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Background and Aims: Human leukocyte antigen (HLA) molecules 

play a substantial role in T Lymphocyte-mediated adaptive immune 

response. Down-regulation of HLA expression may help the tumor to 

escape from immune surveillance. This study aimed to evaluate the 

correlation between HLA-G and HLA-E tissue distribution and the 

degree of tumor malignancy in human breast tumors.  

Materials and Methods: This cross-sectional study was conducted  

on tissue samples of 145 patients with breast cancer. The distribution 

of HLA-G and HLA-E expressions were measured by the 

immunohistochemistry method. 

Results: Among 145 patients, 51% of tumors did not express HLA-E, 

and +1 positive was seen in 36.6 % of patients. +2 positive in 8.3% and 

+3 positive in 4.1% of patients. Moreover, 79.3% of tumors did not 

express HLA-G, 17.9% expressed +1 positive, 2.8% expressed +2 

positive, and no patients expressed +3 positive. Generally, 20.7% and 

49% of patients showed expression of HLA-G and HLA-E, 

respectively. A significant correlation was seen between the grade of 

disease and expression of HLA-E (p = 0.03) and HLA-G (p = 0.001). 

Moreover, a significant correlation was seen between the simultaneous 

expression of HLA-G and HLA-E with grade (p = 0.03, r = 0.176). 

Conclusion: Significant correlation was seen between the distribution 

of HLA-G and HLA-E expression with a degree of malignancy. 

Therefore, these biomarkers’ expression may contribute to the 

prognosis and progression of breast cancer.  
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Introduction 

Breast cancer is the second cause of cancer death 

in women worldwide. It is the most common 

multi-factorial neoplasm with an unclear 

etiology [1]. The incidence of breast cancer is 

rising in women around the world [2]. The 

incidence rate of breast cancer in developed 

countries is higher than in developing countries, 

but in recent years the number of breast cancer 

cases has been growing in developing countries 

such as Iran [3]. It is estimated that more than 

one million women are diagnosed with breast 

cancer yearly, and more than 410,000 women 

will die from the disease, so almost 14% of 

female cancer deaths are due to breast cancer [4]. 

Current evidence suggests that the tumor 

microenvironment has used different 

mechanisms to evade the host immune system 

[5]. Alteration in the expression of human 

leukocyte antigen (HLA) class I molecules plays 

the main role in regulating immune responses. Its 

essential role in impairing the HLA molecules is 

through interaction with T, and natural killer 

(NK) cells specific receptors [6]. Down-

regulation of HLA expression can help the tumor 

to escape from immune surveillance and 

represents a potential mechanism for breast 

carcinogenesis and metastasis. These processes 

limit the ability of cytotoxic T-cells to eliminate 

these cells and reduce the clinical efficacy of T-

cell-based cancer therapy [7]. Thus, the presence 

of these antigens may lead to a more 

immunogenic tumor and causes a favorable 

prognosis [8]. HLA-G and HLA-E as immune-

regulatory molecules pertain to the HLA-Ib 

family [9]. Under normal condition, HLA-E 

molecules are expressed in most tissues, and 

expression of HLA-G molecules are strictly 

limited to specific tissues [10]. Co-expression of 

HLA-G and HLA-E is seen in diverse cell 

populations, which can modulate the immune 

response [8]. Given that the overexpression of 

HLA-G and HLA-E may be a prominent finding 

in breast cancer and plays an important role in 

diagnosis, prognosis and treatment, and no 

comprehensive study has been conducted in this 

regard in our region, the aim of this study is to 

investigate the distribution of HLA-E and HLA-

G expression in breast cancer and its relationship 

with degree of malignancy.  

Materials and Methods 

Sample selection 

This cross-sectional study was conducted on145 

patients with ductal breast carcinoma (56 

patients with grade 3, 56 with grade 2, and 33 

with grade 1) in Shahid Sadoughi hospital, Yazd, 

Iran. The age range of patients was 30 to 60 

years. This study was approved by the Ethical 

Committee of Shahid Sadoughi University of 

Medical Science, Yazd, Iran. 

Histopathological analysis 

Tumor tissues of breast cancer were taken from 

the pathology department of Shahid Sadoughi 

Hospital. The tissues were fixed in 10% neutral 

buffer formalin and then put in different 

concentrations of alcohol (70%, 80%, 90%, and 

100%), xylene, and paraffin in an automatic 

tissue processor. Then specimens were sliced to 

2 μm. Then hematoxylin and eosin (H & E) were 

utilized as a histological method for staining and 
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analyzing tissue sections. Bloom and Richardson 

modified detected the histological tumor grade 

by Elson [11]. 

Immunohistochemistry method 

The immunohistochemical method was 

performed on specimens that were embedded in 

wax paraffin. In summary, 2 μm thick sections 

were mounted, dewaxed by xylene, and then 

rehydrated through decreasing alcohol density. 

After blocking endogenous peroxidase activity 

by peroxide hydrogen, slides were transferred to 

citrate buffer and boiled for 15 minutes. Then, 

sections were washed with tris buffer saline (TBS), 

and primary antibodies, including anti-HLA-E 

antibody [MEM-E/02], and anti-HLA-G antibody 

[4H84] (Abcam company, USA), were used. 

Incubation time was done according to the 

instruction of the kit. Following washing with TBS, 

a secondary antibody, Lambda Mouse-Rabbit 

antibody (DAKO Company, Denmark), was used. 

Then, slides were placed in 3, 3-diamino-benzidine 

tetra-hydrochloride (Sigma), and the slides were 

stained with hematoxylin (20- 30 seconds) and tap 

water, followed by immersing in graded alcohol, 

xylene and finally mounted. 

Scoring 

The tumor staining was scored as follows. 

Distribution, less than 5% of HLA antigens in 

samples, were considered negative, less than 

25% was considered +1, distribution between  

25-50% was considered +2, and more than 50% 

was considered +3. 

Statistical analysis 

Statistical analysis was performed using SPSS 

version 19. Data were analyzed using the Chi-

Square test. The relation between the expression 

of these biomarkers and the degree of 

malignancy was done by the Pearson Chi-Square 

test. Statistically, p<0.05 was considered 

significant. 

Results 

Results of staining of HLA-G and HLA-E 

distribution on the surface of tumor cells and 

tumor-infiltrating lymphocyte are presented 

in Figure 1. 

Tissue distribution of HLA-G 

The distribution of HLA-G expression in breast 

cancer cells according to grade is shown in Table 

1. As shown in table 1, among 145 patients, 

79.3% of tumors didn’t express HLA-G at all, 

17.9% expressed +1 positive, 2.8% expressed +2 

positive, and no patients expressed +3 positive. 

Tissue distribution of HLA-G was seen in 20.7% 

of patients. Moreover, there was a significant 

difference between the two groups (groups 1 and 

3 (p=0.001) and group 2 and group 3 (p=0.001) 

in terms of the frequency distribution of HLA-G. 

Furthermore, there was a significant correlation 

between the grade of disease and HLA-G 

expression (p = 0.001). 

Tissue distribution of HLA-E 

The distribution of HLA-E expression in breast 

cancer cells in terms of grade is shown in Table 2. 

Among 145 patients, 51% of tumors did not 

express HLA-E at all, 36.6 % of them expressed +1 

positive, 8.3% expressed +2 positive, and 4.1% 

expressed +3 positive. Moreover, 44.6% of patients 

with grade 3 expressed +1 positive, and 12.5% 

with grade II expressed +2 positive. The highest 

distribution of tissue expression +3 positive was 

observed in patients with grade 2 (7.1%). 

Expression of HLA-E was seen in 49% of patients.  
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Fig. 1. Staining breast cancer sections with immunohistochemistry from less than 5% of HLA distribution (-) to 

more than 50% (+3). A. Staining of the section with monoclonal anti-HLA-G, less than 5% of HLA distribution 

(-).B. Staining of the section with monoclonal anti-HLA-E less than 5% of HLA distribution (-), C. Staining of 

the section with monoclonal anti-HLA-G less than 25% of HLA distribution (+1). D. Staining of the section 

with monoclonal anti-HLA-E less than 25% of HLA distribution (+1). E. Staining of the section with 

monoclonal anti-HLA-G between 25-50% of HLA distribution (+2). F. Staining of the section with monoclonal 

anti-HLA-E between 25-50% of HLA distribution (+2). G. Staining of the section with monoclonal anti-HLA 

more than 50% of HLA distribution (+3). The absence of brown color indicates negative expression of these 

molecules in the tissue samples. H. Control positive of HLA-G. I. control positive of HLA-E. 
 

 

Table1. Distribution of HLA-G on the surface of tumor cells in breast cancer tissue according to grade   

HLA-G 

Grade 

Negative(-) Positive(+) 

Group 1 

Positive(++) 

Group 2 

Positive(+++) 

Group 3 

Total 

1 29 (87.9%) 4(12.1%) 0 (0%) - 33 (100%) 

2 52 (92.9%) 4 (7.1%) 0 (0%) - 56 (100%) 

3 34 (60.7%) 18 (32.2%) 4 (7.1%) - 56 (100%) 

Total 115 (79.3%) 26 (17.9%) 4 (2.8%) - 145 (100%) 
 

Table2. Distribution of HLA-E on the surface of tumor cells in breast cancer tissue in terms of grade   

         HLA-E 

Grade 

Negative(-) Positive(+) Positive(++) Positive(+++) Total 

1 25 (75.8%) 8 (24.2%) 0 (0%) 0 (0%) 33 (100%) 

2 25 (44.6%) 20 (35.8%) 7 (12.5%) 4 (7.1%) 56 (100%) 

3 24 (42.9%) 25 (44.6%) 5 (8.9%) 2 (3.6%) 56 (100%) 

Total 74 (51.0%) 53 (36.6%) 12 (8.3%) 6 (4.1%) 145 (100%) 
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Table 3. Simultaneously expression of HLA-E and HLA-G in tissue samples 

P-value +1 HLA-G 

HLA-E 

0.013 

14 (82.4%) +1 

3 (17.6%) +2 

17 (100%) Total 

P<0.05 is significant. 

 

Moreover, there was a significant difference 

between the two groups (groups 1 and 3 (p=0.01) 

and group 2 and group 3 (p=0.01) regarding the 

frequency distribution of HLA-E. Furthermore, 

there was a significant correlation between the 

grade of disease and HLA-G expression (p=0.01). 

In addition, a significant correlation was seen 

between the grade of disease and frequency 

distribution of HLA-E (p=0.03). Simultaneously 

expression of HLA-E and HLA-G in tissue 

samples is shown in Table 3. A significant 

difference was seen between the simultaneous 

expression of HLA-E (+1 and +2 positive) and 

HLA-G (+1 positive) in tissue samples (p=0.01). 

Moreover, a statistically significant correlation 

was seen between the simultaneous expression of 

HLA-G and HLA-E with grade (p=0.03, 

r=0.176). 

Discussion 

Change of HLA expression was frequent 

during tumor progression and development of 

tumor HLA-G and E were “non-classical” 

HLA antigens with immunosuppressive effects 

[12]. There were few controversial studies 

regarding the protein expression of HLA 

isoforms in cancer. HLA-G expression was 

seen in various cancers, such as breast cancer, 

cervical cancer, endometrial cancer, colorectal 

cancer, squamous cell carcinoma, ovarian 

cancer, and thyroid cancer [13]. In the current 

study, the expression of HLA-G was seen in 

breast cancer patients at 20.7% (+1 positive, 

+2 positive). Generally, there was a significant 

correlation between HLA-G distributions and 

a degree of malignancy. This finding indicated 

that expression of the HLA-G biomarker might 

contribute to the prognosis and progression of 

breast cancer. da Silva et al. assessed the 

expression of HLA molecules in breast cancer 

and observed that among 52 invasive ductal 

carcinomas, 31 cases (59.6%) exhibited high 

expression of HLA-G. They also reported that 

up-regulation of HLA-G was associated with 

immune response evasion and breast cancer 

aggressiveness [4].  

HE et al. demonstrated the distribution of 

tissue expression of the HLA-G molecule in 

66% of patients with breast cancer. Moreover, 

this expression was associated with tumor size, 

nodules, and the clinical stage of cancer [14]. 

Based on these studies, the distribution of 

HLA-G biomarkers was different in these 

studies. It seems that the score of staining, 

subtypes of breast cancer, race, stage, and 

grade of the disease may be the reason for 

this difference.  
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Ming Shih et al. assessed HLA-G expression 

in cancer diagnosis and reported that HLA-G 

was not expressed in normal breast tissues but 

in breast cancer tissues. Moreover, disease 

progression increased these biomarkers’ 

expression [13]. Urosevic et al. showed that 

over-expression of HLA-G in breast cancer 

tissue could help to spread malignant cells. 

Moreover, the interstitial distribution of these 

molecules in breast cancer patients was more 

in the advanced stages of the disease. 

Therefore, determining the tissue distribution 

of these molecules could help to determine the 

prognosis and predict the clinical progression 

of disease in patients [15]. Researchers 

assessed the predictive value of expression of 

HLA class I tumor and reported that it  

was considered a predictive factor for 

chemotherapy response. Moreover, they 

observed a significant association between the 

over-expression of the HLA-G biomarker and 

the grade of disease in agreement with our 

study [16]. A study evaluated the expression of 

HLA molecule in breast cancer and reported 

the association between HLA-G with tumor 

aggressiveness [4], which was consistent with 

our study. Chen et al. reported that HLA-G can 

play the main role in breast cancer progression 

and may be a useful preoperative biomarker 

for diagnosis [17]. Another study reported  

that HLA-G could be used as a potential 

chemotherapy marker and diagnostic marker 

for advanced stages of cancer [18].  

Transcriptional and post-transcriptional 

modifications and epigenetic modifications 

regulated HLA-G expression [19, 20]. 

 Furthermore, microenvironmental factors, 

including cytokine profiles and therapeutics, 

increased HLA-G expression. Given the 

immune suppressive functions of HLA-G 

expression in favoring tumor progression  

and immune evasion, HLA-G induction  

within immune therapy may impair the 

therapeutic effects [13]. Mirjani et al. 

demonstrated that tumor cells exposed to 

hypoxia undergo epigenetic changes, including 

histone acetylation and DNA demethylation, 

leading to HLA-G transcriptional activation. 

Additional inflammatory stimuli via 

nuclear factor kappa B could enhance HLA-G 

transcript/protein levels in tumor cells, 

protecting the host immune system [21].  

In our study, the expression of HLA-E was seen 

in 49% of breast cancer patients. Generally, 

there was a significant correlation between 

distributions of HLA-E and the degree of 

malignancy. Less information was available 

about HLA-E expression in malignant cells, in 

contrast to HLA-G [22]. Guo et al. assessed the 

prognosis of colorectal cancer through HLA-G 

and HLA-E in colorectal cancer and 

demonstrated HLA-E expression in 65.7% of 

patients with colorectal cancer. Moreover, 

HLA-E expression was significantly correlated 

to tumor metastasis [23]. 

Regarding hematopoietic malignancies, 

expression of surface HLA-E was found in a 

high percentage of lymphoid tumor cells [24]. 

Levy et al. evaluated HLA-E protein in primary 

colorectal cancer and reported that HLA-E was 

over-expressed in colorectal cancer [25]. 

Moreover, the expression of HLA-E was the 
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main factor for the outcome prediction of 

patients with breast cancer [26]. Another study 

showed that HLA-E expression positively 

correlated with tumor progression, prognosis, 

and worse outcome in the lung, colorectal, 

breast cancer, and glioblastoma [27]. In 

addition, another study assessed HLA-E 

expression in human renal cell carcinoma  

and reported that HLA-E was frequently 

overexpressed in renal cell carcinoma and 

associated with reduced immunogenicity [28].  

In contrast, there were controversial studies 

considering the effect of HLA-E expression on 

the survival of cancer patients. Spaans et al. 

demonstrated a positive correlation between 

HLA-E and better outcomes in cervical cancer 

[29]. Therefore, more studies should be 

conducted in this regard. Several studies also 

showed that a single immune marker was 

insufficient to select patients with high risk and 

a combination of HLA-G and HLA-E may lead 

to better prognostic value than a single immune 

marker [30, 31]. Zeestraten et al. also reported 

that combined expression of HLA class I, HLA-

E, and HLA-G predicted the prognosis of 

patients with colon cancer [32]. Marın et al. 

reported that HLA-E was normally expressed in 

various tissues; however, it was expressed 

weakly on the surface of the cells, but its 

stability depended on the co-expression of 

HLA-A, HLA-G, and HLA-E molecules [33]. 

Conclusion 

A significant relation was seen between the 

distribution of HLA-G and HLA-E expression 

and the degree of malignancy. Therefore, these 

biomarkers’ expression may contribute to the 

prognosis and progression of breast cancer. 
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