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ABSTRACT
Both hereditary and acquired factors increase the risk of
venous  thromboembolism, thus  the clinical

management of affected patients involves evaluation of
genetic factors that predispose to hypercoagulability.
Factor V Leiden (R507Q) and factor II (prothrombin)
mutation (G20210A) are the two most common
inherited  hypercoagulability ~ disorders
populations of European origin. Both factor V Leiden
and factor II mutation (G20210A) represent gain-of-
function mutations: factor V Leiden causes resistance to
activated protein C, and factor II mutation (G20210A)
results in higher levels of plasma prothrombin. Herein,
we present an uncommon case of combined factor V
Leiden mutation (R507Q) and factor II mutation
(G20210A), and discuss the prevalence and features of
each entity, as well as their role in the clinical
management of affected patients.

among

ABBREVIATIONS
EDTA-ethylenediaminetetraacetic acid, VTE—venous
thromboembolism, APC—activated protein C,

INDEX TERMS
factor V Leiden, factor II mutation (G20210A),
prothrombin, warfarin
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Introduction

The clinical and laboratory assessment of thrombosis
risk is essential in the management of individuals with
either congenital or acquired thrombotic risk factors.
Acute intervention protocols utilizing heparin or low
molecular  weight heparin  achieve rapid local
thrombotic control, while warfarin and newer anti-
thrombotic agents are used to prevent subsequent
thrombotic events. Herein we describe the case of an
individual diagnosed with a heterozygous factor V
Leiden (R507Q) a known risk factor for deep vein
thrombosis with 15 years of therapy, only to find a
second  significant undiagnosed risk factor, a
heterozygous factor II (G20210A) mutation.

The presence of two or more congenital or acquired
thrombotic risk factors would be expected to confer
additive risk for thrombotic events. This could be
additional justification for long term anticoagulation,
taking into consideration the accompanying manage-
ment issues and bleeding risk.

Medical History

A 59 year-old Caucasian man was admitted to the
hospital for management of warfarin therapy for
recurrent lower leg deep vein thrombosis that had
originally occurred fifteen years ago. The patient was on
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continuous warfarin therapy for repeated deep vein
thrombosis events. This was a first time admission to
our hospital, and he was unknown to the medical staff.
He had a previous diagnosis of the F V Leiden mutation
by history.

The admitting physicians requested the comprehensive
thrombosis risk panel to confirm the history of a F V
Leiden mutation as well as assess for other known deep
vein thrombosis risk factors not previously assessed in
this patient.

See Table 1 for the comprehensive risk panel available
at the time the patient was admitted. A factor V Leiden
heterozygous point mutation in the factor V gene, [F5
C.1601G>A(P.ARG534GLN)], also known as factor V
Leiden (R507Q)) mutation was confirmed. In addition,
a factor II (G20210A) heterozygous point mutation [F2
AF478696.1:G.21538G>A], was identified.

Although the patient had been on warfarin, the warfarin
effect on the prothrombin time and protein C and S
was not present because the patient had received
Vitamin K and was partially corrected. In addition, the
fibrinogen, factor VIII and C-reactive protein were
elevated, consistent with a moderate acute phase
hypercoagulable state. The antiphospholipid profile,
lupus anticoagulant profile, Anti-thrombin, and protein
S (total and free) antigen were all negative. The
borderline low protein C antigen reflected the recent
warfarin therapy. (Table 1)

METHODS

Methods for factor V Leiden and factor II mutation
(G20210A), as well as the complete hypercoagulability
assessment, have been described previously.'

The factor V Leiden and factor II mutation (G20210A)
assays were performed with the Invader® DNA assay by
Third Wave Technologies, Inc. Madison, Wisconsin.
The required specimen is a full adult size EDTA
anticoagulated blood sample from which the bufty coat
is harvested for the white cell DNA.

DISCUSSION

Venous thromboembolism (VTE) results from various
interactions between genetic and environmental risk
factors. Hereditary factors predisposing to VTE include
factor V Leiden, factor II mutation (G20210A), Anti-
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thrombin, protein C, and protein S (total & free)
deficiences. Of these, F V Leiden and Factor II
Mutation (G20210A) are the most prevalent genetic
risk factors, and both represent gain-of-function
mutations: F V' Leiden leads to activated protein C
resistance,” and factor II mutation (G20210A) results in
higher levels of plasma prothrombin.” In 2003, the US
Food and Drug Administration approved the first
DNA-based laboratory tests for the detection of F V
Leiden and factor II mutation (G20210A).* Testing for
these two mutations is now offered throughout the US.

Table 1. Hypercoagulability Panel

Patient Reference Range
White Cell Count 11.2X10%/puL  4.0-11.0 X10%/uL
Hematocrit 36% 42-49%
Platelet count 102 X10%/pL 130-400 X10%/uL
Prothrombin time 12.0 sec 9.3-12.7 sec
Activated PTT 27.8 sec 23.9-33.1 sec
Fibrinogen 521 mg/dL 180-400 mg/dL
F VII 95% 50-150%
F VIII 151% 50-150%
Anti-thrombin III 96% 70-140%
Protein C antigen 42%* >49%
Protein S (total) antigen 81% >53%
Protein S (free) antigen 62% >48%
Lupus Anticoagulant Panel
aPTT: Actin® FSL activator 27.8 sec 23.9-33.1 sec
aPTT: Silica 32.1 sec 25.9-45.0 sec
dioxide activator
Prothrombin time 12.0 sec 9.3-12.7 sec
(Inovin®)
Dilute Russell Viper Negative Negative
Venom Time
Antiphospholipid Panel
Anticardiolipin:
IgG 3.4 GPL 0-22 GPL
IgM 5.1 MPL 0-11 GPL
IgA 5.9 APL 0-22 APL
Anti-B-2-glycoprotein-1
IgG <1.0 GBU 0-20 GBU
IgM 4.6 MBU 0-20 MBU
IgA 5.8 ABU 0-20 ABU
Anti-Prothrombin
IgG <1.0 GUNITS  0-20 G UNITS
IgM 3.1 M UNITS 0-20 M UNITS
Activated Protein C Resistance 1.9 ratio >2.3 ratio
Factor V Leiden mutation positive not detected
heterozygous
Factor I (20210) mutation positive not detected
heterozygous
MTHFR C677T mutation+  positive not detected
heterozygous
C-Reactive Protein 13.6 mg/dL 0.0-0.49 mg/dL
Homocysteine 1.03 mg/L 0.69-2.08 mg/L

* Reflects recent warfarin therapy
+ No known thrombosis risk associated with this heterozygous mutation
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F V Leiden is the most common inherited hypercoag-
ulability disorder among populations of European
descent. The disorder is named after the city of Leiden
in the Netherlands, where it was first identified in
1994.> F V Leiden is an autosomal dominant mutation
which results from a single nucleotide polymorphism in
exon 10 of the factor V gene. This point mutation
involves substitution of a glutamine for an arginine at
either position 1691 or 1746, and also affects the amino
acid position for the Leiden variant (506 or 534). Due
to non-standard nomenclature, the F V Leiden
mutation may be referred to as G1691A, c.1601G>A,
c.1746G>A, p.Arg534Gln, Arg506Gln, R506Q), etc.
This mutation eliminates one of the three activated
protein C (APC) cleavage sites, resulting in activated
protein (APC) resistance, which prevents efficient
inactivation of factor V. Continued factor V activation
leads to overproduction of thrombin, excess fibrin
generation, and increased clotting.’ In addition to F V
Leiden, three other factor V mutations with activated
protein C resistance have been described, but these are
extremely rare and their clinical significance requires

further investigation.”

F V Leiden has been associated with VTE' and
pregnancy loss."" Factor V Leiden has been associated
uncommonly but significantly with cerebrovascular
events alone'” or via paradoxical embolism,"” and
myocardial infarctions."* Homozygosity for the mutated
allele confers increased risk compared to heterozygosity.
Heterozygous individuals (i.e. with a single mutant
allele) have a 5- to 10- fold increased risk of VTE, while
homozygosity (i.e. two mutant alleles) confers a 15- to

80- fold increased risk of VTE.!>1617

Haplotype analysis of factor V gene polymorphisms
suggests that the F V Leiden mutation arose in a single
Caucasoid ancestor approximately 21,000-34,000 years
ago.'"® The frequency of F V Leiden in Europe varies
widely, from 2% in Italy and Spain to up to 15% in
Swedish populations. In the US, a single F V Leiden
allele is present in about 5% of white populations, 2.2%
of Hispanic populations, and 1.2% of African American
populations.” This mutation is not found in native
African and Southeast Asian populations.'® (Table 2)

Lindqvist ez al. postulate that the F V Leiden mutation
in Caucasian populations may represent a selective
advantage related to an increased risk of life-threatening
hemorrhage postpartum.” This theory is based on the

observations that heterozygous F V Leiden mutation
reduces intrapartum blood loss® and ameliorates the
bleeding tendency associated with hemophilia A.*'
Moreover, the risk of VTE in heterozygous individuals
is relatively low in the absence of other risk factors,
especially prior to reproductive age.”

Our patient exhibited an acute phase hypercoagulable
state in addition to the factor II mutation (G20210A)
and the factor V Leiden mutation. There is the
observation and suggestion that F V Leiden may confer
a survival advantage in patients with severe sepsis.”>**
Recent studies have contradicted the purported survival
advantage.”**” It remains to be seen if this sepsis
survival is substantiated. Our patient did not have an

infection or sepsis.

Factor 11, also known as prothrombin, is a vitamin K-
dependent clotting factor in the blood coagulation
cascade. Factor II is cleaved by factor Xa to form
thrombin, an active serine protease. The gene encoding
factor II is located on chromosome 11 in the region of
the centromere.”® This gene consists of 14 exons and 24
kilobases of DNA, which encode a signal region, a
propeptide region, a glutamic acid domain, 2 kringle
regions, and a catalytic domain. In the presence of
vitamin K, the enzyme gamma-glutamyl carboxylase
converts the N-terminal glutamic acid residues to
gamma-carboxyglutamic acid residues, which facilitate
the binding of factor II to platelet membrane
phospholipids.

The factor II mutation (G20210A) was first reported in
1996 as a familial cause of VTE.?> This mutation
involves substitution of an adenine for a guanine at
position 20210 within the 3’ untranslated region of the
factor II gene”® This substitution alters the
polyadenylation site of the gene, leading to increased
mRNA synthesis and subsequent increased protein
expression, resulting in elevated plasma factor II levels
and an increased risk of thrombosis.>*° Individuals with
a single F II mutation (G20210A) [heterozygotes] have
a 30% increase in plasma factor II, and those with
double G20210A mutations (homozygotes) have a 70%

increase.>?°

The factor II mutation (G20210A) is the second most
common inherited risk factor for VTE, and occurs in
approximately 2% of European populations, with high-
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Table 2. Factor V Leiden and Factor II G20210A mutations

Authors

Martinelli et al. 1997

Martinelli et al. 1998

Martinelli et al. 2000

Eroglu et al.

(meta-analysis) 2000
Bavikatty et al. 2000
Wahlander et al. 2002
Dizon-Townson et al. 2005
Eid et al. 2005

Ho et al. 2006

Mazoyer et al. 2009
Serrano et al. 2011

Martinelli et al. 1998

Bavikatty et al. 2000
Martinelli et al. 2000
Wahlander et al. 2002
Eid et al. 2005

Ho et al. 2006
Mazoyer et al. 2009
Serrano et al. 2011

Bavikatty et al. 2000
Heller et al. 2000
neonates and infants

Study site; characteristics Participants Prevalence
Factor V Leiden
Italy; symptomatic non-fatal pulmonary embolism 106 12%
Italy; deep venous thrombosis 106 23%
Italy; healthy controls 212 3%
Italy; cerebral vein thrombosis 40 15%
Italy; deep venous thrombosis 80 19%
Italy; healthy controls 120 3%
Italy; woman with late fetal loss 67 7%
Italy; women with normal pregnancies 232 3%
Turkey; venous thrombo-embolism 1202 23%
Turkey; healthy controls 1283 8%
Mid-western America; patients with thrombophilia 264 17%
Europe; elective orthopedic hip or knee surgery 1600 6%
USA; singleton pregnancy, no history of thromboembolism 4885 3%
Jordan; patients with thrombophilia 594 26%
Australia; first episode of venous thromboembolism 3104 21%
France; no thrombotic history 6154 4%
Portugal; recurrent miscarriage 100 5%
Portugal; no history of pregnancy loss 100 5%
Factor II G20210A mutation
Italy; cerebral vein thrombosis 40 20%
Italy; deep venous thrombosis 80 18%
Italy; healthy controls 120 3%
Mid-western America; patients with thrombophilia 264 7%
Italy; woman with late fetal loss 67 9%
Europe; elective orthopedic hip or knee surgery 1600 6%
Jordan; patients with thrombophilia 594 6%
Australia; first episode of venous thromboembolism 2903 10%
France; no thrombotic history 6154 3%
Portugal; recurrent miscarriage 100 3%
Portugal; no history of pregnancy loss 100 1%
Combined Factor V Leiden and Factor II G20210A mutations
Mid-western America; patients with thrombophilia 8/264 3%
Germany; abdominal venous thrombosis in 2/65 3%

Table 3. Incidence of Factor V Leiden R507Q and Factor II G20210A mutations among healthy controls

Factor V Leiden R507Q 181934

Factor II G20210A 3339-42.44

Combined incidence in patients

45-49

with thrombophilia

USA USA USA USA

American Native
Hawaiian
5% 1.2% 2.2% * 15%
1.1% 0.3% 1.1% * 3%

Sweden France
Caucasian African- Hispanic  Asian/ European European

4%
3%

3%

Italy  Africa Asia

European African  Asian/

Pacific
Islanders
3% * *
3% * *

* extremely uncommon, exact prevalence unknown

er frequency in those of southern European descent
compared to those of northern European descent.

31,32

the US, this mutation is present in 1.1% of non-  2- to 3- fold increased

hispanic whites and Mexican Americans and in 0.3% of
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African Americans.” It is rarely seen in Asians or
In  Africans. The factor II mutation (G20210A) confers a
risk of thrombosis.
Asymptomatic individuals with the factor II mutation

3,34
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(G20210A) have a similar incidence (0.6%) of VTE as
asymptomatic individuals with a single F V Leiden allele
(heterozygotes).” Factor II mutation (G20210A) is also
associated with an increased risk of ischemic
cerebrovascular events in men younger than 60 years of

age®® and recurrent pregnancy loss (Tables 2 and 3).”

The prevalence of F V Leiden and factor II mutation
(G20210A) varies among countries, according to the
presence or absence of thrombophilia. The prevalence
of F V Leiden among healthy controls in Italy, Turkey,
Portugal, Europe, the United States of America, and
France varies between 3 and 8%.%** Among patients
with thrombophilia from these same countries, the
prevalence of F V Leiden is higher — between 5 and
23% 58404445 T Jordan and Australia, the prevalence
of F V Leiden among patients with thrombophilia may
reach 26% and 21%, respectively. “ ¥

The prevalence of factor II mutation (G20210A)
among healthy controls in Italy, Portugal, Europe, and
France varies between 1 and 6%.%%>* Among patients
with thrombophilia from these same countries, the
prevalence of factor II mutation (G20210A) is higher —
between 3 and 20% (Table 3).3404446.47

Among  patients with  thrombophilia,  current
assessments suggest up to 3% of patients will have
combined F V Leiden and factor II mutation
(G20210A) (Table 4).%%* Combined F V Leiden and
factor II mutation (G20210A) could increase the risk of

primary or recurrent VTE.*"2

Based on a meta-analysis of 46 articles, Segal er al.
report that both heterozygosity and homozygosity for F
V Leiden in probands are predictive of recurrent VTE
compared to individuals without F V Leiden (Table 3).*
Heterozygosity and homozygosity for F V Leiden also
predict VTE in family members compared with family
members of adults without F V' Leiden. Heterozygosity
for factor II mutation (G20210A), however, is not
predictive of recurrent VTE in affected individuals.
Also, there is insufficient evidence regarding the value of
factor II (G20210A) homozygosity for recurrent VTE
and the risk of VTE in family members of individuals
with the factor II mutation (G20210A). While there is
high grade evidence that anticoagulation reduces
recurrent VIE events in individuals with either
mutation, there is only low grade evidence that this risk

reduction is similar to that in individuals with a history
of VTE in the absence of these mutations. Segal ez al.
conclude that patients with F V Leiden are at increased
risk of recurrent VTE compared with patients without
F V Leiden, but it is unknown whether testing for F V
Leiden or factor II mutation (G20210A) improves
outcomes in adults with VTE or in family members of
individuals with a mutation.*

Table 4. Odds ratios for recurrent VTE among individuals with
FVL or Factor IT G20210A (probands) and first VTE

among family members of probands*

Overall odds ratio (95% CI)
Recurrent VTE among probands
FVL heterozygosity 1.56 (1.14-2.12)
2.65 (1.18-5.97)
1.45 (0.96-2.21)

Insufficient evidence

FVL homozygosity
Factor IT G20210A heterozygosity
Factor IT G20210A homozygosity

First VTE among family members
Family members with FVL heterozygosity ~ 3.49 (2.46-4.96)
Family members with FVL homozygosity ~ 17.84 (7.98-39.89)

Testing for factor V Leiden and the factor II G20210A
mutation should be considered in any patient who has a
thrombotic event in the absence of recognized risk
factors. Additionally, testing for factor V Leiden should
be considered in any patient of European descent with a
thrombotic event before the age of 45 years, or with a

family history of VTE.

Observational studies suggest that patients with a VTE
and hereditary thrombophilia have only a slightly
increased risk of recurrent VTE.” Furthermore, testing
for thrombophilia after the first VTE episode does not
appear to reduce the risk of recurrence. However,
testing patients with VTE for thrombophilia may alter
clinical management, as well as facilitate identification
of asymptomatic family members who might benefit
from risk reduction measures. Affected females, for
example, should avoid oral contraception, if possible,
because of the additive risk of VTE or ischemic
stroke.”*> Other benefits of thrombophilia testing
include ruling out underlying congenital or acquired
risk factors for thrombosis and informing the patient
and family members about necessary lifestyle changes
and pregnancy concerns.

Oral anticoagulation for 3-6 months following the first
episode of VTE is the current standard of care.’® To
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date, there is insufficient evidence to justify routine
prolonged patients  with
thrombophilia, as the complications of therapy may
outweigh the benefits.”?

anticoagulation  in

Continued anticoagulation
therapy would be considered for patients who have
damaged venous valves in the lower leg or other trauma
to the lower leg veins that would predispose to
decreased blood flow or turbulence especially with a
history of repeat episodes of deep vein thrombosis or
pulmonary embolism.

The homozygous forms of protein C, factor V Leiden
(R507Q) and factor II (G20210A) have been described
in young children and young adults with bad outcomes.
In our case of a double heterozygous F V Leiden and F
II (G20210A) mutation, intervention with warfarin was
successful for fifteen years from age 44 to 59 yrs. This
suggests that a double heterozygous for F V Leiden and
factor II mutation (G20210A) may not necessarily
represent as much of an increased risk as does the
homozygous form of either factor mutation. The
numbers are very small and further studies of this
uncommon combination population are indicated.
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