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Abstract
Background: Various variants of  the miR-219-1 gene are one of  the first genes associated with NSCLC prognosis in the liter-
ature.
Objectives: We aimed to genotype two different variants of  the miR-219-1 gene and to investigate to using of  the result as a 
biomarker in the diagnosis and treatment of  NSCLC.
Materials and Methods: The patients were chosen according to International NSCLC criteria and genomic DNA was isolated 
from blood (138 patients and 100 healthy individuals). Then qRT-PCR was applied to determine the rs213210 and rs421446 
variants of  miR-219-1 gene polymorphisms. Allele and genotype frequencies were compared using Pearson’s chi-square and 
Fisher’s exact tests test.
Results: We found that TT genotype (p=0,381) in rs213210 compared with CC genotype (p=0,165) and CC genotype (p=0,823) 
in rs421446 compared with TT genotype (p=0,537) did not show a significantly increased risk of  NSCLC. There is no relation-
ship between polymorphisms in miR-219-1 and the outcome of  NSCLC.
Conclusion: miRNA single nucleotide polymorphisms can be used as genetic biomarkers to predict cancer susceptibility, early 
diagnosis, and prognosis. Our study has shown that two variants of  miR-219-1 were not related to NSCLC in the Turkish pop-
ulation. The reason for this can be differences in ethnicity, regions, and background of  population and these differences could 
lead to various outcomes.
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Introduction
Non-small cell lung cancer (NSCLC) is known to be the 
most lethal cancer type among all cancers in the whole 
World and it contributes to 80-85% of  lung cancers 1. 

There are several approaches for treatment including ra-
diotherapy, chemotherapy, surgical resection and these 
modalities are also used as combinations. However, most 
of  the patients (approximately 70%) exhibit weak re-
sponses to these treatments2. Therefore, it is a challenge 
for researchers to come up with new strategies in order 
to create an effective response to the treatment. In this 
regard, molecular approaches are promising for the better 
understanding of  the mechanism and so it might help 
to create more effective therapeutic methods. According 
to 2019 data, lung cancer is the second most common 
type of  cancer (13% of  the 10 leading cancer types in the 
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USA) with the highest mortality rate among men over 40 
and women over 60 all around the world. According to 
GLOBOCAN's (Global Cancer Observatory) 2018 data, 
it is estimated that there are approximately 2 million new 
cases and 1.7-1.8 million deaths3,4. According to data dis-
tribution in Turkey, lung cancer is the most common type 
of  cancer in males while fifthly in women, and the disease 
is more common in individuals between the ages of  55-
745,6. There are many possible risk factors for NSCLC, in-
cluding radon, exposure to substances such as chromium, 
nickel, beryllium, asbestos, soot, or tar, air pollution, and 
family history of  lung cancer7. More than 6000 compo-
nents of  cigarettes have potential of  causing DNA dam-
age which is known to be the primary underlying cause 
of  cancer8. Although cells are using repair mechanisms to 
get over these DNA damages, the remaining unrepaired 
DNA damages from tobacco are likely to bring about 
NSCLC. Although cigarette consumption is the funda-
mental risk factor, recent studies showed that genetic 
variations might play a significant role in tumor develop-
ment and progression9. Hence, determination of  genetic 
biomarkers has potential to provide better risk prediction 
and improve clinical results of  NSCLC patients10.
miRNAs, a type of  non-coding RNAs, are approximate-
ly 20-25 nucleotides long, single-stranded, endogenous, 
short RNA sequences that do not encode proteins, act-
ing as negative gene regulators at the transcriptional and 
posttranscriptional level. It has been suggested that dys-
regulation of  miRNAs is directly or indirectly related to 
the pathogenesis of  the disease in many types of  can-
cer such as lung cancer. It is thought that the abnormal 
expression of  miRNAs can trigger the onset and devel-
opment of  cancer, metastasis, and cause drug resistance 
by changing the expression of  the genes it affects. As 
a result of  studies conducted so far, a number of  miR-
NAs thought to be associated with NSCLC have been 
revealed11-13. miR-138 is involved in the regulation of  im-
mune response, inhibition of  cell proliferation and migra-
tion, as well as tumor suppression. miR-138-5p has been 
found to inhibit tumor growth and activate immunity by 
down-regulating PD-1 and PD-L1, making it a suitable 
therapeutic target for NSCLC14. It has been observed that 
miR-195-5p is abnormally expressed in many types of  
cancer. It has also been found that miR-195-5p can inhib-
it the proliferation of  NSCLC cells and induce apoptosis 
by down-regulation of  CEP55. In addition, it has been 
observed that miR-195-5p has a decreasing expression 

in NSCLC tissues and negatively affects the survival of  
the patients15. In a study that associated SNPs in miR-
NAs, miR-196a2 (rs11614913), miR-146a (rs2910164), 
miR-423 (rs6505162), miR-492 (rs2289030) and miR-27a 
(rs895819) pre-miRNAs and miR-26a-1 (rs7372209) and 
miR-219-1 (rs213210) pri-miRNA SNPs were examined. 
As a result of  the study, it was determined that miR-146a 
(rs2910164) and miR-196a2 (rs11614913) variants were 
associated with NSCLC prognosis16. In another study on 
pri-miR-219-1 polymorphisms, rs213210, rs421446, and 
rs107822 variants, were taken from patients in terms of  
susceptibility to NSCLC and prognosis, and it was sug-
gested that rs213210 and rs107822 variants could be ge-
netic biomarkers for lung cancer risk17. It is expected that 
such molecular biomarkers will assist in the early diag-
nosis of  lung cancer and the development of  targeted 
therapy methods. In this study, we aimed to examine the 
rs213210 and rs421446 variants of  miR-219-1 gene in 
NSCLC patients and first reveal the mechanisms in the 
pathways involved in the formation process of  the dis-
ease and thus identify biomarker/s that can take place in 
a routine use.

Materials and Methods
Ethics approval
Ethical approval was taken from, Ethics Committee of  
the Istanbul Faculty of  Medicine (Project No: 2017/034, 
Ethical Approval No: 849).

Study population and collection of  specimens
The study protocol was approved by the Ethics Com-
mittee of  the Istanbul Faculty of  Medicine (Project No: 
2017/034, Ethical Approval No: 849). Informed con-
sents were gotten from all NSCLC patients and control 
groups for our study. The number of  volunteers were de-
termined by power analysis (G*Power Statistical Power 
Analysis Program Ver. 3.1.9.4, Heinrich-Heine-Universi-
ty). 138 patients with NSCLC and 100 healthy individu-
als without lung diseases were included in our study who 
identified with the result of  radiological and pathological 
examinations at the 3rd clinic of  Yedikule Chest Diseases 
and Chest Surgery Training and Research Hospital. Our 
strict exclusion criteria for the study population were in-
cluded those with primary extra-pulmonary malignancy, 
small cell lung cancer, a history of  malignant disease, vol-
unteer under 18 years of  age, and the absence of  consent 
of  the patient.
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DNA isolation
2 ml of  blood samples were obtained from the volun-
teers, and the samples were transported to the Depart-
ment of  Medical Biology, School of  Medicine, University 
of  Health Sciences by cold chain, and all samples were 
kept in a +4°C refrigerator for DNA isolation. DNA 
samples were gotten from leukocytes in venous blood. 
The manufacturer's instructions were followed for the 
DNA extraction (Product No: 11796828001 Roche Ap-
plied Sciences, Germany)18-20. After DNA isolation, the 
concentration and purity of  the DNA samples were mea-
sured by spectrophotometer (Denovix DS-11 FX, USA), 
and obtained DNA samples were stored at -200C until 
further processing.

Genotyping of  rs213210 and rs421446 variants with 
Real-Time PCR
rs213210 (T>C) and rs421446 (C>T) variants of  miR-
219-1 gene polymorphism were analyzed by real-time 
PCR method.  PCR components were adjusted so that 
the total volume was 20 µl for each sample according 
to manufacturer's instructions (LightCycler® FastStart 
DNA Master HybProbe, Cat. No. 03 003 248 001, V 16, 
Roche Diagnostics, Germany). PCR mix included PCR 
Grade Water, 13.5 µl; MgCl2 stock solution (25 µM), 1.5 
µl; PCR Primer Mix (10x conc.), 2 µl; HybProbe Probe 
Mix (10x conc.), 2 µl; LightCycler® FastStart DNA Mas-
ter HybProbe (10x conc.), 1 µl, and Template DNA 2 µl.
Genotyping of  rs 213210 and rs 421446 variants analy-
ses were performed by Real-Time PCR and briefly, the 
conditions of  PCR were as follows: Denaturation was at 
95ºC for 10 min, amplification was 45 cycles of  95ºC for 
10 s, annealing was at 60ºC for 10 s and extension was 
72ºC for 10 s. Then, melting curve analysis was done at 
95ºC for 30 s, 40ºC for 30 s, and 75˚C for 0 s in order 
to detect non-specific amplifications. (Light Cycler® 480 
Real-Time PCR System, Cat. No. 05015243001, Roche 
Applied Science, Germany)21,22.

Statistical Analysis
Relevant gene regions that can play an active role in NS-
CLC formation, determined in terms of  polymorphic 
and categorical data, were compared with student t-test. 
All statistical analyses were done by SPSS version 20.0 
for Windows (SPSS Inc, Chicago, USA). Pearson’s chi-
square and Fisher’s exact tests were used to analyze the 
differences in demographic variables such as smoking, al-
cohol consumption, and rs213210 and rs421446 variants 
of  miR-219-1 genotype frequencies between patients and 
controls. The allele frequencies of  rs213210 and rs421446 
variants of  miR-219-1 gene polymorphisms were calcu-
lated by Hardy– Weinberg equilibrium.  Numeric values 
were examined by Student’s t-test. A p-value of  <0.05 
was accepted as significant statistically.

Results
The mean ages (±SD) of  the NSCLC patient and con-
trol groups were 61 ± 9.50 and 53.89 ± 7.41 years, re-
spectively. The gender distribution in NSCLC patients 
(93.48% male) was comparable with that in healthy con-
trols (64% male, p-value: 0.0001), and the risk of  NSCLC 
was increased 14.3-fold among male patients. The rates 
of  smoking were 96.38% for the patient group (Table 1). 
Histology and clinic stage are also shown in Table 1. Gen-
otype frequencies for miR-219-1 rs213210 and rs421446 
patients and controls are listed in Table 2 and Table 3. The 
distribution of  the miR-219-1 rs213210 and rs421446 
genotypes and alleles in control and NSCLC patients was 
not found to be significantly different. The variant CC of  
miR-219-1 rs213210 was rare in patients 1.44 % (2/138) 
of  patients, and this genotype was not found in the con-
trol group. The variant TT of  miR-219-1 rs421446 was 
rare in patients 5.79 % (8/138) of  patients, and 4 % of  
control group (4/100) (Table 2 and Table 3). Interaction 
of  miR-219-1 variants and tobacco exposure on NSCLC 
were listed in Table 4. miR-219-1 SNPs associated with 
outcomes of  NSCLC patients and stratified by stages are 
listed in Table 5 and Table 6.
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Table 1. Demographics of NSCLC patients and controls 
 
  Cases (n/%) Controls (n/%) P value 
Gender Male 

Female 
129 (93,48) 66 (66) *0,0001 
9 (6,52) 34 (34) 

Age (years) Mean ± SD 61±9,50 54,89±7,41 *0,005 
Smoke (P/YEAR) SMOKED 

NON-SMOKED 
133 (96,38) 
5 (3,62) 

100 (%100) 
0 (%0) 

0,076 

  
Histology 

ADENO 
SQUA 
NSCLC 
Unknown 

11 (7,97)     
32 (23,19)     
25 (18,12)     
70 (50,72)     

Clinic stage 1A+1B 
2A+2B+2 
3A+3B+3 
4 
Unknown 

10 (7,25)     
39 (28,26)     
51 (36,96)     
29 (21,01)     
9 (6,52)     

Pearson's chi-square and Fisher's exact tests were used. 
Student's t test was applied. 
  

Table 2:  Distribution of miR-219-1 rs213210 genotypes and ORs for NSCLC cases and 
controls 

Genotype Cases Controls P-
value 

OR 95%CI P adj OR adj 95%CI adj 

TT 118 80 0,381 Reference Reference 0,417 Reference Reference 
TC 18 20 0,999 0,000 0,000 0,999 0,000 0,000 
CC 2 0 0,165 0,000 0,816-

3,291 
0,186 1,692 0,776-

3,687 
TT   
TC+CC 20 20 0,206 0,699 0,401-

1,220 
      

TT+TC 136 100 1,068 0,962-
1,184 

      

CC                 
T allele 254 180 0,441 1,023 0,965-

1,083 
      

C allele 22 20 0,797 0,447-
1,420 

      

P adj is adjusted by smoking, age and gender. 
Student's t test was applied. 
Allele frequencies were calculated with the Hardy-Weinberg balance. 
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Table 3: Distribution of miR-219-1 rs421446 genotypes and ORs for NSCLC cases and controls 
 

Genotype Cases Controls P-
value 

OR 95%CI P adj OR adj 95%CI adj 

CC 75 55 0,823 Reference Reference 0,942 Reference Reference 
CT 55 41 0,548 1,467 0,420-

5,117 
0,987 0,989 0,252-

3,878 
TT 8 4 0,537 1,491 0,420-

5,290 
0,868 0,890 0,224-

3,540 
CC   
CT+TT 63 45 0,888 1,023 0,746-

1,401 
      

CC+CT 130 96 0,989 0,852-
1,149 

      

TT   
C allele 205 151 0,181 1,069 0,968-

1,181 
      

T allele 71 49 0,787 0,555-
1,117 

      

P adj is adjusted by smoking, age and gender. 
Student's t test was applied. 
Allele frequencies were calculated with the Hardy-Weinberg balance 

 
Table 4: Interaction of miR-219-1 variants and tobacco exposure on NSCLC. 
 

Genotype Smoking Cases Controls P 
value 

OR (95% CI) P value 
adj. 

OR (95% CI) 
adj. 

rs213210   
TT + 114 80 0,152 1,676 (0,827-

3,399) 
0,186 1,692 (0,776-

3,687) 
TC + 17 20 0,999 0,000 (0,000) 0,999 0,000 (0,000) 
CC + 2 0 0,358 Reference 0,417 Reference 
TT - 4 0         
TC - 1 0         
CC - 0 0         
rs421446   
CC + 72 55 0,904 Reference 0,942 Reference 
CT + 54 41 0,656 1,337 (0,373-

4,797) 
0,987 0,989 

TT + 7 4 0,667 1,329 (0,364-
4,845) 

0,868 0,890 

CC - 3 0         
CT - 1 0         
TT - 1 0                  

P-value adj is adjusted by age and gender. 
Student's t test was applied. 
Pearson's chi-square and Fisher's exact tests were used. 
Allele frequencies were calculated with the Hardy-Weinberg balance.  
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Table 6:  miR-219-1 rs421446 SNP associated with outcomes of NSCLC patients and stratified 
by stages 

Genotype Cases P-value HR 95%CI 
CC 75 
CT 55 0,001     
TT 8     
Stage I+II       
C allele 
T allele 

67 

C allele 
T allele 
Stage III+IV 

31 0,210 1,224 0,932-1,606 
  0,578 0,228-1,462 

C allele 
T allele 

125 

C allele 
T allele 

35 0,502 0,944 0,800-1,113 
      

P adj is adjusted by smoking, age and gender. 
Student's t test was applied. 
Pearson's chi-square and Fisher's exact tests were used. 
Allele frequencies were calculated with the Hardy-Weinberg balance. 
  

Table 5: miR-219-1 rs213210 SNP associated with outcomes of NSCLC patients and stratified 
by stages 
 
Genotype Cases P-value HR 95%CI 
TT 118 0,487     
TC 18     
CC 2     
Stage I+II   
T allele 
C allele 

92 0,418 1,950 0,384-9,900 
6 0,959 0,812-1,108 

Stage III+IV   
T allele 
C allele 

144 0,125 2,464 0,732-8,290 
16 0,920 0,836-1,012 

  
P adj is adjusted by smoking, age and gender. 
Student's t test was applied. 
Pearson's chi-square and Fisher's exact tests were used. 
Allele frequencies were calculated with the Hardy-Weinberg balance. 
  

Discussion
Lung cancer is one of  the most common malignancies 
in the world. Recently, genomic profile of  lung cancer 
has been demonstrated and some tumors are genetical-
ly highly heterogeneous and complex23,24. The incidence 
and molecular structure of  lung cancer differ between 
populations25,26. The NSCLC can remain undetected for 
years so that it is usually diagnosed in advanced stages. 
Thus, the success of  treatment is extremely low 27. Many 

important evidences have shown that miRNAs and miR-
NA biogenesis mechanisms play a role in cancer develop-
ment27,28. miRNAs are a type of  small, endogenous, and 
single-stranded RNA molecules that have a role in the 
regulation of  many cellular functions and are frequent-
ly dysregulated in various cancers due to polymorphisms 
and epigenetic alterations13,29,30. Mature miRNAs reduce 
the expression level of  target genes and they participate 
in the regulation of  protein synthesis. microRNAs have 
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the ability to recognize target genes complementary to 
their nucleotide sequences. Following the discovery of  
their significance in carcinogenesis, many studies focused 
on miRNAs as potential circulating biomarkers for the 
early detection of  cancers31. Also, a lot of  studies have 
revealed their potential as circulating biomarkers for lung, 
breast, lymphoma, prostate, colorectal cancers, and glio-
blastomas32. Recently, a lot of  miRNA polymorphisms 
have been found to change the regulatory role of  their 
mRNA processing and gene interactions. miRNA Sin-
gle Nucleotide Polymorphisms (SNPs) may be used as 
genetic markers to determine cancer susceptibility, early 
diagnosis, and prognosis33,34. Given that the development 
of  different cancer types probably includes multiple stag-
es, multigenic pathways, it is improbable that any single 
miRNA polymorphism would have a dramatic effect on 
the survival result. Thus, it is significant to conduct a 
pathway-based examination that assesses the combined 
effects of  polymorphisms that may interact in the iden-
tical pathway. In the current study, we investigated the 
genotype frequencies and the clinical data from 138 pa-
tients to test the effects of  2 polymorphisms on miR219-
1 gene for lung cancer risk.  miR-219-1 was initially re-
ported as a brain-specific miRNA. miR-219-1, which is 
located on chromosome 6p21.32. miR-219-1 is a light- 
and clock-regulated gene that controls the length of  the 
daily (circadian) cycle as this miRNA is an important reg-
ulator of  oligodendrocyte differentiation35,36.  miR-219-
1 rs213210 gene variant has considerably enhanced the 
mortality risk in stage III colorectal adenocarcinoma and 
patients with oesophageal cancer. These data have shown 
that miR-219-1 polymorphisms can promote the suscep-
tibility of  other cancer types but there is no information 
about the relationship between miR-219-1 polymorphism 
and NSCLC risk in the literature34,37. We are the first re-
search group who investigated the effects of  miR-219-
1 gene variants on the risk factors of  the disease in pa-
tients with NSCLC in Turkish Population. Peng et. al. has 
shown that the variant G allele of  the rs2910164 locus 
was related to enhanced expression of  miR-146a and to 
suppress breast cancer metastasis38. Moreover, the inhibi-
tory effect of  miR-146a on cancer invasion has also been 
reported in pancreatic cancer cells that enhanced expres-
sion epidermal growth factor receptor and its target, the 
nuclear factor-kB (NF-kB) regulatory kinase interleukin-1 
receptor-associated kinase 134. Song et al. have shown that 
there is an important relationship between the rs421446 

polymorphism and non-small cell lung cancer prognosis 
in patients with advanced-stage disease in 201539. In ad-
dition to this, our results are not similar to previous re-
ports. The reason for this can be differences in ethnicity, 
regions, and background of  population and these differ-
ences could lead to various outcomes.

Conclusion
In conclusion, our study has shown that two variants of  
miR-219-1 (rs213210 and rs421446) were not related to 
NSCLC in the Turkish population. Our case-control study 
has some limitations. For example; our sample size was 
small to evaluate the relationship between the rs213210 
and rs421446 variants of  miR-219-1 gene in clinicopath-
ological parameters of  Turkish NSCLC patients. There-
fore, the study may be improved by increasing the number 
of  patients in the future. Thus, more accurate determina-
tions can be used to define genetic susceptibility.

Acknowledgements
The authors thank the members of  Medical Biology 
from University of  Health Sciences, for moral and ma-
terial supports. D.K. and D.A. worked as YOK100/2000 
scholar. In this project, we thank you for contribution and 
support to Yuksekogretim Kurulu (YOK), Turkey.

Funding
The Project was supported by the University of  Health 
Sciences, Scientific Research Project Unit numbered 
“2017/034”.

Compliance with Ethical Standards

Conflict of  interest
The authors declare that they have no conflict of  interest.

Informed Consent
All procedures were followed in accordance with the Hel-
sinki Declaration of  1975, as revised in 2000. Informed 
consent was taken from all patients included to the study.
 
References	
1. Torre LA, Siegel RL, Ward EM, Jemal A. Global Can-
cer Incidence and Mortality Rates and Trends--An Up-
date. Cancer Epidemiol Biomarkers Prev 2016;25(1):16-27. 
Doi: 10.1158/1055-9965.EPI-15-0578.
2. Li T, Kung HJ, Mack PC, Gandara DR. Genotyping 

African Health Sciences, Vol 22 Issue 4, December, 2022 43



and genomic profiling of  non-small-cell lung cancer: im-
plications for current and future therapies. J Clin Oncol 
2013;31(8):1039-1049. doi:10.1200/JCO.2012.45.3753
3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 
2019. CA Cancer J Clin 2019;69(1):7-34. Doi: 10.3322/
caac.21551.
4. World Health Organization. Cancer fact sheets, lung 
cancer. 2018. Available at: http://gco.iarc.fr/today/fact-
sheets-cancers. Accessed December 2, 2018.
5. TC Sağlık BAKANLIĞI, Türkiye Halk Sağlığı Kuru-
mu, Türkiye Kanser İstatistikleri. Available at: https://
docplayer. biz. tr/3852454-Turkiye-kanseristatistikleri.
html Accessed, 2014, 20: 2019.
6. Sari M, Vatansever S. Current Trends in the Incidence 
of  Non-small Cell Lung Cancer in Turkey: Lung Cancer 
Aging EJMI 2020;4(2):169–172. Doi: 10.14744/ejmi.2020. 
46278
7. Treating Non-Small Cell Lung Cancer. Available at: 
https://www.cancer.org/cancer/lung-cancer/treating-
non-small-cell/by-stage.html. Accessed February 22, 
2021
8. Xie L, Liu Y, Xiao Y, Tian Q, Fan B, Zhao H, et al. 
Follow-up study on pulmonary function and lung radio-
graphic changes in rehabilitating severe acute respiratory 
syndrome patients after discharge. Chest 2005;127(6):2119-
24. Doi: 10.1378/chest.127.6.2119.
9. Zhao G, Liu L, Zhao T, Jin S, Jiang S, Cao S, et al. Up-
regulation of  miR-24 promotes cell proliferation by tar-
geting NAIF1 in non-small cell lung cancer. Tumour Biol 
2015;36(5):3693-701. Doi: 10.1007/s13277-014-3008-4
10. Tang Q, Ni Z, Cheng Z, Xu J, Yu H, Yin P. Three 
circulating long non-coding RNAs act as biomarkers for 
predicting NSCLC. Cell Physiol Biochem 2015;37(3):1002-9. 
Doi: 10.1159/000430226.
11. Dingemans, Anne-Marie C; Reck, Martin; Westeel, 
Virginie. (ed.). Lung Cancer: ERS Monograph. European 
Respiratory Society 2015.
12. He B, Zhao Z, Cai Q, Zhang Y, Zhang P, Shiet S, 
et al. miRNA-based biomarkers, therapies, and resistance 
in Cancer. Int J Biol Sci 2020;16(14):2628-2647. Published 
2020 Jul 19. doi:10.7150/ijbs.47203
13. Mizuno K, Mataki H, Seki N, Kumamoto T, Kami-
kawaji K, Inoue H. MicroRNAs in non-small cell lung 
cancer and idiopathic pulmonary fibrosis. J Hum Genet 
2017;62(1):57-65. Doi: 10.1038/jhg.2016.98.
14. Song N, Li P, Song P, Li Y, Zhou S, Su Q, et al. Mi-
croRNA-138-5p Suppresses Non-small Cell Lung Can-
cer Cells by Targeting PD-L1/PD-1 to Regulate Tumor 

Microenvironment. Front Cell Dev Biol 2020 Jul 10; 8:540. 
Doi: 10.3389/fcell.2020.00540. Erratum in: Front Cell 
Dev Biol. 2020; 8:746.
15. Luo J, Pan J, Jin Y, Li M, Chen M. MiR-195-5p In-
hibits Proliferation and Induces Apoptosis of  Non-Small 
Cell Lung Cancer Cells by Targeting CEP55. Onco Targets 
Ther 2019; 12:11465-11474. Doi: 10.2147/OTT.S226921.
16. Yoon KA, Yoon H, Park S, Jang HJ, Zo JI, Lee HS, et 
al. The prognostic impact of  microRNA sequence poly-
morphisms on the recurrence of  patients with completely 
resected non-small cell lung cancer. J Thorac Cardiovasc Surg 
2012;144(4):794-807. Doi: 10.1016/j.jtcvs.2012.06.030.
17. Zheng C, Li X, Xia L, Fang X, Quan X, Yin Z, et 
al. Polymorphisms of  pri-miR-219-1 are associated 
with the susceptibility and prognosis of  non-small cell 
lung cancer in a Northeast Chinese population. Onco-
target 2017;8(34):56533-56541. Doi: 10.18632/oncotar-
get.17035.
18. Lee JH, Park Y, Choi JR, Lee EK, Kim HS. Com-
parisons of  three automated systems for genomic DNA 
extraction in a clinical diagnostic laboratory. Yonsei Med J 
2010;51(1):104-10. Doi: 10.3349/ymj.2010.51.1.104.
19. Yera H, Filisetti D, Bastien P, Ancelle T, Thulliez P, 
Delhaes L. Multicenter comparative evaluation of  five 
commercial methods for toxoplasma DNA extraction 
from amniotic fluid. J Clin Microbiol 2009;47(12):3881-6. 
Doi: 10.1128/JCM.01164-09.
20. Queipo-Ortuño MI, Tena F, Colmenero JD, Morata 
P. Comparison of  seven commercial DNA extraction kits 
for the recovery of  Brucella DNA from spiked human 
serum samples using real-time PCR. Eur J Clin Microbiol 
Infect Dis 2008;27(2):109-14. Doi: 10.1007/s10096-007-
0409-y.
21. Muro T, Fujihara J, Imamura S, Nakamura H, Kimu-
ra-Kataoka K, Toga T, et al. Determination of  ABO 
genotypes by real-time PCR using allele-specific prim-
ers. Leg Med (Tokyo) 2012;14(1):47-50. Doi: 10.1016/j.
legalmed.2011.10.002.
22. Jung HS, Tsongalis GJ, Lefferts JA. Develop-
ment of  HLA-B*57:01 Genotyping Real-Time PCR 
with Optimized Hydrolysis Probe Design. J Mol Diagn 
2017;19(5):742-754. Doi: 10.1016/j.jmoldx.2017.05.002.
23. Clark SB, Alsubait S. Non-Small Cell Lung Cancer. 
2021 Sep 9. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing 2022.
24. Ganti AKP, Loo BW, Bassetti M, Blakely C, Chiang 
A, D'Amico TA, et al. Small Cell Lung Cancer, Version 
2.2022, NCCN Clinical Practice Guidelines in Oncolo-

African Health Sciences, Vol 22 Issue 4, December, 202244



gy. J Natl Compr Canc Netw 2021;19(12):1441-1464. Doi: 
10.6004/jnccn.2021.0058.
25. Golemis EA, Scheet P, Beck TN, Scolnick EM, Hunt-
er DJ, Hawk E, et al. Molecular mechanisms of  the pre-
ventable causes of  cancer in the United States. Genes Dev 
2018;32(13-14):868-902. Doi: 10.1101/gad.314849.118.
26. Larsen JE, Minna JD. Molecular biology of  lung can-
cer: clinical implications. Clin Chest Med. 2011;32(4):703-
740. doi: 10.1016/j.ccm.2011.08.003
27. Rupaimoole R, Slack FJ. MicroRNA therapeutics: to-
wards a new era for the management of  cancer and other 
diseases. Nat Rev Drug Discov 2017;16(3):203-222.
28. Rupaimoole R, Calin GA, Lopez-Berestein G, Sood 
AK. miRNA Deregulation in Cancer Cells and the Tu-
mor Microenvironment. Cancer Discov 2016;6(3):235-46.
29. Lujambio A, Lowe SW. The microcosmos of  can-
cer. Nature 2012;482(7385):347-55. Doi: 10.1038/na-
ture10888.
30.  Melo SA, Esteller M. Dysregulation of  microRNAs in 
cancer: playing with fire. FEBS Lett. 2011;585(13):2087-
99. Doi: 10.1016/j.febslet.2010.08.009.
31. Blitzblau RC, Weidhaas JB. MicroRNA binding-site 
polymorphisms as potential biomarkers of  cancer risk. Mol 
Diagn Ther 2010;14(6):335-42. doi:10.1007/BF03256390.
32. Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman 
SK, Pogosova-Agadjanyan EL, et al. Circulating microR-
NAs as stable blood-based markers for cancer detection. 
Proc Natl Acad Sci U S A. 2008;105(30):10513-8. Doi: 
10.1073/pnas.0804549105.
33. Ryan BM, Robles AI, Harris CC. Genetic variation in 

microRNA networks: the implications for cancer research. 
Nat Rev Cancer 2010 Jun;10(6):389-402. Doi: 10.1038/
nrc2867. Erratum in: Nat Rev Cancer. 2010;10(7):523.
34. Ye Y, Wang KK, Gu J, Yang H, Lin J, Ajani JA, et al. 
Genetic variations in microRNA-related genes are novel 
susceptibility loci for esophageal cancer risk. Cancer Prev 
Res (Phila). 2008;1(6):460-9. Doi: 10.1158/1940-6207.
CAPR-08-0135.
35. Cheng HY, Papp JW, Varlamova O, Dziema H, Russell 
B, Curfman JP, et al. microRNA modulation of  circadi-
an-clock period and entrainment. Neuron 2007;54(5):813-
29. Doi: 10.1016/j.neuron.2007.05.017.
36. Zhao X, He X, Han X, Yu Y, Ye F, Chen Y, et al. 
MicroRNA-mediated control of  oligodendrocyte differ-
entiation. Neuron 2010;65(5):612-26. Doi: 10.1016/j.neu-
ron.2010.02.018.
37. Lin M, Gu J, Eng C, Ellis LM, Hildebrandt MA, Lin 
J, et al. Genetic polymorphisms in MicroRNA-related 
genes as predictors of  clinical outcomes in colorectal ad-
enocarcinoma patients. Clin Cancer Res 2012;18(14):3982-
91. Doi: 10.1158/1078-0432.CCR-11-2951.
38. Peng S, Kuang Z, Sheng C, Zhang Y, Xu H, Cheng Q. 
Association of  microRNA-196a-2 gene polymorphism 
with gastric cancer risk in a Chinese population. Dig 
Dis Sci 2010;55(8):2288-93. Doi: 10.1007/s10620-009-
1007-x.
39. Song X, You W, Zhu J, Cui X, Hu J, Chen Y, et al. 
A Genetic Variant in miRNA-219-1 Is Associated with 
Risk of  Esophageal Squamous Cell Carcinoma in Chi-
nese Kazakhs. Dis Markers 2015; 2015:541531. Doi: 
10.1155/2015/541531.

African Health Sciences, Vol 22 Issue 4, December, 2022 45


