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Background. Lung cancer is one of the leading causes of death worldwide. MicroRNAs (miRNAs) are small noncoding RNAs that
regulate gene expression and may act as both tumor suppressors and as oncogenes. The presence of single nucleotide poly-
morphisms (SNPs) inside the miRNA genomic region could affect target miRNA maturation, expression, and binding to its target
mRNA and contribute to cancer development. Previous studies on the SNPs Rs2910164 in miR-146a and Rs767649 in miR-155
showed association with non-small cell lung cancer (NSCLC) development. Thus, the aim of this study was to detect any
correlation between those SNPs in Iranian NSCLC patients. Methods. In a small cohort study, 165 NSCLC patients and 147
noncancer controls were enrolled between Apr 2015 and Sep 2019 at the Masih Daneshvari Hospital, Tehran, Iran. Allele
frequencies from the genomic DNA of blood cells were studied using PCR-RFLP and their association with the risk of lung cancer
was evaluated. Results. The rs2910164C allele (OR =1.56, 95% CI=1.10-2.21, p = 0.012) and CC genotype (OR=2.93, 95%
CI=1.07-7.9, p = 0.034, respectively) were associated with a significantly increased risk for lung cancer compared to that for the
GG genotype. When patients were stratified according to smoking exposure, no association with rs2910164 variants was found.
The AT genotype (OR=0.57, 95% CI=0.33-0.99, p =0.048) and the A allele frequency (OR=0.58, 95% CI=0.35-0.98,
p =0.043) in rs767649 were lower in NSCLC patients in comparison with the control group. In addition, the rs767649 AT
genotype frequency in smoking controls was higher than in smoking NSCLC patients (OR = 0.44, 95% CI=0.21-0.90, p = 0.024).
No association was found between rs2910164 and rs767649 variants and stage or type of NSCLC. Conclusion. Our finding suggests
that miR-146a rs2910164 and miR-155 rs767649 polymorphisms may be considered as genetic risk factors for the susceptibility to
NSCLC in the Iranian population. However, a larger multicenter study across Iran is needed to confirm these findings.
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1. Introduction

Lung cancer is the most common cancer worldwide and is
associated with high mortality rates [1]. The two main subtypes
of lung cancer are small-cell (SCLC) and non-small-cell lung
carcinoma (NSCLC). NSCLC encompasses over 80-85% of
lung cancers although SCLC, which accounts for 12% of all
cases, is more aggressive than NSCLC [1]. In spite of the
considerable improvement in diagnosis and treatment, lung
cancer remains the leading cause of cancer-related deaths
globally [2]. Improving our knowledge of the molecular pa-
thology of NSCLC is important for ensuring earlier diagnosis
and successful treatment. Although smoking is one of the
major risk factors for lung cancer, nonsmokers also suffer from
the disease [3]. Indeed, lung cancer is now considered as a
multifactorial disease resulting from a combination of genetic
background and lifestyle habits such as diet, smoking, and
environmental pollution [4].

Previous studies have demonstrated the importance of
multiple genes in lung cancer pathology including P53, Myc,
and BRCA1 [1]. In addition to these genes, microRNAs
(miRNAs) have recently been identified as important factors in
the development of numerous cancers [5]. miRNAs are a
family of endogenous small, noncoding RNAs that regulate
gene expression posttranscriptionally. miRNAs are implicated
in the regulation of almost all biological processes and may
function as either oncogenes or tumor suppressor elements.
Dysregulation of miRNA expression is reported in a wide array
of cancers where they play key roles in oncogenesis including
the promotion of invasion, metastasis, and angiogenesis [5].

Recently, attention has been focused on the effects of
single nucleotide polymorphisms (SNPs) within the non-
coding regions of miRNAs. SNPs can significantly affect the
production or processing of miRNAs by modulating their
expression or by altering their association with the 3’ un-
translated regions (UTRs) of their target mRNAs. Thus,
SNP-induced alterations in miRNA maturation, structure,
and expression may impact on cancer susceptibility [6].
Rs2910164 and rs767649 polymorphisms have been fre-
quently observed in association with lung [7, 8], breast [9],
cervical [10], and hepatocellular [11] cancers. In the current
study, we aimed to assess the possible association between
miR-146a rs2910164 and miR-155 rs767649 polymorphisms
in an Iranian cohort with newly diagnosed NSCLC.

2. Material and Methods

2.1. Patients. One hundred and sixty-five patients with
newly diagnosed NSCLC before the onset of treatment with
drugs or radiation therapy and with no history of other
cancers or inflammatory diseases (aged 58.5+8.6 years)
were recruited at the Masih Daneshvari Hospital, Tehran,
Iran, between Apr 2015 and Sep 2019. One hundred and
forty-seven age- and gender-matched controls that had a
general health check-up with a negative history of cancer
and inflammatory diseases were also enrolled. Demographic
information of the study participants is shown in Table 1.
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The Ethics Committee of the Masih Daneshvari Hospital
approved the study and all subjects gave their written in-

formed consent (Ethics committee approval number:
IR.SBMU.MSP.REC.1397.525).

2.2. Genotyping. Genomic DNA was isolated from periph-
eral blood cells (200 ] whole blood) using a DNA extraction
kit (High Pure PCR Template Preparation Kit, Roche,
Germany, Cat.No0.11796828001) according to manufacturer
instructions. The DNA concentration was measured by
Nanodrop 2000 (Thermo Fisher, USA). Specific SNPs were
genotyped using polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) with the PCR
reaction performed using super PCR master mix (YEKTA
TAJHIZ AZMA, Tehran-Iran, Cat NO: YT1553-YT1554)
using a Thermal Cycler instrument (Bio-Rad, CA, USA).
The primer sequences for each PCR reaction is shown in
Table 2. The cycle parameters for the PCR analysis were as
follows: initial denaturation at 95°C for 5min, 35 cycles of
denaturation at 94°C for 30 sec, annealing at 58°C for 1 min,
extension at 72°C for 1 min, and a final extension at 72°C for
10 min. To identify the miR-146 C/G polymorphism, the PCR
product was digested with the restriction enzyme mnll
(Thermo Fisher, USA, REF: ER1071) by incubating the samples
at 37°C for 4 h. The miR-155 T/A polymorphism PCR product
was incubated at 37°C overnight with the restriction enzyme
TSP45I (Thermo Fisher, USA, REF: ER1511) and the digestion
products were detected by 3% agarose gel electrophoresis.

2.3. Statistical Analysis. The differences in genotype distri-
bution for the two analyzed SNPs between NSCLC and the
healthy subjects were analyzed using the Chi-square test.
Deviations of the genotype frequencies in the controls from
those expected under the Hardy-Weinberg equilibrium
(HWE) were assessed by a goodness-of-fit y* test. All statistical
tests were carried out using SPSS-25 software (SPSS, Inc.) and p
values < 0.05 were considered statistically significant.

3. Results

The study included 165 NSCLC cases and 147 healthy controls
(Table 1) with a mean age of 58.5 and 52.6 years in cases and
controls, respectively. The age and gender distributions were
similar between the two groups (p > 0.05). The distribution of
the rs2910164 and rs767649 genotypes in the control group by
HWE was (X>=1.57, p value=0.209 and X°=1.85, p val-
ue = 0.173, respectively), which indicates the randomness of the
control samples.

For rs2910164, the uncut PCR product size was 248 bp
and the digested products in patients with the G allele
show bands at 77 and 171 bp and for patients with the C
allele the bands were at 171, 45, and 32bp products
(Figure 1(a)). The PCR product size for rs767649 was
294 bp and the digested products in subjects with the T
allele were 158, 94, and 42 bp and for those with the A allele
were 252 and 42 bp (Figure 1(b)).
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TaBLE 1: Distribution of selected demographic variables of lung cancer and control subjects.
Factors Lung cancer, n =165 (%) Control, n=147 (%) p value
Age (years, mean+ SD) 58.5+8.6 52.6+8.3
Gender (n, %)
Male 128 (77.58) 115 (78.23) 05
Female 37 (22.42) 32 (21.77) :
Smoking status (n, %)
History 102 (61.82) 93 (63.27) 0.44
No history 63 (38.18) 54 (36.73) ’
Histological subtype (n, %)
ADC 135 (81.81)
LCC 6 (3.65)
SCC 24 (14.54)
Stage (n, %)
I 4 (2.42)
I 18 (10.91)
11 33 (20.00)
v 110 (66.67)
TaBLE 2: PCR primer sequences used and expected fragment sizes.
Polymorphism Primer sequence Restriction enzyme Product size (bp)
E: 5-AGAACTGAATTCCATGGGTTG-3' Uncut product: 248G
Rs2910164 ) , mnll Allele: 171 +77
R: 5'-TGCTTAGCATAGAATTCAAGTC-3
C allele: 171 +45 + 32
el L Uncut product: 294
Rs767649 F: 5-CCT GTA TGA CAA GGT TGT GTT TG-3 TSP451 A allele: 252 +42

R: 5'-GCT GGC ATA CTA TTC TAC CCA TAA-3'

T allele: 158 +94 + 42

(a) (b)

Uncut

v

FIGURE 1: (a) The miR-146a PCR product and the genotypes. Lane 1 shows the CC genotype (bands: 171 bp and 45 + 32 bp); lanes 2 and 3
show the GG genotype (band at 171 and 77 bp); lane 4 shows the CG genotype (bands: 171, 77, and 45 + 32 bp); and lane 5 is the DNA ladder
with specific size markers labeled. (b) The miR-155 PCR product and its genotypes. Lanes 1, 2, 4, and 5 show the TT genotype (bands: 158,94
and 42 bp); lane 3 shows the AT genotype (bands at 252, 158, 94, 42 bp); lane 6 shows uncut PCR product at 294 bp; and lane 7 is the DNA

ladder.
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TaBLE 3: Genotypic and allelic frequencies of miR-146a rs2910164 and miR-155 rs767649 polymorphisms in non-small-cell lung cancer

(NSCLC) and control subjects.

Polymorphism Lung cancer, n =165 subjects (%) Control, n=147subjects (%) OR (95% CI) p value
miR-146a Rs2910164
Allele
G 219 (66.36%) 222 (75.55%) 1 (reference)
C 111 (33.64%) 72 (24.45%) 1.56 (1.10-2.21) 0.012
Co-dominant
GG 69 (41.8%) 81 (55.1%) 1 (reference)
GC 81 (49.1%) 60 (40.8%) 1.58 (0.99-2.51) 0.051
cC 15 (9.1%) 6 (4.1%) 2.93 (1.07-7.9) 0.034
Dominant
GG 69 (41.8%) 81 (55.1%) 1 (reference)
GC+CC 96 (58.2%) 66 (44.9%) 1.7 (1.09-2.67) 0.019
Recessive
GG+ GC 150 (90.9%) 141 (95.9%) 1 (reference)
cC 15 (9.1%) 6 (4.1%) 2.35 (0.88-6.22) 0.085
miR-155 Rs767649
Allele
T 290 (87.87%) 242 (82.3%) 1 (reference)
A 40 (12.13%) 52 (17.6%) 0.64 (0.41-1.00) 0.051
Co-dominant
TT 131 (79.3%) 102 (69.3%) 1 (reference)
AT 28 (16.9%) 38 (25.8%) 0.57 (0.33-0.99) 0.048
AA 6 (3.6%) 7 (4.7%) 0.66 (0.21-2.04) 0.47
Dominant
TT 131 (79.3%) 102 (69.3%) 1 (reference)
AA +AT 34 (20.6%) 45 (30.6%) 0.58 (0.35-0.98) 0.043
Recessive
AT+TT 159 (96.3%) 140 (95.2%) 1 (reference)
AA 6 (3.6%) 7 (4.7%) 0.75 (0.24-2.29) 0.62
OR = odds ratio.
TaBLE 4: The association between SNPs and the risk of NSCLC stratified by smoking.
Nonsmokers (n=117) Smokers (n=195)
SNP Genotype
Control (%) Case (%) OR (95%CI) Pvalue Control (%) Case (%) OR (95%CI) p value
miR-146a GG 29 (53.7%) 25 (39.7%) 52 (56%) 44 (43%) 1
2010164 GC  25(46.3%) 33(52.3%) 1.53(0.72-3.22) 026 35 (38%) 48 (47%) 1.62(0.89-2.93) 0.11
CC 0 (0%) 5 (8.0%) 12.7 (0.67-241) 0.09 6 (6%) 10 (10%) 1.96 (0.66-5.85) 0.22
TT 42 (77.7%) 48 (76.1%) 60 (64.5%) 83 (81.3%) 1
miR-155 rs767649 TA 12 (22.3%) 12 (19.0%) 0.87 (0.35-2.15) 0.77 26 (27.9%) 16 (15.6%) 0.44 (0.21-0.90) 0.024
AA 0 (0%) 3 (4.8%) 6.13 (0.30-122) 0.23 7 (7.5%) 3 (2.9%) 0.30 (0.07-1.24) 0.099

Genotypes and allele frequency for rs2910164 and
rs767649 are shown in Table 3. Statistical analysis using the
Chi-square test demonstrated that the C allele and the CC
genotype of miR-146a rs2910164 was correlated with
NSCLC (OR=1.56, 95%CI=1.10-2.21, p=0.012;
OR=2.93, 95% CI=1.07-7.9, p=0.034, respectively)
compared to the GG genotype.

We also show that TT is a common genotype and that
AA is a rare genotype of miR-155 rs767649 in Iranian
NSCLC patients and control subjects. The AT genotype and
the A allele frequency in miR-155 rs767649 variants are
lower in NSCLC patients in comparison with the control
group (OR=0.57, 95% CI=0.33-0.99, p = 0.048; OR=0.58,
95% CI=0.35-0.98, p = 0.043). Moreover, the A allele has
an inverse association with lung cancer (Table 3).

rs2910164 variants were not associated with smoking
status (Table 4), whereas the AT genotype frequency in
smoker controls was higher than in smoking NSCLC pa-
tients with the 1rs767649 variant (OR=0.44, 95%
CI=0.21-0.90, p = 0.024) (Table 4). However, no evidence
of association was found between rs2910164 and rs767649
polymorphisms and the stage or the type of NSCLC
(p>0.05, Table 5). The distribution of rs2910164 alleles and
rs767649 alleles is summarized in Table 6.

4, Discussion

In the current study, we found that the miR-146a rs2910164
and miR-155 rs767649 variants were significantly associated
with the risk of NSCLC in an Iranian population. In
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TABLE 6: Association of NSCLC with alleles distribution (rs2910164G/C; rs767649T/A).

rs2910164 rs767649 Alleles NSCLC (n=165) Control (n=147) OR (95% CI) p value
G T GT 50% (146) 52% (135) 1 (reference)

G A GA 11% (31) 16% (43) 0.71(0.30-1.69) 0.44
C A CA 7% (21) 7% (18) 1.04 (0.34-3.17) 0.94
C T CT 32% (92) 25% (64) 1.33 (0.69-2.55) 0.38

particular, we demonstrate a significantly increased risk of
NSCLC in subjects with the CC genotype of miR-146a
rs2910164, compared to subjects with the GG genotype. In
contrast, the AT genotype of miR-155 rs767649 is protective
against NSCLC. There was no link between miR-146a
polymorphisms and smoking status although the AT ge-
notype frequency of miR-155 was lower in smokers with
NSCLC than in noncancerous smoking controls. No poly-
morphisms were associated with NSCLC stage or type.

EGEFR expression and NF-«B pathway activation have
important roles in lung cancer progression [12, 13] and miR-
146a and miR-155 have important roles in these pathways,
and as their functions complement each other we decided to
carry out a study on them [14, 15]. Because of the limitation
in this study, we selected only the most common SNPs based
on a previous study [7, 16, 17]. The evidence from previous
studies suggests that the SNPs studied here were the most
important in the regulation of miR-146a and miR-155, and
lung cancer in other populations.

miR-146a negatively regulates severe inflammation [18]
in an NF-xB-dependent manner and can bind to sequences
within the 3’-UTRs of the TNF receptor-associated factor 6
(TRAF 6) and IL-1 receptor-associated kinase 1 (IRACI)
genes [18]. NSCLC is associated with enhanced inflamma-
tion [19] and changes in miR-146a expression may enhance
the risk of lung cancer. miR-146a has been reported to be
both up- and downregulated in cancer, and its role varies
according to the type of the tumor [14]. miR-146a expression
is significantly lower in the lung cancer tissue compared with
the “normal” tissue from control subjects and is considered
to act as a tumor suppressor by targeting epidermal growth
factor receptor (EGFR) expression. EGFR has an important
role in lung cancer [14] and EGFR-tyrosine kinase inhibitors
(EGFR-TKIs) are used successfully as targeted therapies
[20]. miR-146a induces cell cycle arrest at the GO/G1 phase
and thereby suppresses the proliferation of cancer cells in the
lung [21] and increases cisplatin sensitivity by targeting
JNK2 and cyclin ] [22, 23].

In previous studies, Jia and colleagues showed that the
miR-146a CC genotype and C allele distribution in NSCLC
patients were significantly higher (p = 0.03 and 0.03, re-
spectively) and concluded that the rs2910164 polymorphism
of miR-146a was associated with an increased risk of NSCLC
in a Chinese population [8]. A meta-analysis has also re-
ported that the rs2910164 polymorphism is associated with
both NSCLC and SCLC [16]. In addition, Jeon and col-
leagues showed that the miR-146a CG or GG genotypes
decrease the risk for lung cancer, compared to the CC ge-
notype in a Korean population [24]. The same study also
demonstrated that miR-146a expression levels in tumor

tissues from never-smokers were significantly higher in
those patients with a GG genotype than in those with a CC or
CG genotype [24]. One study on Chinese nonsmoking fe-
males showed that individuals with the CG genotype of miR-
146a rs2910164 had less risk of lung cancer than those
carrying the CC genotype [25].

miR-146a polymorphisms have also been linked to a
number of other cancers [9, 26-29]. A recent meta-
analysis showed that the CC genotype of miR-146a
rs2910164 was associated with susceptibility to NSCLC
but not to hepatocellular carcinoma and gastric cancer
[17]. In stratified analysis by cancer type and ethnicity, it
was reported that these polymorphisms were associated
with a significant risk of lung cancer, breast cancer, and
colorectal cancer in Asian but not Caucasian populations
[30].

miR-155 expression is significantly upregulated in lung
cancer tissues, plasma, and sputum, and is associated with
the risk of NSCLC [7], possibly through a modulatory effect
on NF-«B activity [7, 10]. miR-155 expression is upregu-
lated in lung cancer and could be considered as a potential
diagnostic marker as it indicates a poor prognosis of the
disease [31]. One meta-analysis study showed that miR-155
could be a potential biomarker for lung cancer detection
but not an effective biomarker for the prediction of lung
cancer outcomes [32].

miR-155 levels are negatively correlated with the levels of
SOCS1, SOCS6, and PTEN [33]. SOCSI induces apoptosis
and inhibits the growth of cancer cells, whereas SOCS6 is
associated with disease recurrence. Importantly, PTEN is a
tumor suppressor in NSCLC [7, 33]. In the A549 lung cancer
cell line, miR-155 modulates cellular apoptosis and DNA
damage through an Apaf-1-mediated pathway [34]. miR-
155 overexpression also increases cell proliferation, migra-
tion, and invasion by oxidative stress pathways. Interest-
ingly, the T allele is associated with reduced sensitivity to
chemotherapy and radiotherapy, and its presence indicates a
poor disease prognosis [7]. The T allele increased the
transcriptional activity of miR-155, and patients with the
rs767649-TT genotype had the highest risk ratio for NSCLC
and had a reduced response to radiotherapy or chemo-
therapy [7], which is the opposite to the protective effect of
this allele in cervical cancer [10].

In conclusion, the current study indicates that the miR-
146a rs2910164 and miR-155 rs767649 polymorphisms are
associated with the risk of NSCLC, with the AT genotype of
miR-155 15767649 being protective against NSCLC. These
polymorphisms can regulate miRNA expression and affect
downstream signaling pathway, which is associated with
cancer susceptibility, and may be useful in diagnostic and
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therapeutic purposes. However, larger sample sizes with
diverse ethnicities are needed to extend the findings.

Abbreviations

BRCA1: Breast cancer 1

miRNA: MicroRNA

Myc: Transcription factor C-MYC
NSCLC: Non-small-cell lung cancer

RFLP:  Restriction fragment length polymorphism
PCR: Polymerase chain reaction

SNPs:  Single nucleotide polymorphisms.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Ethical Approval

The study was approved by the Ethics Committee of the Dr.
Masih Daneshvari Hospital.

Consent

All patients gave their signed informed consent.

Conflicts of Interest

The authors confirm that there are no conflicts of interests.

Acknowledgments

This article has been extracted from the thesis written by Neda
KakaDezfuli in School of Medicine, Shahid Beheshti University of
Medical Sciences (Registration No: 14960; Ethics committee ap-
proval ID: IRSBMU.MSP.REC.1397.525). EM was funded by the
Iran National Science Foundation (INSF) (grant no. 98003666).
IMA was financially supported by the British Heart Foundation
(PG/14/27/30679), Dunhill Medical Trust (R368/0714), Welcome
Trust (093080/Z/10/Z), EPSRC (EP/T003189/1), and UK MRC
(MR/T010371/1).

References

[1] W. D. Travis, “Pathology of lung cancer,” Clinics in Chest
Medicine, vol. 23, no. 1, pp. 65-81, 2002.

[2] J. R. Molina, P. Yang, S. D. Cassivi, S. E. Schild, and
A. A. Adjei, “Non-small cell lung cancer: epidemiology, risk
factors, treatment, and survivorship,” Mayo Clinic Proceed-
ings, vol. 83, no. 5, pp. 584-594, 2008.

[3] A.S. Mortaz E, M. Movassaghi, M. Varahram, J. Ghorbani,
and G. Folkerts, “Water-pipe smoke condensate increases the
internalization of Mycobacterium Bovis of type II alveolar
epithelial cells (A549),” BMC Pulmonary Medicine, vol. 17,
no. 68, pp. 1-9, 2017.

[4] J. M. Samet, “Lung cancer, smoking, and obesity: it’s com-
plicated,” JNCI: Journal of the National Cancer Institute,
vol. 110, no. 8, pp. 795-796, 2018.

[5] S. D. Alipoor, I. M. Adcock, J. Garssen et al., “The roles of
miRNAs as potential biomarkers in lung diseases,” European
Journal of Pharmacology, vol. 791, pp. 395-404, 2016.

[6] R. B. Gary Wilkand, “Single nucleotide polymorphisms that
modulate microrna regulation of gene expression in tumors,”
PLoS Genetics, vol. 14, no. 12, Article ID 1007837, 2018.

[7] K. Xie, H. Liang, N. Qin et al., “A functional variant in miR-
155 regulation region contributes to lung cancer risk and
survival,” Oncotarget, vol. 6, no. 40, pp. 42781-42792, 2015.

[8] A.Z.Youchao Jia, Y. Shang, H. Yang et al., “MicroRNA-146a
1rs2910164 polymorphism is associated with susceptibility to
non-small cell lung cancer in the Chinese population,”
Medical Oncology, vol. 31, no. 194, pp. 1-5, 2014.

[9] M. Ahmad, S. Ahmad, B. Rahman, T. U. Hagq, F. Jalil, and
A. A. Shah, “Association of MIR146A rs2910164 variation
with a predisposition to sporadic breast cancer in a Pakistani
cohort,” Annals of Human Genetics, vol. 83, no. 5,
pp. 325-330, 2019.

[10] S. Wang, X. Ding, J. Cui et al., “The rs767649 polymorphism
in the promoter of miR-155 contributes to the decreased risk
for cervical cancer in a Chinese population,” Gene, vol. 595,
no. 1, pp. 109-114, 2016.

[11] J.Ji, M. Tu, J. Gao et al., “MiR-155 and its functional variant
1s767649 contribute to the susceptibility and survival of he-
patocellular carcinoma,” Oncotarget, vol. 7, no. 37,
pp. 60303-60309, 2016.

[12] Z. Cai, K.-M. Tchou-Wong, and W. N. Rom, “NF-kappaB in
lung tumorigenesis,” Cancers, vol. 3, no. 4, pp. 4258-4268,
2011.

[13] G. Bethune, D Bethune, N Ridgway, and Z Xu, “Epidermal
growth factor receptor (EGFR) in lung cancer: an overview
and update,” Journal of Thoracic Disease, vol. 2, no. 1,
pp. 48-51, 2010.

[14] G. Chen, I. A. Umelo, S. Lv et al., “miR-146a inhibits cell
growth, cell migration and induces apoptosis in non-small cell
lung cancer cells,” PLoS One, vol. 8, no. 3, p. 60317, 2013.

[15] M. Mann, “An NF-kappaB-microRNA regulatory network
tunes macrophage inflammatory responses,” Nature Com-
munications, vol. 8, no. 1, p. 851, 2017.

[16] Y. G. Ren, “Effects of common polymorphisms in miR-146a
and miR-196a2 on lung cancer susceptibility: a meta-analy-
sis,” Journal of Thoracic Disease, vol. 8, no. 6, pp. 1297-1305,
2016.

[17] X. Hao, R. Xia, X. Yang, M. Jiang, and B. Zhou, “Association
between miR-146a rs2910164 polymorphism and specific
cancer susceptibility: an updated meta-analysis,” Familial
Cancer, vol. 17, no. 3, pp. 459-468, 2018.

[18] J. W. Li Zhang, Di Che, Y. Wang et al., “The association
between the miR-146a rs2910164 C>G polymorphism and
Kawasaki disease in a southern Chinese population,” Bio-
science Reports, vol. 38, no. 4, pp. 1-5, 2018.

[19] A.R. H. Hanne Astrid Eide, V. Sandhu, A. Féne et al., “Non-
small cell lung cancer is characterized by a distinct inflam-
matory signature in serumcompared with chronic obstructive
pulmonary disease,” Clinical & Translational Immunolog,
vol. 5, no. 11, pp. 1-7, 2016.

[20] J. Lu, Y. Zhan, J. Feng, J. Luo, and S. Fan, “MicroRNAs as-
sociated with therapy of non-small cell lung cancer,” Inter-
national Journal of Biological Sciences, vol. 14, no. 4,
pp. 390-397, 2018.

[21] Y.-L. Li, J. Wang, C.-Y. Zhang et al., “MiR-146a-5p inhibits
cell proliferation and cell cycle progression in NSCLC cell
lines by targeting CCND1 and CCND?2,” Oncotarget, vol. 7,
no. 37, pp. 59287-59298, 2016.

[22] L. Shi, “Up-regulation of miR-146a increases the sensitivity of
non-small cell lung cancer to DDP by downregulating cyclin,”
Journal of BMC Cancer, vol. 17, no. 1, pp. 1-14, 2017.



8 Canadian Respiratory Journal

[23] L. Pang, J Lu, J] Huang et al., “Upregulation of miR-146a
increases cisplatin sensitivity of the non-small cell lung cancer
A549 cell line by targeting JNK-2,” Oncology Letters, vol. 14,
no. 6, pp. 7745-7752, 2017.

[24] H.-S. Jeon, Y. H. Lee, S. Y. Lee et al., “A common poly-

morphism in pre-microRNA-146a is associated with lung

cancer risk in a Korean population,” Gene, vol. 534, no. 1,

pp. 66-71, 2014.

Z.Yin, Z. Cui, Y. Ren, L. Xia, H. Li, and B. Zhou, “MiR-146a

polymorphism correlates with lung cancer risk in Chinese

nonsmoking females,” Oncotarget, vol. 8, no. 2,

pp. 2275-2283, 2017.

[26] M. Hashemi, N. Moradi, S. A. M. Narouie et al., “Association
between single nucleotide polymorphism in miR-499, miR-
196a2, miR-146a and miR-149 and prostate cancer risk in a
sample of Iranian population,” Journal of Advanced Research,
vol. 7, no. 3, pp. 491-498, 2016.

[27] Y. Mi, K. Ren, J. Zou et al., “The association between three
genetic variants in microRNAs (Rs11614913, Rs2910164,
Rs3746444) and prostate cancer risk,” Cellular Physiology and
Biochemistry, vol. 48, no. 1, pp. 149-157, 2018.

[28] A. Nejati-Azar and M. R. Alivand, “miRNA
196a2(rs11614913) & 146a(rs2910164) polymorphisms &
breast cancer risk for women in an Iranian population,”
Personalized Medicine, vol. 15, no. 4, pp. 279-289, 2018.

[29] Z. Z. Xueren Gao and Z. Shulong, “miR-146a rs2910164

polymorphism and the risk of colorectal cancer in Chinese

population,” Journal of Cancer Research and Therapeutics,

vol. 14, no. 8, pp. 97-99, 2018.

J. Wang, Q. Wang, H. Liu et al., “The association of miR-146a

rs2910164 and miR-196a2 rs11614913 polymorphisms with

cancer risk: a meta-analysis of 32 studies,” Mutagenesis,

vol. 27, no. 6, pp. 779-788, 2012.

[31] S. R. Lamichhane, “Prognostic role of MicroRNAs in human
non-small-cell lung cancer: a systematic review and meta-
analysis,” Disease Markers, vol. 2018, Article ID 8309015,
2018.

[32] C. Shao, “The value of miR-155 as a biomarker for the di-
agnosis and prognosis of lung cancer: a systematic review with
meta-analysis,” BMC Cancer, vol. 19, no. 1, p. 1103, 2019.

[33] X. Xue, “MiR-21 and MiR-155 promote non-small cell lung
cancer progression by downregulating SOCS1, SOCS6 and
PTEN,” Oncotarget, vol. 7, p. 51, 2016.

[34] Y.-S. Zang, Y.-F. Zhong, Z. Fang, B. Li, and J. An, “MiR-155
inhibits the sensitivity of lung cancer cells to cisplatin via
negative regulation of Apaf-1 expression,” Cancer Gene
Therapy, vol. 19, no. 11, pp. 773-778, 2012.

(25

[30



