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Introduction

Breast cancer is the most commonly diagnosed cancer 
in women worldwide. In Iran, it ranks first among cancers 
diagnosed in women and is the fifth most common cause 
of death. It is complex and the causes of breast cancer are 
not fully known, likely caused by a combination of risk 
factors (Taghavi et al., 2012).

The immune system identifies cancerous and/or 
precancerous cells on the basis of tumor-specific antigens 
or molecules induced by cellular stress and eliminate them 
before they can cause harm. This process is referred to 
tumor immune surveillance theory (Burnet, 1957). But 
various changes take place in the microenvironment 
around the developing tumor, which some of these changes 
originated by tumor cells may help to escape the immune 
surveillance and favorable for tumor development and 
progression of cancer (Elliott et al., 2011). One such 
discovered molecule is HLA-G, which has been reported 
to have immunosuppressive and immunomodulatory roles 
in the cancer development (Tripathi et al., 2006). 
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Abstract

 Background: The human leukocyte antigen-G (HLA-G) gene is highly expressed in cancer pathologies and is 
one strategy used by tumor cells to escape immune surveillance. A 14-bp insertion/deletion (InDel) polymorphism 
of the HLA-G gene has been suggested to be associated with HLA-G mRNA stability and the expression of 
HLA-G. The aim of present study was to assess any genetic association between this polymorphism and breast 
cancer among Iranian-Azeri women. Materials and Methods: In this study 227 women affected with breast 
cancer, in addition to 255 age-sex and ethnically matched healthy individuals as the control group, participated. 
Genotyping was performed using polymerase chain reaction and electrophoresis assays. The data were compiled 
according to the genotype and allele frequencies, compared using the Chi-square test. Statistical significance was 
set at P<0.05. Results: In this case-control study, no significant difference was found between the case and control 
groups at allelic and genotype levels, although there is a slightly higher allele frequency of HLA-G 14bp deletion 
in breast cancer affected group. However,when the stage I subgroup was compared with stage II plus stage III 
subgroup of affected breast cancer, a significant difference was seen with the 14 bp deletion allele frequency. 
The stage II-III subgroup patients had higher frequency of deletion allele (57.4% vs 45.8%) than stage I cases 
(χ2=4.16, p-value=0.041). Conclusions: Our data support a possible action of HLA-G 14bp InDel polymorphism 
as a potential genetic risk factor for progression of breast cancer. This finding highlights the necessity of future 
studies of this gene to establish the exact role of HLA-G in progression steps of breast cancer. 
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The HLA-G non classical MHC class I protein 
exhibits a more restricted tissue distribution; it has been 
originally described as being selectively expressed in 
placental trophoblast (Ellis et al., 1986; Kovats et al., 
1990). It found that HLA-G can be important in preventing 
maternal immune response against the fetus and placenta 
unit having different genetics as the immune tolerance in 
pregnancy mechanism (Larsen and Hviid, 2009) 

HLA-G exhibits the immune tolerant function by 
inhibiting different immune-competent cells. This 
inhibitory effect is mediated by direct binding to 
inhibitory receptors. Thus, HLA-G can directly interact 
with different immune cell subpopulations including NK 
cells, T cells and professional antigen-presenting cells 
(APC), as well as endothelial cells via these receptors. 
This interaction is accompanied by the generation and 
maintenance of tolerance at different stages of the immune 
response, e.g., differentiation, proliferation, cytolysis and 
cytokine secretion. Next to these direct effects, HLA-G 
can exert its immune suppressive activity by indirect 
mechanisms. The knowledge gained from research into 
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the mechanisms of maternal immune tolerance lead to 
a greater understanding of the pathological processes 
including immunosuppressive mechanism in the cancer 
development (Amiot et al., 2011; Curigliano et al., 2013).  

Several studies have shown that certain polymorphisms 
in HLA-G gene are associated with pregnancy 
complications such as preeclampsia and recurrent 
miscarriage (Wang et al., 2013; Enghelabifar et al., 2014) 
and cancer patient (Moon et al., 2011; Eskandari et al., 
2013). The 14bp InDel polymorphism located in exon 8 
of the 3’ untranslated region (3’ UTR) of the HLA-G gene 
was firstly reported in 1993 (Harrison et al., 1993). The 
aim of this case-control study was to determine association 
between the 14bp InDel polymorphism with breast cancer 
in Azeri population of northwestern-Iranian women.

Materials and Methods

After informed consent, EDTA-whole blood was 
collected from 227 women affected to breast cancer and 
255 age-sex and ethnically matched healthy individuals 
as a control group. All the samples both patients and 
control group were from north western Iran population. 
Genomic DNA was extracted from peripheral white 
blood cells using Proteinas K, then, genotyping of 
HLA-G was performed by polymerase chain reaction 
(PCR) with primers flanking the 14-nucleotide InDel 
polymorphism in the HLA-G gene. The sequences of 
primers used for amplification were: Forward primer: 5’- 
GTGATGGGCTGTTTAAAGTGTCACC -3’and Reverse 
primer: 5’- GGAAGGAATGCAGTTCAGCATGA -3’.

PCR reaction in a final volume of 25 µl contain 0.2 
mM of each dNTP, 2.5 mM MgCl¬2, 2.5 µl of 10X PCR 
Buffer (pH 8.5) , 0.1 µM of both primers, 1 Unit Taq 
polymerase, and finally 2 µl of template DNA was added 
per reaction. PCR cycling conditions were as follows: an 
initial denaturation at 94°C for 3 min, followed by a three 
step cycle of 20 sec at 94°C, 20 sec at 58°C, and 30 sec 
at 72°C for 30 cycles, and ending with a final extension 
of 3 min at 72°C in a PCR System thermal cycler. The 
PCR reaction for the insertion type allele product the 
224bp amplicon, and the 210bp for allele contained 14 
bp deletion polymorphism. The PCR products depending 
on the absence or presence of the 14 bp were analyzed by 
electrophoresis in 15% gel of polyacrylamide and stained 
with ethidium bromide. (Figure 1). In this study, genotype 
and allele frequencies were compared using χ2 test. It was 
set statistical significance at P<0.05 for tests. 

Results 

The frequencies of the allelic variant and genotype 
of studied polymorphism in case and control groups 
are summarized in Table 1. HLA-G 14bp deletion 
allel frequency in breast cancer patients was 52.6% 
and 50.6% among controls, and the difference was not 
statistically significant (χ2= 0.41, p-value = 0.524). Also 
no significant difference was found at genotype level 
(χ2= 0.49, p-value=0.485). In case group, the genotype 
distribution showed 24.7%, 55.9%, and 19.4% for Del/
Del, Del/Ins, and Ins/Ins genotypes, respectively. It 

was 20.4%, 60.4% and 19.2% for control group. But 
remarkable result was when compared the stage I with 
stage II-III subgroup of breast cancer patients (Table 2). 
The stage II and III subgroup patient had higher frequency 
of deletion allele (57.4% vs 45.8%) than stage I patient 
(χ2=4.16, p-value=0.041). Also the frequency of Del/
Del, Del/Ins and Ins/Ins genotypes were 18.7%, 54.2% 
and 27.1% in stage I patient subgroup, whereas it was 
29.6%, 55.6% and 14.8% in stage II-III patient subgroup 
(χ2=4.65, p-value=0.031). Therefore, our result revealed 
significant differences at both allele and genotype of this 
polymorphism between stage I and II-III of breast cancer 
patients. 

Discussion

The prevalence of breast cancer has been increased in 
Iran in recent years. In addition, the age of breast cancer 

Figure 1. Polyacrylamide Gel Electrophoresis of 
PCR Production Containing HLA-G 14 bp InDel 
Polymorphism. I: Del/Ins genotype; II: Del/Del genotype; 
III: Ins/Ins genotype

Table 2. Genotype Distribution and Allele Frequencies 
of HLA-G 14 bp InDel Gene Polymorphisms in Stage 
I and Stage II-III Subgroup of Breast Cancer Patients
 Stage I Stage II-III χ2 p value

Genotypes    
   ∆∆ 11(18.7%) 32(29.6%) 4.65 0.031
   ∆+ 32(54.2%) 60(55.6%)  
   ++ 16(27.1%) 16(14.8%)  
Alleles    
   ∆ 54(45.8%) 124(57.4%) 4.16 0.041

Table 1. Genotype Distribution and Allele Frequencies 
of HLA-G 14 bp InDel Gene Polymorphisms in Breast 
Cancer Patients and Control Individuals
 Control Case χ2 p value

Genotypes    
   ∆∆ 52(20.4%) 56(24.7%) 0.49 0.485
   ∆+ 154(60.4%) 127(55.9%)  
   ++ 49(19.2%) 44(19.4%)  
Alleles    
   ∆ 258(50.6%) 239(52.6%) 0.41 0.524
   + 252(49.40%) 215(47.4%)  
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among Iranian women has been decreased. Even though 
it is as a result of development methods of screening, the 
molecular study is necessary in order to improve breast 
cancer control and treatment. (Somi et al., 2009; Eivazi et 
al., 2011; Aflakseir and Abbasi, 2012; Shahidi et al., 2014) 

The focus of some recently publications is 
polymorphism in the HLA-G gene and protein and its 
possible importance in expression, function, and disease 
associations (Larsen and Hviid, 2009). HLA-G appears 
to play a role in the suppression of immune responses 
and contribute to long-term immune escape or tolerance. 
HLA-G expression can be induced in different diseases 
including cancers (Elliott et al., 2011; Tuncel et al., 2013). 

Compared with the classical HLA class-I molecules, 
limited HLA-G coding region polymorphisms have been 
reported in the human population, whereas a relatively 
higher degree of variation is known in its promoter and 
3´untranslated region (3´-UTR) (Castelli et al., 2014; 
Kuroshli et al., 2014). The HLA-G 3´-UTR contains 
regulatory elements included polyadenylation signals 
and AU-rich sequences (Castelli et al., 2010), which play 
important role in the spatial and temporal expression of 
HLA-G (Gonzalez et al., 2012). Therefore, the different 
polymorphisms located in the HLA-G 3´-UTR can 
influence the HLA-G expression. 

The 14-bp InDel polymorphism located in exon 8 
of the 3´ UTR is present in both the HLA-G gene and 
the transcript. It has been documented that 14bp InDel 
polymorphism not only has been associated with the 
expression of HLA-G but also effect to RNA splicing 
pattern and its stability (Rousseau et al., 2003). There is 
growing documents to support the viewpoint that some 
miRNA specifically regulate HLA-G expression by 
targeting its 3´UTR (Veit and Chies, 2009; Manaster et al., 
2012). The 14 bp deletion allele has been associated with 
high expression of HLA-G mRNA, whereas The 14 bp Ins 
allele (5’-ATTTGTTCATGCCT-3’) has been associated 
with low expression of HLA-G and low production of 
most mRNA isoforms (Hviid et al., 2004; Martelli et al., 
2013; Jeong et al., 2014) 

The 14bp InDel polymorphism has been extensively 
studied in many different publications (Moon et al., 2011; 
Eskandari et al., 2013). In research on south-east Iranian 
population, suggest that the 14-bp InDel polymorphism 
in HLA-G gene could be a genetic risk factor for the 
susceptibility to breast carcinoma (Eskandari et al., 2013). 
The meta-analysis study suggested that HLA-G 14-bp 
InDel polymorphism might contribute to breast cancer 
susceptibility and overall cancer risk among Asians (Yz 
et al., 2014). In Azeri population of Iran located north 
western Iran, There is growing study performed that tried 
to access the association between some polymorphisms 
and breast cancer (Pouladi et al., 2014; Saadatian et al., 
2014; Sedaie et al., 2014). Until, in this population there 
is no report on HLA-G polymorphisms in breast cancer. 

In this case-control, no significant difference was 
found at allelic and genotype levels between the case 
and control groups, although there is a slightly higher 
allele frequency of HLA-G 14bp deletion in breast cancer 
affected group. But when the stage I subgroup compared 
with stage II plus stage III subgroup of affected breast 

cancer, It can be seen the significant difference with 14 
bp deletion allele frequency. This finding extracted from 
comparison allele and genotypes frequencies between 
stages is the first report. It seems the 14 bp deletion 
allele or linked haplotype, because of high expression of 
HLA-G, can go forward the tumor cells to progressive 
stage of breast cancer. In conclusion, our data support a 
possible action of HLA-G 14bp InDel polymorphism as 
a potential genetic risk factor for progression of breast 
cancer. This finding can highlight this gene as candidate 
to future more studies to establish the exact role of HLA-G 
in progression steps of breast cancer.
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