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ABSTRACT 

 
MicroRNAs (miRNAs) are a new endogenous 

small non-coding RNA family that arranges expres-
sion of a few genes related in normal development 
as well as human diseases such as cancer. miRNAs 
are developing as potential diagnostic and therapeu-
tic markers with deregulated expression in various 
cancers including lung cancer. In this study, we 
aimed to find out miRNA expression profiles and to 
show the relationship between non-small cell lung 
cancer and microRNAs levels, if there is.  

In the present study, the expression profiles of 
740 miRNA in plasma from 31 patients and 64 
healthy subjects were evaluated using high-through-
put real-time quantitative polymerase chain reaction. 
All statistical analyses were performed using the Bi-
ogazelle's qbase PLUS 2.0 software.  

Our results showed that expression levels of 7 
microRNAs (miR-20b-5p, -30c, -146a, -192-5p, -
206, -484, -574-3p) were significantly upregulated in 
patients when compared to control group (p< 0.05). 
Expression levels of five miRNAs (miR-24-3p, -
30a-5p, -106b-5p, -223-3p, -331-5p) were found sig-
nificantly downregulated in lung cancer patients (p< 
0.05). Conclusion: In conclusion, our result showed 
that up-regulated and down-regulated miRNAs may 
be important role of early detection in non-small cell 
lung cancer.  
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INTRODUCTION 

 
MicroRNAs (miRNAs) are a new family of en-

dogenous non-coding RNAs, almost 20-24 nucleo-
tides in long that arrange the expression of various 
genes involved in normal development as well as hu-
man disease including cancer. Derived from primer 
miRNAs and precursor miRNAs termed longer tran-

scripts [1-2]. miRNAs regulate transcriptional pro-
cessing after gene expression via sequence-specific 
interactions with 3'-untranslated regions (UTRs) of 
messenger RNA (mRNA) targets in multicellular or-
ganisms. They induce translational expression or 
mRNA cleavage by binding with mRNAs in the 
3'UTRs with perfect base pairing or perfect base 
pairing. [3-5]. Studies have displayed that human 
miRNA genes are mostly found in cancer-related ge-
nomic regions. For this reason, miRNA expression 
patterns have been identified in many human cancers 
[6]. It is suggested that miRNAs affect cell prolifer-
ation, apoptosis, chemo- and radiation-sensitivity, 
metastasis, and epithelial-to-mesenchymal transition 
(EMT) and could even potentially describe the can-
cer stem cell phenotype in cancers [7]. Increasing the 
document suggests that miRNAs play a critical role 
in tumorigenesis by working as oncogenes (on-
comiRs) in tumor genetics or as tumor genes. Thus, 
miRNAs develop as potential diagnostic and thera-
peutic markers with deregulated expression in vari-
ous cancers, including lung [8]. 

Lung cancer is the leading cause of cancer-re-
lated deaths worldwide both in men and women [9]. 
According to researches, trachea, bronchus and lung 
cancer (66 / 100,000 people) are the most common 
types of cancer in men. Among all risk factors, 
smoking is the most important risk factor for lung 
cancer, and genetic and epigenetic damage give risen 
to by tobacco smoke is considered to be one of the 
primary mechanisms of lung cancer development 
[10]. Anyway, only 15% of smokers are after all di-
agnosed with lung cancer, indicating the effects of 
other risk factors, such as occupational or environ-
mental exposure, gene information, and living habits, 
which will definitely influence individual's suscepti-
bility to lung cancer, could not be ignored [11,12]. 
Small cell lung cancer (SCLC) and non-small cell 
lung cancer (NSCLC) are the two major histological 
types of lung cancer. NSCLC, which accounts for 80% 
of lung cancers, composed of squamous cell carci-
noma, large cell carcinoma, and adenocarcinoma 
[13]. 

Although conventional diagnostic methods (eg, 
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iconography, sputum cell screening, biopsy, and tu-
mor biomarkers) are available; unfortunately, lung 
cancer is often diagnosed in late stages. Currently, 
there is no suitable biomarker for detecting and pre-
dicting lung cancer. For this reason, the number of 
studies done to find a diagnostic biomarker, as well 
as miRNAs, is increasing. In this study, we aimed to 
find expression profiles of miRNAs and to show the 
relationship between non-small cell lung cancer and 
miRNA levels. 
 
 
MATERIALS AND METHODS 

 
Patients and Samples: The study was ap-

proved by the Medical Ethics Committee of the 
Medical Faculty of Mersin University and informed 
consent was obtained from all participants in accord-
ance with the Helsinki Declaration. Thoracic Sur-
gery Department, Department of Medical Faculty 
Hospital Mersin University Tumor location infor-
mation has been removed from the medical records 
of the patients. The data were collected by a medical 
interview based on a standardized questionnaire. The 
location of the tumor was removed from the patient's 
medical records. Control subjects comprising 64 
healthy persons were 18 years of age or older, did not 
take any medication, and were not admitted to the 
hospital at least one year prior to their participation. 
Demographic characteristics and medical history of 
patients and control groups were collected. In this 
study, blood samples of all subjects were taken into 
tubes containing EDTA and centrifuged for plasma 
extraction. Extracted plasma samples were trans-
ferred to a clean microcentrifuge tube and after the 
second centrifugation, the plasmid was stored until 
RNA isolation (-80 ° C) (200 rpm at first centrifuga-
tion for 15 minutes at 4000 rpm, 5,000 rpm for 
13,000 rpm in the second centrifuge)  

 
miRNAs isolation and qRT-PCR: RNA was 

isolated using the High Pure miRNA Isolation Kit 
(Roche Diagnostics, Mannheim, Germany). Isolated 
RNA samples were reverse-transcribed into comple-
mentary DNA (cDNA) using TaqMan MicroRNA 
Reverse Transcription Kit (catalog number: 4366596; 
Applied Biosystems, Foster City, CA, USA). All re-
actions were done as specified in the manufacturer's 
protocol. Reverse transcription was performed using 
Gene-Pro Thermal Cycler (B384G, SN: 
BYQ606002E-060, Korea). cDNA samples were 
kept at -80ºC until PCR analysis. 

The pre-amplification reaction after reverse 
transcription was studied using TaqMan PreAmp 
Master Mix 2X (PN 4391128; Applied Biosystems, 
Foster City, CA, USA) and Megaplex Human Primer 
Pools Set v3.0 (PN 4444750; Applied Biosystems, 
Foster City, CA). The UNITED STATES OF AMER-
ICA). Later, miRNA TaqMan PreAmp Thermal Pro-
tocol was performed using Gene-Pro Thermal Cycler 

(B384G, SN: BYQ606002E-060, Korea). All reac-
tions were applied as indicated in the manufacturer's 
protocols. 

Quantitative Real-Time PCR reactions (qRT-
PCR) were made using the high-throughput Bi-
oMark Real-Time PCR system (Fluidigm, South San 
Francisco, CA). PCR amplified pre-amplified cDNA 
samples were pipetted into sample entries in a 96.96 
Dynamic Array (Fluidigm, South San Francisco, 
USA). The 1: 1 diluted 20X Assays were pipetted 
into the analysis inserts of the 96.96 Dynamic Array. 
The BioMark IFC Controller (HX-10273, Fluidigm, 
San Francisco, CA) was used to load the assay mix 
and sample mix from the inlets into the 96.96 Dy-
namic Array reaction chambers for qRT-PCR by Flu-
idigm's Integrated Fluidic Circuit Technology. Real-
Time PCR step was accomplished by using BioMark 
System according to the manufacturer's protocol. 

 
Normalization and relative quantification of 

plasma microRNA expression. Analysis of circu-
lating miRNA is difficult because there are no 
verified housekeeping genes in serum/ plasma that 
can be used for normalization. To overcome this 
problem of normalization for miRNA expression in 
plasma, we used the global mean normalization 
method for normalization of plasma miRNA expres-
sion. Relative expression of miRNAs was calculated 
by the comparative delta delta Ct (ΔΔCT) method, 
and fold change (FC) was calculated by the equation 
2−ΔΔCt. 

 
Statistical analysis: Statistical analyse for de-

mographic variables of controls and patients was 
performed using Statistical Package for the Social 
Sciences (IBM SPSS 20.0 Free Download) for. The 
distribution of age in patient and control group was 
evaluated using the Shapiro–Wilk test whether they 
satisfy normal distribution conditions. According to 
these results, t-test was used for normally distributed 
data. 

In this study, for miRNA analysis were per-
formed with qbase+ software (v2.0; Biogazelle, 
Zwijnaarde, Belgium). miRNA expression data were 
normalised according to the global mean normalisa-
tion strategy as described above. Global mean nor-
malisation of miRNA qRT-PCR data was performed 
with qbase+ software. Patient and control groups 
were compared with the Mann–Whitney U-test. To 
determine the difference in expression between the 
lung cancer and control groups, fold changes were 
calculated. Fold-change represents biologically 
meaningful way of results. P < 0.05 was considered 
statistically significant.  
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RESULTS  
 
This study included 31 patients with non-small 

cell lung cancer and 64 healthy individuals. Demo-
graphic variables of gender, smoking, hypertension 
(HT), diabetes mellitus (DM), mean age, family his-
tory, tumor stage and patients with non-small cell 
lung cancer are shown in Table 1. Plasma samples of 
all individuals were studied for expression of 740 
miRNAs using high-throughput real-time qRT-PCR. 
70 of 740 miRNA were expressed and expressed 
miRNA’s were given as a fold change (Table 2). 
Among these, 7 miRNAs (miR-20b-5p, -30c, -146a, 
-192-5p, -206, -484, -574-3p) were significantly up-
regulated and 5 miRNAs (miR-24-3p, -30a-5p, -
106b-5p, -223-3p, -331-5p) were down-regulated in 
patients compared to control group (fold change >2 
and p<0.05) (Table 2, Figure 1). 

 

DISCUSSION 
 
Today, the number of researches on cancer di-

agnosis is increasing due to the incidence of cancer. 
The identity of biomarkers that define the entity of 
cancer by noninvasive identification methods is an 
important area of cancer research. 

Oncogenic potential of miR-20b-5p has been 
proposed in former studies such as human T-cell leu-
kemia, stomach cancer, breast cancer and colorectal 
cancer [14-15]. Apart from these results, Silva et al. 
supported this oncogenic role of miR-20b because 
the presence of non-small cell lung cancer (NSCLC) 
and lymph node metastases had higher miR-20b lev-
els associated with microvesicles [16]. In this study, 
miR-20b-5p plasma levels were up-regulated in 
NSCLC patients compared to healthy individuals in 
accordance with the literature. 

 
TABLE 1 

Demographic variables of controls and patients. 
 Patient (n=31) Control (n=64) 

Gender Female 8 21 
Male 23 43 

Mean age (year) 61,3 47,8 
Alcohol (yes/no) 1/30 1/63 

Smoking (yes/no) 8/23 10/54 
HT (yes/no) 3/28 6/58 
DM (yes/no) 7/24 7/57 

Family history (yes/no) 3/28 0/64 
Tumor Staging 
            I 
           II 
          III 
          IV 

 
5 

14 
9 
3 

-  

HT: Hypertension. DM: Diabetes mellitus. 
 

 
FIGURE 1 

Down-regulated and up-regulated miRNAs in lung cancer patients compared to control group. 
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TABLE 2 
Fold Change values of expressed plasma  

miRNAs  
miRNAs P value Fold Change 

miR-19a-3p 0,33 0,63 
miR-20a-5p 0,38 1,98 
miR-29c-3p 0,79 1,24 
miR-20b-5p 0,004 32,70 

miR-30c 0,01 3,22 
miR-106b 0,02 0,43 
miR-146a 0,01 2,74 
miR-24 0,002 0,26 

miR-34a 0,73 0,78 
miR-25 0,11 0,52 

miR-125b 0,89 1,24 
miR-192 0,01 25,28 
miR-150 0,15 0,41 
miR-126 0,79 0,91 
miR-218 0,58 0,73 
miR-424 0,81 1,22 

miR-483-5p 0,43 1,64 
miR-507 0,42 2,19 
miR-186 0,38 0,11 
miR-141* 0,83 0,87 

miR-1274A 0,72 0,85 
miR-205 0,21 3,56 
miR-206 0,02 5,80 
miR-296 0,73 0,67 

miR-193b 0,9 0,88 
miR-331-5p 0,07 0,07 

miR-195 0,35 2,30 
miR-302c 0,93 1,10 
miR-320a 0,14 0,18 
miR-372 0,62 0,63 

miR-342-3p 0,52 0,66 
miR-328 0,27 0,16 
miR-345 0,72 0,48 

miR-140-3p 0,7 0,82 
miR-19b 0,32 0,54 

miR-130a-3p 0,3 0,32 
miR-145-5p 0,85 0,86 

miR-146b-5p 0,07 13,41 
miR-92a-3p 0,24 0,65 
miR-93-5p 0,08 7,88 

miR-27b-3p 0,14 3,90 
miR-17-5p 0,78 0,71 
miR-203 0,26 2,34 
miR-152 0,22 0,23 

miR-185-5p 0,44 0,50 
miR-324-5p 0,67 0,78 
miR-324-3p 0,33 4,83 
miR-223-3p 0,01 0,13 
miR-191-5p 0,75 1,32 

miR-484 0,03 28,56 
miR-451 0,47 0,60 

miR-423-5p 0,73 1,34 

miR-597 0,20 11,18 
miR-532-3p 0,86 0,51 
miR-660-5p 0,09 14,55 
miR-574-3p 0,003 19,12 
miR-576-3p 0,80 1,18 

miR-548a-3p 0,46 1,40 
miR-548c-3p 0,06 3,80 
miR-590-5p 0,14 0,14 
miR-30a-5p 0,001 0,17 

miR-645 0,25 0,86 
miR-1291 0,84 0,15 

miR-30d-5p 0,94 1,22 
miR-942 0,59 1,10 
miR-720 0,59 0,11 

miR-378a-3p 0,27 1,46 
miR-601 0,27 0,17 

miR-766-3p 0,006 0,58 
miR-93-3p 0,08 0,11 

 
Abnormally expressed miR 30c is related with 

the invasion of diverse cancer types and is consid-
ered a tumor inhibitor. Breast cancer and malignant 
peripheral nerve sheath tumors were studied on miR-
30c. [17]. Zhong et al. showed that the expression of 
miR-30c was decreased in lung cancer specimens 
[18]. In Xia et al's study, miR-30c expression in 
NSCLC samples was significantly lower than in 
neighboring tissues and they reported that the low 
expression of miR-30c is related to the invasive abil-
ity of NSCLC [19]. Unlike these two studies, the 
miR-30c level was found up-regulated in the present 
study. The low expression of miR-30c is related to 
the invasive ability of NSCLC. 

The role of miR-146a can change in dissimilar 
kinds of cancers. A few studies suggested miR-146a 
could work as an ‘‘oncogenic'' miRNA in several 
cancers as papillary thyroid carcinoma, anaplastic 
thyroid cancer, and cervical cancer, and expression 
of miR-146a has been discovered to be up-regulated 
in these cancer types [20,21]. Nevertheless, reduced 
miR-146a expression was reported in prostate cancer, 
pancreatic cancer, and gastric cancer [21]. In one of 
the studies on lung cancer, Cornett and Lutz were 
demonstrated that that miR-146a expression levels in 
lung cancer cells were significantly lower when 
compared to normal lung cells [22]. Likewise, Chen 
et al reported that miR-146a was down-regulated in 
malignant and normal lung tissues and expression of 
miR-146a was inversely proportional to the stage 
and outcome of the patients. [21]. But, it was found 
higher in NSCLC patients' plasma compared with 
healthy individuals, in this study. 

miR-192-5p has been downregulated in the 
lungs of rats exposed to cigarette smoke, colon can-
cer, ulcerative colitis, multiple myeloma, diabetic 
nephropathy, while miR-192-5p was upregulated in 
IgA nephropathy and in hypertensive nephrosclero-
sis [23, 24].  

Feng et al's results demonstrated miR-192-5p is 
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also downregulated in human lung cancer tissues 
compared to adjacent non-cancerous lung tissues 
[23]. Contrarily, circulating miR-192-5p level was 
up-regulated in NSCLC patients compared to 
healthy people, in this study. 

miR-206 plays important roles in tumorigene-
sis and tumor progression of different cancers, con-
taining breast cancer, endometrial endometrioid car-
cinoma, rhabdomyosarcoma, glioma, laryngeal can-
cer, gastric cancer, and lung cancer [24]. In one of 
the lung cancer studies, Wang et al's study, it was re-
ported that miR-206 was downregulated in human 
lung cancer cell lines and high metastasis tumor tis-
sues. In addition, they have suggested that increased 
levels of miR-206 may lead to arrest of cell prolifer-
ation and reduce the invasion ability of lung cancer 
cells [25]. In contradistinction to these data, miR-
206 expression was up-regulated in cancer group 
plasma compared with control group plasma, in this 
study. 

While there were studies searching the correla-
tion between miR-484 and cancer, as metastatic re-
nal cell carcinoma, pancreatic cancer, ovarian cancer, 
cutaneous malignant melanoma, and breast cancer 
[26]. There was no published article investigating 
lung cancer-miR-484 relevance. In the present study, 
the miR-484 expression level was higher in patients 
group than the control group. 

miR-574-3p was found down-regulated in 
esophageal cancer tissue compared to normal tissues 
[27]. It was also reduced in plasma samples while 
miR-574-3p levels were higher in urine, in prostate 
cancer patients compared to controls [28]. In contrast 
to these results, increased miR-574-3p plasma levels 
were found in the lung cancer group versus the con-
trol group. This study results could not be compared 
with literature, because of no other publications re-
lated to lung cancer and miR-574-3p. 

It was proposed a role of miR-24-3p in cancer 
development, which was coherent with prior studies 
display that miR-24-3p was highly expressed in pa-
tients with human breast carcinoma, cervical cancer, 
and oral carcinoma. In addition, miR-24-3p was 
found upregulated in NSCLC patients versus healthy 
controls [29, 30]. In another study, miR-24 sera lev-
els were lower in post-operative samples than those 
in pre-operative samples, they suggested it could be 
used as a biomarker for disease recurrence after sur-
gery operation [30]. Unlike all of these studies, miR-
24-3p levels were downregulated in NSCLC versus 
controls, in the current study. 

In the present study, it was determined miR-
30a-5p was down-regulated in NSCLC patients com-
pared to healthy volunteers. Consistent with this re-
sults, it was suggested that miR-30a-5p acts as a tu-
mor suppressor in breast cancer, NSCLC and colo-
rectal carcinoma [31]. However, Wang et al have 
shown that miR-30a also acts as an oncogene by sup-
pressing FOXL2 expression in ovarian granulosa 
cell tumors [32]. 

Yau et al demonstrated miR-106b-5p expres-
sion was higher in hepatocellular carcinoma tumor 
tissue compared with adjacent non-tumor tissue and 
proposed that miR-106b expression contributed to 
hepatocellular carcinoma metastasis [33]. Savita and 
Karunakaran's data indicated that the miR-106b-25 
cluster (miR-106b and miR-93) might play an im-
portant role in the metastasis of human NSCLC cells 
[34]. Contrary to the results in the literature, miR-
106b-5p was down-regulated in NSCLC group com-
pared to control group. So, it was suggested miR-
106b-5p is a tumor suppressor miRNA according to 
the present study data. 

The expression of miR-223 has been shown to 
be down-regulated in a variety of cancers, including 
small cell lung cancer, chronic lymphocytic leuke-
mia, and hepatocellular carcinoma [35]. In addition, 
it was indicated there was emerging proof that sug-
gests miR-223 plays an important role in cell prolif-
eration, hematopoietic growth, and differentiation 
[36,37]. Similarly, in Nian et al's study, miR-223 was 
revealed to function as a tumor suppressor in lung 
cancer and indicated miR-223 might fine-tune the 
activity of the IGF-1R pathway [38]. Whereas, Geng 
et al found that miR-223-3p has exhibited an up-reg-
ulated trend in NSCLC patients, and showed a sig-
nificant difference between NSCLC patients and 
healthy controls [39]. In the present study, it was 
evaluated miR-223-3p level was also reduced in 
NSCLC patients versus healthy controls. 

It was suggested down-regulated miR-331-5p 
and miR-27a were related with chemotherapy re-
sistance and relapse in leukemia [40]. Alike, miR-
331-5p expression levels were down-regulated in 
NSCLC plasma compared to controls plasma, in this 
study. But, we have no explanation about the course 
of treatment because it was not followed it, in this 
study. 

This study describes microRNAs expression 
profiles in lung cancer. In conclusion, our result 
showed that up-regulated (miR-20b-5p, -30c, -146a, 
-192-5p, -206, -484, -574-3p) and down-regulated 
(miR-24-3p, -30a-5p, -106b-5p, -223-3p, -331-5p) 
miRNAs may be important role of early detection in 
NSCLC. 
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