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Abstract. The goal of this study was to compare and assess the expression of 

immunological checkpoints (FOXP3 and CTLA-4) in the tumour microenvironment and 

peripheral blood in breast cancer patients. The CTLA-4 and FOXP3 transcripts was 

measured using real-time PCR after total RNA was splitted from blood and tissues from 

36 women with breast cancer and 15 women with breast benign tumours. CTLA-4 

expression was considerably higher in the tissues of breast cancer patients than in the blood 

(P<0.02). CTLA-4 expression was considerably lower in blood from individuals with 

breast cancer compared to blood from the benign group (P<0.001). There was no difference 

in CTLA-4 mRNA expression in tissues and blood in a breast benign tumour. FOXP3 was 

higher in tissue from breast cancer than in blood, although it was equivalent in both tissues 

and blood from benign breast tumours.  
 

Keywords: Checkpoints, Gene Expression, CTLA-4, FOXP3, Breast Cancer 

(BC)  

1   Introduction 

      BC is one of the most frequent cancers in women, and it has a high fatality rate. Breast cancer 

was predicted to be responsible for 29 percent of cancer diagnoses and 15 percent of cancer-

related deaths [1, 2]. The host immune response appears to play a substantial influence in the 

prognosis of malignant tumours, according to accumulated data [3]. The relevance of the host 

immune response and immunological tolerance in the development of neoplastic illness was 

revealed by these findings [4]. Normally, the immune system plays a vital role in defence against 

malignant tumours so that the compromised patients have an increasingly significant incidence of 

malignancy [5]. Based on the evidence, the immune system's primary function is to recognise and 

kill cancerous cells as soon as they arise [6]. Unfortunately, tumour cells can evade immune 

detection through a variety of methods, including down-regulation of immune responses [7].  

Some cancerous cells can protect themselves from killing by the immune system through 

stimulating immune checkpoints. Immune checkpoints are important in the self-tolerance process 

because they restrict the immune system from attacking cells randomly [8]. Those immunological 

checkpoints are currently being exploited as cancer therapeutic targets. Clinical trials using 

checkpoint inhibitors of solid tumours revealed a clear response that could not be replicated by 

other medication [9, 10]. Cancer immunotherapy aims to improve the immune system's ability to 
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recognise tumour cells by disrupting the mechanisms that tumour cells use to escape and suppress 

immunological responses [11]. One of the main immune regulatory molecules is Treg cells 

regulatory.  These cells play an essential role in the regulation of immune activities and keep the 

effect of self-antigens. This can be achieved by different techniques, ex. suppression of antigen-

presenting cells via CTLA-4 and secretion of immunomodulatory cytokines (IL-10, TGF-β, and 

IL-35) [12, 13]. Forehead Box P3 (FOXP3) is a master transcription factor that controls Treg cell 

development, maintenance, and suppressor activity [14, 12, 15]. Treg cells are crucial immune-

mediated inflammation, but they've also been important mediators of active immune evasion; 

reducing these cells can boost endogenous anti-tumour immunity and immunotherapy efficacy. 

Many researchers have looked into Treg cell are immunosuppression in cancer patients [16, 17]. 

Treg cells suppress immune cells such as CD8+ T, NK, B cells, and APCs [18, 19]. The 

chemokine CCL22, which is released by tumour cells, collects them in tumour tissues [18, 19]. 

Increasing the number of Treg cells promotes cancer progression by weakening the immune 

system and allowing tumour cells to avoid detection and elimination by the immune system. 

Tumor growth may be aided by suppressing cell-mediated immunity and increasing the number 

and/or function of Treg cells [16]. Some indicators, such as FOXP3, Cytotoxic T lymphocyte 

antigen-4 (CTLA-4) and glucocorticoid-induced TNFR family-related gene (GITR), alter Treg 

cells' immunosuppressive capabilities [20, 21]. Despite the fact that numerous studies have been 

done on measuring FOXP3 and CTLA-4 expression in the peripheral blood of breast cancer 

patients [22, 23], there has been little research done on measuring FOXP3 and CTLA-4 in 

malignant tissues. The goal of this study was to compare and assess the expression of FOXP3 

and CTLA-4 in the tumour microenvironment and peripheral blood of breast cancer patients. 

2   Materials and Methods 

2.1   Participants 

 

Between August 2020 and February 2021, a total of 51 women, aged 30 -63 years with breast 

cancer who attended cancers centre/AL-Sadr teaching hospital, Basra, Iraq, were involved in 

the present study. Permission from the doctor was acquired, and each participant signed a 

consent form. The patients had just been diagnosed with cancer and were included in the trial 

before starting chemotherapy, radiation, or immunotherapy. Expert oncologists confirm the 

diagnosis of breast cancer based on specific surgical and pathological findings. To validate 

the diagnosis, all patients completed a medical status questionnaire. The questionnaire asked 

about sex, age, the presence or absence of another chronic disease, family history, and drug 

use. 

Two millilitres of venous blood samples and tissue specimens (Formalin fixation and paraffin 

embedding, FFPE) were collected from all participants including 36 patients (malignant cases) 

and 15 women with breast benign tumour as a positive control.    

 

 

 

2.2   Extraction and Transcription of Real-Time PCR 

 

PB (peripheral blood) and FFPE (Formalin-Fixed Paraffin-Embedded) specimens using the 

Geneaid kit, the RNA is extracted   (Geneaid, Taiwan) and PROMIGA kit (PROMIGA, USA) 



 

 

 

 

based on producer’s recommendations. A Nanodrop spectrophotometer was used to assess the 

purity and concentration of total RNA in all samples. To make cDNA from extracted RNA, a 

complementary DNA (cDNA) synthesis kit (OptiScriptTM RTSystem ONE-STEPRT-

PCRPreMix, Korea) was employed. The reverse transcription process includes adding a reverse 

transcription enzyme, heating it to 45°C for 35 minutes, and then cooling it to 95°C for 5 min,  

for reversing halt transcription enzyme from working. 

The gene of FOXP3 - CTLA-4 was investigated using a real-time PCR apparatus (Applied 

Biosystems, USA) with 10 litres of SYBR green master mix, 2 litres of template cDNA, 1 litre 

of particular primers (10 pmol stock), and 6 litres of nuclease-free water. Bioneer Company 

synthesised the primers (Korea). Table 1 lists the primer sequences that were employed. 95°C 

for 1 min, 40 cycles of 95°C for 15 sec, 55-60°C for 1 minute, 95°C for 15 seconds was the 

thermal cycler's schedule. 

The GAPDH gene was utilised as an internal control to normalise the amplified target genes. 

The quantity of FOXP3 and CTLA-4 in PB or FFPE expressed as a percentage of the amount 

of GAPDH determined using the 2-∆∆CT  algorithm. 

  
Table 1. PCR Primers for amplification of the genes encode CTLA-4 and Foxp3. 

 

 
 

2.2   Statistical Analysis 

 

The data concluded the average, Std Dev., and standard error. The arithmetic comparison was 

done using (SPSS version 25) and the ANOVA and Mann-Whitney U tests, where needed. 

When P is less than 0.05 the data are statistically significant.  

 

3   Results  

 
The expression of CTLA-4 and FOXP3 was determined in tissues (FFPE) and peripheral blood 

(PB) of 36 women with BC and 15 positive controls (breast benign tumour) with mean age: 47 

± 7.8 and 42 ± 10 ((P > 0.05) years, respectively. The quantity of FOXP3 and CTLA-4 

expression in the PB or FFPE expressed as a percentage of the amount of GAPDH expression 

determined using the 2-∆∆CT method. 



 

 

 

 

  

3.1 The Expression of CTLA4 By Tissues and Blood  

  

Table 2 and Fig 1 show the fold change in CTLA-4 gene in tissues and blood of women with 

BC and a positive control group (breast benign tumour). 

CTLA-4 in the tissues was substantially higher than in blood in control BC with (P<0.02). There 

was no difference in CTLA-4 mRNA in tissues or blood in the group with breast benign 

tumours. 

CTLA-4 expression was considerably lower in blood from individuals with breast cancer 

compared to blood from the benign group (P<0.001). In addition, CTLA-4 expression in breast 

cancer tissues was lower than in the benign group, but the difference was not significant.   

 

3.2 The Expression of FOXP3 by Tissues and Blood  

 

The amount of the FOXP3 mRNA was in tissue from BC non-control was higher than the 

expression in blood but with less significant level (Fig. 2 and Table 2). FOXP3 mRNA was 

similar in both tissues and blood from breast benign tumours (positive control) and higher 

compared with breast cancer patients (Fig 1 and Table 2).   

 
Table 2. The CTLA-4 and FOXP3 in blood and tissues from patients with BC and positive control group 

(Breast benign tumour). 

Group 

Source of 

mRNA 

CTLA-4 expression  

 

    FOXP3 expression 

 

Breast cancer 

N=36 

Blood 0.032373 ± 0.21 0.318797 ± 0.42 

 

Tissue 0.265997 ± 0.27 0.697323 ± 0.26 

Positive control 

group  

N=15 

Blood 0.998159 ± 0.49 1.003004 ± 0.47 

Tissue 1.010447 ± 0.28 1.000194 ± 0.30 



 

 

 

 

 
Fig 1. CTLA-4 mRNA in tissues and blood from BC non-control a positive control group (breast benign 

tumour). CTLA-4 in the tissues of breast cancer patients was substantially higher than in the blood.  

 

No difference in CTLA-4 mRNA expression in tissues and blood in a breast benign tumour. CTLA-4 

expression in the blood and tissues of BC non-control detected as less than the benign group. 

 

 
Fig 2. The mRNA of FOXP3 by tissues and blood from patients with BC and positive control group 

(breast benign tumour). The FOXP3 in tissue from BC was higher than the expression in blood, while it 

was similar in both tissues and blood from breast benign tumours. The expression of FOXP3 in blood 

and tissues from patients with BC was lower compared with the benign group. 
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4   Discussion   

          In breast cancer, the tumour microenvironment is becoming more well recognised as a 

significant role in tumour growth and a possible therapeutic target. Multiple cell types are seen 

in both intratumor (in the breast) and distant (metastatic) tumours. An extracellular matrix, 

soluble components (cytokines, growth factors, hormones, and enzymes), and physical features 

(pH and oxygen concentration) are also present [25]. soluble factors and cells of suppressive 

immune work synergistically to obstruct efficient antitumor immunity and promote breast 

cancer development and spread. Immunological suppressive systems such as immune 

checkpoints have evolved in the immune system to defend against autoimmunity by developing 

tolerance to self-antigens. Tumors use immunosuppressive pathways to dampen antitumor 

responses, allowing them to avoid identification and eradication by the immune system [26, 27]. 

The immune checkpoints that we investigated is CTLA-4 and Foxp3 were recruited by the 

immune system as regulatory molecules and used or induced by tumour cells to escape from 

immune surveillance. We compare the expression of CTLA-4 and Foxp3 in tissue 

microenvironment and peripheral blood. This study achieved with needs for breast biopsy as a 

specimen from malignant or benign tumours. Given such an invasive method a comparative 

study between expression of immune checkpoints in microenvironment tissue and peripheral 

blood was arising. According to our knowledge, such studies are rare and sparse. The study of 

checkpoints expression is useful not only for avoiding intrusive procedures, but also for 

identifying key aspects in tumour genesis and growth in terms of a metric of therapy response. 

Changes in epigenetic could lead to aberrant gene in tumour microenvironment cells [25], and 

gene expression profiles obtained from tumour stroma can predict clinical prognosis [26]. In 

light of these recent findings, the BC environment is gaining popularity and thus a possible 

therapeutic and new medicines could be targeted.   

The present study showed that CTLA-4 gene expression in breast cancer tissues was 

significantly higher than peripheral blood and lower than the expression in tissues and blood 

from the control group (benign tumour). These discoveries will aid in early detection, and the 

development of therapeutic methods for BC. However, tissue biopsy for breast cancer tissues is 

still required. Using the ELISA approach, Isitmangil G et al. [28] got the serum level of CTLA-

4 higher in non-control than in controls. CTLA-4 expression was shown to be high in tumour 

cells but very mildly positive or negative in normal breast tissue by Moa et al [29].     

FOXP3 was the other immune checkpoint studied here. Its sign in in breast cancer tissues is 

expected higher in blood but it is not at the significant level, which could be owing to the limited 

sample size. Foxp3 expression in tumours, on the other hand, was linked to a lower overall 

survival rate, and risk rose as Foxp3 expression increased. Foxp3 was also a good predictor but 

not as reappearance risk.  

Finally, we hope that our findings will be useful in early detection of BC.  
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