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Abstract. Non‑small cell lung cancer (NScLc) is one of 
the most common malignancies with a high morbidity and 
mortality rate. Long non‑coding RNAs (lncRNAs) have been 

reported to be closely associated with the occurrence and 
progression of NScLc. In addition, lncRNAs have been docu‑
mented to participate in the development of drug resistance 
and radiation sensitivity in patients with NScLc. due to their 
extensive functional characterization, high tissue specificity 
and sex specificity, lncRNAs have been proposed to be novel 
biomarkers and therapeutic targets for NScLc. Therefore, in 
the current review, the functional classification of lncRNAs 
were presented, whilst the potential roles of lncRNAs in 
NScLc were also summarized. Various physiological aspects, 
including proliferation, invasion and drug resistance, were all 
discussed. It is anticipated that the present review will provide 
a perspective on lncRNAs as potential diagnostic molecular 
biomarkers and therapeutic targets for NScLc.
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1. Introduction

According to the global cancer statistics, the incidence of lung 
cancer is second only to breast cancer, accounting for >21% 
of all cancers (1). Non‑small cell lung cancer (NScLc) is the 
primary pathological subtype of lung cancer, accounting for 
~85% of all cases lung cancer (2). In addition, NScLc can be 
further sub‑divided into lung squamous cell carcinoma, lung 
adenocarcinoma (LUAd) and large‑cell lung cancer (3). Early 
diagnosis of NScLc is of importance to both the improved 
cure rates and superior prognosis (4,5). Although novel 
targeted drug therapies have made considerable progress, both 
the overall survival rates and early diagnosis rates of patients 
remain <20% (6,7). Therefore, it is necessary to discover novel 
predictive biomarkers and therapeutic targets for NScLc.

Until recently, long non‑coding (lncRNAs) have been 
considered to be ‘junk’ material on the genome that serves 
little purpose. However, as genomic research improves, 
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roles of lncRNAs were progressively revealed in numerous 
diseases (8,9). LncRNAs are RNA sequences that consist of 
>200 nucleotides and serve important roles in transcriptional 
regulation and epigenetic gene regulation (10). In addition, 
lncRNAs confer obvious advantages in epigenetic regula‑
tion (11). A number of lncRNAs have high tissue expression 
specificity and are evolutionary conserved (12). Previous 
pan‑cancer transcriptome analysis showed that the expression 
of lncRNAs were frequently dysregulated and in manner that 
was specific to multitude of tumors, including lung cancer (13), 
breast cancer (14), and glioblastoma (8,15‑18).

LncRNAs are closely associated with the occurrence 
and progression of NScLc, notably by regulating the 
development of drug resistance and radiation sensitivity in 
patients with NScLc. Overexpression of PIK3cd antisense 
RNA 2 (PIK3cd‑AS2) was found to promote NScLc 
cell proliferation, apoptosis and progression through the 
PIK3cd‑AS2/Y‑box binding protein 1 (YBX1)/p53 signaling 
axis (19). Elucidating the mechanism of lncRNAs on NScLc 
would be beneficial for the development of therapeutic 
strategies against its tumorigenesis. However, the detailed 
mechanisms remain to be fully elucidated. The present 
review therefore summarized the recent progress on lncRNA 
research and their potential underlying mechanisms revealed 
in NScLc, to provide reference for the potential implications 
of lncRNAs in NScLc.

2. Functional classification of lncRNAs

The majority of lncRNAs are similar to mRNAs, in that they 
are transcribed by RNA polymerase II from the genomic 
loci in chromatin (20). LncRNAs can be classified according 
to their positions relative to the encoding genes (8), namely 
long intergenic RNAs, intron lncRNAs, antisense lncRNAs, 
bidirectional lncRNAs and enhancer lncRNAs. LncRNAs can 
be classified into oncogenes and tumor suppressor genes in 
accordance with whether their expression can promote tumor 
development. In general, lncRNAs that are overexpressed 
to promote tumor development are classified as oncogenes, 
whilst lncRNAs that function in the opposite way manner 
would be deemed to be tumor suppressor genes (21,22). In 
addition, lncRNAs can be classified into cis‑acting lncRNAs 
and trans‑acting lncRNAs according to whether it serves a 
cis‑regulatory or trans‑regulatory role in cancers (23).

LncRNAs show a diverse array of characteristic functions, 
in addition to having high tissue and sex specificity (24). The 
functions of lncRNAs are largely reflected by their subcellular 
localization (Fig. 1). Nuclear lncRNAs typically regulate chro‑
matin organization, transcriptional and post‑transcriptional 
gene expression, where they can also serve as structural 
scaffolds anchoring nuclear domains to regulate biological 
processes (25). By contrast, cytoplasmic lncRNAs generally 
regulate various functions, including mRNA conversion, 
translation, protein stability, cytokine sponging and cell 
signaling (26). LncRNAs can interact with different types 
of biomolecules, which would be of great significance in 
the proliferation and apoptosis, invasion and migration, 
epithelial‑mesenchymal transition (EMT) and metastasis, 
in addition to drug resistance of NScLc cells. Therefore, 
monitoring changes in lncRNA expression and elucidating its 

functional mechanisms are likely to have clinical implications 
for the diagnosis, treatment and prognosis of NScLc.

3. LncRNAs in NSCLC

Roles of LncRNAs in the proliferation and apoptosis of 
NSCLC. The occurrence and development of malignancies 
are frequently accompanied with changes in cell cycle and 
apoptosis signaling. As summarized in the present review, 
lncRNAs can regulate the activity of signaling cascades by 
binding to proteins and affecting their stability. In addition, 
lncRNAs can serve as a competitive endogenous RNA by 
interacting with miRNAs to regulate downstream target gene 
expression. conversely, miRNAs can regulate the expression 
of lncRNAs, since certain lncRNAs share structural similari‑
ties with certain mRNAs. Several lncRNAs associated with 
NScLc proliferation and apoptosis are summarized in this 
section.

P53 is an important tumor suppressor, that can regulate 
apoptosis, autophagy and senescence (27). In particular, splice 
factor YBX1 is a negative p53 regulator that serves an essential 
role in autophagy in NScLc (28,29). PIK3cd‑AS2 was found 
to inhibit p53 signaling by binding with YBX1, protecting 
YBX1 from ubiquitination and degradation (Fig. 2A) (19). In 
addition, metastasis‑associated LUAd transcript 1 (MALAT1) 
was reported to be associated with a number of cancers (30‑33). 
Murine double minute 4 (MdM4), an essential negative regu‑
lator of p53, was frequently found to be overexpressed in cancer 
cells expressing wild‑type p53. As shown in Fig. 2B, overex‑
pression of MALAT1 can upregulate miR‑185‑5p expression to 
reduce the expression of MdM4, which inhibited the migration 
and invasion of NScLc (34). In another study, MALAT1 was 

Figure 1. Mechanisms of lncRNAs in nucleus and cytoplasm. In the nucleus, 
① lncRNAs regulate chromatin or act as scaffolds to recruit multiple regula‑
tory molecules to gene promoters to activate or suppress gene expression, 
② regulate messenger RNA processing by recruiting regulatory molecules 
to messenger RNA, ③ and bind to numerous chromatin remodelers and 
regulated histones, thereby promoting or suppressing gene expression, or 
modifying dNA to suppress gene expression. In cytoplasm, ④ lncRNAs 
regulate mRNA stability by directly binding to mRNA to form RNA‑RNA 
duplexes, ⑤ interact with proteins to regulate signaling cascades and 
subsequent changes in gene expression, ⑥ and act as miRNA sponges to 
competitively bind miRNA regulation, which in turn has an impact on 
⑦ signaling pathways. lncRNA, long non‑coding RNA; miR, microRNA.
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demonstrated to promote the proliferation of NScLc through 
the MALAT1‑FOXP3‑GINS1 axis (35). In conclusion, targeting 
PIK3cd‑AS2 and MALAT1 may be a NScLc treatment 
strategy for restoring p53 function in tumors.

As a critical component of desmosomal plaque proteins, 
desmoplakin (dSP) can also serve as a tumor suppressor 
by inhibiting the Wnt/β‑catenin signaling pathway in lung 
cancer (36). This pathway is central to the tumorigenesis, 
prognosis and therapeutic resistance of NScLc (37‑41). As 
revealed in Fig. 2c, upregulation promoting LUAd‑associated 
transcript‑1 (UPLA1) was found to be closely associated with 
cell proliferation, migration and apoptosis in NScLc cells 
by regulating the dSP/Wnt/β‑catenin pathway (42). LncRNA 
candidate gene for X‑inactivation center (XIST) inhibited 
the miR‑744/really interesting new gene 1 (RING1) pathway 
whilst activating that of Wnt/β‑catenin signaling (Fig. 2d), 
which inhibited the proliferation of NScLc cells (43).

The RAS/RAF/MEK/ERK signaling pathway is an exten‑
sively studied signaling pathway, particularly in cancer (44,45). 
Hyperactivation of MAPK signaling has been found to induce 
the occurrence of cancer (46). As demonstrated in Fig. 2E, 
lncRNA SLc16A1 antisense transcript 1 (SLc16A1‑AS1) 
affected the overall survival and progression‑free survival 
of patients with NScLc by regulating the RAS/RAF/MEK 
pathway (47). SLc16A1‑AS1 has also been reported in other 
cancers (48). In brief, SLc16A1‑AS1 can potentially serve a 
role in regulating the proliferation and apoptosis of NScLc.

In conclusion, PIK3cd‑AS2, MALAT1, UPLA1, XIST 
and SLc16A1‑AS1 can all potentially serve different roles in 
the cell proliferation, migration and apoptosis of NScLc cells 
by intervening in various regulatory pathways. They can be 
exploited for the treatment of NScLc. The role and mecha‑
nism of lncRNAs in proliferation and apoptosis of NScLc are 
listed in Table I.

Roles of lncRNAs in migration, invasion and EMT of NSCLC. 
cancer metastasis increases the mortality rate of NScLc, 
which requires cell migration and the maintenance of activity 
by altering the cell arrangement of EMT (82). A large number 
of lncRNAs have been found to possibly regulate the migra‑
tion and invasion of NScLc. Nuclear lncRNAs can not only 
induce methylation to regulate the transcription of genes and 
binding of transcription factors to gene promoters (83), but 
they can also recruit other components to regulate mRNA (84). 
LncRNAs associated with migration, invasion and EMT of 
NScLc are summarized in Table II.

Elevated expression of the transcription factor c‑Myc 
has been frequently observed in human cancers, which is 
also associated with increased tumor invasion and adverse 
clinical outcomes (94,95). c‑Myc promotes tumor cell 
proliferation by amplifying the output of the existing gene 
expression program (96). A previous study identified a 
novel oncogenic axis involving long intergenic non‑coding 
RNA 01234 (linc01234), RNA‑binding protein heterogeneous 
nuclear ribonucleoprotein A2/B1, miR‑106b‑5p, downregu‑
lating cryptochrome 2 and c‑Myc (89). The upregulation of 
linc01234 in NScLc was positively associated with poorer 
prognosis. In addition, linc01234 was found to facilitate the 
migration and invasion of NScLc cells through different 
pathway in cytoplasm and nucleus (90). Specifically, linc01234 
inhibited cell migration functioning as a competing endog‑
enous RNA for miR‑340‑5p and miR‑27b‑3p in the cytoplasm. 
In the nucleus, linc01234 can interact with RNA‑binding 
proteins lysine‑specific demethylase 1 and enhancer of 
zeste homolog 2 (EZH2), which led to histone modification 
and the transcriptional suppression of B‑cell translocation 
gene 2, an anti‑proliferative gene. Linc01123 also promoted 
proliferation and aerobic glycolysis in NScLc cell through 
the miR‑199a‑5p/c‑Myc axis, whilst inhibiting the malignancy 

Figure 2. Mechanisms of lncRNAs regulating the proliferation and apoptosis of NScLc. (A) PIK3cd‑AS2 inhibits p53 signaling by binding with p53 
negative regulator YBX1. (B) MALAT1 inhibits p53 signaling by upregulating miR‑185‑5p and reducing the expression of MdM4. (c) UPLA1 facilitates 
Wnt/β‑catenin signaling by binding to dSP. (d) XIST modulates miR‑744 by serving as an endogenous competitive RNA, increasing RING1 expression 
and enhancing the Wnt/β‑catenin signaling pathway. (E) SLc16A1‑AS1 affects overall survival and progression‑free survival in NScLc by regulating the 
RAS/RAF/MEK/ERK signaling pathway. lncRNA, long non‑coding RNA; NScLc, non‑small cell lung cancer; PIK3cd‑AS2, PIK3cd antisense RNA 2; 
YBX1, Y‑box binding protein 1; MALAT1, metastasis‑associated lung adenocarcinoma transcript 1; MdM4, murine double minute 4; UPLA1, lung adenocar‑
cinoma related transcriptional‑1; dSP, desmoplakin; XIST, candidate gene for X‑inactivation center; miR, microRNA; RING1, really interesting new gene 1; 
lncRNA SLc16A1‑AS1, SLc16A1 antisense transcript 1.
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of LUAd through the miR‑449b‑5p/NOTcH1 axis (93). This 
suggests that linc01234 and linc01123 can be used as potential 
biomarkers and therapeutic targets for NScLc.

Apart from c‑Myc, lncRNAs have also been found to regu‑
late to activity of SRY‑related HMG box 4 transcription factor 
(SOX4), which is a master regulator of EMT. It can promote 
tumorigenesis by endowing cells with migratory and invasive 
properties, stemness and resistance to apoptosis (97,98). 
cancer susceptibility candidate (cASc) 15 is a hypoxia‑sensi‑
tive lncRNA that appears to be important for NScLc cell 
migration and proliferation (75). cASc15 is transcriptionally 
activated by hypoxia signaling in NScLc cells, in a process 
that is dependent hypoxia‑inducible factor 1α (HIF‑1α) and 
hypoxia response elements (HREs). cASc15 served an 
essential role in the development and progression of NScLc 
through the HIF‑1α/cASc15/SOX4/β‑catenin pathway. 
Accordingly, inhibiting the HIF‑1α/cASc15/SOX4/β‑catenin 
axis may be a novel therapeutic strategy for treating patients 
with NScLc. The expression of long intergenic non‑coding 
RNA 00301 (linc00301) was found to be upregulated in 
NScLc and associated with prognosis (99). The linc00301 
carcinogenic mechanism was found to involve the forkhead 
box c1 (FOXc1)/linc00301/EZH2/EAF2/pVHL/HIF1α and 
FOXc1/linc00301/miR‑1276/HIF1α pathways, which offered 
novel ideas and potential therapeutic targets.

In conclusion, linc01234, linc01123 and cASc15 are 
potential therapeutic targets for improving NScLc by inhib‑
iting migration, invasion and EMT. Additional mechanistic 
studies have shown the signaling pathways that are involved 
downstream of c‑Myc and SOX4. In addition, as shown in 
Table II, lnccRYBG3, linc01426 and HOTAIR were also 
found to be associated with migration, invasion and EMT in 
NScLc. Research on the relationship between lncRNAs and 
NScLc progression provided insight into the treatment of 
NScLc.

LncRNAs in drug resistance of NSCLC. NScLc is not suscep‑
tible to immunotherapy or chemotherapy, which reduces its 
overall survival (100,101). In addition to recruiting epigenetic 
regulatory complexes, lncRNAs can also act as sponges of 
miRNAs after gene transcription to regulate downstream 
signal transduction cascades (102). LncRNAs have been docu‑
mented to exert an impact on therapeutic resistance of NScLc 
by regulating gene transcription (103). LncRNAs were found to 
be associated with drug sensitivity in the treatment of NScLc, 
such as cisplatin and EGFR‑tyrosine kinase inhibitors gefitinib 
and afatinib (Table III).

Histone methyl transferase EZH2 trimethylates histone H3 
(H3K27me3) at lysine 27 kept enzymatic activity in cancer 
cells. The effect of candidate tumor susceptibility gene 9 
(cASc9) on the sensitivity of NScLc was associated with 
EZH2 and dual specificity phosphatase 1 (DUSP1), reducing 
the sensitivity of NSCLC to gefitinib (105). Ectopic expression 
of DUSP1 was found to reduce NSCLC resistance to gefitinib, 
suggesting that the cASc9/EZH2/dUSP1 axis can be a 
target for overcoming EGFR resistance in NScLc (Fig. 3A). 
In addition, linc00525 was found to act on NScLc through 
H3K27me3, rendering it another potential therapeutic target 
for LUAd (51). Therefore, since both cASc9 and linc00525 
had an impact on drug resistance in NScLc, they may provide 
novel targets for drug resistance therapy in NScLc.

LncRNAs can regulate drug sensitivity in NScLc through 
different pathways. Exosome‑derived lncRNA urothelial carci‑
noma‑associated 1 (UcA1) was found to be overexpressed in 
gefitinib‑resistant NSCLC cells. In Fig. 3B, lncRNA UCA1 func‑
tioned as an endogenous competitive RNA that can bind miR‑143 
to regulate the expression of FOSL2 (119). Overexpression of 
lncRNA UcA1 contributed to the development of resistance 
to cisplatin through the UcA1/miR‑495/NRF2 signaling 
pathway (108). In addition, lncRNA UcA1 induced resistance to 
gefitinib by epigenetically silencing CDKN1A in NSCLC (109). 

Figure 3. Mechanisms of cASc9 and lncRNA UcA1 in drug resistance in NScLc. (A) cASc9 suppresses the tumor suppressor dUSP1 by recruiting histone 
methyltransferase EZH2 and increasing the resistance to gefitinib. (B) LncRNA UCA1 acts as an endogenous competitive RNA that can bind with miR‑143 to 
regulate the expression of FOSL2. In addition, lncRNA UcA1 increases resistance to cisplatin through the UcA1/miR‑495/NRF2 signaling pathway. cASc9, 
candidate tumor susceptibility gene 9; lncRNA, long non‑coding RNA; UcA1, lncRNA urothelial carcinoma‑associated; NScLc, non‑small cell lung cancer; 
DUSP1, dual specificity phosphatase 1; miR, microRNA; EZH2, zeste homolog 2.
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Therefore, lncRNA UcA1 provides another insight into the 
regulatory mechanisms of gefitinib‑resistant and cisplatin resis‑
tance in patients with NScLc.

A previous study identified the biological function and 
mechanism of long intergenic non‑protein coding RNA 1116 
(linc01116) in the drug resistance of cancer cells (110). 
Linc01116 facilitated gefitinib resistance in NSCLC cells by 
affecting interferon‑induced protein 44 (IFI44) expression. 
IFI44 was involved in the IFN/STAT1 pathway which could 
mediate resistance and radiotherapy in the tumor microen‑
vironment (120,121). Linc01116 was also associated with 
cisplatin resistance in LUAd (122). Increasing the expression 
of linc01116 was found to be associated with poorer outcomes 
in patients with LUAd (123). conversely, downregulation of 
linc01116 expression inhibited cell proliferation and blocked 
the cell cycle inhibition of EMT (124). In addition, linc01116 
could regulate iron‑metabolism and AKT signaling in 
LUAd (125,126). In conclusion, linc01116 may be a valuable 
prognostic biomarker and target to improve drug sensitivity 
for patients with NScLc.

In conclusion, the relationship between lncRNAs and drug 
resistance in NScLc was partially elucidated, which repre‑
sented a promising approach for predicting the chemotherapy 
response of NScLc. Studies on cASc9, lncRNA UcA1 and 
linc01116 in drug resistance provided an insight into strategies 
for improving therapeutic resistance in patients with NScLc.

LncRNAs in radio‑sensitivity of NSCLC. Radiotherapy serves 
an irreplaceable role in improving local lesions and overall 
survival of patients with NScLc (127,128). As understanding 
into the interaction between radiotherapy and cancer deepens, 
accumulating studies have combined radiotherapy with novel 
drugs for NScLc treatment, such as immunotherapy and 
dNA damage response inhibitors (129‑131). LncRNAs could 

influence radio‑sensitivity by regulating the dNA damage 
response, stagnation of autophagy, apoptosis and cell cycle 
progression (132,133). The relationship between lncRNAs and 
NScLc radio‑sensitivity are listed in Table III.

Knockdown of KcNQ1 opposite strand/antisense 
transcript 1 (KcNQ1OT1) was found to improve the resis‑
tance of LUAd to paclitaxel. KcNQ1OT1 promoted cell 
proliferation, migration and invasion by regulating the 
miR‑129‑5p/JAG1 axis (134). As shown in Fig. 4A, KcNQ1OT1 
affected cell proliferation, autophagy and apoptosis by regu‑
lating the miR‑204‑5p/autophagy‑related (ATG) 3 axis (135). 
Higher expression levels of KcNQ1OT1 were found to be asso‑
ciated with autophagy and decreased sensitivity to radiation 
therapy (112). KcNQ1OT1 induced stereotactic radiotherapy 
resistance in LUAd by stimulating miR‑372‑3p to induce 
ATG5 and ATG12 dependent autophagy. This suggested that 
KcNQ1OT1 is a potential target for enhancing the anti‑tumor 
effect of radiotherapy.

Human Y chromosome deletion and rearrangement were 
shown to be associated with the occurrence and development 
of certain malignancies (136); however, on the possible associa‑
tion between NScLc and lncRNAs on Y chromosome has not 
been reported. Long chain non‑coding testicle‑specific tran‑
scription Y‑related gene 15 (TTTY15) was previously found 
to be was associated with the progression of NScLc (137). 
LncRNAs in Y chromosome dYZ1 regulated the radiation 
response. Linc‑spry3‑2/3/4 transcripts were found to inhibit 
tumor growth, where their Y chromosome inlay deletion 
(LOY) may lead to radiation resistance in NScLc cells (24). 
Further study revealed that lncRNAs interfered with the 
stabilization of high mobility group AT‑Hook 2 (HMGA2) 
and c‑Myc to reduce radio‑sensitivity, by binding to IGF2BP3 
(Fig. 4B). It revealed a negative correlation between the 
linc‑SPRY3‑2/3/4 or LOY and overall survival. In summary, 
these findings suggested that linc‑spry3‑2/3/4 is a promising 
marker of radiotherapy in patients with NScLc.

In brief, KcNQ1OT1, TTTY15, and linc‑spry3‑2/3/4 were 
associated with radio‑sensitivity of NScLc. As the under‑
standing into the mechanism of interaction between lncRNAs 
and radiotherapy deepens, lncRNAs may prove to be a poten‑
tial strategy enhancing the antitumor effects of radiotherapy in 
patients.

4. Summary and discussion

The incidence of NScLc has remained high, which is coupled 
with the 5‑year survival rate remaining low. Pathological 
staging is particularly necessary for designating the treat‑
ment of NScLc (138,139). Therefore, in addition to the 
current traditional imaging and pathological examination 
techniques, it is necessary to identify novel characteristic 
diagnostic biomarkers of NSCLC. LncRNAs can be classified 
according to the location, function, mechanisms or its roles 
in the tumors. LncRNAs are involved in proliferation and 
apoptosis, migration, invasion and EMT, development of drug 
resistance and radiation sensitivity in NScLc. Therefore, they 
have the potential to serve as molecular diagnostic biomarkers, 
therapeutic targets and prognostic indicators for NScLc. This 
is because they have a wide array of characteristic functions, 
high tissue and sex specificity.

Figure 4. Mechanisms of KcNQ1OT1 and linc‑spry3‑2/3/4 in radio‑sensi‑
tivity in NScLc. (A) KcNQ1OT1 antagonizes SBRT by inducing ATG5 and 
ATG12‑dependent autophagy by sponging miR‑372‑3p. (B) The binding of 
linc‑spry3‑2/3/4 to IGF2BP3 affects the half‑life of certain mRNAs, including 
the anti‑apoptotic HMGA2 mRNA and the oncogenic c‑Myc mRNA. 
KcNQ1OT1, opposite strand/antisense transcript 1; NScLc, non‑small cell 
lung cancer; SBRT, stereotactic radiotherapy; ATG, autophagy‑related; miR, 
microRNA; HMGA2, high mobility group AT‑Hook 2.
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Nevertheless, the application of lncRNAs in clinical thera‑
pies patients still had several challenges. Although lncRNAs 
are promising as an innovative tool, certain lncRNAs lack 
specificity. It is therefore crucial to identify the most specific 
lncRNAs associated with tumor staging. In addition, although 
evidence has been accumulating about the utility of lncRNAs, 
the structure and functional information on these lncRNAs 
remain to be fully elucidated, which impedes the application 
of lncRNAs for clinical diagnosis and treatment. In spite of 
lncRNAs having high tissue specificity and evolutionary 
conservation, the conservation among the various species is 
unsatisfactory. Accordingly, rigorous preclinical studies were 
required prior to the application of lncRNAs for NScLc 
treatment.

LncRNAs have shown obvious advantages for the diagnosis 
and staging of cancer (140,141). Furthermore, the concept of 
developing RNA as a novel therapeutic tool has been widely 
discussed since the discovery of antisense RNA, direct 
RNA‑protein interactions, functional non‑coding RNA and 
RNA‑guided gene editing (142). Overall, with further in‑depth 
research and understanding of lncRNAs, it may provide 
original ideas and insights for the diagnosis and treatment of 
NScLc. The development of novel diagnostic and targeted 
therapy strategies based on lncRNAs would bring an innova‑
tive paradigm for research and that may become an effective 
strategy for cancer treatment in the future.
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