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Objective: To explore the clinicopathological impact of lncRNAs, immunotherapy, and DNA methylation in 
lung squamous cell carcinoma (LUSC), emphasizing their exact roles in carcinogenesis and modes of action.
Background: LUSC is the second most prevalent form, accounting for around 30% of non-small cell lung 
cancer (NSCLC). To date, molecular-targeted treatments have significantly improved overall survival in lung 
adenocarcinoma patients but have had little effect on LUSC therapy. As a result, there is an urgent need to 
discover new treatments for LUSC that are based on existing genomic methods.
Methods: In this review, we summarized and analyzed recent research on the biological activities and 
processes of lncRNA, immunotherapy, and DNA methylation in the formation of LUSC. The relevant 
studies were retrieved using a thorough search of Pubmed, Web of Science, Science Direct, Google Scholar, 
and the university’s online library, among other sources.
Conclusions: LncRNAs are the primary components of the mammalian transcriptome and are emerging 
as master regulators of a number of cellular processes, including the cell cycle, differentiation, apoptosis, and 
growth, and are implicated in the pathogenesis of a variety of cancers, including LUSC. Understanding their 
role in LUSC in detail may help develop innovative treatment methods and tactics for LUSC. Meanwhile, 
immunotherapy has transformed the LUSC treatment and is now considered the new standard of care. To 
get a better knowledge of LUSC biology, it is critical to develop superior modeling systems. Preclinical 
models, particularly those that resemble human illness by preserving the tumor immune environment, are 
essential for studying cancer progression and evaluating novel treatment targets. DNA methylation, similarly, 
is a component of epigenetic alterations that regulate cellular function and contribute to cancer development. 
By methylating the promoter regions of tumor suppressor genes, abnormal DNA methylation silences their 
expression. DNA methylation indicators are critical in the early detection of lung cancer, predicting therapy 
efficacy, and tracking treatment resistance. As such, this review seeks to explore the clinicopathological 
impact of lncRNAs, immunotherapy, and DNA methylation in LUSC, emphasizing their exact roles in 
carcinogenesis and modes of action.
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Introduction

Lung cancer is still the leading cause of cancer mortality 
worldwide. The most prevalent lung cancer is non-small 
cell lung cancer (NSCLC), accounting for 80–85 percent of 
cases (1,2). The histological classifications used to classify 
NSCLC include lung squamous cell carcinoma (LUSC), 
lung adenocarcinoma (LAUD), neuroendocrine cancer, 
and large cell carcinoma (3). The most prevalent form 
of NSCLC is LUSC, with a high risk of metastasis and 
recurrence (4). Consequently, new therapeutic biomarkers 
and strategies for directing future therapies to mitigate the 
impact on LUSC must be studied and discovered.

The significance of non-coding RNAs (ncRNA) as 
essential regulators in many cellular activities have been 
more evident over the last decade (5). Non-protein coding 
RNA transcripts of >200 nucleotides long are referred 
to as long non-coding RNAs (6,7). While lncRNAs are 
typically categorized by length, they can also be classified 
by chromosomal position (8). Long intergenic RNAs 
(lincRNAs) include enhancer RNAs (eRNAs) transcribed 
from distal  enhancer regions,  intronic lncRNAs, 
overlapping lncRNAs, sense lncRNAs, antisense lncRNAs, 
and bidirectional lncRNAs (9,10). lncRNAs control 
gene expression and signaling cascades at the epigenetic, 
transcriptional, and post-transcriptional levels by interacting 
with chromatin, proteins, and RNA targets (7). RNA 
polymerase type II (RNAP2) transcribes lncRNAs, which 
have comparable methylation patterns across the gene body 
and undergo post-transcriptional changes like splicing, 
polyadenylation, and 50 cappings (8). Despite lncRNAs 
being less stable than protein-coding genes, their promoter 
regions exhibit significant sequence stability, suggesting that 
lncRNA regulation is essential (7,10). LncRNA expression 
is tightly controlled and regulated at the epigenetic and 
transcriptional levels (11,12). 

Despite their modest expression levels, lncRNAs exhibit 
a significant degree of tissue specificity and expression 
diversity (12).

Despite being strictly regulated in healthy tissues, 
lncRNAs are commonly dysregulated in illness, resulting in 
abnormal expressions and activities (13,14).

Recently, lncRNAs have been reported to be involved in 
cancer cell proliferation, metastasis, invasion, and apoptosis, 
with evidence that they serve as both tumor suppressors 
and oncogenes. LncRNAs are becoming more popular 
as possible anti-cancer therapy targets because of their 
involvement in critical pathophysiological processes (15). 

While some lncRNAs’ specific mechanisms of action have 
been fully described in LUSC, the vast majority of lncRNAs 
remain unknown (12).

Cancer immunotherapy is based on the idea of using 
the patient’s immune system to treat cancer (16). Cancer 
immune evasion is a complicated process that involves 
tumor gene mutation, tumor-associated antigens, a range of 
immune cells, and an inflammatory microenvironment (17). 
Tumor gene mutations can result in tumor neoantigens, 
rendering the immune system incapable of recognizing 
and eliminating tumor cells (18). Additionally, alterations 
in the tumor microenvironment might result in immune 
system dysfunction (19,20). Immunological checkpoints 
play a critical role in immune escape, and immunotherapy 
targeting immune checkpoints has emerged as a potential 
therapeutic option for patients with advanced NSCLC 
(21-23). Tremelimumab, an anti-cytotoxic T-lymphocyte-
associated antigen 4 (anti-CTLA-4) drug, and nivolumab, 
an anti-programmed cell death protein 1 (anti-PD-1) agent, 
are now utilized in clinical practice to treat LUSC (24-26).

DNA methylation is a component of epigenetic 
changes that govern cellular activity and leads to cancer 
development (27). Lung cancer prognosis is influenced by 
epigenetic changes, especially DNA methylation (28-31). 
Novel prognostic and diagnostic markers in lung LUSC 
have been discovered using pharmacological suppression 
of DNA methylation together with gene expression (32). 
This review seeks to explore the clinicopathological impact 
of lncRNAs, immunotherapy, and DNA methylation in 
LUSC, emphasizing their exact roles in carcinogenesis and 
modes of action.

We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/tcr-21-1607).

The role of lncRNA in cancer and mechanisms 
of action

Previously, genes were transcribed to mRNA and then 
translated to protein, with most of the genome being 
considered trash. Science and research have revealed that 
the once considered nonfunctional region of the genome 
contains RNAs that play many regulatory roles. The fast 
advancement in next-generation sequencing technologies 
has given rise to the concept of how genetic information 
gets translated from DNA to mRNA. This method resulted 
in the identification of several types of RNAs that were 
previously considered to be worthless (33). 

https://dx.doi.org/10.21037/tcr-21-1607
https://dx.doi.org/10.21037/tcr-21-1607
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RNAs are classified based on their function. Non-coding 
RNAs (ncRNAs) do not code for proteins, whereas coding 
RNAs (mRNAs) do. As the anticipated number of coding 
genes predicted to be discovered declines, thousands of 
non-coding genes (or RNAs) are found. The most well-
known ncRNAs, rRNA and tRNA, are key players in 
protein synthesis and make up a significant component of 
the transcriptome. Non-coding RNAs are further classified 
into two groups depending on the number of nucleotides: 
those with fewer than 200 nucleotides (miRNA, siRNA, 
snRNA, and snoRNA) and those with 200 to 100,000 
nucleotides (miRNA, siRNA, snRNA, and snoRNA) (34).

Classification of lncRNAs is a challenge due to 
their wide diversity of sizes, genome positions, and cell  
activities (35). LncRNAs are divided into two groups 
depending on their genomic location. Long intergenic non-
coding RNAs, which are divided into antisense and sense, 
are the first kind. Long intronic non-coding RNAs are the 
second kind (36). LncRNAs, like mRNAs, can be spliced 
since they have a 5′ cap and a poly-A tail (37). Due to the 
nature of their promoters, lncRNAs are typically expressed 
by RNA polymerase II; however, they may be expressed by 
RNA polymerase III in specific conditions (38). Numerous 
illnesses have been implicated in lncRNAs, including 
neurological impairments, cardiovascular problems, and 
different types of cancer (36). While some lncRNAs 
are functionally defined by how genes up-regulate or 
downregulate, ribo-seq and mass spectrometry have revealed 
that certain lncRNAs include ORFs and are translated into 
functional proteins, despite their nomenclature. lncRNAs 
are classified according to six functional categories: (I) 
lncRNAs regulate protein expression to impact signaling 
pathways (39); (II) decoy lncRNAs function sponges 
for miRNAs, occupying decoy domains and inhibiting 
transcription factors (40); (III) scaffold lncRNAs serve as a 
foundation for the assembly and recruitment of substrates 
into polymeric complexes like RNPs (ribonucleoproteins), 
which are involved in ubiquitination and transcription (41); 
(IV) guide lncRNAs function as a scaffold for the assembly 
and recruitment of substrates to (42); (V) enhancer RNAs 
(eRNAs) enable chromatin looping so that enhancers 
and promoters may be connected (43), and (VI) lncRNAs 
containing ORFs, which may generate functional peptides 
(Figure 1) (9). 

Our capacity to identify roles and categorize lncRNAs 
will  improve as our knowledge of them develops. 
Epigenetics, mRNA and protein stability, splicing, and 

nuclear component trafficking are conceivable in biological 
processes. LncRNAs play a critical role in developing 
malignant cells, metastasis, and cancer progression through 
oncogenic and tumor-suppressive activities. LncRNAs 
can enhance oncogenic miRNA sponges and apoptosis 
and inhibit the cell cycle and the epidermal-mesenchymal 
transition (EMT), all of which have tumor-suppressing 
functions. Blocking the Wnt and PTEN pathways by 
downregulating MEG3 and up-regulating TP53, for 
example, may reduce certain cells development (44,45). 
MEG3 also functions as a miRNA sponge, preventing 
miR-421 and miR-21 from suppressing tumor growth (46). 
PANDAR, a lncRNA, may bind with BCL-2 and cause 
NSCLC cell death (47). PANDAR is reported in a range 
of malignancies as an oncogene (48). PANCR is another 
lncRNA that functions as a tumor suppressor. Its activity 
has an impact on NSCLC metastasis, presumably through 
regulating EMT. Patients who have a low PANCR level 
have a bad prognosis (49). 

LncRNA dysregulation has recently been related to 
multi-drug resistance, cell proliferation, cell motility 
and invasion, apoptosis, metastasis, angiogenesis, and 
epithelial EMT. Colorectal cancer (CRC) (patients have a 
high level of lncRNA SNHG1 related to cell growth and  
progression (50). This RNA binds to PRC2, a histone 
modification enzyme that causes the downregulation of 
CDKN2B and KLF2. It also functions as a sponge for miR-
154-5p, a CCND2 repressor. SNHG1 knockdown inhibits 
the progression of CRC cells. SiRNA downregulation of the 
lncRNA AFAP1-AS1 causes cell cycle arrest in the G2/M 
phase and apoptosis in esophageal cancer OE-33 cell lines 
(51,52). LINC00518 is a sponge for miR-199a and a multi-
drug resistance lncRNA. MRP1 has been related to anti-
cancer treatment resistance in various cancers, including 
breast cancer (BC), and miR-199a is reported to suppress 
it (53). MCM3AP-AS1 functions as a miR-211 sponge that 
causes angiogenesis-related proteins (AGGF1 and KLF5) to 
overexpress in glioblastoma cancer (54). MALAT1 promotes 
lung cancer metastasis via altering metastasis-related gene 
expression (55). The lncRNA ARNILA competes with 
SOX4 for miR-204 sponging in breast cancer, resulting 
in enhanced SOX4 expression and consequent metastasis 
and EMT (56). Because of their role in cancer, lncRNAs 
provide attractive therapeutic targets. Furthermore, their 
specificity for certain cancers and amounts in tumors and 
normal tissues make them effective diagnostic indicators; 
our understanding of such molecules is still evolving. 
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Figure 1 Long non-coding RNAs: mechanisms of action (lncRNAs). The function of lncRNAs is mainly determined by their subcellular 
location, and they interact with chromatin, proteins, and RNA in a variety of ways. Nuclear long non-coding RNAs can either promote 
chromatin looping or function as a scaffold (I) to covalently link several regulatory molecules to the promoter region to activate or inhibit 
gene expression (II). They can bind epigenetic regulatory complexes to gene promoters, inducing methylation modifications to control 
gene expression (III). These RNAs can also recruit regulatory proteins molecules to messenger RNAs (mRNAs) to control their processing 
(IV). Regarding nuclear exports, miRNAs can bind to mRNAs, promoting their destruction or inhibiting their translation to impair 
mRNA function (V). Cytoplasmic lncRNAs can serve as miRNA sponges, bind the miRNAs competitively and relieve the inhibition on the 
mRNA (VI). lncRNAs in the cytoplasm also alter protein-protein interactions (VII) and stability (VIII) to control signaling cascades and 
their downstream effects, modifications to gene expression. The sponging of miRNA can also regulate signaling cascades (IX). Created in 
BioRender.com. 
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LncRNAs in lung cancer (LC)

Dysregulation of lncRNAs has been linked to a variety 
of illnesses, most notably cancer. Several studies have 
identified lncRNA expression patterns associated with lung 
cancer (LC) using next-generation sequencing methods 
(13,57). Wang et al. discovered 6,606 lncRNAs that 
were differently expressed between NSCLC and normal 
tissues. Another study discovered 856 differently expressed 
lncRNAs between LC and normal tissues by comparing 
four gene expression omnibus datasets. Previous research 
has demonstrated that numerous lncRNAs are dysregulated 
in lung cancer, implying that lncRNAs play a significant 
role in LC formation (58,59). 

For instance, Metastasis-associated lung adenocarcinoma 
transcript 1 (MALAT-1) may facilitate LC metastasis to 
the brain via epithelial-mesenchymal transition since it was 

both highly expressed and linked with a poor outcome in 
NSCLC (60). Further study demonstrated that MALAT1 
enhanced LC cell proliferation and resistance to gefitinib 
via sponging miR-200a, which controls ZEB1 expression in 
A549 cells (61). PVT1 expression was increased in NSCLC 
tissues, was linked with tumor stage and local metastasis, 
and maybe a target for therapy (62). HOTAIR expression 
was significantly increased in advanced-stage lung tumors. 
It was associated with metastases and a poor prognosis, and 
increased cancer cell migration and aggressiveness (63,64). 
ANRIL expression was also increased in NSCLC tumor 
tissues and related to tumor stage, size, and metastasis 
(65,66). DANCR expression was increased in LC, most 
notably in high-grade LC tissues and aggressive cancer 
cells. Ectopic expression of DANCR stimulated LC cell 
proliferation and colony formation, whereas silencing 
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DANCR had the opposite impact (67). TUC338 expression 
was found to be much higher in LC than in noncancerous 
tissues. The survival period of TUC338 was shown to be 
associated with its expression. The examination of clinical 
data indicated a correlation between TUC338 expression 
and overall survival, tumor size, and lymph node metastasis 
in patients. Additionally, TUC338 may contribute to the 
development of LC via modulating the MAPK pathway (68). 
Collectively, these findings suggest that lncRNAs play a 
dysregulatory role in LC development.

lncRNAs in LUSC

Increasing evidence has demonstrated that lncRNAs play 
a role in the genesis of human cancer because of their 
regulatory influence on gene expression. Therefore, by 
discovering tumor-related lncRNAs and investigating 
their involvement in the onset and advancement of cancer, 
researchers may be able to find new therapeutic and 
diagnostic biomarkers for LUSC. Several lncRNAs are 

reported to be up-regulated (69-76), downregulated (77-79)  
in LUSC, and have tumorigenic functions in LUSC 
pathology. Comparable to protein-coding genes, lncRNAs 
can be classified as oncogenic or tumor-suppressive. This 
section discusses the role of lncRNAs as oncogenes and 
tumor suppressors in LUSC and their molecular pathways. 

Oncogenic lncRNAs in LUSC

Tumors are caused and developed by dysregulation of gene 
expression, which often involves the activation of oncogenes 
or the inactivation of tumor suppressor genes. Oncogenes 
are genes whose products stimulate tumor growth, 
and oncogene dysregulation is a critical stage in cancer 
development. Numerous carcinogenic lncRNAs, including 
lncRNA-ATB, PITPNA-AS1, and LINC00173.v1, play 
critical regulatory roles in LUSC. As described in Table 1, 
these lncRNAs are increased in LUSC cells and enhance 
the development, proliferation, and invasion of LUSC cells.

In LUSC patients, upregulation of LINC00173.

Table 1 Oncogenic and tumor-suppressive lncRNAs in LUSC

LncRNA Roles
Expression in 
cancer

Targeting approach Effect in LUSC Ref.

SNHG1 Tumor 
suppressor

Up-regulated TAp63/ZEB1 Inhibit invasion, migration, and cell proliferation, 
promotes apoptosis

(69)

LINC000173.
v1

Oncogene Upregulated miR-511-5p/VEGFA Enhanced migration, the proliferation of vascular 
endothelial cells and carcinogenesis

(70)

NNT-AS1 Tumor 
suppressor

Up-regulated miR-22/FOXM1 Inhibits migration, and invasion, promotes cell 
death

(71)

LINC000519 Tumor 
suppressor

Upregulated miR-450b/miR-515-5p/YAP1 Suppressed cell invasion and migration, induced 
cell death

(72)

LncRNA-ATB Oncogene Up-regulated Inhibit miR-590-5p and activate 
the PI3K-Akt signaling pathway

Promotes migration, cell proliferation and invasion (73)

MIR205HG Oncogene Upregulated Bcl-2 and Bax/miR-299-3p/
MAP3K2

Enhanced migration, invasion, cell proliferation (74)

LINC000355 Tumor 
suppressor

Up-regulated miR-466/LYAR axis Inhibit cell proliferation, migration, and invasion, 
promoted cell apoptosis

(75)

LINC00466,  
DLX6-AS1

Oncogene Upregulated miR-205 sponge/ CITED2  
ENPP4

Promotes metastasis, cell proliferation, inhibits 
apoptosis

(76)

MAGI2-AS3 Tumor 
suppressor

Downregulated miR-374a/b-5p/CAMD1 Induced apoptosis, inhibits migration, invasion, 
and cell proliferation

(77)

PITPNA-AS1 Oncogene Downregulated TAF15/ HMGB3 Promotes migration, cell proliferation, and invasion (78)

HULC Oncogene Downregulated PTPRO/NFB Enhanced cell proliferation (79)

CASC9 Oncogene Up-regulated – Viability and proliferation (80)
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v1 was linked with a decreased overall and progression-
free survival. LINC00173.v1 overexpression facilitated 
vascular endothelial migration and cell proliferation  
in vitro and in vivo, whereas LINC00173.v1 silencing 
reduced LUSC cel l  carcinogenesis .  Addit ional ly, 
LINC00173.v1 enhanced vascular endothelial migration, 
cell proliferation, and tumorigenesis in LUSC cells via 
sponging miR-511-5p. Notably, inhibiting LINC00173.
v1 with the antisense oligonucleotide (ASO) approach 
inhibited LUSC cell tumor development and increased their 
therapeutic sensitivity to cisplatin in vivo. These findings 
elucidate the mechanism through which LINC00173.
v1 stimulates the migration and proliferation of vascular 
endothelial cells and LUSC tumorigenesis, indicating that 
a LINC00173.v1-targeted medication in conjunction with 
cisplatin may be a suitable treatment for LUSC (70). 

In another study, lncRNA-ATB overexpression enhances 
normal lung epithelial cell proliferation, migration, and 
invasive capacity. 

Additionally, the migratory and invasive abilities of 
LUSC cells silenced by lncRNA-ATB are markedly reduced. 
Mechanistically, lncRNA-ATB binds directly to microRNA-
590-5p and decreases its level while increasing NF-90 
expression. Meanwhile, lncRNA-ATB overexpression 
promotes the epithelial-mesenchymal transition process, 
facilitating mesenchymal phenotype-related molecules 
vimentin and N-cadherin while inhibiting the expression 
of epithelial cells phenotype-related proteins E-cadherin 
and CK-19, in comparison to the control. MicroRNA-590-
5p mimics, on the other hand, can counteract the effects of 
lncRNA-ATB overexpression. Altogether, these findings 
show that lncRNA-ATB overexpression may enhance 
LUSC development by altering the microRNA-590-5p/
NF-90 axis. As a result, lncRNA-ATB may be prospective 
targets for LUSC treatment (73).

The levels of circulating noncoding RNA MIR205HG 
were significantly increased in LUSC tissues and cell lines 
(74,81). MIR205HG is needed for LUSC migration and 
cell differentiation. MIR205HG was reported to inhibit 
apoptosis in LUSC by regulating Bax and Bcl-2 (74).

Upregulat ion of  PITPNA-AS1 s t imulated the 
proliferation and migration of LUSC cells via TAF15-
mediated stabilization of HMGB3. However, PITPNA-AS1 
downregulation decreases migration and cell proliferation 
while increasing apoptotic activities of LUSC cells (78).

In LUSC tissue samples, lncRNA HULC was discovered 
to be downregulated. Additionally, lncRNA HULC 
expression was inversely correlated with protein tyrosine 

phosphatase receptor type O (PTPRO). Additionally, 
lncRNA HULC may enhance LUSC cell proliferation 
by inhibiting the production of PTPRO, a protein that is 
phosphorylated and activated by nuclear factor B (NFB). 
This study demonstrates the important function of lncRNA 
HULC in promoting LUSC by modulating the PTPRO/
NFB signaling pathway, therefore identifying novel and 
potential LUSC biomarkers. However, the molecular 
mechanism by which lncRNA HULC lining interacts with 
PTPRO requires more investigation in a future study (79).

LncRNA CASC9 serves as an oncogene in LUSC 
and may be a promising target in LUSC diagnosis and 
prognosis. CASC9 knockdown by RNA interference may 
attenuate the viability and proliferation of LUSC cells. 
Using RT qPCR, Gao et al. compared CASC9 expression 
levels in LUSC and non-cancer tissues. LncRNA CASC9 
was overexpressed in LUSC tissues compared to non-cancer 
tissues and significantly linked with malignant progression 
in LUSC. A statistical analysis of The Cancer Genome 
Atlas (TCGA) data and an integrated meta-analysis revealed 
higher CASC9 expression in LUSC tissues, thus validating 
the RT qPCR results (80). 

Tumor-suppressive lncRNAs in LUSC

Tumor suppressor genes encode proteins that can prevent 
the growth of cancers. Mutations, deletions, or inactivation 
of tumor suppressor genes may result in cancer. Thus, a 
better knowledge of tumor suppressor genes may develop 
novel concepts for cancer-specific gene therapy. Tumor 
suppressor long non-coding RNAs are downregulated 
in LUSC, contributing to the disease’s genesis and 
progression. MAGI2-AS3, SNHG1, and MIR205HG 
are tumor suppressor lncRNAs, and we summarized their 
information in Table 1.

With downregulated expression, the cytoplasmic lncRNA 
MAGI2-AS3 was found to limit the proliferative, migratory, 
and invasive abilities of LUSC cells (77). MAGI2-AS3 
overexpression also induced cell apoptosis. MAGI2-AS3 
binds to miR-374a/b-5p, and through binding to CADM2 
mRNA, it adversely modulates the mRNA and protein 
levels of CADM2. The inclusion of CAMD2 restores the 
biological activity-promoting effects of miR-374a/b-5p 
amplification. Finally, lncRNA MAGI2-AS3 inhibited 
LUSC via modulating the miR-374a/b-5p/CADM2 axis, 
suggesting that it might be used as a therapeutic biomarker 
for LUSC patients. However, this is only the beginning of 
MAGI2-AS3 research; other LUSC-related mechanisms 
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need further investigation (77). LncRNA SNHG1 
knockdown substantially reduces LUSC cell growth, 
metastasis, invasive ability, and triggered apoptosis. SNHG1 
also influences zinc finger E-box binding homeobox 
1 (ZEB1) expression, which is up-regulated in LUSC 
and promotes cell metastasis and invasion. Rather than 
interacting directly with ZEB1, SNHG1 regulates ZEB1 
expression via inhibiting the function of the TAp63 isoform, 
a ZEB1 repressor that physically interacts with SNHG1. 
Furthermore, through the TAp63/ ZEB1 pathway, SNHG1 
increases ZEB1 expression and boosts cell proliferation, 
metastasis, and invasiveness of LUSC cells while inhibiting 
apoptosis. These findings demonstrate that SNHG1 may 
have an oncogenic role in LUSC by suppressing TAp63 
via the ZEB1 signaling pathway and that it may be a 
useful prognostic marker and treatment option for LUSC 
patients (69). LINC00519 was reported up-regulated 
in LUSC cells. A high LINC00519 level suggested a 
poor prognosis. In vitro, silencing LINC00519 inhibited 
proliferation, migration, and invasion and induced apoptosis 
in LUSC cells. Silencing LINC00519 in vivo reduced 
tumor development and lung metastasis. Mechanistically, 
LINC00519 was reported triggered via H3K27 acetylation 
(H3K27ac). Additionally, LINC00519 sponged miR-450b-
5p and miR-51-5p to enhance the transcriptional regulator 
linked with Yes1 (YAP1). Moreover, miR-450b-5p and miR-
51-5p induced anti-cancer activity in LUSC. Interestingly, 
miR-450b-5p and miR-51-5p expression levels significantly 
decreased in LUSC tissues and cells, suggesting that these 
miRNAs acted as suppressors in LUSC cells by inhibiting 
proliferation, migration and invasion, promoting apoptosis. 
Meanwhile, overexpression of YAP1 reversed the inhibitory 
effect of LINC00519 silencing on LUSC cell growth, 
indicating that LINC00519 was targeting YAP1 to control 
LUSC development. This study might help pave the way 
for new LUSC therapy options. However, additional factors 
affecting the pathway revealed in this study may require 
further examination (72). MIR205HG silencing significantly 
decreased cell proliferation, migration, and epithelial-
to-mesenchymal transition (EMT) development, while 
increasing apoptosis. MIR205HG was shown to interact 
with miR-299-3p and silencing MIR205HG increased 
miR-299-3p expression. MAP3 K2 served as a miR-
299-3p target gene and was up-regulated in response to 
MIR205HG overexpression. Overexpression of MAP3 K2 
may function as a barrier against the impacts of MIR205HG 
downregulation on LUSC development. Thus, by targeting 
miR-299-3p in LUSC, MIR205HG functions as a ceRNA 

to promote cell proliferation and advancement (81).
LUSC has also been linked to the long non-coding RNA 

NNT-AS1. NNT-AS1, a novel lncRNA associated with 
cancer, has been identified as an oncogene implicated in 
the development of tumor cells in a variety of malignancies 
(82,83). The elevated expression of the lncRNA NNT-
AS1 in LUSC tissues suggests that NNT-AS1 may have a 
regulatory function in LUSC. In LUSC, deletion of NNT-
AS1 inhibited migration and invasion while inducing cell 
death. Additionally, the molecular investigation indicated 
the presence of an NNT-AS1/miR-22/FOXM1 regulatory 
network in LUSC and that suppressing NNT-AS1 had 
anti-tumor effects in LUSC via the miR-22/FOXM1 axis, 
shedding fresh light on the disease’s pathogenesis (71). 

lncRNAs are also thought to have a role in oxidative 
stress regulation in LUSC. For example, LINC00355, 
primarily located in the cytoplasm, was elevated in LUSC 
and linked with a poor overall survival (OS) rate in LUSC 
patients. Furthermore, LINC0035 acted as a ceRNA for 
miR-466. LINC00355 expression was negatively correlated 
with the level of miR-466 and positively correlated with 
LYAR expression, a miR-466 target. By targeting miR-
466, LINC00355 knockdown inhibited cell proliferation, 
migration, and invasion, promoted apoptosis in vitro 
and suppressed tumor development in vivo, therefore 
downregulating LYAR expression. These studies provide 
new insight into the molecular processes behind LUSC and 
suggest that LINC00355 may be utilized as a biomarker for 
LUSC diagnosis and therapy (75). Altogether, these findings 
demonstrate that lncRNAs have a tumor-suppressive 
function in LUSC. However, further work is required to 
assess tumor suppressor lncRNA delivery as a therapeutic 
option in the clinic. Table 1 illustrates some oncogenic and 
tumor-suppressive lncRNAs in LUSC. 

lncRNAs in LUSC therapy

LUSC is the second most prevalent NSCLC and is often 
challenging to treat due to its frequent detection at a 
more advanced stage. Smoking has a strong connection 
to LUSC, which is frequently accompanied by other 
diseases (84). Because of these characteristics, LUSC has 
a dismal prognosis despite curative surgical resection and 
adjuvant therapy. The standard first-line treatment for 
LUSC is platinum-doublet chemotherapy, with second-
line chemotherapy utilized in a small percentage of patients. 
Molecularly targeted anti-EGFR agents and anti-VEGFR2 
antibodies have recently been authorized as second-line 
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therapies (85). 
LUSC patients, on the other hand, do not respond 

meaningfully to these medications due to a lack of 
significant driving mutations (86,87). 

Increasing genetic knowledge about LUSC has resulted 
in many attractive molecular targets, including the 
FGFR gene (88), and therapeutic options to treat them. 
As a result, preclinical models are critical for validating 
molecularly targeted medicines and developing successful 
treatment methods such as combination therapies, 
including immunotherapy and DNA methylation. 
Chemotherapeutic sensitivity is still a significant challenge 
in LUSC therapy. Increasing evidence has revealed that 
lncRNAs induce carcinogenesis in different cancer types. 
However, knowledge of the biological roles and regulatory 
mechanisms of lncRNAs in response to cisplatin is not 
much. Li et al. discovered that the highly expressed lncRNA 
SFTA1P (surfactant associated 1, pseudogene) was down-
regulated in LUSC tissues and may be activated by cisplatin 
therapy in LUSC cells. Increasing SFTA1P levels caused 
apoptosis in LUSC cells and made them more susceptible 
to cisplatin. Further experiment discovered that hnRNP-U, 
a ribonucleoprotein, was down-regulated in LUSC and 
linked to patients’ poor prognosis. SFTA1P might up-
regulate hnRNP-U expression, according to mechanistic 
investigations. Furthermore, hnRNP-U increased cisplatin-
induced apoptosis via up-regulating GADD45A, which high 
expression is linked to a favorable progression in LUSC 
patients. lncRNA SFTA1P may serve as a diagnostic for 
LUSC diagnosis and a predictor of cisplatin treatment 
response in LUSC patients (89).

In vivo, LINC00173.v1 increased the therapeutic 
sensitivity of LUSC cells to cisplatin, implying the 
possibility of LINC00173.v1 acting as a chemotherapeutic 
sensitizer in LUSC (70). LINC00173 expression was 
strongly associated with chemoresistance and progression in 
chemoresistant LUSC cell lines and patients. Additionally, 
LINC00173 enhanced β-catenin translocation by up-
regulating the expression of Etk, GSKIP, and NDRG1 
by sponging miRNA-218 as a ceRNA, resulting in the 
chemoresistance and development of LUSC tumors  
in vivo (90). As a result, LINC00173 has been identified as 
a possible therapeutic target in LUSC. The genes VEGFA, 
ATF4, and FN1, and the lncRNAs lncAP000769.1-2:10 and 
lncHFE2-2:1, are identified as having differential expression 
levels in celecoxib-treated human LUSC SK MES 1 cells 
compared to untreated cells. Additionally, these differential 
genes and lncRNAs have proven to have a high level of 

enrichment in pathways, including “protein processing in 
the endoplasmic reticulum”, “mTOR signaling pathway”, 
and “ECM receptor interaction”, among others. LncRNA 
AP000769.1-2:10 may modulate VEGFA gene expression 
in the mTOR signaling pathway, potentially enhancing 
celecoxib’s anti-tumor activity in LUSC therapy (90). 
However, further study is needed to explain the underlying 
molecular mechanisms involved with these lncRNAs and 
genes in LUSC.

lncRNAs as diagnostic and prognostic biomarkers in LUSC

LUSC is linked with a poor prognosis, primarily due to 
poor detection and late diagnosis, with a 5-year survival 
rate of about 15% (91). Traditional detection methods have 
limited sensitivity and specificity, making early detection 
difficult, and new biomarkers are needed for better 
molecular diagnosis and prognosis (92). Although proteins 
are widely employed as diagnostic markers, lncRNAs 
benefit from being stable and tissue-specific, and detectable 
in various physiological fluids (92,93). Patients may tolerate 
lncRNA-based biomarkers better than conventional biopsies 
since they are less intrusive (93). lncRNAs might be utilized 
to differentiate early-stage cancer patients from healthy 
controls with high sensitivity and specificity and provide 
prognostic information on the likelihood of metastasis and 
recurrence (94). For example, prostate cancer antigen 3 
(PCA3) is an overexpressed lncRNA in prostate cancer (PCa) 
that contributes to PCa development by altering androgen 
signaling, and PCA3 urine levels have been effectively 
utilized as a PCa biomarker (95).

LINC00511 is overexpressed in LUSC tissues and cells, 
and its expression in LUSC patients is linked to TNM stages. 
LINC00511 affects LUSC progress by encouraging pro-
migration and pro-proliferation, supporting the theory that 
LINC00511 is a potential oncogene implicated in LUSC 
development (96). Zhang et al. confirmed that LINC01133 
was elevated in LUSC in an expression cohort of LUSC 
tissue and matching non-tumor tissues. Patients with 
increased LINC01133 expressions had lower survival periods, 
suggesting that LINC01133 might be used as a LUSC 
biomarker. Furthermore, in vitro investigations revealed that 
silencing LINC01133 decreased the ability of LUSC cells to 
invade, implying that LINC01133 may have a role in LUSC 
metastasis (97). The lncRNA FAM201A overexpression is 
linked with tumor progression in patients with advanced 
LUSC. Ectopic-inclined FAM201A significantly increased 
the proliferation and development of LUSC cells in vitro 
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and in vivo. Additionally, FAM201A is a highly predictive 
biomarker of squamous cell carcinoma metastasis. Therefore, 
FAM201A may be a marker for distant metastases and poor 
survival in patients with LUSC (98). 

Circulating ncRNAs can be used as diagnostic markers 
(99,100). In both LUSC clinical samples and cell lines, 
MIR205HG, a circulating lncRNA, was elevated. 
Interestingly, the amount of MIR205HG expression was 
positively linked with tumor size and differentiation from 
the clinical parameters of involved patients (74).

The rapid development of RNA-Seq analysis tools 
has given researchers a new viewpoint on the molecular 
characteristics and pathophysiology of LUSC and 
considerable evidence for predicting prognosis. Using 
several bioinformatics methods, Hu et al. explored LUSC-
related RNA-seq data from The Cancer Genome Atlas 
(TCGA) database. They discovered that three lncRNA 
signatures in the ceRNA network (CACNA2D3- AS1, 
POU6F2-AS2, and TTTY16) were linked to overall survival 
(OS) in LUSC patients (101). CACNA2D3-AS1 was up-
regulated in the ceRNA network, competing with has-
mir-140, which was down-regulated. In many cancer cases, 
hsa-mir-140 acted as a tumor suppressor (102-104). Down-
regulation of hsa-mir-140 promotes cell proliferation and 
invasion in various malignancies (102,103). Furthermore, 
hsa-mir-140 low expression is linked with a poor prognosis 
in spinal chordoma (105). Thus, abnormal CACNA2D3-
AS1 expression may serve as a possible prognostic marker 
for LUSC. Similarly, POU6F2-AS2 was significantly 
expressed in LUSC tissue, and LUSC patients with high 
expression had low-risk scores. Meanwhile, TTTY16 in the 
ceRNA network was down-regulated and correlated with a 
good prognosis in LUSC (101).

Using a ceRNA network to analyze the genome-
wide lncRNA expression patterns from TCGA, Sui et al. 
discovered a two-lncRNA signature PRR26 and FMO6P 
as a possible outcome predictor for LUSC patients. They 
discovered that LUSC patients with low-risk scores had a 
higher correlation with OS (106). Cheng et al. examined 
the diagnostic potential of lncRNAs in detecting early-
stage LUSC. A panel of over four lncRNAs was identified 
and optimized using training and validation data from a 
separate independent cohort. Combining these lncRNAs 
gave much power in differentiating early-stage LUSC 
samples from non-tumor samples (107). Altogether, these 
findings imply that lncRNAs are promising diagnostic and 
prognostic markers in LUSC. However, regardless of the 
clinical relevance of these findings, certain conclusions are 

drawn using pure bioinformatics approaches on the TCGA 
database with no experimental examination. Therefore, 
further experimental research is necessary before these 
lncRNAs can be used in the clinic as diagnostic tools for 
LUSC. Table 2 illustrates some potential clinical applications 
of lncRNAs in LUSC

Smoking-related LUSC diagnostic and prognostic 
biomarkers

Cigarette smoking has been linked to LUSC and can 
disrupt genetic characteristics directly or indirectly 
(108,109). Cigarette carcinogens may induce cancer by 
causing mutations in essential growth-regulating genes, 
including KRAS and TP53 (110). In addition, cigarette 
smoking leads to epigenomic dysregulation. First, smokers’ 
DNA methylation patterns differ from nonsmokers’, 
potentially disrupting genetic alterations in the small airway 
epithelium (111). Cigarette smoking also causes histone 
changes (112). Cigarette smoke causes site-specific post-
translational histone modifications (PTMs) of histones H4 
and H3, contributing to lung cancer development (113). 
Although cigarette usage is down worldwide as people 
become more aware of the dangers, lung cancer rates have 
not decreased. Hence, the identification of smoking-related 
LUSC diagnostic and prognostic biomarkers is paramount.

In smoking-related LUSC, biomarkers such as protein-
coding genes, lncRNAs, and transcription factors have been 
reported. Recently, an eight-gene signature was created 
to help detect the survival risk in the LUSC dataset based 
on smoking status. Among these gene signatures, PYGB, 
WNT7A, and SLC7A5 were discovered with a greater 
probability of contributing to LUSC progression, suggesting 
that they might be utilized as smoking biomarkers. The 
epigenetic effect of smoking on cancer may be linked to 
single-copy deletion of SLC17A5 and WNT7A, as well as 
low-level amplification of PYGB. Endothelial cells, Activated 
NK cells, and dormant NK cells may all be involved in the 
unfavorable tumor microenvironment and immunologic 
dysfunction caused by cigarette smoking, resulting in tumor 
carcinogenesis, metastasis, and invasion (114). Additionally, 
Lung cancer survival has been related to the protein-coding 
genes AURKA and BIRC5 and the lncRNA LINC00094. 
The transcription of these genes and lncRNA might be 
necessary for LUSC prognosis and diagnosis in smokers 
with LUSC, which may help in understanding the disease’s 
pathogenesis (115). 

Furthermore, carcinogens in cigarettes may cause cancer 
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Table 2 Potential clinical applications of lncRNAs in LUSC

LncRNA Expression in cancer Link in LUSC Ref

LINC00511 Upregulated TNM stages, promotes pro-proliferation, pro-migration (96)

LINC01133 Upregulated Low survival periods, metastasis (97)

FAM201A Upregulated Predictor of distance metastasis, and poor survival (98)

CACNA2D3-AS1, POU6F2-AS2 Upregulated Prognostic biomarker in overall survival (101)

TTTY16 Downregulated Prognostic biomarker in overall survival (101)

lncRNA SOX2-OT Up-regulated tumor size, TNM stage, and lymph node metastasis (108)

AL161431.1, LINC02389, APCDD1L-DT – LUSC prognosis (109)

VPS9D1-AS1 Up-regulated Prognostic biomarker in overall survival (110)

MALAT-1 Upregulated Prognostic biomarker in overall survival (111)

LINC01031, LINC01088, LINC01931 Upregulated Poor survival (112)

GATA6-AS1, TBX5-AS1, FEZF1-AS1, 
SFTA1P, LINC00968

Up-regulated Diagnosis and prognosis associated (113,114)

FAM83A-AS1, MIR31HG, MIR99HG – Prognostic biomarker in overall survival (115)

LINC00519 Upregulated Disease free survival (116)

by affecting the host’s immune system (116,117). However, 
the Infiltration of particular immune cells, such as T 
follicular helper (Tfh) cells, has improved overall survival. 
Tfh cells are reported to show more significant infiltration 
in current smokers and LUSC current reformed smokers 
who have been smoking for less than 15 years, whereas 
resting memory CD4 T cells had reduced infiltration. Tfh 
cell infiltration has been linked to a higher overall survival 
(OS) rate; however, the relationship varied depending on 
the TNM stage (118). 

Immunotherapy in lung cancer (LC)

Over the previous decade, several breakthroughs have 
been achieved in the field of cancer research. The 
discovery of innovative therapeutic agents and adopting an 
interdisciplinary strategy have revived optimism in people 
conquering cancer. However, lung cancer survival has not 
improved significantly at the population level. A rising 
proportion of lung cancer patients are being diagnosed 
early as low-dose computed tomography (CT) becomes 
more extensively embraced and employed. A detailed 
understanding of early-stage lung cancer and the finding of 
accurate prognostic-related genes are required for guiding 
appropriate therapy for patients with a poor prognosis. 
Given the human immune system’s critical involvement in 

the onset and development of LUSC (119-121), It will be 
highly beneficial to create a model for early-stage LUSC 
immune-based genes.

Immune checkpoint inhibitors (ICIs)

PD-L1 and PD-L2 are programmed death ligands that 
interact with PD-1 to inhibit T cells (Figure 2). PD-L2/
PD-1 contact has a 26-fold greater affinity than PD-L1/
PD-1 interaction (122). Additionally, PD-L1 can decrease T 
cell activity by attaching to the cluster of differentiation 80 
(CD80) on activated T cells. In the other direction, PD-L2 
can interact with the repulsive guidance molecule B (RGMB) 
receptor, a co-receptor for bone morphogenetic protein 
(BMP), activating T cells (123). Anti-PD-1 antibodies 
disrupt the PD-1/PD-L1 and PD-1/PD-L2 pathways but 
not the PD-L1/CD80 axis, inhibiting T cell activation. 
Additionally, anti-PD-1 indirectly increases the PD-L2/
RGMB interaction, increasing the anti-tumor immune 
response mediated by T cells. Unlike PD-1 antibodies, 
PD-L1 antibodies also inhibit the PD-1/PD-L1 and PD-
L1/CD80 axes but do not impact the PD-L2/PD-1 axis, 
resulting in tumor immune escape (124). This growing 
knowledge of the biochemical and signaling consequences 
will shed insight into the molecular processes behind 
PD-1 checkpoint blockade resistance and promote the 
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establishment of combination treatments targeting PD-1 
and its downstream targets.

Immune checkpoint inhibitors stimulate effector T 
cells, which promote tumor blood vascular normalization. 
Normalizing tumor vessels increases the infiltration 
and activity of effector T cells, increasing anti-tumor  
immunity (125). This self-reinforcing feedback loop 
between immune reprogramming and tumor vascular 
normalization promotes immunological-mediated tumor 
elimination (126). The interplay between immune 
reprogramming and tumor vasculature justifies combining 
immunotherapy and antiangiogenic treatment 

Effect of biomarkers in immunotherapy 

Only a small percentage of patients have had long-term 
improvements from immune checkpoint inhibitors, and 
reliable biomarkers that may correctly identify these 
individuals before or early in the therapy process have yet 
to be discovered. Biomarkers including PD-L1, TMB, 
and tumor inflammation can help physicians figure out 
which patients will benefit the most from new drugs and 
combinations. While PD-L1 has numerous severe flaws as 
a predictive biomarker of long-term benefit, TMB is still 
being studied therapeutically.

In first-line treatment for PD-L1 expression of less than 
50%, studies have indicated that ICIs increase OS relative to 

chemotherapy. Patients with squamous and non-squamous 
NSCLC, independent of PD-L1 expression level, benefit 
from a combination of ICIs and chemotherapy. However, 
a small percentage of PD-L1 TPS patients of less than 1% 
can benefit from immunotherapy alone (85), indicating that 
PD-L1 is an imprecise biomarker. IHC staining for PD-L1 
in NSCLC is insufficient to detect prospective responders 
to PD-1/PD-L1 blockade-based immunotherapy (127,128). 
In addition, tumor heterogeneity, samples from primary 
versus metastatic lesions, various detection antibodies and 
cut-offs, staining methods, and immune escape from PD-
L1/PD-1 inhibition are all important variables that may 
influence PD-L1’s predictive value (129-131). PET-based 
PD-L1 imaging using zirconium-89-labeled atezolizumab 
(132,133) is one way to overcome the spatial resolution 
restriction. The approach, which involves noninvasive 
imaging of tumor PD-L1 expression in vivo, might be 
used to help patients choose between anti-PD-1/PD-
L1 therapy and track PD-L1 expression throughout  
treatment (132). The preliminary findings of first-in-
human research to examine the practicality of imaging with 
zirconium-89-labeled atezolizumab and test its ability to 
predict a clinical response to PD-L1 inhibition in NSCLC 
were given by Bensch et al. (133). Tumor biopsy tissue 
gathered before, during, and after therapy will likely permit 
increased sophistication in treatment selection and immune 
elimination of cancers in the future.

Immune checkpoint inhibits T cell activation

T cell
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Figure 2 Immune checkpoints inhibitors in T cell: (a) PD-L1 binds to PD-1 and inhibits T cell activation. Additionally, (b) PD-L1 attaches 
to CD80 and reduces the activity of T cells. Meanwhile, (c) PD-L2 interacts with RGMB and activates T cells; (d) anti-PD-1 antibodies 
disrupt the PD-1/PD-L1 pathway and allow T cell activation. Created in BioRender.com. 
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Immunotherapy in LUSC 

Immunotherapy has shown promise in NSCLC treatment, 
notably LUSC and adenocarcinoma. On the contrary, 
immunotherapy improves just a tiny portion of the patients’ 
population. Understanding the processes behind the varied 
immunotherapeutic responses is critical for enhancing 
personalized diagnosis and precision treatment. The anti-
PD-1/PD-L1 therapy response is predicted by PD-L1 
expression, a vital biomarker. CTLA-4 is vital for CD4+ 
T cell activity regulation and is implicated in immune 
response at the priming phase. The connection between the 
immunotherapeutic and other immunological biomarkers 
has been investigated to examine the immune signature’s 
prognostic value for LUSC immunotherapy. CTLA-
4, CD274, and PDCD1 expression were much higher 
in low-risk patients than high-risk patients, confirming 
that matching antibodies may substantially affect low-risk 
individuals.

Additionally, patients with a low-risk score had much 
more tumor-infiltrating cells and cytotoxic activity than 
those with a high-risk score. As a result, immunotherapy 
may benefit low-risk individuals more than high-risk 
ones (134). However, there are significant drawbacks to 
this study. First, data for evaluating immunotherapy were 
extracted from the TCGA dataset rather than from a 
genuine immunotherapy cohort. Second, the current study 
used a limited sample size, and bigger sample size is required 
to enhance the reliability of the immunological signature. 
Thirdly, functional investigations using immunological 
signatures are needed to deduce the molecular process. As a 
result, further study is necessary to resolve these difficulties.

Given the well-established involvement of inflammatory 
cytokines in the carcinogenesis, aggressiveness, and 
metastasis of LUSC, these cytokines may be utilized 
as clinical markers to monitor disease progression or 
therapeutic targets (135,136). Additionally, most genes linked 
to the immune system have undergone genetic alterations 
such as amplification and profound deletion, correlated 
with clinical outcomes (137). A recent study indicated 
that cancer immune invading cells are closely related to 
clinical outcomes (138,139). Recent research examined the 
link between risk signatures and immune invading cells. 
Notably, the risk signature score was positively linked with 
the infiltration of CD8+ T cells, neutrophils, dendritic cells, 
and macrophages, implying that the levels of these four 
immune cells may be increased in high-risk individuals and 
the signature may predict immune cell infiltration (140). An 

earlier study discovered that early proliferative CD8 T+ cell 
responses are linked to an improved prognosis in patients 
treated with a PD-1 inhibitor (141). Macrophages make up 
most tumor-immune infiltrating cells, and their polarization 
determines their oncogenesis consequences (142). 
Several studies have revealed a clear correlation between 
macrophage quantity, phenotype, and survival in individuals 
with LUSC (143,144). In general, this novel signature can be 
utilized as a factor that predicts LUSC and LUSC patients’ 
immunological status. 

Given the complex genetic structure of LUSC, it is a 
heterogeneous disease with no effective treatments. Recently, 
it was established that tumor immune response plays a 
crucial role in LUSC genesis and development (145,146). 
According to certain research, an immunogenomic or 
immune infiltrating cell-based risk profile for NSCLC, 
particularly LUSC and adenocarcinoma, may be utilized 
as a stand-alone prognostic factor (147-149). Apelin 
(APLN), a ligand for the G protein-coupled receptor, is an 
angiogenic factor contributing to tumor angiogenesis (150). 
Previous studies reported that increased APLN expression 
is related to a poorer OS rate in NSCLC patients (151,152). 
Fibroblast growth factor receptor 4 (FGFR4) is linked with 
oncogenesis, is prognostic in LUSC, and plays a critical role 
in the tumor microenvironment (153-155). Semaphorin 4C 
(SEMA4C) controls immune cell interactions, angiogenesis, 
and tumor formation (156). SEMA4C deficiency inhibits 
NSCLC cells development and reverses the epithelial-
mesenchymal transition (157). Hou et al. developed a 
predictive immunogenomic marker for LUSC and proved 
its usefulness in predicting clinical outcomes in LUSC. The 
findings revealed that APLN expression was substantially 
higher in LUSC patients, although FGFR4 and SEMA4C 
expression were higher in male LUSC patients without 
metastases (140). When these three genes are considered 
in conjunction with past studies, they may represent LUSC 
risk factors. 

Immune microenvironment and tumor mutations both 
contribute significantly to LUSC prognosis and progression. 
Recent research developed and tested an immunological 
profile based on five genes (FLNC, RND1, IL4I1, TGM2, 
and PTGIS). The signature was capable of predicting LUSC 
patients’ prognosis and immunotherapy response. At each 
tumor stage of the immunological signature, patients with 
a high-risk score had a considerably poorer prognosis than 
patients with a low-risk score. Numerous Gene Expression 
Omnibus (GEO) datasets indicated that the nomogram that 
combined the immunological signature with the tumor stage 
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accurately predicted LUSC patient survival. Additionally, 
patients with a low-risk score may have a better chance 
of responding to immunotherapy (134). In another study, 
a risk model based on 17 immune-related genes was 
developed and tested to generate a prognostic prediction 
of early-stage LUSC patients. The mechanisms by which 
this model predicts LUSC prognosis in the early stages was 
clarified by identifying gene mutation profiles and immune 
cell infiltration characteristics, which may aid clinicians in 
implementing effective lung cancer treatments for patients, 
particularly individualized treatment for those patients with 
specific gene mutations and tumor immunotherapy (158). 

DNA methylation in LUSC 

Despite significant advancements in the prevention, 
diagnosis, and treatment of LUSC in recent decades, the 
5-year survival rate remains poor, at under 15% (159). With 
the rise in poor prognosis and advanced diagnosis in LUSC 
recently, it has become more important to investigate new 
effective prognostic and diagnostic indicators for predicting 
LUSC survival. According to growing data from epigenetic 
studies, DNA methylation is important in gene expression 
and occurs early in some cancers. DNA methylation is one 
of the first observable neoplastic alterations, giving it a 
distinct advantage as a biomarker for cancer prognosis and 
diagnosis (160-162). Furthermore,

methylation is a significant epigenetic alteration of 
genomic DNA and a critical mechanism of genomic 
function regulation. Although epigenetic changes are 
reversible, they have tremendous therapeutic promise (163).  
Moreover, the use of RNA-Seq data processing and DNA 
methylation to uncover disease-specific prognostic and 
diagnostic biomarkers in lung cancer offers a unique 
approach (164,165). As a result, detecting and treating 
DNA methylation as a target will develop novel lung cancer 
diagnostics and therapy methods.

Using methylation data from patients with LUSC, Li  
et  a l .  developed a  LUSC prognosis  model  (166) . 
Examination of the ROC curve multi-year survival rate 
curve reveals that the model’s prediction results improve in 
line with survival time growth. The developed prediction 
model incorporated independent prognostic methylation 
sites and may be utilized to discover novel tumor indicators, 
guide therapeutic therapy, and assess patient prognosis. 
Additionally, by categorizing the genetic subtypes of 
LUSC patients, this model can give more tailored therapy 
recommendations and prognosis assessments. (166). Zhang 

et al. developed the first risk prognosis model for LUSC 
patients based on DNA methylation sites, demonstrating 
improved stability and reliability and the best predictor of 
OS for LUSC patients. Additionally, to facilitate clinical 
decision-making using the risk model, they constructed a 
nonogram incorporating the DNA methylation signature, 
tobacco smoking history, and distant metastatic stage (167). 
In another study, Zhang et al. discovered that methylation 
of the TRIM58/cg26157385 locus was related to the 
expression of eight prognostic genes in LUSC patients (168).  
However, before the approach can be applied in the 
clinic, more clinical studies are required to determine the 
robustness of this DNA methylation pattern. During the 
process of choosing prognostic-related DNA methylation 
sites for a model, certain deviations are unavoidable. 
Correlation analysis indicates that future research should 
combine mRNA and DNA methylation signatures to 
develop a more accurate predictive biomarker (168). Wang 
et al. discovered that in LUSC tissue, AKAP13 mRNA 
expression was decreased while methylation was increased. 
Three AKAP13 CpG sites were found to be linked to OS. 
AKAP13 mRNA and methylation analysis identified 11 
CpG sites linked with OS in LUSC patients. Although 
the expression of AKAP13 mRNA was related to distant 
metastasis in LUSC, no correlation was seen between the 
methylation status of CpG sites and clinical characteristics. 
Therefore, AKAP13 mRNA and its methylation CpG sites 
could be utilized as prognostic markers in individuals with 
LUSC (169). 

Previous studies established that hypomethylation-
induced increased gene expression and hypermethylation-
induced reduced gene expression play critical roles in lung 
cancer regulation and development (170,171). For example, 
Sugimoto et al. discovered that patients benefit from 
aberrant GRWD1 (glutamate-rich WD repeat-containing 
1) methylation during tumor development, as the GRWD1 
gene’s activity is inhibited in tumor cells by its methylation.

In contrast, GRWD1 gene expression promotes tumor 
cell growth (172). By contrast, Chen et al. discovered 
that hypermethylation of the AGTR1 promoter is more 
prevalent in LUSC patients (173). Ni et al. have shown that 
the SHOX2 (short stature homeobox 1) gene methylation 
is more prominent in lung cancer, particularly LUSC, and 
may serve as a noninvasive lung cancer diagnostic (174). 
Guo et al. discovered that the hypermethylated status of the 
WIF-1 gene, which is frequently observed in NSCLC, is 
more common in squamous cell carcinomas and correlates 
with a poor clinical prognosis (175). Kim et al. discovered 



5419Translational Cancer Research, Vol 10, No 12 December 2021

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(12):5406-5429 | https://dx.doi.org/10.21037/tcr-21-1607

that excessive methylation of the Wrap53 promoter predicts 
a poor outcome in individuals with borderline significance 
in a research using tumor and matching non-malignant 
lung tissue specimens (176). According to Zhang et al., 
hypermethylation of the PAX6 gene is an independent 
prognostic indicator and is substantially associated 
with a low OS rate in NSCLC, making it a potentially 
promising biomarker for prognostic evaluation in NSCLC  
patients (177). According to an integrated survival, 
methylation, and gene expression study, ZNF418 indicates 
a poor prognosis in LUSC patients (178). In LUSC, the G 
protein-coupled receptor GPR75 is hypermethylated, which 
is linked to LUSC failure. STX12 falls in the syntaxin family 
of SNAREs protein receptors. It has been discovered that 
STX12 expression is inversely connected with methylation, 
and STX12 hypermethylation is linked to better clinical 
outcomes in LUSC (178). Rui et al. used MethylMix 
to find methylation-driven genes in LUSC tumors and 
normal samples from the TCGA database to predict 
LUSC prognosis. Cox regression studies on multivariate 
and univariate data revealed that twelve abnormally 
methylated genes in a Cox prediction model were related 
to OS in LUSC patients. The combined survival study of 
methylation and gene expression revealed that WDR61 and 
DQX1 had a low survival rate due to hypermethylation and 
low expression. DQX1 expression was inversely associated 
with the methylation site cg02034222. Thus, WDR61 and 
DQX1 may serve as promising biomarkers for determining 
LUSC prognosis (179). In another research, three hub 
methylated-driven genes (MDGs), ZNF454, PMPCAP1, 
and SOWAHC, were discovered to have independent 
prognostic values in LUSC (180). Using the MethylMix 
algorithm, PMPCAP1 and SOWAHC were discovered to 
be hypomethylated and overexpressed in individuals with 
LUSC, indicating a bad prognosis. By contrast, ZNF454 

was hypermethylated and expressed at a reduced level, 
predicting an improved prognosis. Enrichment analysis 
showed that ZNF454, PMPCAP1, and SOWAHC were 
predominantly engaged in transcription or gene expression 
pathways. Thus, the Methylation-driven genes (MDGs) 
ZNF454, PMPCAP1, and SOWAHC may serve as 
predictive biomarkers for LUSC, guiding diagnostic and 
treatment choices and creating a theoretical foundation 
for future research (180). Collectively, a thorough survival 
and functional study of methylation-driven genes enables 
a better knowledge of their underlying processes and the 
identification of innovative lung cancer therapeutic options. 
Table 3 illustrates some DNA methylated genes and their 
roles in LUSC.

Limitations and future prospectives

Despite data supporting the therapeutic significance of 
lncRNAs in LUSC, there remain constraints to targeting 
and evaluating the efficacy of lncRNAs. For example, the 
absence of a protein product limits therapy options to 
mostly nucleic acid-based treatments (181). While they 
are effective, they have some drawbacks, including off-
target effects, difficulties penetrating the cellular plasma 
membrane, and decreased bioavailability (182). Additionally, 
unlike proteins, the three-dimensional (3D) structure 
of lncRNAs is largely unknown, and a lack of conserved 
regions may make small-molecule inhibitor creation more 
difficult. A lack of complete understanding of the processes 
and regulatory networks governing many lncRNAs in 
LUSC may further hinder the development of particular 
targeted methods for toxicity reduction (181). While 
certain lncRNAs in LUSC are conserved across species, 
many are not, obstructing research and preclinical studies 
in animal models (181,182). Additionally, the lungs are 

Table 3 DNA methylated genes and clinical involvement in LUSC

DNA methylated gene Role in LUSC Ref.

FZD10, FZD2, GNAS LUSC prognosis (166)

RASSF6, ZNF773, HES7, SPC25, TRIM71, LHX5, APOBEC3C, RPS18, ISL2, INSM2 LUSC prognosis (167)

A2ML1, CCNE1, COBL, ESCO2, GPR115, MMP10, OVOL1, SCGB1A1 LUSC prognosis (168)

AGGF1P3, HIST1H4K, CH17-140K24.1, ADCYAP1, COX11P1, FOXD4L6, CBLN1, ATP6V0CP3, 
RP11-264L1.4, LINC01158, CTC-523E23.14, TRIM58

Overall survival (179)

ZNF454, PMPCAP1, SOWAHC LUSC prognosis (180)

GCSAM, GPR75, NHLRC1, TRIM58 LUSC prognosis (181)
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challenging for siRNA and ASO delivery in vivo, which may 
impede preclinical investigations for lncRNA treatments in 
LUSC. Initial lung delivery is challenging due to physical 
obstacles such as mucosa and cilia and the need to evade the 
immune system. Additionally, passage across the target cell 
membrane into the appropriate subcellular compartment 
and evasion of endosome destruction is difficult to 
accomplish (183).

The overall response rate and the incidence of acquired 
resistance among PD-1 blockade responders appear to 
have an inverse relationship across tumor types (184). 
Enhancing antigenicity, modulating TME, boosting 
immune cell activity, and overcoming resistance mediated 
by other elevated immunological checkpoints are all 
strategies for combating immunotherapy resistance. 
Immune checkpoint targeted treatments (ICT) require 
mechanism-based methods to overcome resistance. 
Ishizuka et al. demonstrated that silencing the RNA-editing 
enzyme ADAR1 overcomes resistance to PD-1 checkpoint 
inhibition induced by antigen presentation inactivation 
in tumor cells (185). BMP7 suppresses proinflammatory 
responses in the TME by inhibiting mitogen-activated 
protein kinase 14 expression in macrophages and CD4+ 
T cells; according to Cortez et al. BMP7 knockdown 
combined with anti-PD1 stimulates CD4+ and CD8+ T 
cells in tumors, reduces M2 macrophages and resensitizes 
immunotherapy-resistant malignancies (186). According to 
new data, targeting epigenetic elements that promote tumor 
development and restrict immune cell function can improve 
anti-tumor immunity by altering the TME. Inhibition of 
the enhancer of zeste homolog 2, the catalytic subunit of 
polycomb repressive complex 2, can increase T regulatory 
cell trafficking, impair T regulatory cell capacity, improve 
antigen presentation, and increase anti-tumor immunity, 
making it a promising target for overcoming ICB resistance 
in some cancers (187). 

The discovery of  other  targeted therapies  for 
advanced LUSC is necessary to provide significant 
survival improvements and enable customized care 
for patients. Combinations of immunotherapy drugs 
and immunotherapies with targeted treatments form a 
multifaceted strategy for treating advanced LUSC. These 
methods are under investigation and may allow higher 
survival results.

Also, DNA methylation and RNA-Seq data analysis 
offer an innovative approach for identifying disease-
specific diagnostic and prognostic biomarkers in cancer 
therapy (164,165). The fast advancement of RNA-Seq 

analysis methods enables a fresh viewpoint on the molecular 
characteristics and pathophysiology of LUSC and important 
evidence for prognosis prediction.

The epigenetic alteration, particularly DNA methylation, 
has a role in LUSC pathogenesis. Accumulating data 
indicates that DNA methylation is the primary biological 
process behind the epigenetic change in human malignant 
cancers, including lung cancer (188-190). Methylation 
alterations in a subset of tumor-associated genes have been 
discovered in prior tumorigenesis investigations, suggesting 
that they are significant risk factors for tumorigenesis and 
molecular markers for early detection (191). Because PR/
SET domain 5 promoter methylation is strongly linked with 
lymph node metastases and tumor differentiation status in 
LUSC, this gene is a prospective target for the diagnosis, 
prognosis, and therapy of this malignancy (192). The 
drought-repressed 4 gene has been proposed for analyzing 
the methylation state of LUSC cells, and its low expression 
corresponds with a bad prognosis in patients (193).  
Methylation of the tripartite motif 58/cg26157385 is linked 
with the expression of eight prognosis-associated genes 
in LUSC, indicating a possible regulatory function in the 
development of LUSC (168). Thus, gene expression and 
bioinformatics analysis of DNA methylation pave the way 
for discovering disease-specific diagnostic and prognostic 
biomarkers in LUSC.

Conclusions

LncRNAs have been discovered to participate in a wide 
range of critical cellular functions, with their involvement 
in cancer becoming increasingly clear (7). Localization 
of lncRNAs is primarily determined by their function; 
they may interact with chromatin, protein, and RNA to 
control all stages of gene expression and affect critical 
signaling cascades (7). Numerous small non-coding RNAs 
were reported up-regulated and downregulated and act 
as oncogenes, promoting LUSC proliferation, survival, 
invasion, migration, metastasis, and EMT. Certain 
lncRNAs, such as MAGI2-AS3, SNHG1, NNT-AS1, and 
MIR205HG, have participated in many facets of LUSC 
carcinogenesis via several distinct pathways. While miRNA 
sponging seems to be the most often observed method of 
lncRNA regulation in LUSC, numerous lncRNAs can also 
regulate gene expression, protein interactions, and stability, 
indicating that lncRNA regulation in LUSC is complicated. 
Tumor suppressor lncRNAs that are downregulated in 
LUSC function similarly to oncogenes, although to inhibit 
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cancer progression. Many of the pathways and genes 
controlled by suppressor lncRNAs are also regulated by 
oncogenic lncRNAs, therefore, carcinogenic lncRNAs 
may be increased to counteract the suppressor lncRNAs. 
Moreover, lncRNAs appear to have a role in the cisplatin-
based chemotherapeutic response and may serve as 
indicators for treatment response and potential therapeutic 
targets in LUSC. While the mechanisms of action for most 
lncRNAs are discussed in length in this study, the means 
of action for many lncRNAs remain unknown and must be 
explained to determine their function as tumor promoters 
or suppressors. Given the poor prognosis linked to LUSC, 
primarily due to late diagnosis and a lack of effective 
therapies for late-stage illness, more innovative methods to 
LUSC care are necessary. High-throughput data mining 
establishes an efficient bioinformatics foundation for 
furthering our knowledge of the etiology and prognosis of 
LUSC, which has significant theoretical implications for 
future LUSC research.

The introduction of PD-1/PD-L1/CTLA-4-targeted 
treatment has changed LUSC patient management, 
resulting in long-lasting responses and improved OS. 
Immunotherapy, on the other hand, does not help all 
patients. Patients with primary or acquired resistance 
do not experience tumor shrinkage or more prolonged 
survival. Predictive biomarkers including PD-L1, tumor 
mutational burden (TMB), and tumor inflammation should 
be investigated further. Increased knowledge of biology and 
molecular subgroups of NSCLC has resulted in developing 
novel biomarker-directed treatments and improved OS 
in patients with advanced or metastatic illnesses. Patients 
lacking molecular therapeutic targets have been treated with 
immune checkpoint treatments in the first-line situation 
since the emergence of PD-1/PD-L1 blockers in 2015, 
notably for squamous NSCLC patients (194-196).

Meanwhile, modification of epigenetic markers, 
part icular ly  DNA methylat ion,  has  a  role  in the 
pathophysiology of LUSC. Accumulating data indicated 
that DNA methylation is the primary biological process 
behind the epigenetic change in human malignant cancers, 
including lung cancer (188-190). The fast advancement 
of RNA-Seq analysis methods enables a fresh viewpoint 
on the molecular characteristics and pathophysiology of 
LUSC and substantial evidence for prognosis prediction in 
LUSC. However, the precise role of epigenetic aberrations 
and DNA methylation alterations in LUSC genesis is 
not fully known. Additional mechanistic investigations, 
including animal models of epigenomic dysregulation, are 

necessary. Early lung cancer detection is critical for the 
administration of curative treatment regimens, including 
surgery. Methylation biomarkers can become very sensitive 
diagnostic tools for early illness detection in blood serum 
or sputum. Although numerous potential methylation 
indicators have been identified, developing sensitive and 
accurate approaches for identifying uncommon modified 
DNA molecules in sputum, serum, or circulating tumor 
cells should now take precedence.
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