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Abstract
A pro-inflammatory cytokine, IL-17A, is associated with increased risk of developing numerous cancers, including non-
small cell lung cancer (NSCLC). IL-17A is a target gene for miR-9. This encouraged us to analyze these two genes in terms 
of their usefulness as prognostic markers in NSCLC. The expression levels of IL-17A gene and miR-9 was assessed in 26 
NSCLC tissue samples and 26 unchanged lung tissue adjacent to lung tumors (control tissue), using qPCR. In both tissue 
groups, a decreased expression of IL-17A was observed in 100% of samples. Increased expression of miRNA-9 was observed 
in 92% of tumor samples, and in 100% of control samples. Neither statistical differences in the level of expression IL-17A 
depending on the patient’s age, gender, smoking status, nor histopathology of the cancer was found. Regarding the presence 
of nodule metastasis (‘N’ value in TNM classification), significantly lower expression level of IL-17A was observed in cN2 as 
compared with cN1 group. Additionally, statistically lower IL-17A expression was found in III versus II tumor stage (cAJCC 
classification). Significant negative correlation between both studied genes was revealed in SCC subgroup. This leads to the 
conclusion that miRNA-9 can regulate the expression of IL-17A as an IL-17A mRNA antagonistic mediator. Inhibition of 
proinflammatory action of IL-17A in correlation with tumor progression can be related to various activity of Th17 cells on 
cancer development according to its immunogenicity, and also may suggest suppressive role of IL-17A in tumor progression. 
However, because of low number of analyzed samples, further studies on the functional role of IL-17A in development and/
or progression NSCLC seem warranted.
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Introduction

Lung cancer is considered the second most common can-
cer in the world and the most common cause of death in 
oncology patients. According to the prognosis of the Min-
istry of Health, the prevalence of lung cancer is gradually 
increasing. It is estimated that in 2029 the number of new 
cases in Poland may exceed 32,000. The most common (as 
much as 85% of cases) form of lung cancer is non-small cell 
carcinoma (NSCLC), which includes squamous cell carci-
noma (SCC), adenocarcinoma (AC) and large cell carcinoma 
(LCC) [1].

Standard diagnosis is based on X-ray and computed 
tomography imaging. Currently, more and more research 
concern the application of molecular techniques in the 
diagnosis of NSCLC, including searching for genetic 
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markers in material collected from patients during tissue 
biopsy (lungs) and the so-called liquid biopsy (plasma, 
sputum, blood). Molecular factors are used to assess the 
prognosis and determine the probability of effective ther-
apy. The most popular markers include BRCA1, ERCC1, 
RRM1 and EGFR genes [1, 2].

It was observed that the development of cancer in the 
lungs is associated with long-term smoking by the patient 
and the accompanying process of chronic inflammation of 
the lung [2]. Numerous lymphocytes capable of secretion 
of many chemokines and chemotactic cytokines enter the 
tumor microenvironment, stimulating and sustaining the 
process. Continuous cytokine secretion can stimulate the 
growth of cancer cells, suppress their apoptosis, promote 
tissue invasion, and metastasis. Numerous tumor cells have 
receptors for chemokines and proinflammatory cytokines 
on the surface of the cell membrane. One of them is the 
CCL20/CCR6 receptor pair, which plays an important role 
in the immunization of the lung in the course of, among 
others, chronic obstructive pulmonary disease or intersti-
tial pulmonary fibrosis, and is associated with NSCLC 
progression [3]. CCL20/CCR6 is a pair of receptors for 
IL-17A, which is a precursor for the proinflammatory 
IL-17 cytokine family. Within the microenvironment of 
the tumor IL-17A can be secreted by Th17 lymphocytes, 
CD8 T-lymphocytes, γδT and NK cells. The interaction 
of IL-17 with its receptor on the surface of fibroblasts or 
tumor cells stimulates the secretion of other pro-inflam-
matory cytokines, e.g. IL-6 and metalloproteases. Studies 
conducted in patients with lung cancer demonstrated that 
increased secretion of IL-6 is associated with poor prog-
nosis of cancer. It is also suggested that changes in IL-
17A expression levels may also be related to the advance-
ment of NSCLC. Investigations on various cancers (such 
as colon, breast) reported association of IL-17A with the 
proliferation of cancer cells, but these mechanism is not 
yet fully understood [4, 5].

Particular interest of scientists is currently associated with 
a class of regulatory microRNAs (miRNAs). These are short 
non-coding RNA chains that affect the expression of many 
genes [6, 7]. Numerous studies have confirmed their poten-
tial as diagnostic and/or prognostic markers of many types of 
cancer, including lung cancer. It is suggested that miR-9-3p 
may regulate expression of IL-17A, which is also associ-
ated with tumor growth. Hence, changes in the expression of 
miR-9-3p may indicate at the same time altered expression 
of the IL-17A gene, and so serve as a prognostic marker in 
the course of NSCLC [8, 9].

The aim of the study was to assess the levels of expres-
sion of IL-17A gene and miR-9 in patients with NSCLC 
in relation to the tumor characteristic (histopathological 
subtype, TNM and AJCC classification), and to determine 

whether correlation between gene IL-17A and miR-9 expres-
sion exists.

Materials and methods

Clinical characterization of patients and the NSCLC 
tissue samples

This study was conducted in accordance with Good Clini-
cal Practice and the principles of the Helsinki Declaration. 
The protocols of this study were approved by the Bioethics 
Committee of the Medical University in Lodz (Resolution 
No. KE/745/18, 12 June 2018). All participants signed 
an individual consent form for participation in the study.

The study was conducted on a group of 26 (11 women 
and 15 men) adult patients with NSCLC, aged 51 to 
81 years (mean age 66.96 ± 7.95 years). In patients, lung 
resection (pulmonectomy or lobectomy) was performed at 
the Department of Thoracic Surgery, General and Onco-
logic Surgery, Military Medical Academy Memorial 
Teaching Hospital of The Medical University of Lodz—
Central Veterans’ Hospital, Lodz, Poland, between 2018 
and 2019. For analysis, lung tissue samples (approximately 
100 mg) were collected from primary lesion and operating 
margin (2 cm away from the primary lesion), as a control 
group (macroscopically unchanged lung tissue).

The resected primary tumors were post-operatively sub-
jected to the histopathological analysis. NSCLC samples 
were classified as: squamous cell carcinoma (SCC) and 
adenocarcinoma (AC). The stage of cancer was established 
according to the TNM classification and the AJCC clas-
sification system [10]. The history of smoking was avail-
able for all patients: 25 of them were smokers or former 
smokers, and one patient never smoked. Patients were 
divided into groups depending on the members of pack-
years (PY, 1 Pack Year = 20 cigarettes smoked per day for 
1 year according to the NCI Dictionary of Cancer Terms) 
[11]. Patient demographic characteristics and features of 
lung cancer are shown in Table 1.

RNA isolation, qualitative and quantitative RNA 
assessment

Lung tissue samples were placed in fixRNA buffer (Eurx, 
Gdańsk, Poland), then divided into smaller parts, homog-
enized and frozen at − 80 °C until use. Isolation of total 
RNA from tissue homogenates was performed using mir-
Vana™ miRNA Isolation Kit (Life Technologies, Carls-
bad, CA) according to the manufacturer’s protocol. Quali-
tative and quantitative evaluation of the isolated RNA was 
performed by spectrophotometric method, measuring the 
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absorbance with the Eppendorf BioPhotometerTM Plus 
(Eppendorf, Hamburg, Germany), at 260/280 nm wave-
lengths. Them RNA was aliquoted and frozen at − 80 °C 
until the real-time polymerase chain reaction (qPCR) was 
performed.

Evaluation of gene/miRNA expression

The reverse transcription (RT) reaction for gene was per-
formed using the High-Capacity cDNA Reverse Transcrip-
tion Kit (Applied Biosystems, USA), in a volume of 20 μL. 
The reaction mixture contained: 10 × RT buffer, 25 × dNTP 
Mix (100 mM), 10 × RT Random Primers, MultiScribe™ 
Reverse Transcriptase (50 U/μL), RNase Inhibitor and 
nuclease-free water. 100 ng of total RNA was added to the 
reaction mixture. The negative control was carried out using 
water instead of RNA. The following conditions were used: 

10 min at 25 °C, 120 min at 37 °C, 5 min at 85 °C and cool-
ing at 4 °C.

The reverse transcription (RT) for miRNA was carried 
out using of 5 μL (10 ng) of total RNA and TaqMan® 
MicroRNA Reverse Transcription Kit (Applied Biosystems, 
Carlsbad, CA) in a volume of 15 μL. RT master mix con-
tained: 25 × dNTP Mix (100 mM), MultiScribe™ Reverse 
Transcriptase (50 U/μL), 10 × RT buffer, RNase Inhibitor 
(20 U/μL), nuclease-free water and specific RT primers 
(small RNA-specific RT primers) included in individual 
TaqMan® MicroRNA Assays: hsa-miR-9 (AUA AAG CUA 
GAU AAC CGA AAGU) and RNU6B (CGC AAG GAT GAC 
ACG CAA ATT CGT GAA GCG TTC CAT ATT TTT ) as endog-
enous control (Applied Biosystems, Carlsbad, CA). RT reac-
tion was performed in a Personal Thermocycler (Eppendorf, 
Germany) in the following conditions: 30 min at 16 °C, fol-
lowed by 30 min at 42 °C, then the samples were heated to 

Table 1  Demographic characteristics of patients and features of lung cancer

p pathological, c clinical

Patients’ characteristics Number of patients (%)

Gender
 Women 11 (42)
 Men 15 (58)

Age (years)
 ≤ 65 12 (46)
 > 65 14 (54)

Smoking history
 ≤ 40 PYs 13 (52)
 > 40 PYs 12 (48)
 Former smokers 11 (44)
 Current smokers 14 (56)

 Tumors’ characteristics Number of cases (%)

Histopathological subtype
 SCC 14 (54)
 AC 12 (46)
 TNM classification cTNM pTNM

Tumor size (T)
 T1 6 (23) 7 (27)
 T2 16 (62) 15 (58)
 T3 4 (15) 4 (15)

Presence of metastasis (N)
 N0 7 (27) 15 (58)
 N1 16 (61.5) 9 (35)
 N2 3 (11.5) 2 (7)

AJCC staging cAJCC pAJCC
 I 7 (27) 11 (42)
 II 14 (54) 11 (42)
 III 5 (19) 4 (15)
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85 °C for 5 min, and held at 4 °C. RT products were stored 
at − 20 °C until further analysis.

Relative gene/miRNA expression was assessed by real-
time polymerase chain reaction (qPCR) using 7900HT Fast 
Real-Time PCR System apparatus (Applied Biosystems, 
Carlsbad, CA). Total reaction mixture volume of 20 μL con-
tained: cDNA (1–100 ng), KAPA PROBE FAST qPCR Mas-
ter Mix (2X) ABI Prism™ (Kapa Biosystems Ltd, London, 
UK), RNase-free water and 20xTaqMan® Gene Expression 
Assay for the following genes: IL17A (Hs00174383_m1), 
and ACTB (Hs99999903_m1) selected as the reference gene 
in the qPCR reaction. The following assays for miRNAs 
were selected: hsa-miR-9-3p, and RNU6B as the endog-
enous control. The relative expression level of the tested 
gene/miRNA was evaluated by delta–delta CT method 
(TaqMan Relative Quantification Assay software, Applied 
Biosystems) and presented as RQ value relative to the 
ACTB/RNU6B reference gene/miRNA, respectively. The 
following formula was used to determine the ΔΔCT value: 
ΔΔCT = ΔCT test sample—ΔCT calibrator sample. For 
calibrator (commercial sample—Total RNA, Invitrogen™, 
USA), RQ value was considered equal to 1. The obtained 
results were compared in terms of the NSCLC histopatho-
logical subtype, cancer stage (TNM, AJCC), age of patients, 
gender and smoking history. In the case of the test samples, 
the increased expression was recognized when the RQ value 
was more than 1 and the decreased expression—when the 
RQ value was less than 1.

Statistical analysis

In order to check the occurrence of statistical significance 
between the analyzed groups, Mann–Whitney U-test and/
or the Kruskal–Wallis test was used depending on the size 
of the groups. The Spearman rank correlation coefficient 
was used to measure the direction and strength of the asso-
ciation for individual variables. The statistical analysis was 
carried out using Statistica 13.1 program (StatSoft, Cracow, 
Poland). For all statistical analysis, the level of statistical 
significance was assumed at p < 0.05. The results are pre-
sented as medians.

Results

IL17A gene expression analysis

The relative expression level of IL-17A was analyzed in both 
lung cancer tissue (NSCLC) and in control tissue (macro-
scopically unchanged lung tissues adjacent to lung tumors). 
In both groups, for all samples (100%) a decreased level of 

expression of the tested gene was observed (RQ < 1) in rela-
tion to the calibrator (see Fig. 1a).

Median RQ values of IL-17A gene in NSCLC group ver-
sus control group were the following: 0.032 versus 0.068; 
respectively. Statistical analysis didn’t confirm significant 
differences in the expression level of the tested gene in 
NSCLC versus control tissue (p = 0.191, Mann–Whitney 
U-test).

Mann–Whitney U-test showed no significant correlation 
between RQ values of IL-17A and the demographic features 
of NSCLC patients, patients’ age (two age groups: ≤ 65 years 
and > 65 years: 0.029 vs. 0.033; p = 0.489), gender (women 
vs. men: 0.033 vs. 0.032; p = 0.350), smoking habit (current 
smokers vs. former smokers: 0.029 vs. 0.033; p = 0.366), and 
history of smoking evaluated as PY (≤ 40 PYs vs. > 40 PYs: 
0.033 vs. 0.031; p = 0.341). In addition, an analysis was car-
ried out in the entire group of smokers to see if there is a cor-
relation between the expression of IL-17A and the amount 
of cigarettes smoked in relation to the length of the smoking 
(PYs). Spearman’s rank correlation revealed rho = − 0.120, 
with no statistical significant (p = 0.338).

The relative expression level of IL-17A was analyzed 
depending on the histopathological features of tumor. The 
results are presented in Table 2.

Regarding IL-17A expression among the NSCLC histo-
pathological subtypes: SCC vs. AC, the difference was not 
statistically significant (p > 0.05, Mann–Whitney U-test). 
The expression level of IL-17A correlated with the stage of 
cancer according to TNM and AJCC was analyzed accord-
ing to the pathological (p) and clinical (c) evaluation using 
TNM and AJCC classifications. The RQ value decreased 
with tumor size in both pT and cT groups: pT1 versus pT2 
versus pT3 and cT1 versus cT2 versus cT3, however the 
differences were not significant (p > 0.05, Kruskal–Wallis 
test). According to the presence of metastasis to the nod-
ules (pTNM staging, ‘N’ value), it was observed that RQ 
value of IL-17A was highest in patient with pN1, lower in 
pN0 and lowest in pN2, but without statistical significance 
(p > 0.05, Kruskal–Wallis test). Analysis of RQ values in 
cN groups demonstrated higher RQ in cN1 than in cN0 or 
cN2 (p = 0.033, Kruskal–Wallis test). Significant differences 
were observed between cN1 versus cN2 group (p = 0.022, 
Mann–Whitney U-test). The results are shown in Fig. 2.

In the pathological evaluation of tumor stages (pAJCC 
classification), the median RQ value was lower in stage 
III, and higher in I and II stages, but without statistical 
significance (p > 0.05, Kruskal–Wallis test). According 
to the cAJCC classification, we observed the highest RQ 
value in group II, lower in I and the lowest in III (p = 0.043, 
Kruskal–Wallis test). Significant differences were dem-
onstrated between II and III tumor stages (p = 0.006, 
Mann–Whitney U-test). The results are presented in Fig. 3.
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miRNA‑9 expression analysis

The relative expression level of miRNA-9 was analyzed 
both in lung cancer tissue (NSCLC) and in control tissue 
(macroscopically unchanged lung tissues adjacent to lung 
tumors). In NCSLC group, decreased miRNA-9 expression 

(RQ < 1) was observed in 1/26 (4%) of the tested samples, 
in 1/26 (4%) the expression profile was unchanged (RQ = 1), 
whereas in 24/26 (92%) of samples the expression was 
increased (RQ > 1). In the control tissue, in all samples 
(100%) the increased expression level of analyzed miRNA 
was observed (RQ > 1) (see Fig. 1b). Median RQ values 

Fig. 1  The results of qPCRs presented as log10 (RQ) of all studied samples, for IL-17A (a), and miR-9 (b); C control tissue, T tumor tissue



588 Molecular Biology Reports (2020) 47:583–592

1 3

of miRNA-9 in patients versus control group were: 50.321 
versus 26.697; respectively. Statistical analysis didn’t reveal 
significant differences (p = 0.210, Mann–Whitney U-test).

Mann–Whitney U-test showed no significant corre-
lation between RQ values of miRNA-9 and the demo-
graphic features of NSCLC patients, patients’ age (two 

Table 2  Median RQ values of 
IL-17A gene and miR-9 versus 
histopathological features of 
tumor

*Statistically significant p < 0.05

IL-17A miR-9 Correlation IL-17A 
versus mir-9
p-value

Histopathological subtype
SCC 0.033 50.409 0.034*
AC 0.031

p = 0.817
46.977
p = 0.939

0.633

Evaluation Pathological Clinical Pathological Clinical Pathological Clinical
Tumor size (T)
T1 0.043 0.036 37.744 82.359 0.939 0.623
T2 0.033 0.035 56.210 41.088 0.451 0.787
T3 0.024

p = 0.776
0.022
p = 0.344

32.558
p = 0.650

111.547
p = 0.791

0.400 0.800

Presence of metastasis (N)
N0 0.032 0.024 56.210 37.744 0.940 0.702
N1 0.043 0.040 30.750 54.196 0.576 0.322
N2 0.022

p = 0.622
0.014
p = 0.033*

161.231
p = 0.858

56.385
p = 0.744

– 0.667

AJCC staging
I 0.033 0.024 63.960 37.744 0.450 0.645
II 0.033 0.040 31.957 37.591 0.180 0.637
III 0.022

p = 0.651
0.017
p = 0.043*

32.558
p = 0.698

166.710
p = 0.259

0.400 0.747

Fig. 2  Box-and-whisker plots 
representing IL-17A expression 
levels (median RQ values) in 
the studied groups according to 
the ‘N’ value (cTNM staging)
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age groups: ≤ 65 years and > 65 years: 56.298 vs. 41.088; 
p = 0.625), gender (women vs. men: 37.744 vs. 56.210, 
p = 0.467), smoking habit (current smokers vs former smok-
ers: 41.088 vs. 63.960, p = 0.891), and history of smok-
ing evaluated as PY (≤ 40 PYs vs. > 40PYs: 133.967 vs. 
27.444; p = 0.135). In addition, an analysis was carried out 
in the whole group of smokers to see if there is a correla-
tion between the expression of miRNA-9 and the amount of 
cigarettes smoked in relation to the length of the smoking 
(PYs). Spearman’s rank correlation revealed rho = − 0.139, 
with no statistical significance (p = 0.507).

The expression of miRNA-9 was analyzed in relation to the 
histopathological features of tumor (see Table 2). Regarding 
miRNA-9 expression in NSCLC histopathological subtypes: 
SCC vs AC, the difference was not statistically significant 
(p > 0.05, Mann–Whitney U-test). The level of miRNA-9 
expression was analyzed in accordance with the pathological 
(p) and clinical (c) evaluation (TNM and AJCC classification). 
Median RQ values in groups according to pTNM staging were 
similar in pT1 and pT3, and higher in pT2, with no statisti-
cal significance (p > 0.05, Kruskal–Wallis test). In the clinical 
evaluation of tumor size, the highest RQ was observed in cT3 
group, lower in cT1 and the lowest in cT2, without statistical 
significance (p > 0.05, Kruskal–Wallis test). According to the 
presence of nodule metastasis (pTNM staging, ‘N’ value), it 
was observed that RQ value was the highest in patient with 
pN2, lower in pN0 and the lowest in pN1, but without sta-
tistical significance (p > 0.05, Kruskal–Wallis test). Analysis 
of RQ values in groups according to the cN classifications 

showed an increase in the level of miRNA-9 expression along 
with lymph node involvement: N0 versus N1 versus N2, but 
without statistical significance (p > 0.05, Kruskal–Wallis test). 
In pAJCC groups, the median RQ value were similar in stage 
II and III, and higher in I stage, but without statistical sig-
nificance (p > 0.05, Kruskal–Wallis test). Regarding cAJCC 
classification, we observed the highest RQ value in group III, 
lower in I and in II (p > 0.05, Kruskal–Wallis test).

Correlation between the expression level of IL‑17A 
gene and miRNA‑9

There were differences between expression of analyzed 
parameters in NSCLC and control samples. The levels of 
expression of IL-17A of NSCLC versus control samples 
were 0.032 versus 0.068, and for miRNA-9 were 50.321 
versus 26.697.

The simultaneous decreased expression level of IL-17A 
and increased expression level of miRNA-9 were observed 
in 25 NSCLC samples (96%). Significant negative correla-
tion was found between IL-17A and miR-9 expression lev-
els in SCC subgroup (p = 0.034,  rho = − 0.569, Spearman’s 
rank correlation coefficient; power of the test is 0.543, t-test) 
(see Table 2). There were no other statistically significant 
correlations between the expression of studied IL-17A and 
miR-9 and analyzed parameters, such as patients’ age and 
gender, smoking history and tumor staging according to 
TNM and AJCC classifications (p > 0.05, Spearman’s rank 
correlation).

Fig. 3  Box-and-whisker plots 
representing IL-17A expression 
levels (median RQ values) in 
the studied groups according to 
cAJCC classification
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Discussion

IL-17A is a pro-inflammatory cytokine produced predomi-
nantly by Th17 CD4+ helper cells. At the same time, it is 
expressed also by CD8+ lymphocytes, neutrophils, eosino-
phils, macrophages and monocytes [5, 12]. The direct rela-
tionship between IL-17A and the increased risk of devel-
oping of numerous cancers, including NSCLC, has been 
demonstrated. On this basis it is considered as the central 
regulator of lung tumor growth [13]. Among other things, 
it promotes the migration and invasion of lung cancer cells 
via the NF-κB/ZEB1 signaling pathway. Gu et al. [14] have 
tracked this pathway in human lung cancer cell line A549 
exposed to the IL-17A. Increased levels of IL-17A stimu-
lated ephitelial to mesenhymal transition of cells, promot-
ing cancer development [14]. At the same time, IL-17A 
is involved in the tumor cell angiogenesis. Increased IL-
17A expression correlates with increased levels of tumor 
microvessel density and vascular endothelial growth factor. 
Research conducted by Pan et al. [15] suggested stimulation 
of angiogenesis factors via STAT3/GIV signaling pathway. 
In addition, direct and indirect involvement of IL-17A in 
proliferation, apoptosis and immunomodulation of tumor 
cells as well as promotion of metastasis was found [5]. The 
animal model has also demonstrated the involvement of IL-
17A in the formation of inflammation, which contributes to 
resistance to PD-1 blockade and sensitizes tumors to neu-
trophil depletion [16].

Numerous studies indicate the usefulness of the evalu-
ation of IL-17A expression as a NSCLC diagnostic 
marker. The majority of research uses immunochemi-
cal methods, our research is one of the first which evalu-
ate IL-17A expression levels with qPCR method. Li et al. 
[4] observed a significantly increased level of IL-17A in 
cancer patients (38 pg/ml) compared to healthy subjects 
(29 pg/ml). Research of Pan et al. [17] also showed a higher 
level of IL-17A in patients with NSCLC (21 pg/ml) than 
in control patients (11 pg/ml). The aim of our study was to 
determine the level of IL-17A gene expression in patients at 
various stages of NSCLC. The control material was mac-
roscopically unchanged lung tissue surrounding the pri-
mary tumor obtained from the same patient. No differences 
were observed between IL-17A expression from tumor and 
control material. Similarly, the lack of statistical signifi-
cance between the test and control tissue was observed by 
Kwiecień et al. [18]. As demonstrated by immunohistochem-
istry, increased expression usually refers to cancer cells, but 
sometimes it can occur in non-cancerous tissue, hence there 
may be no statistical differences in our own studies [19].

Smoking is considered as one of the risk factors for 
NSCLC developing. According to literature, smoking may 
also correlate with elevated levels of IL-17A [19]. In our 

study such correlation wasn’t found, similar results were also 
obtained by Pan et al. [17].

Both our study and studies conducted by other authors 
have not shown any correlation between the level of IL-17A 
expression and the patient’s age and gender, and the histo-
logical type of cancer [17, 19, 20].

However, a statistically significant relationship was found 
with the presence of metastasis according to the TNM clas-
sification. Significantly, higher levels of IL-17A expres-
sion were found in cN1 compared to cN2 group. Xu et al. 
[20] noted higher interleukin expression in the case of both 
lymph node and distant metastasis. Other researchers have 
also found higher IL-17A expression in patients with more 
advanced cancer—III and IV stage according to TNM clas-
sification than in patients with I and II tumor stage [17, 19, 
20]. However, our results showed a difference in the level of 
IL-17A expression between II and III AJCC stages.

The available data from literature suggest the usefulness 
of IL-17A as not only diagnostic but also prognostic marker. 
The meta-analysis performed on the basis of research con-
ducted among the Chinese population showed a correlation 
of the analyzed interleukin with the histological type of 
tumor and tumor progression according to TNM classifica-
tion, as well as with overall survival of lung cancer patients 
[21], which also confirms the results of our research.

In recent years, particular attention has been paid to 
the miRNAs, which perform regulatory functions against 
numerous genes and participate in the activity of signaling 
pathways. The relationship of increased expression of miR-
NAs and numerous diseases, especially cancers, has been 
documented in many studies. Researchers suggest the possi-
bility of using miRNAs as non-invasive diagnostic markers. 
In the case of lung cancer, miR-9 is considered a prognostic 
biomarker [8]. It is involved in the regulation and migration 
of cancer cells, and promotes cell growth and metastasis 
[9, 22, 23]. On the other hand, it was found that NSCLC 
cells overexpressing miR-9 may exhibit increased sensitiv-
ity to cisplatin, which is used in cancer chemotherapy [24]. 
It partly overlaps the study of gastric cancer, which showed 
that overexpression of miR-9-3p inhibits the development of 
this type of cancer [25].

Our results didn’t show any relation between the level 
of miR-9-3p expression, age and sex, smoking status of 
the patient, as well as the type of histological cancer and 
the stage of development according to the TNM and AJCC 
classification. However, other authors found the correla-
tion between increased miR-9 level and the development of 
cancer. Xu et al. [8] revealed such a correlation with TNM 
grade, tumor size and presence of lymph node metastasis. 
Li et al. [22] observed a relationship between expression 
of miR-9-5p and the presence of metastasis, a significantly 
higher expression was observed in N1 and N2 patients 
according to TNM classification. In studies performed on 
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cell lines, the authors found stimulation of tumor cell pro-
liferation and migration in the presence of the overexpres-
sion of miR-9-5p [22]. They also found worse prognosis in 
patients with a higher level of expression of miR-9-5p.

The contribution of miR-9 to the development of NSCLC 
and its usefulness as a diagnostic and prognostic marker are 
still under discussion. The molecular targets for miR-9 are 
still unknown. Due to the similarity of miR-9-3p sequences 
to the 7mer-A1 region in IL17A 3′UTR , the contribution 
of miR-9-3p in the regulation of IL-17A expression is sug-
gested in TargetScanHuman 7.2. database [26]. Literature 
data suggested IL-17 and miR-9 are involved in the regula-
tion of epithelial-mesenchymal transition -like transforma-
tion affecting the level of the same factors. IL-17 reduces the 
expression of E-cadherin and increases the level of vimentin 
protein [14]. In contrast, miR-9 increases the expression of 
E-cadherin, and decreased the level of vimentin [9]. In our 
study, we found a negative correlation between the expres-
sion of IL-17A and miR-9-3p, but only in patients with squa-
mous cell carcinoma. The reduced level of IL-17A expres-
sion and the overexpression of miR-9-3p in lung cancer 
tissue may be associated with the miR-9 function as a nega-
tive IL-17A regulator. The lack of literature data indicates 
the need for further research in this area.

In conclusion, the observed significantly reduced level 
of IL-17A expression in a small group of patients with dis-
tant metastases (N2) and AJCC stage III suggests that the 
pro-inflammatory response of IL-17A is inhibited along 
with tumor progression, and indicate the suppressive role 
of IL-17A in NSCLC development. Due to the fact that the 
number of cases in the groups N0/N1 and AJCC I/II was 
sufficient for correct statistical analysis and the level of 
IL17A expression increased with the progression of cancer 
(although didn’t reach statistical significance), we do not 
exclude the oncogenic activity of IL17A in the course of 
NSCLC, more so that the literature data is controversial [14, 
15, 27]. Probably, IL-17 as a pleiotropic cytokine can have 
a suppressive or stimulating effect on tumor growth. It has 
been shown that IL-17 can promote the growth of cancer 
cells through pro-inflammatory and proangiogenic activi-
ties [15, 27, 28]. At the same time, many data support the 
anti-cancer effect of Th17 lymphocytes. It seems, therefore, 
that Th17 cells may have various effects on the develop-
ment of cancer depending on its immunogenicity, clinical 
advancement (different role in the early and late stages), as 
well as the origin of cancer and the role of inflammatory 
processes and angiogenesis in its pathogenesis [27]. Never-
theless, the correlation between miRNA-9 overexpression 
and low expression of IL-17A in SCC allows to conclude 
that miRNA-9 can regulate the expression of IL-17A as an 
IL-17A mRNA antagonistic mediator and the mechanism 
of this regulation may be important in development of SCC.
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