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Abstract

Background: Recurrent pregnancy loss (RPL) is a hetero-
geneous condition consisting of two or more consecutive 
abortions occurring before 20 weeks of gestation. One of 
the clotting factor genes encodes factor XIII (FXIII), which 
is involved in fibrin formation. The most common poly-
morphism in the FXIII genes is the conversion of G to T in 
exon 2 (val34leu) of the FXIIIA gene, which leads to the 
substitution of valine with leucine. The objective of this 
study was to investigate the association between RPL and 
FXIII val34leu polymorphisms in a sample population of 
Iranian Azeri women.
Methods: A prospective case-control study was performed 
on a cohort of 310 RPL patients and 290 healthy controls. 
DNA was extracted from the whole blood and fragments of 
the Val34Leu polymorphism were amplified by polymer-
ase chain reaction (PCR), followed by DNA sequencing. 
Genotyping was performed using the Sequenom MassAr-
ray system.
Results: The genotype frequencies of FXIII in the case 
group were 60.64% GG, 34.83% GT, and 4.41% TT, whereas 
the frequencies in the control group were 58.96% GG, 
36.5% GT, and 4.48% TT. T allele frequencies in the case 

and control groups were 78.06% and 21.93%, respec-
tively, and G allele frequencies were 77.24% and 22.75%, 
respectively.
Conclusions: No significant association was observed 
between the Val34Leu polymorphism and RPL among Ira-
nian Azeri women.

Keywords: FXIII; polymorphism; recurrent pregnancy 
loss; Val34Leu.

Introduction
Recurrent pregnancy loss (RPL) is a multifactorial event 
consisting of two or more consecutive abortions occurring 
before 20 weeks of gestation [1]. RPL is a serious reproduc-
tive issue affecting 1%–5% of mature women [2]. The causes 
vary greatly and include genetic, anatomical, chromosomal 
and endocrinological factors. Environmental factors such 
as exposure to ethylene oxide and lead have also been con-
sidered as possible etiologies of RPL [3]. In some cases, RPL 
arises from immunological problems [4] and mutations in 
coagulation factors [5]. However, the etiology is unknown 
in approximately 40%–50% of patients [1].

Thrombophilia is a disease that increases the poten-
tial for blood clots. A woman is at a higher risk of develop-
ing venous thrombophilia during pregnancy, owing to the 
various physiological changes involved [6]. However, there 
is a balance between the mother’s coagulation system and 
fibrinolysis that prevents fibrin deposition in the placental 
vessels and the spaces between the tufted capillaries, thus 
stabilizing the clotting system [7]. Nevertheless, women 
with thrombophilia disorders have an increased risk of 
developing venous thromboembolism during pregnancy 
as well as other vascular complications such as preec-
lampsia and abortion [8]. A common cause of genetic 
thrombophilia is a deficiency in clotting factor genes. 
Clotting factor XIII (FXIII), which is involved in fibrin for-
mation, acts as an adhesive protein and is important for 
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implantation and connection of the cytotrophoblast to the 
endometrial wall. Defects in this protein can cause separa-
tion of the placenta from the uterus [9]. The most common 
polymorphism in FXIII genes is the conversion of G to T in 
exon 2 (val34leu) of the FXIIIA gene, which leads to the 
substitution of valine with leucine [10]. The val34leu poly-
morphism in exon 2 can have an anti-fibrinolytic effect on 
fibrin primary connections [11].

The present study was performed to determine the 
association between the FXIIIA val34leu (rs5985) poly-
morphism and RPL in an Iranian Azeri population.

Materials and methods
In total, 310 women with RPL and 290 healthy women from an Iranian 
Azeri population were investigated. The women with RPL, ages rang-
ing from 20 to 35 years, all had at least three successive miscarriages 
before 20 weeks of gestation. The control group comprised women 
with at least two successful deliveries.

Blood samples were collected into tubes with ethylenediamine-
tetraacetic acid (EDTA). The proteinase K method was used for DNA 
extraction, the quality and quantity of which were determined using 
the NanoDrop (nanodrop1000 thermo scientific, USA) instrument 
and electrophoresis on 1% agarose gel. The Val34Leu polymorphisms 
were detected (192bp) by polymerase chain reaction (PCR). Thirty-
two cycles were performed in 10 μL reaction volume containing 15 ng 
DNA, 2.5 mM MgCl2, 0.2 mM dNTP, 10 pmol of each primer (forward: 
5′CATGCCTTTTCTGTTGTCTTC3′; reverse: 5′TACCTTGCAGGTTGACGC-
CCCGGGGCACTA3′), and 0.25 U DNA Taq polymerase (Sigma, USA). 
The cycles were as follows: 30  s at 94 °C for denaturation, 30  s at 
62 °C for primer annealing, and 1 min at 72 °C for extension. Geno-
typing was performed by a sequencing method. The DNA sample for 
sequencing was obtained by incubation of the PCR products with 0.1 
U alkaline phosphatase and 0.5 U exonuclease I for 45 min at 37 °C, 
and then heat inactivation for 15  min at 85 °C. The PCR products 
were then sequenced using the ABI Prism BigDye Terminator Cycle 
Sequencing Kit (version 3.1). Finally, the obtained sequences were 
analyzed using ABI PRISM model 3100 DNA Sequencer to specify 
their genotypes. Val34Leu polymorphisms were measured using the 

Sequenom MassARRAY iPLEX Platform. Initially, a locus-specific 
PCR was performed, followed by single-base extension using mass 
modified di-deoxy-nucleotide terminators of an oligonucleotide 
primer that immediately anneals upstream of the polymorphic site 
of interest. Using matrix-assisted laser desorption/ionization-time 
of flight (MALDI-TOF) mass spectrometry, recognized the SNP allele.

A χ2-test (SPSS software version 17) was used to analyze dif-
ferences in the FXIII genotype distribution and allele frequency 
between the case and control groups. The T-test was used to analyze 
the demographic variables. A p-value <0.05 was considered statisti-
cally significant.

Results
Demographic variables were compared between the case 
and control groups (Table 1). In our study, no significant 
differences in age, education, or systolic and diastolic 
blood pressure were observed between patients and 
healthy women (p > 0.05); whereas, the BMI (kg/m2) in 
the patient group was significantly higher than that in the 
control group (p < 0.05).

The genotype frequencies of the FXIII polymorphism 
in the case group were 60.64% GG, 34.83% GT, and 4.41% 
TT, whereas those in the control group were 58.96% GG, 
36.5% GT, and 4.48% TT (Table 2). T allele frequencies 
in the case and control groups were 78.06% and 21.93%, 
respectively; G allele frequencies were 77.24% and 22.75%.

In the case and control groups, 108 (34.83%) and 
106 (36.55%) women, respectively, were heterozygous for 
the Val34Leu polymorphism (p > 0.05); 14 (4.41%) and 13 
(4.48%) women were homozygous (TT) (p > 0.05).

Discussion
The association between coagulation gene polymor-
phisms [12, 13], immunological gene polymorphisms 

Table 1: Demographic variables of women in the patient and control groups.

Demographic variable   Patient group   Control group   p-Value

Age
 20–25 years   26 cases (8.3%)  34 cases (11.7%)  0.15
 26–30 years   184 cases (59.3%)  98 cases (33.8%) 
 31–35 years   100 cases (32.4%)  158 cases (54.5%) 
BMI, kg/m2   25.66 ± 3.16  23.14 ± 3.10  0.02
Education
 Under diploma and diploma   218 (70.3%)  149 (66.8%)  0.18
 Higher diploma   92 (29.7%)  141 (33.2%) 
 Systolic BP   114.12 ± 8.88  111.89 ± 8.32  0.34
 Diastolic BP   73 ± 8.09  74.6 ± 7.4  0.40

Statistical significance: p < 0.05; BMI, body mass index; BP, blood pressure.
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[14], chromosomal abnormalities, etc. [3] has been 
extensively investigated. Val34Leu is one of the most 
common polymorphisms in factor XIII deficiency asso-
ciated with different diseases such as intracranial hem-
orrhage, myocardial infarction, and thrombosis [15, 16]. 
Several studies have been performed in Iran and abroad 
on the Val34Leu FXIII gene polymorphisms. Some have 
proposed this polymorphism to be a risk factor for RPL, 
while others disregarded the relationship between this 
polymorphism and RPL. Considering the effect of the 
FXIII gene on pregnancy outcomes and the reported 
association between different polymorphisms and RPL 
occurrence, we focused on Val34Leu polymorphisms 
here; however, no association was ascertained in Iranian 
Azeri women.

Elmahgoub et  al. [17] suggested that the FXIII Val-
34Leu polymorphism was positively associated with 
RPL and that carriers of the heterozygous (Val/Leu) and 
homozygous (Leu/Leu) factor XIII polymorphism might 
be at an increased risk of RPL. Li et  al. [18] in reported 
that the FXIII Val34Leu polymorphism has a significant 
relationship with RPL in the dominant model and the co-
dominant model (Val/Val vs. Val/Leu). The results showed 
that the FXIII Val34Leu polymorphism may reduce RPL 
risk [18]. Torabi et al. [19] also found no link between the 
IG103T polymorphism and RPL in a population in Tehran. 
In a study by Bagheri et  al. [20] on this polymorphism 
between a patient and control group from a population in 
Urmia, the difference was not significant. The results of 
the present study were in agreement with the Torabi et al. 
and Bagheri et al. studies. Therefore, Val34Leu polymor-
phisms were probably not involved in the pathogenesis of 
RPL in an Iranian population of Azeri origin and did not 
affect normal pregnancy.

In some studies, the differences in BMI were reported 
to be significant between the case and control groups, 
in contrast to other studies that reported no significant 
relation. Our study however reported a significant asso-
ciation between case and control groups; this result 

concurred with that of two different studies [21, 22], but 
Liu et al. [23] and Yue et al. [24] were reported contrary 
results.

Such varying results might be due to the presence 
of other involved genes [25], geographic differences [26], 
sample size and selection bias [27], presence of more 
than one predisposing factors [28], ethnic heterogeneity 
[29] and different environmental factors [30]. Determin-
ing the exact association between gene polymorphisms 
and RPL will provide us with a better understanding of 
the condition and enable us to detect women who are at 
risk of pregnancy loss. Furthermore, the identification of 
gene variants would help to improve treatment strategies. 
However, it is essential that these studies and designs 
be replicated in larger-sized populations from different 
ethnic and origins.
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