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ABSTRACT 

Breast cancer (BC) is a major health issue that affects millions of people 

around the world. The NF-κB gene signaling plays a critical action in the 

processes of initiation, progression, and metastasis. In addition, miR-34a gene 

plays a major role in the CD4+ T cell activity of the triple-negative BC (TNBC), 

an unusual type of BC. The current study was conducted to evaluate the levels of 

mRNA Gene expression of NF-κB and miR-34a genes in human patients with 

BC. The study was performed on 16 blood samples from confirmed cases of 

BCs. Some other 16 blood samples from healthy individuals also were collected. 

The samples were subjected to a quantitative real-time PCR (qRT-PCR) method 

that targeted both NF-κB and miR-34a genes to evaluate levels of produced 

mRNA of these genes. The results demonstrated that the mRNA levels for the 

NF-κB gene significantly (p<0.01) decreased (0.04-fold change) in patients in a 

comparison with those from control group (0.23-fold change). For the miR-34a 

gene, the findings revealed that the mRNA levels significantly (p<0.01) 

increased (0.74-fold change) in patients compared to those from the control 

group (0.37-fold change). These results suggest important roles of the NF-κB 

and miR-34a genes in human patients with BC as it may refer to increases in 

resistance to chemotherapy, especially in the case of miR-34a gene, which needs 

further future investigation of their roles in the survivability and resistance to 

chemotherapy. 
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INTRODUCTION 

Carcinogenesis, defined by six primary hallmarks, has the potential to manifest in any 

cellular, tissue, or organ context, thereby inducing pathological changes that give rise to a wide 

range of cancer types (1). The primary mechanisms facilitating its progression encompass 

evasion of programmed cell death, unrestricted proliferative potential, augmented formation of 

new blood vessels, insensitivity to inhibitory signals for growth, self-stimulation of growth 

signals, and the ability to spread to distant sites (2). The process of carcinogenesis is complex 

and influenced by multiple factors, with genetic susceptibility and environmental causes playing 

significant roles. The incidence of cancer-related mortality exhibits a concerning upward trend, 

positioning it among the prominent contributors to global mortality rates. While it is true that a 

considerable proportion of cancer cases may not inevitably lead to mortality, they do have a 

substantial negative impact on the overall quality of life and necessitate substantial financial 

resources (1). 

In addition to its prevalence, BC stands as the primary contributor to cancer-related 

mortality among women on a global scale. On a global scale, BC accounted for a total of 

684,996 deaths, with a 95% uncertainty interval ranging from 675,493 to 694,633. The age-

adjusted rate of BC mortality was estimated to be 13.6 per 100,000 individuals. This information 

is supported by reference. While developed regions exhibited the highest incidence rates, it is 

noteworthy that Asian and African countries collectively accounted for 63% of the total deaths in 

the year 2020. The survival rates for women diagnosed with BC differ significantly between 

high- and low-income countries (3,4). 

The global BC mortality-to-incidence ratio (MIR) in 2020, which serves as an 

appropriate measure of 5-year survival rates, was reported as 0.30. When considering the clinical 

scope of BC, it has been observed that in regions with well-established healthcare systems such 

as Hong Kong and Turkey, the five-year survival rates for restricted BC were found to be 89.6%, 

while for geographic region cancer, the survival rates were 75.4% (4–6). 

The nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) is a 

collection of transcription factors that have a significant impact on the regulation of 

inflammatory signaling pathways (7–9). The irregularities of NF-κB signaling have been found 

to be associated with immune disorders and cancer, making this pathway crucial in the processes 

of cancer formation, oncologic expansion, and the establishment of therapeutic interventions 

(10–12). The function of CD4+ T cells in TNBC, an unusual type of BC. can potentially be 

regulated by miR-34a, as indicated by recent research. This regulatory mechanism involves the 

regulation of gene expression, specifically targeting genes that have an impact on T-cell 

infiltration into cancers (13,14). 

BC is a major health issue that affects millions of people around the world. The NF-κB 

gene signaling plays a critical action in the processes of initiation, progression, and metastasis. In 

addition, miR-34a gene plays a major role in the CD4+ T cell activity of the TNBC (13,15–18). 

The current study was conducted to evaluate the levels of mRNA Gene expression of NF-κB and 

miR-34a genes in human patients with BC. 

 

Materials and methods 

Samples 

The current study was conducted to evaluate the levels of mRNA Gene expression of NF-κB and 

miR-34a genes in human patients with BC. The study was performed on 16 blood samples from 
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confirmed cases of BCs. Some other 16 blood samples from healthy individuals also were 

collected. 

 

Level of mRNA  

Total RNA extraction 

The total RNA was extracted using the AddBIO kit (Korea) and following the its protocol. 

Briefly, 200μl blood was used in 1ml Lysis Buffer. The resulted RNA was evaluated using a 

Quantus™ Fluorometer (Promega, USA). The RNA was stored under -80°C for later Lab work. 

Synthesis of cDNA 

The cDNA was synthetized by using the AddBIO kit (Korea) and following its procedure as 

follows:  in a 20µl-total volume, 2μl, 10μl, 2μl, 1μl, and 5μl (100ng) of H2O, 2X add script 

cDNA, dNTPs, random oligos hexamer, and RNA, respectively, were mixed in a reaction tube. 

The thermal cycler conditions included priming, reverse transcriptase (RT), and RT inactivation 

at 25°C, 50°C, and 80°C for 10mins, 60mins, and 5mins, respectively. 

 

QRT-PCR 

The samples were subjected to a qRT-PCR method by using the AddScript RT-qPCR Syber 

master kit (AddBio, Korea) and following its instructions. In a 20µl-total reaction, H2O, 

AddScript RT-qPCR, each primer sequence (direction) (0.05pmol/20μl), and cDNA at 3μl, 10μl, 

2μl, and 3μl, respectively. The thermal cycler included the use of the following conditions: one-

repeat activation, one-repeat initial denaturation, 40x-repeat denaturation, 40x-repeat annealing, 

40x-repeat extension, one-repeat melting analysis, one-repeat melting analysis, and melting 

analysis at 50°C, 95°C, 95°C, 60°C, 60°C, 95°C, 60°C, +0.3°C of 95°C for 2mins, 5mins, 15s, 

60s, 35s, 15s, 60s, and 15s, respectively. 

These methods targeted both NF-κB and miR-34a genes to evaluate levels of produced mRNA 

of these genes and GABDH gene as a housekeeping gene. The primer sequences were F: 

AAGACCCACCCCACCATCAA and R: AAACTGTGGATGCAGCAGCGGTC (19), F: 

AGGGTGGCAGTGTCTTAGC and R: GAGCAGGGTCCGAGGT (20), and F: 

GAAGGTGAAGGTCGGAGTCA and R: TTGAGGTCAATGAAGGGGTC, respectively. For 

the normalization process, the 
2-∆∆

CT method was employed as described by Schmittgen and 

Livak, (2008) (21). 

 

Results 

The results demonstrated that the mRNA levels for the NF-κB gene significantly (p<0.01) 

decreased (0.04-fold change) in patients in a comparison with those from control group (0.23-

fold change) (Figure 1). 
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For the miR-34a gene, the findings revealed that the mRNA levels significantly (p<0.01) 

increased (0.74-fold change) in patients compared to those from the control group (0.37-fold 

change) (Figure 2). 

 

 

 

 

Figure 1: NF-κB gene mRNA expression in blood samples of breast cancer patients. A. 

Amplification curve. B. Melting curve. C. Fold change of NF-κB expression.   

A 

B C 
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Discussion 

The current study found declines in the levels of NF-κB mRNA in BC patients. This 

could be as a result to the ongoing treatment in these patients. In addition, the suppression of NF-

κB/p65 using dehydroxymethylepoxyquinomicin (DHMEQ) resulted in a reduction in the 

migratory and invasive capabilities of MDA-MB-231 and HCC-1954 human BC cell lines, as 

reported in a previous study (22). Furthermore, these findings were corroborated by another 

study, which demonstrated that DHMEQ effectively suppressed the three-dimensional invasion 

of BC. This inhibitory effect was attributed to the suppression of matrix metalloproteinase, an 

essential peptidase involved in the breakdown of the extracellular structure within the cancer 

microenvironment. Additionally, DHMEQ was found to inhibit interleukin-6 (IL-6) activity (23). 

Figure 2: miR-34a gene mRNA expression in blood samples of breast cancer patients. A. 

Amplification curve. B. Melting curve. C. Fold change of NF-κB expression.   

A 

B 

C 
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The NF-κB signaling pathway is known to exert significant influence in the processes of 

cancer beginning, development, and metastasis. The activation of NF-κB by RANKL in breast 

cancer leads to cellular proliferation through the targeting of the cyclin D1 gene. The NF-κB 

pathway plays a crucial role in promoting cell survival by upregulating inhibitors of apoptosis 

and Bcl-xL. Regarding ovarian cancer, the activation of NF-κB leads to the activation of the 

oncogene PI3K-110α, which subsequently results in an increase in p65RelA. This rise in 

p65RelA relates to heightened chemoresistance and unfavorable prognoses in individuals 

diagnosed with epithelial ovarian cancer (24,25). Moreover, it has been observed that individuals 

with BRCA1 mutations who are also impacted by NF-κB signaling exhibit elevated incidences 

of breast and ovarian cancer. This line of reasoning justifies the need for further exploration of 

immunotherapy approaches, such as Vigil and PD-L1 inhibition, which have the potential to 

counteract the impact of NF-κB in the development of chemoresistance in BC. Further 

investigation into the inhibition of NF-κB, with a particular focus on contemporary 

immunotherapy, is warranted in order to enhance the efficacy of cancer therapeutics (26,27). 

BC ranks as the fourth most prominent contributor to cancer-related mortality in the 

United States. Projections for the year 2019 estimate the occurrence of around 268,600 instances 

of invasive BC. BC is a complex condition that exhibits heterogeneity, characterized by 

variations in hormone receptor and human epidermal growth factor (ErbB2/(Her2/neu)) receptor 

situation. Breast tumors lacking expression of both hormone receptors and epidermal growth 

factor receptors are commonly referred to as TNBC and frequently occur in women harboring a 

BRCA1 mutation (28–32). 

Although these tumor types exhibit differences, most BC tumors, along with other types 

of cancer, commonly display constitutive activation of NF-κB. In the context of BC, the 

expression of NF-κB is significantly elevated in grade III tumors, with a prevalence of 86.9%, 

compared to grade I tumors, where it is observed in only 37.5% of cases (p = 0.002). The 

transcription factor NF-κB is crucial for the proper growth of the mammary gland, a process that 

is regulated by the interaction between the receptor activator of NF-κB ligand (RANKL), its 

corresponding receptor RANK, and the decoy receptor osteoprotegerin (OPG) (33–36). The 

activation of NF-κB by RANKL leads to cellular proliferation through the targeting of cyclin D1. 

Additionally, RANKL plays a role in cell survival by safeguarding cells from apoptosis and 

facilitating the renewal of tumor cells. A study conducted by Kiechl et al. (28) determined that 

serum levels of RANKL/OPG may serve as potential indicators for the susceptibility and 

prognosis of BC, particularly among post-menopausal women (37–43). 

The current study revealed increases in the mRNA level of the miR-34a in BC patients. 

This could indicate increases in resistance to chemotherapy. In a study conducted by Kastl et al. 

(44), it was observed that the drug resistance of in BC is associated with the direct interaction 

between miR-34a. This correlation is likely attributed to the distinct mechanisms of action 

exhibited by the drugs. The miR-34a exhibits a ubiquitous presence in all normal tissues, except 

for the pulmonary organs. According to reports, miR-34a plays a role in regulating various 

cellular processes, such as tumor cell growth, dissemination, and apoptosis. It has been observed 

that the expression of miR-34a is notably reduced in various tumor tissues, such as colon cancer 

(45). 
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Conclusion 

 These results suggest important roles of the NF-κB and miR-34a genes in human patients 

with BC as it may refer to increases in resistance to chemotherapy, especially in the case of miR-

34a gene, which needs further future investigation of their roles in the survivability and 

resistance to chemotherapy. 
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