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Abstract 
Background: Human leukocyte antigen-E (HLA-E)is a non-classical major 
histocompatibility complex (MHC) class I antigens which expressed on extra villous 
cytotrophoblast, which interacts with NKG2A, is an inhibitory receptor on natural 
killer (NK) cells and leading to down regulation of immune response in the 
maternal-fetal interface and provides maternal immune tolerance of the fetus. 
Objective: This study was designated to investigate the gene frequencies of E0101 
and E0103 in HLA-E gene in Iranian women with recurrent spontaneous abortion 
(RSA).  
Materials and Methods: Amplification Refractory Mutation System (ARMS-PCR) 
technique was carried out to detect polymorphism in exon 3 of the HLA-E gene in 
women with RSA and controls (n=200). Differences between groups were analyzed 
by SPSS19 software using χ2 test. 
Results: There was no significant difference in the allele frequencies of the HLA-E 
polymorphism between RSA and fertile controls but HLA-E 0101/0103 
heterozygous genotype was found to be significantly higher in RSA group (p=0.006, 
OR=1.73), so this genotype might confer susceptibility to RSA. 
Conclusion: Our results suggest that HLA-E 0101/0103 heterozygous genotype 
leads to increase of RSA risk. It seems that by genotyping of HLA-E polymorphism, 
we can predict the risk of RSA in infertile women. 
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Introduction 

 
ecurrent spontaneous abortion 
(RSA), is a condition defined as 
three or more miscarriage prior to 

the 24th week of gestation (1). This affects 1-
2% of women who are pregnant (2, 3). RSA 
causes are commonly include chromosomal 
abnormalities, anti-phospholipid syndrome, 
acquired and inherited thrombophilia, 
autoimmune diseases, uterine pathologies, 
environmental factors, maternal infections, 
endocrine dysfunctions, and in nearly 50% of 
RSA cases unknown factors (idiopathic) are 
cause of this complication (4-8). In fact, a 
significant proportion of idiopathic RSA may 
be due to immune factors (2).  

During pregnancy, despite of the fetus 
being regarded as a semi-allograft to the 
mother, fetus is protected from rejection by 
maternal immune response. However, in 
normal pregnancy several tolerance 
mechanisms have been demonstrated to 
circumscribes the maternal immune response 
(3, 9, 10). Among these, the expression of 
human leukocyte antigen-E (HLA-E) by 
cytotrophoblasts has been shown to play an 
important role in creating a tolerogenic 
condition at the feto-maternal interface. HLA-E 
is a non-classical HLA class Ib molecule 
which has a wide tissue distribution. HLA-E 
interacts with CD94/NK G2A complex, a lectin 
type NK cell inhibitory receptor, plays a 
fundamental role in the inhibition of NK cell 
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activity (11, 12). Uterine natural killer cells 
(UNK cells) are resident in the endometrium 
and constitute 70% of endometrial leucocytes 
and are adjacent to fetal trophoblast cells in 
maternal-fetal interface, that these cells 
constitute the most predominant leucocyte 
population during implantation time and early 
pregnancy (13). HLA-E has two non-
synonymous alleles (HLA-E0103 and HLA-
E0101). HLA-E0101 allele differs from HLA-
E0103 by an amino acid substitution (arginine 
to glycine at position 107 of the a2 heavy-
chain domain) and also both of them have a 
difference cell surface expression (14).  

NK cell inhibitory or activating functions are 
controlled by interactions of HLA-E; so it 
shows the urgency HLA-E variant allele's 
investigation which may affect the 
development of RSA. This has motivated us to 
investigate the HLA-E polymorphism in normal 
fertile women and RSA in order to discover a 
possible correlation between the HLA-E 
polymorphisms and RSA. 
 

Materials and methods 
 
Patients 

In this analytic cross-sectional study, 
peripheral blood samples were obtained from 
200 Iranian women who referred to the 
infertility center, Yazd, Iran between 
December 2013 to December 2014. Consent 
was obtained from all subjects who are 
participated in this study, and the Institutional 
Ethics Committee of Shahid Sadoughi 
University of Medical Sciences approved 
protocols of this study.  

Case group had three or more RSA which 
no apparent conventional causes of abortion 
such as anatomical, chromosomal, hormonal, 
thrombophilia and women in control group 
were without any history of abortion with at 
least one healthy child. Following data were 
obtained from all subjects: number of 
spontaneous abortions, age, and time of 
spontaneous abortion during pregnancy, age 
at each spontaneous abortion, and 
occurrence of bleeding and pain during the 
event. 
 
DNA Isolation 

Blood samples of both groups were 
collected in tubes containing EDTA. DNA was 
extracted from the peripheral blood sample 
using routine salting out procedure ( 60T1560T). 

ARMS-PCR analysis 
The E0101 and 0103 variants at codon 107 

of HLA-E were identified by primer 
Amplification Refractory Mutation System 
(ARMS-PCR). A method which was originally 
designed for the detection of known sequence 
by using just two pairs of primers in a single 
PCR tube, this method can simultaneously 
amplify both mutant and wild type alleles, plus 
it allows for the amplification of an internal 
DNA control: two primers correspond to the 
polymorphic site and are complementary (in 
opposite directions) with the 3´-terminal 
nucleotides.  

The other two primers are external to the 
first set and target to non-polymorphic sites. 
The primers and the expected product sizes 
are shown in table I. The amplification 
reaction was performed in 26 μl volumes. One 
pair the PCR mixture contained 2 μl of DNA, 
12 μl master mix, 8 μl HR2RO and 1 μl of each 
four primers. Reaction conditions were carried 
out in thermo cycler (ABI, USA), 94P

o
PC for 5 

min, 35 cycles at 94P

o
PC for 1 min, 67P

o
PC for 1 

min, and 72 P

o
PC for 1 min followed by an 

extension at 72P

o
PC for 10 min. The digestion 

product were subjected to 2% agarose gel 
electrophoresis (paya pajohesh Eps-7601-
Iran) and stained with Green viewer 
(containing ethidium bromide), and then 
visualized under UV light. The product sizes at 
ARMS-PCR codon 107 are shown in figure 1.  
 
Statistical analysis 

Genotypes frequencies in RSA and fertile 
control groups were compared with Hardy-
Weinberg expectations using χP

2
P analysis. The 

data were processed by SPSS 19 software 
(Statistical Package for the Social Sciences, 
Inc., Chicago, IL, USA). Odds ratios were 
calculated with a confidence interval of 95% 
and p<0.05 was considered significant. 
 

Results 
 

In this study, polymorphism at codon 107 of 
HLA-E exon 3 was detected through ARMS-
PCR. The control was a band of 381 bp, 
whereas at polymorphic site, adenine and 
guanine produced band of 290 and 158 bp, 
respectively (Figure 1). Table II shows the 
frequency of HLA-E 0101 and 0103 alleles in 
the RSA and fertile controls. Our results show 
that the frequency of HLA-E 0101 allele is 
higher than HLA-E0103 allele in RSA 



Polymorphisms of HLA-E gene in URSA 

International Journal of Reproductive BioMedicine Vol. 14. No. 7. pp: 477-482, July 2016                                         479 

(Chi=1.45, OR=1.19). We found no significant 
difference in frequency of HLA-E alleles in 
RSA when compared with that in the controls 
(p=0.229). 

The distribution of HLA-E genotypes is 
shown in table III. Our results show that, the 
frequency of HLA-E 0101/0103 heterozygote 
genotype is higher in RSA than in normal 
fertile control (chi=4.37, p=0.006, OR=1.73, 
95% CI=1.14-2.63). So this polymorphism 
HLA-E 0101/0103 heterozygous is associated 
with susceptibility to RSA. The difference in 

the frequency of HLA-E 0101/0103 
heterozygous genotype in RSA group was 
statistically significant when compared to the 
controls. However, the frequency of the HLA-
E 0101/0101 homozygote was lower in RSA 
group than in fertile controls. The HLA-E 0103 
homozygotes showed lower frequency in RSA 
group than in controls (p=0.013, OR=0.56, 
95% CI=0.35-0.91). The analysis of results 
indicated that the HLA-E genotype 
frequencies were in agreement with a Hardy-
Weinberg equilibrium in this study. 

 
 
Table I. Primers used for the determination of HLA-E exons 3 (codons 107) polymorphisms by ARMS analysis 

Polymorphism Primer sequence Product size (bp) 

Codon 107 (A→G) 

5´-CAAAATGCCCACAGGGTGGTGGCGACGGG-3´ Control: 381 
A: 290 
G: 158 

5´-ATGCATGGCTGCGAGCTGGGGCCCGAAA-3´ 
5´-GAACTGTTCATACCCGCGGAGGAAGCGACC-3´ 
5´-GGAGATGGGAGAGTAGCCCTGTGGACCCTC3´ 

 
 
Table II. Frequency of HLA-E alleles in RSA and fertile female controls (n=200) 

HLA-E Alleles RSA Control OR %95CI p-value 
0101 (A) 213 (53) 196 (49) 1.19 0.85-1.58 0.229 
0103 (G) 187 (47) 103 (51) 0.84 0.63-1.12 0.229 

Data presented as n (%). Evaluated by Chi-square test and p≤0.05 was considered significant. 
HLA-E: human leucocyte antigen E  OR: odds ratio  95% CI: 95% confidence interval. 
 
 
Table III. Frequency of HLA-E genotypes in RSA and fertile female controls (n=200) 

HLA-E genotypes Control RSA OR* %95CI p-value 

0101/0101 60 (30) 55 (27.5) 0.89 0.56-1 0.58 
0103/0103 64 (32) 42 (21) 0.56 0.35-0.91 0.013 
0101/0103 76 (38) 103 (51.5) 1.73 1.14-2.63 0.006 

Data presented as n (%). Evaluated by Chi-square test and p≤0.05 was considered significant.  
HLA-E: human leucocyte antigen E  OR: odds ratio  95% CI: 95% confidence interval. 
*OR was computed for each genotype in considering the existence of other genotypes for example 0101/0101 contrast with 0103/0103 or 0101/0103. 
 
 

 
Figure 1. ARMS-PCR for exon 3 codon 107. The band control was of 381 bp, whereas at polymorphic site, adenine and guanine 
produced band of 290 and 158 bp. 

 
Discussion 

 
In this study, we hypothesized that HLA-E 

polymorphisms might cause susceptibility to 
RSA. By comparing the HLA-E0101 and HLA-

E0103 polymorphisms of HLA-E gene 
between RSA females and fertile female 
controls, higher frequencies of HLA-E0101 
were observed in RSA women. However, we 
found no significant difference for these alleles 
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in recurrent abortion. Expression of HLA-E at 
feto-maternal interface is implicated in 
successful pregnancy because it is capable to 
down regulate maternal immune response 
(14).  

HLA-E antigens are believed to help to fetal 
survival through interaction with CD94/NKG2A 
complex, a NK inhibitory receptor, and 
inhibition of NK cells (12). HLA-E is a non-
classical MHC class I genes (class Ib), which 
is located on chromosome 6p21.3, between 
the classical HLA class Ia genes HLA-A and 
HLA-C (16). This gene is characterized by a 
limited polymorphism and low cell surface 
expression (17). The nonamers peptide leader 
derived from classical class I antigens 
including HLA-C, -A, -B, and preferentially 
HLA-G are necessary for surface expression 
of HLA-E on the surface cell (18, 19). HLA-E 
is expressed in B cells, T cells, activated T 
lymphocytes, and cells such as placenta and 
trophoblast cells (16). 

Trophoblast cells are devoid of classical 
HLA class I molecules, providing a protection 
against cytotoxic T lymphocyte (CTL). In 
addition, the presence of non-classical, HLA-E 
and HLA-G at feto-maternal interface helps to 
down regulation and inhibition of NK cells (20, 
21). HLA-E at feto-maternal interface are 
associated with down regulation of NK cells 
activity (11). There are two major allele of 
HLA-E, E0101 and E0103 (18). There are two 
alleles of HLA-E, which substitution of an 
arginine with a glycine at position 107 creates 
them, glycine (E0103; HLA-EG) or arginine (E 
0101; HLA-ER) (22-24). Each of them have a 
different levels of cell surface expression of 
HLA-E molecules which might be caused by 
their different peptide affinity and thermal 
stability (17). Biological functions and surface 
expression of two non-synonymous alleles of 
HLA-E are different. In this case, E0101 
always has a lower surface expression 
compared to HLA-E0103 (16, 25). Analysis of 
empty HLA-E and its complex with peptide 
revealed that the HLA-E0103 allele was more 
thermally stable than the HLA-E0101 allele 
(18, 26).  

A study by Tripathi et al showed that lower 
stability and expression of HLA-E 0101 may 
leading to ineffective inhibition of uNK cells 
and hence may be associated with RSA (16). 
From this it can be conclude that the HLA-
E0103 induces uNK and ultimately prevents 
rejection of the fetus. Our results show HLA-E 

0103 is higher in controls (38%) than patients 
(21%). The results of Mosaad et al work 
revealed that higher number of HLA-E0101 
alleles in Egypt population and that the HLA-E 
allele frequencies in this population were 
similar to those reported in various 
populations such as Indians, African 
American, Caucasian and Hispanic 
populations Africans and Gaza strip-Palestine 
also Indo-Asian, Afro-Caribbean, and Euro-
Caucasoid (2, 16, 27-29).  

On the other wise , the gene frequency of 
E0103 is significantly higher than E0101 in the 
Japanese and Chinese populations (27, 30). 
In addition, Many reports have been shown 
that there is no significant difference in the 
frequency of HLA-E alleles between RSA 
females and normal controls (2, 31, 32). In 
line with this studies, our study revealed that 
there was no significant association in HLA-E 
alleles (E0101, E0103) between RSA females 
and normal subjects (p=0.229). The difference 
in the distribution of HLA-E alleles between 
different studies may be due to geothnic 
variation (14). 

There are three possible genotypes of 
HLA-E alleles -HLA-E 0101/0101, HLA-E 
0103/0103 and HLA-E 0101/0103 (33). 
Several studies have shown that association 
between HLA-E polymorphisms and outcomes 
in various situations and diseases (34). Our 
results revealed that, HLA-E 0103/0103 
homozygous that is higher in controls is 
associated with maintaining the fetus in a 
successful pregnancy by inhibition of NK. A 
study by Lajoie et al showed that the 
protective effect of HLA-E0103/0103 genotype 
on HIV-1 infection in Zimbabwean women 
(24).  
 

Conclusion 
 

Conclusively, our results suggest a 
protective function of HLA-E 0103/0103 
genotype which is higher in RSA. It provides 
better inhibition of NK cells and allows 
pregnancy maintenance in fertile controls and 
though HLA-E 0101 is related to ineffective 
inhibition of NK. Our data showed that the 
HLA-E0101/0103 heterozygotes are related to 
fetus survival. 
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