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Abstract

CC chemokine receptor type 7 (CCR7) and its ligands has been implicated in the occurrence and progression of NSCLC.
Previous studies have revealed that the diagnostic value of CCR7/CCL19 axis in lung tumorigenesis remains controversial.
The present study evaluates the relationship between the mRNA expression of CCR7/CCLI9 axis and selected regulatory
miRNAs in NSCLC patients. It analyzes the expression level of CCR7 mRNA and its ligand in tumor tissue in relation
to expression level of two miRNAs: miR let-7a and miR-335, as transcriptional regulators of study genes. Twenty-seven
patients (n=27) were enrolled. The expression of the studied genes and miRNAs was evaluated by qPCR. Tumour tissue
fragments, adjacent macroscopically-unchanged lung tissue (control) and patient serum were used as biological material
for study. Elevated expression of CCR7 and CCLI9 mRNA was observed in patients with metastasis to lymph nodes. We
noticed upregulated miR-335 expression and downregulated miR let-7a expression in patient serum with regard to AJCC
tumor staging. Higher miR-335 expression and lower miR let-7a expression level was observed in patients with metastasis
to lymph node. The presence of changes observed in the expression level of miR-335 and miR let-7a in the serum of NSCLC
patients in relation to lymph node metastases and tumor stage may serve as a non-invasive molecular biomarker of tumor
progression; however, this observation requires further investigation.

Keywords CCR7 - CCL19 - miRNAs - Real-time polymerase chain reaction - Non-small cell lung cancer - Lymph node
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Introduction

Lung cancer is a considerable global problem. It is the most
commonly-diagnosed form of cancer in men and is the
leading cause of cancer-related death of most patients with
NSCLC diagnoses.
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The molecular mechanisms responsible for the develop-
ment and progression of NSCLC are not fully understand
for the formation of tumor metastasis; however, it is known
that Epithelial Mesenchymal Transition (ETM) and chemot-
axis play pivotal roles in lung cancer metastasis. Cancer cell
migration and metastasis are regulated by the chemokine
system and their receptors. It was recently recognized that
the interaction between C—-C motif chemokine ligand 19
(CCL19) and G protein-coupled CC chemokine receptor 7
(CCR7) plays a key role in the activation of native T cells,
B cells and dendritic cells, and the migration of these cells
within the lymphoid organs [1]. A number of recent studies
suggest that the CCL19/CCR7 axis may also be utilized to
promote local tumor growth and metastasis [2, 3]. It has
been shown that CCR7 expression level increases in many
type of cancers, including lung cancer, and that the expres-
sion of CCR7 significantly correlates with lymph node
metastases [2].
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In addition, many recent studies have examined the roles
of microRNAs (miRNAs) in cell development, differentia-
tion and migration as key factors in the regulation of human
carcinogenesis. MiRNAs are small, non-coding, single-
stranded RNAs that can regulate about 30% of human genes,
including these responsible for tumorigenesis and metastasis
[4]. Therefore, it is proposed that miRNAs may act as poten-
tial molecular biomarkers for lung cancer, among others [5].

The present study aims to evaluate changes in the expres-
sion level of the CCR7 and CCL19 genes and miR let-7a and
miR-335, two of the miRNAs known to regulate the expres-
sion of this genes according database MirTarBased. This
miRNAs may act as non-invasive tools for identifying a risk
for metastasis to lymph nodes assessed in serum collected
from patients with NSCLC. It also analyses the differences
in CCR7, CCL19, miR let-7a and miR-335 expression with
the clinical features of patients with various stages of cancer
according to the AJCC/TNM staging system.

Future prognosis of the disease occurrence and treatment
outcomes should be based on combination of AJCC/TNM
staging system and molecular tumor profiling. This approach
may allow more individualization of treatment algorithms.

Materials and methods

The study was approved by the Bioethics Committee of
the Medical University of Lodz, Poland (resolution No.
KE/149/18). Written informed consent to participate was
obtained from each patient.

Characterization of patients

The study cohort consists of 27 patients with diagnosed
NSCLC, 11 women and 16 men, aged 51 to 81 (mean age
66.96 +7.95 years). Lung resection (pulmonectomy or
lobectomy) in patients was performed at the Department
of Thoracic Surgery, General and Oncologic Surgery, Mili-
tary Medical Academy Memorial Teaching Hospital of The
Medical University of Lodz—Central Veterans’ Hospital,
Lodz, Poland during the years 2018-2019. The clinical fea-
tures of the patients with diagnosed NSCLC are summarized
in Table 1.

Tissue collection

Primary tumor tissue fragments from NSCLC patients
were obtained from the center of the lesion (approximately
100 mg). The adjacent macroscopically-unchanged tissue
(approximately 100 mg taken at a distance of 2 cm from
the primary focus) was used as a control. The lung tissue
was collected in fixRNA buffer (EURX, Gdansk, Poland),
homogenized, frozen at — 80 °C and stored until use at the
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Table 1 Clinical features and smoking status of study patients

Clinical features and smoking status n (%)
Sex
Female 11 (40.74%)
Male 16 (59.26%)
Age
<65 15 (55.56%)
> 65 12 (44.44%)
Smoking status and smoking history
<40 PYs? 14 (51.85%)
> 40 PYs 12 (44.44%)
Non-smoking 1

*PYs—Pack Years — 1 Pack Year = 20 cigarettes smoked per day for
one year; according to NCI Dictionary of Cancer Terms

Table 2 Histopathological features of tumor tissue samples and clas-
sification according to clinical staging systems (AJCC, TNM)

Analyzed variables n (%)

Histopathological type of NSCLC
ssc? 14 (51.85%)
AC® 13 (48.15%)
AJCCF staging system

Stage 1 11 (40.74%)
Stage 11 11 (40.74%)
Stage 11T 5 (18.52%)

Metastasis to lymph nodes spread according to pTNMY staging
system

NO 15 (55.56%)

NI + N2 12 (44.44%)
Tumor size according to pTNM staging system

Tla+ T1b 7 (25.93%)

T2a + T2b 15 (55.55%)

T3 5 (18.52%)

48SC squamous cell carcinoma
AC adenocarcinoma

€AJCC American Joint Committee on Cancer Staging according to
the IASCLC Staging Project 7th ed. (2010) Cancer

dpTNM post-operative Tumor Node Metastasis staging system
according to the WHO Histological Typing of Lung Tumor

Department of Biomedicine and Genetics, Medical Uni-
versity of Lodz. None of the patients were treated with
chemo- or radiotherapy.

The tissue samples were subjected to postoperative
histopathological evaluation and classified according to
AJCC and TNM staging system (pTNM) [6]. The histo-
pathological and clinical assessment of biological materi-
als is shown in Table 2.
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Serum collection

Serum from all (n=27) study patients with diagnosed
NSCLC was collected before the surgery. Serum from 21
patients (volunteers) was obtained as a control. All samples
of serum was stored at —20 °C before use.

RNA isolation from tissue and serum, qualitative
and quantitative RNA evaluation

Isolation of total RNA from tissue homogenates was per-
formed using the mirVana™ miRNA Isolation Kit (Life
Technologies, Carlsbad, CA, USA) according to the manu-
facturer’s protocol. Exosomes from the serum were extracted
using the Total Exosome Isolation Reagent. Total Exosome
RNA was extracted from exosomes & Protein Isolation Kit
(Applied Biosystems, USA), according to the manufacturer’s
instructions.

Qualitative and quantitative assessment of the RNA was
performed by spectrophotometric method (260/280 nm)
using an Eppendorf BioPhotometerTM Plus apparatus
(Eppendorf, Hamburg, Germany).

Evaluation of relative gene expression (RQ)

Reverse transcription (RT) for genes was performed using
High-Capacity cDNA Reverse Transcription Kit (Applied
Biosystems, USA) in a Personal Thermocycler (Eppendorf,
Germany), according to the manufacturer’s instructions.

The relative expression analysis for study genes was per-
formed in 7900HT Fast Real-Time PCR System (Applied
Biosystems, Carlsbad, CA, USA) using TagMan assay for
the genes CCR7 (Hs01013469_m1) CCL19 (Hs00171149_
m1l) and ACTB (Hs99999903_m1) used as an endogenous
control.

The relative expression level of the study genes was
evaluated by the delta—delta CT method (TagMan Rela-
tive Quantification Assay software, Applied Biosystems).
RNA from normal lung tissue (Human Lung Total RNA,
Ambion®, USA) was used as calibrator.

Evaluation of relative miRNA expression level (RQ)

The reverse transcription (RT) for miRNA was carried
out using a TagMan® MicroRNA Reverse Transcription
Kit (Applied Biosystems, Carlsbad, CA) according to the
manufacturer’s protocol. RT reaction was performed in a
Personal Thermocycler (Eppendorf, Germany) For miRNAs
we used following assays: miR-335 (UCAAGAGCAAUA
ACGAAAAAUGU) and miR let-7a (UGAGGUAGUAGG
UUGUAUAGUU). Global normalization was used to assess
the relative RQ value of the studied miRNAs. The median
CT of those assays is used as the normalizer, on a per sample

basis. The level of calibrator expression (RNA isolated from
healthy patient) was regarded as RQ=1.

Statistical analysis

The RQ values for the study genes/miRNAs were pre-
sented as median values. The Mann—Whitney U test and
Kruskal-Willis test were performed. The accepted level of
statistical significance was estimated at p <0.05. All statisti-
cal analyses were performed using Statistica for Windows
10.0 software.

Results and discussion

Despite progress in the diagnosis of lung cancer, the mor-
tality rate of patients still remains high, with a rate of 26%
being associated with cancer of the lung and bronchus [7].
Therefore, it is important to identify new diagnostic methods
based on molecular tools and clarify the molecular back-
ground of carcinogenesis.

Chemokines are key factors in immunological homeo-
stasis [8, 9] but also serve as oncogenic activators and/or
inhibitors of tumor suppressor gene pathways, and their
activities often result in epithelial mesenchymal-transition
(EMT), tumor growth, metastasis [10]. However, the mecha-
nisms behind this relationship appear to be complex and
poorly understood.

It has been recognized that in a similar way to its two key
ligands, CCL19 and CCL21, CCR7 may influence tumor cell
adherence to the endothelium, blood vessel extravasation,
angiogenesis, proliferation and immune response evasion
[11, 12]. Lately, it has been documented that lung cancer
cells possess CCR7 on their surface [2], and CCR7 mRNA
overexpression in lung tumors has been associated with can-
cer progression [13].

As so far only a few studies have been performed in this
area [2, 13], the present study assessed the expression of
CCL19/CCR7 mRNA in non-small cell lung cancer tissue
samples.

Our findings confirm the presence of CCR7 mRNA
expression in tumor tissue. CCR7 mRNA was found
to be upregulated (RQ > 1) in 96% cancer cells and all
macroscopically-unchanged lung tissue surrounding the
center of the tumor, with the higher expression of CCR7
mRNA in control tissue (median RQ values: 9.135 and
6.816 respectively) (p>0.05). However, other studies have
confirmed upregulation of CCR7 mRNA in both cancer tis-
sue and macroscopically-unchanged lung tissue, but with
significantly higher CCR7 mRNA expression observed in
the cancer cells [13]. This observation may be related to
the molecular heterogeneity of the cancer cells and may
be associated with presence of early molecular changes
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Table 3 The median RQ value of CCR7 and CCLI19 mRNA expres-
sion in cancer tissue (NSCLC) in groups classified according to bio-
logical features of patients and smoking history

Table4 The median RQ value of mRNA CCR7 and CCLI9 expres-
sion in tumor tissues (NSCLC) in study groups classified according to
histopathological assessment and TNM/AJCC staging system

CCR7 (median RQ) CCL19 (median CCR7 (median RQ) CCL19 (median
RQ) RQ)
Female 13.648 p =0.025 0.723 p > 0.05 Histopathological assessment
Male 5.249 0.592 SCC 9.315 p>0.05 0.834 p>0.05
<65 10.529 p>0.05 0.723 p>0.05 AC 6.816 0.533
> 65 6.747 0.675 AJCC
<40 PYs 5.744 p>0.05 0.435 p > 0.05 Stage [ 6.816 p>0.05 0.700 p>0.05
> 40 PYs 12.050 0.723 Stage II 5.268 0.651
Stage 111 12.826 1.136

TNM (N)
of CCR7 mRNA expression in the morphologically- NO 6.816 p>0.05 0.533 p>0.05
unchanged lung tissue surrounding the tumor. This area N1 + N2 9.751 0.920
is recognized as the molecular margin of tumor [14]. It NM (T)
has been suggested that molecular changes observed in T1 6.816 p>0.05 0.968 p = 0.056
this area might be followed by a future molecular trans- ™ 5.268 0.519
formation into a malignant tumor. Thus, the presence of T3 14.568 1.136

a molecular tumor margin—as a negative histological
margin—confirmed the need to employ histological and
molecular validation in diagnostics.

This is the first study to examine CCR7 mRNA expression
in NSCLC patients in relation to smoking history, which
revealed higher expression level in patients with a smoking
status >40PYs (see Table 3). Previous studies focused on
exposure of patient with chronic obstructive pulmonary dis-
ease to cigarette smoke have suggested that cigarette smoke
may have an influence on CCR7 expression [15].

Regarding AJCC cancer stage, the highest expression of
CCR7 mRNA was observed in patients with stage III cancer
and this elevated expression level positively correlated with
the presence of histologically confirmed lymph node metas-
tasis: higher expression was noted in patients with N1 4 N2
feature (see Table 4). It is consistent with hypothesis that the
activation of CCR7 contributes to the increased potential for
lymphatic metastasis of tumor and recurrence after surgery
[3, 16]. Furthermore, the highest CCR7 mRNA expression
was observed in patients with T3 (see Table 4). It is possible
that CCR7 mRNA expression in patient with NSCLC, may
be considered as diagnostic molecular biomarker with poor
prognostic value. However, in study of others, it has been
found that a better prognosis was noticed for patients with
diagnosed adenocarcinoma who demonstrated higher CCR7
mRNA expression [17]. Interestingly, while no statistically
significant differences in CCR7 mRNA expression were
found between histopathological type (SCC vs. AC) in the
present study, higher CCR7 mRNA expression was found in
the SCC group (see Table 4). This observation is consistent
with those of Liu et al. [13] who also report higher CCR7
mRNA expression in SCC histological type; however, this
observation is in contrast to those of other authors who con-
sider that AC histological type is more aggressive [18].
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Currently it is known that CCL19 and CCL21 are able to
control the chemokine system and influence the local tumor
microenvironment, tumor growth and distant metastasis [19,
20].

Our study revealed downregulated (RQ < 1) expression
of CCL19 mRNA in both NSCLC tissue (67%) and macro-
scopically-unchanged lung tissue (85%); however, signifi-
cantly higher CCL19 mRNA expression was observed in the
tumor tissue (median RQ values: 0.700 and 0.179 respec-
tively, p=0.011). Our observation was consistent with those
of Liu et al. [13]. Our study regarding NSCLC histopatho-
logical subtypes, revealed insignificantly higher expression
of CCL19 mRNA in SCC compared to AC (see Table 4);
however, Liu et al. reported significant higher expression of
CCL19 mRNA in the AC subtype than the SCC.

Additionally, recent studies have found high expression
of CCL19 mRNA in tumor tissue to be a good prognostic
factor in NSCLC (specially in adenocarcinoma) [17]. The
study, conducted in a lung adenocarcinoma model, showed
that high expression of CCL19 mRNA promotes IFN-y-
dependent antitumor responses [21].

In the present study no statistically significant differ-
ences were observed in CCL/9 mRNA expression among
patients divided according to AJCC or the pTNM staging
system. However, the greatest expression was noticed in a
patient with stage III cancer according to AJCC and in a
case of T3 according to pTNM (see Table 4, Fig. 1). Liu
et al. demonstrated that the expression of CCL/9 mRNA
was positively correlated with tumor staging but negatively
with lymph node metastasis [13], but our findings indicate
higher expression of CCLI9 mRNA in patients with lymph
node metastasis (see Table 4).
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Fig. 1 Box-and-whisker plots, ccL19
presenting CCLI9 expression 3.0
levels (p = 0.056, Kuskal-Wallis
test) in patients with T1, T2 and 25
T3 features (TNM)
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Emerging data highlights the role of miRNAs in a vari-
ety of biological processes within the tumor cell, includ-
ing proliferation, differentiation, invasion and tumor cell
migration [22]. Abnormal expression (up- or downregula-
tion) of different classes of miRNAs has been documented
in lung cancer in relation to various cancer-related genes
[23, 24]. Many of the studied miRNAs have been con-
firmed as diagnostic and/or prognostic biomarkers in
NSCLC development and progression [25, 26].

The present study, as few as before, examined the
expression of miR let-7a and miR-335 in exosomes from
the serum of study patients. Both were found to regulate
the studied genes: CCR7 and/or CCL19 according the Mir-
TarBase program.

MiR let-7a is a member of the let-7 miRNA family,
which is believed to act as a tumor suppressor by inhibit-
ing the expression of tumor-promoting genes [24]. Our
study revealed a downregulation of miR let-7a expression
in 78% samples from NSCLC patients (serum exosomes)
and lower expression in the patient group compared to
controls (median RQ values: 0.820 and 0.908 respectively,
p>0.05). Our results are consistent with previous obser-
vations, which also note reduced miR let-7a expression
in the blood of NSCLC patients, as well as in tumor cells
[27, 28].

Our findings reveal a negative correlation between miR
let-7a expression and cancer stage according to AJCC stag-
ing, and a positive correlation with tumor size (see Table 5).
Additionally, a significant downregulation of miR let-7a
expression were observed in patients with metastasis to
lymph nodes compared to those without (Table 5, Fig. 2a).
In contrast, Song et al. note a negative correlation between
miR let-7a expression and tumor size (TNM staging system),
however, this was found in laryngeal carcinoma. In addition,

they also report lower expression of miR let-7a in patients
with metastasis to lymph nodes [29].

Interestingly, our present findings indicate lower miR let-
7a expression in serum in younger patients (<65 age) and in
smokers with smoking status >40 Pys (see Table 6). Previ-
ous studies indicated downregulation of miR let-7a in human
serum or sputum from smokers [30, 31]. Another study has
reported that miR let-7a downregulation could be reversible
in smoking-related disease but irreversible in cancer [32].

The expression of miR-335 has been shown to be aberrant
in tumor tissue from various types of cancer, and to be asso-
ciated with cell proliferation and inflammation [33, 34]. Our
present findings indicate upregulation of miR-335 (RQ>1)
in 78% NSCLC patients. The expression of miR-335 was
found to be elevated in the serum of NSCLC patients com-
pared to control group (median RQ values: 1.220 and 1.102
respectively, p>0.05,): This may be the first assessment of
miR-335 expression performed in the blood—as a marker in
a liquid biopsy—in patients with NSCLC. However, Tang
et al. report lower expression level of miR-335-5p in lung
cancer tissues compared to noncancerous tissues [34]. In
another study increased expression of miR-335, associated
with hyper proliferation and progression of transformation,
has also been documented in lung cancer [35].

Regarding the biological features of study patients, higher
miR-335 expression was observed in female subjects and
people aged < 65 (see Table 6). In smokers with history >40
PYs, higher expression of miR-335 was also noticed (see
Table 6). Tang et al. also did not observe statistically signifi-
cant differences in miR-335 expression level with regard to
patient smoking status [34].

Increased miR-335 expression was observed with
regard to AJCC staging; in addition, significant differ-
ences in miR-335 expression were found in the serum of
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Fig.2 Box-and-whisker plots, presenting a miR let-7 a, b miR-335 expression in serum patients classified according to regional lymph node

involvement (p < 0.05, Mann-Whitney U-test)

Table5 The median RQ value of miR-335 and miR let-7a expres-
sion in serum according to histopathological classification and TNM/
AJCC staging system

miR-335 (Median RQ) miR let-7a (Median

RQ)
Histopathological assessment
SCC 1.267 p > 0.05 0.791 p>0.05
AC 1.135 0.881
AlJCC
Stage 1 1.107 p > 0.05 0.903 p>0.05
Stage 11 1.286 0.778
Stage 11 3.201 0.312
TNM (N)
NO 1.076 p=0.034 0.929 p=0.034
NI + N2 1.417 0.708
TNM (T)
T1 1.332 p > 0.05 0.751 p>0.05
T2 1.220 0.820
T3 1.135 0.881

Table 6 The median RQ value of miR-335 and miR let-7a expres-
sion in serum in groups classified according to biological features of
patients

miR-335 (Median RQ) miR let-7a (Median

RQ)
Female 1.313 p > 0.05 0.761 p>0.05
Male 1.177 0.850
<65 1.313 p>0.05 0.761 p>0.05
> 65 1.064 0.940
<40 PYs 1.135 p>0.05 0.881 p>0.05
> 40 PYs 1.286 0.778
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patients with NSCLC, depending on presence of metasta-
ses. Higher miR-335 expression was observed in patients
with lymph node metastases than in those without (see
Table 5, Fig. 2b). In contrast, Tang et al. report signifi-
cantly lower miR-335 expression in patients with metasta-
ses [34]. These conflicting results suggest that the expres-
sion of miR-335 may have prognostic value in patients
with NSCLC, but further research should be carried out.

It has been suggested that the expression of CCR7
mRNA and its receptor ligands may be subjected to func-
tional regulation by miRNA. The present study, assessing
the relationship between the expression of CCR7/CCLI19
mRNA and miR let-7a and miR-335. No reports have so
far examined the level of CCR7/CCL19 expression in rela-
tion to miR let-7a or miR-335 in lung cancer, although
similar studies carried out in breast cancer have observed
a negative correlation between CCR7 expression and miR
let-7a [36].

To conclude, the variations observed in the expression
level of miR-335 and miR let-7a in serum of patients with
NSCLC with regard to lymph node metastases and tumor
size may potentially serve as non-invasive molecular bio-
markers of tumor progression; however, this observation
requires further investigation on larger group of samples.
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