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Abstract 

Background: Vascular endothelial growth factor A (VEGFA) plays a key role in 

angiogenesis during human placenta formation and its abnormal expressions have been 

reported in placental tissues of women with recurrent miscarriage (RM).  

Objective: The aim of this study was to evaluate the correlation of polymorphism of 

VEGF1154 G/A gene in RM and In Vitro Fertilization (IVF) failures.  

Methods: The peripheral blood samples of women with RM, IVF failures and healthy 

women with live born children, as control group were collected. DNA samples were isolated 

and VEGF 1154G/A polymorphism was evaluated by polymerase chain reaction and 

restriction fragment length polymorphism. Single nucleotide polymorphism scanning was 

done using MnII restriction enzymes for 1154 G/A.  

Results: The findings of this study showed that the VEGF 1154 A/A and VEGF 1154 G/A 

mutation frequencies in both RM and IVF failure groups were significantly higher than those 

in the control group (p=0.005). The homozygous AA mutant genotype frequency in the 

control group was 0, While in the RM and IVF failure groups it was 30% and 13.9%, 

respectively (p=0.005). Moreover, the heterozygous AG genotype frequencies were higher in 

the RM (66.7%) and IVF failure (77.8%) compared to those in the control group (58.3%).  

Conclusions: It was concluded that VEGF 1154 A/A and VEGF 1154 G/A polymorphisms 

were associated with both RM and IVF failures. However, their relation with IVF failures was 

more common than RM in A/G genotype, while in A/A, the RM was higher than IVF failure.  
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Introduction  

Recurrent miscarriage (RM) is defined as three or more 

consecutive pregnancy loss before the 20th week of gestation 

(1). It is believed to affect 1-5% of couples worldwide. Having 

the history of pregnancy loss will increase the risk of 

miscarriage in subsequent pregnancies (2). It occurs in about 1 
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out of 300 couples (3). The risk of abortion increases from 12% 

in women without any previous history of abortion, to 25% 

after one abortion, 32% after 3 and 53% after 6 or more 

miscarriages (4). The Assisted Reproductive Technology 

(ARTs) hopes to get the strategies to minimize the problem (5). 

On the basis of a study in 2019, it was shown that about one 

fourth of the Iranian couples face primary infertility in some 

point of their life and 3.5% of them would suffer from primary 

infertility at any time of their life (6). In vitro fertilization (IVF) 

is a medical treatment for infertility which some time may face 

certain problems like failure of treatment cycle (7). IVF failure 

is being recognized increasingly as a serious concern for 

patients who have good quality embryos but fail to implant 

successfully and achieve successful delivery (8).  

Parent’s chromosomal abnormalities, embryo 

chromosomal abnormalities, and thrombotic problems, 

resulted from anti phospholipid antibody syndrome (APAS), 

are probably some major causes of RM and these disorders are 

responsible for less than 10 to 15 percent of RM (9). A 

successful pregnancy is associated with the interactions 

between embryo and endometrium, formation of the placenta 

and angiogenesis which is a critical factor in this way (10). In a 

study, scientists have found a number of genes, responsible for 

producing proteins which are necessary for implantation of the 

embryo in the uterus (11). Vascular endothelial growth factor 

(VEGF) is a key mediator of angiogenesis, a process that is vital 

for successful implantation and development of pregnancy 

(12). VEGF is a strong angiogenic factor which stimulates the 

proliferation of endothelial cells, exactly where the new vessels 

arise from existing vessels (13). Furthermore, VEGF has key 

functions in oocyte maturation, vascularization in decidua and 

improvement of embryo implantation in early conception (14). 

Numerous researches have studied the impact of 

polymorphisms in VEGF in the field of reproductive genetics 

and in a variety of phenotypes such as recurrent pregnancy loss, 

infertility and implantation failure (12,15). It has several single 

nucleotide polymorphisms (SNPs) in the promoter and five 

untranslated region (UTR). These SNPs are related to 

transcription or translation start sites. Some of these common 

sites of SNPs are at the following positions: −2578, −1498 

−1154, and −634 (16).  

Although there is a study related to the association of 

VEGF polymorphism and abortion, on the basis of the only 

meta-analysis done to date, it was shown that −1154G/A 

polymorphisms may not be significantly associated with the 

risk of repeated spontaneously abortion (17). Thus, still it is 

necessary to repeat this study to accurately evaluate the 

correlation between this gene and pregnancy loss. Due to the 

limitation of experimental samples in each study, various 

environmental factors in different geographical regions and the 

genetic differences between various populations are key 

factors, which would lead to different results. Therefore, it is 

necessary to repeat the studies in different populations, even 

though they are repetitive and lead to different results, because 

SNP allelic frequency is fluctuated in particular populations. On 

the other hand, to the best of our knowledge, there was no study 

carried out on the association of VEGF and miscarriage in Iran, 

hence, the current study was proposed. 

On the basis of the only meta-analysis one to date, it has 

been explained that the VEGF gene −2578C/A, −1154G/A 

polymorphisms are not significantly associated with the risk of 

RM, while −634G/C and +936C/T polymorphisms are 

associated with the risk of RM (17). Moreover, it was shown 

that the rs1570360 variant of VEGF A/G 1154 is significantly 

relevant to recurrent spontaneous abortion risk among non-

Asian women; but not Asian women (18). Therefore, still we 

cannot regard the association of the VEGF 1154 G/A SNP as a 

known fact, and it needs more evaluations to test whether or not 
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an association exists between RM and these SNPs. To the best 

of our knowledge, the present study is the first report on 

comparison of VEGF gene polymorphism in women with RM 

and IVF failure in Iran. The present study intended to examine 

the polymorphisms of VEGF-1154 gene and compare the 

presence of polymorphism VEGF- 1154 G/A among healthy 

individuals (women who had live births with no history of some 

disease), patients with RM (more than 2 times) and women 

who had a history of impanation failure after IVF (women who 

had 3 unsuccessful embryo transfer).  

 

Materials and Methods  

Patients  

A case–control study was performed at Yazd Research and 

Clinical Center for Infertility from March 2015 to June 2018. 

The patients were recruited from among those who referred to 

infertility clinic. All patients signed an informed consent form 

after explanation presented by an expert person. The procedure 

was based on the ethical standards of clinical trial studies and 

the Helsinki Declaration of 1975. Furthermore, it was approved 

by Ethics Committee of Yazd Research and Clinical Center of 

Infertility. It was comprised of 192 women with reproductive 

age of 20 – 35 years. As the age would affect pregnancy 

outcome, to nullify the effect of age, it was tried to recruit the 

patients from the same range of age in all groups. In addition, 

the age equalization was confirmed by Pearson Chi- square test 

(P = 0.064), (Table 1). 

 
Table 1. The mean range of women age in each group 

Variables (age) total 30-40 20-30 

Control group 100% 60% 40% 

 60 35 25 

Recurrent miscarriage 100% 55% 45% 

 60 32 28 

IVF failure 100% 75% 25% 

 72 54 18 

As the samples were collected from the patients who 

referred to “Yazd research and clinical center for infertility”, a 

referral center for infertility in Iran, the patients were the 

candidates of the different Iranian populations. However, it was 

attempted to collect the samples from ethnically matched 

women. Data collection procedures were the same for patients 

and control subjects. Patients with endocrine disorders 

(diabetes & thyroid malfunction), liver disorders, 

hyperprolactinemia, anatomic abnormalities of the urogenital 

system, severe male factor infertility and coagulant disorders 

were excluded from the study. The samples consisted of two 

experimental groups and one control group. The first 

experimental group included women with at least three or more 

RM. After the physical examination and laboratory records, 

women with unexplained diagnosis and idiopathic pregnancy 

loss were identified and blood samples were collected to 

determine the changes of target gene. The second group 

included women with the history of at least 3 embryo 

implantation failure, after transfer of good quality embryos 

following IVF. The control group consisted of women with 

history of successful pregnancy, low risk of gynecological 

problems and no history of infertility, spontaneous abortion, 

preeclampsia, preterm delivery and ectopic pregnancy with at 

least two healthy children. All women were from the same 

range of age and were recruited simultaneously. Patients were 

bled based on the above-mentioned parameters and sample 

collection was easy and accessible.  

 

Genetic Study  

Gene information was as follows: Gene: VEGF, rs1570360 

(homo sapiens), polymorphism: 

AGCCCGGGCCCGAGCCGCGTGTGGA[A/G]GGGCTG

AGGCTCGCCTGTCCCCGCC, Chromosome: 6:43770093. 

Five ml of anticoagulated peripheral blood was collected in a 
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sterile tube containing 100 ml of 6% EDTA. After that, DNA 

samples were extracted by DNA purification Kit (AccuPrep 

Genomic DNA Extraction, Bioneer, Korea, K - 3032), 

according to the manufacture. The nucleotides changes of 

VEGF genotypes were verified with polymerase chain reaction 

followed by restriction endonuclease digestion for restriction 

fragment length polymorphism (PCR/RFLP) to generate a 206 

bp product (restriction fragment length:184 (187) +22 (19) bp 

(A)) using the isolated genomic DNA as a template. High 

quality genomic DNA was used. In the present study, this 

concentration was 100 ng / µl. The parameters for the selection 

of tagging SNPs (tSNPs) were a minor allele frequency (MAF) 

of ≥ 0.05 and pairwise r2 of ≥ 0.8. The genetic information of 

1154G/A (rs1570360), with minor allel frequency (MAF) 

value of A=0.1887/945 was from the dbSNP 

database of NCBI (http://www.ncbi.nlm.nih.gov/projects/SNP

/snp_ref.cgi?rs=1570360). 

 

Gene amplification  

PCR reaction was assembled by 5 µl of DNA + master mix, 

containing 10X Reaction PCR buffer (2.5 µl), MgCl2 25mM 

(0.75 µl), dNTP 10mM (0.5 µl), Primer forward 1 µl (10 pmol), 

Primer Reverse 1 µl (10 pmol), Taq polymerase (1 unit), and 

double distilled water (D.D.W) up to 25 µl. The primers were 

(5`-TCCTGCTCCCTCCTCGCCAAT-3`), as forward and 

(5`- GGCGGGGACAGGCGAGCA-3`), as reverse. The 

thermocycler was adjusted with optimum thermal profile. In 

this way, 15 min at 94 ◦C was used as denaturation, followed 

by 35 cycles of denaturation at 94 ◦C for 1min, and 30 sec at 72 

◦C as annealing and extension for 1min at 72 ◦C. Final 

extension was accomplished at 72 ◦C for 10 min using the 

thermal cycler (MJ Mini, BIO RAD, USA). With restriction 

endonuclease NlaIII, the PCR products were digested at 37 ◦C 

for 17 h. Electrophoresis (voltage:110 for 35 min) of restriction 

endonuclease fragments was done on 2 % Tris-Boric acid 

(TBA) / EDTA agarose gel containing 1μg/mL ethidium 

bromide to visualize the probable gene bands. After 

electrophoreses, the gel was visualized under ultraviolet light 

transiluminator.  

 

Statistical analysis  

The sample size was calculated with the equation where 

"interval confidence"= 95 %, "statistical power" = 80 %, gene 

frequency in control group = 5 %, gene frequency in 

experimental groups = 20 %, and least significant difference = 

24.5 % and the sample volume was calculated 60 patients per 

each group. Nevertheless, the total number of the recruitment 

was 192 considering the patients removed or those refused to 

continue. For statistical analysis, Fisher’s exact and chi – square 

tests with SPSS (version 16) software were applied to 

determine the allele frequency and the relationship between 

genotype polymorphism. The differences in VEGF genotype 

frequencies between the experimental and control groups were 

compared by chi square test. P ≤0.05 was accepted as 

significance. The odds ratios were estimated with the logistic 

regression model. The results were presented in percentage. 

Genotypes were in H-W equilibrium by using chi square test.  

 

Results  

There was no significant difference between distribution 

and frequency of mean age in all groups. 
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The genotypic frequency of polymorphism VEGF 1154 

G/A  

The frequency of three genotypes: GG, AG, and AA in 

control group was 41.7%, 58.3%, and 0%, respectively. While 

in RM group, it was 3.3%, 66.7%, and 30% and in IVF failure 

groups it was 8.3%, 77.8%, and 13.9%, respectively. The 

heterozygote (VEGF 1154 G/A) and the homozygote (VEGF 

1154 A/A) SNP in RM and IVF failure were higher than the 

control group (p=0.00). Thus, a higher frequency of AG and 

AA genotypes in patients (in RM and IVF failure groups) 

represented the inverse relationship between this single 

nucleotide polymorphism (SNP) and successful embryo 

implantation. The frequency of homozygous (VEGF 1154 GG) 

genotype in the control group was 41.7, while in the RM and 

IVF failure groups, it was 3.3% and 8.3%, respectively 

(p=0.00), which showed that GG genotype frequency has 

positive association with successful implantation (Figure 1).  

Odds ratios and 95% confidence intervals (CIs) are shown 

in Table 2. The Abortion and IVF failure groups showed a 

significantly increased risk of VEGG polymorphism compared 

to the control group (Table 2). 

 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. The frequency of VEGF 1154 heterozygote and homozygote genotype 

 
Table 2. Odds ratio of VEGF genotype for abortion and IVF failure by logistic regression models 

 VEGF1154 

 B Odds ratio P-Value EXP (B) 95% C.I for EXP(B) 

Abortion 3.125 22.767 0.0001 22.767 5.460 94.935 

IVF failure 2.104 8.200 0.0001 8.200 3.252 20.676 
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Discussion  

Our results revealed that the distribution of VEGF 1154 AG 

in RM (66.7%) and IVF failure (77.8%) were higher than 

control group (58.3%) and in IVF failure, it was higher than 

RM. However, VEGF 1154 AA in IVF failure (13.9%) was 

less than RM (30%). In control group, AA/AG genotypes, 

higher frequency was associated with RM and IVF failure 

while in healthy women with normal implantation and 

pregnancy, VEGF 1154 GG was higher. The genetic factors, 

especially chromosomal abnormalities of parents, are one of the 

major causes of spontaneous abortion (19). Moreover, some 

other factors, such as anatomical abnormalities, endocrine 

problems, infections and immunological factors are effective 

on abortion (20). On the other hand, Magnus et al. in 2019 

demonstrated that the increase of delivery rate and mother age 

leads to increasing the risk of recurrent miscarriage (21). The 

human genome project leads to the increase of studies, focused 

on the correlation of a specific sequence of genome with a 

definite disease. The most common genetic markers are SNPs. 

Many of these variants have no effect on cell function, but 

according to reports, some SNPs may be related to a particular 

disease and help us to estimate the prevalence rate of a 

particular disease (22). Therefore, with the study of SNPs, we 

can predict the genes which are most relevant to recurrent 

abortion and will be able to prevent or treat the high-risk 

patients.  

VEGF has an important role in the formation of blood 

vessels through the placenta development (12). The decrease of 

its concentration is associated with inappropriate formation of 

the placenta which may proceed recurrent miscarriage (23). 

There are some studies on VEGF-1154 polymorphisms and 

spontaneous abortion (24,25), however, still it is necessary to 

evaluate the correlation between this gene and pregnancy loss. 

Several reasons support this claim including the limitation of 

experimental samples in each study, lack of enough knowledge 

about this gene, various environmental factors which are 

limited to each region and may influence the gene expression 

and the genetic differences between various populations (26). 

Therefore, it is necessary to repeat the studies in different 

populations. Maybe the studies will be repetitious but perhaps 

lead to different results, because SNP allelic frequency is 

fluctuated in particular populations. In this way, we can better 

clarify the relationship of VEGF gene with abortion and 

unsuccessful embryo implantation.  

Due to the high incidence of recurrent spontaneous abortion 

in Iran and lack of an effective marker to screen Iranian 

population, it is necessary to evaluate SNPs of genes related to 

abortion and compare them with the results of other studies. In 

a recent study in India, the relationship between two SNPs of 

VEGF gene with recurrent pregnancy was reported. They 

showed that −1154G/A polymorphism increased the risk of 

recurrent abortion and VEGF gene, −1154 G/A and +936C/T 

polymorphisms were associated with RM. Papazoglou et al 

reported that 1154G/A genotype polymorphism is one of the 

reasons of idiopathic recurrent miscarriage (23). Moreover, Su 

et al reported that VEGF and its receptor gene (KDR) were 

related to idiopathic recurrent spontaneous miscarriage (27). 

Magdoud et al, performed a study with a large sample and 

reported the relation between VEGF polymorphisms, specially 

1154G/A and +936C/T, with RM (28). However, in a meta-

analysis in 2012, it was concluded that 1154G/A 

polymorphisms was not significantly associated with the risk of 

RM (17). Therefore, there is still controversy and more 
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evaluations are needed because a lot of studies after 2012 have 

reported the significant correlation between these two factors.  

Furthermore, it was shown that VEGF polymorphism is 

associated with IVF failure. Shi et al., in 2017 demonstrated that 

there was a significant association between VEGF 1154 A/A, 

RM and recurrent implantation failure (29). One of the key 

points in the field of infertility is implantation failure after 

transplantation of IVF embryos (30). One of the reasons of 

repeated unexplained IVF failure, despite good embryo 

transfer, is implantation dysfunction. Sperm and oocyte quality, 

sperm integrity, stimulation protocol, endometrium, embryo 

transfer and IVF laboratory, age, BMI, obesity, uterine fibroid 

and anomalies, cigarette, thyroid dysfunction and immune 

factors are influence IVF cycle outcome (30). Previously, 

Boudjenah et al reported that there was a relationship between 

VEGF and 405 G/C polymorphism recurrent implantation 

failure in women under IVF cycle (31). Nevertheless, to the 

best of our knowledge, there is no report on the VEGF 1154 

A/A polymorphism and IVF failure in a parallel study with 

RM.  

 

 

 

Conclusion 

The results showed that SNP of homozygote (A/A) and 

heterozygote genotype (AG) of VEGF were related to RM and 

IVF failure, while homozygote genotype of G/G was 

associated with healthy women. Moreover, the frequency of 

heterozygote genotype (A/G) was higher than homozygote 

A/A in IVF, while the A/A frequency in RM group were higher 

than IVF. Therefore, it was concluded that genotype (A/G) is 

probably one of the most important SNPs of VEGF related to 

abortion. It was also concluded that VEGF 1154 A/A and 

VEGF 1154 G/A polymorphisms were associated with both 

RM and IVF failures. Nevertheless, their relation with IVF 

failures was more common than RM in A/G genotype, while in 

A/A, the RM was higher than IVF failure. 
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