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Genetic PredisEOSitions to Thrombophilia

Associated wit

N. Bogdanova', A. Markoff?

Recurrent Pregnancy Loss

This review retraces the current state of knowledge on hereditary hypercoagulation conditions causing thrombophilia-associated recurrent fetal
loss. Thrombophilias are a major cause of adverse pregnancy outcome, etiological to up to 40 % of cases worldwide. Hereditary thrombophilic
predispositions for recurrent pregnancy wastage include genetic mutations in blood coagulation factors Il and V, as well as the factor Va protease
protein C and its cofactor protein S. Furthermore MTHFR gene variants conferring higher thrombophilia risk in conjunction with the mentioned
mutations and the newly described annexin A5 gene promoter alleles are associated with adverse pregnancy outcome. The review gives a brief
description of molecular defects associated with these hereditary genetic changes, roles of these factors in different timing and definition of fetal
loss and risk estimates from available studies and meta-analyses. This knowledge is instrumental to the more precise estimate of individual risk
for repeated pregnancy loss and should guide the adequate therapeutical measures where relevant. The conclusive advice section summarizes

a corollary for the clinical practice. J Reproduktionsmed Endokrinol 2008; 5 (2): 101-5.
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F etal loss is a common and con-
siderable problem during preg-
nancy. About 20 % of women world-
wide have at least one abortion and
5 % have two or more spontaneous
pregnancy losses [1]. The most com-
mon reason for adverse pregnancy
outcome in the first trimester consists
in fetal chromosomal abnormalities
which are not compatible with sur-
vival. However, 30-40 % of recur-
rent fetal losses remain unexplained
after standard gynaecological, hor-
monal and cytogenetic investiga-
tions [1].

Prime candidates forming molecular
basis of fetal loss are various ac-
quired or inherited hypercoagulation
disorders promoting thrombosis, col-
lectively termed ‘thrombophilias’
[2]. Related evidence comes from
histological studies reporting micro-
thrombi to be a common finding
in the placental vessels amongst
women with recurrent miscarriage
[3, 4]. Changes in blood coagulation
and fibrinolysis during normal preg-
nancy induce a state of hyper-
coaculability, which predisposes to
development of thrombosis [5, 6]. In
combination with the physiological
changes during pregnancy, heredi-
tary thrombophilic defects may in-
crease the risk of uteroplacental
thrombosis and hence the risk of
fetal loss [7].

Up to 70 % of the patients prone to
thrombophilia will be found to have
one or several of the five major inher-

Table 1. Genetic variations in thrombophilia*

Population Prevalence, % (Whites)

Incident Recurrent Normal Relative
Thrombophilic Defect VTE VTE population thrombotic risk
Antithrombin deficiency 1-2 2-5 0.02-0.04 5
Protein C deficiency 2-5 5-10 0.2-0.5 6-10
Protein S deficiency 1-3 5-10 0.1-1 2
Factor V Leiden 20 40-50 3-7 3-7 (heterozygotes)

50-100 (homozygotes)

Prothrombin G20210A 3-8 15-20 1-3 2-8 (heterozygotes)

*VTE indicates for venous thromboembolism

ited defects listed in Table 1. Two of
these genetic defects — the factor V
Leiden (FVL) mutation and the pro-
thrombin G20210A mutation (PTm)
— found together in more than half of
all cases of inherited thrombophilia
are well conserved single nucleotide
substitutions for which direct DNA-
based assays are available.

The factor V Leiden mutation results
from a guanine substitution for ad-
enine at position 1691 of the gene
encoding the coagulation factor V
[8-10]. The resulting amino-acid
substitution, namely, arginine (R) to
glutamine (Q) at amino-acid position
506, occurs precisely at one of the
three sites where activated protein C
(APC) normally cleaves and inacti-
vates the procoagulant factor Va. Be-
cause of this single amino-acid sub-
stitution activated factor V Leiden is
partially resistant to the anticoagu-
lant action of APC and is inactivated
at an approximately ten-fold slower

rate than normal, resulting in in-
creased thrombin generation and a
prothrombotic state.

Activated protein C resistance not
due to factor V Leiden has also been
identified as an independent risk fac-
tor for deep vein thrombosis [11].
These states may correspond to ac-
quired conditions as reported for
pregnancy [12] and oral contracep-
tive use [13]. Some laboratory phe-
notypes, such as lupus anticoagulant
and high factor VIII levels, are also
associated with a reduced sensitivity
for APC. It may also be due to other
inherited traits. For example, two
mutations involving the Arg205 APC
cleavage site of factor V were
described [14, 15]. One mutation
(Arg306Thr, factor V Cambridge)
was indeed associated with APC
resistance. The other mutation
(Arg306Gly) found in a Hong Kong
Chinese, was reported not to be asso-
ciated with APC resistance. In some
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patients no obvious reason can be
found for the APC-resistant pheno-
type without the factor V mutation.

The 20210G>A mutation (PTm) in
the 3’ untranslated region of the Fac-
tor Il gene encoding prothrombin
causes a gain of function due to in-
creased recognition of the 3’ end
cleavage signal and increased 3’ end
processing. The net result is accumu-
lation of messenger RNA and in-
creased protein synthesis of pro-
thrombin [16].

Homozygous and heterozygous
forms of factor V Leiden and PTm in-
crease the risk of thrombosis (Tab. 1).
Factor V Leiden is the most common
inherited cause of thrombophilia,
being present in heterozygous form
in about 12-20 % of the patients
with venous thrombosis and in 40—
50 % of those with recurrent venous
thrombosis. This mutation is very
common in the white population:
about 3-7 % of the normal white
population of northern European or
Scandinavian ancestry are hetero-
zygous FVL carriers. Heterozygous
carriers of FVL have been shown to
have an overall 3- to 7-fold increased
risk of venous thrombosis, while ho-
mozygous individuals have a 50- to
100-fold increased risk [17-19].

The prevalence of the prothrombin
mutation in Europe is about 2 %
overall, with a range of 1-3 %. The
highest prevalence appears to be in
southern European regions (approxi-
mately 3 %) and the lowest preva-
lence in the northern parts of the
continent (approximately 1.7 %).
Heterozygous carriers of the 20210A
allele have a 2- to 8-fold increased
risk for venous thrombosis [20].
There are very few cases of homo-
zygosity for this mutation. Although
more severe thrombotic risk may be
expected in the homozygous state,
there is a broad clinical spectrum
with striking heterogeneity, because
of the very small number of cases
[21].

Patients carrying both the FVL and
prothrombin  G20210A mutations
have an odds ratio for venous throm-
bosis of 20, i.e. higher risk as com-
pared to heterozygous for FVL or
prothrombin G20210A only. Analy-
sis for both mutations is therefore
recommended in patients with per-
sonal or family history of thrombosis

Table 2. Relative risks for fetal loss based on the results of the meta-analysis [43]

Recurrent

pregnancy loss
before 13 weeks

Thrombophilic effect

Non-recurrent
pregnancy loss
after 19 weeks

Non-recurrent
pregnancy loss

Antithrombin deficiency 0.88
Protein C deficiency 1.57
Protein S deficiency 14.72

Factor V Leiden 2.01
Prothrombin G20210A 2.05

1.54 Not analysed
1.41 Not analysed
7.39 Not analysed
1.73 3.26
2.32 2.30

[22, 23]. Hereditary deficiencies of
the anticoagulant proteins anti-
thrombin, protein C and protein S
are heterogeneous in nature and
caused by several different genetic
mutations [24]. Although these defi-
ciencies have been more frequent
targets for clinical thrombophilia re-
search, together they are found in
less than 10 % of the patients with
thrombophilia [25].

It has been suggested that elevated
total plasma homocysteine level
(hyperhomocysteinemia) could pre-
dispose to thrombophilia. Homo-
cysteine is a non-protein-forming
sulfhydryl amino-acid formed from
the intracellular demethylation of
methionine. In hepatocytes, homo-
cysteine is remethylated to methio-
nine by donation of a methyl group
from methyltetrahydrofolate, derived
in a reaction catalyzed by methylene-
tetrahydrofolate reductase (MTHFR).
A quite common variant in the
MTHFR gene, a C to T substitution at
cDNA position 677 leading to a
change from alanine to valine, may
lead to an increased level of plasma
homocysteine. This variant demon-
strates reduced activity at 37 °C and
increased thermolability at 46 °C.
About 12 % of the white population
is homozygous for this mutation, and
moderate hyperhomocysteinemia is
typically manifest when folic levels
are in the lower end of the normal
range [26]. Although initial studies
have suggested an association be-
tween homozygosity for MTHFR
C677T and venous thrombosis, pro-
spective studies could not confirm
such an association [27, 28]. How-
ever, the risk for thrombosis may be
more closely linked to a combined
defect of homozygosity for MTHFR
C677T and for another unequivocal
risk factor such as factor V Leiden
[19, 29, 30].

A second common polymorphism in
the MTHFR gene, A1298C, has been

described by van der Put [31]. The
prevalence of individuals homo-
zygous for this variant in the white
population is approximately 10 %
and 23 % are combined hetero-
zygous for C677T and A1298C [32].
It has been shown that combined
heterozygosity for C677T and
A1298C, but not homozygosity for
A1298C, is associated with increased
fasting and post-methionine load
homocysteine plasma levels [32].

In the last years a large number of
studies on the association between
inherited thrombophilia and preg-
nancy loss has been published [33-
42]. Because of the conflicting re-
sults of these studies regarding the
presence and magnitude of the asso-
ciations, and because of the increas-
ingly widespread availability of
screening tests for thrombophilia, a
meta-analysis on 31 association
studies published in literature has
been put together [43] in order to es-
timate the strength and precision of
the association between individual
inherited thrombophilia and fetal
loss and to examine whether these
associations vary according to the
timing or definition of fetal loss
(Tab. 2). From this analysis factor V
Leiden is associated with early and
late recurrent fetal loss (OR 2.01;
95 % Cl: 1.13-3.58) and late non-re-
current fetal loss (7.83; 2.83-21.67).
Exclusion of women with other pa-
thologies that could explain fetal loss
strengthened the association be-
tween factor V Leiden and recurrent
abortions. Furthermore, there is a
significant association between PTm
and recurrent abortions before 13
weeks of pregnancy (2.56; 1.04-
6.29) as well as non-recurrent fetal
loss after 20 weeks. While protein S
deficiency is related to non-recurrent
pregnancy loss occurring after 22
weeks, activated protein C resistance
not due to factor V Leiden is associ-
ated with recurrent early pregnancy
loss. In contrast, there is no signifi-



cant association between protein C
and antithrombin deficiency and
recurrent or non-recurrent fetal loss.

The initial observations that homo-
zygosity for MTHFR C677T could be
related to pregnancy loss [44, 45],
supported by some recent studies
[46, 471, have not been confirmed by
Foka et al [38] and by a meta-analy-
sis [43]. However, when additional
thrombophilic factors were consid-
ered in combination, this MTHFR
variant seemed to significantly in-
crease the risk of pregnancy wastage
[48-50]. The A1298C MTHFR vari-
ant showed no significant associa-
tion with recurrent pregnancy when
analysed separately, but a significant
correlation was confirmed when
analysed cumulatively [46, 47].

It is important to note that women
who are homozygous for C677T or
compound heterozygous for C677T
and A1298C are prone to hyper-
homocysteinaemia under folate defi-
ciency, which means that the serum
homocysteine levels will not be ab-
normal when folic acid is in the nor-
mal range. Thus such a predisposi-
tion could be missed when no ge-
netic testing has been performed.
Hyperhomocysteinaemia is a risk
factor for placenta-mediated dis-
eases such as pre-eclampsia and pla-
centa abruption as well as for fetal
neural-tube defects [31, 45]. There-
fore the regular folate intake is essen-
tial especially for carriers of a predis-
posing MTHFR genotype.

Another major risk factor for recur-
rent pregnancy loss (RPL) is the pres-
ence of circulating maternal anti-
phosholipid antibodies (aPL). A
higher incidence of RPL has been
documented in both low-risk and
high-risk pregnancies when aPL were
present [47, 51]. Antiphospholipid
antibodies are thought to lead to fetal
loss by causing thrombosis of the
placental vessels, although the ob-
served variability in placental pa-
thology somehow argues against
such a direct involvement [52, 53].
Annexin A5 (placental anticoagulant
protein) occurs in normal placental
villi and appears to be reduced in
the presence of aPL [54]. Reduced
annexin A5 expression in placental
trophoblasts has also been docu-
mented immunohistochemically in
patients with preeclampsia [55].
Based upon these observations and

the reported anticoagulation activity
of annexin A5 [56], it has been sug-
gested that annexin A5 molecules
form an antithrombotic shield on the
apical surface of placental syncytio-
trophoblasts, which may then be dis-
rupted by antiphospholipid antibod-
ies [57]. This hypothesis has recently
received additional support from in
vitro studies employing atomic force
microscopy and functional assays
[58].

Recently, we found that a sequence
variation in the promoter of the pla-
cental anticoagulant protein annexin
A5 (ANXA5) gene represents a risk
factor for recurrent pregnancy loss
[59]. Sequence analysis of 70 Ger-
man RPL patients, all known to carry
neither factor V Leiden nor a pro-
thrombin mutation, revealed four
consecutive nucleotide substitutions
in the ANXA5 promoter that were
transmitted as a joint haplotype
(M2). Reporter gene assays revealed
that M2 reduces the in vitro activity
of the ANXA5 promoter to 37-42 %
of the normal level. The possible re-
lationship between M2 and RPL was
evaluated by comparing RPL patients
(n=70) with two independent con-
trol groups recruited from the registry
of the Institute of Human Genetics in
Miinster (n=500) and the PopGen
biobank in Kiel (n=500), respec-
tively. Carriers of M2 were found
to exhibit a more than two-fold
higher RPL risk than non-carriers
(OR 2.42; 95 % Cl: 1.27-4.58) when
using unselected controls (PopGen),
and an almost four-fold higher risk
when using the Miinster ‘super-con-
trols’, i.e. women with successful
pregnancies and no previous history
of pregnancy losses (OR 3.88; 95 %
Cl: 1.98-7.54).

However, the distribution of ANXA5
promoter haplotypes in other popula-
tions and their impact on RPL and
other prothrombotic pathological
conditions requires further evalua-
tion. Analyses of the presence of
RPL-associated aPL in conjunction
with ANXA5 promoter haplotypes is
also an important subject for future
investigation. Another interesting av-
enue of further studies would be to
clarify the possibility of interaction of
the M2 haplotype with the other
known RPL genetic factors. All these
issues will be addressed in a research
project planned to start in the next
future. Nevertheless, the ANXAS5 pro-

moter M2 haplotype is a strong can-
didate for predisposition to fetal loss
and will be probably included in the
analytical panel in the near future af-
ter the results of this initial study are
proved in large patient groups from
different populations. This should fa-
cilitate the development of improved
prognostic algorithms for RPL, in-
volving a more precise assessment of
individual disease risks, and provide
a guide to offering adequate thera-
pies where relevant.

Advice for the Clinical Practice

Based on the present knowledge
some forms of hereditary thrombo-
philia are associated with recurrent
fetal loss. Genetic testing for the fac-
tor V Leiden mutation and for the
Prothrombin G20210A variation is
indicated in women with recurrent
fetal loss (two or more miscarriages)
as well as non-recurrent late miscar-
riage. Since homozygosity for the
MTHFR C677T variant combined
with another thrombophilic factor
increases the risk for pregnancy
wastage, it is advisable to include
this variant in the analytical panel.
Optionally the MTHFR A1298C vari-
ant could be also tested, but the in-
terpretation of its’ relevance should
be done with precautions and exclu-
sively in conjunction with C677T.
Evaluation of the activated protein C
resistance not due to factor V Leiden
and protein S deficiency using
plasma-based functional assays is in-
dicated in women with early recur-
rent abortions, whereas women with
late miscarriage should be tested for
protein S deficiency only.

It is advisable to refer women, tested
positive for one or more mutations,
to a specialised centre for monitoring
a future pregnancy and for eventu-
ally considering heparin or aspirin
prophylaxis during and/or after preg-
nancy. Women who are homozygous
for MTHFR C677T or are C677T/
A1298C combined heterozygous
should be strongly advised to ensure
the regular folate intake before a
pregnancy has occurred.
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