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ABSTRACT 
 

Background: MiR-34a and miR-126 mainly act as tumor suppressors and are 
often downregulated in various cancers, including NSCLC. We aimed to 
determine the methylation status of miR-34a and miR-126 in NSCLC patients. 
Methods: The current study included 63 paraffin-embedded NSCLC and 
paired adjacent normal tissues. After DNA extraction and bisulfite treatment, 
the methylation status of miR-34a and miR-126 were evaluated using the 
MSP method. 
Results: There was no statistically significant difference between tumor and 
normal tissues regarding the methylation status of miR-34a and miR-126  
(p > 0.05). Moreover, we found no significant correlation between the 
methylation status of miR-34a and miR-126 with patients’ demographic 
parameters, including gender, age, and pathology subtype (p > 0.05). 
Conclusion: Considering the low expression of mir-126 and mir-34 in NSCLC, 
more sensitive methods are recommended to be exploited for detecting the 
level of methylation or underlying mechanisms other than promoter 
hypermethylation in silencing these genes in NSCLC. DOI: 10.61186/ibj.3845 
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INTRODUCTION 

 
ung cancer is the leading cause of cancer 

morbidity and mortality  worldwide[1]. 

Histologically, this cancer is classified into two 

types: NSCLC and SCLC, which the former is the most 

common type and accounts for 80-85% of lung cancers. 

Recurrent loss-of-function mutations in tumor 

suppressor genes such as TP53, and also the aberrant 

expression of miRNA has frequently been found in 

NSCLC.  

MicroRNAs, small non-coding RNAs with an average 

22 nucleotides in length, play a tumor suppressive or 

oncogenic role in various types of cancers. These genes 

are recognized as prognostic markers and/or potential 

therapeutic targets in cancers. For instance, miR-126, 

located in the seventh intron of the EGFL7 on 

chromosome 9, has fundamental roles in angiogenesis 

and inflammation, and its expression decreases in 

colorectal, gastric, esophageal, and pancreatic 

cancers[3]. It has been shown that the miR-34 family 

suppresses tumor growth by inhibiting the processes that 

stimulate cancer development. The emerging role of 

miR-34a has been revealed in cancer cell response to 

chemotherapy agents and treatment resistance. It has 

also been reported that miR-34a is downregulated in 

tumor cells due to 1p36 deletion (in neuroblastoma) or 

methylation of CpG islands in its promoter, particularly 

in breast, lung, kidney, and bladder cancers[4]. 

Altogether, miR-34a and miR-126 often have tumor-
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suppressive functions, and their expressions could be 

reduced through epigenetic mechanisms such as 

promoter hypermethylation.  

According to existing evidence on decreasing 
expression of miR-34a and miR-126 in lung cancer, and 

the biological and pathological significance of these two 

miRNAs, we hypothesized that their promoter is 

hypermethylated in NSCLC tumor tissues compared to 

normal tissues. Therefore, the present study aimed to 
evaluate the methylation status of mir-34a and mir-126 

in NSCLC patients. 
 

 

MATERIALS AND METHODS 

 

Sample collection 

In the study, a total of 63 FFPE blocks of NSCLC and 

matched adjacent normal tissues were gathered from 

Masih Daneshvari Hospital, Tehran, Iran. Patients' 

clinical information is summarized in Table 1. 

 

DNA extraction and real-time PCR  
Genomic DNA from FFPE samples was extracted 

utilizing a DNA extraction kit (Yekta Tajhiz Azma, 

Iran) following the manufacturer's instructions. 

Qualitative and quantitative analyses of the extracted 

DNA was performed using a spectronanophotometer 

(BioTek, USA) and running on 1% agarose gel 

electrophoresis. Additionally, a PCR on a fragment of 

GAPDH gene was performed and electrophoresed on an 

agarose gel to confirm the integrity of DNA. 

 

Bisulfite treatment of genomic DNA and MSP  

Bisulfite conversion of genomic DNA was performed 

using a EZ DNA Methylation-Gold Kit (Zymo 

Research, USA) according to the manufacturer’s 

instructions. Briefly, 2 μg of genomic DNA was treated 

with sodium bisulfite. The sequence of CpG island was 

predicted using the UCSC Genome Browser 

(https://genome.ucsc.edu/) and MethPrimer (https:// 

www.urogene.org/methprimer/). MSP was used to 

evaluate the CpG island methylation status in mir-126 

and mir-34. In this context, bisulfite-treated DNAs were 

amplified using MSP primers specific for the 

methylated (M) and unmethylated (U) DNA, 

respectively.  The  primer  sequences  provided  were  as  
 
 
 

           Table 1. Association of methylation status of miR-126 and miR-34a with patients’ clinical characteristics 

Characteristics 

miR-126  miR-34a 

Methylated 

N (%) 

Unchanged 

N (%) 

p 

value 

 Methylated 

N (%) 

Unchanged 

N (%) 

p 

value 

Gender 

Male 

Female 

  
 

0.416 

    

16 (36.4) 28 (63.6)  5 (83.3) 39 (16.7) 
0.452 

9 (47.4) 10 (52.6)  1 (31.6) 18 (68.4) 

        

Age group 

<50 

≥50 

  
 

0.194 

    

9 (52.9) 8 (47.1)  2 (11.8) 15 (88.2) 
0.714 

16 (34.8) 30 (65.2)  4 (8.7) 42 (91.3) 

        

Involved pulmonary lobe 

Lower left 

Lower right 

Upper left 

Upper right 

  

 

0.405 

    

10 (40.0) 15 (60.0)  5 (20.0) 20 (80.0)  

0.274 10 (50.0) 10 (50.0)  1 (5.0) 19 (95.0) 

2 (33.3) 4 (66.7)  0 (0.0) 6 (100.0) 

0 (0.0) 3 (100.0)  0 (0.0) 3 (100.0) 

        

Tumor stage 

IB 

IIA 

IIB 

IIIA 

IIIB 

  

 

< 0.0001 

    

0 (0.0) 3 (100.0)  1 (33.3) 2 (66.7)  

 

0.247 

5 (55.6) 4 (44.4)  2 (22.2) 7 (77.8) 

0 (0.0) 23 (100.0)  2 (8.7) 21 (91.3) 

10 (83.3) 2 (16.7)  0 (0.0) 12 (100.0) 

3 (60.0) 2 (40.0)  0 (0.0) 5 (100.0) 

        

TNM 

TXN0M0 

TXNXM0 

TXNXMX 

  

 

0.530 

    

9 (37.5) 15 (62.5)  2 (8.3) 22 (91.7)  

0.813 10 (40.0) 15 (60.0)  3 (12.0) 22 (88.0) 

0 (0.0) 2 (100.0)  0 2 (100.0) 

        

Tumor pathology 

AD 

SCC 

  
 

0.005 

    

20 (51.3) 19 (48.7)  3 (7.7) 36 (92.3) 
0.626 

2 (11.8%) 15 (88.2%)  2 (11.8) 15 (88.2) 
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follows: F: 5'- TTGGTTTTGGGTAGGTGTGTTTT-3' 

and R: 5'-AATCCTCATCCCCTTCACCACCA-3' for 

miR-34U,     F: 5'-GGTTTTGGGTAGGCGCGTTTC-3' 
and R: 5'-TCCTCATCCCCTTCACCGCCG-3' for 

miR-34M, F: 5'-GTGGTGGTGGTGTGTGTGTGTTT-

3' and R: 5'-CTCAACCCAACCCAAACAACAACCA-

3' for miR-126U, and F: 5'-GCGGCGCGTGCGCG 

TTT-3' and R: 5'-CCAACCCGAACGACGACCG-3' 
for miR-126M. Moreover, DNA extracted from a blood 

sample was used as unmethylated control, and 

enzymatically treated DNA with CpG methyltransferase 

(M. SssI; Thermo Fisher Scientific, USA) was used as 
fully methylated genomic DNA. The MSP reaction was 

performed in a total volume of 20 μl. To evaluate the 

sensitivity of MSP, serial dilutions of template DNA 

was prepared with different ratios of methylated and 

unmethylated control DNA. The density of the PCR 

product bands were visualized and analyzed by ImageJ 

software. The reactions were carried out for methylated 

and unmethylated primers in two different tubes. PCR 
products were electrophoresed on 2% agarose gel and 

visualized under UV illumination. 

 

Statistical analysis 
An IBM SPSS 23.0 statistics software was employed 

to analyze the obtained data. In descriptive statistics, 

mean and standard deviation were used for quantitative 

and percentage, and frequency was utilized for 

qualitative data. In the assessment of the data, the chi-

square (χ2) and Wilcoxon signed-rank tests were 

applied to compare the categorical data and intragroup 

comparisons, respectively. p values less than 0.05 were 

considered as statistically significant.  

 

  
 

 

 

 

Fig. 1. Evaluation of MSP method sensitivity for mir-34a CpG island. (A) Lanes 1 and 2: a ratio of 1:99 (1% fully methylated DNA 

plus 99% unmethylated DNA); lanes 3 and 4: a ratio of 5:95; lanes 5 and 6: a ratio of 10:90; lanes 7 and 8: a ratio of 20:80; lanes 9 and 
10: ratio of 35:65; lanes 11 and 12: a ratio of 60:40; lanes 13 and 14: a ratio of 100:0. (B). Electrophoresis of MSP products for miR-

34a. Lanes 1 (unmethylated DNA plus miR-34U) and 2 (unmethylated DNA plus miR-34M) are negative controls; lanes 3 (methylated 
DNA plus miR-34U) and 4 (methylated DNA plus miR-34M) are positive controls; lanes 5 and 6 are related to the unmethylated and 

methylated primers of miR-34a in DNA samples of normal tissues, respectively; lanes 7 and 8 are related to the unmethylated and 
methylated primers of miR-34a in DNA samples of normal tissues, respectively. A 50 bp DNA ladder was utilized according to the 

length of the products. (C) Electrophoresis picture of MSP for miR-126. Lanes 1 (unmethylated DNA plus miR-126U) and 2 
(unmethylated DNA plus miR-126M) are negative controls; lanes 3 (methylated DNA plus miR-126U) and 4 (methylated DNA plus 

miR-126M) are positive controls (in lane 4, the upper band is non-specific); lanes 5 and 6 are related to the unmethylated and methylated 
primers of miR-126 in DNA samples of normal tissues, respectively; lanes 7 and 8 are related to the unmethylated and methylated 

primers of miR-126 in DNA samples of normal tissues, respectively (in lanes 6 and 8, the bottom band is non-specific). A 50 bp DNA 
ladder was utilized according to the length of the products. 

(A) (B) 

(C) 
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RESULTS 

 

In this study, the methylation status of CpG islands of 

mir-34a and mir-126 promoters in 63 FFPE of NSCLC 

and paired adjacent normal tissues were investigated by 

MSP. The mean age of the patients at the diagnosis time 

was 54 ± 12.54. For sensitivity assessment of the MSP 

method, a serial dilution of methylated and 

unmethylated control DNAs with different ratios was 

amplified with methylated and unmethylated miR-34a 

primers in parallel. According to the results, the MSP 

technique showed a sensitivity between 1-5% for 

distinguishing methylated from unmethylated miR-34a 

DNA (Fig. 1A). Using optimized MSP method, we 

investigated the methylation status of the samples for 

mir-34a and mir-126. The results of MSP reaction for 

miR-34a and miR-126 are presented in Figure 1B and 

1C, respectively.  

The methylation status of miR-34a and miR-126 in 

NSCLC tumor samples did not show significant 

differences (p > 0.05) as compared to the adjacent 

normal tissues. The methylation status of the two 

microRNAs in the above-mentioned samples were 

examined along with the parameters of sex, pathology 

subtype of NSCLC, age, and tumor staging by Chi-

square test. As the results depicted in Table 1, the 

methylation status of miR-126 was significantly related 

to tumor stage (p < 0.0001) and tumor pathology (p = 

0.005). However, the patient's gender, age, involving 

pulmonary lobe, and TNM were not significantly 

correlated with the methylation status of miR-126 (p > 

0.05). There were also no significant differences 

between the methylation status of the miR-34a gene and 

the patient's sex and age, tumor stage, involving 

pulmonary lobe, TNM, and tumor pathology (p > 0.05; 

Table 1). 

The frequency of miR-34a methylation in 63 NSCLC 

tissues showed that miR-34a was unmethylated in 

90.5% of the samples and methylated in the remaining 

(9.5%). Also, miR-126 was unmethylated in 60.3% of 

the specimens and methylated in 39.7% (Fig. 2). 
 

 

DISCUSSION 

 

Epigenetic changes have pivotal role in cancer 

initiation and progression. In addition to DNA 

methylation and histone modifications, miRNAs play an 

important role in post-transcriptional regulation of 

protein-coding genes. The regulation of miRNA 

expression is affected by CpG island methylation, copy 

number variations, chromosomal translocations, and 

somatic mutations[5]. 

miR-34 expression is mostly regulated by the 

transcription factors and methylation status of CpG 

islands. Previous studies have shown that miR-34a is 

suppressed in different cancers through various 

molecular mechanisms, including deletion[5]. According 

to a study by Garofalo et al., it has been indicated that 

miR-34a induces apoptosis in lung cancer cells by 

targeting PDGFR-α/β[6]. In another study, the miR-34a 

expression has been demonstrated to prevent metastasis 

in NSCLC by inhibiting the growth of cancer stem 

cells[7]. P53 directly activates the expression of miR-

34a, leading to the dramatic inhibition of cell-cycle 

progression, proliferation, apoptosis induction, and 

DNA repair, as well as suppresses the angiogenesis. 

Indeed, P53 is activated in response to DNA damage and 

cellular stress, which increases miR-34a expression. It 

has been described that miR-34a and P53 positively 

affect the expression of each other[7]. TAp73 and ELK1 

are also positive regulators for miR-34a expression[8]. 

Epigenetic silencing of genes by CpG islands 

methylation in the promoter is a fundamental 

mechanism of tumor suppressor gene inactivation[9]. 

Hypermetylation of CpG sites in miR-34a promoter has 

been documented in solid tumors, including breast, 

colon, lung, bladder, kidney, and pancreas cancers and 

could serve as a prognostic and/or therapeutic 

biomarker[10]. For instance, the exposure of tumor cells 

to 5-aza-2'deoxycytidine, an inhibitor of DNA 

methyltransferase, significantly reduces the methylation 

level in CpG regions and reactivates miR-34a 

expression[8].  

The current study investigated the methylation status 

of miR-34a and miR-126 in 63 paired NSCLC tumor 

samples using the MSP technique. Methylation of miR-

34a and miR-126 was observed in 9.5% and 39.7% of 

NSCLC specimens, respectively. The MSP method had 

a sensitivity of about 1-5% for the methylation of these 

genes and could detect the methylation status of all 

DNA samples (methylated or unmethylated). However, 

MSP method can lead to false-positive results, if it is not 

 

 
Fig. 2. Evaluation of methylation status of miR-34a and miR-

126 genes in NSCLC patients.  
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completely optimized. Importantly, it is inevitable to 

optimize the MSP with positive and negative controls. 

As the results shown in the present study, the 

methylation status of miR-34a in NSCLC tissues was 

similar to the adjusted normal tissues, suggesting the 

involvement of other mechanisms.  

MiR-126 alters the biological functions of some genes 

such as PI3K, EGFL7, HOXA9, sKRAS, CRK, ADAM9, 

IRS-1, SOX-2, SLC7A5, and VEGF, as well as involves 

in inflammation, cell migration, angiogenesis, 

recurrence of cancer, and metastasis[11]. In a study 

conducted by Zhu et al., it has been exhibited that the 

expression of miR-126 decreases in NSCLC patients 

compared to normal subjects[12]. Moreover, it has been 

found that miR-126 reduces angiogenesis and 

proliferation of NSCLC by targeting VEGF[13]. On the 

other hand, it has been shown that mir-126 decreases 

proliferation and induces apoptosis in NSCLC by 

activating STAT3 and caspase-3 expression[14]. MiR-

126 is reduced in cancers by several mechanisms, 

including epigenetic modifications. Li et al. have 

indicated that the decreased expression of miR-126 in 

AML is associated with its methylation. Using the 

bisulfite genomic sequencing, they examined the miR-

126 methylation status in 18 specimens consisting of 8 

CBF AML, 10 non-CBF leukemia, and three control 

samples. Methylation of CpG islands of this miRNA 

was observed in 70.8% of CBF AML and 94.4% of non-

CBF leukemia cases[15]. Zhang and coworkers have 

demonstrated that miR-126 is downregulated through 

the methylation of its host gene, EGFL7, in breast 

cancer[16]. This negative correlation between the 

methylation of miR-126 and its expression has also been 

confirmed in colorectal cancer[13]. Regarding the results 

of the present study, the methylation status of miR-126 

in NSCLC samples has been found in 39.7% of the 

tumor tissue samples. It is noteworthy that the negative 

control samples in our study were the adjacent normal 

tissues of the same patients. The epigenetic alteration in 

normal tissue around the tumor may be occurred, despite 

the normal morphology of the cells[13]. 

 

 

CONCLUSION 

 

Methylation of miR-34a and miR-126 were found in 

9.5% and 39.7% of NSCLC samples, respectively. 

Given the methylation form of mir-34a in normal and 

cancerous samples with no significant difference, other 

mechanisms may be involved in reducing the miR-34a 

expression in NSCLC. 
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