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ABSTRACT 

 

HLA-G is a tolerogenic molecule that expresses in cytotrophoblast cells and plays an 

important role in immune response suppression in maternal decidua. Interactions between 

the extracellular domains of the HLA-G protein with cell receptors of the immune system 

are well-known.  

This study investigated the association between HLA-G gene polymorphism with 

repeated implantation failure (RIF). We used PCR followed by the sequencing technique for 

exons 2, 3, and 4, as well as intron 2 of the HLA-G gene in 100 couples with histories of two 

or more failed assisted reproductive technique (ART) attempts. The data were compared 

with the results of our previous study.  

The results indicated that some alleles of the HLA-G gene such as: 0106, 010106, 

01010106 and 0105N (null) alleles were significantly higher in the patient group compared to 

the control group (p<0.05). There were higher SNPs at the +482 T/C and +506 -/C 

positions in failed ART couples compared to controls (p=0.03; p=0.01, respectively).  

HLA-G gene polymorphisms do not clearly affect the risk for implantation failure in 

most couples who undergo ART. However allelic variations, particularly in exons 3 and 4, 

and intron 2 of the HLA-G gene can lead to ART failure in human embryos. 
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INTRODUCTION 

 

Embryonic implantation failure is one cause of 

infertility that can occur due to several factors. 
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technique (ART).
1,2

 Failure to achieve pregnancy, 

following 2–6 IVF cycles, in which more than 10 high-

grade embryos have been transferred to the uterus is 

defined by various clinicians as RIF.
3
 Successful 

embryo implantation depends on an appropriate 

function of the endometrium as well as a normal 

healthy embryo.
4
 During pregnancy, the proper 

function of immunogenetic and immunological factors 

is more important; disruption in these may often lead to 

reproductive failure. The human leukocyte antigen 

(HLA) is the one of effective immunological 

complexes in human fertility and may have important 

roles in pregnancy outcome by influencing embryo 

cleavage; gamete, blastocyst, fetal and trophoblast 

development; implantation; and fetal survival.
5
 HLA-

G, as a member of non-classical HLA class I, displays 

limited polymorphisms along with seven different 

isoforms due to alternative splicing of the primary 

transcript, four membrane-anchored molecules (HLA-

G1, G2,G3 and G4), three secreted isoforms (HLA-G5, 

G6 and G7), and a restricted expression profile.
6,7

 The 

HLA-G protein represents several α-domains and an 

extracellular (heavy chain) with a non-covalent 

association to b2-microglobulin (b2-m).
8
 The heavy 

chain is coded by the HLA-G gene located on the 6p21 

region; it consists of eight exons and seven introns.
6
 

HLA-G expression has been detected during 

preimplantation development expression which 

includes unfertilized oocytes, early embryos (two-cell 

cleavage stage) and in blastocysts
9
 with an asymmetric 

pattern.
10

 Its expression is associated with an increase 

in developmental stage, from 35% in cleavage stage 

embryos to 100% in morulas and blastocysts.
11 

The 

HLA-G protein is implicated in the modulation of 

maternal immune cell response
6,12,13 

such as natural 

killer (NK) cells, T lymphocytes, and antigen 

presenting cells.
6,14,15

 These functions are fulfilled 

through HLA-G extracellular domain interactions with 

leukocyte receptors, which include CD8, LILRB1 and 

LILRB2, and the killer cell immunoglobulin-like 

receptor KIR2DL4.
6,16,17

 In early pregnancy, 

approximately 70% of the total leukocyte population in 

the decidua are comprised of uterine NK (uNK) cells.
18

 

Until after 20 weeks of gestation, this population of 

uNK cells does not decrease.
19

 Several recent studies 

have shown a relationship between secretion of HLA-G 

in the embryo culture (EC) and pregnancy outcome. 

Recently, a German multi-center study has 

demonstrated that the proportion of sHLA-G in the EC 

increased with the embryonic developmental stage. 

There was a significant association between detection 

of sHLA-G in EC to pregnancy after ART. This might 

be considered a second parameter after the 

morphological scoring system for embryo selection.
20

 

Genetic polymorphisms in the 5` UTR and 3` UTR of 

the HLA-G gene are important. Significantly increased 

genotype frequency of +14-bp ⁄+14-bp homozygotes 

have been reported in individuals with recurrent 

abortions compared with normal fertile controls.
21

 

Patient analysis on the genotype basis confirmed a 

significantly higher proportion of HLA-G 01013 and 

01015N carriers in the RSA (Recurrent spontaneous 

abortion) group versus the fertile controls.
22

 Another 

study showed an association between 725G SNP and 

sporadic miscarriage.
23

 The current research assessed 

the association between HLA-G genotypes and RIF in 

infertile couples who underwent ART treatment 

compared with control couples. 

 

MATERIALS AND METHODS 

 

Sample Preparation 

The patient group consisted of 100 couples (mean 

age: 32.3 years) with a history of RIF. This group was 

selected from among Iranian patients who underwent 

ART treatment at Royan Institute. Of the 100 couples 

investigated, 90 couples underwent two and three 

procedures, 6 couples had four procedures and 4 

couples had five or more procedures. Inclusion criteria 

for the study were as follows: two or more failed ART 

from the same partner, the absence of anatomical 

abnormalities of the uterus, normal results for lupus 

anticoagulants and cardiolipin antibodies, abnormal 

karyotypes, and patient informed consent. Only couples 

with idiopathic infertility were included in current 

study. Subsequently, we compared the obtained results 

with our last study of approximately 100 samples from 

healthy unrelated Iranian individuals (50 unrelated 

couples).
24

 

 

DNA Extraction  

Genomic DNA was isolated and purified from 

whole blood samples collected in 5% ethylene-diamide 

tetraacetic acid using the salting out procedure.
25

 The 

concentration and purity of DNA was assessed by a 

biophotometer. 
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HLA-G Allele Typing 

HLA-G genotyping was carried out with 

polymerase chain reaction (PCR) followed by 

sequencing analysis. Exons 2 and 3, and intron 2 were 

amplified with a primer pair: forward 5΄- GGC TGA 

GAG GTC TAC AGG AGA T-3΄ and reverse 5΄-GCT 

CCC ACT CCA TGA GGT ATT-3΄. Amplification of 

exon 4 was performed using the following primers: 

forward 5΄-GTA TCT GGT TCA TTC TTA GGA 

TGG-3΄ and reverse 5΄-AAG ACT GCT CTG GGA 

AAG G-3΄. The PCR products of exons 2 and 3,  

and intron 2 was 822 bp; for exon 4, it was 502 bp. The 

PCR program for exons 2 and 3, and intron 2 

 was: 95˚C for 10 min, 30 cycles at 94˚C for 1 min  

and 60˚C for 45 sec, followed by 72˚C for 45 sec. For 

exon 4 the program was: 95˚C for 5 min, 30 cycles  

at 94˚C for 1 min, and 59˚C for 45 sec, followed by 

72˚C for 45 sec. The products were sequenced and 

PLINK software was used (http://pngu.mgh. 

harvard.edu/~purcell/plink/index.shtml) for allelic 

haplotyping. 

 

Statistical Analysis 

Statistical analysis was performed with SPSS 

software (version 18.0; SPSS, Chicago, IL). Genotype 

frequency for the control
24

 and patient groups was 

determined by Fisher’s exact test. For all analyses, a p-

value ≤0.05 was considered significant. We used the 

Fisher’s exact test to evaluate each allele of HLA-G 

between the cases and controls, and to obtain odds 

ratios (OR) for the risk of ART failure and their 95% 

confidence intervals (CI). 

 

RESULTS 

 

HLA-G Alleles in Couples  

The frequency and percentage of HLA-G alleles 

among the cases and controls, along with additional 

details are shown in Tables 1 and 2 (polymorphisms of 

HLA-G were in Hardy-Weinberg equilibrium for all 

groups). An overall analysis of failed ART couples 

compared with controls showed a significant difference 

between the two groups (p≤0.05). These differences 

included an increase of G*0106 (p=0.002; OR=3.98; 

95% CI=1.54-10.28); G*01010106 (p=0.004; 

OR=2.35; 95% CI=1.4-78.6); G*010106 (p=0.000; 

OR=13.83; 95% CI=1.86-102.7); and G*0105 N alleles 

(p=0.01; OR=0) in the failed ART group compared 

with the control group. We observed the G*0105N 

allele only in the patient group (29/400; 3%). There 

were statistically significant differences observed in the 

control group for G*010101 (p=0.001; OR=0.54; 95% 

CI=0.39-0.77); G*010108 (p=0.04; OR= -1.63; 95% 

CI=0.04-1.02); and G*010403 (p=0.01; OR=0.51; 95% 

CI=0.3-0.88) allele frequencies (Table 2). According to 

previous studies, the G*0105N allele was associated 

with significantly lower serum concentrations of the 

soluble isoform of HLA-G.
26

  

 

HLA-G Alleles in Men and Women 

A comparison of HLA-G allele frequencies in men 

and women from both groups revealed that 13 (6.5%)  

 

Table 1. Distribution of HLA-G allele frequencies in 100 couples with history of ART failure. 

HLA-G alleles Failed ART couples 2- 4 unsuccessful ART, n (%) Failed ART couples ≥ 5 unsuccessful ART, n (%) 

010101 151 (39.3) 0 

0106 35 (9.1) 2 (12.5) 

01010106 19 (4.9) 1(6.2) 

010102 64 (16.7) 0 

010103 8 (2.1) 2 (12.5) 

010105 6 (1.6) 1 (6.2) 

010106 24 (6.2) 2 (12.5) 

010107 14 (3.6) 1 (6.2) 

010108 2 (5) 0 

0103 7 (1.8) 2 (12.5) 

0105N 9 (2.3) 3 (18.8) 

010401 5 (1.3) 1 (6.2) 

010403 31 (8.1) 1 (6.2) 

010404 9 (2.3) 0 

All alleles 384 16 
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Table 2. Distribution of HLA-G allele frequencies in 100 couples with history of ART failure and 50 healthy couples ( p≤0.05; 

CI=95%).24  

HLA-G alleles Failed ART couples, n (%) Healthy couples, n (%) P- value ORa (95% CIb) 

010101 151 (37.8) 105 (52.5) 0.001 0.54 (0.39-0.77) 

0106 37 (9.2) 5 (2.5) 0.002 3.98 (1.54-10.28) 

01010106 20 (5) 1 (0.5) 0.004 2.35 (1.4-78.6) 

010102 64 (16) 32 (16) 1 1 (0.63-1.59) 

010103 10 (2.5) 1 (0.5) 0.11 5.1 (0.65-40.14) 

010105 7 (1.8) 4 (2) 1 -0.14 (0.25-3.01) 

010106 26 (6.5) 1 (0.5) 0 13.83 (1.86-102.7) 

010107 15 (3.8) 6 (3) 0.81 1.26 (0.48-3.3) 

010108 2 (0.5) 5 (2.5) 0.04 -1.63 (0.04-1.02) 

0103 9(2.2) 3 (1.5) 0.76 1.51 (0.4-5.65) 

0105 N 12 (3) 0 (0) 0.01 0 (0-0) 

010401 6 (1.5) 3 (1.5) 1 1 (0.25-4.04) 

010403 32 (8) 29 (14.5) 0.01 0.51 (0.3-0.88) 

010404 9 (2.2) 5 (2.5) 1 0.9 (0.3-2.7) 

All alleles 400 200   
aCI, confidence interval. 
bOdds ratios were generated from two-by-two tables, and statistical significance was assessed using the Fisher exact test. 

 

higher in failed ART men compared to fertile men 

(p=0.04; OR=6.88; 95% CI=1.88-53.38). The G*010101 

allele was observed in 67 (33.5%) failed ART men and 54 

(54%) healthy men. The frequency of this allele differed 

between the two groups with a shift toward the control 

group (p=0.001; OR=0.43; 95% CI=0.26-0.7; Table 3). 

On the other hand, in women who underwent ART (21n; 

10.5%), the G*0106 allele  

 

was clearly increased compared with healthy women (1n; 

1%; p=0.002; OR=11.61; 95% CI=1.53-87.64). 

There was a high frequency of the G*010106 allele 

amongst infertile women (13n; 6.5%). This allele was not 

detected in healthy women (p=0.006; OR=0). Other data 

showed increased G*010403 allele frequency in healthy 

women (19n; 19%) compared to failed ART women (12n; 

6%; p=0.001; OR=0.27; 95% CI=0.13-0.59; Table 4).  

Table 3. Distribution of HLA-G allele frequencies in 100 men from couples with history of ART failure and 50 healthy men 

(p≤0.05; CI=95%) 24 

HLA-G alleles Failed ART men, n (%) healthy men, n (%) P- value ORa (95% CIb) 

010101 67 (33.5) 54 (54) 0.001 0.43 (0.26-0.7) 

0106 16 (8) 4 (4) 0.23 2.09 (0.68-6.41) 

01010106 12 (6) 1 (1) 0.07 1.84 (0.81-49.3) 

010102 35 (17.5) 15 (15) 0.63 1.2 (0.62-2.32) 

010103 5 (2.5) 1 (1) 0.67 2.54 (0.29-22.02) 

010105 3 (1.5) 2 (2) 1 -0.29 (0.12-4.53) 

010106 13 (6.5) 1 (1) 0.04 6.88 (1.88-53.38) 

010107 10 (5) 2 (2) 0.35 2.58 (0.55-12) 

010108 2 (1) 3 (3) 0.33 -1.11 (0.05-1.99) 

0103 3 (1.5) 3 (3) 0.4 0.49 (0.01-2.49) 

0105 N 5 (2.5) 0 (0) 0.17 0 

010401 4 (2) 2 (2) 1 1 (0.18-5.56) 

010403 20 (10) 10 (10) 1 1 (0.45-2.23) 

010404 5 (2.4) 2 (2) 1 1.25 (0.24-6.56) 

All alleles 200 100   
aCI, confidence interval. 
bOdds ratios were generated from two-by-two tables, and statistical significance was assessed using the Fisher exact test. 
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Table 4. Distribution of HLA-G allele frequencies in 100 women from couples with history of ART failure and 50 healthy 

women ( p≤0.05; CI=95%).24 

HLA-G alleles Failed ART women, n (%) Healthy women, n (%) P- value ORa (95% CIb) 

010101 84 (42) 51 (51) 0.14 0.7 (0.43-1.12) 

0106 21 (10.5) 1 (1) 0.002 11.61 (1.53-87.64) 

01010106 8 (4) 0 (0) 0.057 0 

010102 29 (14.5) 17 (17) 0.61 0.83 (0.43-1.6) 

010103 5 (2.5) 0 (0) 0.17 0 

010105 4 (2) 2 (2) 1 1 (0.18-5.56) 

010106 13 (6.5) 0 (0) 0.006 0 

010107 5 (2.5) 4 (2) 0.49 0.62 (0.16-2.34) 

010108 0 (0) 2 (2) 0.11 0 

0103 6 (3) 0 (0) 0.18 0 

0105 N 7 (3.5) 0 (0) 1 0 

010401 2 (1) 1 (1) 1 1 (0.9-11.16) 

010403 12 (6) 19 (19) 0.001 0.27 (0.13-0.59) 

010404 4 (2) 3 (3) 0.69 0.67 (0.15-0.03) 

All alleles 200 100   
aCI, confidence interval. 
bOdds ratios were generated from two-by-two tables, and statistical significance was assessed using the Fisher exact test. 

 

 

Investigation of HLA-G Homozygosity in Couples 

The previous study significantly indicated higher 

frequency in HLA homozygosity among couples with 

unexplained infertility.
27

 Our data showed the 

following frequency of homozygous carriers: G*0106 

(ART: 8.7%, control: 0%); G*010102 (ART: 18.8%, 

control: 8.8%); G*01010106 (ART: 5.8%, control: 

0%); and G*010106 (ART: 5.8%, control: 0%) alleles.  

 

This difference was not statistically significant. We 

could not explain the cause for the difference in 

frequency of the G*010102 allele between the failed 

ART and control groups. However, since the G*0106, 

G*01010106, and G*010106 alleles were significantly 

higher in the ART group, we suggested that 

homozygosity in these alleles could lead to ART failure 

in couples (Table 5).  

 

 

Table 5. Distribution of failed ART couples frequencies, homozygote for HLA-G alleles in 100 couples with history of ART 

failure and 50 healthy couples ( p≤0.05; CI=95%).24 

HLA-G alleles 

 

Homozygote Failed ART 

couples, n (%) 

Homozygote healthy couples,  

n (%) 

P- value ORa (95% CIb) 

010101 34 (49.3) 24 (70.6) 0.06 0.4 (0.17-0.97) 

0106 6 (8.7) 0 (0) 0.17 0 

01010106 4 (5.8) 0 (0) 0.03 0 

010102 13 (18.8) 3 (8.8) 0.25 2.4 (0.64-9.07) 

010106 4 (5.8) 0 (0) 0.03 0 

010107 2 (2.9) 1 (2.9) 1 0.99 (0.09-11.26) 

010401 1 (1.44) 0 (0) 1 0 

010403 4 (5.8) 6 (11.6) 0.08 0.29 (0.08-1.08) 

010404 1 (1.44) 0 (0) 1 0 

All alleles 69 34   
aCI, confidence interval. 
bOdds ratios were generated from two-by-two tables, and statistical significance was assessed using the Fisher exact test. 
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Table 6. Distribution of intronic SNPs frequencies (intron 2) of HLA-G in 100 couples with history of ART failure and 50 

healthy couples in Iranian population ( p≤0.05) 

SNP position Nucleotide change SNP Frequency in cases group SNP Frequency in control group P- value 

+482 T>C 4.5% 0% 0.032 

+485 G>T 1% 2% 0.603 

+494 A>C 3.5% 3% 1 

+505/+506 ->CC 0.5% 0% 1 

+506 ->C 6% 0% 0.01 

+615 A>- 12% 2% 0.05 

+636 C>T 15.5% 20% 0.332 

+644 G>T 1% 4% 0.098 

+685 G>A 28% 30% 0.787 

 

 

Nucleotide Variation in Intron 2 

We took into consideration nucleotide variation 

from exon 2 to exon 3 which included the intron 2 

sequence. Table 5 shows the observed nucleotide 

variation in intron 2 of the HLA-G gene in the studied 

couples. We have suggested that these variations are 

noteworthy, because some have different frequencies in 

these groups of patients. Sequence analysis of the HLA-

G gene indicated that nucleotide variability in the 

intron 2 of the gene had a different frequency between 

the two groups. SNP at the +482T/C position was more 

common among failed ART couples (p=0.032); the 

frequency of nucleotide variation at the +506 -/C 

position in ART couples was higher than healthy 

couples (p=0.01); and we observed an increase in SNP 

at the +615 A/- position in ART couples (p=0.05). 

Finally, the results indicated that these SNPs were 

mostly together (Table 6).  

 

DISCUSSION 

 

According to previous studies sHLA-G has been 

detected not only in plasma of pregnant women but 

also in the supernatant culture media from in vitro 

cultured embryos.
28

 Based on expression of HLA-G 

before, during and after implantation, and the protein’s 

critical role, it is believed that nucleotide 

polymorphisms in some regions of the gene can lead to 

implantation failure in unexplained infertile couples.
6
 

This study has demonstrated a significant increase in 

the frequencies of G*0106, G*01010106, G*010106, 

and G*0105N alleles in patient couples compared with 

healthy couples. The HLA-G*0106 allele is defined by 

an amino acid change from threonine (Thr) to 

methionine (Met) at amino acid 258 in exon 4 of the 

gene which encodes the α3 extracellular domain of the 

HLA-G protein. In addition, this domain exists only in 

the HLA-G1, G2, G5 and G6 isoforms.
6
 The 

importance of expression of these isoforms during 

implantation is clear; perhaps this amino acid change 

affects HLA-G protein function. The HLA-G*0105N 

allele has a frame shift mutation in exon 3 of this gene 

that leads to distorted protein production. According to 

other reports, the G*0105N allele is associated with 

lower plasma sHLA-G concentrations;
26

 correlation of 

lower sHLA-G concentrations have been demonstrated 

with pregnancy outcome after IVF. Therefore an 

increase in soluble HLA-G concentration in plasma 

from pregnant women is associated with successful 

pregnancy.
6,19

 In our study, we have observed a high 

frequency of the G*0105N allele in failed ART couples 

(3%) compared to control couples (0%). The highest 

concentrations of sHLA-G were found among HLA-G 

010102, 010101 and 010108 allele carriers; these 

concentrations in HLA-G 010101, 010102 and 010108 

were significantly lower than HLA-G 10401 carriers 

(p<0.001). The highest concentration of sHLA-I was 

noted among women with the HLA-G 10401 allele 

(p<0.0001).
29

 Therefore these results could explain the 

increased frequencies of G*010108 (p=0.04; OR= -

1.63) and G*010403 (p=0.01; OR=0.51) alleles in 

healthy compared to infertile couples. As mentioned 

above, we observed some SNPs in intron 2 of the gene; 

this observation was higher in infertile couples 

compared to healthy couples [+482T/C (p=0.032); 

+506 -/C (p=0.01); and +615 A/- (p=0.05)]. These 
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SNPs were mostly together. In order to justify the 

results, we checked causes such as: occurrence of a 

new open reading frame (ORF) in intron 2; the 

existence of CpG islands following the change of DNA 

methylation and gene expression as an epigenetic 

regulation; and the possibility of an effect on the 

alternative splicing processes for HLA-G isoforms 

within intron 2 (HLA-G1, G4 and G5). However none 

were suitable reasons for the different detected 

frequencies. Until now, 29 SNPs have been identified 

for the HLA-G promoter
6
 which might influence 

regulation of HLA-G expression. The -725 G/C/T 

variant is very close to ISRE, a target site for interferon 

regulatory factor-1 (IRF-1), in the gene promoter.
30 

An 

association between the -725G variant with sporadic 

miscarriage has been reported.
23

 On the other hand, 

HLA-G alleles that presented the 14-bp (5'-

ATTTGTTCATGCCT-3') sequence have been 

associated with lower mRNA production for most 

membrane-bound and soluble isoforms in trophoblast 

samples.
7,31

 In addition, both G*01:01:03 and 

G*01:01:02 alleles are associated with different 3'UTR 

haplotypes that differ at the +3035, +3187 and +3196 

positions - all preserved after alternative splicing.
32,33

 

The 14-bp insertion is always accompanied by the 

+3142G and +3187A alleles which are associated with 

low mRNA production.
7
 Based on the above mentioned 

studies, we have suggested that possibly some SNPs in 

the noncoding regions of the HLA-G gene, such as 

intron 2 have an association with polymorphisms in 

other regions of the gene, such as 3'UTR or 5'UTR. 

However it is apparent that these SNPs can 

significantly exist in the failed ART group (+482 T>C: 

p=0.32; +506 ->C: p=0.01; +615 A>-: p=0.05) and may 

have a relation with implantation failure.  
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