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Abstract Factor V leiden G1691A/R506Q (FVL), pro-

thrombin G20210A (FII) and methylenetetrahydrofolate

reductase (MTHFR) C677T are related genetic risk factors

for venous thromboembolism. Analysis for those mutations

is increasingly being performed on patients exhibiting

hypercoagulability. The objective of this study was to

determine the prevalence of FVL, FII-G20210A and

MTHFR-C677T polymorphisms and their coexistence

among apparently healthy Palestinians. After institutional

approval, 303 apparently healthy students from An-Najah

University representative to North and South regions of

West Bank with no previous history of cardiovascular

diseases participated in this study. A uniform questionnaire

was used to collect relevant information through personal

interview with the subjects. The collected information

included gender, age, smoking habits, weight and height,

diseases such as diabetes, cardiovascular and family history

of CVD. The frequencies of allelic distribution of the three

prothrombotic polymorphisms factor V G1691A/R506Q),

prothrombin G2010A, and MTHFR-C677T were 0.114,

0.050 and 0.071, respectively. The prevalence of the three

thrombotic polymorphisms (FVL, FII G20210A and

MTHFR-C677T) were 20.1, 9.1 and 13.8 %, respectively.

Statistical analysis for factor V leiden showed no signifi-

cant association between place of residence (P value =

0.953) and gender (P value [0.082). The data presented in

this study showed the highest prevalence of FVL among

healthy Palestinians compared to other populations and this

important finding should be followed in terms of clinical

significance.

Keywords Thrombophilia � Factor V leiden mutation �
Prothrombin � MTHFR � Allelic frequency � Palestine

Introduction

Venous thromboembolism is a major medical problem

affecting 1–5 individuals per 1,000 annually [1]. Throm-

bophilia is a multi-factorial disorder caused by inherited

and acquired factors including mutations in genes that code

for natural anticoagulants such as anti-thrombin, protein C,

and protein S, or clotting factors like prothrombin and

factor V [2]. Acquired factors that may lead to this

condition include surgery, long distance immobilization,

pregnancy, antiphospholipid syndrome, obesity, and the

use of oral contraceptive pills [3]. The three most common

genetic thrombophilias known to predispose to thrombo-

philia are factor V G1691A/R506Q, prothrombin G20210,

and C677T/A1298C in methylene tetrahydrofolate reduc-

tase [4–7]. Factor V leiden mutation represent the most

common genetic risk factor associated with recurrent

venous thromboembolism [7, 8] accounting for 95 % of

cases with activated protein C resistance [9].

The factor V leiden genetic variant is common among

Europeans, Israeli Arabs, Canadians and Indian popula-

tions, with prevalence that ranges from 1 to 8.5 % while

most European studies reporting overall prevalence

between 5 and 8 % [10]. The prevalence of the mutation

seems to be highest among the populations of Greece,

Sweden, and Lebanon where it reaches about 15 % in some

regions [4, 11]. On the contrary, the mutation was basically

not found or rarely detected among African blacks, east

Asian populations including Chinese and Japanese with

prevalence B1 % [11, 12]. FII G20210A and MTHFR

C667T mutations in addition to factor V leiden are
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currently the most common known genetic risk factors for

venous thrombosis among Caucasians [12].

The West Bank, Palestinian Territories, is undergoing an

epidemiological transition characterized by rapid urbani-

zation and changing lifestyles. For Palestinian living in

West Bank, circulatory disease was found to be the leading

cause of death [13]. In our recent study, we found also a

strong association between factor V leiden mutation and

recurrent abortion among Palestinian women [14]. But we

have little information about the prevalence of the three

prothrombotic polymorphisms among Palestinians and thus

the aim of this study is to determine the frequency of the

important causes of thromboembolism for the first time in

West Bank, Palestine.

Materials and methods

Study subjects

A cross-sectional study was undertaken to investigate the

prevalence of three prothrombotic polymorphisms among

Palestinian (factor V G1691A, factor II G20210A and

methylenetetrahydrofolate reductase (C677T). Study sub-

jects were recruited from An-Najah National University

students that represent all governorates of West Bank

(Fig. 1). West Bank can be divided into North and South

with Nablus and Jerusalem as the main cities of those

regions, respectively (see Fig. 1). After institutional review

board approval, three hundred and three healthy students

were selected randomly. A uniform questionnaire was used

to collect relevant information through personal interview

with the subjects. The collected information included

gender, age, smoking habits, weight and height, diseases

such as diabetes, cardiovascular and family history of

CVD. Table 1 provides a summary of the basic collected

information of all study subjects.

DNA extraction and haplotype analysis

Total genomic DNA was isolated from whole blood sam-

ples using leukocyte-rich buffy coat interphase using the

commercially available master pure DNA purification kit

for blood (Epicenter Biotechnologies, Wisconsin, USA).

Purified DNA was stored in nuclease free water at -20 �C

until further use. To detect the leiden point mutation,

amplification refractory mutation system (ARMS) was

used as described by Bathelier et al. [15]. According to this

protocol, PCR primers were designed based on Exon 10

sequence of the human factor V gene. The primers used in

the PCR amplification reactions include a common primer

50-ACATC TTAG A GTTTGATGA-30, a normal allele-

specific primer 50-GGACAAAATACCTGTATTCCGC-30

and a mutation-specific primer 50-GGACAAAATACCT

GTATTCCCT-30. A 220 base pair fragment form Exon 10

surrounding nucleotide 1691 was amplified in a 30 ll PCR

reaction mixture containing 19 PCR buffer (TaKaRa),

0.2 mM dNTP mixture (TaKaRa), 150 ng each primer

(invitrogen), 1U Taq
TM

DNA polymerase (TaKaRa 5 U/ll),

and 200 ng genomic DNA (0.2 lg/ll). Amplification was

done for 30 cycles of 94 �C for 30 s, 57 �C for 1 min,

72 �C for 1 min followed by extension at 72 �C for 5 min.

The PCR product (220 nucleotides) was resolved on 1.4 %

agarose gel. Accordingly, all subjects were categorized as

homozygous normal (GG), heterozygous (GA) or homo-

zygous with the mutant allele (AA).

For the detection of prothrombin G20210A, a 345 bp

fragment from the exon 14 of the 50-untranslated region of

Fig. 1 Map of West Bank showing two cities Nablus in the north and

Jerusalem in the south

Table 1 General characteristics of the participants

Characteristics Number (%)

(total, n = 303)

Age (years) 20.2 ± 1.7

Male gender 173 (57.1)

Current smokers 130 (42.9)

BMI [ 30 15 (4.9)

Diabetes type 1 or 2 0 (0)

Cardiovascular diseasesa 0 (0)

Family history of cardiovascular diseasesb 180 (59.4)

a Cardiovascular diseases: We asked about thromboembolism,

hypertension, myocardia infarction
b Relatives including father, mother, grandfather, grandmother, sis-

ters, brothers, uncles and ants who had been diagnosed with cardio-

vascular problems such as hypertension, myocardial infarction and

thromboembolism
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the prothrombin gene was amplified using the primers

50-TCT AGA AAC AGT TGC CTG GC-30 and 50-ATA

GCA CTG GGA GCA TTG AAG C-30 as described by

Poort et al. [16]. A total of 10–15 ll amplified PCR

product was digested with ten units HindIII restriction

enzyme and electrophoresed on 2 % agarose gel. The

presence of a mutated allele produces a fragment of

322 bp. PCR amplification of a 198 bp DNA fragment

followed by Hinf I digestion as described by Frosst et al.

[17] for the region containing the MTHFR mutation was

follows: 40 pmol of both sense primer 50-TGA AGG

AGA AGG TGT CTG CGG GA-30 and antisense primer

50-AGG ACG GTG CGG TGA GAG AGT G-30 were

used in 25 ll containing 200 lmol/l dNTP’s, 1.5 mmol/l

MgCl2, 50 mmol/l Tris–HCl (pH 9), 50 mmol/l KCl, 2 U

Tag polymerase (promega), 200 ng of genomic DNA,

and 1 % Triton X-100. The PCR cycling conditions were

94 �C for 1 min, 63 �C for 1 min, and 72 �C for 1 min

for 40 cycles. PCR products were electrophoresed on

2 % agarose gel, stained with ethidium bromide, and

visualized under UV light. Each PCR test for the three

prothrombotic polymorphisms has been repeated and

cohen kappa has been calculated using SPPS statistical

program.

Statistical analysis

Collected data was analyzed using the statistical package

for social sciences program (SPSS) version 16. Descriptive

results were expressed as frequencies and percentages.

P value \0.05 was accepted as statistically significant. Chi

square was used to compare between the different inde-

pendent groups. Cohen kappa was used to test reliability of

PCR methodology.

Results

Table 1 shows the general characteristics of the study

participants. The mean age of our sample is 20.2 years.

About 95 % of participants are not obese and none of them

has diseases like diabetes or cardiovascular diseases

(CVD). Surprisingly, about 60 % of them have family

history with CVD. The frequencies of allelic distribution of

the three prothrombotic polymorphisms factor V G1691A/

R506Q, prothrombin G20210, and MTHFR-C677T are

presented in Table 2; 20.1 % of the study participants have

factor V leiden mutation. The prevalence of FII-G20210

and MTHFR-C677T among Palestinians living in West

Bank is 9.1 and 13.8 %, respectively (Table 2). The

prevalence of homozygous mutations for the three poly-

morphisms FVL, FII-G1691A and MTHFR-C677T is 2.6,

0.7 and 0.3 %, respectively. Cohen kabba for the three

polymorphisms FV leiden, FII and MTHFR was found to

be 0.92, 0.98 and 0.93, respectively. Statistical analysis for

factor V leiden showed no significant association between

place of residence (P value = 0.943) (Table 3) and the

distribution of factor V leiden mutation. Although no sig-

nificant association between gender and the distribution of

factor V alleles (P value [0.082) (Table 3), males have

significant difference in homozygous alleles than females

among the study participants (P value = 0.035) (data not

shown). The association of the mutation in FII or MTHFR

and either gender or place of residence was not significant

(P value [0.05) (data not shown).

Discussion

Death attributed to cardiovascular diseases among Pales-

tinian living in West Bank become alarming. A survey in

Table 2 Genotype and allele

frequencies of FV, FII and

MTHFR polymorphisms among

Palestinians living in West Bank

Polymorphism Genotype Number % Frequency

of A allele

Frequency

of T allele

Factor V GG 242 79.9 0.114 –

GA 53 17.5

AA 8 2.6

Total 303

Prothrombin GG 275 90.7 0.050 –

GA 26 8.6

AA 2 0.7

Total 303

MTHFR CC 261 87.1 – 0.071

CT 41 13.5

TT 1 0.3

Total 303
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2003 showed that circulatory disease is the leading cause of

death among Palestinians [13]. We have noticed that

incidence of myocardial infarction (MI) is also increasing

among younger Palestinians (Hussein et al., unpublished

data). Few data are available with regard to the prevalence

and incidence of cardiovascular diseases; for example

Husseini et al. [13] showed that the acute MI among

Palestinians reside in West Bank is 78.5 per 100,000.

A previous report from Kark et al. [18] showed that a high

rate of coronary events (344 per 100,000) among Pales-

tinians living in Jerusalem. Thrombotic polymorphisms

analysis has become an integral part of diagnostic evalua-

tion of patients with signs and symptoms of venous

thrombosis [19]. The prevalence of thrombotic polymor-

phisms, which is one of the frequently observed and

important risk factors for genetic thrombophilia, varies in

different populations and the difference in distribution can

be explained by ethnicity and geographical differences

[9, 20]. Although the incidence of FVL is reported as

almost absent in non-European whites, native populations

of Africa, America, Asia and Australia [1, 6, 13, 25], and

around 3–5 % (occasionally up to 15 % in certain areas) in

European countries, there is a high prevalence of the FVL

in the Middle East [21–23, 25]. We found that the preva-

lence of FVL in healthy individuals in our region was

20.1 %, which is higher than the threshold value reported

elsewhere (for example 15–17.7 % among healthy Jorda-

nian individuals [24, 25]. To exclude the possibility of

errors from PCR technique, reliability of PCR test was

performed and results showed that the test is reproducible

(Kabba = 0.92). In this regard, our results showed that

family history of our participants with regard to CVD is

found to be surprisingly high (see Table 1). FVL preva-

lence was found also high from other studies on Palestin-

ians and Egyptians with MI [26, 27]. Our results showed

also no significant association with gender or place of

residence and thus may indicate common ancestor of all

Palestinians living in West Bank.

FII prothrombin G2010A mutation, a risk factor for

thrombophilia, was found in 9.3 % of our healthy students.

This result is slightly higher than those values (6–8 %)

reported for other countries (6–8 %) [28]. The prevalence

of MTHFR-C677T was 13.8 % which is lower than values

reported for the same mutation among healthy Jordanians

(24 %) [24] and Lebanese (39.7 %) [29].

This study is the first report about the frequency of the

three thrombotic polymorphisms among Palestinians living

in West Bank. Compared to other populations reported so

far, the Palestinians harbor the highest prevalence of FVL

polymorphism. This is an important finding to be followed

in terms of clinical significance. In light of this data, we

may advise families of affected subjects to be genotyped

and counseled for proper prophylaxis.
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