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Lung cancer is the main cause of cancer-related death. Typically, lung cancer has
been classified in two histologic types; small and non-small cell (NSC), with
adenocarcinoma, squamous cell form and large cell type. The availability of
predictive biomarkers for the treatment of NSC lung cancer (NSCLC) has been
changed in recent decades, especially in the form of adenocarcinoma. Controlling
for sensitizing mutations inside the epidermal growth factor receptor (EGFR) for
patients with advanced adenocarcinomas is currently needed before the
achievement of anti-EGFR inhibitors (such as erlotinib, gefitinib, afatinib or
osimertinib). In a patient with no signs of tumor tissue, the EGFR mutational
plasma and urine examination may be performed. ALK gene rearrangement
research is required to predict crizotinib reaction. Treatment with ceritinib, alectinib
or brigatinib also relies on ALK rearrangements. PD-L1 should be tested with an
approved assay to model reactions in patients with advanced adenocarcinoma or
squamous cell NSCLCs to the single pembrolizumab agent in their first-line
therapy. As miRNAs are a vital biomarker (diagnostic biomarkers), miRNAs also
could be used as a dynamic tumor predictor before and during therapy because of
their function in carcinogenesis at all stages. Nevertheless, INcRNA sheds fresh
insight into our tumor pathway perception. In biomedicine, INCRNA is intensely
involved, which can be used for a wide variety of cancers as a clinical diagnostic
and prediction predictor.
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Introduction
Given the wide range of clinical responses in cancer patients and narrow therapeutic indices of anticancer

drugs, new approaches are critical in improving patient’s health for individual cancer care. Our molecular
cancer awareness has driven us to move away from tumors primarily because of their anatomical location and
molecular profile (1). The majority of study into genomic cancer has been centered on discovery and
clarification until recently, but with our knowledge of tumor molecular profiling, the clinic is getting more
accessible with genomic cancer medicines (2). If there is more clinically available research trials in which tumor
biomarkers are detected, the therapeutic results of mutations in these molecular pathways must be recognized
by doctors. The study could be directed with detail clinical cancer biomarkers, potential connection to lung

cancer and the clinical trials to approve these biomarkers.

Biomarker Review

For pharmacogenomics analysis, the DNA of somatic or germ-lines can be used. Somatic mutations of
tumors are particularly useful in definition of pharmacodynamics consequences of a drug, such as a tumor
reaction that involves tumor biopsy. A peripheral blood sample can identify variations in the germ-line or the
inherited blood, which can help assess medication activity and drug reactions (3). Cancer biomarkers may be
divided into two categories; prognostic and predictive. A prognostic biomarker (i.e. anaplastic lymphoma
kinase (ALK), epidermal growth factor receptor (EGFR), Kirsten rat sarcoma viral oncogene homolog (KRAS)) is
useful in the definition of a drug reaction associated with the results of disease and therapy (4). Examples of
biomarkers, both prognostic and predictive, are human epidermal growth factor receptor-2 (HER1), proto-
oncogene BRAF, serine/threonine kinase (BRAF). A subset of predictive biomarkers are pharmacodynamic
biomarkers and can guide dose selection by treating tests on the tumor or the host. ThiopurineS-
methyltransferase (TPMT) is used to guide 6-mercaptopurine dosing and glucuronosyl uridine-diphosphate
transferase 1A1 (UGT1A1) to monitor irinotecan dosage (5). Molecular-based therapies have greatly improved
their ability to extend longevity in patients with lung cancer with EGFR mutations and/or ALK translocations.
The Cancer Genome Atlas Network used messenger sequences RNA, microRNA and DNA to molecularly
profile 230 resected lung adenocarcinomas, as well as copy numbers, methylation and proteomic tests.
Statistically important mutations were reported in RIT1, EGFR, NF1, MET, ERBB2, RBM10 and other genes in
the mitogen-activated protein kinase (MAPK) pathway, with frequencies of mutations exceeding 9 per
megabase (6). While some known genes are not currently druggable, and their prognostic importance is
uncertain, it is essential to create personalized lung cancer treatment with knowledge of these molecular
mechanisms and their predictive capabilities. The final part of the paper addresses the cancer biomarkers

eligible for targeted therapies, their impact on lung cancer patients and potential new drug goals.

BRAF gene

B-RAF proto-oncogene, also known as serine/threonine kinase (BRAF), is located on the long arm of the
chromosome at position 34. A serine/threonine kinase participates in the signalling cascade
RAS/RAF/MEK/ERK (7). BRAF phosphorylates MEK and promotes cell growth, spreading and survival
through oncogenic mutations (8). The highest incidence of BRAF (27 to 70%) is malignant melanoma caused by
papillary thyroid cancer, colorectal cancer, and serious ovarian cancer (9). In 1 to 3% of NSCLC patients, BRAF
variants were also reported (10). In contrast with melanoma, only half of the BRAF mutations in NSCLC are
V600E mutations. G469A (35%) and D594G (10%) are two other NSCLC nonV600E mutations. For all BRAF
mutations, those driver mutations such as EGFR, KRAS and ALK are mutually exclusive (11, 12). BRAF-
mutated NSCLC has been recorded to be exclusively adenocarcinoma compared to EGFR patients or ALK
rearrangements.

Patients suffering from BRAF deficiencies are primarily former or past users, unlike patients with virtually

no smokers with other genetic mutations (12). In contrast, patients with NSCLC and BRAF V600E mutations
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have a lower prognosis and less tolerance to chemotherapy dependent on platinum than patients with wild-
type BRAF. Treatment with inhibitors of BRAF and MEK also benefited the patients (13). BRAF inhibitors, such
as vemurafenib and dabrafenib, are highly potent and selective to the BRAF kinase V600E mutant with
estimated 80 to 90% reaction rates. Around 33 and 42% (13, 14). BRAF and MEK antagonists are being screened

for BRAF mutation-positive NSCLC in clinical tests, such as trametinib, selumetinib and dasatinib.

C-KIT gene

The C-KIT gene is a kinase that is a proto-oncogene that codes for the tyrosine kinase of a receptor, which
links to the ligand of the stem cell factor. As a result of this interaction, melanocytes, erythrocytes, germ cells,
and mast cells all grow and lead to dimerization, auto-phosphorization and signal transduction (15). Although
C-KIT gain-of-function mutations are present in approximately 85 per cent of GIST (gastrointestinal stromal
tumors) and predict imatinib therapy, research shows that some 40% of small cell lung cancer (SCLC)
overexpresses C-KIT (16). However, C-KIT expression in SCL C showed no significant impact as a biomarker
for survival, probably due to the tumor microenvironment (17). The analysis also reveals that C-KIT mutations
are a contributing factor for a bad prognosis (18). The current knowledge package on C-KIT inhibition in SCLC

is limited and more research is required. It must be of prognostic and predictive importance.

EGFR

The epidermal growth factor (EGFR) receptor for tyrosine kinase receptor belongs to the ERBB class. The
EGFR gene is situated at 12 on the short arm of chromosome 7 (19). When an extracellular ligand binds EGFR, it
leads to homo- or heterodimerization of the receptor, leading to phosphatidylinositol 3-kinase phosphatic
cytoplasmic tyrosine sites and various intracellular pathways. Rapamycin (mTOR) and RAS/RAF/mitogen-
activated protein kinase (MAPK) aim pathways (PI3K). These pathways are involved in cell proliferation,
metastasis and apoptosis prevention (20). EGFR is excessively expressed in 62% of NSCLCs, and its existence is
related to poor prediction (21). Lung tumors associated with EGFR mutations impact about 10% of U.S. lung
adenocarcinoma patients and between 30 and 50% of East Asian Lung adenocarcinoma patients (22). Exons 18-
21 code for a certain portion of the EGFR kinase domain (23). Exon 19 in-frame deletions make up about 90% of
EGFR mutations, while exon 21 mutations make up 44 and 41%, respectively, of all mutations (24). Activating
mutations in the kinase domain of EGFR contributes to the activation of ligand-independent tyrosine kinase,
resulting in receptor hyperactivation.

Downstream anti-apoptotic signaling pathways (25). Women never smokers with lepidic adenocarcinomas
are more prone to have EGFR mutations (26). Treatment with tyrosine kinase inhibitors (TClIs), including
gefitinib, has a considerable reaction time (55-78%). Due to the significantly improved progression-free survival
(PES) of erlotinib and afatinib treated EGFR-mutant tumors patients, EGFR TKI was the recommended
treatment for such mutations (27). Due to the occurrence of a new chromosome, however, most of these patients
develop tolerance and recurrence in a short time (T790M) Exon 20 of the EGFR (50%) kinase domain, reach
oncogene amplification (21%), or PI3KCA mutations (28).

The most common methods for detecting EGFR mutations are gene sequence and reaction-based polymerase
chain reactions (PCR). Both approaches have been established for productivity and specificity in identifying
these mutations in formalin and paraffin-integrated tissues (29). EGFR mutants were tested using an IHC-based
technique with novel antibodies against mutant proteins, but the results were deceptive. Sensitivity is diverse,

and the measurements vary widely (30).

HER2

Preclinical evidence suggests that deregulation of HER2 may change tumor sensitivity to anti-EGFR
medications. HER2, in fact, the primary EGFR partner and the activated heterodimeric complexes with HER2
are more stable on the cell surface than the EGFR family's other complexes that show in Figure 1 (31).
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Figure 1. HER?2 is the primary EGFR partner and the activated heterodimeric complexes on the cell surface.

The EGFR (32) dissociation of ligands from their cognate receptor may also slow down with HER?2. Finally,
EGFR-TK is small molecules that can block EGFR signals through phosphorylation of the intracellular domain
of the protein TK (33, 34, 35). At the start of our EGFR study, a group of 63 NSCLC pretreated patients were
examined 10 years ago in order to investigate the connection between HER2 expression and anti-EGFR care
effectiveness concerning reaction rate (RR), development period (TTP) and overall survival (OS) (36). HER2
values scored on the scale of 0 to 3+ were calculated using IHC, with a staining force of 2+ or 3+ for more than 10
percent of the cells considered positive. IHC was used to evaluate EGFR amounts. Of the 43 HER2/EGFR
patients analyzed, 15 (34,8%) were categorized as HER2 2+/3+, whereas 28 (65,2%) were classified as
unfavourable. There was no significant difference between HER2 over-expressing and HER2 negative patients
in terms of disease control severity (DCR: 40-64.3%), TT PTP (3.5-3.7 months), and SO (5.7-6.8 months), meaning
that HER2 over-expression was not helpful to predict gefitinib susceptibility in unselected NSCLC patients (37,
38). In a detailed study, Looyenga et al., examined whether FISH-measured genomic gains of HER2 were
associated with fitinib sensitivity in 102 pretreated advanced NSCLC patients to assess further the role of HER2
dysregulation in modular EGFR-TKI sensitivity (38). In 9% of cases, HER2 amplification has been detected, and
all patients with high polysomy or gene amplification have been considered positive using the same EGFR
criterion (39). Patients with HER2 FISH were higher than those with HER2 FISH negative, most certainly
because HER2 GCN was compared to the key FITINIB predictors that are EGFR mutations. Takezawa et al.,
recently found that high HER2 amplification levels play a role in acquired EGFR-TKI resistance in around 12%
of cases (26). Overall, these observations show the value of HER2 GCN with a strong predictive feature. EGFR
and HER2 work together to make tumor cells highly dependent on the HER axis and more likely to be anti-
EGEFR therapy in the presence of an increased HER2 copy number. However, HER2 makes it an important
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promoter of tumor growth and metastatic expansion without an EGFR inhibition. Related results have been
published for metastatic colorectal cancer (mCRC) treated with monoclonal anti-EGFR antibody (40). In
preclinical trials, the amplification of the HER2 gene was associated with cetuximab resistance since EGFR
downstream paths were continued to activate when cetuximab binds to EGFR (41, 42). In 170 KRAS patients
receiving cetuximab or panitumumab alone or in combination with chemotherapy (43), 4% had HER2 gene
enhancement, 61% had HER2 enhancement due to polysomy and/or gene amplification in limited clones, and
35% had no or minor HER2 enhancement in conjunction with GCN HER2. HER2 amplified patients had poorer
results in RR (p = 0.0006), progression-free survival (PFS; p = 0.0001), and total survival (OS, p = 0.0001). On the
other hand, patients with HER2 polysomy have the highest chance of survival (44). Although HER2 mutations
were reported in 2004, translational research in this specific molecular environment has only been widespread
in the last few years. The presence of a mutation produces a conformational variation in the kinase domain of
the receptor, resulting in greater kinase activity than the wild-type variety. In the absence of a ligand,
HERYVMA may activate EGFR irrespective of the presence of triggering EGFR mutation (44, 45).

JAK2

Janus kinase 2 is a protein that controls Janus kina activity (JAK2) JAKSs is non-receptor TKs that transmit
intracellular signals from cytokines and factors of development. The mutation is a single nucleotide change at
codon 617, contributing to a valine substitution for phenylalanine and affecting about 55% of patients with the
condition. Myeloproliferative cell disorders (46). The transcript of many pro-proliferative and anti-apoptotic
genes is increased as the JAK-STAT pathway is triggered. Ruxolitinib is the first FDA certified JAK inhibitor for
myelofibrosis and myeloproliferative disorders.

In Week 48 in the COMFORT-II trial, the proportion of patients who received a 35% reduction in spleen
volume was 28.5 percent in ruxolitinib and 0 percent in better possible treatments (P0.0001) (47). While NSCLC
mutations of JAK are rare, evidence suggests that activation of JAK2 contributes to the acquired erlotinib
resistance. The combination of JAK2 inhibition and erlotinib has retained the erlotinib sensitivity and decreased
tumour size in erlotinib-resistant lung cancer cell lines in a murine xenograft model (48). Another research
indicates that JAK2 stimulates STAT3, a commonly mutated pathway in NSCLC solid tumors, independently of
other critical oncogenic motors. Ruxolitinib therapy has nevertheless been seen to work with NSCLC triggered
with STAT3. Inhibition of growth was not observed in cell lines (49). Ruxolitinib inhibition JAK2 is currently
being investigated in NSCLC chemotherapy/erlotinib patients in clinical trials (ClinicalTrials.gov).

KRAS gene

The carcinogenic Kirsten rat sarcoma viral oncogene homolog (KRAS) mutation is the most common gain-of-
function alteration, accounting for 30% of lung adenocarcinomas in Western countries and around 10% lung
adenocarcinomas in Asian countries (50). KRAS is a membrane-bound small GTPase that switches between
active GTP-bound and inactive GDP-bound states controlled by guanine nucleo (51). RAS's intrinsic GTPase
activity is insufficient; however, in the presence of GAPs like neurofibromin 1 (NF1), it can raise its hydrolytic
activity by many orders of magnitude. GEFs, such as the son of sevenless homolog 1 (SOS1), mediate the
reactivation of GDP-bound RAS by promoting the release of bound GDP, which cellular GTP then replaces to
bind to RAS. Mutations that hinder KRAS' capacity to hydrolyze GTP are assumed to trap the oncoprotein in a
constitutively active state through triggering downstream signalling cascades, resulting in unregulated cell
proliferation and survival. The majority of KRAS mutations occur in codon 12, although mutations in codons 13
and 61 are less common (52). In lung cancer, significant progress has been made in developing molecularly-
driven therapeutics, primarily including targeted therapies against oncogenic drivers such as EGFR, HER2,
EML4-ALK, MET, ROS1, and BRAF mutations, as well as immunotherapy (53, 54). However, therapeutic
choices for KRAS-mutant lung cancer are also restricted, and chemotherapies are still the first-line

recommendation.
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Update the most current scientifically essential aspects of the pathobiology of KRAS-mutant non-small cell
lung cancer (NSCLC) in this study, emphasising tumor heterogeneity, therapeutic effects, and novel treatment
options. The presence of a KRAS amino acid substitute in lung cancer patients impacts their prognosis and is
related to a weak reaction to targeted therapy (55, 56) and chemotherapy (57, 58, 59). According to molecular
modelling studies, different conformations placed by different KRAS oncogene substitutions could lead to
altered interaction with downstream signalling transducers (60). In particular, the mutant KRASG12C or
KRASGI12V is less reliant on AKT than wild-type KRAS, but other mutant KRAS proteins are more intimately
involved.

Different amino acid substitutions in mutant KRAS have been linked to different biological behaviors (61)
and clinical effects (62, 63, 64). KRASG12C-positive tumors had more significant phosphorylation of ERK1/2
than KRASG12D-positive tumors in KRAS-mutant lung cancer (65). Studies using a genetically modified mouse
model found that KrasG12C tumors were substantially more susceptible to MEK inhibitor than KrasG12D
tumors, and that MEK inhibition enhanced chemotherapeutic efficacy and progression-free survival (PFS) in
KRASG12C mice. As various amino acid substitutions in oncogenic KRAS are combined, they result in variation
in the mutant protein's biological activities, suggesting the need for genotype-specific research to classify
clinically significant subgroups of patients that can eventually affect care decisions. It can also be considered
when inhibiting various downstream signalling mechanisms for patients with KRAS amino acid substitutions in

their tumors.

miRNA

miRNA expression profiles are highly specific to individual types of cells, tissues, and organs (66), and
unique miRNA sequences have been discovered in corresponding healthy and malignant tissues (67). More
than half of all miRNAs in humans are found in sensitive chromosome regions that undergo amplification,
deletion, and translocation during carcinogenesis (68, 69). Mutations in essential oncogenes (e.g.,, KRAS and
HER2/neu) are found at the pre-invasive carcinoma level (carcinoma in situ). The involvement of several genetic
and epigenetic changes in tumor cells characterizes invasive lung carcinoma (70). This results in deregulated
expression of some miRNAs (71), resulting in dramatic improvements in their concentrations and formulations,
as well as their movements (referred to as miRNA under- or overexpression), and these miRNAs are possible
clinical biomarkers (72, 73). Previous research has verified the utility of miRNAs as NSCLC biomarkers (74, 75).

He et al., (63) (510 patients and 465 safe volunteers) and Wang et al., (31) (2121 patients and 1582 volunteers)
conducted meta-analyses that looked at the overall diagnostic success of miRNA and the variables that may
influence its diagnostic accuracy in NSCLC. In both studies, panels with multiple miRNAs had a much higher
diagnostic utility than single miRNAs and had a much greater use potential as possible NSCLC biomarkers. A
single miRNA biomarker had a sensitivity of 78.3 percent in detecting early-stage NSCLC in a meta-analysis
performed by He et al., (63), while a miRNA panel had a sensitivity of 83 percent. Wang et al., (31) obtained
similar findings, with 77% sensitivity and 71% specificity for a single miRNA and 83% sensitivity and 82%
specificity for several miRNAs. However, it is important to note that the approximately 80% sensitivity
recorded in those studies is minimal diagnostic value without more risk group stratification (76, 77, 78, 79).

Importantly, numerous studies have shown the effectiveness of utilizing several miRNA signatures as
biomarkers for cancer screening or assessment of high-risk populations. Investigators in the Moderate screening
study measured the diagnostic efficiency of plasma microRNAs as complementary biomarkers for LDCT
screening in a population of active or former smokers aged 50 and up (80). They looked at plasma miRNA
signatures in samples from 939 people, including 69 lung cancer patients and 870 disease-free people. The
sensitivity and specificity of miRNAs for lung cancer diagnosis were 87 percent and 81%, respectively; the
negative predictive value (NPV) was 99%. The use of both miRNA and LDCT resulted in a fivefold reduction in
the LDCT false-positive incidence. In the COSMOS lung cancer screening study, another group of researchers
used a 13 miRNA signature on 1115 participants (heavy smokers over 50 years old) and recorded sensitivity
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and precision of 79.2 and 75.9%, respectively, with an NPV of 99% (81). The investigators proposed that the
miRNA test should be used as a first-line diagnostic technique in high-risk individuals after observing an
adverse outcome in 810 of the 1067 (76%) individuals without lung cancer and 10 of the 48 (21%) individuals
with lung cancer.

However, miRNAs are useful for more than just early detection of NSCLC (82, 83). With sensitivities and
specificities in the range of 60-100%, miRNA panels will distinguish NSCLC from benign lesions and assess the
histological tumor form from a tissue sample (84, 85, 86). According to Boeri et al., (65), unique miRNAs
detected in plasma samples obtained from stable smokers with an average exposure of 40 pack-years enabled
for the detection of those with NSCLC 1-2 years before the first signs of lung cancer appeared, as well as the
determination of their prognoses. Cazzoli et al., tested 742 miRNAs derived from circulating exosomes and
found four miRNAs (miR-378a, miR-379, miR-139-5p, and miR-200b-5p) to be screening markers for
distinguishing lung adenocarcinoma and granuloma patients from stable former smokers (AUC = 0.908; P 0.001)
(68). The researchers then discovered six miRNAs (miR-151a-5p, miR-30a-3p, miR-200b-5p, miR-629, miR-100,
and miR-154-3p) that distinguished between lung adenocarcinoma and lung granuloma patients (AUC = 0.760;
P 0.001). Early identification of lung cancer using specific miRNAs, which is usually not feasible with traditional
imaging techniques, opens the door to creating more accurate diagnostic algorithms. In comparison to research
examining the utility of miRNAs as diagnostic and prognostic indicators, verification of miRNAs' predictive

importance in the treatment of NSCLC has received comparatively little study (87).

LncRNA
There is much evidence that human genome IncRNA transcripts include biological processes related to lung

cancer.

MALAT1

MALATI]a is also known as nuclear-enriched abundant transcript 2 (NEAT2). MALATT1 is often distributed
in human tissues regularly and is found in nuclear spikes (88). It is one of the first IncRNAs associated with
lung cancer and demonstrates the diffusion of Adenoma carcinoma. Metastasis-related genes are mainly
expressed in histological cases and the development of diseases (89). MALAT1 has two possible action modes.
MALATI can regulate alternate pre-mRNAs splicing by modulating serine/arginine splicing phosphorylation
factors in the first model (90). In order to regulate genes which control growth between polycomb bodies and
inter-chromatinous granules, MALATI can interact with the demethylated chromo box homolog 4 (CBX4), also
known as polycomb 2 (Pc2) (91). The exact findings of MALAT1 are, however, still uncertain. In most tumors,
MALAT1I is increased and has metastases, cell proliferation, apoptosis, migration and clinically poor prognosis
(92, 93, 94). MALAT1 was also the first IncRNA used for selective treatment of lung cancer using IncRNA
molecules. Antisense oligonucleotides (ASOs) suppress MALAT1, significantly reducing lung cancer metastasis

in a mouse model (95).

HOTAIR

Hox transcript antisense RNA is one of the few well-studied IncRNAs (HOTAIR). It can be found in
chromosome 12. It is present in the nucleus and contributes to trans-silencing (96). HOTAIR was first identified
to be one of 231 IncRNNAs associated with HOX loci in foreskin fibroblasts, where the HOXD locus could serve
40 kb of transcription in transcription (97). HOTAIR overexpression activates PRC2, containing EZH2 and
SUZ12 and EED protein polycomb. As a consequence of this pan-genomic impact, H3K27 methylation and gene
expression patterns are changed, enhancing cancer invasiveness and metastase (98, 99). Metastasis can include
lymph nodes with far higher precision in later cancer and tumor levels (100). Cell invasion, proliferation and

activation of the cell cycle were all impeded by removing the HOTAIR gene.
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Apoptosis induced by HOTAIR is a direct inhibitor of the growth of cancer (101, 102). Its NSCLC role has not
yet been fully known. Knocking the HOTAIR gene in vitro and in vivo will avoid NSCLC invasion and
metastasis. The invasion of NSCLC cells may be affected in part by the regulation of HOXAS5 expression.
Compared to patients with higher HOTAIR expression, the overall survival time of cancer patients is
marginally longer (103). HOTAIR seems to be directly involved in modulating and controlling cancer
development; as the above data indicate, HOTAIR may be used to track the growth of NSCLC as a possible

prognostic biomarker.

CDKNZ2B

CDKN2B-ASI is a protein produced by the CDKN2B gene , CDKN2B antisense RNA 1 (CDKN2B-AS1), also
classified as antisense non-coding RNA in the INK4 locus (ANRIL), which is distributed in the opposite
direction of the INK4A-ARF-INK4B gene cluster and plays an anti-tumorigenesis role (104). The majority of
ANRIL is in the nucleus. ANRIL activates repressive complexes Polycomb, PRC1 and PRC2, injecting chromatin
and gene cluster silence that code for tumor suppressor types pl6INK4A, p14ARF and p15INK4B. ANRIL
inhibits cell replication, ageing and apoptosis triggered by tension. Phospholipase D (PLD) dysregulation
inhibition contributed to improved ANRIL expression (105). ANRIL promotes apoptosis and autophagy, which
inhibits cancer development. Using small interfering RNA to knock ANRIL significantly decreased PLD
inhibition, leading to apoptosis. Using an inhibition of ANRIL and PLD may be a novel and effective approach
to treat lung cancer (105). According to Nie et al., NSCLC cell proliferation and apoptosis may be regulated by
ANRIL (85, 94). It has been found that ANRIL can bind to PRC2 and repress Kruppel-like transcription of factor
2 (KLF2) and P21. The designers proposed that silencing KLF2 may affect the oncogenic properties of ANRIL
(106).

CCAT2

Ling et al., found colon cancer-associated IncRNA molecule transcript 2 (CCAT2) (86). The polymorphism of
SNP 156983267 is located in this locus and is transcribed by chromosome 8. Components of the DNA enhancers
are located in the SNP genomic region. Both transcription factor versions 7-like 2 [T-cell unique, HMG-Box]
were found to have different binding affinities (TCF7L2). CCAT2 can affect the transcription of the TCF7L2 gene
and regulate the target genes of the WNT gene by binding and modulating the transcription factor. This would
probably be done in two ways: by modulating the connection between TCF7L2 and negative Groucho/TLE and
CTBP 1 and CTNNB1 and the CTNNB1 or by changing TCF7L2 activities by forming a bridge in transcriptional
complexes between TCF7L2 and other proteins (107). This polymorphism has been associated with a higher
prevalence of lung cancer and a worse prognosis in Han Chinese citizens (108). In GG polymorphism patients,
the expression of CCAT2 transcripts is increased and may suggest that CCAT2 is a potential biomarker for
metastatic cancer (109, 110). CCAT2 overexpression is a natural occurrence leading to the development of AC.
This enzyme has now acquired a new name: lung adenocarcinoma-specific IncRNAs and may play a part in
developing these IncRNAs. CCAT2 is a molecule whose overexpression is only seen in AC, but a recent study
shows that IncRNA may be used in NSCLC as a diagnostic marker. CCAT2 was known to play a role in

cancerogenesis and metastases as an oncogenic IncRNA (111, 112, 113).

PVT1

Pvtl oncogene is a nuclear-positioned lincRNA on chromosome 15 (114). The gene for translocation of the
mouse plasmacytoma variant is homologous. In several human tumors, PVT1 is found to be overexpressed
(115). Wang et al., observed that PVT1 behavior stimulates the cell proliferation and cell cycle by offering them
characteristics similar to stem cells by stabilizing nucleic protein (NOP2) in hepatocellular carcinoma (HCC)
cells (NOP2) (91, 95). Takahashi et al., showed that higher PVT1 expression is correlated with poor prognosis in
patients with colon cancer (92). Cui et al., found that increased PVT1 expression in the tissues of NSCLC was
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related to advanced tumor phase (T characteristic), advanced tumour-node-metastasis (TNM) and regional
lymph nodes (93). According to the results, PVT1 continues to function in tumorigenesis and NSCLC
progression. According to Cui et al., knockdown of PVT1 greatly inhibits cell proliferation and over-expression.
In comparison, the knockdown of PVT1 raises the number of cells at level G0/G1, reducing the number of cells
at stage S (93). CDKN1A/P21 and CDKN2B/P15 are inhibitors of cell cycle control that inhibit cell development.
In cells transfected with PVT1 siRNA, the P15 and P21 proteins were substantially up-regulated and down-
regulated in cells transfected with pcDNA3.1- PVT1 has also been shown that PVT1 facilitates the growth of
NSCLC cancer cell by modulating expression of P15 and P21 (115).

Concluion

In addition to the EGFR as mentioned earlier, ALK, and C-KIT, JAK2, and KRAS mutations, some other
potentially operable mutations may be identified in NSCLC. Among these are MET mutations/amplifications,
BRAF mutations, and HER2 mutations/amplification. Instead of evaluating these improvements one by one,
scientists are increasingly interested in using NGS to research multiple genes (16, 17, 18) concurrently. It has
been almost twenty years since miRNAs were detected, and many studies subsequently based on the ability to
use these small regulatory molecules as biomarkers for multiple types of cancer, like NSCLC. MiRNAs can be
used not only as of essential biomarkers (diagnostic biomarkers) but also as a dynamic tumor predictor before
and during therapy due to their involvement in carcinogenesis at all stages (prognostic biomarkers) (predictive
biomarkers). In the early stages of lung cancer development, extracellular miRNAs secreted into the blood and
other body fluids in a healthy form by tumor cells seem to be particularly helpful in clinical practice. Their key
advantage is the flexibility of their quantitative and qualitative changes to be monitored in real-time and in
every stage of the disease without causing patients anxiety by invasive testing specimen collection. Significant
technological progress has been made in detecting and identifying miRNA in the last decade, especially in high-
performance techniques such as NGS.

Finally, with the number and functions of known IncRNAs expanded, researchers proposed various
therapeutic applications for these molecules. While several critical questions remain unresolved, IncRNA sheds
fresh insight into our perception of the mechanisms of the tumor. In bio-medicine, IncRNA has several promises
and can be used for a wide variety of cancers as a scientific diagnostic and forecast predictor. They can also

have medical effects that include several years of research before they can be utilized entirely.
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