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MicroRNAs modulation in lung cancer: exploring dual mechanisms
and clinical prospects
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Abstract: The global incidence of lung cancer is marked by a considerably elevated mortality rate. MicroRNAs (miRNAs)
exert pivotal influence in the intricate orchestration of gene regulation, and their dysregulation can precipitate dire
consequences, notably cancer. Within this context, miRNAs encapsulated in exosomes manifest a diversified impact
on the landscape of lung cancer, wherein their actions may either foster angiogenesis, cell proliferation, and
metastasis, or counteract these processes. This comprehensive review article discerns potential targets for the
prospective development of therapeutic agents tailored for lung cancer. Tumor-suppressive miRNAs, such as miR-
204, miR-192, miR-30a, miR-34a, miR-34b, miR-203, and miR-212, exhibit heightened expression and demonstrate
the capacity to inhibit cellular proliferation and invasiveness. Conversely, the deleterious effects of tumor-promoting
miRNAs like miR-21, miR-106a, miR-155, miR-205, and miR-210 can be attenuated through the application of their
respective inhibitors. Distinct miRNAs selectively target various oncogenes, including NUAK Family Kinase 1
(NUAKI), Snail Family Transcriptional Repressor 1 (Snail), Astrocyte elevated gene-1 (AEG-1), Vimentin,
Proliferation and apoptosis adaptor protein 15 (PEA-15/PED), Hypoxia-inducible factor 1-alpha (HIF1), as well as
tumor suppressor genes such as phosphatase and tensin homolog (PTEN), Suppressor of cytokine signaling 1
(SOCS1), Tumor protein P53 binding protein 1 (TP53BP1), and PH Domain and Leucine Rich Repeat Protein
Phosphatase 2 (PHLP22). This investigative approach proves invaluable in elucidating the specific miRNAs implicated

in the deregulation of crucial genes pivotal to the pathogenesis of cancer.

Introduction

The mortality rate of lung cancer is 1.3 million worldwide with
equal prevalence in men and women. Based on pathology,
there are two categories of lung cancer; non-small cell lung
cancer (NSCLC) and small cell lung cancer (SCLC) with
their prevalence rate of 80.4% and 16.8%, respectively [1,2].
While many factors contribute to lung cancer development
like viral infection, smoking tobacco, and radiation, the
mechanism involved is still elusive [3]. Individuals who have
a higher risk of developing lung cancer are believed to
derive the most advantage from undergoing lung cancer
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screening. There exist various methods to identify these
high-risk individuals [4]. MiRNAs are 22nt-long gene
products present in diverse organisms, serving a crucial role
in regulating mRNA coding and degradation. They achieve
this by partially pairing with specific sites on mRNA
molecules. Importantly, this binding primarily occurs in the
untranslated region of mRNA [5,6].

Long precursor RNAs are expressed within the nucleus,
serving as precursors for miRNAs. Within the nucleus, these
precursors undergo processing and are then transported to
the cytoplasm via an exportin-5-dependent mechanism [7].
In cytoplasm, an enzyme DICER cleaves miRNA [8],
resulting in a miRNA of about 17-24 nt long. Association of
miRNAs and RNA induced silencing complex cause’s
interference of RNA [9]. It has been proposed that miRNAs
take part in various biological events like stress resistance,
cell division, apoptosis, and fat metabolism by regulating the
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expression of genes [10]. Normal miRNAs play a pivotal role
in various cellular activities by regulating multiple mRNAs
with a single miRNA. However, if there is dysregulation in
miRNA function, it can lead to severe repercussions. In
cancer, the loss of tumor-suppressive miRNAs leads to the
expression of oncogenes targeted by these miRNAs. There is
an increase in the expression of oncogenic miRNAs
(oncomirs) which, in turn, inhibit genes involved in
suppressing tumors. Exosomal miRNAs play a crucial role
in modifying the lung cancer environment, potentially
facilitating angiogenesis, invasion, metastasis, progression,
and resistance to therapy [11]. This breakthrough paved the
way for extensive research aimed at comprehending how
oncomirs target genes and at restoring miRNAs responsible
for suppressing tumors [12]. MiRNAs play a crucial role in
lung cancer development by regulating oncogenes and
tumor suppressor genes at the post-transcriptional stage.
Dysregulation of various types of miRNAs is linked to lung
cancer, and their biological significance has been clarified
through various assays [13]. The objective of this review was
to analyze role of various exosomes derived miRNAs in lung
cancer and to identify potential candidate genes which may
be used in lung cancer therapy.

Biosynthesis of miRNAs

The process of miRNA formation is highly conserved
throughout evolution and involves a series of steps
orchestrated by two RNase III enzymes, Drosha and Dicer as
shown in Fig. 1 [14]. Initially, RNA polymerase II (RNA Pol
II) transcribes the primary miRNA transcript (pri-miRNA),
which is then processed by Drosha within the nucleus,
shaping it into a ~60-100 nt hairpin structure known as
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FIGURE 1. Biogenesis mechanism of miRNA.
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precursor-miRNA  (pre-miRNA) [15]. Once cleaved by
Drosha, the pre-miRNA is transported out of the nucleus
through interactions involving Exportin-5 and Ran-GTP.
Subsequently, Dicer catalyzes further processing of the pre-
miRNA [16], leading to a cleavage event generating a ~22 nt
double-stranded (ds) RNA product containing both the
mature miRNA guide strand and the passenger strand. The
mature miRNA then facilitates the assembly of the RNA-
induced silencing complex (RISC), a large protein complex,
onto specific regions within the 3'-untranslated region
(3-UTR) of target genes [17]. MiRNA targets are selected
through a process involving imperfect matching between the
miRNA and a recognition site on the 3-UTR of the target
mRNA. This imperfect pairing allows a single miRNA to
potentially target tens to hundreds of mRNAs [18]. When
the miRNA associates with the RISC, it leads to the
suppression of the target gene by either encouraging mRNA
degradation or inhibiting translation [9]. By repressing these
targets, miRNAs trigger significant alterations in gene
expression patterns that are known to influence various
aspects of biology, such as developmental timing,
differentiation, proliferation, cell death, and metabolism [19].

Exosomes Derived miRNAs and Lung Cancer Progression

Exosomes originating from cancerous cells have been
associated with tumor growth through intercellular
communication pathways [20-22]. Exosomes play a crucial
role in intercellular communication systems, particularly in
disorders like cancer, as well as in maintaining normal
cellular balance or homeostasis [23]. The study conducted
by Rabinowits et al. established a correlation between
tumor-derived exosomes and exosome-packaged miRNAs in
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the development of lung cancer. This research involved 27
lung cancer patients and 9 control subjects, ranging from
21 to 80 years old. Analysis of circulating exosomes revealed
the presence of small RNAs and miRNAs. The average
concentration of exosomes in patients was 2.85 mg/mL,
while in controls, it was 0.77 mg/mL. Moreover, the average
miRNA concentration in patients was 158.6 ng/mL,
compared to 68.1 ng/mL in controls. Differences in the
ranks of exosomes and miRNAs among patients suggest
their association with lung cancer. Further exploration
indicated that the miRNA signatures found in exosomes
were similar to those found in tumor tissues, indicating
their potential as biomarkers for screening tests [24].

miR-21

Zhang and colleagues established a link between miR-21 and
the PTEN gene. They found that miR-21, when overexpressed,
is present in numerous cancers and targets tumor suppressor
genes, thereby promoting cancer progression. High levels of
miR-21 were observed in tumor tissues, and an inverse
correlation was identified between miR-21 and the PTEN
protein. Their investigation demonstrated that miR-21
initially reduces PTEN expression after transcription in
transfected cells, leading to increased cell growth. Moreover,
they discovered that suppressing miR-21 expression in
NSCLC cell lines led to a decrease in PTEN protein levels.
When the NSCLC cell line was transfected with a miR-21
inhibitor, it exhibited reduced growth and invasive
characteristics. These findings suggest that targeting miR-21
with an inhibitor could be a potential therapeutic strategy
for treating NSCLC [25]. Besides PTEN, other targets of
miR-21 are Programmed Cell Death 4 (PDCD4) [26],
reversion-inducing cysteine-rich protein with kazal motifs
(RECK) [27], Nuclear Factor I B (NFIB) [28], Tropomyosin
1 (TPM1) [29] and maspin [30]. Most of these targeted
genes are tumor suppressors.

miR-106a

This molecule was found to target PTEN expression, resulting
in the downregulation of PTEN due to heightened miR-106a
expression. In NSCLC, the relationship between miR-106a
and PTEN expression showed an inverse correlation. To
further confirm the impact of miR-106a, researchers
employed a miR-106a inhibitor. When this inhibitor was
used to transfect NSCLC cells, there was a noticeable
decrease in cell proliferation, invasion, and migration. This
demonstrates the potential therapeutic value of targeting
miR-106a as a strategy for combating NSCLC [31].

miR-155

By down regulation of the SOCS1 gene, miR-155 displays its
oncogenic properties causing cell proliferation [32] and its
anti-apoptotic effect is expressed through blocking caspase
3-action [33]. It also suppresses pro-apoptotic genes like
TP53BP1 [34]. It modifies the SMAD family member 4
(Smad4)/Tumor growth factor beta (TGF-P) pathways.
Moreover, miR-155 targets Ras Homolog Family Member A
(RhoA), which contributes significantly to the interference
of cells [35].
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miR-205

The miR-205 molecule shows elevated levels in various tumor
types and directly suppresses the expression of PTEN and
PHLPP2 genes. Its overexpression is triggered by Nuclear
factor-kappa B (NF-kB), leading to the transactivation of the
miR-205 gene. Moreover, miR-205 stimulates the Protein
kinase B (PKB, also known as AKT mammalian target of
rapamycin (mTOR) and AKT/Forkhead Box O3 (FOXO3a)
signaling pathways. In NSCLC, miR-205 promotes both
angiogenesis and cell proliferation in laboratory settings (in
vivo and in vitro). However, the adverse effects of miR-205
were mitigated by using RNA interference to silence its
expression. Additionally, the malignant impact of miR-205
could be counteracted by employing AKT inhibitors.
Furthermore, the influence of miR-205 could also be
diminished by restoring the expression of PTEN/PHLPP2,
administering rapamycin treatment, or upregulating
FOXO3a [36].

miR-210

miR-210 is involved in targeting HIF1 activity, leading to the
upregulation of HIF1 expression. In the later stages of NSCLC,
miR-210 exhibits increased expression. It contributes to the
loss of mitochondrial membrane potential. Cells displaying
heightened levels of miR-210 showed an increase in
transcripts associated with apoptosis and mitochondrial
dysfunction. Among its targets, miR-210 affects SDHD, a
transcript responsible for encoding the subunit D of the
succinate dehydrogenase complex (SDH) within the electron
transport chain. When SDHD is knocked down, it results in
mitochondrial alterations. Therefore, the activity of miR-210
influences cell survival, metabolism, and HIF1 activity due
to its impact on mitochondrial function and SDHD
expression [37].

miR-221

MiRNA-221/222 is a non-coding microRNA widely
distributed in eukaryotes and profoundly involved in the
post-transcriptional regulation of gene expression [38]. miR-
221/222 plays important regulatory roles in cancer
development and progression, both in promoting and
suppressing cancer [39]. Molecular epidemiology studies
have shown that hundreds of genes are involved in lung
carcinogenesis. Researchers in this study showed the
restraining actions of miR-221 and miR-222 in lung cancer
cells. Suppression of lung cancer growth and development by
miR-221 or miR-222 through S-phase cell cycle arrest, with
apoptosis partially attributed to DNA double-strand breaks
(DSBs). Their results showed that miR-221 or miR-222 could
increase sensitivity to S-phase targeting drugs such as
gemcitabine and cisplatin, but had no effect on M-phase
targeting drugs such as paclitaxel [40]. Two tumor
suppressor miRNAs, miR-221 and miR-222, enhanced the
tumorigenic phenotype of H460 lung cancer cells associated
with resistance to invasive TRAIL-induced apoptosis through
suppression of PTEN and Metalloproteinase inhibitor 3
(TIMP3). miR-221 and miR-130a control airway branching
and pulmonary micro vascular development by targeting the
developing vasculature. It was found that augmented ranks
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of miR-221 or lessened ranks of miR130a in lung cultures lead
to disruption of the vascular network associated with restricted
airway branching [41]. miR-221/222 plays an important role in
tyrosine kinase inhibitor (TKI) resistance in NSCLC.
Epidermal growth factor receptor (EGFR) and MET Proto-
Oncogene, Receptor Tyrosine Kinase (MET) regulate miR-
221/222 expression by targeting peptide-activating factor 1
(APAF1), regulating gefitinib-induced apoptosis and NSCLC
tumorigenesis [42]. Exosomal miR-222-3p stimulated the
growth, migration, invasion, and susceptibility to
gemcitabine in NSCLC by focusing on SOCS3 [43]. Over
expression of miR-221/222 in invasive NSCLC cells induced
TRAIL resistance and promoted cell migration by targeting
PTEN and TIMP3 [44]. In addition to serving as a
significant epigenetic mechanism in the control of CSC self-
renewal and maintenance, the miR-221/222-Reck-Notchl
axis offers possible targets in this regard [45].

Let 7

Ten isoforms of the let-7 family, the earliest known human
miRNA, function as tumor suppressors by interacting with a
variety of mRNAs encoding oncogenes, including RAS [46].
Let-7c is a member of the let-7 family and works by
destroying germinal-center kinase-like kinase (GLK, also
known as MAP4K3) and Integrin beta-3 (ITGB3) to prevent
NSCLC cells from migrating and invading. Low let-7
expression was associated with poor prognosis, metastases,
venous assault, and advancement of TNM (Tumor, Node,
Metastasis) stage in patients with NSCLC [47]. Let-7g
efficiently induces cell cycle arrest and cell death in mouse
lung cancer cells expressing K-RasG12D by targeting [35]
the Kirsten rat sarcoma viral oncogene homolog (KRAS)
oncogene [48]. Reduced expression of let-7 in tumor cells
will hasten the progression of cancer because disruptions to
regulatory networks, such as the Ras GTPase, occur. A
down regulated in let-7a has been found in NSCLC and
binds to the 3" UTR of DICER [49]. Previous studies have
shown targets of exosomes miRNAs and thus effecting the
targeted genes and involve in regulation of various cellular
activities as shown in Table 1.
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Exosomes Derived miRNAs and Tumor Suppression

Several miRNAs have been found to have a tumor suppression
effects in NSCLS.

miR-204

MiR-204 is downregulated in NSCLC [59]. It was noted that
migration and proliferation of cells are inhibited upon
overexpression of miR-204, with simultaneous promotion of
apoptosis [60]. Excessive expression of NUAKI is observed
in NSCLC cells and is associated with increased metastasis
and invasiveness in human NSCLC. NUAK1 overexpression
triggers the phosphorylation of p70 ribosomal S6 kinase
1 (p70S6K1) and eukaryotic translation initiation factor
4E-binding protein 1 (4E-BP1), alongside influencing
mTOR phosphorylation. Furthermore, reduced levels of
miR-204 correlate with enhanced progression, migration,
and invasiveness in NSCLC. The clinical relevance lies in
the downregulation of miR-204 and the concurrent
upregulation of NUAK1 in NSCLC. While miR-204 acts as
a suppressor, limiting tumor growth and impeding tumor
cell invasion by decreasing NUAKI1 expression, the presence
of NUAKI suggests its potential as a therapeutic target for
NSCLC treatments [61].

miR-192

In the context of NSCLC, the activation of miR-192 led to the
suppression of Retinoblastoma 1 (RB1). Interestingly,
nicotine therapy in NSCLC cell lines resulted in a reduction
of miR-192 levels. This reduction in miR-192 directly
affected RBI, as miR-192 serves as a direct target for RB1
regulation. Upon exposure to nicotine, RB1 expression
increased in NSCLC cells. The decrease in miR-192
expression following nicotine treatment was followed by
enhanced cell proliferation and a transition from an
epithelial to a mesenchymal state (EMT) in these cells.
Restoring miR-192 expression countered this effect by
reducing RB1 levels, thereby neutralizing the impact of
nicotine on NSCLC cell growth and the epithelial-to-
mesenchymal transition [62].

TABLE 1

The role of tumor exosomes in lung cancer

Exosomal-miRNA Target Functions

miR-21/miR-29a [50] TLRs Encourage the growth and spread of lung tumors

miR-23 [51] ZO-1 and PHD Strengthen vascular permeability and angiogenesis

miR-103 [52] PTEN Encourage the growth of tumors and angiogenesis

miR-210 [53] TIMP1 Accelerated tumor growth and angiogenesis
miR-494/miR-542-3p [54] Cadherin-17 Pre-metastatic domain modification

miR-512/miR-373 [55] PIK3CA, TEAD4, and RelA Cisplatin susceptibility and tumor development suppression
miR-23 [56] CD107 NK cell functioning is inhibited

miR-9 [57] SOCS5 Encourage migratory endothelium and angiogenesis
miR-21 [58] STAT3 Encourage growth of angiogenesis and metastases
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miR-30a

NSCLC has the potential to metastasize, spreading to other
regions of the body through either the bloodstream or the
lymphatic system. This metastatic spread can involve distant
organs like the bones, liver, brain, or other areas of the
lungs. The blood vessels and lymphatic channels provide
pathways for these cancerous cells to travel and establish
secondary tumors in other parts of the body [63]. miR-30a
demonstrated its potential as a tumor suppressor. By
targeting Snail [64], miR-30a hindered the epithelial-to-
mesenchymal transition (EMT) in NSCLC cell lines,
effectively inhibiting this transition process. Moreover, in
various in vitro experiments, the increased expression of
miR-30a was shown to inhibit cell migration, invasion, and
detached spread in multiple cell lines associated with
NSCLC. These findings demonstrates the role of miR-30a as
a tumor suppressor in NSCLC, emphasizing its ability to
impede EMT and the aggressive behavior of cancer cells
such as migration, invasion, and spread [65]. Liu observed
that miR-30a targets not only Snail but also AEGI1
(astrocyte elevated gene-1) and vimentin. Interestingly, an
increase in the levels of Snail, AEGI, and vimentin
coincided with a decrease in miR-30a expression. AEGI,
upon binding to miR-30a, weakens the inhibitory effect of
miR-30a on vimentin and Snail. This intricate interaction
suggests that AEGl plays a role in disrupting the
suppressive impact of miR-30a on vimentin and Snail,
contributing to the regulation of these targets involved in
processes such as epithelial-to-mesenchymal transition
(EMT) in various cancer contexts, including NSCLC [66].
Hence, miR-30a is an efficient biomarker for NSCLC
patient’s diagnosis and prognosis, and due to its tumor
suppressor activity, it possesses the capacity to be a
therapeutic target. for NSCLC [67].

miR-34a and miR-34b

MiR-34 is an analytical factor for patients of NSCLC. The miR-
34a and miR-34b suffer down regulation in tumor cells.
Patients with low expression of miR-34a exhibited a high
frequency of p53 mutations. miR-34a levels alternated
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because of methylation of the miRNA 34a gene’s promoter
region [68]. In response to genotoxic stress, p53 directly
induces the transcription of miR-34, to have the cell cycle
arrested or apoptosis [69]. A large number of proteins’
expression is regulated by p53 via miR-34. Over expression
of miR-34a leads to a decline in proliferation and activation
of apoptosis in tumor cells, hence suggesting the role of miR-
34a as a tumor suppressor [70]. Furthermore, In NSCLC
patients who underwent curative surgery, low levels of miR-
34a were correlated with a higher risk of recurrence [70].

miR-203

MiR-203 has been designated as tumor suppressive miRNA.
Lung tumor cells express miR-203 at a downregulated level
as compared with healthy surrounding tissues. PKCa
(protein kinase C alpha) is a direct target of miR-203. The
mRNA levels of PKCa were remarkably high in lung cancer
tissues. miR-203 exhibited an inverse correlation with PKCa
in lung cancer. By silencing PKCa via miR-203, cell
apoptosis was modulated. Moreover, cell invasion and cell
proliferation were inhibited by miR-203, as an outcome of
silencing PKCa. Therapeutic approaches to enhance miR-
203 or silence PKCa are likely to benefit lung cancer
patients [71].

miR-212

MiR-212 negates the expression of Phosphoprotein Enriched
in Astrocytes 15 (PEA-15) also known as PED. Expression of
miR-212 increases cell death in NSCLC, by inducing the
ligand that induces apoptosis in relation to TRAIL.
Alternatively, inhibition of miR-212 leads to a surge of PED
protein. Hence, miR-212 is a tumor suppressor and is a
candidate therapeutic agent for treating NSCLC [72]. PED is
an anti-apoptotic molecule that targets metabolic activities
and cell growth [73]. PED overexpression is associated with
many different kinds of tumors including lung cancer [74].
PEDs can block intrinsic and extrinsic apoptotic pathways
[75]. From the previous studies, some of the miRNAs as
shown in Table 2 are down regulated in lung cancer and
are considered to be therapeutically important.

TABLE 2

The therapeutically important miRNAs in lung cancer along with their targets. MiRNAs that are down regulated (l) in lung cancer

miRNAs expression Effect on  Type of  Experimentally Medical significance
(Lung carcinoma) | lung cancer miRNA  authenticated targets
miR-146 [76] Suppression Tumor FLAP, IRAKI, TRAFS6, Reduces inflammatory disorders, linked to improved
suppressor COX-2 and CCJN overall survival and improved EGFR-TKI
chemotherapeutic responsiveness
miR-206 [77] Suppression Tumor c-MET, EGFR, Bcl2, Reduces cellular growth, cancer angiogenesis, and cell
suppressor VEGFA, and VEGF death
miR-34a [78] Suppression Tumor p21 WAF1/CIP1 and Erlotinib’s effect is made more sensitive when given to
suppressor MDM?2 NSCLC patients who receive combination with miR-34a
and let-7b
miR-32-5p [79] Suppression Tumor SMAD family 3 Suppresses lung adenocarcinoma’s EMT and metastasis
suppressor

(Continued)
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Table 2 (continued)

miRNAs expression Effect on  Type of
(Lung carcinoma) | lung cancer miRNA

Experimentally

Medical significance

authenticated targets

miR-486-5p [80] Suppression Tumor ARHGAP5
suppressor
miR-200 [81] Suppression Tumor ZEB1, VEGFR1 PRDX2,
suppressor GAPB/Nrf2, ZEB2, VEGF,
and SESN1
Let-7 [82] Suppression Tumor KRASBCL-XL, MAP4K3,
suppressor ¢-MYC, CDK6, HOXA9
and TGFBR1
miR-320a [83] Suppression Tumor AKT3
suppressor
miR-584 [84] Suppression Tumor YKT6
suppressor

Negatively related to lymph node metastatic disease

Affects angiogenesis, EMT, and radio sensitivity while
inhibiting them

Inadequate postoperative their existence, chemical
resistance, or radio-resistance are all related to this

Reduced levels were associated with an unfavorable
outlook and mortality rate

Blocks invasion and emigration in NSCLC

Exosomal miRNA as Predictive Biomarkers for Lung
Cancer

Identifying predictive biomarkers for the recurrence of
NSCLC after curative resection is vital for effective cancer
treatment. Functional miRNAs found in plasma and serum
exosomes show promise as stable, non-invasive indicators to
assess the risk of cancer recurrence in patients [85]. It has
been established that Exosomal miR-29a-3p and miR-150-
5p are dosage exposure biomarkers that may be utilized as
predictive biomarkers of toxicity or response [86]. Serum
Exosomal miR-146a-5p may be employed as a biomarker to
track treatment resistance and enhance Cisplatin efficacy
predictions in NSCLC [86]. Exosomal miR-425-3p shows
potential as a biomarker for evaluating the clinical response
of NSCLC patients to platinum-based chemotherapy [86].
According to multiple studies, there are different subtypes of
lung cancer, and different miRNA expression signatures can
distinguish between lung tumors with better and worse
prognoses. MiRNAs circulate in bodily fluids, they may be
useful biomarkers for both patient prognosis and the early
identification of lung cancer [87]. Various bodily fluids can
include potential biomarkers for early lung cancer, but
blood is the most abundant and accessible source [88].
Among the potential candidates for such biomarkers include
metabolites, free nucleic acids, and serum proteins [89].
Circulating tumor cells and circulating free DNA are two
additional potential lung cancer biomarkers [90]. A novel
potential set of biomarkers for lung cancer involves blood
metabolites and lipids. Various cells release exosomes, and
in cancer patients, particularly those with lung cancer,
exosome levels in the blood are notably higher compared to
healthy individuals. Recent discoveries suggest that cancer
patients may have up to 109 vesicles per milliliter of blood.
Serum or plasma-derived exosomes present an intriguing
avenue for exploring lung cancer biomarkers, discussed
extensively in several publications. Quantitative PCR and
next-generation sequencing (NGS) represent the primary
analytical techniques frequently employed to detect miRNAs
in these investigations. The search for a lung cancer
biomarker has led to numerous studies on miRNAs, a class

of short endogenous non-coding RNAs spanning 18-24
nucleotides that regulate target genes. Presently, over 2500
mature miRNAs have been identified in humans [91].
miRNA profiles from bodily fluids or tissue can also be used
to identify the best treatments for treating NSCLC and as
predictive biomarkers for how sensitive NSCLC tumors are
to specific therapy. For instance, via controlling EGFR
expression, miR-143-3p, which play a role in the migration,
encroachment and proliferation of NSCLC cells [88].

MiRNAs as Therapeutic in Lungs Cancer

MiRNAs are vital participants in the control of genes and,
consequently, the development of tumors. MiRNAs open up
brand-new avenues for lung cancer research in terms of
biomarker development, detection, and treatment, an
illustration is shown in Fig. 2. MiRNAs control as much as
30% of the genes that code for proteins in humans, causing
them one among the more common groupings. of
regulatory genes in humans due to their capacity to target
numerous genes within a passageway [92]. When lung
cancer samples from NSCLC adenocarcinoma patients were
evaluated using miRNA microarray data, high expression of
miR-155 was a highly unfavorable prognostic variable. They
verified miR-17, miR-21, and miR-155 in three additional
cohorts of individuals with NSCLC adenocarcinoma. Based
on the microarrays results they ultimately proposed that a
lower prognosis is linked to increased levels of miR-21 [93].
The expression levels of several miRNAs in a cohort of 357
stage I NSCLC patients discovered the predictive usefulness
of two miRNA signatures. It was demonstrated that miR-21
was elevated in fresh frozen NSCLC tissues compared to
comparable nearby noncancerous tissues and that this over
expression corresponded with the operating system. Mature
miR-21 prognostic usefulness in NSCLC was initially
demonstrated in 2008 [94]. Two meta-analyses that
combined the information from several researchers
concluded that miR-21 over expression was a distinct
prognostic factor for NSCLC [76]. Four miRNAs (miR-155,
-21, -34, and let-7) appeared more frequently in a meta-
analysis study that looked at 141 prognostic miRNAs. In
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FIGURE 2. miRNAs as biomarkers and therapeutic targets in lung tumors.

particular, miR-21 and miR-155 were discovered to represent
separate prognostic indicators connected to low mortality and
lung cancer resurgence [95].

Since then, several researches have demonstrated that
high levels of miR-21 in tissue and plasma are associated
with a worse prognosis in NSCLC patients and may serve as
a separate prognostic marker [96]. Lung cancer patients can
be distinguished from non-smokers with 69.4% sensitivity
and 78.3% specificity by having higher levels of the
circulating miR-21, miR-155, and miR-145, and this pattern
is linked to poor survival. miR-21 has been discovered to be
considerably higher in the serum of NSCLC patients with
poor survival, suggesting that serum miR-21 may be a
possible diagnostic biomarker for the diagnosis of NSCLC
[97]. Higher miR-21 expression is associated with shorter
survival time and disease recurrence [98]. Sixty healthy
controls, forty-two patients with non-cancerous lung illness,
and 126 patients with early-stage NSCLC provided plasma
samples. Five of these plasma miRNAs miR-20a, miR-145,
miR-21, miR-223, and miR-221 have the potential to be
useful biomarkers for early NSCLC screening [99]. As
miRNAs are highly stable in biological samples, there is a
chance that they will be used as prognostic, accurate, and
diagnostic biomarkers for different kinds of malignancies
[100]. The use of biomarkers that are not invasive in
screening programs and for keeping track of suspicious
nodules that were found by computerized tomography.
Numerous types of research have focused on finding
miRNAs with sensitivity and specificity ranging from 60%
to 100% that can distinguish between NSCLC patients and
healthy donors or those with non-neoplastic disorders [101].
Serum miR-21 has been found to be significantly greater in
NSCLC patients who have a lower prognosis, indicating that
serum miR-21 may be a potential predictive biomarker for

NSCLC identification. Recurrence of the disease and a
shorter period of survival are linked to higher level of
expression of miR-21 in individuals with postoperatively
lung cancer, according to research. Blood levels of miR-21
significantly dropped following successful procedures [102].
Sixty healthy controls, forty patients with non-cancerous
lung illness, and 126 patients with early-stage NSCLC
provided plasma samples. Five of these plasma miRNAs—
miR-20a, miR-145, miR-21, miR-223, and miR-221—have
the potential to be useful biomarkers for early NSCLC
screening [103]. A general overview for the development of
miRNA-based drug for lung cancer is shown in Fig. 3.

Current Limitations and Future Perspectives

Although miRNA has a lot of potential for therapy, there are
some drawbacks, including the need to maintain stability and
circulation time, endosomal escape, poor delivery specificity,
and off-target effects. These issues must be resolved if
miRNA-based therapy is to become more effective [104].
The ability of miRNA expression to serve as a lung cancer
predictive and diagnostic tool is greatly influenced by
numerous pre- and analytical factors. Some of these are
intrinsic to miRNAs; they include nucleotide additions or
deletions, Single Nucleotide Polymorphisms (SNPs),
isomers, and the GC (guanine and cytosine) content of
miRNAs. These modifications have an impact on miRNA
recovery and sequence, which in turn has a major impact
on miRNA profiling [105]. To finalize a viable miRNA, a
potential delivery agent, a highly precise targeting ligand,
and an endosomolytic drug for its preclinical and in vitro
assessment,  substantial = optimization is  needed.
Understanding the many miRNA delivery methods, their
benefits, and their drawbacks is therefore crucial.
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Conclusion

Lung cancer stands as a formidable contributor to global
mortality rates. Its onset often involves the dysregulation of
vital genetic mechanisms, marked by the downregulation of
tumor suppressor genes or the overexpression of oncogenes.
MiRNAs, intricate regulators of gene expression, play a
pivotal role in this intricate landscape. Exosomes derived
from lung cancer tumors harbor a diverse repertoire of
miRNAs, exhibiting both oncogenic and tumor-suppressive
characteristics. Tumor-suppressive miRNAs, if augmented
within the context of lung cancer, hold promise in curtailing
cell proliferation and impeding metastasis. Conversely, the
strategic application of inhibitors targeting oncomirs
emerges as a potential avenue for developing effective cancer
therapies. Progressing towards a cure for lung cancer
involves multifaceted approaches. One such approach entails
the augmentation of tumor suppressor genes like PTEN,
SOCS1, and PHLP22, aiming to reinstate their functionality.
Alternatively, the downregulation of oncogenes such as

NUAKI, Snail, AEG1, Vimentin, and PEA-15/PED
represents another viable strategy to impede cancer
progression.
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