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Abstract

Lung cancer is still the most common cancer worldwide in terms of the number of newly 
diagnosed cases and mortality rate. The expression of miR-146a was reduced in mesenchymal-
like lung cancer cell lines. The overexpression of miR-146a induced a marked reduction of 
the mesenchymal marker and increase in the epithelial marker in lung cancer cell lines. The 
current study investigated the association of miR-146a genotypes and lung susceptibility in 
a Tehran population to determine the visibility of using RFLP-PCR genotype. The results 
revealed a significantly higher frequency of miR-146a CG and CC genotypes (p=0.01 and 
p=0.008, respectively) in patients compared with the control group. Those with the miR-
146a GC and CC genotypes had an increased risk for developing lung cancer (OR=1.9; 95% 
CI: 1.1-3.3 and OR=4.1; 95% CI: 1.5-12.3, respectively). Moreover, the frequency rates of 
miR-146a CC genotype and C allele were significantly higher in patients than in the controls 
(p=0.006 and p=0.000, respectively)...
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IntroductIon 
Lung cancer (LC) is still the most common 

cancer worldwide in terms of the number of newly 
diagnosed cases and mortality rate (1). The incidence 
and mortality rates of LC vary greatly across different 
geographical locations and countries around the world. 
Most LC deaths occur in less developed countries. 
Tobacco smoke has been implicated as a primary 
causative agent in lung cancer (2). Other factors may 
also influence lung cancer risk, including age, gender, 
ethnicity, environment, occupational exposures, 
genetic and epigenetic changes. Data from recent 
studies has demonstrated the importance of regulatory 
mechanisms at the transcriptional level, such as gene 
regulation by small non-coding RNAs (microRNAs) 
(3). These mechanisms include the regulation of genes 
that mediate processes such as inflammation, the cell 
cycle, stress responses, differentiation, apoptosis, 
and invasion. In this context, research regarding the 
involvement of microRNAs in LC tumorigenesis 
is increasing as the search for new biomarkers and 
therapeutic targets continues (4). It is known that 
microRNAs are involved in the mechanisms of lung 
inflammation, epithelial-mesenchymal transition, 
and, consequently, in LC development and therapy 
response. The potential applications of microRNAs in 
cancer diagnostics and prognostics, and as therapeutic 

targets, have led to an increased interest in research in 
this area (5). The effects of microRNAs on cytokine 
signaling are based on transcription factors, cytokines, 
and modulators of cytokine signaling. In addition, 
cytokine signaling is crucial to the differentiation of 
many immune cells. Thus, the role of microRNAs 
in immune cell differentiation is based on the 
regulation of cytokine expression and the regulation 
of their downstream signaling components (6). Single 
nucleotide polymorphisms (SNPs) affecting miRNAs 
have also been a focus of recent interest. miRSNPs can 
affect several processes, including primary target gene 
transcription, pri-/pre-miRNA processing disturbance, 
and miRNA-mRNA interactions interruption (7). 
The dysregulation of miRNAs has been associated 
with various diseases, especially cancer, as it targets 
the genes which are involved in the regulation of 
cell proliferation and survival, DNA repair, and the 
immune response. The expression of miR-146a was 
reduced in mesenchymal-like lung cancer cell lines. 
The overexpression of miR-146a induced a marked 
reduction in the mesenchymal marker and increased 
the epithelial marker in lung cancer cell lines (8). 
Moreover, the overexpression of miR-146a suppressed 
lung cancer cell migration and invasion. Co-treatment 
with miR 146a and gefitinib showed a significant 
reduction in invasion into the resistant lung cancer cells 
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induced by Epithelial Mesenchymal Transition EMT 
(9). The expression of miR-146a was downregulated in 
advanced lung cancer tissue. The association between 
lung cancer and miR-146a rs2910164 polymorphisms 
has been intensively investigated, but the conclusions 
of the published studies are often in conflict. The 
current study investigated the association of miR-146a 
genotypes and lung susceptibility in a Tehran population 
to determine the viability of using these genotypes in 
identifying individuals who have increased lung cancer 
risk. The results might help the early diagnosis of lung 
cancer and may consequently improve prognoses.

Methods and MaterIals
The case group included sixty lung cancer patients 

who were histopathologically diagnosed from chest 
and clinical oncology and 60 age- and gender-
matched healthy subjects were enrolled in this study 
as control. Five milliliters of peripheral venous 
blood was collected in vacutainer tubes containing 
ethylenediaminetetraacetic acid. Genomic DNA 
was extracted from whole blood using the salting-
out method. miR-146a rs2910164 genotyping was 
performed using the polymerase chain reaction 
(PCR)-restriction fragment length polymorphism 
assay (RFLP). PCR conditions were an initial melting 
step at 94 °C for 5 min, followed by 30 cycles at 94 °C 

for 45 s, 63 °C for 30 s, and 72 °C for 45 s for the miR-
146a gene. PCR products of miR-146a rs2910164 
147 bp were digested by SacI restriction enzyme. For 
miR-146a, the presence of the G-allele resulted in no 
cleavage of the PCR product (147 bp); the C allele 
yielded two fragments of 122 and 25 bp. Data analysis 
was performed using SPSS software, and associations 
between miRNA SNPs and lung cancer risk were 
estimated by computing the odds ratios and their 95% 
confidence intervals. Results with a p-value 50.05 
were considered statistically significant.

 
Results

The observed allele frequencies and genotype 
distributions of miR-146a agreed with the frequencies 
expected under Hardy-Weinberg equilibrium in both 
patients and controls. The current study revealed a 
significantly higher frequency of miR-146a CG and 
CC genotypes (p=0.01 and p=0.008, respectively) 
in patients compared with the control group. 
Those with the miR-146a GC and CC genotypes 
had an increased risk for developing lung cancer 
(OR=1.9; 95% CI: 1.1_3.3 and OR=4.1; 95% CI: 
1.5_12.3, respectively). Furthermore, the frequency 
rates of miR-146a CC genotype and C allele were 
significantly higher in patients than in controls 
(p=0.006 and p=0.000, respectively).

dIscussIon 
Single nucleotide polymorphisms (SNPs) in 

miRNA genes and miRNA-associated pathways 
(miR-SNPs) have significant effects on gene 
expression and cellular processes by disrupting 
miRNA biogenesis and modulating miRNA-mRNA 
target interactions (10). MicroRNAs (miRNAs) 
are small (~22 nucleotides) noncoding RNAs 
that negatively regulate gene expression through 
complementary binding to the 3′ untranslated regions 
(3′UTRs) of their target messenger RNAs (mRNAs) 
(11). miRNAs are incorporated into Argonaute 
proteins in RNA-induced silencing complexes 
(RISCs), leading to target mRNA cleavage and 
degradation. SNPs in the miRNA regulatory 
pathways (miR-SNPs) that can be classified into the 
three categories of miRNA genes, miRNA biogenesis 
genes, and miRNA target genes can affect the 
transcription and processing precursor miRNA (pre-
miRNA), modulate the affinity of miRNA-mRNA 
binding, abolish an existing binding site, or create 
abnormal binding sites (12). These inherited genetic 

miR-SNP variants in miRNA binding sites within the 
3′UTRs of target genes can significantly contribute to 
cancer risk and adverse outcomes by regulating target 
gene expression and/or function (13). For example, 
an SNP in mature miR-196a2 was associated with 
lower survival rates in NSCLC patients. A pilot study 
showed that a haplotype of Drosha was significantly 
associated with shorter survival from lung cancer, 
and a SNP within the same haplotype was associated 
with reduced Drosha mRNA expression and resultant 
changes to global miRNA expression in lung 
adenocarcinoma tissues. The most exciting arena of 
miRNA SNPs is for those located within the miRNA 
binding sites of the 3′UTR of target genes (14). One 
of these conserved miRNAs is miR-146a, which 
is well-known for its important regulation of the 
immune response and inflammation (16). miR-146a 
is induced upon the activation of toll-like receptor 4 
(TLR4) in the NF-κB-dependent signaling pathway, 
leading to the downregulation of IL-1 receptor-
associated kinase 1 (IRAK1) and TNF receptor-
associated factor 6 (TRAF6) (15). Recent studies 

Table 1. Comparisons of data using both alkaline and neutral comet assays

genotype Case group Control group Sig. 
GG 22(36.6%) 36 (60%) 0.04 
GC 31 (51.6%) 20 (33.3%) 0.004 
CC 7 (11.6%) 4 (6.6%) 0.01 
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have demonstrated that the serum or plasma levels 
of miR-146a in septic patients were significantly 
decreased compared to those of normal controls and 
SIRS patients (16), suggesting that miR-146a may be 
significantly associated with sepsis. MiR-146a has 
been linked to osteoarthritis pathogenesis, as it has 
been shown to be an important negative regulator of 
immune responses through targeting two key genes, 
i.e. TNF Receptor-Associated Factor 6 (TRAF-6) 
and IL-1 Receptor-Associated Kinase 1 (IRAK-1). In 
advanced osteoarthritis, the downregulation of miR-
146a expression is correlated with increased IRAK-
1 and TRAF-6 levels and IL-1β mediated NF-κΒ 
signaling. Abnormal activation of NF-κΒ signaling 
induces inflammatory factors, such as interleukin-1 
beta (IL-1β), tumor necrosis factor-alpha (TNF-α), 
and interleukin-6 (IL-6), and catabolic mediators, 
such as matrix metalloproteinase-13 (MMP-
13) and a disintegrin and metalloproteinase with 
thrombospondin motifs 5 (ADAMTS-5), contributing 
to cartilage degradation and subsequent osteoarthritis 
progression. Previous studies have identified a 
functional SNP rs2910164 (G > C) located at the 
precursor molecule of miR-146a, which modulates 
miR-146a biogenesis and has been associated with 
the risk of many cancer types. The current findings 
suggest that the rs2910164 CG/GG genotypes in 
miR-146a are associated with a decreased risk for 
lung cancer. The association between miR-146a 
rs2910164 polymorphism and the risk for several 
malignancies was shown to be inconsistent by some 
results. The heterozygous genotype (CG) increased 
the risk of papillary thyroid cancer (17). Shen et 
al. (18) found that the C allele was associated with 
the increased risk of early onset familial breast and 
ovarian cancers. The C allele was also suggested to 
be a risk allele for gastric cancer in a Japanese study 
(19). The GG genotype was reported to correlate 
with an increased risk for hepatocellular carcinomas, 
esophageal squamous cell carcinoma, cervical cancer, 
and gastric cancer (20-23). Xu et al. (24) found that the 
CC genotype was associated with a decreased risk for 
prostate cancer. Jeon et al. (25) found that individuals 
carrying the CG or GG genotype were less likely to 
develop cancer compared with those carrying the 
CC genotype in a Korean population (25), which 
is similar to the present results. The present study 
provides evidence that polymorphism in miR-146a 
rs2910164 C>G might alter individual susceptibility 
to lung cancer by inhibiting miR-146a expression. 
Future larger studies with other ethnic populations 
and male lung cancer patients are required to confirm 
the current findings.
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