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Mutations in the Gene for Factor V Leiden and G20210A
Prothrombin Polymorphism in Women With Recurrent
Spontaneous Abortion: A Retrospective Study in a Brazilian
Population
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Abstract

Background: Pregnancy is sufficiently considered an important risk
factor for thromboembolic events. We aimed to determine the preva-
lence of factor V Leiden (FVL) and prothrombin gene 20210A muta-
tions in patients with miscarriages and to correlate these results with
normal and abnormal karyotypes.

Methods: A retrospective study was carried out in 247 women with
a history of miscarriages. These samples were karyotyped, and the
DNA was extracted (chorionic villi) and genotyped for FVL and pro-
thrombin gene polymorphism.

Results: Polymorphism frequency was compared among different
groups. FLV showed significant levels in the normal cytogenetic
groups in two comparisons: normal abortion (NA) versus abnormal
abortion (AA) (P =0.08) and normal recurrent abortion (NRA) versus
AA (P = 0.048). The presence or absence of at least one polymor-
phism was evaluated. The frequency of G20210A prothrombin gene
polymorphism was higher in NA than in AA: NA versus AA (P =
0.014), NRA versus AA (P=0.018) and AA versus NRA (P =0.01).

Conclusions: The FVL showed probable importance in the genesis
of abortions due to its greater frequency of normal karyotype miscar-
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riage. Once presence of both polymorphisms was significantly higher
in normal karyotype miscarriage than in abnormal, we can infer that
the alterations are associated with the pathophysiology of abortions.

Keywords: Factor V Leiden; Prothrombin gene polymorphism; Re-
current spontaneous abortion; Molecular alteration; Karyotype

Introduction

Miscarriage is a common event in medicine, affecting about
1-2% of women of reproductive age [1]. It is estimated that
15-25% of pregnancies culminate in abortion, and up to 5%
are recurrent [2, 3]. The habitual spontaneous abortion (HSA)
or recurrent spontaneous abortion (RSA) can be defined as the
loss of three or more consecutive miscarriages before the 20th
week of pregnancy. Chromosomal abnormalities account for
more than 50% of the causes of abortions, especially in the
first quarter of pregnancy [4-6]. Other anomalies, such as the
reproductive system, hormonal disorders, immune factors, au-
toimmune diseases and infectious diseases are also associated
with the genesis of abortions [7] and still 30-50% of the cases
remain unexplained [8]. The adaptation of hemostasis during
pregnancy induces a tendency for placental thrombosis. The
pregnancy is sufficiently considered an important risk factor
for thromboembolic events and the presence of other factors
during pregnancy can greatly increase the risk. Among the in-
herited thrombophilia, there is resistance to C-reactive protein,
mainly caused by the presence of factor V Leiden (FVL) in
about 95% of cases. The FVL gene may undergo a point muta-
tion at nucleotide 1691 (G—A) OMIM #227400. This leads
to substitution of arginine for glutamine at position 506 and
is located on the long arm of chromosome 1 (1g23). The FVL
mutation makes the patient with FV coagulation be resistant
to down-regulation by activated protein C. The major cause
of venous thrombosis is associated with patients who have a
history of oral contraceptive use. The FVL has been found in
about 20-40% of these patients and in 60% of patients during
pregnancy [6, 9, 10]. Moreover, high prothrombin levels in the
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plasma and increased risk of arterial and venous thrombosis
can be associated to polymorphisms in 3'-UT region of the
prothrombin gene (the G—A substitution at nucleotide posi-
tion 20210) [11, 12]. According to the problem presented, the
purpose of this study was to evaluate the presence of mutation
in the FVL and in G20210A prothrombin gene polymorphism,
correlating the possible findings with miscarriages and previ-
ous cytogenetic results.

Materials and Methods

A retrospective study was carried out in 247 women with a his-
tory of miscarriages. These samples were sent to cytogenetic
analyse, during the year 2004. This study was approved by a
research Ethics Committee of the Federal University of Sao
Paulo/Paulista School of Medicine (CEP 1523/04).

Cytogenetic analysis

Chorionic villi sample of placental or placental fragments
were sent between the fifth and 20th gestational week in ster-
ile flask containing 10 mL of sterile saline solution. The time
between collecting material and sending to the laboratory did
not exceed 48 h, with the material stored refrigerated (4 - 8
°C). This material was analyzed microscopically to choose the
adequate sample for the cell culture (chorionic villi sample).
Until the 13th week of pregnancy, semi-direct culture was per-
formed and above the 14th week, long-term culture was used
according to the protocol pre-established by the laboratory and
literature [13-16]. After the culture had been performed by har-
vesting methods and slide staining with Band G according to
laboratory protocols, the karyotypes were analyzed according
to International System for Human Cytogenetic Nomenclature
2005 (ISCN) standards.

Molecular biology

The extraction of DNA from chorionic villi, as well as the
polymerase chain reactions (PCRs) and enzymatic digestions
were performed according to the standardization of the Mo-
lecular Biology Laboratory of the Department of Gynecology
of the School of Medicine Paulista, UNIFESP. The chorionic
villi were placed in sterile bottle medium 199 Cultilab® and
stored in the freezer at -20 °C until DNA extraction. Miniprep
System GIBCO® was used for DNA extraction. In some sam-
ples with impurities, it was necessary to realize the purification
of proteins using the GFX® kit from Amersham-Pharmacia.
DNAs were stored at -20 °C until PCR analysis.

Genotyping of FVL

Amplification of human DNA genomic sequences with
polymerase chain reaction (PCR) using sequences of the
oligonucleotides primer had been described earlier by Ei-
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ben et al (1994) (5’-TGTTATCACACTGGCGCTAA3’ and
3’-GAACAATTCGTGACCCGT-5") and was used in this
study. The PCR was used to amplify the exon 10 of the FVL
gene; when the mutation occurred, there was the G—A transi-
tion at nucleotide 1691. Amplification was carried out in a final
volume of 25 pL containing 0.5 pL of each primer (10 pmol/
pl), 2 uL of genomic DNA (50 - 200 ng), 11 pL PCR Master
Mix (Promega 50 U/mL Taq polymerase, 400 uM dNTP, 3 mM
MgCl,) and 11 pL sterile water. For all reactions, a negative
control was used, where all reactants except DNA (to avoid
contamination) were placed into 1.5 mL sterile Eppendorf
tubes. PCR was processed in an Eppendorf thermocycler and
the reaction was denatured at 94 °C for 4 min followed by 40
cycles of 94 °C (60 s), 55 °C (60 s) and 72 °C (60 s), and after
these cycles, 72 °C (7 min) and 4 °C until turn off the equip-
ment. The PCR products amplified were visualized on 2% aga-
rose gel stained with ethidium bromide. The product ampli-
fied was 267 pair (bp) and to enzymatic digestion, a specific
restriction enzyme (MnlI, New England Bio Labs®) was used
for mutation detection. The digestion product was revealed on
3% agarose gel, and stained with ethidium bromide and the gel
was photographed in Kodak® system. In both electrophoreses,
molecular weight markers (100 pb, Invitrogen) were run to
verify if the bands corresponded to molecular weight, even if
some bands were run off the bottom of the gel.

Genotyping factor II/prothrombin G20210A

The prothrombin gene region was amplified by PCR in the pres-
ence of the primers sequences described by Poort et al (1996):
5’-ATAGCACTGGGAGCATTGAAGC-3’ and 3’-CGGTC-
CGTTGACAAAGATCT-5’. The PCRs were performed under
the same conditions of factor V, including the number of cy-
cles. Only the second temperature in the cycle was different.
We change 55 °C to 58 °C. Endonuclease HindIIl was used as
specific restriction enzyme (New England Bio Labs®).

Statistical analysis

The Hardy-Weinberg, allelic and genotypic frequencies were
compared using the Chi-square test or Fisher’s exact test, when
< 5 were observed in at least one category, which they were
being compared. The odds ratio were derived from logistic re-
gression model using the SPSS statistical package (Statiscal
Package for Social Science, v12.0). For analysis of quantita-
tive variables, we used the analysis of variance (ANOVA) for
normal data distribution, but Mann-Whitney test when the as-
sumption of normal distribution of data was rejected.

Results

In the 247 samples analyzed, 210 had cell growth and of these,
123 chromosomal abnormalities, 75 had habitual abortion
and 48 had isolated abortion. Table 1 shows the frequencies
of chromosomal abnormalities found in these samples, which
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Table 1. Cytogenetic Results and Frequencies of Chromosomal Abnormalities

aclillfgle(;z;l No. (%) Trisomy  Triploidy Tetraploidy Double trisomy Monosomy :lt:;:)c::l::;: ties
Aneuploidy 97 (78.87) 91 (74%) 4(3.25%) 2 (1.65%)

Euploidy 22 (17.88) 18 (14.60%) 4 (3.25%)

Structural abnormalities 4 (3.25) 4 (3.25%)
Total 123 91 18 4 4 2 4

among the aneuploidy, we had 74% trisomy, 14.6% euploidy,
3.25% tetraploidy, 3.25 double trisomy, 1.65% monosomy and
3.25% of structural abnormalities. For FVL molecular analy-
sis, 247 abortion samples were submitted, of which 11 (4.45%)
were not amplified and 236 (95.55%) were amplified. Among
these samples, 224 (94.02%) were homozygous wild and 12
(5.08%) were heterozygous. Homozygous genotype not mu-
tated for this polymorphism was found. Figure 1 shows a 3%
agarose gel with the results for FVL. The presence of three
bands of 116, 67 and 37 pb showed the wild-type homozygous
genotype (without the mutation on both alleles) and the pres-
ence of four fragments of 153, 116, 67 and 37 pb character-
ized heterozygous genotype (one mutated allele and one wild).
The same samples were also submitted to study G20210A pro-
thrombin gene polymorphism, of which 20 (8.09%) were not
amplified and 221 (97.36%) were amplified and homozygous
wild and six (2.64%) were heterozygous. The homozygous
genotype mutated to this polymorphism was not found. Figure
2 shows a 3% agarose gel for the polymorphism of the pro-
thrombin gene. The band of 345 pb was the wild homozygous
genotype and two bands 345 pb and 322 pb were the heterozy-
gous genotype. Both polymorphisms analyzed showed in the
sample total in Hardy-Weinberg equilibrium: X2 = 0.16, P >

1 2 3

I -.—l

- aeae

-

100pb

—— -

0.05 and X? = 0.04, P > 0.05 for the FVL and prothrombin
polymorphism, respectively. There was no statistically signifi-
cant difference between habitual abortion (HA) and isolated
abortion (IA); normal isolated abortion (NIA) and abnormal
isolated abortion (AIA); abnormal habitual abortion (AHA)
and NIA; AHA and AIA; abnormal abortion (AA) and NIA.
Regarding prothrombin analysis, statistically significant dif-
ferences were observed between the groups: AA and IA; NIA
and AIA; normal habitual abortion (NHA) and NIA; AHA and
AIA; AA and NHA; AA and NIA; HA and TA. An analysis was
also performed considering the presence or absence of at least
one of the polymorphisms studied. When HA and IA groups
were compared to the polymorphism of FV, although a level of
significance was not reached, there was a tendency for a posi-
tive association between the group of normal abortions and
FVL polymorphism present in heterozygous (Fisher’s exact
test, P = 0.08, odds ratio: 0.305, 95% CI: 0.08 - 1.156). The
comparison between the presence and absence of at least one
of the polymorphisms study found a statistically significant
result (Fisher’s exact test, P = 0.014; odds ratio: 3.921, 95%
CI: 12.5 - 1.251%*). Therefore, the frequency of at least one of
the polymorphisms in normal abortion (NA) group was sig-
nificantly higher, compared to the frequency of at least one of

5 6 7
153pb
- .
S 116pb
B B S7pb
37pb

Figure 1. Agarose gel of FVL. Slot 1: molecular marker 100 pb. Slot 2: negative control. Slots 3, 4, 5 and 7: genotype homozy-

gous wild. Slot 6: genotype heterozygous.
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Figure 2. Agarose gel polymorphism in the prothrombin gene. Slot 1: molecular marker 100 pb. Slot 2: negative control. Slots 3,
4, 5, 6 and 8: genotype homozygous wild. Slot 7: genotype heterozygous.

the polymorphisms in the AA group. NA was about four times
more likely to have at least one of the polymorphisms com-
pared to AA. When the presence of at least one of the polymor-
phisms was taken into account, a statistically significant result
was obtained (Fisher’s exact test, P = 0.018; odds ratio: 5.847,
95% CI: 38.571 - 1.246). Thus, it can be noticed that the pres-
ence of a mutated allele is significantly higher in NHA group
compared to AHA group. NHA was about six times more
likely to have one of the polymorphisms than AHA. Abnormal
miscarriages and abortions normal usual: when comparing the
frequency of FVL between AA and NHA, we found a close
difference to the level of significance (Fisher’s exact test, P =
0.048; odds ratio: 3.95; 95% CI: 0.99 - 15.8), suggesting that
about the probability of having this polymorphism, NHA was
approximately four times higher compared with the AA. Con-

comitantly, the polymorphism analysis showed a statistically
significant difference (Fisher’s exact test, P = 0.01, odds ratio:
4.87;95% CI: 1.49 - 15.87), thus, NHAs were about five times
more likely to have one of the polymorphisms compared with
altered abortions. AAs and NIAs (Table 2): the analysis of the
presence or absence of at least one of the polymorphisms did
not show statistically significant difference between AA and
NIA (Fisher’s exact test, P=0.372; odds ratio: 0.436, 95% CI:
0.093 - 2.043). A comparison of the frequency of at least one of
the polymorphisms did not show difference between groups.

Discussion

Several factors may be associated to the causes of abortions;

Table 2. Frequency of Polymorphisms in Abnormal and Normal Abortions

Polymorphism Genotype Abnormal Normal
No. % No. %
FVL (G1691A) Homozygous wild 117 97.5 107 923
Homozygous 3 2.5 9 7.7
Total 120 100.0 116 100.0
Prothrombin (G20210A) Homozygous wild 113 99.1 108 95.6
Homozygous 1 0.9 5 44
Total 114 100.0 113 100.0
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however, no study has the chromosomal alterations of abor-
tions before the study of polymorphisms, which is of great rel-
evance, because more than 50% of chromosomal abnormali-
ties lead to abortions. The cytogenetic study is considered as
a prerequisite exam for investigating the causes of abortion,
suggested by Moraes et al (2005) [5]. These authors demon-
strated the fundamental importance of cytogenetic studies of
chromosomal abnormalities in miscarriages samples, prior to
investigating other possible causes in couple with a history of
RSA. Some studies showed the cytogenetic abnormalities and
hereditary thrombophilias in RSAs, the association with risk
factors, between the presence of FVL, FII G202 10A mutations
and patients with normal karyotype [17-19]. In 1999, Mein-
ardi et al [20] examined the FVL in mothers with spontaneous
abortions and suggested the study of hereditary thrombophilia
in fetus and of the clinical implications related with embryo
genotype. Mahjoub et al (2005) [21] studied the association
between genotypes and the FVL G1691A and prothrombin
G20210A seen in women with history of recurrent idiopathic
miscarriages. Because of no association between the presence
of polymorphisms with recurrent pregnancy loss and maternal
thrombotic events, in this study, screening of existence of APC
resistance was recommended in women with recurrent miscar-
riages. Recently, Lino et al (2015) [17] showed no associa-
tion between studied polymorphisms (FVL, PTM, MTHFR,
C677T, MTHFR A1298C, and FXIII V34L) and the occurrence
of recurrent abortion, but these results have a substantial value
to carry out a meta-analysis. However none of these research-
es has tried to correlate with cytogenetic results of abortions
samples. We performed comparisons between pre-determined
groups, thus verifying whether these polymorphisms were
present more in some than others. Regarding the FVL, this
proved to be close to the significance levels in two of the eight
analyzes. Comparing AA with NA, the results reached close
to the significance level (P = 0.08) and the presence of FVL
(percentage of heterozygotes) was higher in patients without
cytogenetic alteration. The same was found in the comparison
between the AA versus NHA groups (P = 0.048). Although a
close difference to levels of significance in the comparison was
not found between groups, NHA and AHA, NIA and AIA, NIA
and AA, the percentage of heterozygous FVL was also higher
in groups with the normal cytogenetic results. These results
lead us to believe that the FVL can cause a predisposition to
abortion, and the samples showed cytogenetic abnormalities,
i.e., have no defined cause. In groups of AH versus Al and
NHA and NIA was found more in FVL AH, but this difference
did not have significance levels. These data suggest that this
polymorphism may be more important in recurrent miscar-
riages. In the analysis between groups AHA EIA versus the
frequency of FVL, it was close to 2.7% and 2.1%, respectively.
The lower incidence of this polymorphism in cytogenetically
abnormal miscarriages shows that it is probably not contribut-
ing to abortion in these cases and the loss was actually caused
by chromosomal abnormalities. On the other hand, we can
think that the presence of FVL polymorphism may cause a pre-
disposition to abortion in patients without cytogenetic altera-
tions, i.e. without giving a definite cause. The polymorphism
in the prothrombin gene did not find statistically significant
differences in any of the eight analyzes. However, the compar-

Articles © The authors | Journal compilation © ] Clin Gynecol Obstet and Elmer Press Inc™

ison between the AA and NA groups, NHA and AHA, AA and
AA, and NIA and NHA, the frequency of this polymorphism
was higher in normal karyotype groups. The polymorphism of
prothrombin is a low frequency polymorphism in the general
population ranging between 1% and 3% [22-24] and probably
the correlation with abortion is only possible in work involving
a larger sample. The NA was four times more likely to have at
least one of the polymorphisms changed compared to the cases
of AA (P=0.014). The NHA was six times more likely to have
one of the polymorphisms than AHA (P = 0.018). Similarly,
comparison of AA with NHA (P = 0.01) showed the last five
times more cases of polymorphic changes. Therefore, these
data helped confirm that the molecular changes that lead to
a hypercoagulable state are more common in normal karyo-
type abortions and are likely contributing to the genesis of
abortion. The way to analyze the frequency data of multiple
polymorphisms related to concurrently thrombophilia has al-
ready been performed by Coulam et al (2006) [25], who stud-
ied 10 polymorphisms and found no association when evalu-
ated in isolation. Reports in the literature relevant to the study
of polymorphisms in abortion material are scarce, as well as
comparisons between groups with altered and the normal cy-
togenetics. In general, the studies compare the frequency of
these polymorphisms in women with miscarriage and women
with successful pregnancy [3, 26, 27]. Many cytogenetic ab-
normalities cause such cellular alterations that it explains the
pregnancy loss. Once comparing findings in patients with and
without cytogenetic alterations, we evaluated the role of poly-
morphisms in abortions: they are, normal or isolated. As noted,
samples without chromosomal disorders have higher levels of
these polymorphisms involved in coagulation phenomena, but
in some groups, they were not sufficient to demonstrate sig-
nificance, so these results merit confirmation in studies involv-
ing a larger number of cases. Fetal loss is a common event in
medicine, but a lot of insecurity, depression and even feelings
of guilt, a couple always shares, especially women, whose re-
current dream was interrupted. Therefore, research in this area,
should be initiated by should be initiated by studying the pos-
sible causes of RSA, should be initiated with fetal and placen-
tal samples for karyotype analysis and polymorphisms and if
necessary further studies of molecular biology to contribute to
genetic counseling of the couple, are needed and also prepar-
ing them for a new attempt at successful pregnancy.

Conclusion

The FVL showed probable importance in the genesis of abor-
tions due to its greater frequency of normal karyotype miscar-
riage. Once presence of both polymorphisms was significantly
higher in normal karyotypes miscarriage than in abnormal, we
can infer that the alterations are associated with the pathophys-
iology of abortions.
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