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ABSTRACT 
 
Aims: To assess the association between FVL G1691A, FII G20210A, MTHFR A1298C, C677T 
and  PAI-1 5G/675/4G gene polymorphisms among women with unexplained recurrent early 
spontaneous abortion (URESA) 
Materials and Methods:  This study included two groups of Russian women: 50 currently non-
pregnant women with a history of 2-5 unexplained recurrent early spontaneous abortion and 
unknown causes of miscarriages (URESA group), and 50 currently non-pregnant women with a 
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history of having given birth to at least one live baby and without a history of spontaneous abortion, 
prematurity, stillbirth, eclampsia and other pregnancy complications (control group). Gene 
polymorphisms were detected by the technique of polymerase chain reaction-real time (PCR-RT). 
We have analyzed the frequencies, χ2 test, odds ratio (OR) and its 95% confidence interval (CI), 
Hardy-Weinberg equilibrium. 
Results: Significant association between heterozygotes genotype FVL 1691G/A and URESA was 
found (OR=3.1). Heterozygous genotype FII20210G/A was associated mainly with recurrent 
spontaneous abortions (4% vs 0%). The PAI-1 5G/4G genotype was significantly associated with 
URESA (OR=2.3). Heterozygotes with MTHFR 677C/T genotype had high risk of early recurrent 
pregnancy loss (OR=4.6). Heterozygotes with MTHFR 1298A/C genotype showed low association 
with pregnancy loss (OR=1.2). We did not observe increased risk of early pregnancy loss in mutant 
homozygotes with MTHFR 677C/C and 1298C/C genotypes (OR=1.0). The presence of the PAI-1 
gene 5G/4G genotype together with the MTHFR 677C/T or MTHFR 1298A/C or FVL 1691G/A 
genotypes was found to be a risk factor for URESA (OR=4.5; OR=2.3, respectively). Combined 
PAI-1 5G/4G// FVL 1691G/A genotypes was detected only in patients (2% vs 0%). Women carrying 
combined PAI-1 5G/4G//MTHFR 677C/T//MTHFR 1298A/C genotypes had an increased frequency 
of recurrent early spontaneous abortion (OR=1.4). 
Conclusion: The genetic polymorphisms of FVL 1691G/A, FII 20210G/A, MTHFR 677C/T, MTHFR 
1298A/C, and PAI-1 4G/4G, and the PAI-1 5G/4G genotypes are associated with URESA. The 
patients carrying combined heterozygous genotypes PAI-1 5G/4G//MTHFR 677C/T or PAI-1 
5G/4G//MTHFR 1298A/C or PAI-1 5G/4G//FVL 1691G/A or PAI-1 5G/4G//MTHFR 677C/T//MTHFR 
1298A/C have higher risks of URESA.  These results might indicate a genetic influence on 
pathogenesis of URESA.  
 

 
Keywords:  Thrombophilic mutations; folate gene polymorphisms; plasminogen activator inhibitor-1; 

recurrent early spontaneous abortion. 
 
1. INTRODUCTION 
 
Factor V Leiden (FVL G1691A), prothrombin (FII 
G20210A) and methylenetetrahydrofolate 
reductase (MTHFR C677T) gene mutations are 
commonly inherited thrombophilias. The 
presence of mutations that promote 
thrombophilia in the genes responsible for folate 
metabolism and for plasma coagulation is often 
associated with pregnancy failure and may be 
the underlying cause in some cases.   
Incidentally, the FVL G1691A and FII G20210A 
gene mutations are associated mainly with 
recurrent spontaneous abortions [1-3].  
 
Folic acid is essential for normal embryogenesis 
and the physiological course of pregnancy. The 
MTHFR gene C677T polymorphism and the 
MTRR gene A66G polymorphism are associated 
with early and late miscarriages [1-3].  
 
Plasminogen activator inhibitor-1 (PAI-1) is 
important for maintaining pregnancy. Aberrantly 
increased PAI-1 levels may contribute to 
thrombosis and inflammation, leading to 
pregnancy loss [4]. The association between 
PAI-1 5G/675/4G gene polymorphism and early 
pregnancy loss has been reported but with 
controversial results [4-6]. 

Objective of this study was to assess the 
association between FVL G1691A, FII G20210A, 
MTHFR A1298C, C677T and PAI-1 5G/675/4G 
gene polymorphisms among women with 
unexplained recurrent early spontaneous 
abortion (URESA). 
 

2. MATERIALS AND METHODS 
 
The present study was approved by the Ethical 
Committee of the Сhita State Medical Academy 
(Chita, Russia, Protocol No 44 of 19.11.2012). All 
authors hereby declare that all experiments have 
been examined and approved by the appropriate 
ethics committee and have therefore been 
performed in accordance with the ethical 
standards laid down in the 1964 Declaration of 
Helsinki. 
 
This small pilot study included two groups of 
Russian women: 50 currently non-pregnant 
women with a history of 2-5 unexplained 
recurrent early spontaneous abortion (URESA 
group), and 50 currently non-pregnant women 
with a history of having given birth to at least one 
live baby and without a history of spontaneous 
miscarriages early spontaneous abortions, 
prematurity, stillbirth, eclampsia and other 
pregnancy complications (control group). The 
patients with the antiphospholipid syndrome, 
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genital infections, genital inflammatory diseases, 
infective agents and TORCH-infections, uterine 
abnormalities, endocrine disorders and other 
verified cause factors of recurrent miscarriages 
were excluded from this study [7]. Median age of 
URESA group women was 31.0±3.3 years 
(range 21-35 years), and 31.3±2.9 years (range 
21-35 years) in healthy controls (р> 0,05).  
 
2.1 Genetic Analysis 
 
Peripheral venous blood from patients and 
controls was collected in standard collection 
tubes containing Ethylene-Diamine-Tetra-Acetic 
acid (EDTA) as the anticoagulant. Genomic DNA 
was isolated from peripheral blood leukocyte with 
a standard express-extraction method using the 
PREP-RAPID-GENETICS DNA Extraction Kit 
(“DNA-Technology”, Moscow, Russia). The 
extracted DNA was stored at 4ºC until analysis. 
The Taq-АТ-polymerase was stored at -20ºС 
during the storage period. Gene polymorphisms 
were detected by the technique of Real-time 
polymerase chain reaction followed by melting 
curve analysis (DTlite-96 Real-Time PCR 
System, “DNA-Technology”, Moscow, Russia). 
Genomic DNA was obtained using a PREP-
RAPID-GENETICS kits (Thrombophilic Risk 
Real-Time SNP genotyping Kit, Folate 
Metabolism REAL-TIME PCR genotyping Kit, 
“DNA-Technology”, Moscow, Russia), according 
to the manufacturer’s instructions [8]. 
 
2.2 Statistical Analysis 
 
Differences between the clinical and control 
groups were assessed by the χ2 test and the 
Fisher’s exact test. Genotypes for the tested 
groups and the controls were assessed for 
departures from the Hardy-Weinberg equilibrium 
(G2+2GA+A2=1). For various genotypes and 
haplotypes, an odds ratio (OR) and its 95% 
confidence interval (95% CI) were calculated.  
 
3. RESULTS AND DISCUSSION 
 
3.1 Results 
 
The distribution of FVL G1691A, FII G20210A, 
PAI-1 5G/4G, MTHFR C677T and MTHFR 
A1298C genotypes in comparison groups are 
shown in Table 1. 
 
FVL G1691A and FII G20210A SNP-mutations 
were not found either in patients or in controls. 
The frequency of normal homozygotes genotype 

FVL1691G/G was significantly higher in both 
groups than heterozygotes genotype 
FVL1691G/A (98% and 94%, 2% and 6%, 
respectively, p >0.05). 
 
All of controls had normal homozygotes 
genotype FII20210G/G. Of the patients, 96% 
were GG homozygous (p>0.05) and 4% were GA 
heterozygous (p>0.05) carriers of FII G20210A 
genotype. 
 

Table 1. The distribution of FVL G1691A, FII 
G20210A, PAI-1 5G/4G, MTHFR C677T and 
A1298C genotypes in comparison groups 

 
Genotype URESA- 

groupa 
(n=50) 

Controlsa 
(n=50) 

χ2 p Valueb 

FVL G1691A 
GG 47 (94%) 49 (98%) 0.26 0.6098 
GA 3 (6%) 1 (2%) 0.26 0.6098 
AA 0 (0%) 0 (0%)   
G 97(0,97) 98(0,98)   
A 3 (0,03) 2 (0,02) 0.00 1.000 
 FII G20210A 
GG 48 (96%) 50 (100%) 0.51 0.4751 
GA 2 (4%) 0 (0%) 0.51 0.4751 
AA 0 (0%) 0 (0%)   
G 98(0,98) 100 (1,00)   
A 2(0,02) 0,00 0.51 0.4773 
 PAI-1 5G/4G 
5G/5G 1 (2%) 11 (22%) 7.67 0.0056 
5G/4G 36 (72%) 16 (32%) 14.46 0.0001 
4G/4G 13 (26%) 23 (46%) 3.52 0.0608 
5G 38 (0,38) 38 (0,38)   
4G 62 (0,62) 62 (0,62) 0.00 1.000 
 MTHFR С677Т 
СС 17 (34%) 22 (44%) 0.67 0.4122 
СТ 31 (62%) 23 (46%) 1.97 0.1602 
TТ 2 (4%) 5 (10%) 0.61 0.4331 
С 65 (0,65) 67 (0,67)   
Т 35 (0,35) 33 (0,33) 0.02 0.8813 
 MTHFR С1298А 
AA 23 (46%) 26 (52%) 0.16 0.6891 
AС 23 (46%) 20 (40%) 0.16 0.6862 
CC 4 (8%) 4 (8%) 0.00 1.000 
A 69 (0,69) 62 (0,62)   
С 31 (0,31)  28 (0,28) 0.02 0.8883 
a Hardy-Weinberg equilibrium, b Fisher’s exact T-test 

 
The frequency of heterozygous PAI-1 5G/4G 
genotype was significantly higher in URESA 
group than in normal controls (72% and 32%; 
χ2=14.46; p=0.0001). 
 
The frequencies of normal MTHFR 677C/C 
genotype for the patients and controls are 34% 
and 44%, respectively (p>0.05).There were no 
significant differences in genotype frequencies 
for heterozygous MTHFR 677C/T genotype (62% 
vs 46%, p>0.05) and mutant homozygous 
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MTHFR 677T/T genotype (4% vs 10%, p>0.05) 
in both groups. 
 
The overall frequencies of normal MTHFR 
1298A/A genotype for the patients and controls 
are 46% and 52%, respectively (p>0.05). The 
allele and genotype frequencies of the A1298C 
mutation did not differ significantly between 
comparison group. Heterozygous MTHFR 1298 
A/C genotype was determined in 46% and 40%, 
respectively (p>0.05). The mutant alleles with the 
MTHFR 1298C/C genotype were found 
significantly less frequently when compared with 
the MTHFR 1298A/A and the MTHFR 1298A/C 
genotypes – in 8% of the cases (p>0.05). 
 

As shown in Table 2, significant association 
between heterozygotes genotype FVL 1691G/A 
and URESA was found (OR=3.1). Heterozygous 
genotype FII 20210G/A was associated mainly 
with recurrent spontaneous abortions (4% vs 
0%). The PAI-1 5G/4G genotype was associated 
with URESA (OR=2.3). We did not observe 
increased risk of early pregnancy loss in mutant  
homozygotes  with MTHFR 677C/C and MTHFR 
1298C/C genotypes (OR=1.0). Heterozygotes 
with MTHFR 677C/T genotype had high risk of 
early recurrent pregnancy loss (OR=4.6). 
Heterozygotes with MTHFR 1298A/C genotype 
showed low association with pregnancy loss 
(OR=1.2). 
 

In addition, the presence of the PAI-1 gene 
5G/4G genotype together with the MTHFR 
677C/T or MTHFR 1298A/C or FVL 1691G/A 
genotypes was found to be a risk factor for 
URESA (OR=4.5; OR=2.3, respectively). 
Combined PAI-1 5G/4G// FVL 1691G/A 
genotypes was detected only in patients (2% vs 
0%). Women carrying combined PAI-1 

5G/4G//MTHFR 677C/T//MTHFR 1298A/C 
genotypes had an increased frequency of 
recurrent early spontaneous abortion (OR=1.4). 
 
3.2 Discussion 
 
The presence of the FVL G1691A and FII 
G20210A gene mutations are associated mainly 
with recurrent spontaneous miscarriages [9-11]. 
In our study, FVL G1691A and FII G20210A 
SNP-mutations were not found either in patients 
or in controls. Probably, these gene mutations 
are rare in Russian women, and have no 
significance in URESA.  Our data has indicated 
statistically significant associations between 
heterozygotes genotypes FVL 1691G/A and FII 
20210G/A and URESA. Souza SS et al. in 1999 
raised the possibility that heterozygous with FVL 
1691G/A and FII 20210G/A genotypes had 
increased risk of recurrent miscarriage [12]. 
 
We also found a significant association between 
the PAI-1 5G/4G genotype and URESA. These 
observations are in contrast with a previous 
report on the literature. Jeddi-Tehrani M et al. 
concluded, that homozygosity but not 
heterozygosity for PAI-1 4G/5G polymorphism 
was significantly higher in patients with recurrent 
pregnancy loss [13]. Guan LX et al. also had 
shown, that high risk of recurrent early 
spontaneous abortion was associated with the 
PAI-1 4G/4G genotype (OR = 4.8) [5].  According 
to the results of present study and findings of 
Parveen F et al. [6], PAI-1 mutations showed no 
significance on URESA. This difference may be 
explained by differences in the populations or by 
using low numbers of samples.  
 

 

Table 2. Comparison of haplotype frequencies and combined genotypes of the  FVL G1691A, 
FII G20210A, PAI-1 5G/675/4G, MTHFR C677T and  A1298C polymorphisms between the 

UERSA-group and controls 
 

Gene polymorphisms Patients 
(n=50) 

Сontrols 
(n=50) 

Odds Ratio 
 (95% CI) 

χ
2 p  Value  a 

FVL 1691G/A  3 (6%) 1 (2%) 3.1(1.1-9.1) 0.26 0.6098 
FII 20210G/A  2 (4%) 0  0.51 0.4751 
PAI-1 5G/4G 36 (72%)  16 (32%)  2.3 (1.0-3.4) 14.46 0.0001 
MTHFR 677C/T  23 (46%)  5 (10%)  4.6 (1.8-6.6) 14.34 0.0002 
MTHFR1298A/C  23 (46%)  20 (40%)  1.2 (0,85-1,6) 0.16 0.6862 
MTHFR 1298C/C  4 (8%) 4 (8%) 1.0 0.000 1.000 
PAI-1 5G/4G// MTHFR 677C/T  9 (18%) 2 (4%) 4.5 (0,1-8,1) 3.68 0.0552 
PAI-1 5G/4G// MTHFR 1298A/C 7 (14%) 3 (6%) 2.3 (1.2-5.8) 1.00 0.3173 
PAI-1 5G/4G// FVL 1691G/A   1 (2%) 0  0.00 1.00 
PAI-1 5G/4G// MTHFR 677C/T 
//MTHFR 1298A/C 

7 (14%) 5 (10%) 1.4 (2.0-3.9) 0.09 0.7583 

a - p value for Fisher’s exact T-test



 
 
 
 

Belokrinitskaya et al.; BJMMR, 5(5): 626-632, 2015; Article no.BJMMR.2015.067 
 
 

 
630 

 

Many studies in the literature have discussed the 
subject of the role of the MTHFR gene mutations 
as a risk factor for recurrent spontaneous early 
abortions. Some of these studies have 
demonstrated a relationship between MTHFR 
C677T and A1289C mutations and URESA [14-
16], whereas others have been unable to confirm 
these results [17-19]. Cao Y et al. [20], had 
demonstrated a significant association between 
MTHFR C677T mutation and recurrent 
spontaneous early abortions in the East Asian 
subgroup and mixed subgroup, but no 
significance in MTHFR A1298C mutation. 
 

We did not observe increased risk of early 
pregnancy loss in mutant homozygotes with 
MTHFR 677C/C and MTHFR 1298C/C 
genotypes. However, heterozygotes with MTHFR 
677C/T genotype had high risk of early recurrent 
pregnancy loss. On the other hand, 
heterozygotes with MTHFR 1298A/C genotype 
showed a low association with first-trimester 
pregnancy loss. 
 

The findings of the earlier studies had shown that 
the combined presence of the MTHFR 677T/T 
and 1298C/C mutant genotypes highly increased 
the risk of pregnancy loss [21]. It has been also 
noted that the connection of thrombogenic risk 
factors with recurrent miscarriages and repeated 
implantation failures after IVF is mainly evident in 
the simultaneous carriage of several 
thrombogenic mutations and polymorphisms [22]. 
We found that women carrying combined PAI-1 
5G/4G// MTHFR 677C/T or PAI-1 5G/4G// 
MTHFR 1298A/C or PAI-1 5G/4G// FVL 1691G/A 
or   PAI-1 5G/4G// MTHFR 677C/T //MTHFR 
1298A/C heterozygous genotypes had an 
increased frequency of recurrent early 
spontaneous abortion.  
 

4. CONCLUSION 
 
The genetic polymorphisms of FVL 1691G/A, FII 
20210G/A, MTHFR 677C/T, MTHFR 1298A/C, 
and PAI-1 4G/4G, and the PAI-1 5G/4G 
genotypes may be associated with URESA. The 
patients carrying combined heterozygous 
genotypes PAI-1 5G/4G//MTHFR 677C/T or PAI-
1 5G/4G// MTHFR 1298A/C or PAI-1 5G/4G//FVL 
1691G/A or PAI-1 5G/4G// MTHFR 677C/T 
//MTHFR 1298A/C have higher risks of URESA.  
These results might indicate a genetic influence 
on pathogenesis of URESA.   
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