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Objectives: Lung cancer (LC) is one of themost prevalent cancers with the highest
fatality rate worldwide. Long noncoding RNAs (lncRNAs) are being considered
potential new molecular targets for early diagnosis, follow-up, and individual
treatment decisions in LC. Therefore, this study evaluated whether lncRNA
expression levels obtained from exhaled breath condensate (EBC) samples play
a role in the occurrence of metastasis in the diagnosis and follow-up of patients
with advanced lung adenocarcinoma (LA).

Methods: A total of 40 patients with advanced primary LA and 20 healthy controls
participated in the study. EBC samples were collected from patients (during
diagnosis and follow-up) and healthy individuals for molecular analysis. Liquid
biopsy samples were also randomly obtained from 10 patients with LA and
10 healthy people. The expression of lncRNA genes, such as MALAT1, HOTAIR,
PVT1, NEAT1, ANRIL, and SPRY4-IT1 was analyzed using cfRNA extracted from all
clinical samples.

Results: In the diagnosis and follow-up of patients with LA, lncRNA HOTAIR (5-
fold), PVT1 (7.9-fold), and NEAT1 (12.8-fold), PVT1 (6.8-fold), MALAT1 (8.4-fold)
expression levels were significantly higher than those in healthy controls,
respectively. Additionally, the distinct lncRNA expression profiles identified in
EBC samples imply that decreased ANRIL–NEAT1 and increased ANRIL gene
expression levels can be used as biomarkers to predict the development of
bone and lung metastases, respectively.

Conclusion: EBC is an innovative, easily reproducible approach for predicting the
development of metastases, molecular diagnosis, and follow-up of LC. EBC has
shown potential in elucidating themolecular structure of LC, monitoring changes,
and discovering novel biomarkers.

KEYWORDS

lung cancer, cfRNA, lncRNA, ebc, biomarker

OPEN ACCESS

EDITED BY

Mehdi Pirooznia,
Johnson & Johnson, United States

REVIEWED BY

Sacide Pehlivan,
Istanbul University, Türkiye
Guntulu Ak,
Eskişehir Osmangazi University, Türkiye

*CORRESPONDENCE

Aslı Tetik Vardarlı,
asli.tetik.vardarli@ege.edu.tr

Su Ozgur,
suozgur35@gmail.com

†These authors have contributed equally
to this work and share first authorship

RECEIVED 04 April 2023
ACCEPTED 12 June 2023
PUBLISHED 22 June 2023

CITATION

Tetik Vardarlı A, Ozgur S, Goksel T,
Korba K, Karakus HS, Asık A, Pelit L and
Gunduz C (2023), Conversion of specific
lncRNAs to biomarkers in exhaled breath
condensate samples of patients with
advanced stage non-small-cell
lung cancer.
Front. Genet. 14:1200262.
doi: 10.3389/fgene.2023.1200262

COPYRIGHT

© 2023 Tetik Vardarlı, Ozgur, Goksel,
Korba, Karakus, Asık, Pelit and Gunduz.
This is an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction in
other forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Genetics frontiersin.org01

TYPE Original Research
PUBLISHED 22 June 2023
DOI 10.3389/fgene.2023.1200262

https://www.frontiersin.org/articles/10.3389/fgene.2023.1200262/full
https://www.frontiersin.org/articles/10.3389/fgene.2023.1200262/full
https://www.frontiersin.org/articles/10.3389/fgene.2023.1200262/full
https://www.frontiersin.org/articles/10.3389/fgene.2023.1200262/full
https://www.frontiersin.org/articles/10.3389/fgene.2023.1200262/full
https://orcid.org/0000-0001-9890-3256
https://orcid.org/0000-0002-8993-674X
https://orcid.org/0000-0002-6089-1840
https://orcid.org/0000-0001-9317-2642
https://orcid.org/0000-0002-3099-9172
https://orcid.org/0000-0002-4123-4175
https://orcid.org/0000-0001-8090-703X
https://orcid.org/0000-0002-6593-3237
https://crossmark.crossref.org/dialog/?doi=10.3389/fgene.2023.1200262&domain=pdf&date_stamp=2023-06-22
mailto:asli.tetik.vardarli@ege.edu.tr
mailto:asli.tetik.vardarli@ege.edu.tr
mailto:suozgur35@gmail.com
mailto:suozgur35@gmail.com
https://doi.org/10.3389/fgene.2023.1200262
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org/journals/genetics#editorial-board
https://www.frontiersin.org/journals/genetics#editorial-board
https://doi.org/10.3389/fgene.2023.1200262


Introduction

Lung cancer (LC) is among the most common causes of
mortality worldwide, accounting for 18.0% of all cancer deaths.
The latest global cancer data indicated that the cancer burden
increased to 19.3 million new cases and 10.0 million cancer
deaths in 2020 and accounting for 2.21 million new cases and
1.80 million cancer deaths (Ferlay et al., 2021). LC is divided into
two main classes: small-cell lung cancer (SCLC) and non-small-cell
lung cancer (NSCLC). SCLC is the fastest growing andmetastasizing
kind of LC, accounting for 10%–15% of all cases, and NSCLC
represents for 85%–90%. Adenocarcinoma, squamous cell
carcinoma, and large-cell carcinoma are the most prevalent
NSCLC subtypes (Hirsch et al., 2017). The adenocarcinoma
subtype constitutes 40% of this group. Two-thirds of patients
with LC are detected at an advanced stage, limiting the surgical
therapeutic options (Shah and Masters, 2020). Immunotherapy and
targeted medicines have been developed based on histology and
molecular analysis in recent years, which have shown clinical
benefits in patients with NSCLC (Shroff et al., 2018). Despite the
development of new treatments, 5-year survival rates ranged from
15% to 20%, depending on the cancer stages (Lung Cancer Survival
Rates). Drug resistance, metastasis development, and recurrence are
defined as major factors that prevent the patients’ survival.
Therefore, the identification of molecular mechanisms of these
factors has become the main goal nowadays (Shroff et al., 2018).

While cancer has traditionally been defined as a set of diseases
caused by accumulating genetic mutations as major causes of
neoplasia, this paradigm has now been expanded to include the
disruption of epigenetic regulatory mechanisms commonly
occurring in cancer (Gutschner and Diederichs, 2012). Similar to
genetic changes, epigenetic events affect almost every stage of tumor
development. Understanding the epigenetic changes associated with
cancer onset, progression, and metastasis is critical to improving our
ability to successfully diagnose, treat, and prevent.

Noncoding RNAs are involved in epigenetic regulation through
transcriptional and posttranscriptional mechanisms (Ferreira and
Esteller, 2018). Long noncoding RNAs (lncRNAs) play important
cellular and physiological roles, such as chromatin dynamics,
proliferation, differentiation, developmental regulation, and gene
expression (Li et al., 2014). The specificity of lncRNA expression
attests to its essential roles in regulating organismal function and
repairing pathological processes (Smolarz et al., 2021). The lncRNA
properties, such as tissue or cellular specificity and regulation of gene
expression at transcriptional and posttranscriptional levels, suggest
that lncRNAs may be important in the formation of malignant
tumors. Additionally, some lncRNAs are regulated by oncogene
products or cancer transformation suppressors, indicating that they
indirectly fulfill tumorigenic functions (Huarte, 2015).

Current findings have implicated aberrantly expressed lncRNAs
such as MALAT1, HOTAIR, PVT1, NEAT1, ANRIL, and SPRY4-
IT1 in the development and progression of numerous malignancies,
including LC. Additionally, these lncRNAs can be used as
biomarkers for cancer diagnosis, prognosis, and follow-up
(Gutschner and Diederichs, 2012; Hu et al., 2016; Sun et al.,
2016; Wang et al., 2021; Zeng et al., 2021). Identification and
characterization of lncRNAs have opened a new era in cancer
management. lncRNAs can serve as cancer biomarkers for

developing new diagnostic tools and the prediction of prognosis
and as potential targets for new cancer treatment strategies. The
expression of particular lncRNAs is a distinguishing feature of
different tissues and even individual cells. Although only a few
lncRNAs are typically found in the body, the majority of individuals
have extremely high concentrations of them. The lncRNAs that are
tissue- or cell-specific have drastically reduced levels of expression
(Jiang et al., 2016).

Tumor tissue biopsies, which are considered the gold
standard, are crucial for detecting molecular alterations that
must be examined to make the correct diagnosis and treatment
decisions throughout the disease progression. However, this type
of biopsies has restrictions, as they are invasive and insufficient for
revealing the real-time molecular structure and monitoring
changes in disease. To repeat and monitor these molecular
analyses, novel noninvasive analysis methods are required. In
this context, liquid biopsy is the most promising technique. Liquid
biopsy samples, the first noninvasive procedure, contain nucleic
acids (cell-free DNA and RNA [cfDNA and cfRNA]) that are
freely circulating outside the cell. Nowadays, cfDNA and cfRNA
analyses are employed as a noninvasive tool for identifying
multiple genetic alterations associated with cancer, which is,
therefore, being recognized as an alternative material widely
used for early cancer diagnosis and targeted treatment
decisions (Sorber et al., 2017). Current advances in the analysis
of lncRNA processes in liquid biopsies make these molecules
important clinical targets for cancer treatment (Schmitt and
Chang, 2016). The introduction of personalized treatment
options and immunotherapy because of advancements in
molecular oncology is the driving force behind efforts to
improve molecular biomarker tests and liquid biopsy,
specifically in detecting these biomarkers.

Exhaled breath condensate (EBC) samples are an additional
noninvasive approach investigated in recent years to determine the
real-time and repeatable molecular structure of LC. EBC is a sample
matrix consisting of aerosolized droplets from the alveolar fluid that
are further diluted in the distal and proximal respiratory tracts and
collected by condensation during tidal breathing (Davis et al., 2012).
Due to its compound composition, EBC can be used to diagnose LC.
EBC samples can yield components, such as protein, DNA, RNA,
and volatile organic chemicals. EBC biomarkers are found in the
respiratory air because of direct breathing. They are also directly
implicated in the metabolic activities of cancer cells and provide the
opportunity for genomics, transcriptomics, epigenomics,
proteomics, and metabolomics examinations (Campbell et al.,
2008). With the advancements in technologies, genetic analysis
studies can be conducted using EBC samples and liquid biopsies
in LC (Tetik Vardarli et al., 2020). The concordance of DNA and
RNA analysis results from the liquid biopsy and EBC samples
demonstrates that EBC is a promising noninvasive approach for
LC molecular diagnosis and follow-up. Therefore, this study
determined whether the expression profiles of certain lncRNAs,
which are candidates for new molecular targets in the diagnosis,
follow-up, and individual treatment decisions of LC, could be
detected in EBC samples. Moreover, the use of MALAT1,
HOTAIR, PVT1, NEAT1, ANRIL, and SPRY4-IT1 expression
levels detected in cfRNA from EBC samples was also investigated
for the molecular diagnosis and follow-up of LC.
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Materials and methods

Study population

This case-control study included 40 primary adenocarcinoma
patients (stage IIIB or IV) with 1–3 synchronous metastases and
without metastases, who were being followed up in the Chest
Diseases Department of Ege University Medical School between
2021 and 2022. Adenocarcinoma was diagnosed in the Pathology
Department of Ege University Medical School in Izmir, Türkiye.
This study also included 20 age- and gender-matched healthy
individuals. The control participants were recruited from healthy
volunteers without a history of cancer. The difference between two
independent means (two groups) approximation was used for
sample size calculation. The effect size between the two groups
(cancer patients and healthy individuals) was calculated to be
0.7146, and the post hoc power was achieved to be 0.82. Detailed
demographic and clinical characteristics were recorded for patients
and healthy controls. The Institutional Medical Investigation Ethics
Committee accepted the study protocol (21-7T/27), and all
participants provided written informed consent.

Clinic sample collection

EBC samples (Visit 0) were taken from 40 patients diagnosed with
advanced stage (III and IVB) lung adenocarcinoma (LA) and 20 healthy
individuals in the control group. Furthermore, peripheral blood samples
were obtained at Visit 0 from 10 randomly selected patients with LA
and one of every two individuals in the healthy control group to
demonstrate the correlation of lncRNA expression levels in cfRNA
samples obtained from EBC with liquid biopsy samples. Furthermore,
EBC (Visit 1) samples were also collected from 26 patients diagnosed
with LA during the third month of the follow-up.

EBC sample collection

EBC samples (2 mL) were collected from patients and placed in a
DNA- and RNA-free 15-mL tube with a homemade glass EBC
condenser, as described in our previous study (Tetik Vardarli et al., 2020).

Liquid biopsy collection

Peripheral blood was taken from patients included in this study
in tubes with 4 mL ethylenediaminetetraacetic acid. Blood samples
were centrifuged at 2000 × g for 10 min at 4°C within 2 h, and plasma
samples were separated and transferred to a new centrifuge tube.

RT-PCR analysis

cfRNA was extracted from EBC and plasma specimens of patients
and healthy individuals using Norgen Total RNA Purification Kit
(Norgen Biotek Corp.) according to the manufacturer’s instructions.
cfRNA concentrations were measured using a Nanodrop
1000 instrument (Thermo Scientific). Then, cfRNAs were reverse

transcribed into cDNA using the Transcriptor First Strand cDNA
Synthesis Kit (Roche Applied Science) according to the
manufacturer’s protocols. The quantitative real-time RT-PCR
method was used to determine MALAT1, HOTAIR, PVT1, NEAT1,
ANRIL, and SPRY4-IT1 lncRNA expression levels using RT2 SYBR
Green qPCR Mastermix Kit (Roche) and gene-specific primers
(Table 1) via LightCycler 480 Instrument II (Roche, Switzerland).
GAPDH, a housekeeping gene, was used for normalization.

Statistical analysis

In lncRNA expression analysis, cycle threshold (CT) values obtained
from the LC480 devicewere uploaded to theweb-based onlineGeneGlobe
Data Analysis Center (https://geneglobe.qiagen.com/us/analyze) software,
normalized by the GAPDH gene expression, applied log2 transformation,
and paired comparison of the groups. It was carried out in the same
softwarewith the 2−ΔΔCTmethod. After comparisons, thosewith significant
lncRNA expression fold change ± two-fold and above and p < 0.05 with
Student’s t-test were listed in the web software. Additionally, comparative
heat maps of the groups and correlation between EBC and liquid biopsy
were performed with linear regression analysis in GraphPad Prism v.9.2.
The importance of differentiated lncRNA expression analyses during the
diagnosis usingEBCand in reflecting the clinical outcomes of patientswith
LC was evaluated. The concordance among EBCs was interpreted using
clinical data.

Results

Epidemiological and clinical findings of
patients

The study included 20 healthy participants (10 F and 10 M) who
had never been diagnosed with cancer and 40 patients with LA (11 F
and 29 M). The average ages of patients diagnosed with LA and
healthy control groups were 61.98 ± 9.59 (range: 40–79) and

TABLE 1 lncRNA primer sequences.

ANRIL F:5′-CCA TCA GAG GTA ACA GTA GAG AC-3′

R:5′-GAG GCA GGA GAA TCG CTT G-3′

MALAT1 F:5′-CAG CAG TTC GTG GTG AAG ATA G-3′

R:5′-GCC TCC TCC GTG TGG TTG-3′

PVT1 F:5′-ATA TGG ACT GTG ATG CGG AAG-3′

R:5′-ATA ACC TGT GAT GAA CCA ATA AGC-3′

NEAT1 F:5′- TAC ACA GCG AGG CAC CAC-3′

R: 5′-GTC AGC ACA GGA GCA GAG G-3′

SPRY4-IT1 F:5′-GAG GGG TTC TTA AAT AGG CAG C-3′

R:5′-GAG GTT CTT TAA AAA CAG CCC A-3′

HOTAIR F:5′- CTG ACT CGC CTG TGC TCT G-3′

R:5′-CCG CCG TCT GTA ACT CTG G-3′
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60.20 ± 6.85 (range: 42–72) years, respectively. The patient
characteristics with clinical samples collected during the study
are displayed in Table 2.

cfRNAs were successfully extracted from plasma (for liquid
biopsy) and EBC samples which were taken for molecular
analysis from patients (Visits 0 and 1) and healthy individuals
(Visit 0).

lncRNA expression analyses

The qRT-PCR method was used to investigate the role of EBC
materials in determining lncRNA expression levels in the

diagnosis and follow-up of LA. MALAT1, HOTAIR, PVT1,
NEAT1, ANRIL, and SPRY4-IT1 lncRNA gene expression
levels were evaluated in cfRNA obtained from patients with
LA and healthy individuals.

Fold changes of specific lncRNAs associated with proliferation
and metastasis in NSCLC were determined by comparing patients
diagnosed with LA and the control group at Visits 0 and 1. These
findings revealed the expression levels of some lncRNAs that
function as oncogenes in the LC process, namely, HOTAIR,
PVT1, NEAT1, and MALAT1, were significantly increased in
EBC samples of the patient group. The lncRNAs showing the
supreme increases at Visit-0 and Visit-1 in LA patients were
identified as HOTAIR (5 fold, p = 0.004796), PVT1 (7.9 fold, p =

TABLE 2 Demographic and clinical characteristics of patients with lung adenocarcinoma and the control group.

Lung adenocarcinoma n = 40 (%) Healthy control n = 20 (%)

Gender Female 11 (27.5) 10 (50.0)

Male 29 (72.5) 10 (50.0)

Age (year) Female 61.1 ± 07.3 57.8 ± 7.3

Male 62.3 ± 10.4 62.6 ± 5.7

Diagnosis Stage IIIB 18 (45.0)

Stage IV 22 (55.0)

Treatment CT 8 (20.0)

CT and IT 10 (25.0)

CT and RT 10 (25.0)

CT, RT and IT 7 (17.5)

IT 4 (10.0)

RT and IT 1 (2.5)

No Metastasis 18 (45.0)

Metastasis 22 (55.0)

Oligometastases 1 10 (45.0)

2 7 (31.8)

3 5 (27.7)

Location of Oligometastases Lung 14 (54.6)

Bone 8 (31.2)

Brain 5 (19.5)

Liver 3 (11.7)

Surrenal 3 (11.7)

Plevra 2 (7.8)

Soft tissue 2 (7.8)

Kidney 1 (3.9)

MSL 1 (3.9)

Treatment duration (weeks) Female 11.59 ± 11.91

Male 15.46 ± 11.87

CT, chemotherapy; IT, immunotherapy; RT, radiotherapy; MSL, mediastinal subcarinal lymphadenopathy.
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0.038149) and NEAT1 (12.8 fold, p = 0.009698), PVT1 (6.8 fold,
p = 0.0493069), MALAT (8.4fold, p = 0.041893), respectively
(Table 3; Figure 1).

To determine the roles of these lncRNAs in the follow-up of LA,
specific lncRNA expression levels detected in EBC samples obtained
from 26 patients diagnosed with LC at Visit 1 were compared with
expression levels detected at Visit 0; our results reveal that
NEAT1 expression level increased two-fold from Visit 0 to Visit
1 (p = 0.017159 [Table 4; Figure 2]).

To evaluate the significance of lncRNAs in LA development, the
expression patterns of lncRNAs in plasma samples from 10 patients
with LA and 10 healthy individuals with qRT-PCR were also
investigated. When we examined the lncRNA expression levels at
Visit 0, only theMALAT1 expression level obtained from the plasma
samples was nine-fold higher in the patient group compared with
the control group (p < 0.001 [Table 5; Figure 3]). To assess whether
the lncRNA expression levels in EBC and plasma samples from

patients with LC are consistent with one another, the expression
levels found in EBC and plasma specimens were collected during
Visit 0. However, no concordance was observed in the lncRNA
expression levels between the two groups (p > 0.05).

Specific lncRNAs are highly dysregulated in various cancers and
induce tumor progression and metastasis. The expression levels of
specific lncRNAs in EBC samples taken from patients with LA with
and without metastasis were compared at Visit 0 to evaluate the roles
of MALAT1, HOTAIR, PVT1, NEAT1, ANRIL, and SPRY4-IT1
expression in the development of metastasis. Our findings showed
that PVT1 expression levels decreased by two-fold in patients with
organ metastasis.

Comparison of lncRNA expression levels between patients with
single or multiple organ metastases and those without metastasis
revealed that HOTAIR expression level increased four-fold in
patients with single organ metastasis and two-fold in those with
multiple organ metastases, whereas PVT1 lncRNA expression levels
decreased three-fold in those with multiple organ metastases. Changes

TABLE 3 Fold changes of lncRNA expressions detected at Visits 0 and
1 compared with the control group in EBC samples.

EBC visit 0 EBC visit 1

lncRNA Fold change p Fold change p

HOTAIR 4.9588 0.004796 5.5008 0.085956

ANRIL 8.0700 0.101209 4.3349 0.306083

NEAT1 9.7075 0.154621 12.2778 0.009698

SPRY4-IT1 −4.3219 0.060601 −2.3959 0.397520

PVT1 7.8550 0.038149 6.7884 0.049306

MALAT1 7.6095 0.200276 8.4285 0.041893

FIGURE 1
The fold changes in lncRNA expression levels were compared between EBC samples from patients at Visit 0 and Visit 1, and the control group.

TABLE 4 Fold changes of lncRNA expressions detected at Visit 1 compared with
Visit 0 of EBC samples.

lncRNA Fold change p

HOTAIR 0.5460 0.048808

ANRIL −3.6439 0.185442

NEAT1 2.5705 0.017159

SPRY4-IT1 1.9184 0.063224

PVT1 −1.0589 0.154379

MALAT1 0.8156 0.994734

The meaning of bold values emphasizes the p-values with significant.
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in these lncRNA expression levels were found to be clinically significant
in predicting the development of metastasis (Figure 4).

Comparing the lncRNA expression levels at Visit 0 based on
organ involvement in patients with various organ metastases to
those without metastases revealed no variation in lncRNA
expression levels among patients with brain metastasis.
Interestingly, we found that ANRIL and NEAT1 gene expression

levels were decreased four-fold in instances with bone involvement
and elevated four-fold in those with lung involvement (Figure 5).

Discussion

The study reveals that cfRNA extracted from EBC samples
and liquid biopsy samples can be used to detect alterations in
lncRNA gene expression levels for the molecular diagnosis and
follow-up of LC. The development of new treatments that target
molecular pathways implicated in carcinogenesis is encouraging;
however, these treatments should effectively eliminate cancer
cells without damaging healthy cells. To prevent difficulties
associated with invasive procedures, early cancer diagnosis
must depend on noninvasive, inexpensive, rapid, and
reproducible techniques (You and Jones, 2012; Crowley et al.,
2013; Sorber et al., 2017).

Several lncRNAs, such as MALAT1, HOTAIR, PVT1,
NEAT1, ANRIL, and SPRY4-IT1, have recently been
identified, particularly in cell lines, liquid biopsy, and tissue
biopsy samples and have been associated with cancer

FIGURE 2
Displaying the expressions of lncRNAs in EBC samples of patients with NSCLC at Visits 0 and 1. (A) Illustration of a heatmap representing the 2-ΔΔCT
changes in lncRNA expressions of Visit 0 EBC samples compared to the control group. (B) Displaying a heatmap representing the 2-ΔΔCT changes in
lncRNA expressions of Visit 1 EBC samples compared to the control group.

TABLE 5 Fold changes of lncRNA expression levels at Visit 0 compared with the
control group in plasma samples.

lncRNA Fold change p

HOTAIR 1.5311 0.262673

ANRIL 0.5558 0.274300

NEAT1 1.9855 0.337700

SPRY4-IT1 2.6781 0.730624

PVT1 8.4650 0.315780

MALAT1 8.9890 0.000001
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pathogenesis. These findings suggest that lncRNAs provide new
insights into the biology of this disease and could be used as a
biomarker for early cancer detection. Consistent with other
studies, we determined differentiated expression levels of
lncRNAs in EBC samples from patients with LA. Additionally,
HOTAIR and PVT1 (Visit 0) and NEAT1, PVT1, and MALAT1
(Visit 1) genes were overexpressed in EBC samples from patients
with LA than those from healthy controls. The lncRNA gene
expression profiles derived from the EBC sample can serve as
both a diagnostic tool and a resource for patient follow-up.
Increased HOTAIR gene expression levels have been identified
as a diagnostic marker in patients with LA and lung squamous
cell carcinoma in studies conducted with tumor tissue, plasma,
and cell lines to determine the role of HOTAIR in NSCLC
development (Wang et al., 2021; Yao et al., 2022). Yao et al.
reported that HOTAIR expression is increased in LC tissues than

in the control or surrounding normal tissues. Furthermore, they
demonstrated an increased HOTAIR gene expression in both N
and T stages. LncRNA HOTAIR has adequate diagnostic values
for diagnosing LC (Yao et al., 2022). Similarly, HOTAIR gene
expression was upregulated 5-fold and 5.5-fold in EBC samples
from the patient group compared with the healthy control at
Visits 0 and 1, respectively. HOTAIR seems to be an oncogene
that plays a critical role in tumor progression. This study also
shows that the HOTAIR gene expression profiles found in EBC
samples are valuable for directing the molecular diagnosis of LC.

PVT1, an lncRNA, has been the focus of some preliminary
studies in its potential function in NSCLC. PVT1 expression is
higher in NSCLC tissue samples and cell lines, and
PVT1 knockdown inhibits NSCLC cell proliferation, migration,
and invasion (Wei et al., 2020; Wang et al., 2021). Additionally,
Chen et al. revealed that A549 cells were made more sensitive to

FIGURE 3
Illustration of the fold changes in lncRNA expression levels between Visit 1 and Visit 0 of EBC specimens. (A) Presenting a comparison of lncRNA
expression levels at Visit 1 in EBC samples versus Visit 0. (B) Demonstration of a comparison of 2-ΔΔCT values for lncRNA expressions at Visit 1 in EBC
samples compared to Visit 0.
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cisplatin after PVT1 was knocked down (Chen et al., 2019).
Similarly, a higher expression pattern of the PVT1 gene in EBC
samples of the patients was observed between both visits compared
to healthy controls. We suggest that elevated PVT1 levels detected in
EBC samples can be used as a diagnostic biomarker for NSCLC.
These results lend support to the lncRNA analysis of EBC samples as
a noninvasive method for detecting biomarkers in LA, as the
lncRNA gene expression profile was shown to be similar to those
of in vivo and ex vivo studies.

Several studies have profiled NEAT1 gene expression and its
clinicopathological importance in NSCLC. Pan et al. reported
that relative NEAT1 levels were considerably higher in NSCLC
tissues than in nearby noncancerous lung tissues. Other studies
also found a positive correlation between patient age and the
presence of vascular invasion, lymph node metastases, and stage

at diagnosis (Pan et al., 2015). Hu et al., (2016) reported that the
levels of circulating NEAT1 were significantly higher in the
plasma of patients with NSCLC. In a recent study that
evaluated the effects of lncRNAs in plasma samples from
50 patients with NSCLC and 50 healthy individuals,
researchers discovered 21 distinct lncRNAs and reported that
SPRY4-IT1, ANRIL, and NEAT1 levels were significantly higher
than those of other lncRNAs. It was emphasized that these three
lncRNAs could serve as biomarkers for the early detection of
NSCLC. Sun et al., (2016) also demonstrated that NEAT1 levels
are elevated in patients with NSCLC, increasing cell proliferation
and metastasis and inhibiting tumor cell death. Furthermore,
they revealed that patients with elevated NEAT1 levels had lower
overall survival than those with low NEAT1 gene expression, and
that elevated NEAT1 levels accelerated NSCLC cell proliferation

FIGURE 4
Depiction of the fold changes of specific lncRNAs in the plasma samples of patients with NSCLC at Visit 0. (A) Illustration of the fold changes in
lncRNA expressions at Visit 0 of plasma cfRNA samples. (B)Displaying cases the 2-ΔΔCT changes in lncRNA expression of plasma cfRNA samples at Visit 0.
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and metastasis in vitro and in vivo. Both the diagnosis and follow-
up of patients with LA showed elevated NEAT1 gene expression
levels, which is consistent with the findings of earlier studies.
These data suggest that NEAT1 can be one of the recently found
regulators of the NSCLC progression. The lncRNA MALAT1 is a
type of lncRNA greatly overexpressed in many tumors, including
NSCLC. However, the mechanism of MALAT1 in NSCLC
remains unclear. Several studies have shown that MALAT1
is significantly upregulated in human NSCLC cell lines and
patients with LC. The findings demonstrated that MALAT1

overexpression is closely associated with NSCLC malignancy,
vascular invasion, pathological differentiation, and recurrence
and can be used as a biomarker to diagnose malignant tumors
(Weber et al., 2013; Rong et al., 2020). To assess MALAT1’s
utility as a blood-based biomarker for NSCLC, Weber et al.
compared the expression levels of MALAT1 in peripheral
blood samples from patients with NSCLC and healthy
individuals and discovered differences between the two groups
(Weber et al., 2013). Rong et al., (2020) also suggested that
MALAT1 levels in serum exosomes are higher in patients with

FIGURE 5
Illustration of the fold changes in lncRNA expressions in organ metastasis. (A) Depiction of the fold change of lncRNA expressions in patients with
different organ metastases at Visit 0. (B) Displaying fold changes of lncRNA expression according to organ involvement.
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NSCLC and that exosome-derived MALAT1 also reflect
biological changes in NSCLC cells. Similarly, Zhang et al.,
(2017) reported that MALAT1 expression was upregulated in
serum exosomes of patients with NSCLC and that exosomal
MALAT1 level was positively correlated with tumor stage and
lymph node metastasis. To demonstrate a correlation between
variations in the lncRNA expression levels in EBC and the related
plasma samples, lncRNA expression analysis was performed on
liquid biopsy samples from both patients with LA and the control
group. We found that the MALAT1 lncRNA expression was
altered in both groups, although no concordance was noted in
the expression levels. Liquid biopsy provides the opportunity to
detect and monitor cancer in various body fluids by detecting free
circulating tumor cells, circulating tumor DNA and RNA
fragments, and exosomes (Sorber et al., 2017). It is
advantageous in reducing the harm of biopsy by noninvasive
sampling and is of great importance for the early detection of
cancer; however, a study reported that the low lncRNA
expression level in the blood may complicate sensitive analysis
(Weber et al., 2013). We hypothesize that the late entry and
reduced tumor cell expression in the blood circulation can cause
difficulty in recognizing a significant correlation between the
results. We estimate that the molecular profile obtained from
EBC samples in patients diagnosed with NSCLC reflects the
molecular profile of tissue specimens more accurately. These
results suggest that MALAT1 gene expression levels in EBC
samples, in addition to the tumor tissue, peripheral blood, and
serum exosomes, can be used as a tumor biomarker for the
diagnosis and follow-up of NSCLC.

Hu et al., (2016) reported that SPRY4-IT1 gene is
overexpressed in the plasma of patients with NSCLC
compared with healthy volunteers, and the amplification of
SPRY4-IT1 in the plasma of patients with NSCLC is closely
related to the tumor size. Additionally, SPRY4-IT1 can be
used as a biomarker for the early diagnosis of NSCLC tumor
cells with a poor prognosis because of epithelial–mesenchymal
transition activation by regulating the E-cadherin and vimentin
expressions. However, Sun et al. suggested that the SPRY4-IT1
expression is significantly downregulated in NSCLC tissues, and
specifically, decreased SPRY4-IT1 expression may be an
important independent predictive factor for patients with
NSCLC. They also reported that the upregulation of SPRY4-
IT1 expression significantly inhibited cell proliferation,
migration, invasion, and apoptosis, whereas reduced
expression of SPRY4-IT1 promoted cell migration and
invasion. They revealed that increased SPRY4-IT1 expression
levels significantly reduced the number of metastatic nodules in
the lungs in vivo (Sun et al., 2016). Similar to this study, we also
found that SPRY4-IT1 lncRNA expression levels decreased four-
fold and three-fold in EBC samples obtained from patients
during the diagnosis (Visit 0) and treatment (Visit 1)
compared with healthy individuals, respectively. These data
support the hypothesis that SPRY4-IT1 downregulation may
serve as a possible diagnostic biomarker for NSCLC and may
play various functions not only in the diagnostic but also in the
follow-up process.

To determine the clinical significance and potential role of
ANRIL, Nie et al., (2015) investigated the expression levels of

ANRIL in tumor and healthy tissues of 96 patients with NSCLC.
They showed that ANRIL expression was increased in tumor
tissues and the expression level was significantly correlated with
TNM stages and tumor size. Moreover, using loss-of-function
analysis in NSCLC cells, studies demonstrated that suppressed
ANRIL expression can inhibit cell proliferation and induce cell
apoptosis both in vitro and in vivo. These findings revealed that
the ANRIL expression is associated with survival in patients with
NSCLC and is critical to NSCLC development. This study shows
novel perspectives on the function of lncRNA-directed
carcinogenesis. A study performed with LC and cervical
cancer cells reported that silencing ANRIL stops the cell cycle
at the G1/G0 checkpoint and leads the cell to apoptosis. Our data
show that in EBC samples collected from patients during Visit
0 and 1, ANRIL gene expression levels were eight- and four-fold
higher, respectively, than that in the control group. We also
determined that ANRIL expression levels in the patient group
decreased by three-fold during treatment. These findings
revealed that ANRIL may be a significant biomarker of
adenocarcinoma progression. Low ANRIL expression levels
may be associated with a favorable prognosis, given that the
survival of our patients persisted throughout the study duration
and the identification of decreasing ANRIL gene expression
levels during the follow-up period.

Current studies indicated that lncRNAs are closely related to
metastasis cancer progression and formation of various cancer
types. However, the molecular basis for this observation in
NSCLC advancement has not yet been thoroughly described.
Zeng et al., (2021) used primary tumor and adjacent tissues from
30 patients who had not received any local or systemic therapy
preoperatively and LC cell lines to investigate how
PVT1 regulates tumorigenesis and NSCLC development. They
found that PVT1 is upregulated in NSCLC tissues and lung cell
lines and promotes NSCLC cell proliferation, migration,
invasion, and metastasis. Weber et al., (2013) demonstrated
that MALAT1 knockdown in NSCLC confirmed its
antiproliferation, antimetastasis, and proapoptosis activities in
the loss-of-function analysis in NSCLC tumor tissue and cell line
models, in addition to its tumor-promoting effects in the
xenograft mouse model. Our results indicate that
PVT1 expression levels were two-fold lower at Visit 0 in
patients with LA with diverse organ metastases. Moreover,
HOTAIR gene expression is downregulated four-fold in single
organ involvement and upregulated two-fold in multiorgan
involvement, whereas PVT1 gene expression is downregulated
three-fold. Moreover, ANRIL gene expression increased four-
fold in patients with lung involvement, whereas ANRIL and
NEAT1 gene expressions decreased four-fold in patients with
bone metastases. Based on these results, we hypothesize that
PVT1, HOTAIR, ANRIL, and NEAT1 are useful biomarkers for
monitoring the development of metastasis in patients with LA.
LncRNAs, which are candidates for new molecular targets in
determining the early diagnosis, follow-up, and individual
treatment decisions of patients with NSCLC, can also be
detected by EBC within the scope of this study. In lncRNA
expression analysis conducted on EBC samples derived from
patients with NSCLC and healthy controls, the expression
profiles of MALAT1, HOTAIR, PVT1, NEAT1, ANRIL, and
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SPRY4-IT1 have been found, and an association between these
expression profiles and molecular pathogenesis of LC has been
established. In conclusion, molecular analysis of EBC samples
from patients with LC will allow us to explore the mechanisms
underlying the successful diagnosis, therapy, and prevention of
cancer and identify novel therapeutic targets.
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