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Abstract

Introduction: Factor five Leiden is one of the most important hereditary risk factors for thrombotic
events, especially in an early age and during pregnancy patients. Therefore, detection of the factor in the
thrombotic events is one of the diagnostic priorities. We can detect this factor in the laboratory thorough
two common tests such as Activated protein C resistance and molecular methods especially PCR-RFLP.
In this study we evaluated the sensitivity and specificity of the APCR test in comparison of PCR-RFLP
the golden diagnostic test for Factor Five Leiden.
Materials and methods: In this research, we have been studied fifty six patients with vascular
thrombosis, who visited thrombosis clinical center in Imam Khomeini Hospital. After confirming the
DVT diagnosis and pulmonary embolism, blood samples were collected in 3.2% sodium citrate tubes for
APCR test, and in K2EDTA CBC tubes for molecular tests.
Results: Fifty six DVT patients, including 26 males (44.6%) and 30 females (55.4%), from 1 year up to
50 years old with mean age of 28.9 ± 10.76 were studied. According to PCR-RFLP test out of the 56
patients, 15 (26.7%) had heterozygous and 5 (8.9%) homozygous mutation for factor V Leiden. The very
same 20 patients had positive APCR results (Rate of less than 2 and time less than 120 seconds were
considered positive), in conclusion the results of the two tests were 100% compatible.
Discussion and conclusion: In populations where other mutations resistant to active protein C such as
factor V Cambridge, R2 polymorphism and factor V Liverpool have low prevalence, by removing the
intervening factors such as Lupus Anticoagulant antibody, the APCR test could be considered equally
sensitive and specific as PCR-RFLP test and can be used for factor V Leiden detection by spending less
time and money.
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Introduction
The Vein Thrombosis (VTE) encompasses Deep Vein
Thrombosis (DVT) and Pulmonary Embolism (PE) [1]. Risk
factors for VTE are classified into genetical and acquired [2].
Genetic risk factors are including: quantitative or qualitative
abnormalities of protein C, protein S, anti-thrombin III [3]. The
second group of mutations consists of those that raise the level
of pro-thrombotic proteins e.g. Factor V Leiden mutation,
prothrombin gene mutation (G20210A) and MTHFR enzyme
coding gene mutation which all cause thrombosis [3,4].

Factor V Leiden is the most common genetic risk factor for
VTE with the prevalence of 20% to 25% and the prevalence of
50% for familial thrombophilia [5]. Although the most DVT

patients have clinically silent signs and symptoms, but
depending on the degree of obstruction and inflammation of
the vessels, the symptoms can be evident. Since the mutation
of Factor V Leiden is one of the most common factors for
Thrombophilia especially in young children and pregnant
women, we should consider factor V Leiden detecting tests in
DVT patients. There are two common tests in laboratories for
detection of factor V Leiden mutation consisting of Activated
Protein C Resistance (APCR) and molecular analysis and
detection of the mutation by the use of restrictive enzymes,
RFLP-PCR in particular [6]. Although PCR-RFLP is the Gold
Standard test for detection of Factor V Leiden mutation, it
cannot be performed in any regular laboratory and its more
expensive and time consuming than APCR test, we performed
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a study in order to evaluate APCR specificity and Sensitivity in
comparison to PCR-RFLP test for detecting the FVL mutation
in venous thrombosis and pulmonary embolism.

Materials and Methods

Samples
Of patients with definitive diagnosis of DVT and PE
(according to Doppler sonography and clinical signs and
symptoms) who were visited the thrombosis clinical center in
Imam Khomeini hospital ((Tehran) during 2015-2016) we
excluded the patients with the history of anticoagulant
consumption such as Heparin and Warfarin, patients with
prolonged Partial Prothrombin Time (PTT) and patients with
positive Lupus Anticoagulant antibody (LAC) and we choose
fifty six patients appropriate for our study. The participants
gave informed consent in accordance with the Deceleration of
Helsinki. Anticoagulant blood (sodium citrate 3.2% and
EDTA) were collected from all patients. Citrated samples were
then centrifuges in 1200 g for 10 min and the Platelet Poor
Plasma (PPP) was separated and kept in -20°C, though they
were melted down in 37°C water bath prior to testing. APCR
test was carried out according to the instructions of the
respective kit (Stago APCR Kit built with STA Compact
device made in French). Rate results of less than 2 and time
less than 120 s were considered positive and rate of more than
2 and times over 120 s were considered normal.

Genomic DNA was isolated from blood samples using
Sinaclone DNA extraction kit. Concentration and purity was
determined using nanodrop in 260 and 280 nM. Primers with
the sequences and amplified fragment lengths are mentioned in
Table 1, purchased from invitrogen Company. For FV Leiden
mutation, PCR micro tubes were prepared as follows: 2 µl
primer, 2 µl genomic DNA, 12.5 µl master mix and 8.5 µl DW.
The tubes were put in thermo cycler with particular programs
which are mentioned in Table 2. Afterwards, we used RFLP
technique to determine the existence of the mutation and also
whether the mutation is heterozygous or homozygous. MnlI
enzyme (Invitrogen Company) was used for FVL. All the steps
of the RFLP technique were conducted according to the
purchased kit from invitrogen Company. After exposing the
products of PCR to MnlI enzyme, we transferred the result of
enzymatic products on agarose gel electrophoresis 2%. Every
steps of PCR-RFLP procedure were performed with the
presence of positive and negative control for FVL mutation.

Results
Fifty six DVT patients, including 26 males (44.6%) and 30
females (55.4%), from 1 year up to 50 years old with mean age
of 28.9 ± 10.76 were studied. According to PCR-RFLP test out
of the 56 patients, 15 (26.7%) had heterozygous and 5 (8.9%)
homozygous mutation for Factor V Leiden. The very same 20
patients had positive APCR results. Results are listed in Tables
3 and 4.

The length of the proliferated sequence for F V Leiden is 288
bp. RFLP was carried out for both detecting the mutation and
determination of hetero- or homozygosity of the mutant
individuals in which MnlI was used as a restriction enzyme.
Because of the presence of slicing site in normal people, 130
bp and 158 bp long sequences are yielded but in case of the
mutation, due to lack of the slicing site the sequences are 288
bp long. As a result, all three 158 bp, 130 bp and 288 bp long
sequences must be observed in heterozygous cases while in
homozygous ones the only sequence is the 288 bp (Figure 1).

Figure 1. RFLP for factor V Leiden by MnlI enzyme. After exposing
the products of PCR with MnlI enzymes, in order to identify factor
Five Leiden mutations and homozygous and heterozygous status, the
result of enzymatic digestion products were transferred on agarose
gel electrophoresis 2%. Wells number 1 and 5: patients without the
mutation of factor Five Leiden (158-130 bp). Wells number 2 and 3:
heterozygous patients for factor Five Leiden (288-158-130 bp). Well
number 4: homozygous patient for the Factor Five Leiden. (288 bp);
well number 6: Positive control for Factor V Lieden mutation
(Homozygous) (288 bp); L: DNA lader (100 bp).

Table 1. Primer sequence for F V Leiden.

Gene name Primer sequence Amplified
fragment length

F V Leiden 5/GGAACAACACCATGATCAGACCA3/For 288 bp

5/TAGCCAGGAGACCTAACATGTTC3/Rev  

Table 2. Thermocycle program for detection of factor V Leiden.
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Stage Temperature (°C) Time (s) Cycle

Initial denaturation 95 120 1

Denaturation 94 30 40

Anneling 57 45 40

Extension 72 45 40

Final extension 72 360 1

Table 3. APCR test result.

 APCR

Abnormal (<120 s) Normal (>120 s)

Patients 20 36

Percentage 35.7 64.3

Total 56

Table 4. Prevalence of factor five Leiden on examined patients by
RFLP method.

Mutation
name

Total
patients

Patients with FV
Lieden

Heterozygot
e

Homozygot
e

Factor five
Leiden

56 20 (35.7%) 15 (26.7%) 5 (8.9%)

Discussion
Since venous thrombosis is multi-factorial phenomenon, a
precise detection of the cause of thrombophilia demands a
thorough laboratory study on venous thrombosis patients [7].
Lubetsky and Seligsohn recommended APCR, LAC,
Prothrombin G20210A, Homocysteine and factor VIII as the
priority tests in detecting the cause of venous thrombosis [8].

Factor V Lieden is the most common hereditary risk factor for
venous thrombosis. There is an irregular distribution of the
mutation throughout the world. Africans, Americans, Asians
and indigenous Australians do not have this mutation though it
is observed in 5% of White Americans, Canadians, and North
Europeans and up to 15% in countries such as Sweden and
Cyprus. For Asia, a 2.5% and 1.9% prevalence have been
reported in Saudi Arabs and North Indians respectively [9].

Because of being multiracial and multicultural, Iranian
population does not have a consistent figure of prevalence. In a
study by Farokhi et al. on western population of Iran (304
patients), FVL mutation prevalence was 2.3% while another
study on the population of the same region reported the figure
to be 2.97% [10].

Due to its important effect on directing hemostasis towards
coagulation which can result in thrombotic events particularly
in young children and pregnant women and also its prevalence
among populations, detecting FVL is undoubtedly one of the
priorities for which APCR and molecular test are used.

APCR test is based on PTT and is a fraction in which
numerator is PTT in the presence of APC and the denominator

is PTT in the absence of APC. In normal individuals this ratio
is above 2 while in those with the mutation is below 2 [11].

Due to the interfering factors such as LAC, heparin and
deficiency of other coagulation factors, the first generation of
APCR test did not have the required sensitivity and specificity.
The second generation though, with the administration of
polyberen to eliminate the effect of heparin and dilution of
patient’s plasma with FV-deficient plasma, is almost entirely
sensitive and specific [11].

By carrying out both tests of APCR and PCR-RFLP on LAC-
negative patients with no history of anticoagulant drugs
consumption such as heparin and comadin, we concluded that
the APCR test can be equally specific and sensitive as PCR-
RFLP for our sample population. Of the fifty six studied
patients, 20 had the mutation from which 15 (26.7%) were
heterozygous and 5 (8.9%) homozygous. The very same 20
patients had positive APCR results (rate of below 2) and the
results of the two tests were completely compatible.

Howard et al. conducted both the APCR and molecular tests on
plasma of 117 patients with thrombosis where APCR test
proved 100% accurate and molecular test, despite costing
more, did not show any advantages over the other. It is notable
that they have excluded the LAC-positive and anticoagulant
consuming patients [12].

In study by Brain et al., where APCR test was carried out on
plasma of 54 patients diagnosed with APS syndrome, 5
samples had an abnormal result (below 2 or below 120 s)
whose molecular tests did not detect the FVL mutation. These
5 samples were then diluted with FV-deficient plasma and
while after reducing the titer by dilution, APCR result were
normal. These patients had a lengthened PTT due to a high titer
of inhibitors. This study showed that dilution with FV-deficient
plasma eliminates the interference and the consequent overlap
of the heterozygous individuals with normal ones [11].

However in a study by James et al., APCR test was reported
100% sensitive and specific in homozygotes. But the
heterozygotes had a sensitivity of 50% and specificity of 98%
because of overlap with normal individuals and due to this
overlap, APCR rates of 2 to 3 need other confirming tests [6].
Nevertheless, this overlap is entirely eliminated by the means
of dilution with FV-deficient plasma [13].

By taking the figure of 1.89 as cut-off for the APCR test in
their study, Adriana Z et al reported a sensitivity and
specificity of 99.1 for it and considered it as a screening test
alongside the molecular one being the definitive one. They also
suggest simultaneous execution of the two tests in case of
borderline results of APCR [14].

In cases where APCR results are lowered but the molecular
ones are normal (lacking the mutation), we have to suspect
liver and bone marrow transplant, defect of protein C and S,
elevated Factor VIII and other rare mutations of factor V such
as factor V Cambridge, R2 polymorphism and factor V
Liverpool all of which could result in lowered APCR [15-17].
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Several common conditions can cause a false-positive outcome
in APCR assay such as pregnancy, malignancy, use of Oral
Contraceptives (OCPs), and hormone replacement therapy. In
addition, the presence of lupus anticoagulants, anti-APC
antibodies influences APC resistance tests [18].

Conclusion
According to our study by omitting intervening factors such as
patients with LAC antibody, patients with anticoagulant
consumption history and prolonged PTT, APCR results can be
100% sensitive and specific as the results were entirely in
consistence with those of PCR-RFLP in patients with both
homozygotes and heterozygotes FV Leiden mutation.
According to previous studies, dilution of the sample with FV-
deficient plasma can remove the effects of intervening factors
especially Lupus anticoagulant. Molecular tests including
PCR-RFLP are capable of detecting 10 to 20 percent of APCR
lowered results due to mutations of factor V other than FVL
since they are costly and time-consuming in populations where
mutations such as factor V Cambridge, R2 polymorphism and
factor V Liverpool have low prevalence, by removing the
intervening factor and ruling out the acquired active protein C
resistance conditions, the APCR test could be considered
equally sensitive and specific as PCR-RFLP test for detection
of factor V Leiden mutations.
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