genetic factors contribute to the phenotypic diversity of SCD, and genetic polymorphisms associated
with thrombophilia were implicated as genetic modifiers of SCD [6].
Insofar as FV Leiden, PRT G20210A, and MTHFR
C677T were implicated in the pathogenesis of thrombotic events, we aimed to assess their prevalence among
SCD patients.
In the study population, the prevalence of FV Leiden
was not different from controls. Our results are in agreement with the Wright et al. study conducted among
SCD patients from Jamaica, where no FV Leiden mutation was found [7]. In another study from Brazil, Andrade et al. studied the prevalence of the FV Leiden mutation, MTHFR C677T polymorphism, and prothrombin
gene variant in SCD patients [8]. No significant difference was reported between SCD patients and the control
population for the prevalence of the studied thrombophilic mutations. However, among nine SCD patients
with vascular complications of stroke or deep vein
thrombosis they found only one patient to be a carrier
for FV Leiden.
In contrast, in spite of the moderate prevalence of FV
Leiden mutation (2.97 - 5.5%) among normal population of Iran [9,10], a high prevalence of FV Leiden mutation (14.3%) among Iranian sickle cell anemia (SCA)
patients has been found to show association between

Statistical analysis
All analyses related to the case-control study were performed using the Epi Info™ version 7. Differences between cases and controls were evaluated by using the
chi-square test for qualitative variables. In addition, the
odds ratio (OR) and 95% confidence intervals (95% CI)
were calculated. Probability values p < 0.05 were considered statistically significant.
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Table 1. FV Leiden, PRT G20210A, and MTHFR C677T, and A1298C Prevalence.
Mutation
Factor V

Factor II

MTHFR
C677T

MTHFR
A1298C

Genotype

Patients

Controls

X²

OR

95% CI

p

R

1691GG

56

94

2.11

0.44

0.12 - 1.56

0.14

NS

1691AG

8

5

3.00

2.71

0.73 - 11.01

0.08

NS

1691AA

0

1

0.05

0.00

0.00 - 60.93

0.82

NS

20210GG

57

97

4.29

0 .25

0.04 - 1.16

0.03

A-

20210AG

7

3

4.29

3.97

0.85 - 24.51

0.03

A+

20210AA

0

0

0.51

0.00

0.00 - 4.24

0.47

NS

677CC

15

60

21.02

0.20

0.09 - 0.43

< 0.0001

A-

677CT

48

35

24.97

5.57

2.63 - 12.00

< 0.0001

A+

677TT

1

5

0.51

0.30

0.0063 - 2.8

0.47

NS

1298AA

54

93

3.12

0.40

0.12 - 1.26

0.077

NS

1298AC

8

7

1.42

1.89

0.56 - 6.48

0.23

NS

1298CC

2

0

1.10

ND

0.29 - (-1.00)

0.29

NS

R - result, NS - no significant, A- - negative association, A+ - positive association.

C677T MTHFR have been diagnosed and suspected to
be the risk factors that contribute to the development of
the deep vein thrombosis in this SCA patient.
In contrast, in the study of Fawaz et al. [16], the prevalence of FV Leiden, prothrombin, and MTHFR C677T
mutations in SCD patients and controls from eastern
Saudi Arabia were similar revealing thus no association
between the mutations and SCD.
For the A1298C mutation, no studies about the effect of
this polymorphism in the MTHFR gene on the risk of
vascular complications in SCD have been reported.
Our study showed no significant association between
the MTHFR A1298C mutation and SCD. However, the
prevalence of a carrier among studied patients was
15.62% compared to 7% from healthy subjects.

this mutation and SCA (OR = 6.5 CI [1.19 - 35.33]
p = 0.03) [11].
Our study showed a significant prevalence of heterozygous PRT G20210A mutation among patients (10.93%).
No homozygous prothrombin G20210A mutation
among patients and controls was found, and Moreira
Neto et al. reported no prothrombin G20210A mutation
in SCD patients from Brazil [12].
On the other hand, MTHFR C677T appears to play a
role in SCD, justified by increased prevalence of C/T
genotype among SCD patients. In a study from Brazil it
was suggested that MTHFR C677T might be considered
a risk factor for vascular complications in SCD [12].
According to the literature, there have been three studies of inherited risk factors of venous thromboembolism
in SCD patients from southern Mediterranean countries
which reported a high prevalence of thrombophilic mutations in SCD patients and their association with
thromboembolism in these patients [13-15]. Among
Lebanese sickle/β0-thalassemia patients, a high prevalence of thrombophilic mutations of FV Leiden (42%),
homozygous and heterozygous MTHFR C677T (59%),
and prothrombin G20210A (8%) has been reported [13].
In this report, sickle-β-thalassemia patients were 5.24
and 4.39 times more likely to have FV Leiden mutation
as compared to the normal controls and thalassemia intermedia patients, respectively (p < 0.05).
Also, the presence of extensive large vessel thrombosis
in a sickle/β0-thalassemia patient from Lebanon homozygous for FVL and heterozygous for MTHFR has been
reported [14].
Further, in a sickle cell anemia patient from Israel, Koren et al. [15] reported the recurrence of cerebrovascular
incidents and deep venous thrombosis. Activated protein C resistance due to heterozygous FV Leiden and
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CONCLUSION
Our data suggest a significant association between PRT
G20210A and MTHFR C677T and sickle cell disease
among Tunisian patients. A low impact of Factor V Leiden and MTHFR A1298C in the pathogenesis of SCD
and/or its complications was found.
Association between inherited risk factors of thrombosis with sickle cell disease should be further studied in
an attempt to clarify the relation between clinical phenotype and these genetic markers.
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