
 

 

 

                                                                                                      ZANCO Journal of Pure and Applied Sciences  

                                                                                                             The official scientific journal of Salahaddin University-Erbil   
                                                                         https://zancojournals.su.edu.krd/index.php/JPAS                    

                                                                                                                                                               

                                                                                                             ISSN (print ):2218-0230, ISSN (online): 2412-3986, DOI: http://dx.doi.org/10.21271/zjpas 

  RESEARCH PAPER 
 
Novel Molecular Insights of the miRNA’s Gene and Its Relation to 

Carcinogenesis EGFR Mutated Gene in Non-Small Cell Lung Cancer 

(NSCLC) in Kurdistan Region – Iraq 
 

Oscar Mesud Mahmud
1
 and Mukhlis Hamad Aali

1 

1 Department of Biology, College of Science, Salahaddin University-Erbil, Erbil, Kurdistan Region, Iraq. 

 
A B S T R A C T: 
    Non-small cell lung cancer is the 2

nd
 major cause of cancer-related deaths in Iraq and all over the world due to its delayed 

diagnosis. Due to its multifactorial nature, studies are underway to identify novel molecular targets which can serve as potential 

biomarkers for diagnosis and treatment to reduce the disease burden in the Kurdistan region of Iraq. Thus, the research study 

aimed to evaluate the association of epidemic growth factor receptor (EGFR) gene mutation with microRNA-146a gene 

polymorphism in non-small cell lung cancer development. For this purpose, a histochemical study was performed on lung cancer 

biopsy samples. EGFR, which was recently identified as a critical molecule biomarker in the investigation of lung cancer, was the 

subject of a novel therapeutic approach based on molecular analysis. EGFR and microRNA-146a genes were amplified by the 

amplification refractory mutation system (ARMS)-PCR and allele-specific polymerase chain reaction (AS-PCR), respectively. 

The EGFR exons with the highest percentage of mutations were EGFR20, which was present in 64 (91.42 %) of the patients, or 

70 (50 males and 10 females), and EGFR21, which was present in 59 (84.28 %) patients (47 males and 8 females). While only 35 

(50%) patients confirmed positive for mutated EGFR19, 41 (58.57%) patients had mutated EGFR18. Males constituted the 

majority of the mutant EGFRs. The GC genotype of miRNA-146a was found to be slightly higher in cancer patients with odd 

ratio=4.8 (confidence interval= 0.75-55.6, p-value=0.2532) as compared to healthy controls. More susceptible to get lung cancer 

between EGFR mutations and miRNA-146a rs2910164 C>G nucleotide polymorphism was observed in this study. Thus, miRNA-

146a could act as a potential target for treatment. 
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1.INTRODUCTION : 

Lung cancer (LC) is considered the second 

most prevalent cancer worldwide (Pasello et al., 

2023). Around 2.21 million annual incidences of 

lung cancer are reported globally which makes up 

almost 11.4% of all cancer cases. Globally, the 

most deaths caused by any cancer reported in 

GLOBOCAN 2020 are due to lung cancer which 

is estimated at almost 1.79 million or even more 

annually. Recent data also showed that the rate of 

death caused by cancer is highest in Asian 

countries (Chhikara and Parang, 2023). 

According to the most recent Iraqi Cancer 

Registry (ICR), 31,502 new cases of cancer were 

reported in 2018, with an incidence rate of 82.6 

cases per 100,000 people. 

 

 

 

43% of these cases were male, while 57% 

were female. The top three malignancies in males 

were leukemia (7.8%), urinary bladder (8.6%), 

and bronchus and lung (13.4%, with an incidence 

of 9.5 cases per 100,000 male population). The 

most frequent causes of malignancy-related 

mortality in Iraq were leukemia (12.1%), breast 

(12.3%), and bronchial and pulmonary cancers 

(18.9%) (Al Alwan, 2022). The prevalence rates 

of all types of cancer spiked in the Kurdistan 

region between 2013 to 2019 compared to other 

areas of Iraq (Hussain and Lafta, 2021). 

Lung, breast, and blood-related cancers are the 

most common 3 cancer types found in the 

Kurdistan region, based on information regarding 

the prevalence of cancer in the region. In Erbil and 

Duhok cities, the most prevalent form of cancer in 

men is lung cancer. According to early reports, 

there were 50.0 and 61.5 cancer cases per 100,000 
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people in Erbil and Duhok, respectively. On the 

contrary, in the Sulaymaniyah city, the incidence 

rate was found to increase from 38.5 to 71.7 cases 

per 100,000 people between 2006-2013 (M-amen 

et al., 2022). 

Depending on the originating cell type, 

lung cancer is classified as small-cell lung cancer 

(SCLC) or non-small-cell lung cancer (NSCLC) 

(Nawaz, et al. 2023). About 80-85% of lung 

cancer cases are due to NSCLC while almost 15-

20% of lung cancer cases are due to SCLC (Petrek 

and Yu, 2019). NSCLC further constitutes three 

major subtypes of lung cancer based on histology. 

These are large cell carcinoma (LCC) (almost 

15%), squamous cell carcinoma (SCC) (almost 

30%), and adenocarcinoma (ADC) (about 40-50-

%) (Shafat et al., 2022). 

NSCLC incidence and progression are 

impacted by both environmental and genetic risk 

factors. Smoking is one of the most important 

environmental risk factors for NSCLC (Oliver, 

2022, O’Keeffe et al., 2018). Some other 

environmental risk factors are family history, 

secondhand smoke, air pollution, human 

immunodeficiency viral infection, and radiation 

exposure (Kirk et al., 2007, Akhtar and Bansal, 

2017). Several molecular determinants or genetic 

mutations associated with NSCLC tumors have 

been identified which serve as the basis for the 

diagnosis, prediction, and prognosis, and also to 

use as targets for drugs and treatments. In almost 

50% of the NSCLC cases, major target mutations 

were observed in the TP53 gene (Consortium et 

al., 2017). As a member of the ErbB receptor 

tyrosine kinase (TK) family, the epidermal growth 

factor receptor (EGFR) is a transmembrane 

glycoprotein receptor with tyrosine kinase 

activity. The EGFR gene, which spans around 200 

kb, contains 28 exons, and encodes a protein with 

1210 amino acids, is found at the short arm of 

chromosome 7 (7p11.2) (Hodoglugil et al., 2013). 

Cell survival, proliferation, migration, and 

metastasis are induced by the activation of the 

EGFR with its particular ligands. This activation 

also causes receptor dimerization and tyrosine 

autophosphorylation (Boustany et al., 2022). 

EGFR activation has frequently been linked to the 

onset and progression of NSCLC, EGFR is a 

proto-oncogene that makes up one of four tyrosine 

kinase receptors (Sharma et al., 2007). As EGFR 

overexpression was associated with a poor 

prognosis in a variety of cancer forms, such as 

NSCLC, it has been utilized as a prognostic 

marker for many years. However, there is conflict 

over whether or not EGFR overexpression can be 

used as a prognostic marker (Fujino et al., 1996). 

The activation and overexpression of this 

mechanism might end up in aberrant gene 

expression, which may also ultimately cause lung 

cell malignancy (Pradhan et al., 2019). Around 

10-35% of lung cancer cases are due to mutations 

in a tyrosine kinase receptor known as EGFR. 

While the epidemiological study carried out in 

Iraq to ascertain the prevalence of EGFR 

mutations among NSCLC patients reported a 

27.53% incidence rate, this contrasts the lower 

rates in Western countries with the greater 

prevalence rate among Asian people (Ramadhan 

et al., 2021). These mutations result in the 

dysfunctionality of MAPK (Mitogen-activated 

protein kinases) signaling and AKT (Protein 

kinase B) because they improve cell survival rate 

and increase cell proliferation (Massarelli et al., 

2013). About 90% of the EGFR mutations are due 

to single nucleotide polymorphisms of L858R in 

exons 21, while others are due to of amino acids 

LREA of exon 19 (Petrek and Yu, 2019).  

The binding of the ligands of EGFR 

stimulates abnormal cell division and propagation 

due to somatic mutations (Benbrahim et al., 2018). 

These EGFR mutations are more common in ADC 

patients as compared to SCC patients due to 

which these receptors can serve as a potential drug 

target.  

Despite all the recent research and 

treatment options, the diagnosis of NSCLC still 

occurs at its late stage which results in very low 

the survival rate of patients with NSCLC (Inamura 

and Ishikawa, 2016). The development of 

potential treatment approaches and novel 

diagnostic biomarkers is crucial in increasing the 

survival rate and proper diagnosis at early stages. 

Frydrychowicz, et al. (2023) stated the role of 

miRNA in carcinogenesis and identified it as a 

predictor of the onset and progression of cancer, a 

potential marker of treatment effectiveness, and 

ultimately as an achievable therapeutic target. 

The microRNAs (miRNAs) are short 

nucleotide sequences of almost 22 nucleotides 

which consist of noncoding RNA sequences 

responsible for the regulation of almost half of the 

human genes. They are responsible for various 

biological activities like cell differentiation, 

proliferation, migration, disease initiation, disease 

progression, and eventually apoptosis (Barbato et 

al., 2017). MiRNA works by modulating the gene 



176 

 

Mahmud. O . and. Aali M. /ZJPAS: 2023, 35 (SpD): 174-188 

ZANCO Journal of Pure and Applied Sciences 2023 

 

 

function at the posttranscriptional level. Various 

studies have proposed that miRNAs can act as 

potential diagnostic biomarkers for NSCLC (Zhan 

et al., 2016, Berghmans et al., 2013). It has been 

observed that miRNA-146a plays a crucial role in 

regulating the activity of various significant genes 

which are involved in the progression of lung 

cancer. These genes are interleukin (IL)-1 

receptor-associated kinase (IRAK1), EGFR, tumor 

necrosis factor (TNF) receptor-associated factor 6 

(TRAF6), and nuclear factor kB (NFkB), etc. (Qiu 

et al., 2021, Mohamed et al., 2019). 

Mutations in mature miRNAs, such as 

single nucleotide polymorphisms (SNPs), can 

alter their functioning by promoting cancer 

growth. Numerous studies indicate evidence of a 

link between miRNA polymorphisms and the 

development of tumors like lung cancer (Iacona et 

al., 2018). For example, it has been reported that 

polymorphism in miRNA-146a rs2910164 G>C is 

linked with numerous malignancies such as 

cervical, breast, gastric, thyroid, and ovarian 

cancers (Wilczyński et al., 2017, Khan et al., 

2022, Qiu et al., 2011). Various researchers have 

also reported that in diverse populations, miRNA-

146a rs2910164 polymorphism plays a role in 

lung cancer progression (Wani et al., 2021, Tan et 

al., 2018, Xiao et al., 2018). Though, the 

susceptibility of NSCLC by genetic variants of 

miRNA-146a in the Kurdistan region of Iraq is yet 

to be discovered. In order to assess if miR-146a is 

associated with EGFR mutations in NSCLC 

patients, the current study aims to ascertain and 

find out the distribution of miR-146a 

polymorphism and its relationship to the EGFR 

gene for the development of NSCLC in the 

Kurdistan community. 

2. MATERIAL AND METHODOLOGY 

2.1 Sample Collection: 

In the current study, 70 patients with 

advanced NSCLC were recruited from PAR 

Hospital in Erbil, Kurdistan Region, Iraq, between 

December 2021 and May 2022. They were 

performed for EGFR exons gene mutations and 

miRNA146a gene polymorphism by molecular 

PCR analysis, and their average age ranged from 

65 (25-94) years. Additionally, on 15th January 

2023 (Reference number: 45/265), the proposal 

was approved and authorized by the ethical 

committee of the Biology Department of the 

College of Science at Salahaddin University-Erbil 

(SUE) and included patients with 

histopathological and immunohistochemistry 

confirmed NSCLC lung cancer and. The all 

methods were carried out in accordance with the 

approved guidelines. 

2.2 Instruments and Equipment:  

EGFR exons gene mutations and 

miRNA146a gene polymorphism were analyzed 

and identified with the PCR thermal cycler 

machine (Applied Biosystems Veriti® Company, 

USA), Nanodrop spectrophotometer (Thermo 

Fisher Scientific, USA), and Gel Electrophoresis 

System apparatus (Cleaver Scientific, UK). 

 

2.3 Genotype Analysis: 

Genomic DNA was extracted from tissue 

of each participant by following manufacturer’s 

protocol of DNA FFPE Tissue Kit (Solar Bio, 

China) (Yi et al., 2020). The quantity and quality 

of the extracted DNA was measured by using 

Nanodrop spectrophotometer (Thermo Fisher 

Scientific, Waltham, United States) in ng/µl unit 

and Gel Electrophoresis System apparatus 

(Cleaver Scientific, UK), respectively. The ratio 

of absorbance at 260 nm/280 nm was used to 

determine the purity of DNA (Talukdar et al., 

2022) 

2.4 Genotyping and Polymerase Chain 

Reaction (PCR) Amplification: 

The target genes, EGFR and miRNA-146a, 

were amplified by the amplification refractory 

mutation system (ARMS)-PCR and the allele-

specific polymerase chain reaction (AS-PCR), 

respectively. Two primers were used to assess the 

EGFR gene for each exons included Exon18, 

Exon19, Exon20, and Exon21(Zheng et al., 2020) 

and four primers were used to determine the 

rs2910164 C>G polymorphism in the miRNA-

146a gene (Javid et al., 2019). Tables 1 and 2 

indicate the primer sequences for the two genes. 

Genotyping was performed in a 25 µl 

reaction mixture. The reaction mixture for EGFR 

gene amplification contained 1.5 µl (10 pmole) of 

both reverse and forward primers, 12.5 µl (1X) 

master mixture, 8 µl nuclease-free water, and 3 µl 

of genomic DNA. The reaction mixture for the 

miRNA-146 gene comprised 1 µl of each 

(miRNA-146a FC, miRNA-146a RC, miRNA-

146a FG, miRNA-146a RG),13 µl master mix (1 

X), 6 µl nuclease-free water and 2 µl (25-50 ng) 

genomic DNA extract. The profile of the thermal 

cycler for both genes was set as described in 

Tables 3 and 4 (Zheng et al., 2020, Javid et al., 
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2019). The polymerase chain reaction products 

were analyzed by UV trans-illuminator (UVP, 

USA) on 2% agarose gel (Green and Sambrook, 

2019). 

The EGFR and miRNA146-a exons' 

amplified PCR products were separated using 

horizontal gel electrophoresis on a 2% agarose gel 

as illustrated in Figure 1, 2, 3, and 4. Two grams 

of agarose and one hundred milliliters of 1X TBE 

solution were added to the gel. The DNA banding 

patterns (DNA polymorphisms) were seen using 

UV Transillumination (UVP) at wave lengths of 

240 and 366 nm after staining the gel with DNA 

dye safe stain. The gel was lit from below by 

placing it on the transilluminator glass and the 

100bp DNA Ladder (Norgen Biotech, Canada) 

was used as a molecular marker (Russell and 

Sambrook, 2001, Chong, 2001). 

The PCR products for EGFR gene 

mutation were expressed as (Exon 18, Exon 19, 

Exon 20, Exon 21) and for genotypes of 

miRNA146a gene polymorphism. The genotypes 

of the miRNA146a gene polymorphism were 

designated as CC (homozygous) as a dominant 

while depending on the development of bands 

when primers specific for either allele G (as GG) 

or allele C (as CC) were used. When bands were 

seen with both primers, the samples were 

categorized as heterozygotes (GC). 

 

 

Table 1. List of primers for EGFR gene amplification. 

Target 

Gene 
Primer Sequence 

Annealing 

temperature 

(˚C) 

PCR 

product 

size (bp) 

Reference 

EGFR-18F 5'-TGAGGATCGAAGGAAACT-3' 57 159  

 

 

 

 

 

(Zheng et al., 

2020) 

EGFR-18R 5'-TCCCACCAGACCATGAGA-3' 57 159 

EGFR-19F 5'-CCCCAGCAATATCAGCCTTA-3' 57 447 

EGFR-19R 5'-TGCCTGTTTCCAGCCTTTTA-3' 57 447 

EGFR-20F 5'-CCTCCTCCAGGAAGCCTAC-3' 57 191 

EGFR-20R 5'-CGATCTGCACACACCAGTTG-3’ 57 191 

EGFR-21F 5'-GGATGCAGAGCTTCTTCCCAT-3' 57 187 

EGFR-21R 5'-ATCTTGACAGCTGCGGTGT-3' 57 187 

 

Table 2. List of primers for miRNA-146a gene amplification. 

mir146a 

Gene 
Primer Sequence 

Annealing 

temperature 

(˚C) 

PCR 

product 

size (bp) 

Reference 

CC F1 

Genotypes 
5'-ATGGGTTGTGTCAGTGTCAGACGTC-3' 62 249 

 

 

(Javid et al., 

2019) 

CC R1 

Genotypes 
5'-ATACCTTCAGAGCCTGAGACTCTGCC-3' 62 249 

GG F2 

Genotypes 
5'-GGCCTGGTCTCCTCCAGATGTTTAT-3' 62 168 

GG R2 

Genotypes 
5'-GATATCCCAGCTGAAGAACTGAATTTGAC-3' 62 168 
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Table 3.  The conditions of AS-PCR for EGFR gene amplification. 

Steps Temperature (˚C) Time 

Initial denaturation 95 3 minutes 

Denaturation 94 30 seconds 

Annealing 57 30 minutes 

Extension 72 45 seconds 

Final extension 72 5 minutes 

No. of cycles 40  

 

 

2.5 Statistical Data Analysis: 

For statistical analysis, GraphPad Prism 9 

was used. Age and tumor size were represented in 

median (maximum-minimum) as they are non-

parametric data. Fisher's exact test was used to 

find the Odds ratio and association of EGFR 

exons’ gene and miRNA146a genotypes with lung 

cancer. Kruskal-Wallis’s test followed by Dunn's 

multiple comparisons test and Mann Whitney test 

was used to compare the numerical variables 

among the patient groups. In addition, Chi-square 

was used to compare the categorical variables 

among the patient groups. Certainly, in statistical 

analysis, the odds ratio (OR) measures the 

strength and direction of the association between 

two variables. An odds ratio greater than 1 

indicates a positive association, meaning that the 

presence of one variable increases the odds of the 

other variable being present. On the other hand, an 

odds ratio less than 1 indicates a negative 

association. The p-value is a measure of statistical 

significance and helps determine if the observed 

association is statistically significant or could be 

due to chance. Typically, a p-value threshold of 

0.05 is commonly used to determine statistical 

significance. 

3.  RESULTS 

The present study was conducted to 

evaluate the association of miRNA-146a gene with 

EGFR gene mutations and their role in NSCLC 

progression. A total of 70 NSCLS patients were 

recruited for this study. In the current study as 

shown in Figure 5 and Table 5, the male-to-female 

ratio was 4.8:1. The median age of the patients 

was 65 (25-94), comprising 58 (82.8%) males and 

12 (17.1%) females. The tumor size was 1 (0.02-

10.2) centimeters (cm). The most common type of 

lung cancer was ADC (33 patients) 47% and SCC 

(33 patients) 47% while only 4 patients (6%) were 

found to have LCC. The most positive 

immunomarkers in the lung cancer patients were 

TTF-1 and Ck7, while only 4 patients were 

positive for Napsin-A. 

The Figure 1, 2, and 3 as well as the Table 

6 depicted the frequency of mutated and non-

mutated EGFR exons in lung cancer patients. The 

most mutated EGFR exons were EGFR20 that 

were present in 64 (91.42 %) of the patients i.e., 

70 (50 males and 10 females) followed by 

EGFR21 with 59 (84.28 %) patients (47 males and 

8 females). While 41 (58.57%) patients had 

mutated EGFR18 and only 35 (50%) patients were 

positive for mutated EGFR19. The majority of 

mutated EGFRs were males. The frequency of 

mutated EGFR18 was least (50%). It was also 

observed that the frequency of mutated EGFR was 

higher in male patients as compared to female 

patients. This study found no significant but slight 

association of the miRNA-146a genotype with all 

types of mutated EGFR which indicated that an 

association was present between miRNA-146a 

and NSCLC onset in the population of the 

Kurdistan region of Iraq. 

However, the miRNA-146a (rs2910164 

C>G) polymorphism findings demonstrated (as 

shown in Figure 4) that more likely to get and 

effect on susceptibility lung cancer disease but 

significantly not highly related (Table 7), due to 

modest scales of number of patients receiving 

lung cancer. The GC and CC were significant risk 

factors with an odds ratio (OR) of 4.8 and 1.014, 

respectively. In the dominant model, 80.43% of 

the patients were GC+CC genotype and 19.56% 

were GG. The GC+CC showed a non-significant 

risk factor. In addition, the CC in the Recessive 

model was non-significantly increased the 

probability of lung cancer development. Besides, 

the frequency of the alleles of miR-146a was 

47.82% for the C allele in patients and 64% in 
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healthy participants. Moreover, the presence of the 

C allele could contribute a nearly significant 

association (p-value= 0.0789) in lung cancer 

patients.  

Furthermore, the association of miRNA-

146a-genotypes with the patient’s characteristics 

is shown in Table 8 in which GC genotype was 

higher in both males with 23 patients and females 

with only 7 patients. While CC genotype has a 

nearly significant association (p-value0.658) with 

increasing tumor size in which median tumor size 

was 5 (1.3-9) cm. Moreover, GC genotypes for 

ADC is 19% while for SCC is 8% which is non-

significantly associated with these two types of 

lung cancer. 

Not significant but slight association 

between all EGFR exons and gender was found as 

shown in Tables 9 and 10. Regarding tumor size, 

the tumor size in mutated and non-mutated EGFR 

18 was nearly equal which were 1 (0.3-10.2) cm 

and 1 (0.02-9) cm, respectively, this is also the 

same for EGFR 19 with a median tumor size of 1 

(0.3-9) cm and 1 (0.02-102) cm for mutated and 

non-mutated respectively. In EGFR 20 and EGFR 

21 (table 10), all are mutated with the same 

median tumor size of 1 (0.4-10.2) cm. In addition, 

a slight association of mutated EGFR exons with 

histological types was found. High frequency of 

mutated EGFR 18 and EGFR 19 were observed in 

patients with ADC type of NSCLC which were 23 

and 17 patients, respectively. Furthermore, 

mutated EGFR 20 and EGFR 21 were found to be 

more prevalent in patients with ADC and SCC 

type. It was observed that 34 patients with ADC 

type have mutated EGFR 20 and 21, while 32 and 

31 cases with SCC had mutated EGFR 20 and 

EGFR 21, respectively. 

 
 

 
 

Figure 1: Agarose gel electrophoresis (2%) exhibits 159 bp ARMS-PCR products corresponding to amplification of EGFR Exon 

18 gene in lung cancer patients. Lane L: 100 bp DNA ladder. Lanes 1, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 15, 18, 19, 20, 21, 22 and 

Lane 23 exhibit positive PCR DNA amplicons sizes (159 bp), which correlate to individuals with lung cancer disease when used 

with the designated specific primers for exon 18 of EGFR gene. While the lanes 2, 10, 16 and lane 17 correspond to lung cancer 

patients and represent negative PCR results (no amplification). 

 

 

Table 4. The conditions of AS-PCR for of miRNA-146a gene (rs2910164 G>C). 

Steps Temperature (˚C) Time 

Initial denaturation 95 10 minutes 

Denaturation 95 45 seconds 

Annealing 62 45 minutes 

Extension 72 45 seconds 

Final extension 72 10 minutes 

No. of cycles 40  
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Table 5. Characteristics of NSCLC patients. 

Variables Lung Cancer Cases (n) 

Gender: Male/Female 58/12 

Age: 65 (25-94) 

 

 

Histological type (NSLC):                      LC Cases (n) Male Female 

ADC 33 26 7 

SCC 33 30 3 

LCS 4 2 2 

Tumor size (cm): 1 (0.02-10.2)   

    

Immunohistochemistry: Positive M F Negative M F 

Ck5/6 6 5 1 8 6 2 

P63 8 6 2 8 6 2 

TTF-1 11 8 3 16 13 3 

Napsin-A 4 2 2 9 7 2 

Ck7 9 7 2 8 6 2 

P40 6 5 1 3 2 1 

High molecular weight Ck 8 6 2 1 1 0+ 
Age and tumor size are represented as median (maximum-minimum). 

 

 
Figure 2: Agarose gel electrophoresis (2%) reveals 447 bp ARMS-PCR products, which are associated with amplification of 

EGFR Exon 19 gene in lung cancer patients. Lane L: 100 bp DNA ladder. Lanes 2, 5, 6, 7, 8, 9, 10, 11, 12, 15, 16, 17, 18 and 

Lane 23 show positive PCR DNA amplicons sizes (447 bp), which correlate to individuals with lung cancer disease when used 

with the selected specific primers for exon 19 of EGFR gene. While the lanes 1, 3, 4, 13, 14, 19, 21, 22, 24 and lane 25 correspond 

to lung cancer patients and represent negative PCR results (no amplification).  

Table 6. The frequency of the mutated and non-mutated EGFR exons among NSCLC patients.  

Positive (Mutated Type) Patients (n=70) Male Female 

EGFR18 Mutated 41 (58.57 %) 34 7 

Non-Mutated 29 (41.42 %) 23 6 

EGFR19 Mutated 35 (50 %) 27 8 

Non-Mutated 35 (50 %) 30 5 

EGFR20 Mutated 64 (91.42 %) 50 10 

Non-Mutated 6 (8.57%) 7 3 

EGFR21 Mutated 59 (84.28 %) 47 8 

Non-Mutated 11 (15.71 %) 10 5 
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Figure 3: Agarose gel electrophoresis (2%) illustrats 191 bp and 187 ARMS-PCR products, which are 

associated with amplification of the EGFR Exon 20 gene and EGFR Exon 21 gene in lung cancer patients, 

respectively. Lane L: 100 bp DNA ladder. When the designated specific primers for the EGFR Exon 20 

gene and EGFR Exon 21 gene, respectively, were used, the lanes 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 and 

lane 14 display positive PCR DNA amplicons sizes (191 bp) while the lanes 15, 16, 17, 18, 19, 20, 21, 22, 

23, 24, 25, 26, 27, 28 and lane 29 demonstrate positive PCR DNA amplicons sizes (187 bp), which 

correlate to individuals with lung cancer disease. 

Table. 7. The genotype and allele frequency of miRNA146a rs2910164G>C gene 

polymorphism   

miRNA146a-

Genotypes 

Patients 

(n=46) 

Healthy 

Controls 

(n=25) 

Odd Ratio (OR) (CI) p-value 

Codominant  

GG (Wild Type) 

GC 

(Heterozygous) 

CC (Homozygous) 

9(19.56%) 1(4%) Ref.  

30(65.22%) 16(64%) 4.8 (0.75-55.6) 0.2532 ns 

7(15.22%) 8(32%) 1.014 (0.144-12.4) 
>0.9999 

ns 

Dominant  

GG 

GC+CC 

9(19.56%) 1(4%) - - 

37(80.43%) 24(96%) 5.838 (0.801-66.43) 
0.0869 

ns 

Recessive  

GG+GC 

CC 

39(84.78%) 17(68%) - - 

7(15.22%) 8(32%) 2.622 (0.88-8.1) 
0.1305 

ns 

G allele 48(52.17%) 18(36%) - - 

C allele 44(47.82%) 32(64%) 1.939 (0.968-3.84) 
0.0789 

ns 
 

Fisher's exact test 
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Table 8. The association of miRNA146a-Genotypes with tumor characteristics
 

. 

 

 

 

 

 

 

 

 

 

 

 
 

a
 Kruskal-Wallis’s test followed by Dunn's multiple comparisons test 

Chi-square Tumor size are represented as median (maximum-minimum). 

Table 9: The association of EGFR 18 and 19 with tumor characteristics 

Variables 

EGFR 18 OR 
p-

values 
EGFR 19 OR 

p-

values 

Mutated 

Type 

Non-

Mutated 

Type 

 

 

 

 

Mutated 

Type 

Non-

Mutated 

Type 

  

Gender   

Male 34 23 
1.26 0.76 

27 30 
0.56 0.54 

Female 7 6 8 5 

Tumor size 
1 (0.3-

10.2) 

1 (0.02-

9) 
 0.64 

a
 1 (0.3-9) 

1 (0.02-

102) 
 0.35 

a
 

Histological 

Type 

(NSCLC) 

  

ADC 23 10 

 
 

0.203 

17 16 

 
 

0.521 
SCC 16 17 15 18 

LCS 2 2 3 1 
a Mann Whitney test, Chi-square test, OR Odd Ratio 

Table 10: The association of EGFR 20 and 21 with tumor characteristics 

Variables 

EGFR 20 OR 
p-

values 
EGFR 21 OR 

p-

values 

Mutated 

Type 

Non-

Mutated 

Type 

 

 

 

 

Mutated 

Type 

Non-

Mutated 

Type 

  

Gender         

Male 57 0 
4.25 1 

56 1 
1.39 1 

Female 13 0 13 0 

Tumor size 
1 (0.4-

10.2) 
-  - 

1 (0.04-

10.2) 
-  - 

Histological 

Type 

(NSCLC) 

 

ADC 34 0 

  

34 0 

 

 

0.547 

 

SCC 32 0 31 1 

LCS 4 0 4 0 

Variables 
MiRNA146a-Genotypes p-values 

GG (%) GC (%) CC (%)  

Gender   

Male 8 23 5 
0.658 ns 

Female 1 7 2 

Tumor size (cm) 0.6 (0.04-8) 1 (0.02-10.2) 5 (1.3-9) 0.0293 
* a 

Histological Type 

(NSLC) 
  

ADC 3 19 4  

5.472 ns 

 

SCC 6 8 2 

LCS 0 3 1 
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Table.11: The association of miRNA 146a genotypes and EGFR exons together with lung cancer 

 

 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Illustrates 2% agarose gel electrophoresis for PCR products of miRNA146a rs2910164G>C gene polymorphism by the 

allele-specific polymerase chain reaction (AS-PCR) method:  

Panel I for C allele and for G allele of lung cancer (NSCLC) patients, while Panel II for C allele and for G allele of normal 

person (healthy). Genotypes were typed as CC and GG depending on the development of 249 bp and 168 bp bands, respectively, 

when allele-specific primers for or allele C (as CC) or allele G (as GG) were used. Samples were categorized as heterozygotes 

(GA) when bands were detected with both the primers. Lane L represent DNA Ladder. The lane 1 is CC genotype, lane 9 is GG 

genotype, lane 16 is GC genotype were shown in the Panel I figure 4. 

 

 

miRNA 146a 

Exons of EGFR 
 

Mutated 

 

Non-

Mutated 
OR p-values 

EGFR18 

1.75 

 

0.6942 ns 

 

GC and CC (Mutated 

Type) 
6 2 

GG (Wild Type) 24 14 

 
EGFR19 OR p-values 

GC and CC (Mutated 

Type) 
18 6 

1.400 
0.6079 ns 

 
GG (Wild Type) 15 7 

 
EGFR20 OR p-values 

GC and CC (Mutated 

Type) 
30 7 

2.143 0.3471 ns 

GG (Wild Type) 6 3 

 
EGFR21 OR p-Values 

GC and CC (Mutated 

Type) 
33 6 

4.125 0.0916 ns 

GG (Wild Type) 4 3 

Panel I 
Panel II 
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Figure 5. The comparison of the EGFR gene exons according to the histological type.  

 

4. DISCUSSION 

In the Kurdistan region of Iraq, the lung 

cancer continues to be a major cause of morbidity 

and mortality of all other cancers, with an 

increasing incidence in recent years. In Iraq, lung 

cancer account for 11.8% overall mortality rate 

across all malignant cancers, and 80% of lung 

cancer cases have NSCLC (Aldujaily et al., 2020) 

and lung cancer is the top most common type of 

cancer diagnosed in Kurdistan region as compared 

to other regions of Iraq (M-amen et al., 2022). The 

most commonly used treatment regime for 

NSCLC is chemotherapy, but it does not greatly 

increase the survival rates. EGFR-TKIs are 

currently the most successful molecularly targeted 

therapy for NSCLC that may enhance patients' 

overall health. NSCLC Patients with EGFR gene 

mutations can benefit significantly from EGFR-

TKIs, but patients without mutations have not 

shown effective outcomes. Thus, prior to using an 

EGFR-TKI in lung cancer patients, the genetic 

profiling of the EGFR gene of patients should be 

done (Petrek and Yu, 2019). miRNAs are 

emerging as novel biological markers for several 

types of cancer detection. Studies have reported 

that miRNA can alter or suppress the functions of 

several coding and cancer-related genes including 

EGFR. miRNA has been found to play an 

important role in the EGFR signaling pathway. 

Dysregulation of EGFR signaling can lead to the 

development of lung cancer (Javid et al., 2019). 

Thus, miRNAs can act as oncomiRs i.e., involved 

in oncogenesis or tumor suppressors by regulation 

of the signaling pathway of EGFR. However, 

NSCLC showed both a reduced expression of 

tumor-suppressive miRNAs and increased 

production of oncogenic miRNAs (Inamura and 

Ishikawa, 2016).  

In the current study, these EGFR gene 

exons and miRNA genes were found to be 

positively correlated in lung cancer patients based 

on the correlation of miRNA-146a genotypes with 

all EGFR exons. The findings of the correlation 

between all EGFR exons and miRNA-146a 

genotypes in lung cancer patients indicated a 

positive relationship between these EGFR gene 

exons and miRNA genes. Thus, the occurrence of 

the mutated EGFR exons in lung cancer patients 

with any of the genotypes has affected but only a 

slight association with lung cancer was found. 

In the present study, the odds ratio for the 

association between the EGFR gene exons and 

miRNA gene in lung cancer patients is greater than 

1. It means that there was a potential positive 

relationship between these genes and lung cancer. 

In other words, it exhibited that there might be a 

positive relationship between EGFR and miRNA 

genes, suggesting that increased expression or 

activity of EGFR gene is associated with altered 

expression or regulation of miRNA genes in lung 

cancer. This suggests that these genes might play 
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a role in the development or progression of lung 

cancer.  

However, the p-value being more than 

0.05 indicated that the observed association 

between the EGFR gene and miRNA gene might 

not be statistically strong significant at the 

conventional p-value threshold of 0.05 and could 

potentially be due to chance (random variation in 

the data) or might not represent a true association 

between the EGFR and miRNA146 genes and lung 

cancer patients. 

However, previous studies have reported a 

significant association of miRNA-146a with lung 

cancer. Javid et al. (2019) in their study reported 

that the risk of lung cancer onset is correlated with 

a mutation in the miRNA-146a gene (Javid et al., 

2019). According to the results of this study, in 

comparison to healthy individuals, lung cancer 

patients had a considerably greater percentage of 

the miRNA-146a CC homozygous genotype. The 

miRNA-146a CC genotype was found to be 

associated with a 4.3 times higher chance of lung 

cancer development. The frequency of 

the miRNA-146a C allele was higher in all lung 

cancer stages i.e., I-IV and histological grades. 

Also, the frequency of the C allele was much 

higher in SCC patients as compared to 

ADC patients. In another study, pre-miRNA-

146a C to G polymorphism (rs2910164) was 

observed to be associated with the risk of 

developing lung cancer in the Korean population 

(Jeon et al., 2014). Additionally, the expression 

level of miRNA-146a has been demonstrated to be 

downregulated in lung cancers. Also, in lung 

cancer cell lines including H358, H1650, H1975, 

HCC827, and H292 miR-146a were found to 

be overexpressed that causing the suppression 

of the EGFR downstream signaling pathways and 

decreasing cell proliferation and migration. 

Notably, induced expression of miRNA-146a may 

improve the potential of monoclonal antibody 

therapies such as cetuximab and EGFR-TKIs 

including gefitinib, erlotinib, and afatinib to 

suppress the proliferation of cells by targeting the 

EGFR and NF-kB signaling pathways (Chen et 

al., 2013). 

Moreover, conflicting results were found 

in investigations of NSCLC. The function of 

miRNA-146a appears to vary depending on the 

cancer type. The risk of breast cancer was shown 

to be indirectly linked with the miR146 mutant 

allele (Alshatwi et al., 2012). In the case of 

anaplastic papillary thyroid cancer and tissues 

from cervical, miR-146a was found to be 

overexpressed (He et al., 2005; Wang et al., 

2008). According to one study, NSCLC tissues 

have decreased miRNA-146a-5p expression (Chen 

et al., 2013) whereas a different investigation 

found that the higher miRNA-146a-5p serum level 

in NSCLC patients (Chen et al., 2013). It was also 

reported that NSCLC cells with transfected 

miRNA-146a mimic showed the downregulation 

of EGFR mRNA, however, transfection of 

miRNA-146a inhibitor showed opposite results 

EGFR mRNA. Moreover, an increased level of 

miR-146a was found to be linked with longer 

progression-free survival in tissues of NSCLC 

patients.  

Thus, miRNA-146a acts as a potential 

biomarker for NSCLC diagnosis and treatment 

(Chen et al., 2013). However, both in vivo and in 

vitro studies have reported the usefulness of 

miRNA therapy to reduce the drug resistance 

against EGFR-TKIs of tumor cells. In NSCLC, 

the miRNA-146a expression has been reported to 

boost the curative efficacy of EGFR-TKIs such as 

cetuximab, gefitinib, erlotinib, and afatinib 

(Zhong et al., 2010). The reactivation of miR-146a 

in NSCLC cell lines improved the resistance to 

cisplatin, cell cycle halt, cell proliferation 

inhibition, and apoptosis of cells. Further research 

revealed that miR-146a directly regulated cyclin J, 

resulting in these outcomes (Shi et al., 2017). 

DDP-resistant (cisplatin) NSCLC samples and cell 

lines (A549, Calu-1) were found to have 

continuously reduced the levels of miR-146a 

expression as well as higher levels of NF-kB 

activity and TNF signaling adapter proteins like 

TRAF6 and IRAK1. miRNA-146a was found to 

modulate DDP sensitivity by preventing activation 

of the NF-kB inflammation pathway (Jiang et al., 

2017). Consequently, when combined with 

conventional chemotherapeutic drugs, miRNA-

146a acts as a new approach to decrease resistance 

against cisplatin in NSCLC patients.  

 

5. CONCLUSION 

In conclusion, our study found more likely 

to get and effect on susceptibility lung cancer 

disease with a nearly significant association of 

miRNA-146a rs2910164 C˃G polymorphism with 

EGFR mutation in NSCLC patients in the 

Kurdistan region of Iraq. Thus, miRNA-146a 

could serve as a biomarker for the diagnosis and 

treatment of NSCLC. It's important to note that 

the understanding of presented results should 

consider other factors such as the sample size, the 

specific study design and potential confounding 
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variables and other factors. Additionally, 

replication of findings in independent studies is 

crucial to establish the validity of the association 

and might evolve over time as new evidence 

emerges. Further recent researches are needed to 

confirm and understand the relationship between 

these genes in the situation of lung cancer 

(NSCLC). However, further investigations 

comprising large-scale patient specimens are 

necessary to understand miRNA-146a-

dependent EGFR gene regulation in a cancer 

microenvironment influenced by the immune 

system and other microenvironmental components 

to validate its therapeutic use. 

 

References: 
AKHTAR, N. & BANSAL, J. G. 2017. Risk factors of Lung 

Cancer in nonsmoker. Current problems in cancer, 

41, 328-339. 

AL ALWAN, N. A. 2022. General oncology care in Iraq. 

Cancer in the Arab World. Springer Singapore 

Singapore. 

ALDUJAILY, E., DUABIL, A., ABBAS ZWAIN, K. M., 

FATLAWI, H. K., AL-BEHADILI, A., 

SAABERY, E. A., ALWAAELY, Y. A., 

JOBOURY, S. A., QASSID, O. L. & KELABI, L. 

A. 2020. Pattern and distribution of cancers in areas 

of Iraq exposed to depleted uranium. medRxiv, 

2020.04. 10.20060475. 

ALSHATWI, A. A., SHAFI, G., HASAN, T. N., SYED, N. 

A., AL-HAZZANI, A. A., ALSAIF, M. A. & 

ALSAIF, A. A. 2012. Differential expression 

profile and genetic variants of microRNAs 

sequences in breast cancer patients. PloS one, 7, 

e30049. 

BARBATO, S., SOLAINI, G. & FABBRI, M. 2017. 

MicroRNAs in oncogenesis and tumor suppression. 

International review of cell and molecular biology, 

333, 229-268. 

BENBRAHIM, Z., ANTONIA, T. & MELLAS, N. 2018. 

EGFR mutation frequency in Middle East and 

African non-small cell lung cancer patients: a 

systematic review and meta-analysis. BMC cancer, 

18, 1-6. 

BERGHMANS, T., AMEYE, L., WILLEMS, L., 

PAESMANS, M., MASCAUX, C., LAFITTE, J.-

J., MEERT, A.-P., SCHERPEREEL, A., CORTOT, 

A. & CSTOTH, I. 2013. Identification of 

microRNA-based signatures for response and 

survival for non-small cell lung cancer treated with 

cisplatin-vinorelbine A ELCWP prospective study. 

Lung Cancer, 82, 340-345. 

BOUSTANY, Y., LARAQUI, A., EL RHAFFOULI, H., 

BAJJOU, T., EL MCHICHI, B., EL ANAZ, H., 

AMINE, I. L., CHAHDI, H., OUKABLI, M., 

SOUHI, H., ELOUAZZANI, H., RHORFI, I. A., 

ABID, A., MAHFOUD, T., TANZ, R., ICHOU, 

M., ENNIBI, K., BELKADI, B. & SEKHSOKH, 

Y. 2022. Prevalence and Patterns of EGFR 

Mutations in Non-small Cell Lung Cancer in the 

Middle East and North Africa. Cancer Control, 29, 

10732748221129464. 

CHEN, G., UMELO, I. A., LV, S., TEUGELS, E., 

FOSTIER, K., KRONENBERGER, P., 

DEWAELE, A., SADONES, J., GEERS, C. & DE 

GRÈVE, J. 2013. miR-146a Inhibits Cell Growth, 

Cell Migration and Induces Apoptosis in Non-

Small Cell Lung Cancer Cells. PLOS ONE, 8, 

e60317. 

CHHIKARA, B. S. & PARANG, K. 2023. Global Cancer 

Statistics 2022: the trends projection analysis. 

Chemical Biology Letters, 10, 451-451. 

CHONG, L. 2001. Molecular cloning. Science, 292, 446-

446. 

CONSORTIUM, A. P. G., CONSORTIUM, A. P. G., 

ANDRÉ, F., ARNEDOS, M., BARAS, A. S., 

BASELGA, J., BEDARD, P. L., BERGER, M. F., 

BIERKENS, M. & CALVO, F. 2017. AACR 

Project GENIE: powering precision medicine 

through an international consortium. Cancer 

discovery, 7, 818-831. 

FUJINO, S., ENOKIBORI, T., TEZUKA, N., ASADA, Y., 

INOUE, S., KATO, H. & MORI, A. 1996. A 

comparison of epidermal growth factor receptor 

levels and other prognostic parameters in non-small 

cell lung cancer. European Journal of Cancer, 32, 

2070-2074. 

GALKA-MARCINIAK, P., URBANEK-TRZECIAK, M. 

O., NAWROCKA, P. M., DUTKIEWICZ, A., 

GIEFING, M., LEWANDOWSKA, M. A. & 

KOZLOWSKI, P. 2019. Somatic mutations in 

miRNA genes in lung cancer—potential functional 

consequences of non-coding sequence variants. 

Cancers, 11, 793. 

GREEN, M. R. & SAMBROOK, J. 2019. Analysis of DNA 

by agarose gel electrophoresis. Cold Spring Harbor 

Protocols, 2019, pdb. top100388. 

HE, H., JAZDZEWSKI, K., LI, W., LIYANARACHCHI, 

S., NAGY, R., VOLINIA, S., CALIN, G. A., LIU, 

C.-G., FRANSSILA, K. & SUSTER, S. 2005. The 

role of microRNA genes in papillary thyroid 

carcinoma. Proceedings of the National Academy 

of Sciences, 102, 19075-19080. 

HODOGLUGIL, U., CARRILLO, M. W., HEBERT, J. M., 

KARACHALIOU, N., ROSELL, R. C., ALTMAN, 

R. B. & KLEIN, T. E. 2013. PharmGKB summary: 

very important pharmacogene information for the 

epidermal growth factor receptor. Pharmacogenet 

Genomics, 23, 636-42. 

HUSSAIN, A. M. & LAFTA, R. K. 2021. Cancer trends in 

Iraq 2000–2016. Oman medical journal, 36, e219. 

IACONA, J. R., MONTELEONE, N. J. & LUTZ, C. S. 

2018. miR-146a suppresses 5-lipoxygenase 

activating protein (FLAP) expression and 

Leukotriene B4 production in lung cancer cells. 

Oncotarget, 9, 26751. 

INAMURA, K. & ISHIKAWA, Y. 2016. MicroRNA in 

lung cancer: novel biomarkers and potential tools 

for treatment. Journal of clinical medicine, 5, 36. 

JAVID, J., MIR, R. & ABU-DUHIER, F. 2019. MicroRNA-

146a Gene Polymorphism is Associated with an 

Increased Susceptibility to Lung Cancer Disease: A 

Case-control Study. SCOPUS IJPHRD CITATION 

SCORE, 10, 397. 



187 

 

Mahmud. O . and. Aali M. /ZJPAS: 2023, 35 (SpD): 174-188 
 

ZANCO Journal of Pure and Applied Sciences 2023 

 

 

JEON, H.-S., LEE, Y. H., LEE, S. Y., JANG, J.-A., CHOI, 

Y.-Y., YOO, S. S., LEE, W. K., CHOI, J. E., SON, 

J. W. & KANG, Y. M. 2014. A common 

polymorphism in pre-microRNA-146a is associated 

with lung cancer risk in a Korean population. Gene, 

534, 66-71. 

JIANG, P., JIA, W., WEI, X., ZHANG, X., WANG, C., LI, 

B., SONG, T., YANG, J., ZHU, D. & MENG, Y. 

2017. MicroRNA-146a regulates cisplatin-

resistance of non-small cell lung cancer cells by 

targeting NF-κB pathway. International Journal of 

Clinical and Experimental Pathology, 10, 11545. 

KHAN, R., ABBASI, S. A., MANSOOR, Q., AHMED, M. 

N., MIR, K. B. & BAIG, R. M. 2022. Analysis of 

Rare Alleles of miRNA-146a (rs2910164) and 

miRNA-34b/c (rs4938723) as a Prognostic Marker 

in Thyroid Cancer in Pakistani Population. 

Diagnostics, 12, 2495. 

KIRK, G. D., MERLO, C., O'DRISCOLL, P., MEHTA, S. 

H., GALAI, N., VLAHOV, D., SAMET, J. & 

ENGELS, E. A. 2007. HIV infection is associated 

with an increased risk for lung cancer, independent 

of smoking. Clinical Infectious Diseases, 45, 103-

110. 

M-AMEN, K., ABDULLAH, O., AMIN, A., MOHAMED, 

Z., HASAN, B., SHEKHA, M., NAJMULDEEN, 

H., RAHMAN, F., HOUSEIN, Z. & SALIH, A. 

2022. Cancer Incidence in the Kurdistan Region of 

Iraq: Results of a Seven-Year Cancer Registration 

in Erbil and Duhok Governorates. Asian Pacific 

Journal of Cancer Prevention: APJCP, 23, 601-

615. 

MASSARELLI, E., JOHNSON, F. M., ERICKSON, H. S., 

WISTUBA, I. I. & PAPADIMITRAKOPOULOU, 

V. 2013. Uncommon epidermal growth factor 

receptor mutations in non-small cell lung cancer 

and their mechanisms of EGFR tyrosine kinase 

inhibitors sensitivity and resistance. Lung Cancer, 

80, 235-241. 

MOHAMED, R. H., PASHA, H. F., GAD, D. M. & TOAM, 

M. M. 2019. miR-146a and miR-196a-2 genes 

polymorphisms and its circulating levels in lung 

cancer patients. The journal of biochemistry, 166, 

323-329. 

Nawaz, K. and Webster, R.M., 2023. The non-small-cell 

lung cancer drug market. Nature reviews. Drug 

Discovery. 

O’KEEFFE, L. M., TAYLOR, G., HUXLEY, R. R., 

MITCHELL, P., WOODWARD, M. & PETERS, 

S. A. 2018. Smoking as a risk factor for lung 

cancer in women and men: a systematic review and 

meta-analysis. BMJ open, 8, e021611. 

OLIVER, A. L. 2022. Lung cancer: epidemiology and 

screening. Surgical Clinics, 102, 335-344. 

PASELLO, G., SCATTOLIN, D., BONANNO, L., 

CAUMO, F., DELL'AMORE, A., SCAGLIORI, E., 

TINÈ, M., CALABRESE, F., BENATI, G., 

SEPULCRI, M., BAIOCCHI, C., MILELLA, M., 

REA, F. & GUARNERI, V. 2023. Secondary 

prevention and treatment innovation of early stage 

non-small cell lung cancer: Impact on diagnostic-

therapeutic pathway from a multidisciplinary 

perspective. Cancer Treatment Reviews, 116, 

102544. 

PETREK, H. & YU, A. M. 2019. MicroRNAs in non‐small 

cell lung cancer: Gene regulation, impact on cancer 

cellular processes, and therapeutic potential. 

Pharmacology research & perspectives, 7, e00528. 

PRADHAN, R., SINGHVI, G., DUBEY, S. K., GUPTA, G. 

& DUA, K. 2019. MAPK pathway: a potential 

target for the treatment of non-small-cell lung 

carcinoma. Future Med Chem, 11, 793-795. 

QIU, H., XIE, Z., TANG, W., LIU, C., WANG, Y., GU, H. 

& ZHENG, Q. 2021. Association between 

microRNA-146a,-499a and-196a-2 SNPs and non-

small cell lung cancer: a case–control study 

involving 2249 subjects. Bioscience Reports, 41. 

QIU, L.-X., HE, J., WANG, M.-Y., ZHANG, R.-X., SHI, 

T.-Y., ZHU, M.-L., MAO, C., SUN, S., LV, F.-F. 

& ZHENG, C.-L. 2011. The association between 

common genetic variant of microRNA-146a and 

cancer susceptibility. Cytokine, 56, 695-698. 

RAMADHAN, H. H., TAABAN, D. F. & HASSAN, J. K. 

2021. The Frequency of Epidermal Growth Factor 

Receptor (EGFR) mutations in Iraqi patients with 

Non-Small Cell Lung Cancer (NSCLC). Asian 

Pacific Journal of Cancer Prevention: APJCP, 22, 

591. 

RUSSELL, D. W. & SAMBROOK, J. 2001. Molecular 

cloning: a laboratory manual, Cold Spring Harbor 

Laboratory Cold Spring Harbor, NY. 

SHAFAT, Z., AHMED, M. M., ALMAJHDI, F. N., 

HUSSAIN, T., PARVEEN, S. & AHMED, A. 

2022. Identification of the Key miRNAs and Genes 

Associated with the Regulation of Non-Small Cell 

Lung Cancer: A Network-Based Approach. Genes, 

13, 1174. 

SHARMA, S. V., BELL, D. W., SETTLEMAN, J. & 

HABER, D. A. 2007. Epidermal growth factor 

receptor mutations in lung cancer. Nature Reviews 

Cancer, 7, 169-181. 

SHI, L., XU, Z., WU, G., CHEN, X., HUANG, Y., WANG, 

Y., JIANG, W. & KE, B. 2017. Up-regulation of 

miR-146a increases the sensitivity of non-small cell 

lung cancer to DDP by downregulating cyclin J. 

BMC cancer, 17, 1-14. 

SIEGEL, R. L., MILLER, K. D., FUCHS, H. E. & JEMAL, 

A. 2022. Cancer statistics, 2022. CA: a cancer 

journal for clinicians, 72, 7-33. 

TALUKDAR, F. R., ABRAMOVIĆ, I., CUENIN, C., 

CARREIRA, C., GANGANE, N., SINCIC, N. & 

HERCEG, Z. 2022. A protocol for good quality 

genomic DNA isolation from formalin-fixed 

paraffin-embedded tissues without using 

commercial kits. Molecular Biology Reports, 49, 

4115-4121. 

TAN, W., LIAO, Y., QIU, Y., LIU, H., TAN, D., WU, T., 

TANG, M., ZHANG, S. & WANG, H. 2018. 

miRNA 146a promotes chemotherapy resistance in 

lung cancer cells by targeting DNA damage 

inducible transcript 3 (CHOP). Cancer Letters, 

428, 55-68. 

WANG, X., TANG, S., LE, S.-Y., LU, R., RADER, J. S., 

MEYERS, C. & ZHENG, Z.-M. 2008. Aberrant 

expression of oncogenic and tumor-suppressive 

microRNAs in cervical cancer is required for 

cancer cell growth. PloS one, 3, e2557. 

WANI, J. A., MAJID, S., KHAN, A., ARAFAH, A., 

AHMAD, A., JAN, B. L., SHAH, N. N., KAZI, M. 



188 

 

Mahmud. O . and. Aali M. /ZJPAS: 2023, 35 (SpD): 174-188 

ZANCO Journal of Pure and Applied Sciences 2023 

 

 

& REHMAN, M. U. 2021. Clinico-pathological 

importance of miR-146a in lung cancer. 

Diagnostics, 11, 274. 

WILCZYŃSKI, M., ŻYTKO, E., SZYMAŃSKA, B., 

DZIENIECKA, M., NOWAK, M., DANIELSKA, 

J., STACHOWIAK, G. & WILCZYŃSKI, J. R. 

2017. Expression of miR-146a in patients with 

ovarian cancer and its clinical significance. 

Oncology letters, 14, 3207-3214. 

XIAO, S., SUN, S., LONG, W., KUANG, S., LIU, Y., 

HUANG, H., ZHOU, J., ZHOU, Y. & LU, X. 

2018. A meta-analytic review of the association 

between two common SNPs in miRNAs and lung 

cancer susceptibility. OncoTargets and therapy, 

2419-2427. 

YI, Q. Q., YANG, R., SHI, J. F., ZENG, N. Y., LIANG, D. 

Y., SHA, S. & CHANG, Q. 2020. Effect of 

preservation time of formalin-fixed paraffin-

embedded tissues on extractable DNA and RNA 

quantity. J Int Med Res, 48, 300060520931259. 

ZHAN, B., LU, D., LUO, P. & WANG, B. 2016. Prognostic 

Value of Expression of MicroRNAs in Non-Small 

Cell Lung Cancer: A Systematic Review and Meta-

Analysis. Clinical laboratory, 62, 2203-2211. 

ZHENG, H.-Y., WANG, H.-B., SHEN, F.-J., TONG, Y.-Q., 

YAO, Q., QIAO, B., SUN, S. & LI, Y. 2020. 

EGFR gene mutation and methodological 

evaluation in 399 patients with non-small cell lung 

cancer. Current Medical Science, 40, 78-84. 

ZHONG, M., MA, X., SUN, C. & CHEN, L. 2010. 

MicroRNAs reduce tumor growth and contribute to 

enhance cytotoxicity induced by gefitinib in non-

small cell lung cancer. Chemico-Biological 

Interactions, 184, 431-438. 

 


