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Abstract

microRNA are small non coding RNA that target mRNA and regulate various metabolic pathways, cell cycles, etc. Dysregulation of miRNA can lead to serious
health issues through translational repression of mRNA and can even cause cancer. In fact, they have a pivotal role in tumorigenesis. Some microRNAs promote
tumor formation and thus act as oncogenes while others suppress tumor formation thereby acting as tumor suppressors. microRNAs are involved in many types
of cancer, like glioblastoma, leukemia, bladder cancer, pancreatic cancer and gastric cancer. Factors regulating the function of microRNA as oncogenes and tumor
suppressors include loss of tumor suppressors and overexpression of oncogenes, the central driving forces for tumorigenesis. The network of oncogene— miRNA-
Tumor Suppressor Gene (TSG) affects numerous tumor types and involves several oncogenes, miRNAs, and T'SGs; thus contributing in growth and enhancement of
a variety of tumors which in turn provides remarkable therapeutic potential for treatment of cancer. Thus understanding the role of microRNA provides opportunities

for treatment by providing new drug targets and also acts as a biomarker for diagnostics and therapeutics.

Introduction

The microRNAs antagonize target mRNA and are evolutionary
conserved, single stranded, non-coding RNA molecule. MicroRNAs
are transcribed by RNA polymerases II and III, producing precursors
that go through a chain of cleavage events to form mature microRNA.
These are 19-23 nucleotides long [1]. De-regulation of a miRNA(s)
effects the expression pattern of several hundred mRNAs consequently
leading to a lot of pathophysiological conditions including cancer [2].

Cancer results due to gene mutations effecting cell proliferation,
differentiation and cellular homeostasis. Such genes are grouped as:
oncogenes and tumor suppressor genes. The dominant driving forces
for tumorigenesis are overexpression of oncogenes and loss of tumor
suppressors. Therefore, therapeutic targets of oncogenes and tumor
suppressors can give oppurtunities for cancer treatment [3].

Biogenesis of microRNA

The miRNAs transcribed as long primary transcripts, are
eventually processed by Drosha and Dicer. Later there is formation of
a RNA-inducing silencing complex (RISC) from the mature miRNAs.
RISC acts like functional unit which aids in regulation of human gene
expression [4]. The miRNAs binds specifically in regions at 3> UTR of
their target mRNA [5] which are involved in a variety of physiological
processes.

The primary transcript — primiRNA is transcribed by RNA
Polymerase II. The pri-miRNA has single or multiple imperfect hairpin
structures with a stem of around 33 base-pairs [6]. The pri-miRNA
precursor goes through a two-step processing pathway, mediated by
two ribonucleases. The ~ 70 nucleotides long pre-miRNA is cleaved
by Drosha, which inturn is sent to the cytoplasm via an exportin-5-
dependent mechanism [7].

The pre-miRNA is further processed by Dicer for generating a
mature, functional, double-stranded miRNA in the cytoplasm. This is
followed by the integration of the guide strand or mature miRNA into
a multi-protein complex, RISC, which contains the argonaute (AGO)
protein [8]. Along with the guide strand, RISC targets complementary
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3'-UTR of mRNA. This is followed by eventual degradation of the
other strand also known as miRNA* or passenger strand. The resultant
binding of miRNA to the 3’-UTR leads to mRNA degradation or
translational repression [9]. However, RISC can also target 5-UTR of
mRNA and activate translation.

Oncomir

An oncomir (oncomiR) is a microRNA that is related with
cancer. The oncogene products are grouped as: transcription factors,
chromatin remodelers, growth factors, growth factor receptors, signal
transducers, and apoptosis regulators [10].

The deregulation of oncomiRs in leukemias and solid cancers and
function in cellular gene-reprogramming to establish a phenotypic
outcome is not uncommon [11]. The levels of oncomirs vary and is
detectable in patient sera upon diagnosis and proposed for diagnostic
screening. The miR-372 and miR-373 were found to function as
oncogenes in human testicular germ cell tumors. Aberrantly expressed
miR 2, an antiapoptotic factor in human glioblastoma cells, is likely to
result in malignant human brain cancer [12] (Figure 1).

The expression of miR-155 rises up in Burkitt’s lymphoma.
The oncogenic activity of the BIC gene may be due to miR155 [13],
whereas miR-155 over-expression in BIC leads to downregulation of
Suppressor of cytokine signaling-1 (SOCS1) as well as activation of
the Signal Transducer and Activator of Transcription-3 (STAT3) [14].
The overexpression of miR-155 in BIC downregulates Suppressor
of Cytokine Signaling-1 (SOCSI1 causing the activation of the Signal
Transducer and Activator of Transcription-3 (STAT3) [14].
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Figure 1. The prevalent, oncogene—-miRNA-TSG network in normal cells have important biological functions and leads to various regulatory relationships necessary to keep intermolecular

homeostasis for the normal status of cells [32]

The emergence of potential new class of targets for therapeutic
inhibition has arisen due to the use of miRNAs as biomarkers for
targeting and diagnostics [15]. There has been development of several
strategies over the recent years for inhibition of oncogenic miRNAs.
Of the direct approaches developed to inhibit oncogenic miRNAs, one
of them being - targeting mature oncogenic miRNA with an antimiR,
either an oligonucleotide or miRNA sponge (direct approach) [16].
On the other hand, genome editing utilizing the CRISPR/Cas9 system
or some other small molecule inhibitor is an indirect approach for
blocking the biogenesis of miRNA.

Tumor Suppressor

Tumor suppressor genes cause the inactivation or loss of normal
cellular regulatory genes [17]. A multitude of cellular activities are
regulated by these genes, like cell cycle checkpoint responses, protein
ubiquitylation, angiogenesis, cell differentiation and migration,
detection and repair of DNA damage, cell cycle checkpoint responses,
mitogenic signaling, cell specification, differentiation and migration,
protein ubiquitination and degradation, tumour angiogenesis [18].

According to C Stahlhut in 2015, some examples of tumor
suppressive miRNA include - let-7, mir-125, miR-339 and miR-766.
The miRNA let-7 inhibits lung cancer cell growth and miR-125 has
shown its tumor-suppressor functions in several cancers including
ovarian cancer, bladder cancer, and breast cancer. The tumor
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suppressor genes are expressed in colorectal cancer cell lines by miR-
339 and 766 via DNA methyltransferase 3B gene inhibition [19].

The tumor-suppressor p53, known for its functions in the DNA
damage response and apoptosis [20] and loss or suppression of p53,
is a common event in cancers, may act as a significant force in the
acquiring the glycolytic phenotype [21,22]. The major regulators of
p53 activity as well as its downstream effectors have been studied to be
miRNAs. The miR-125b binds conservatively to 3"'UTR of p53, whereas
miR-504 behaves as a negative regulator of human p53, decreases p53
protein levels, and promotes tumorigenicity. A library screen identified
a group of miRNAs regulating p53 activity. Of a miRNA library screen
regulating p53 activity, p53 levels are downregulated by miR-30d [23].

Factors regulating microRNA function

RNA binding proteins with double-strand RNA binding domains
(dsRBDs), are also known to regulate and control the function of
miRNAs along with single nucleotide polymorphism, RNA editing,
methylation and circadian clock [24].

A loss-of-function might result in loss of control of miRNA
especially those of oncocgenes and drug targets whereas a gain-
of-function of an miRNA polymorphism enhance combination of
miRNA to the targets, thereby strengthening the regulation effects like
tumor suppressor genes [25]. G/C polymorphism within the pre-miR-
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146a sequence was found to decrease the generation of pre- and mature
miR-146a that led to reduction in productive repression of target genes
related to the Toll-like receptor and cytokine signaling pathway, which
is involved in the genetic susceptibility to papillary thyroid carcinoma [26].

The site-selective alteration of RNA molecules at post-
transcriptional level to produce a sequence different from the template
DNA is known as RNA editing [27]. It has recently been shown that,
the pri-miRNA transcripts of some miRNAs are subject to post-
transcriptional modification by A-to-I RNA editing, which is catalyzed
by the adenosine deaminases acting on RNA (ADARs) (55-59) (Paul
et al,, 2017). As in case of miR-142 and miR-151, A-to-I editing at
specific positions blocks the Drosha/Dicer cleavage in the maturation
of miRNAs [28].

One of the early and frequent events in cancer development has
been the aberrant hypermethylation which affects miRNA genes by
epigenetic inactivation. Methylation affects the expression of miRNA
genes, particularly those located near CpG islands [29]. The over-
expression of interleukin-6 leads to downregulation of mir370 while
the up-regulation of mir370 is done by the methylation inhibitor 5-aza-
2'-deoxycytidine [30].

Network

One of the key players in the complex network of gene regulation
are miRNAs and have been involved in various aspects of human
disease.

The oncogene- miRNA-TSG network may partake in the
development and progression of variety of tumor types, is imbalanced
in cancers and can be induced by genetic mutations or epigenetic
changes etc., transducer mislead signals to more downstream pathway
molecules, and awaken domino effects, therefore, promote the cell
malignant transformenmation. The anomaly of this network may be a
common event in cancers [31,33].

The oncogene and tumor-suppressor networks influence the
metabolic transition in cancer. Furthermore, abnormal cell metabolism
and carcinogenesis are largely influenced by the interrelation between
deregulated miRNAs and imbalanced signaling pathways. There
are many pathways involved in metabolic reprogramming like p53,
MYC [33].

Conclusion

The miRNAs can play a dominant role by suppressing oncogenes or
tumor suppressors, thereby functioning as tumor-suppressive miRNAs
or oncogenic miRNAs during carcinogenesis.

Currently, the change in cell miRNA levels has developed as a
potential supportive procedure for an expansive scope of illnesses from
hereditary to tumor and viral infection. The overexpression of miRNAs
can be decreased utilizing antagomirs, and re-expression of miRNAs
that are lost in maladies can be accomplished by the overexpression of
miRNA.

Of several miRNAs, miR122 is one miRNA that has successfully
reached clinical trials as a targeted therapy. Anti miR-122 could reduce
HCV viral load in a chimpanzee model of chronic HCV infection with
minimal toxicity [34-42].
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