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ABSTRACT
Based on the literature review of the use of miRNAs as a biomarker in oncological practice in NSCLC, in the 
forthcoming project we set a main goal - optimizing the early diagnosis and prognosis of this extremely socially 
significant, aggressive and resistant to chemotherapy and radiation neoplasm. To achieve this goal, two study 
groups of 40 individuals will be randomized - volunteers and patients with histologically proven NSCLC. In the 
group of patients with proven NSCLC, an attempt will be made to determine the degree of tumor malignancy in 
order to individualize drug treatment. The expected contributions from this research project are: 1) For the first 
time in Bulgaria a non-invasive genetic analysis is applied for the significance of miRNAs as a biomarker in the 
oncological practice of NSCLC.; 2) Optimization of early diagnosis of NSCLC.; 3) Reduction of NSCLC mortality 
through genetic risk determination and individualized drug treatment.
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Introduction
Lung cancer (LC) is the most common cause of cancer deaths in 
males, accounting for 13% (1.6 million) of the total cancer cases 
and 18% (1.4 million) of the cancer deaths in 2008 [1]. LC is the 
third most common cancer for both sexes [2,3]. Over 70% of LC 
patients are diagnosed with an advanced clinical stage [1]. The 
majority of those diagnosed with an early clinical stage were found 
by chance in imaging studies on another occasion [4].

Non-small cell lung cancer is the leading cause of death from 
malignant neoplasms in the world, diagnosed in 85-90% of all 
malignant lung tumors. NSCLC is a heterogeneous disease - due to 
molecular heterogeneity at the same stage and the same histology 
have a different prognosis. Systemic chemotherapy in advanced 
NSCLC (stage IIB-IV) is based on histology (squamous versus 

non-squamous cell) and tumor genomics / proteomics.

Non-squamous cell (NSC) histological subtypes are divided into 
adenocarcinoma (acinar, papillary, adenocarcinoma with lepidic 
growth, solid mucosal and micro papillary carcinoma) and large 
cell carcinoma (clear cell and giant cell carcinoma).

Predictive factors
Adenocarcinomas have extensive expression of the enzyme 
thymidylate synthetase (TS) and are treated with Pemetrexed, 
which is a TS inhibitor. The presence of activating EGFR mutations 
(10% in Caucasian and 50% in Asian) requires treatment with TK 
inhibitors. The presence of ALK translocation (found in 2-7% of 
patients) requires treatment with ALK inhibitors. KRAS mutations 
are a predictive factor for the lack of effect of Platinum-based HT 
and therapy with TK inhibitors. KRAS mutations, which normally 
interact with EGFR mutations and ALK translocation, occur in 
smokers over 26%. These mutations are normally interacting with 
EGFR mutations and ALK translocation [5].
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Prognostic factors in non-squamous cell carcinoma lung 
cancer (NSCLC)
- 1) Stage of the disease, 2) ECOG status or general condition 
of the patient; 3) Mutations in the K-RAS oncogene that occur 
in more than 30% of lung adenocarcinomas. They represent an 
unfavorable prognostic factor, directly related to reduced survival, 
4) The expression of HER-2 receptors, which is found in 25% of 
NSCLC and is associated with a poor prognosis [6].

In the TNM staging of the NSCLC / VII revision of the TNM 
classification (TNM7), the stage grouping of several tumours has 
already been complemented with non-anatomic parameters (age, 
mitotic rate, histopathologic grade and location, among others) [7,8].

The clinical classification with TNM is based on evidence 
obtained prior to treatment based on: 1) Physical examination; 
2) chest CT, including ribs and vertebrae; abdominal organs 
- liver, adrenal glands, 3) PET / CT when discussing surgical 
treatment or definitive radiation; Previous studies showed that the 
sensitivity and specificity of CT and PET for predicting malignant 
involvement of mediastinal lymph nodes were 60% and 81%, and 
84% and 89%, respectively [9]. 4) Endoscopic examinations with 
biopsy: Endobronchial ultrasound-guided transbronchial needle 
biopsy (EBUS-TBNA) is reported to have a sensitivity of 85% and 
a negative predictive value of 90% [10]. A combined EBUS and 
oesophageal endoscopic ultrasound (EUS) allows better access to 
the mediastinal and hilar lymph nodes than is usually accessible 
by mediastinoscopy [11]; 5) Biopsies via mediastinoscopy, 
mediastinotomy and VATS: Mediastinoscopy has been regarded 
as the “gold standard” for staging of the mediastinum, but it is 
invasive and has limitations in accessing to the posterior and 
inferior mediastinal nodes. Furthermore, the sensitivity for 
mediastinoscopy is still only 80%-90%, and, in 10%-15% of cases, 
the technique returns a false-negative diagnosis [12,13]; 6) Surgical 
exploration; 7) Pleural / pericardial aspiration for cytology.

The NSCLC is often diagnosed at an advanced stage, and due 
to chemo and radiation resistance has an unfavorable prognosis 
(Figure 1).

The main reason for late diagnosis is the asymptomatic course of 
LC in the initial / I-II / clinical stages. Screening diagnostic methods 
such as chest radiography, high-tech computed tomography (CT) 
and sputum cytology are not sensitive and specific enough to 
diagnose BC at an early clinical stage. There are no biomarkers 
available to facilitate early diagnosis or to discriminate between 
benign and malignant nodules. MicroRNAs (miRNAs) are stable 
molecules that can be found and measured in peripheral blood, 
thus representing potential diagnostic biomarkers [14].

Microribonucleic acids (miRNAs) are RNA molecules made up 
of about 21-25 nucleotides, that do not encode proteins but perform 
an important function in regulating gene expression. Pre-miR-149 
and pre-miR-196a were found to be significantly associated with 
OS and DFS in surgically resected patients with early NSCLC. 
There is currently a wealth of evidence for the involvement of 

Figure 1: CT image of central adenocarcinoma of the right lung A / 
Before treatment; B / After 6 courses of systemic chemotherapy (SCh); C 
/ After radiotherapy up to TD 60 Gy; D / Tumor progression 3 months after 
combination treatment / 6 courses of SCh and radiotherapy up to TD 60 Gy.

miRNAs in a variety of biological processes, such as regulators 
of cell proliferation, differentiation, apoptosis, and other processes 
associated with oncogenesis of lung cancer. A number of studies 
have shown different levels of miRNA expression in tissues, serum 
and other body fluids [15-17]. There is accumulated evidence for 
effects on the Wnt / β-catenin and phosphatidyl-inositol 3-kinase 
(PI3K) signaling system members (KRAS, p53, extracellular 
matrix regulators). On the other hand, numerous studies have 
recently shown significant changes in the expression levels of 
various miRNAs in a number of cancers, and these differences 
are the basis for the development of new non-protein biological 
markers (including prognostic and predictive) [18-23].

Literature review
Use of miRNAs as a biomarker in non-squamous cell lung 
cancer (NSCLC)
For diagnostic purposes: The expression profile of 10 miRNAs 
(miR-20a, miR-24, miR-25, miR-145, miR-152, miR-199a-5p, 
miR-221, miR-222, miR-223 and miR-320) have found to have 
significantly different expression levels in NSCLC serum samples 
compared with the control serum samples. In conclusion, the 
profiling of 10-serum miRNAs provides a novel noninvasive 
biomarker for NSCLC diagnosis [24]. Elevated expression levels 
of miR-25 and miR-223 in serum are the blood-based biomarkers 
of NSCLC, which can be easily detected by qRT-PCR [25]. The 
expression profile of miR-328 represents a potential diagnostic 
biomarker of NSCLC, especially for the identification of early-
stage tumors [14]. Microarray profiling has showed that miR-
198 was significantly downregulated in lung adenocarcinoma-
associated malignant pleural effusion (LA-MPE) compared with 
benign pleural effusion (BPE). The present study suggests that 
cell-free miR-198 from patients with pleural effusion might have 
diagnostic potential for differentiating LA-MPE from BPE [26]. 
On the sputum samples of the case–control cohort, 4 (miR-21, 
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miR-486, miR-375 and miR-200b) of the 7 miRNAs have been 
selected, which in combination produced the best prediction in 
distinguishing lung adenocarcinoma patients from normal subjects 
with 80.6% sensitivity and 91.7% specificity. The marker panel 
in the independent populations have confirmed the sensitivity and 
specificity that provided a significant improvement over any single 
one alone. The sputum markers demonstrated the potential of 
translation to laboratory settings for improving the early detection 
of lung adenocarcinoma [27]. 
 
For prognostic purposes: The expressions of miR-146b, miR-
221, let-7a, miR-155, miR-17-5p, miR-27a and miR-106a are 
significantly reduced in the serum of NSCLC cases, while miR-
29c is significantly increased. There is a significant difference 
in miR expression when comparing cases and controls and find 
evidence that expression of let-7b is associated with prognosis 
in NSCLC [28]. MiR-147 is significantly down-regulated in 
NSCLC tissues than in paired adjacent normal tissues, and in sera 
of NSCLC patients than in sera of control patients. In addition, 
serum miR-147 is markedly down-regulated in advanced NSCLC 
patients and the patients with lymph node metastasis (LNM). 
Statistical analysis showed that patients with low serum miR-
147 had much worse overall survival, and low serum miR-
147 expression level was an independent prognostic factor for 
poor prognosis for NSCLC [15]. The overexpression of mature 
miR-21 in 25 (52.0%) of the 48 NSCLC paired specimens and 
overexpression of miR-205 in 31 (64.6%) is detected. Mature 
miR-21 overexpression correlates with overall survival (OS) of 
the patients (P =0.027), whereas overexpression of mature miR-
205 do not. In conclusion, overexpression of mature miR-21 is an 
independent negative prognostic factor for OS in NSCLC patients 
[29]. Epigenetic inactivation of miR-34b/c by DNA methylation 
has independent prognostic value in patients with early-stage 
lung adenocarcinoma. Re-expression of miR-34b/c leads to a 
less aggressive phenotype in lung adenocarcinoma cell lines [30]. 
For the studies evaluating miR-21’s association with clinical 
outcomes, the pooled HR suggested that high expression of miR-
21 has a negative impact on overall survival (OS) in non-small 
cell lung cancer (NSCLC) (HR = 2.32[1.17–4.62], P < 0.05) and 
recurrence-free survival (RFS)/cancer-specific survival (CSS) in 
lung adenocarcinoma (HR = 2.43[1.67–3.54], P < 0.001). These 
results indicate that microRNAs show promising associations 
with prognosis in lung cancer; moreover, specific microRNAs 
such as miR-21 and miR-155 can predict recurrence and poor 
survival in NSCLC [31]. Low miR-145 expression (p=0.049), the 
combination of unfavourable microRNA levels (p50.02) and the 
combination of low miR-145 with p53 mutations (p=0.011) were 
independent markers of shorter time to relapse. In conclusion, miR-
145 and miR-367 expression could be novel markers for relapse 
in surgically treated NSCLC. P53 may play a role in modulating 
miR-145 expression in NSCLC [32]. Increased miR-21 expression 
is associated with disease progression and survival in stage I lung 
cancer. This suggests that expression of miR-21 may contribute to 
lung carcinogenesis and serve as a therapeutic target or early-stage 
prognostic biomarker for lung adenocarcinoma. More advanced 
stage tumours have expressed significantly higher levels of miR-

21 compared with TNM stage I tumours [33]. miR-328 has a role 
in conferring migratory potential to NSCLC cells working in part 
through PRKCA and with further corroboration in additional 
independent cohorts, these miRNAs may be incorporated into 
clinical treatment decision making to stratify NSCLC patients 
at higher risk for developing brain metastases (BM) [34]. Pre-
miR-149 and pre-miR-196a were found to be significantly 
associated with OS and DFS in surgically resected patients with 
early NSCLC. MiR-149 and miR-196a may be involved in the 
pathogenesis of NSCLC, and can be used as prognostic markers 
for patients with surgically resected early-stage NSCLC [35]. 
MiR-31 was then validated as a marker for lymph node metastasis 
in an external validation cohort of 233 lung adenocarcinoma 
cases of the TCGA (P = 0.031, t test). Notably, miR-31 was a 
significant predictor of survival in a multivariate cox regression 
model even when controlling for cancer staging. Exploratory 
in analysis showed that low expression of miR-31 is associated 
with excellent survival for T2N0 patients. miRNA predicting 
the presence of lymph node metastasis and survival outcomes in 
patients of lung adenocarcinoma [36]. miRNA expression profiles 
correlated with survival of lung adenocarcinomas, including those 
classified as disease stage I. High hsa-mir-155 and low hsa-let-7a-2 
expression correlated with poor survival by univariate analysis 
as well as multivariate analysis for hsa-mir-155. The miRNA 
expression signature on outcome was confirmed by real-time RT-
PCR analysis of precursor miRNAs and cross validated with an 
independent set of adenocarcinomas. These results indicate that 
miRNA expression profiles are diagnostic and prognostic markers 
of lung cancer [37].

In order to determine the differential diagnosis between 
adenocarcinomas and squamous cell lung carcinomas and 
level of risk
Hsa-miR-205 is a highly accurate marker for lung cancer of 
squamous histology. The standardized diagnostic assay presented 
here can provide highly accurate subclassification of NSCLC 
patients. A microRNA-based qRT-PCR assay that measures 
expression of hsa-miR-205 has reached sensitivity of 96% and 
specificity of 90% in the identification of squamous cell lung 
carcinomas in an independent blinded validation set [38]. The 
expression profile of miRNAs may be included in the clinical 
treatment of high-risk NSCLC [34]. Profiling the hsa-let-7 family 
and hsa-miR-205 is a promising method for differentiating 
AD from SCC, even in such small specimens as transthoracic 
aspirates. Subject to the validation of these findings in further, 
larger studies, this could prove to be a reliable, standardizable tool 
for the subclassification of NSCLC [39].

BRCA1, HIF1A, DLC1, and XPO1 were each significantly 
associated with prognosis in early-stage lung cancer. Тhe four coding 
gene classifier, alone or with miR-21 expression, may provide 
a clinically useful tool to identify high-risk patients and guide 
recommendations regarding adjuvant therapy and postoperative 
surveillance of patients with stage I lung adenocarcinoma [40] 
. Among the let-7 miRs, let-7g showed the largest fold change 
together with miR 26a, a hypoxia induced miR known to decrease 
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proapoptotic signaling. Other miRs strongly differentiating the 
two histology groups included miR-29a, which affects apoptosis 
and epigenetic normalization of NSCLC, and miR-21, which acts 
as an oncogene or “oncomiR” in many tumour types and plays an 
important role in tumour metastasis. Interestingly, in our study, 
miR-21 strongly differentiated the histology groups with high 
levels in adenocarcinoma in stage II but not in stage I tumours, 
suggesting that miR-21 may be a marker of tumour progression 
in adenocarcinoma, identifying tumours on the verge of acquiring 
metastatic potential [41]. Serum miRNA-34-miRNA has the 
potential for risk stratification in early and advanced NSCLC. This 
assessment is part of the COSMOS study [42] . Plasma miRNA 
- 24-miRNA is used to detect NSCLC with low, intermediate 
and high risk stratification is part of the MILD study [43]. A 
14-miRNA panel has been used to differentiate early-stage lung 
cancer patients from individuals without lung cancer. The findings 
of the study suggest that the identified patterns of miRNAs may 
be used as a component of a minimally invasive lung cancer test, 
complementing imaging, sputum cytology, and biopsy tests [44] .

To predict the effect of the administered chemotherapeutic
Functionally, ectopic expression of miR- 301b enhances cell 
population growth, reduced apoptosis and reduced sensitivity of 
cells to chemotherapy. In the xenograft model, overexpression of 
miR- 301b promoted tumour growth. Additionally, miR- 301b and 
Bim expression were inversely correlated in clinical lung cancer 
samples. This provides new insights into the function of miRNA- 
301b in lung cancer and suggests that miRNA- 301b could be 
a potential molecular target for chemotherapy [45]. Increased 
expression of miR-200c, miR-203, miR-885-5p, miR-195 and 
miR-25 in gemcitabine resistant cell line of NSCLC аre reported 
[46]. The correlation between high expression of miR-22 in whole 
blood and the lack of response in pemetrexed treated NSCLC 
patients indicates that miR-22 could represent a novel predictive 
biomarker for pemetrexed-based treatment [47].

Prognosis and determination of the degree of malignancy 
in lung cancer
Transformation from epithelial to mesenchymal malignant 
cells in lung carcinomas
The microenvironment of tumor cells induces TGFb1 and 
stimulates a miRNA gene expression program that induces 
resistance to anti-EGFR therapy and pushes lung tumor cells to 
transition from epithelial to mesenchymal transformation, local 
invasion, and distant metastases [45]. MiRNA-708 acts as an 
oncogene contributing to tumour growth and disease progression 
by directly downregulating TMEM88, a negative regulator of the 
Wnt signalling pathway in lung cancer [48]. Our study is the first 
report to connect miR-182 to lung cancer. Our results also show 
that restoration of tumour suppressor hsa-miR-145 inhibits cancer 
cell growth in EGFR mutant lung adenocarcinoma. Further study 
on these specific differentially expressed miRNAs may provide 
important information on peculiar tumourigenetic pathways and 
may identify useful biomarkers [49]. Expression of 13 miRNA 
genes predicts response to EGFR inhibition in cancer cell lines 

and tumours, and discriminates primary from metastatic tumours. 
Signature genes target proteins that are enriched for epithelial-to-
mesenchymal transition (EMT) genes. Epithelial-to-mesenchymal 
transition predicts EGFR inhibitor resistance and metastatic 
behaviour. The EMT transcription factor, ZEB1, shows altered 
expression in erlotinib-sensitive NSCLC and PDAC, where many 
signature miRNA genes are upregulated. Ectopic expression of 
mir-200c alters expression of EMT proteins, sensitivity to erlotinib, 
and migration in lung cells [17]. The DNA methylation of mir-
34b has not been associated with c-Met expression determined 
by immunohistochemistry, but both mir-34b methylation (p = 
0.007) and c-Met expression (p = 0.005) has been significantly 
associated with lymphatic invasion in a multivariate analysis. The 
DNA methylation of mir-34b can be used as a biomarker for an 
invasive phenotype of lung cancer [50]. Interestingly, our study 
revealed that the altered proliferation in lung cancer cells is not 
accompanied by changes in apoptosis. Our findings provided new 
insight into the complex regulating pathway comprising of miR-
145, EGFR, NUDT1 and other unknown factors which function in 
cell proliferation but not in apoptosis. Understanding miR-145’s 
targets and its regulating pathways may lead to new therapeutic 
strategies for lung adenocarcinoma [51]. Conversely, RNA 
interference–mediated silencing miR-186 expression promoted 
cell-cycle progression and accelerated the proliferation of NSCLC 
cells. Cyclin D1 (CCND1), cyclin-dependent kinase (CDK)2, 
and CDK6 were each directly targeted for inhibition by miR-
186 and restoring their expression reversed miR-186–mediated 
inhibition of cell-cycle progression. The inverse relationship 
between expression of miR-186 and its targets was confirmed in 
NSCLC xenografts and clinical specimens. Taken together, our 
findings established a tumour suppressive role for miR-186 in the 
progression of NSCLC [52]. 

Conclusion
Based on the above literature review of the use of miRNAs as a 
biomarker in oncological practice in NSCLC, in the forthcoming 
project we set a main goal - optimizing the early diagnosis and 
prognosis of this extremely socially significant, aggressive and 
resistant to chemotherapy and radiation neoplasm. To achieve 
this goal, two study groups of 40 individuals will be randomized 
- volunteers and patients with imaginatively and histologically 
proven NSCLC. In the group of patients with proven NSCLC, 
an attempt will be made to determine the degree of tumor 
malignancy in order to individualize drug treatment. The expected 
contributions from this research project are: 1 / For the first time 
in Bulgaria a non-invasive genetic analysis is applied for the 
significance of miRNAs as a biomarker in the oncological practice 
of NSCLC.; 2 / Optimization of early diagnosis of NSCLC.; 3 / 
Reduction of NSCLC mortality through genetic risk determination 
and individualized drug treatment.
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