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Abstract

Background: Recurrent pregnancy loss is (RPL) a heterogeneous condition. While
the role of acquired thrombophilia has been accepted as an etiology for RPL, the
contribution of specific inherited thrombophilic gene polymorphisms to the disorder
has been remained controversial.

Methods: One hundred women with a history of two or more consecutive abortions
and 100 women with at least two live births and no miscarriages were included in the
study and evaluated for the presence of 11 thrombophilic gene polymorphisms (Fac-
tor V LEIDEN, Factor V 4070 A/G, Factor V 5279 A/G, Factor XIII 103 G/T, Factor
XII 614 A/T, Factor XIII 1694 C/T, PAI-1 -675 4G/5G, ITGB3 1565 T/C, -
Fibrinogen -455G/A, MTHFR 677 C/T, MTHFR 1298 A/C) using PCR-RFLP tech-
nique. The data were statistically analyzed using Mann-Whitney test and logistic re-
gression model.

Results: There was no relation between factor XIII 103G/T gene polymorphism with
increased risk of RPL. However, the other 10 gene polymorphisms were found to be
associated with increased/decreased risk of RPL. Multiple logistic regression model
for analyzing the simultaneous effects of these polymorphisms on the risk of RPL
showed that six of these 11 polymorphisms (Factor V 1691G/A, Factor V 5279A/G,
Factor XIII 614A/T, B-Fibrinogen -455G/A, ITGB3 1565T/C, and MTHFR 1298A/
C) were associated with RPL.

Conclusion: It is possible to calculate the risk of abortion in a patient with RPL by
determining only six of the 10 polymorphisms that are individually associated with
RPL.
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Introduction

pregnancies leading to reproductive dis-
orders and recurrent pregnancy loss (RPL).
A number of thrombophilic gene polymorphisms
that are suspected to associate with RPL, have

I nherited thrombophilia is a risk factor for

been reported (1).

The most common polymorphism studied for

association with RPL is Factor V (1q23) (FV)
Leiden (2). FV Leiden may cause thrombosis by
decreasing the sensitivity of FV to inactivation by
activated protein C, leading to increased gener-
ation of thrombin. Activated protein C resistance
(APCR) is the inability of protein C to cleave
Factor Va, which allows for longer duration of
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thrombin degeneration and may lead to a hyper-
coagulable state (3). There are many studies that
have confirmed the association of this polymor-
phism with RPL, although there are other reports
that challenge the idea (2).

In addition to FV Leiden, there are two other FV
polymorphisms that are candidates for increasing
the risk of RPL: FV 4070A/G, FV 5279A/G.
These two polymorphisms are associated with
lowered FV activity and concentration (4) and
may associate with APCR (5). In addition there
are some reports that correlate these polymor-
phisms with FV Leiden (6, 7).

Factor XIII (A subunit (6p25-p24), and B sub-
unit (1q31-g32.1)) is also an important coagula-
tion factor (6). FXIII deficiency results in serious
bleeding complications, inefficient wound healing
and a high risk of miscarriage in deficient women
(8).

The most common polymorphism in FXIII gene
is FXIII 103G/T variant that may modify FXIII
activity. This polymorphism may interfere with
fibrin cross-linking and regulation of fibrinolysis
and may, therefore, contribute to early pregnancy
loss (9).

Other polymorphic sites related to FXIII activity
are FXIII 614A/T and FXIII 1694C/T polymor-
phisms which have been associated with de-
creased plasma factor XIII concentrations and
lower activity rates, making these FXIII variants
candidates for the pathogenesis of thrombotic dis-
orders (8, 10—12). Some investigators have found
an association between the FXIII 614A/T poly-
morphism with RPL (8), but others have not (10).
However, the role of FXIII 1694C/T variant in
RPL has previously been assessed in only a few
articles that could not strongly confirm this asso-
ciation (10).

Two common polymorphisms of methylenetetra-
hydrofolate reductase (1p36.3) (MTHFR), the
MTHFR 677C/T and MTHFR 1298A/C, result in
the most common forms of hyperhomocystinemia
and increased thrombotic tendency. In the pres-
ence of these two polymorphisms the activity of
the encoded enzyme is reduced, although the de-
crease in the enzyme activity in the case of
MTHFR 1298A/C allele is less than that of the
other polymorphism (13). Although most of
studies show the association of these two poly-
morphisms with RPL (14-18), their compound
heterozygosity in women with RPL has not been
investigated thoroughly (19).

Deficiencies in fibrin stabilization and fibrinoly-
sis are other risk factors for thrombosis associated
with RPL. One of the most important polymor-
phisms related to these deficiencies is a single
nucleotide deletion/insertion in the 675 nucleotide
upstream of plasminogen activator inhibitor 1
(7921.3-q22) (PAI-1) promoter which produces
two alleles containing either four (4G) or five
(5G) consecutive guanosine nucleotides (PAI-1 -
675 4G/5G), resulting in unbalanced fibrin depos-
ition. In successful implantation, PAI-1 controls
maternal tissue during trophoblast invasion and its
polymorphism leads to insufficient trophoblast
invasion (20).

Beta-fibrinogen (Ensembl: 4q31.3) (BF)—455
G/A promoter region polymorphism is associated
with 7-10% higher plasma fibrinogen levels and it
could enhance concentration driven enzyme-sub-
strate interactions between thrombin, fibrinogen,
and platelets, and thus result in increased intra-
vascular fibrin deposition followed by promotion
of placental thrombosis that may lead to increased
risk of RPL (21).

A 1565T/C transition in exon 2 of the integrin
beta 3 (Ensembl: 17q21.32) (ITGB3) gene which
is associated with conformational changes, also
increases platelet aggregability resulting in inter-
villous or spiral artery thrombosis and inadequate
placental perfusion (22—24).

In the present study, we compared the fre-
quencies of FV Leiden, FV 4070A/G, FV 5279A/
G, FXIII 103G/T, FXIII 614A/T ,FXIII 1694C/T,
BF -455G/A, PAI-1-4G/5G, ITGB3 1565T/C,
MTHER 677C/T, and MTHFR 1298A/C polymor-
phisms and their combinations in patients with
RPL and the control group.

Methods

Participants: One hundred women with at least
two recurrent pregnancy losses, as the case group
and 100 healthy women with at least two success-
ful deliveries and no miscarriages, as the control
group were included in the study. For women with
RPL, anatomic, hormonal and chromosomal ab-
normalities, as well as antiphospholipid anti-
bodies, were ruled out. The pregnancy losses had
happened before the 20th week of gestation based
on the last menstrual period. The study was ap-
proved by the Ethics Committee for Medical
Research at Avicenna Research Institute and writ-
ten consent was obtained from all participant.

Blood Sample Collection and Isolation of Genomic
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DNA: Blood samples (5 ml) were obtained from
the participants in tubes containing EDTA and
genomic DNA was extracted using salting out
method.

Genotype Analysis: Polymerase chain reaction
(PCR) amplification of DNA samples was per-
formed using FV Leiden, FV 4070A/G, FV 5279
A/G, FXIII 103G/T, FXIII 614A/T , FXIII 1694C/
T, BF -455G/A, PAI-1 -4G/5G, ITGB3 1565T/C,
MTHEFR 677C/T, and MTHFR 1298A/C polymor-
phism specific primers (7, 25, 26). PCR products
were then confirmed by electrophoresis on 1.5%
agarose gel. PCR product variants were then di-
gested by specific restriction enzymes, and ana-
lyzed on 1.5% agarose- or Poly Acrylamide-Gel
Electrophoresis (PAGE) (7, 25, 26).

Statistical Analysis: Genotype distributions of
each polymorphism among different groups were
compared by Mann—Whitney test. The homozy-
gote and heterozygote groups were unified and a
new group, namely, composed of those with the
polymorphism was created. Multiple logistic re-
gression was used for calculating the odds ratios
(ORs) as a measure of risk for RPL in association
with the presence of each of the polymorphisms.
Moreover, multiple logistic regression model was
used to analyze the simultaneous effects of the
polymorphisms on the risk for RPL. For con-
trolling interactions, we computed measure of
agreement (Kappa), and used McNemar test. We
considered probable collinearity in regression
models, and the p <0.05 was considered signifi-
cant.

Results
Factor V polymorphisms: The frequencies of FV
Leiden polymorphism in the case and control
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groups were 13% and 4%, respectively (Tablel).
The frequencies of FV 4070A/G and FV 5279A/G
were 14% and 37% in the case and 4% and 7% in
the control groups, respectively. Statistical analy-
sis showed significant difference between the case
and control groups in these polymorphisms (p
<0.05), (Table 1).

Factor XIII polymorphisms: The frequency of
FXII 103G/T polymorphism was 29% in the case
group and 17% in the control group, (p >0.05),
(Table 1). On the other hand, the frequencies of
FXII 614A/T and FXIII 1694C/T were 84% and
68% in the case and 46% and 31% in the control
groups, respectively (p <0.001), (Table 1). The
latter two polymorphisms were also found to be
associated with an increased risk for RPL.

MTHFR polymorphisms: The proportions for
homozygous and heterozygous polymorphisms of
MTHFR 677C/T were 15% and 42% in the case
group and 9% and 25% in the control group,
respectively (Table 1). The frequencies of hetero-
zygous and homozygous polymorphisms of
MTHEFR 1298A/C in the case group were 27%
and 4%, and in the control group 6% hetero-
zygosity and no homozygosity were seen. There
were also significant (p <0.001) differences be-
tween the case and the control groups for MTHFR
677C/T (p <0.01) and MTHFR 1298A/C poly-
morphisms (Table 1).

PAI-1-675 4G/5G: Thirty-one patients (31%) with
heterozygous polymorphism of PAI-1 -675 4G/5G
gene and 9 patients (9%) with its homozygous
polymorphism were seen in the case group while
the frequencies in the control group consistent of
27 women (27%) with heterozygous and one (1%)
with homozygous polymorphisms of the gene
(Table 1); the difference between the groups was

Table 1. Prevalence of the 11 thrombophilic polymorphisms in the case and control groups

Case

Control

Polymorphism Homozygote %  Heterozygote % Normal %  Homozygote %  Heterozygote %  Normal % P-value *
FV LEIDEN 1 12 87 0 4 96 <0.05
FV 4070 A/G 2 12 86 0 4 96 <0.05
FV 5279 A/IG 1 36 63 0 7 93 <0.001
FXIIT 103 G/T 4 25 71 2 15 83 >0.05
FXIII 614 A/T 66 18 16 30 16 54 <0.001
FXIII 1694 C/T 12 56 24 10 21 69 <0.001
PAI-1-675 4G/5G 9 31 60 1 27 72 <0.05
ITGB3 1565 T/C 17 1 82 15 27 58 <0.05
BF -455 G/A 3 33 64 1 11 88 <0.001
MTHFR 677 C/T 15 42 43 9 25 66 <0.01
MTHFR 1298 A/C 4 27 69 0 6 94 <0.001

* The p-value was derived from Mann-Whitney test for homozygote, heterozygote and normal genotypes
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Table 2. Multiple logistic regression models used for analyzing the

simultaneous effect of polymorphisms on the risk of RPL

95.0% C.I. for OR

Polymorphism P-value OR

Lower Upper
FV LEIDEN 0.016 6.920 1.443 33.177
FV 5279 A/G <0.001 6.503 2.323 18.206
FXIII 614 A/T <0.001 6.267 2.756 14.249
ITGB3 1565 T/C <0.001 0.127 0.051 0.319
BF -455 G/A 0.001 5.213 1.970 13.798

MTHFR 1298 A/C 0.001 7.147 2.313 22.084

statistically significant (p <0.05).

BF -455G/A: In the case group, the frequencies
for the heterozygous and homozygous polymor-
phisms of BF -455 G/A were 33% and 3%, re-
spectively, while in the control group, the fre-
quencies for the heterozygous and homozygous
polymorphisms were 11% and 1%, respectively
(Table 1). The two groups were also significantly
different in this regard (p <0.001).

ITGB3 1565T/C: The ITGB3 1565T/C genotype
distribution significantly differed between the
case and control groups, However, the variant
genotypes were more frequent in the control
group (p <0.001), (Table 1). Considering the more
frequent variant genotypes of ITGB3 1565T /C in
the control group, it seems to be unrelated to an
increased risk for RPL or it may have a protective
effect against.

Multiple logistic regression: Using multiple logis-
tic regression model for analyzing the simultan-
eous effect of the polymorphisms on the risk for
RPL, it was shown that among the eleven poly-
morphisms, only six including FV Leiden (OR:
6.920, 95% CI for OR: 1.443-33.177), FV 5279
A/G (OR: 6.503, 95% CI for OR: 2.323-18.206),
FXII 614 A/T (OR: 6.267, 95% CI for OR:
2.756-14.249), BF -455 G/A (OR: 5.213, 95% CI
for OR: 1.970-13.798), ITGB3 1565 T/C (OR:
0.127, 95% CI for OR: 0.051-0.319) and MTHFR
1298 A/C (OR: 7.147, 95% CI for OR: 2.313—
22.084), remained in the model (Table 2). Con-
sidering the aforementioned odds ratios, five of
these polymorphisms tended to increase the risk
of RPL considerably, while ITGB3 1565 T/C
polymorphism seemed to have a protective role
against RPL (OR: 0.127).

Discussion
RPL is a multifactorial syndrome which seems to
increase in frequency by thrombophilic gene poly-

morphisms (2). We carried out multiple analyses
to find combinations of polymorphisms that could
lead to an increased risk for RPL.

Hohlagschwandtner et al. were the first to simul-
taneously investigate on the frequency and the
interrelations of the MTHFR 677 C/T, MTHFR
1298A/C, FV Leiden, factor Il prothrombin 20210
G/A, ITGB3 1565T/C and APO B R3500Q poly-
morphisms in a Caucasian population with a
history of RPL. They fell short of showing any
association between either the examined polymor-
phisms and RPL or a significant impact of the
interrelations of these polymorphisms on RPL
(27).

Sotiriadis et al. compared the prevalence of five
common thrombophilic polymorphisms (FV
Leiden, FV 4070 A/G, Factor II prothrombin
20210 G/A, MTHFR 677C/T and MTHFR 1298
A/C) and their combinations in women with re-
current miscarriage and a control group. They
reported that combinations of all or some of the
five thrombophilic polymorphisms were uncom-
mon events with heterogeneous patterns without
significantly increasing the risk for miscarriage
(28).

By prospective evaluation of the prevalence of

three common thrombophilic polymorphisms; FV
Leiden, MTHFR 677C/T and factor II prothrom-
bin 20210 G/A in 76 women with apparently
unexplained fetal loss and 106 healthy controls,
Brenner et al. showed that combinations of these
polymorphisms increased the risk of fetal loss.
They also detected combined thrombophilic poly-
morphisms in 6 (8%) of the 76 patients compared
to 1 (1%) in 106 controls (OR=9.0, 95% CI:
1.1-76, p=0.02) (29).
Sarig et al. also found thrombophilia in the ma-
jority (66%) of women with idiopathic pregnancy
loss. They also reported that combined thrombo-
philia was a frequent finding in women with preg-
nancy loss and concluded that thrombophilia was
associated with increased frequency of late preg-
nancy wastage (30).

Coulam et al. compared the prevalence of 10
thrombophilic gene polymorphisms (FV Leiden,
FV 4070A/G, FV 5279A/G, Factor II prothrombin
20210 G/A, FXII 103G/T, BF-453G/A, PAI-1
4G/5G, ITGB3 1565T/C, MTHFR 677C/T,
MTHEFR 1298A/C) in 75 patients with a history of
recurrent miscarriage with 14 fertile control
women and found no differences between the two
groups. However, the prevalence of total gene
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polymorphisms among patients with recurrent
miscarriage was significantly higher than that of
the controls. They also reported that more than
three gene polymorphisms, among the 10 studied
genes, existed in 68% of women with recurrent
miscarriage and in 21% of the controls (Relative
risk: 0.4073, 95% CI 0.2653-0.6253, p <0.001)
(31).

In addition, Goodman et al. reported that women
with a history of RPL demonstrated significantly
higher numbers of polymorphism than the con-
trols (p <0. 001) (32).

Our work is unique in that we applied a multiple
logistic regression model for analyzing the simul-
taneous effects of 11 polymorphisms on the risk
for RPL. This kind of analysis facilitates the
evaluation of the risk for RPL due to thrombo-
philic gene polymorphisms by genotyping the six
genes reported in this study. For instance, if any
of two polymorphisms, homozygote or hetero-
zygote, is detected in a woman, the OR for the
increased risk of RPL will be calculated by multi-
plying the OR of the individual genes. For ex-
ample, a woman with an OR of 44.79 for a poly-
morphism in MTHFR 1298A/C and FXIII 614
A/T will have a 44.79-fold increase in the risk for
RPL (Table 2).

Conclusion
In conclusion, the data presented in this study
suggests the importance of determining six throm-
bophilic gene polymorphisms that are most effect-
ive in increasing the risk of RPL in women ex-
periencing recurrent abortion losses.
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