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Abstract. Lung carcinoma is the “top killer” of all malignancies in the world. Early diagnosis of
lung carcinoma significantly improves patient survival. Screening with biomarkers from peripheral
blood could detect more patients at an early stage of the disease. MicroRNAs (miRNAs) could be
a possible biomarker. These are 21-23 nucleotide long single-stranded RNA molecules playing an
important role in the post-transcriptional regulation of gene activity. Individual miRNAs have the
potential to regulate genes responsible for cell proliferation, differentiation, apoptosis, regulate cell
cycle in cooperation with pro-oncogenes and tumor suppressor genes. In our study, we determined
miRNA expression levels in individual samples of lung carcinoma patients and in a healthy control
group. We used the reverse transcription method followed by qRT-PCR. The expression levels of
the investigated miRNAs were evaluated in the QIAGEN GeneGlobe Data center software. We
demonstrated the significance of miR-126 and let-7g as biomarkers of lung carcinoma in all clini-
cal stages studied. We also observed significantly increased expression of miR-143 and miR-145 at
the distant metastasis stage, and significantly decreased expression of miR-133a in the N2 disease
group of lung carcinoma patients (N2 disease represents disease with metastases in the ipsilateral
mediastinal and/or subcarinal lymph nodes or node). The investigated miRNAs showed no clear
potential for detecting potentially resectable (NO-N1), locally advanced (N2) and distant organ
metastatic (M1) lung carcinoma.
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Introduction

Lung carcinoma is the leading cause of cancer-related
deaths worldwide. Despite standard treatment, its aggres-
sive behavior associated with invasion and migration causes
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rapid disease progression. MicroRNAs (miRNAs) regulate
many genes and various signaling pathways. The increas-
ing number of studies in this issue confirm that miRNAs
significantly enter into different expression patterns in this
disease. Dysregulation of miRNA expression results in the
activation and regulation of epithelial-to-mesenchymal tran-
sition (EMT) and metastatic process at the level of different
genes. Expression of different miRNAs either in tumor tissue
or in blood serum causes metastasis at different sites. These
miRNA profiles also correlate with prognosis and response
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to clinical therapy and may equally be potential therapeutic
targets. However, in the area of miRNA-targeted therapy,
research needs to be intensified to increase target specificity
and efficacy on the one hand, and conversely reduce oft-
target efficacy and toxicity on the other hand (Han and Li
2018; Petrek and Yu 2019).

Metastasis is a hallmark of cancer, and distant metastasis
often accompanies lung carcinoma, even at initial diagnosis,
resulting in poor prognosis and high mortality. However,
available biomarkers cannot reliably predict sites of metasta-
sis. The metastatic cascade is a highly complex and intricate
process that involves invasion, migration, angiogenesis, and
EMT, which are tightly controlled by different pathways of
genetic expression along with interactions between tumor
cells and the extracellular matrix. It is the critical role of the
EMT that provides the key to preventing tumor spread as
well as identifying potential therapeutic targets. In particu-
lar, miRNAs, a group of small non-coding RNAs, influence
transcriptional and post-transcriptional processes, with
dysregulation of miRNA expression contributing to the
regulation of metastasis. miRNAs primarily repress gene
expression by direct interaction of target mRNAs (Huang
2018; Guo et al. 2019). Thus, the identification of different
miRNA expression patterns supports the ability to classify
tissue-specific miRNAs and predict disease stage. Aberrantly
expressed miRNAs in various malignancies function as tu-
mor suppressors or proto-oncogenes, regulating the biology
of the tumor process by controlling the expression of target
mRNAs to promote tumor growth, invasion, angiogenesis,
and immune escape (Friedman et al. 2009; Di Leva et al.
2014). miRNAs regulate the actin cytoskeleton, the expres-
sion of extracellular matrix (ECM) receptors including
integrins and ECM remodeling enzymes containing matrix
metalloproteinases (MMPs), and regulate EMT, thereby
modulating cell migration and invasiveness. Distant spread
of the primary tumor represents the leading cause of death

Table 1. Characteristics of the group of patients with lung carci-
noma and control group of healthy subjects

carI;lilr?ogma Control
(n=67) (n=70)
Age (years) 65.20 +8.03 67.07 £ 8.31
male 48 (72%) 45 (64%)
Sex
female 19 (28%) 25 (32%)
. Adenocarcinoma 38 (57%) -
Histology )
Squamouscell carcinoma 29 (43%) -
I 27 (40%) -
. I 14 (21%) -
age 11 16 (24%) -
v 10 (15%) -

from non-small cell lung cancer (NSCLC), especially when
metastasized to the brain (Celia-Terrassa and Kang 2016;
Singh et al. 2018). Metastasis is a complex process in which
cancer cells spread from a localized lesion to systemic dis-
ease. The “metastatic cascade” involves tumor cells crossing
physical boundaries, invasion of the basement membrane
and surrounding tissue, entry into the blood/lymphatic
circulation (migration and intravasation), extravasation at
secondary sites, and proliferation. EMT involves a variety of
molecular factors, phenotypic changes, and genetic altera-
tions in a multistep dissemination process. Conversely, cell
spreading and proliferation as a metastatic lesion requires
a transition from the mesenchyme to the epithelium (Dong
etal. 2017).

Although many in vitro as well as in vivo studies have ad-
dressed the issue of miRNA-targeted therapy, this strategy is
currently still very limited. Advances in understanding the
molecular mechanisms of metastasis will provide another
potential target in lung carcinoma therapy.

Material and Methods

Group characteristics

The study was approved by the Ethics Committee of Jes-
senius Faculty of Medicine in Martin and all individuals
signed informed consent before participation. A total of 67
patients with lung carcinoma were included in the group.
Patients were hospitalized at the Department of Thoracic
Surgery, Jessenius Faculty of Medicine of Comenius Uni-
versity and University Hospital Martin in years 2017-2019.
Patients enrolled in the study underwent radical surgical
treatment for lung cancer or palliative surgery for meta-
static involvement or generalization of malignant disease.
Patients’ demographic characteristics such as age and sex
were monitored, and from clinical data we observed the
stage of the disease and the histological type of the cancer.
The individual clinical stages of lung cancer (TNM classi-
fication 8) were determined based on the pathological and
clinical staging of the disease as follows: 27 patients were in
the L. clinical stage of the disease at the time of sampling,
14 patients in the II. stage, in III. stage there were 16 patients
and in VI. stage 10 patients. The control group consisted
of apparently healthy subjects who were approached and
consented to blood collection at the National Transfusion
Station in Martin. The characteristics of the patient group
and the control group are shown in Table 1. Patients with
lung cancer were divided into individual groups according
to the stage of the disease based on the 8th TNM classifica-
tion and according to the histological type of lung cancer.
Considering the goal of demonstrating the significance of
miRNA as a possible biomarker in metastatic lung can-
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cer, individual sets were divided according to N category
(metastatic involvement of lymph nodes) and M category
(metastasis to distant organs): set NO are patients without
metastatic involvement in the examined regional lymph
nodes. The N1 group included patients with metastases
in ipsilateral peribronchial and/or ipsilateral hilar nodes
and intrapulmonary nodes. Group N2 is represented by
patients with metastases to ipsilateral mediastinal and/or
subcarinal lymph nodes. The M set included patients with
the verified presence of distant metastases, including cases
with tumor or nodules in the contralateral lung, verified
pleural or pericardial carcinoma, with malignant pleural
effusions, with solitary or multiple metastasis/metastases
in one or more distant organs (Table 2).

Methods

Peripheral blood (2.5 ml) was collected before therapy us-
ing PAXgene Blood RNA Tubes (Qiagen, Hilden, Germany)
for in vitro diagnostic purposes. After blood collection, the
tubes were kept for two hours at room temperature. The RNA
concentration and purity were confirmed by the spectrofoto-
metric ratio using absorbance measurements at wavelengths
of 260 nm and 280 nm on a NanoDrop ND-2000 spectro-
photometer (Thermo Fisher Scientific Inc., Wilmington. MA,
USA). Isolated RNA was stored at —80°C.

Reverse transcription (RT) was performed with 2 ng
total RNA in a 10-pl reaction using a TagMan MicroRNA
Reverse Transcription Kit (Applied Biosystems, Foster City,
CA, USA), according to the manufacturer’s instructions.
RT primers were included in TAgMan MicroRNA Assay
Kit (Applied Biosystems). cDNA samples were stored at
-20°C until subsequent quantitative polymerase chain
reaction (QPCR).

The 20-pl reaction mixture required for the qPCR
included RT product, TagMan Universal Master Mix no
UNG (Applied Biosystems), Nuclease-free water and probe
mixture of the TagMan MicroRNA Assay Protocol (Applied
Biosystems). The qPCR cycling conditions were: 50°C for
2 min and 95°C for 10 min, followed by 40 cycles of 95°C
for 15 s and 60°C for 60 s. All reactions were performed in
duplicite.

The qPCRs were performed using an IQ5 Multicolor
Real-Time PCR Detection System (Bio-Rad Laboratories,

Hercules, CA, USA). Relative quantification (RQ) was car-
ried out using the 224t comparative method.

Normalization and data analysis

In the context of finding appropriate endogenous controls,
60 samples were tested. This group consisted of 30 patients
and 30 controls. The expression levels of the investigated
miRNAs, which were normalized by the expression level of
the endogenous control RNU48, were then evaluated using
the QIAGEN GeneGlobe Data center software.

Analysis and statistical evaluation of the results were
performed with Microsoft Excel (Microsoft Corporation,
Redmond, WA, USA) and GraphPad Prism 5 software
(GraphPad softwere Inc., La Jolla, CA, USA). Differences
between miRNA levels and clinicopathological parameters
were evaluated using two tests: for testing of two groups, the
Mann-Whitney U-test was used, and for testing of three or
more groups, the Kruskal-Wallis test was used. A value of
P < 0.05 was considered significant.

The rate of expression of statistically significant miRNAs
in relation to lung cancer was evaluated by reciever operating
characteristic (ROC) analysis.

Results

Results of expression of monitored miRNAs

We determined the expression levels of miRNAs: miR-126,
miR-155, miR-221, miR-133a, let-7a, miR-182, miR-21, let-7g,
and miR-19b in peripheral blood samples collected from lung
carcinoma patients compared with a control group of apparently
healthy subjects (Table 3). Using statistical analysis, we found
significantly decreased expression for these miRNAs, especially
the expression of miR-126 in the blood in all patient groups.
In the adenocarcinoma patient group (Table 4), miR-126 had
the lowest expression level at stages N1 and N2. Statistically
significantly decreased expression of miR-126 was at stages NO
to N2. In the squamous cell carcinoma patient group (Table 5),
miR-126 had statistically significantly lowest expression at stage
NO. miR-133a in the group of all patients regardless of disease
stage relative to the control group had a reduced expression
level, which was statistically significant, at stage N2 (Table 3).

Table 2. Classification of patients based on N and M categories

Files with the number of probands/N a M factor

T1-4NOMO T1-4N1IMO TI1-4N2M0O T1-4N2M1

Lung carcinoma (n = 67) 31
Adenocarcinoma (n = 38) 16
Squamous cell carcinoma (1 = 29) 15

12 14 10
6
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Table 3. Results of statistical analysis of differences in miRNA expression levels between patients with lung carcinoma according to N

and M categories and healthy controls

NO N1 N2 M1
miRNA
+/- p +/- P +/= P +/- P

RNU48 1 N/A 1 N/A 1 N/A 1 N/A
miR-126 —28.81 0.000 —49.28 0.024 —-28.24 0.007 - 11.18 0.062
miR-155 -243 0.000 -3.09 0.002 -2.68 0.000 - 1.89 0.028
miR-221 -1.97 0.010 - 1.67 0.094 - 1.65 0.120 - 1.45 0.138
miR-21 -7.47 0.001 - 13.09 0.001 -10.4 0.000 -3.12 0.140
mir-143 +2.36 0.004 +1.87 0.012 +1.57 0.211 +5.33 0.000
miR-145 +1.49 0.009 +1.98 0.001 +1.27 0.525 +1.99 0.000
miR-133a - 1.53 0.076 -131 0.810 -2.22 0.037 -1.38 0.289
let-7a -2.38 0.006 -3.83 0.061 -2.52 0.052 -1.51 0.221
miR-146a —1.48 0.248 -1.36 0.313 -1.37 0.641 +1.13 0.709
miR-31 + 1.02 0.235 -1.23 0.259 -1.08 0.496 +1.09 0.579
miR-182 =573 0.005 -8.91 0.018 -5.24 0.005 —-2.62 0.382
let-7g -10.19 0.001 -13.81 0.043 -11.13 0.022 -6.34 0.088
miR-19b —5.66 0.005 -7.37 0.007 —7.86 0.003 -3.71 0.559

+, up regulation (comparing to control group); —, down regulation (comparing to control group); N/A, not applicable. Values highlighted

in bold are statistically significant results.

Expression of miR-143 and miR-145

We further determined the relative expression of miR-143
and miR-145 in peripheral blood samples collected from
lung carcinoma patients compared to a control group of
apparently healthy subjects (Table 3). We observed statisti-
cally significantly increased expression of these investigated

miRNAs in the blood of patients with both adenocarcinoma
and squamous cell carcinoma of the lung compared to con-
trol subjects. For miR-143, the p-values were statistically
significant in the adenocarcinoma patient group at all stages
of disease except stage N2 (Table 4). In the squamous cell
carcinoma patient group, statistical significance was only at
distant metastasis stage M1 (Table 5).

Table 4. Results of statistical analysis of differences in miRNA expression levels between patients with lung adenocarcinoma according

to N and M category and control group

NO N1 N2 M1
miRNA
+/— p +/- p +/- p +/= P

RNU48 1 N/A 1 N/A 1 N/A 1 N/A
miR-126 -13.15 0.029 -137.18 0.044 -20.79 0.043 -10.39 0.190
miR-155 - 177 0.114 -4.28 0.003 =32 0.004 -1.48 0.201
miR-221 - 1.64 0.306 -2.12 0.064 - 171 0.264 - 1.53 0.152
miR-21 -4.28 0.190 -29.03 0.004 -9.24 0.008 —-2.39 0.202
mir-143 +3.03 0.000 +1.76 0.007 +1.79 0.326 +6.29 0.000
miR-145 +14 0.028 + 1.65 0.021 +1.47 0.242 +2.14 0.001
miR-133a -1.26 0.481 -1.09 0.957 -1.49 0.256 -1.08 0.548
let-7a -2.03 0.131 —-5.46 0.094 =277 0.118 -1.24 0.434
miR-146a -1.37 0.700 -1.76 0.228 - 1.04 0.144 +1.12 0.999
miR-31 -1.14 0.288 -1.27 0.323 -1.22 0.410 +1.23 0.906
miR-182 -5.09 0.097 -18.95 0.022 -4.81 0.047 -3.04 0.435
let-7g - 7.46 0.054 —-23.81 0.083 -10.99 0.087 -533 0.232
miR-19b —4.1 0.284 —10.04 0.022 -6.17 0.039 - 3.82 0.665

+, up regulation (comparing to control group); —, down regulation (comparing to control group); N/A, not applicable. Values highlighted
in bold are statistically significant results.
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Table 5. Results of statistical analysis of differences in miRNA expression levels between patients with squamous cell carcinoma of the

lung according to N and M categories and the control group

NO N1 N2 M1
miRNA
+/- p +/- P +/= P +/- P

RNU48 1 N/A 1 N/A 1 N/A 1 N/A
miR-126 -55.34 0.008 -13.06 0.197 -49.97 0.121 - 5.56 0.251
miR-155 -3.37 0.000 -2.02 0.086 -2.36 0.044 - 177 0.134
miR-221 -25 0.008 +1.08 0.892 -1.52 0.441 +1.03 0.814
miR-21 -11.51 0.000 -4.31 0.066 -11.58 0.034 —-2.04 0.653
miR-143 +2.1 0.055 +1.88 0.425 +1.38 0.196 +3.4 0.002
miR-145 +1.53 0.098 +2.18 0.010 +1.01 0.722 +2.25 0.013
miR-133a -1.97 0.081 -144 0.576 -43 0.093 -13 0.528
let-7a -2.83 0.040 -1.87 0.312 -2.06 0.370 -1.41 0.452
miR-146a - 1.63 0.055 +1.2 0.867 -2.05 0.186 +1.53 0.324
miR-31 1.13 0.537 -1.19 0.494 +1.32 0.793 -1.13 0.503
miR-182 =7/ 0.004 -3.54 0.239 -6.02 0.083 -1.42 0.910
let-7g -13.36 0.022 -5.59 0.223 -9.61 0.200 -4.99 0.286
miR-19b -7.35 0.004 —4.93 0.086 - 13.65 0.052 —-2.28 0.952

+, up regulation (comparing to control group); —, down regulation (comparing to control group); N/A, not applicable. Values highlighted

in bold are statistically significant results.

Expression of miR-146a and miR-31

Based on the results of statistical analyses, we detected
changes in the expression levels of miR-146a and miR-31 in
individual patient groups compared with the control group
(Tables 3, 4, 5). These changes, however, are not statistically
significant.

In the group of lung carcinoma patients (Table 3), we
observed several-fold decreased expression levels of miR-
126, miR-155, miR-21, miR-182, let-7g and miR-19b, which
were statistically significant at all stages except M1, and for
miR-155 statistically significant at all stages including M1.
Furthermore, we measured decreased miR-133a expression
levels, but these were statistically significant only at the N2
stage. We also measured reduced expression levels of miRNA
let-7a that were statistically significant only at the NO stage.
For miR-143 and miR-145, we measured several-fold in-
creased expression levels that were statistically significant at
the NO and N1 stages; there was no statistical significance at
the N2 stage, but at the M1 stage the increased expression
levels were again statistically significant.

In the group of patients with lung adenocarcinoma (Ta-
ble 4), we observed several-fold decreased expression levels
of miR-126, which were statistically significant at all stages
except M1 distant metastasis. Furthermore, we observed de-
creased expression levels of miR-155, miR-21, miR-182, and
miR-19b in the samples of patients with adenocarcinoma,
with statistical significance at stages N1 and N2. For miR-143
and miR-145 miRNAs, we observed statistically significantly
increased expression levels at all stages except stage N2. The

altered expression levels of miR-221, miR-133a, let-7a, miR-
146a, miR-31 and let-7g in adenocarcinoma patients were
not statistically significant.

In the group of patients with squamous cell carcinoma of
the lung (Table 5), as in the group of patients with adeno-
carcinoma, we observed several-fold decreased miR-126
expression levels, but in this group they were statistically
significant only at the NO stage. Other miRNAs also had
statistically significantly reduced expression at stage NO,
namely miR-221, let-7a, miR-182, let-7g and miR-19b. For
miR-155and miR-21, we measured reduced expression levels
in patients with squamous cell carcinoma of the lung, which
were statistically significant at stages NO and N2, respectively.
We observed increased expression levels for miR-143 and
miR-145, with miR-143 having statistical significance only
at the M1 stage of distant metastasis and miR-145 being
statistically significant at the N1 and M1 stages.

At stage NO, we observed statistically significantly de-
creased miR-126 expression levels overall in all lung cancer
patients. In the adenocarcinoma patient group, increased
expression levels of miR-143 and miR-145 were statistically
significant. In the group of patients with stage N0 squamous
cell carcinoma of the lung, the expression levels of miR-155,
miR-221, miR-21, let-7a, miR-182, let-7g and miR-19b were
statistically significant decreased.

At stage N1, we observed statistically significantly reduced
let-7g expression levels in all lung carcinoma patients over-
all. Increased expression levels of miR-143 were significant
in adenocarcinoma and in the all lung carcinoma patients
group, whereas miR-145 was significantly increased in all
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Figure 1. ROC curves of individual miRNAs at stage NO (A) N1 (B), N2 (C) and M1 (D) in the group of lung carcinoma patients.
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groups. The decreased expression levels that were statisti-
cally significant at stage N1 in the overall lung carcinoma
and adenocarcinoma patient groups were miR-126, miR-155,
miR-21, miR-182, and miR-19b.

At stage N2, we observed statistically significantly de-
creased expression levels of miR-133a and let-7g only in the
group of all lung carcinoma patients. In all patient groups,
there were statistically significant decreased expression lev-
els of miR-155 and miR-21, while the decreased expression
levels of miR-126, miR-182 and miR-19b were statistically
significant at stage N2 in the all lung cancer group and the
adenocarcinoma group.

For stage M1, we observed a statistically significant de-
crease in miR-155 expression level in the group of all lung
carcinoma patients. Increased expression levels of miR-143
and miR-145, which were statistically significant at stage M1,
were observed in all patient groups.

ROC analysis of examined miRNAs

The results of ROC analysis of individual miRNAs in the
group of lung cancer patients are shown in Figure 1 accord-
ing to the stages of the disease. For stage NO, the following
miRNAs have diagnostically significant sensitivity and
specificity: let-7g, miR-126, miR-21, miR-19b, miR-182,
miR-155, and let-7a (Fig. 1A). For stage N1, we observed an
excellent discriminating test with an AUC (area under the
curve) value above 0.9 for let-7g, miR-126, miR-21 and a very
good discriminating test for miR-19b, miR-182, miR-155
and miR-21 (Fig. 1B). For stage N2, let-7g, miR-126, miR-
21, miR-155, miR-182, miR-19b and let-7a are diagnosti-
cally significant (Fig. 1C). At M1 stage, we observed a very
well discriminating test with an AUC value of 0.8-0.9 for
let-7g and miR-126 (Fig. 1D). The results of ROC analysis
of individual miRNAs in the group of patients with lung
adenocarcinoma are shown in Figure 2 according to the
stages of the disease. For stage NO, the following miRNAs
have diagnostically significant sensitivity and specificity: let-
7g, miR-126, miR-19b, miR-21 and miR-182 (Fig. 2A). For
stage N1, we observed an excellent discriminating test with
an AUC value of 1 for miR-126, further between 0.9-1.0 for
let-7g, miR-21, miR-182, miR-155, a very good discriminat-
ing test for miR-221 and let-7a (Fig. 2B). For stage N2, let-7g,
miR-126, miR-155, miR-21, miR-182, miR-19b and let-7a
are diagnostically significant (Fig. 2C). At M1 stage, we ob-
served a very well discriminating test with an AUC value of
0.8-0.9 for let-7g and miR-126 (Fig. 2D). The results of ROC
analysis of individual miRNAs in the group of patients with
squamous cell carcinoma of the lung are shown in Figure 3

according to the stages of the disease. For stage NO, the fol-
lowing miRNAs have diagnostically significant sensitivity
and specificity: let-7g, miR-126, miR-182, and miR-21 with
excellent discriminatory test (Fig. 3A). Furthermore, miR-
155, miR-19b, let-7a with a very well discriminating test and
miR-221 with a well discriminating test. For the N1 stage, we
observed an excellent discriminating test for let-7g, a very
good discriminating test for miR-19b, miR-126, and a good
discriminating test for miR-21 and miR-155 (Fig. 3B). For
stage N2, miR-19b, miR-126, let-7g, miR-133a and miR-182
are diagnostically significant with an excellent discriminating
test, miR-21 and miR-155 with a very well discriminating
test and still miR-146 with a well discriminating test (Fig.
3C). Atthe M1 stage, we observed a very well discriminating
test with an AUC value of 0.8-0.9 for let-7g and a very well
discriminating test for both miR-126 and miR-155 (Fig. 3D).

Discussion

Lung carcinoma is the second most commonly diagnosed
cancer. Unfortunately, up to 70% of patients are currently
diagnosed at late stages with metastases. A possible way
to influence this is to introduce lung carcinoma screening.
A promising group of potential biomarkers, also based on
recent studies that could be part of lung cancer screening
and possibly correlate with the extent of disease are miRNAs
(Asakura et al. 2020; Lampignano et al. 2020; Maldonado et
al. 2020; Xie et al. 2021).

The main aim of the present work was to evaluate the
diagnostic significance of the investigated miRNAs for lung
cancer and its individual histological types with a focus on
their potential in metastatic disease.

We observed several statistically significant changes
in miRNA expression in the group of all lung cancer
patients. The malignant profile at stages NO, N1 and N2
showed miR-126, miR-155, miR-21, miR-182, let-7g and
miR-19b, respectively. However, we could not distinguish
metastasis between the different stages of the lymphatic
system by these miRNAs. However, their malignant profile
was not demonstrated at the distant metastasis M1 stage.
The values of the multiples of reduced miRNA expression
were no longer statistically significant, as they were close
to those of the apparently healthy individuals in the control
group. These miRNAs are probably related to metastasis to
the lymphatic system and not to haematogenous spread
to distant organs. However, an interesting result was the
statistical significance of miR-133a only at the N2 stage and
statistical significance for let-7a, miR-221 only at the NO

<« Figure 2. ROC curves of individual miRNAs at stage NO (A) N1 (B), N2 (C) and M1 (D) in the group of patients with lung adeno-

carcinoma.
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Figure 3. ROC curves of individual miRNAs at stage NO (A) N1 (B), N2 (C) and M1 (D) in the group of patients with squamous cell

carcinoma of the lung.

stage, by which we could distinguish the early resectable
stage (NO) from the locally advanced stage (N2). When the
expression levels of miR-143 and miR-145 were increased,
they were statistically significant at the NO and N1 stages,
i.e. at the early stage, but also at the M1 stage. Notably, the
levels were several-fold higher at the distant metastasis M1
stage. In the group of patients with lung adenocarcinoma,
miR-126 showed the most reduced multiples of its expres-
sion at the N0, N1 and N2 stages, especially at the N1 stage,
which represents the early stage. Statistically significant
decreased expression levels were observed in stages N1
and N2 for miR-155, miR-21, miR-182 and miR-19b, but
they could not distinguish between early and advanced
stage lung carcinoma. For miR-143 and miR-145, we
again observed increased expression levels with statistical
significance at the NO and N1 stages, but also multiple in-
creased expression levels just at the distant metastasis M1
stage. In the group of squamous cell lung cancer patients,
most of the statistically significant miRNAs were in the NO
stage, namely miR-126, miR-155, miR-221, miR-21, let-7a,
miR-182, let-7g, and miR-19b, i.e., they could help to dis-
tinguish patients at an early stage in this histological type
of lung carcinoma. However, we also observed statistical
significance for miR-155 and miR-21 at stage N2. Of note
was the multiple decreased expression level of miR-126,

which could help us to distinguish early resectable stage.
miR-143 and miR-145 had a significantly higher fold of
expression in the distant metastasis M1 stage.

Using ROC analysis of individual miRNAs in patient
groups, we observed their sensitivity and specificity, i.e.
their diagnostic significance as biomarkers in clinical stages
of lung cancer. The unequivocal markers for all stages of
lung carcinoma are miR-126 and let-7g. But to distinguish
metastasis in the lymphatic system, there were no differences
between NO, N1 and N2 stage. In N2 disease, we observed
significantly decreased expression of only miR-133a.

In the literature, miR-126 is referred to as a tumor sup-
pressor miRNA that plays a role in the metastasis of various
types of cancer, including liver cancer, colorectal cancer,
malignant melanoma, and lung carcinoma as well. miR-126
is encoded by intron 7 of a gene containing an epidermal
growth factor-like domain. Studies have shown that miR-126
is a key regulator that controls EMT in lung carcinoma and
also has a critical role in the metastasis process (Chen et al.
2020). EMT is characterized by the loss of cell junctions and
the acquisition of migratory functions, which plays a key
role in the early process of cancer cell metastasis. Thus,
miR-126 suppresses tumor cell invasion and migration in
lung carcinoma. Overexpression of miR-126 inhibits EMT.
Suppression of EMT may be an important mechanism ac-
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counting for miR-126-mediated inhibition of lung carcinoma
(Jia et al. 2018). Thus, reduced miR-126 expression in lung
cancer tumor tissue was a negative prognostic factor for
disease progression-free survival of patients (Chen et al.
2020). According to Tafsiri et al. (2015), there is a correla-
tion between miR-126 and TNM staging of NSCLC (TNM
Classification of malignant tumours, T category describes
the primary tumour site and size, N category describes the
regional lymph node involvement, M category describes the
presence or otherwise of distant metastatic spread). This
suggests that miR-126 can be used as a biomarker for the
early diagnosis of NSCLC. It has been shown that in NSCLC
patients, those with high miR-126 expression had a better
prognosis than those with low expression (Sun et al. 2020).
In NSCLC patients, the level of miR-126 is reduced not only
in tumor tissue compared to healthy tissue but also in body
fluids such as blood, plasma, and sputum (Jiao et al. 2020).
The same results were also reached by Sun et al. (2020)
who described that miR-126 is downregulated in NSCLC
tissues and cells and this reduced expression was associ-
ated with tumor size and poor overall survival of NSCLC
patients. In our study, miR-126 miRNA appeared to be the
most downregulated in all lung cancer patient samples. In
the adenocarcinoma patient group, miR-126 had the lowest
expression level in N1 and N2 stages. The results for stages
NO to N2 were statistically significant. In the second group
of squamous cell carcinoma patients, there was statistically
significant decreased miR-126 expression in the NO group.
When comparing all patients versus apparently healthy
subjects, there were equally statistically significant reduced
levels in stages NO, N1, and N2. Thus, we can confirm that
miR-126 could be used in clinical practice as a biomarker
for early stages of lung carcinoma.

Another tumor suppressor miRNA in lung cancer de-
scribed in the literature is miR-133a. Zhang et al. (2021)
found that the level of miR-133a is significantly reduced in
tumor tissue compared to healthy tissue. They report that
miR-133a exhibits a tumor suppressive effect by targeting
various mRNAs in lung tumor tissue. They confirmed the
low expression of miR-133a in lung cancer patients, which
correlated with poor prognosis. They further found that
upregulation of miR-133a plays a role in tumor growth in-
hibition as well as metastasis formation. Patients with low
miR-133a expression had a shorter survival time compared
to patients with high miR-133a expression. Thus, reduced
miR-133a expression level may be a potential adverse prog-
nostic factor for NSCLC patients (Ghasemkhani et al. 2016).
In a study by Shen et al. (2020) it was found that miR-133a
was downregulated in NSCLC cells and tissues, and when
its expression was increased, the proliferation of NSCLC
cells was inhibited. Similarly, our study confirmed statisti-
cally significantly decreased miR-133a expression in blood
samples from lung carcinoma patients.

Another miRNA monitored in our study was miR-143.
Mataki et al. (2016) and Misono et al. (2018) described miR-
143 and its tumor suppressive functions in lung adenocarci-
noma cells in their study. Their study confirmed the tumor
suppressive effect in all miR-143/miR-145 family members
(miR-143-5p, miR-143-3p, miR-145-5p, and miR-145-3p).
In the work of Yang et al. (2019), they describe consistently
that miR-143 was downregulated more than two-fold in
NSCLC. But Zhou et al. (2020) suggest that miR-143-3p
expression is different in different cancer types (it can be
both increased and decreased). However, up-regulation
of miR-143 is associated with a worse prognosis in lung
carcinoma as it promotes metastasis formation. According
to their findings, miRNA-143 promotes the growth of lung
carcinoma tumor cells. Also Wang et al. (2019) described
an increase in miR-143 expression in patients with meta-
static lung carcinoma. They argue that increased miR-143
expression in the tumor stroma promotes tumorigenesis of
lung carcinoma, such that miR-143 triggers EMT and an-
giogenesis. Our study confirmed the increased expression
of miR-143. In the literature, we found studies supporting
the claim that miR-143 is an oncogenic microRNA, but also
papers on its tumor suppressor role. Expression was statisti-
cally significantly increased in adenocarcinoma and in all
stages of the disease except N2. The expression of miR-143
was increased several-fold in M1 stage of distant metastasis.
The same result was also found for miR-145.

For miR-145, its tumor suppressor function has been
described in the literature in various cancer types, including
NSCLC, gastric cancer, breast cancer, and colorectal cancer
(Ding et al. 2017; Lei et al. 2017; Sheng et al. 2017; Liu Q et
al. 2018). Similarly, Cui et al. (2014) describe downregula-
tion of miR-145 in various tumor types. Reduced miR-145
expression in lung carcinoma cells promotes proliferation
and metastasis formation and decreases the rate of apoptosis.
Therefore, restoring the expression of this miRNA could be
considered as a therapeutic target in the treatment of lung
carcinoma.

The results of the study by Sadeghiyeh et al. (2019) are
consistent with the studies by Zhang and Wang (2015),
which demonstrated the antimetastatic effect of miR-145
in 2015. Similarly, Xie et al. (2021) in their study confirm
the reduced expression of miR-145 in NSCLC patients and
also, inhibition of the epithelial-mesenchymal transition
process of NSCLC cells. In 2021, Zhu et al. described miR-
145 as a tumor suppressor gene that has significant clinical
value in the diagnosis and treatment of NSCLC. They found
decreased miR-145 expression in NSCLC tissues compared
with expression in adjacent non-tumor tissues. And also
that its reduced expression is closely related to metastasis
to lymph nodes. Some studies have suggested a relation-
ship between reduced miR-145 levels and increased bone
metastasis formation (Sadeghiyeh et al. 2019). For miR-145,
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we found increased expression levels in all participating
patients. Our findings do not correlate with data in the
literature where miR-145 is described as a tumor suppres-
sor microRNA. Patients with lung adenocarcinoma had
statistically significantly increased levels at all stages except
stage N2 and, in the case of squamous cell carcinoma, at
stages N1 and M1.

miR-221 has been implicated as an oncogenic miRNA
playing a role in the carcinogenesis of several tumor types,
including lung carcinoma (Xiang et al. 2020). Yin et al. (2019)
found that miR-221 was overexpressed in non-small cell
lung carcinoma tissues and cell lines compared to healthy
tissue cells. They also found that downregulation of miR-221
suppressed the proliferation and metastasis formation of
NSCLC cells. In contrast, the increased expression of miR-
221 promoted the growth of NSCLC cells, so miR-221 could
be considered a promising anticancer target in the treatment
of NSCLC. Increased expression level of miR-221 inhibits
apoptosis of tumor cells and promotes their cell prolifera-
tion (Lu et al. 2020; Xiang et al. 2020). In most of our patient
blood samples, we measured decreased expression levels of
miR-221. In the group of patients with squamous cell carci-
noma of the lung, expression was statistically significantly
decreased only at the NO stage.

In the case of miR-21 and miR-155, the literature de-
scribes their increased expression in various types of solid
malignancies such as breast, gastric, liver, colorectal, B-cell
lymphoma as well as lung carcinoma (Xu and Shi 2019;
Zhu Z et al. 2020). In addition, reduced expression levels
of miR-21 and miR-155 can induce apoptosis and inhibit
cell proliferation and invasion (Xu and Shi 2019). miR-155
represents an important therapeutic target as it is involved as
an oncogene in several types of cancer (Mahesh and Biswas
2019; Shao et al. 2019). miR-155 positively correlates with
lung cancer pathogenesis, suggesting that miR-155 acts as an
oncogene here (Shao etal. 2019). Abnormally elevated miR-
155 is found in tissues, plasma and sputum of lung cancer
patients, making miR-155 a potential molecular marker for
its early diagnosis. In addition, lung cancer patients with
high miR-155 expression have a short survival time and poor
prognosis (Dezfuli et al. 2020; Zhu HZ et al. 2020). In our
study, we did not confirm the increased miR-155 expression
from blood of lung carcinoma patients.

The let-7a miRNA, which is a member of the let-7 family,
is thought to have tumor suppressor effects. Thus, it inhibits
the expression of genes that promote tumor tissue growth.
Several studies have observed its downregulation in periph-
eral blood samples from patients (Liu JK et al. 2018; Zhang et
al. 2018; Zhao et al. 2018; Baran et al. 2019; Duan et al. 2019).
Baran et al. (2019) in their work measured decreased let-7a
expression levels in the serum of lung carcinoma patients but
also in tumor tissue. However, significant downregulation
was observed in patients with lymph node metastases. The

study by Zhao et al. (2018) focused on patients with adeno-
carcinoma and observed decreased expression in tumor tis-
sue. In our work, let-7a is downregulated in blood samples in
the whole group of lung carcinoma patients, consistent with
the results reported in the literature. In the case of squamous
cell carcinoma, the expression was statistically significantly
reduced in the NO stage. The literature describes both onco-
genic and tumor suppressor effects of let7-g (Sathipati and
Ho 2017; Qu et al. 2018; Sim et al. 2018; Ciu et al. 2020).
In our study, we found decreased expression of both let-7a
and let-7g in the overall group of lung cancer patients. We
also confirmed statistically significant expression for stages
NO, N1 and N2.

In recent years, a number of peer-reviewed publications
have emerged demonstrating the potential importance of
miRNAs as biomarkers for lung carcinoma. However, the
agreement between the results of different studies is low
because there are no standardized analytical procedures
and data normalization followed by all sites in the same
way. Based on the data published so far, it is plausible that
investigation of microRNAs as biomarkers may in the future,
after validation by prospective studies, complement imaging,
sputum cytology and biopsy examinations in the diagnosis
of lung carcinoma or be a potential screening method.

Conclusion

Lung cancer is the leading cause of cancer-related mortality
worldwide. Early diagnosis could improve patient survival.
Although in some countries at-risk patients undergo ra-
diological screening using low-dose computed tomography,
due to high costs and false-positive results, this screening is
not satisfactory enough. The availability of screening with
a peripheral blood biomarker could increase the uptake of
patients with this diagnosis.

The present article demonstrated the importance of miR-
126 and let-7g as important biomarkers of lung cancer in all
monitored clinical stages. However, based on our results,
we cannot unambiguously state that in the analysis of indi-
vidual stages we found characteristic miRNAs that would
speak of an important biomarker for metastasis. Although
miR-143 and miR-145 were significantly shown in increased
expressions only in the stage of distant metastases, and in
N2 disease we observed significantly reduced expression of
miR-133ain the group of all lung cancer patients. Due to the
significant limitations of our study, the miRNAs monitored
by us did not show a clear potential for the detection of
potentially resectable (N0-N1), locally advanced (N2) and
distant organ metastatic (M1) lung cancer.

Our further research is necessary to focus on expanding
the spectrum of monitored miRNAs by the methodology
of NGS analyzes, increasing the number of patients in the
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monitored cohort, taking into account all parameters of
TNM classification and clinical data.
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