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ABSTRACT

Non-small cell lung cancer is a major leading cause of cancer related death and its late diagnosis/prognosis,
accounting for the high rate of mortality. Presences of circulating microRNAs (miRNAs) in body fluids represent
stable and reproducible bio markers for several solid tumors, including non-small cell lung cancer. Micro RNAs
have been categorized as oncogenic microRNAs and “tumor suppressor micro RNAs” and miRNAs activities
may provide exciting opportunities for early cancer detection. There is an urgent need to find a less invasive and
a more reliable biomarker which can increase the probability of early non-small cell lung cancer detection.
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INTRODUCTION

Globally cancer is a medical and socioeconomic threat for
most of the developed as well as developing country,
despite molecular management of disease, molecular based
screening, targeted tyrosine kinase inhibitors (TKI) and
chemotherapeutics, and our increased understanding of the
molecular basis pathogenesis of tumor occurrence,
progression and resistance of disease. As our moves into
the advancement in cancer management, advanced
understanding of cancer risk and cancer heterogeneity will
be primary focus to get success in early detection,
management and new targeted drugs or therapies. There is
urgent need to improve the understanding of molecular
mechanisms and identify reliable and potential biomarkers
involved in the occurrence of Non-Small cell lung cancer
which could be used disease monitoring as accuracy in
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diagnosis, prediction of prognosis, disease progression and
response to therapy used in patients’ treatment. In the past
two decades, researchers have identified non-coding
genetic components of the human genome, such as
microRNAs (miRNAs), as central role in organ
development and human disease!'! and one of the most
promising molecular entity in cancer research since the first
miRNA gene called as lin-4 was identified and discovered
in Caenorhabditis elegans.””! Several other microRNA have
been identified and so far over 2500 microRNAs have been
described in  the human  genome  miRBase
(www.mirbase.org)m Micro RNAs are 22-nucleotide long
non-coding RNAs (ncRNAs) which regulates negative
post-transcription of gene through binding to promoter
mainly 3’ untranslated open reading frames (ORFs).[**
microRNAs (miRNAs) have been given more focus as
cancer biomarkers. This non coding small miRNAs
involved in many physiological and pathological processes
due to their ability to regulate the human genes expression.
It was shown that miRNAs are very specific to cancer and

[9,10] Recently, an increasing

classifies human cancers.
number of reports have implicated a role for miRNAs in
lung cancer progression.!""?  MicroRNAs are potential
targets for treating NSCLC!"*! and research has focused on
the diagnostic and prognostic potential of different
microRNAs (miRNAs) in NSCLC. It is believed that
miRNA NSCLC
occurrence.'*"”! Evidence shows that miRNAs are grossly

dysregulated in human cancers, including NSCLC, and

expression is an important in
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may serve as oncogenes or tumour suppressors.'® Recent
studies have shown that not only can miRNAs be used to
sub-classify NSCLCs!'"! but specific miRNA profiles may
also predict prognosis and disease recurrence in early-stage
NSCLCs [1819.14.2021]

Biogenesis of miRNA and its functions:

MicroRNA genes are specifically much conserved located
between the introns or exons of protein-coding genes and in
intergenic sequences.”” MicroRNA genes are transcribed
by mainely RNA polymerase II into long primary miRNAs
(pri-miRNAs) that is kilobase-long primary miRNA
transcripts  (pri-miRNAs) and 5’caped and 3 end
polyadenylated. Pri-miRNAs are subsequently cleaved into
~60-110 nucleotide-long precursor miRNAs (pre miRNAs)
by the nuclear microprocessor complex including RNase 111
Drosha, DiGeorge syndrome critical region gene 8§
(DGCR®) and pasha proteins by “cropping” process. The
average length of human pre-miRNA is 33-base-pair long
forms hairpin stem, a terminal loop, and at upstream two
single-stranded flanking regions and downstream of the
hairpin structure. Pre-miRNAs next to cytoplasm exported
by the exportin-5/Ran GTPase complex, where miRNAs
undergo maturation.®  RNaselll Dicer-1 enzyme,
TRBP/PACT proteins complex cleaves cytoplasmic pre-
miRNAs into 17-24 nucleotide long duplex miRNAs which
are separated by helicase enzyme. The two separated
strands are “passenger” and “guide” strand, which the
passenger strand is degraded and the latter on guide strand
associated with Ago protein activates RISC, resulting in
mRNA degradation or translational inhibition, depending
on the percentage of sequence complementarity between
the miRNA 5’-seed sequence and mRNA 3’-UTR
element.***"! In a recent study by Suzuki et al,
demonstrated that p53 interacts with the Drosha
microprocessor complex through DEAD-box RNA helicase
p68 (DDXS5) and activates the processing of pri-miRNAs
into mature pre-miRNAs.*® The p53-mediated post
transcriptional maturation of miRNAs, linking the core
tumour suppressor p53 to the miRNA biogenesis
pathway[28]. These findings may provide an evidence for
the widespread miRNA down regulation observed in
human cancers, in which p53 is often dysfunctional.”*”!
Available data indicate that miRNAs play significant roles
in tumorigenesis, metastasis and drugs responsiveness can
be investigative biomarkers for lung carcinoma.”*"

Source of MicroRNA:

Current research has been focused on micro RNA and it
was found that the miRNAs detected not only in tumor
tissues but also in body fluids and even in some
extracellular organelles. Differences in level of miRNAs in
tumor tissues and normal tissues have been extensively
studied and collected data showed that miRNAs are
involved in lung cancer occurrence, spread of disease and
drug response. Takamizawa et al identified that the
cytosolic miRNA family, let-7 which was associated with
the tumorigenesis of lung cancer and observed that
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introducing let-7a and let-7f isoforms into lung
adenocarcinoma cell line A549 with low baseline levels of
let-7 expression, significantly inhibited the growth of A549
cells.”? Where it was observed that patients with reduced
let-7 expression significantly shorter patient survival after
diagnosis."* Several other cytosolic miRNAs such as miR-
17-92533% miR-200 family of miR- NAs (miR-200a, miR-
200b, miR-200c, miR-141, and miR-429)"" miR-125a-
3p/5pP*, miR-21P% and miR-106b-25 cluster (miR-106b
and miR-93) have been reported to play pivotal role in
tumorigenesis and metastases of lung cancer.*"!

Some other cytosolic microRNAs also involved in drugs
response and resistance down-regulation of miR-17-5p
expression was associated with paclitaxel resistance by up-
regulation of the autophagic protein Beclin 1 (BECNI)
expression in NSCLC*!. Similarly, let-7a, miR-126, and
miR-145 could sensitize the responsiveness of the large-
cell cancer cell line H460 and A549 cells to Gefitinib.*?
MicroRNAs are also found in body fluids such as blood,
serum, plasma, urine, cerebrospinal fluid (CSF), sputum,
saliva, and broncho alveolar lavage (BAL)."**" Several
studies indicate that body fluid miRNAs are more stable
even under extreme conditions, such as repeated freeze-
thaw and at extreme pH (e.g., pH=1 or pH=13). This
feature makes body fluid miRNAs suitable biomarkers for
diagnosis and prognosis of disease.*”) Several other
miRNAs such as miR-141, miR-155, miR-1254, and miR-
574-5p, were identified as potential early diagnostic
biomarkers.***") A recent meta-analysis indicated that the
early diagnostic value of circulating miR-21 is much better
than the plasma miR-21.*) Roth et al. found that
circulating levels of miR-361-3p and miR-625 could be
used as blood-based biomarkers for differentiating
malignant lung tumors other than benign lung tumors.*”!
Boeri et al showed that plasma levels of miR-155, miR-
197, and miR-182 could serve as non-invasive biomarkers
for early detection and diagnosis of lung cancer50. These
miRNAs were shown to be significantly elevated in the
plasma of the lung cancer patients compared to the cancer
free control subjects by greater than 10-folds, and could
help discriminate the two groups.””! Several studies
demonstrated that expression of miRNAs is also observed
in extracellular vesical (exosomes) is different in the
normal condition and in pathological conditions such as
tumor. Exosomal miRNAs are encapsulated in the cell
organelles called the exosomes, which are small (30-90
nm) extracellular vesicles derived from the multivesicular
body (MVB) sorting pathway.”"! Six miRNAs has been
identified (miR-151a-5p, miR- 30a-3p, miR-200b-5p, miR-
629, miR-100, and miR-154-3p) for segregating lung
adenocarcinoma patients and lung granuloma patients.””
Rabinowits et al. compare 12 specific miRNAs (miR-17-
3p, miR-21, miR-106a, miR-146, miR-155, miR-191, miR-
192, miR- 203, miR-205, miR-210, miR-212, and miR-
214) in circulating exosomes, lung cancer patient’s tissue
and healthy people.””! The results showed that there was no
significant difference in exosomes derived miRNA and
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tissues, and suggested could be used as biomarkers for lung
cancer.”" (Rabinowits G et al., 2009).

MicroRNAs in Lung Cancer:

Lung cancer is most frequently occurred, low survival and
high relapse of disease observed,”**"! invasion and
metastases is the main factors responsible for NSCLC
treatment failure and drug resistance.”**”! MicroRNAs play
a critical role as oncogenes and tumor suppressors and
directly involved in several kinds of haematological and
solid tumors,® Single miRNA regulates hundreds of
downstream signalling pathways,"! and influence several
cell regulatory processes, including cellular development,
differentiation, proliferation, cell death, and metabolism.
Researchers analysed and found strong correlation to
confirm that the aberrant expression of miRNAs in cancer
patients compared to healthy individual had significant role
in cancer development./>®’! Tang et al. found that miRs-21,
145 and 155 could be a non-invasive screening tool in the
early detection of lung cancer.) A panel of four plasma
microR—NAs (mir-486, -30d, -1 and -499) was also found
to be associated with good and poor prognosis of NSCLC
patients./! In NSCLC patients it was found that reduced
let-7 gene expression correlated with poor prognosis of
diseasel>"*M%%* and a single nucleotide polymorphism in
let-7 complementary site 6 of the K-RAS mRNA at 3’-
UTR is significantly associated with increased NSCLC risk
these observations suggest a role for let-7 family miRNAs
as tumour suppressors.””) The miR-17-92 cluster is
overexpressed in small-cell lung cancer.” Ebi et al also
confirmed the relationship the association of miR-17-92
overexpression with RB inactivation and concluded miR-
17-92 miRNA cluster may be a potential therapeutic target

in lung cancer.*”

MicroRNAs in Non-Small Lung Cancer:

Fact is that desperately we need more accurate diagnosis,
prognosis, effective treatment method and additional
genetic biomarkers, such as miRNAs, could be more
promising tool in patients’ management and treatment plan
for Non-small cell lung cancer. It has been identified that
miR-34c, miR-183, and miR-210 showed significantly
altered expression in lung adenocarcinoma.!®® It has been
seen that still mostly NSCLC cases are diagnosed in late
stages due to the lack of early diagnostic methods'’. It was
found that MiR-125a-3p and miR-125a-5p down-regulated
in NSCLC patients could be a predictive tool to identify
tumor invasion and lymph node metastasis. The miRNA-
128b down regulation was also found to be associated with
high EGFR expression and a consequently better survival
observed in NSCLC patients treated with gefitinib.!**""!
Babhl et al found that miR-21, miR-486, miR-375, and miR-
200b showed a significantly different expression in Non-
small Cell Lung adenocarcinoma patients versus normal
subjects in early detection of lung adenocarcinoma.”" Jun
Osugi et al proposed that upregulation of miR-210 is a
prognostic factor in patients with lung adenocarcinoma and
cancer relapse upregulation of miR-210 expression found
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to be a positive prognostic factor for disease-free survival
in NSCLC patients,””” Recently Eilertsen et al also reported
that the potential prognostic role of miR-210 in NSCLC
patients.”* In lung adenocarcinoma patients’ miR-99b and
miR-102 showed higher expression levels, as well as
adenocarcinoma patients with increased miR-155 and
decreased let-7a-2 expression had worse patients’
survivall8. Increased expression of miR-708 in never
smoker lung adenocarcinoma was also seen to be
associated with worse patients overall survival.’* It was
also found that miR-34c¢ function as a tumor suppressor and
miR-183, miR-210 have a potential oncogenic role and
could be a diagnostic and prognostic marker in lung
adenocarcinoma68 as well as miR-210 positively regulate
glycolytic pathway in order to enhance rapid tumor
growth.™ Several studies have shown that tumor
suppressors nature of let-7 family miRNAs play key role in
regulation of cell survival and proliferation in lung
carcinoma.’®'®>7"78 Pl Egquela et al and Trang et al also
reported intranasal administration of a let-7 reduces tumor
growth into lung cancer xenograft models and found to be
significantly associated.®*®'"! Above data suggest that let-7
replacement therapy is indeed and may be promising
therapeutic treatment in Lung cancers.

MicroRNA as Tumor Suppressor and Oncogene:

Several miRNAs found to be functioned as tumor
suppressors when their stopped function or loss of function
could contribute to normal cell transformation into
cancerous cell. Functionally inactive miRNA could be due
to several mechanisms such as deletion, mutation of
nucleotide, epigenetic silencing or hypermethylation and
alteration in miRNA processing.*****! It has been found
that let-7 family of miRNAs is a typical tumor suppressor
and found to be downregulated in several cancers including
lung cancer."™ Let-7 family members miRNA actively
inhibit the mRNAs of well-characterized oncogenes such as
RAS,™ ¥ HMGA2*"! and ¢-Myc.™ There are other miR-
29 family members have been shown to be downregulated
in lung cancer.'® He L et al in 2007 observed that miR-34
family involved in interfering the post transcriptional
regulation of p53 and found that overexpression of miR-34
family members regulates apoptosis and cell cycle arrest.””!
It was also found that miR-34 block tumor growth in the
mouse model of non-small cell lung cancer’® and in a
study Min GP demonstrated miR-34c member of miR-34
family may act as a potential tumor suppressor.”' It was
observed that miRNAs 126, 145 associated with lung
cancer suppression and found to be down regulated in Lung
Cancer, it showed that miRNAs -126, 145 act as a tumor
suppressor and pro-apoptotic.”>****! Most importantly
Boutros et al revealed that expression of miRNAs platform
is more finely regulated than those of proteins
expression.””  Several studies also observed that
MicroRNAs had oncogenic behaviour and found to be
higher expression in cancers, Zhang et al 60 suggested that
several miRNAs are directly involved in lung, breast, brain,
liver, colon cancer, and leukaemia, specific miRNAs can be
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useful  diagnostic and  prognostic  biomarkers.
MicroRNA-182 is most important miRNA found to be
upregulated in Non-small Cell Lung cancers.”” It was
observed that MicroRNA-182 has oncogenic nature which
increases cellular proliferation and was found to be
associated with drug resistance.”®” MicroRNA-183
belongs to one of the unique miRNAs showed potential
oncogenic role in lung adenocarcinoma.'” It was also
found that overexpression of miR-183 is associated with
worse overall survival of Lung Cancer patients."’) Xu et al
also suggested that miR-183 high expression in female lung

[96]

adenocarcinoma involved with lymph node metastasis,
disease progression, worse overall and progression free
survival.'% Micro RNA-182 is an important miRNAs seen
upregulated in cancers. Several researchers reported miR-
182 found to be upregulated in NSCLC96. Furthermore,
miR-182 functions as an oncomiR to enhance cancer cell
proliferation®”**! It was also observed that miR-182 plays
an important role in drug resistance found to be upregulated
in the multidrug resistant.'’” MicroRNA-17-29 family
cluster (miR-17, miR-18a, miR-19a, miR-20a, miR-19b-1,
miR-92-1) are oncogenes' and these miRNAs accelerate
tumor growth and development as well as helps to promote

tumour neo-vascularisation.[!*%1%%)

CONCLUSION

So far, large segment of scientific research outcomes
indicating the utility of micro RNAs as prognostic and
diagnostic biomarkers for disease prediction and peer-
reviewed scientific publications has been extremely useful
to provide guidance for further investigations in
management of deadly cancer disease. For the Investigation
of cancers using minimal invasive methods easily available
human samples such as saliva, urine are extremely
important for the development of reliable and cost-effective
miRNA based markers for routine use in early cancer
diagnosis/detection and therapeutic assessment/ prognosis
other than blood based investigations. Micro RNA
expression profiling Lung cancer particularly NSCLC
could be worthy strategy to detect disease in early stage,
diagnosis, prognosis and would help in developing novel
treatment strategies. Going more deep insight study on
miRNA may assist in Non-small Cell Lung cancer
treatment using targeted agents. Great progress has been
made in the research of miRNAs and lung cancer and
several miRNAs with differential expression patterns in
lung cancer tissues compared to normal tissues have been
identified. Furthermore, aberrant expression patterns of
miRNAs in lung cancer patients can not only be detected in
tumor tissues but also in body fluids and extracellular
organelles such as exosomes. Overall, the study of miRNAs
offers a new and exciting angle for us to understand the
molecular mechanisms of lung cancer biology. Further
studies could provide more accurate biomarkers for both
diagnosis and prediction, as well as improved strategies for
lung cancer treatment.
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