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Abstract

Non-small cell lung cancer (NSCLC) is a subtype of lung cancer that behaves similarly to squamous cell carcinoma
and adenocarcinoma. Non-small cell lung cancer (NSCLC) is the most common histopathological type, accounting
for about 85% of all lung cancers, and is usually diagnosed at advanced stages. Symptoms include persistent cough,
shortness of breath, weight loss, or hemoptysis. Surgery combined with chemotherapy improved the long-term surviv-
al of patients with NSCLC, but the emergence of drug resistance made chemotherapy less effective. Many IncRNAs
are functionally associated with human diseases, especially cancer. Long non-coding RNAs (IncRNAs)- dysregulation
has been reported to be involved in breast cancer, colorectal cancer, liver cancer, lung cancer, and leukemia. Com-
monly, IncRNAs dysregulation exerts impacts on cellular functions such as cell proliferation, resistance to apoptosis,
induction of angiogenesis, the advancement of metastasis, and evasion of tumor suppressors. This review provides
insight into (IncRNAs) covering a wide range of topics, such as biogenesis, effects on gene expression and regulation,
and potential use for biomarkers in the diagnosis, prognosis, and treatment of non-small cell lung cancer (NSCLC).
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Introduction term survival rate of patients with NSCLC [9], the occurrence of
drug resistance limit the efficacy of chemotherapy [10]. Moreover,

chemotherapy resistance was the major cause of chemotherapy
the leading cause of cancerrelated death worldwide [1]. Non- failure, remarkably limiting its clinical application. [7,8]. Genetic

small cell lung carcinoma (NSCLC) is the most common factors, diet, unhealthy lifestyles, and precancerous lesions were
histopathological type accounting for approximately 85% of 4| closely associated with the development of NSCLC. In-depth

all lung cancer cases and generally diagnosed at advanced  research on NSCLC showed that NSCLC was the result from
stages [2]. Based on the pathological types, NSCLC is divided

into squamous cell carcinoma, adenocarcinoma and large cell

Lung cancer is one of the most devastating malignancies and

both genetic and environmental factors. Changes in some

oncogenes and tumor suppressor genes ultimately led to impaired
carcinoma [3, 4]. It is believed that the low 5-year survival rate o] proliferation, apoptosis, and differentiation. [11,12].

(about 15%) is largely attributable to advanced local invasion . .
and/or distant metastasis, and recurrence of NSCLC [5, 6]. It Long non-coding RNAs (IncRNAs) are most commonly defined
as non-coding RNAs (ncRNAs) that are over 200 nucleotides in

length and are lack of protein-coding capacity, but are able to
regulate gene expression at transcriptional, posttranscriptional
and epigenetic levels [13]. It is well known that IncRNAs

was reported that over 50% of NSCLC patients experienced
micro- metastasis before radical surgery, which was the direct
cause of postoperative metastasis and recurrence [3,4,7,8]. Even-
though surgery combined with chemotherapy increased the long-
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play functional roles in various biological processes, such as
Cell differentiation, proliferation, invasion and migration.
[14]. Accumulating evidence suggested the important role of
unregulated or dysregulated IncRNAs in tumorigenesis and
development of various cancers, including NSCLC [15,16].
Thus, this review provided our points of view on (IncRNAs),
covering a range of issues such as, their biogenesis, effects on gene
expression and regulation, and their potential use af biomarkers
in the diagnosis, prognosis and therapy of non-small cell lung

cancer (NSCLQ).
Biogenesis of IncRNAs

LncRNAs are the type of nucleic acid molecules with a length
of over 200 nucleotides, which do not have a complete specific
open reading frame therefore are not translated to proteins.
[17]. In general, IncRNA strictly refers to IncRNA except for
rRNA, which can be transcribed in more than 200,000 ways
[18]. Although there are many kinds of IncRNAs, most of them
are relatively low in copy numbers inside cells; some, even have
one copy only in few cells [19]. The greater part of the annotated
IncRNAs is expressed in specified cell types, and generally at
lower levels than the protein-coding mRNAs [20]. IncRNA can
be transcribed from many different parts of a gene including
the antisense strand, the promoter region, the intron region,
and the mRNA intergenic region. [21-23]. This means IncRNA
can be transcribed from anywhere in the genome. Based on the
position of IncRNA in the genome, IncRNA can be divided
into three categories, namely: long intergenic non-coding RNAs
(lincRNAs), natural antisense transcript (NATs), and intron
IncRNAs [24-26]. Apart from IncRNA, which lies between the
two protein-coding genes, most IncRNA and the associated genes
that code for proteins have some degree of overlap in the gene
sequence [22, 27,28]. Take, for example, intron IncRNAs are
transcribed from the intron of the protein-coding gene, whereas
NATs are transcribed from the opposite (complementary) chain
of the protein-coding gene [29]. Antisense IncRNA is especially
common in mice [30]. Up to 72% of the genomic sites, showed
that differential transcription led to the production of antisense
IncRNA [31]. Majority of the IncRNAs were transcribed by RNA
polymerase II, which were spliced and matured [32]. Like mRNAs,
most IncRNAs were hindered or blocked, polyadenylated, and
spliced [33]. IncRNAs primary structures were poorly conserved,
however their secondary structures and splicing patterns were
functionally conserved with tissue or cell specificity [34].

The IncRNAs classification is based on the idea that RNAs
with base numbers of over 200 nucleotides can form complex
structures at a high level which are distinguishable from miRNA
(miRNA). [35]. However, when the base number of an RNA
is 50-70 nucleotides, some complex structures can be formed
[36]. Notwithstanding the linear structure, IncRNAs likewise
have circular RNAs, which may be influenced by the structure.
Circular RNAs have a half-life that is longer and more stable than
that of linear IncRNAs [37]. In addition, they also have tissue-
specific expression in a specific period. This affects the growth
and development process, and is related to diseases such as
tumors [38].
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IncRNAs in Gene Expression and Regulation

IncRNAs have the ability to impact gene functions through
RNA-protein, RNA-RNA, or RNA-DNA interactions (Figure
1). They can target all levels of gene regulation, including
transcription, mRNA stability, and translation. It is known that
IncRNAs interact with RNA or protein in the cytosol to achieve
its molecular function. With some IncRNAs and mRNAs base
pairs, this interaction leads to changes in these mRNA levels.
One kind of IncRNA, IncRNA Ine-MD1 acted as a competitive
endogenous IncRNA to inhibit miR-133 [28]. Another type of
IncRNA, antisense IncRNA UCHL1 promoted the translation of
UCHLI mRNA by increasing the binding of UCHL1 mRNA to
the polymer [39].

Conversely, some IncRNAs, such as IncRNA-p21, paired with the
target mRNA to inhibit their translation. In any case, a more
general pattern of IncRNA interactions involves interaction with
one or more specific proteins. IncRNAs are involved in regulating
gene expression through various mechanisms in the cell’s
nucleus. IncRNAs, serving as modular guidance and scaffolds
for proteins, can recruit proteins or RNAs [40]. Sequentially,
these complexes accumulate or assemble high-order protein/
RNA complexes in cells. These proteins coordinate with each
other to secrete inhibitory histone markers and to suppress gene
expression of target gene sites. Since IncRNA directs proteins to
specific genomic sites or acts as a molecular scaffold to stabilize
complex proteins, IncRNA can also contribute to the functional
diversity of DNA- binding proteins.

Functional modules of IncRNAs in cytoplasm
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Figure 1. Number of patients per age with breast cancer from

2016 and 2018 in HCM
IncRNAs as Biomarkers

The significance of understanding the mechanisms of IncRNA
goes beyond describing gene regulation because IncRNA can be
used as a diagnostic marker or drug target, as well as a prognostic
marker. One potential diagnostic marker is the prostate cancer-
associated transcript 1 (PCAT-1), which can be identified in the
urine of prostate cancer patients [41]. Still on prognosis, IncRNAs

defined as CAT104, LINC01234 and STXBP5-AS1 are clinically
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important for predicting breast cancer survival [42]. Moreover,
B.-B. Gao et al. 2019, proposed that IncRNA BC200 regulates
cell proliferation and cisplatin resistance in non-small cell lung
cancer (NSCLC) via PI3K/AKT pathway. IncRNAs have been
suggested as therapeutic targets, but there are difficulties in fully
understanding their mechanism of action [43, 44].

Many cancer models have been shown to release extracellular
vesicles (Evs)- containing different ncRNAs sets, such as: miRNAs
and IncRNAs. There were some specific transcripts abundant in
EVs, showing that they might play a role in nearby cells. This was
demonstrated in a colorectal cancer model in which miRNA [45],
IncRNA [46] and circRNA [47] were selectively exported to EV
and were shown to be not simply correlated with cytosolic RNA
pool levels. During hypoxia, hepatocellular cancer cells produced
Lnc-RoR ( regulator of reprogramming), which reduced miR-145
and hypoxia-induced factor 1 alpha (HIF-1_) in recipient cells.
[48]. This feature demonstrated the potential for IncRNAs as
biomarkers, as shown in liver cancer [49].

IncRNAs as Diagnostic and Prognostic Markers in NSCLC

Non-small cell lung cancer (NSCLC) remains the most common
human malignancy and a major public health challenge.
Recently, targeted therapy has been developed, and as a result
of that, some patients with NSCLC accomplished a favorable
clinical outcome [50]. Yet still, a huge number of NSCLC
patients displayed unfavorable responses to the emerging
targeted therapy. This was largely due to the difference of genetic
mutation [51]. Therefore, identifying sensitive cancer biomarkers
is very important for the improvement of the overall survival and
quality of life [52]. Furthermore, some functional biomarkers can
also be used as potential prognostic and diagnostic biomarkers
for NSCLC patients. Recently, the critical effect of IncRNA on
tumor development is gaining attention and a growing number
of IncRNAs have been identified as potential new biomarkers
for cancer [53]. Yunxia et al. conducted a study in which they
identified a new NSCLC-associated IncRNA, LINC00668, which
was confirmed to be significantly regulated in NSCLC tissue and
cell lines. Then, they performed clinical assays which confirmed
that high LINCO00668 expression was clearly associated with
advanced TNM, histological grade, lymph node metastases, and
shorter overall survival. More importantly, the results of the
univariate and multivariate analyses confirmed that LINC00668
was an independent prognostic marker of overall survival in

patients with NSCLC (Table 1).

Ling et al. conducted a study in which they showed that ANRIL
IncRNA expression levels were increased in the NSCLC tissue
compared to the surrounding non-tumor tissue. In addition, they
analyzed existing associations with clinicopathologic features
and prognosis to determine whether ANRIL-IncRNA could be
considered a potential prognostic factor for predicting clinical
outcome in patients with NSCLC (Table 2). According to their
findings, increased expression of ANRIL IncRNA was associated
with a poor prognosis for overall survival, probably due to the
ability of ANRIL IncRNA to stimulate cell growth and metastasis

of lung cancer cells. Li et al. conducted a meta-analysis examining
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the prognostic potential of MALATI. Although sensitivity to
MALAT1 was low for individual diagnostic tests, it was found
that MALAT1 could be used as an independent prognostic factor
for overall survival in NSCLC with statistical significance [54].
Zhang et al. investigated the clinical potential of several IncRNAs
in patients with NSCLC and found a poor prognosis with high
intergenic expression of H19, MALAT1 and Hox antisense RNA
(HOTAIR) and low expression of taurine upregulation gene 1
(TUG1) and the p2l-associated ncRNA DNA damage activated
(PANDA) [55]. The above results or findings were indications that
individual IncRNAs, as well as combinations, may be important
in the diagnosis and prognosis of NSCLC.

Table 1. Univariate and multivariate analyses for overall survival by
Cox regression model

Parameters Univariate analysis Multivariate analysis

HR 95% Cl P HR 95% Cl P
Age 1.732 | 0.667-2.315 | 0.167 - - -
Sex 1.559 | 0.784-2.531 | 0.132 - - -
History ~ of | 1.995 | 0.892-2.654 | 0.231 - - -
smoking
Tumor size 1.667 | 0.732-2.542 | 0.126 - - -
TNM stage | 3.554 | 1.436-5.742 | 0.001 2.893 1.216-4.146 0.026
Histological | 3.136 | 1.377-4.733 | 0.006 2.769 1.126-4.442 0.021
grade
Lymph node | 3.798 | 1.338-5.237 0.003 3.218 1.188-4.576 0.011
metastasis
LINC006 3.569 | 1.498-5.128 | 0.001 2.995 1.287-4.674 0.005
expression

Table 2. Correlation between IncRNA ANRIL expression and
clinicopathological features in NSCLC patients

Parameters Group Total IncRNA ANRIL P Value
Low High

Male 51 23 28 0.952
Female 36 16 20

Age (years) | <60 42 18 24 0.721
>60 45 21 24

Tumor size 39 16 23 0.520

™ em a3 3 25 <3

Histology Adenocarcinoma 38 20 18 0.197
Squamous cell 49 19 30
carcinoma

TNM Stage |1 26 19 7 0.001
11-111 61 20 41

Lymph mode | Absence 40 32 8 0.000

mestasis Presence 47 7 40

DMSO (Sigma) and plates were agitated at room temperature
for 10 min. The absorbance was measured at 490 nm using an
enzyme-labeled analyzer.

IncRNAs in the Therapy of NSCLC

The dominant choice of treatments for NSCLC is curative surgery;
However, for most of the patients who are usually in the late
stages of the disease, surgery is palliative leaving platinum-based
chemotherapy as the last resort. [56]. However, due to increased
resistance to chemotherapies and targeted treatments, novel
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approaches need to be explored [57]. The function of IncRNAs
in all areas of tumorigenesis of NSCLC and in the regulation of
signaling pathways, makes IncRNA promising therapeutic targets.
Additionally, multiple IncRNAs were reported to be associated
increased chemoresistance, which was why targeted treatments
could also restore cancer cell sensitivity to chemotherapy agents

[57].

There are several approaches to targeting IncRNA in cancer,
including genetic attenuation based on interference RNA (RNAI),
antisense oligonucleotide (ASO) treatment, small molecule
modulator of proteinlncRNA interactions, and delivery of tumor
suppressors to IncRNA [57-65]. For example, HOTAIR siRNA
intervention or interference reduces migration and invasion of
NSCLC cells in vitro and reduces metastasis in a mouse model
HOTAIR siRNA xenograft. [66]. Furthermore, HOTAIR siRNA-
mediated knockdown also increased the susceptibility of NSCLC
cells to cisplatin treatment (Table 3) [67]. However, RNAi could
have non-target effects and be problematic for nuclear RNAs,
with many IncRNAs functioning at the nucleus of NSCLC. On
the contrary, ASOs are useful because of their high affinity and
reduced toxicity related to their relatively low targeting effect
[68]. In the MALAT1 knockout mouse model, mice injected
with MALAT1 ASOs had reduced nodules and lung tumor
volume compared with untreated mice (Table 3). Therefore,
ASO inhibition of MALATT1 inhibited NSCLC metastases. That
approach might be a promising therapeutic future in NSCLC
[69]. It was shown that MEG3 decreased in NSCLC which
resulted in inhibition of NSCLC apoptosis, invasion, migration
and metastasis, and increase of cisplatin sensitivity. [70,71,72].
Overexpression of MEG3 inhibited tumorigenesis in vivo and
reduced NSCLC cell proliferation, as well as induced apoptosis
in vitro, suggesting that application of tumor suppressor IncRNAs
such as MEG3 might be an alternative therapeutic option in
NSCLC (Table 3) [73]. However, further research is needed to
assess the effectiveness of tumor suppressor IncRNA delivery as a
therapeutic measure in the clinical sitting.

Table 3. Therapeutic targeting approaches in NSCLC

LncRNA Targeting Approach Effect in NSCLC Ref.
HOTAIR siRNA Reduced migration and [66]
invasion in vitro and
reduced metastases in
vivo
siRNA Increased sensitivity to [67]
cisplatin
MALATI ASO Reduced tumor burden [69]
and metastases in vivo
MEG3 Overexpression of tumor Inhibited tumorigenesis in | [73]
suppressor IncRNA. vivo and reduced cell
proliferation and apoptosis
in vitro
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Conclusion

LncRNA has been shown to function in many important cellular
processes, and its role in cancer is attracting more attention [74].
Localization of IncRNAs to a great extent reflects their function
and they interact with chromatin, protein and RNA to regulate
all stages of gene expression and to influence important signaling
cascades. [74]. Although usually tightly regulated, large-scale
analyses have showed that IncRNAs were often dysregulated in
NSCLC [75]. Many IncRNAs are upregulated and function as
oncogenes to enhance NSCLC proliferation, survival, invasion,
migration, EMT, and metastasis. Since the poor prognosis for
NSCLC was largely due to late diagnosis and a lack of effective
treatment for late stage cancer, an alternative approach to the
treatment of NSCLC is needed [76]. Individual IncRNAs as well
as the combinations of multiple IncRNAs showed promise as
diagnostic biomarkers and as well as prognostic and therapeutic
indicators in non-small cell lung cancer (NSCLC). However,
further study is required to bring IncRNAs to the clinical
perspective as diagnostic, prognostic, and therapeutic tools in

non-small cell lung cancer (NSCLC).
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