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Abstract

MicroRNA (miRNA) is a short (about 21 to 23 nucleotides), non-
coding, highly evolutionarily conserved and single-stranded RNA
molecule that regulate gene expression at the level of translation.
miRNAs are partially complementary to one or more messenger RNA
(mRNA) molecules and their main function is to down regulate gene
expression in a variety of manners, including translational repression,
mRNA cleavage and deadenylation. miRNAs are post-transcriptional
regulators that bind to complementary sequences on target messenger
RNA transcripts (MRNAs), usually resulting in translational repression
and gene silencing. So, these are involved in various types of diseases.
The miRBase (hosted by the Sanger Institute) is the central online
repository for miRNA nomenclature, sequence data, annotation and
target prediction.
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Introduction

RNA molecules that are not translate into a protein known as non-
coding RNA (ncRNA). Due to the small size, it is also known as small RNA
(sRNA). However, some ncRNA are very large (Xist). ncRNA are also
known as, non-messenger RNA (nmRNA) or small non-messenger RNA
(snmRNA).The DNA sequence from which a non-coding RNA is
transcribed, the end product of this called non-coding RNA gene. Non-
coding RNA genes including transfer RNA (tRNA), ribosomal RNA (rRNA),
small RNAs such as small nucleolar RNA (snoRNA), small nuclear
ribonucleic acid (snRNA), micro RNA (miRNA), small/ short interfering
RNA (siRNA) and piwi-interacting RNA (piRNA) and long non-coding RNA
(ncRNA). Figure 1 represents the types of various small RNA's.

Figure 1 Different classes of small RNAs
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Aim of the Study

To explain about different types of small RNAs and MicroRNA.

To study the biogenesis of miRNA.

To know the regulatory functions of miRNAs.

To discuss the regulatory role of miRNA in various diseases.

To focus on the future aspects of miRNA as a biomarker, medicine
and health care applications.

MicroRNAs (miRNAs) are small, non-coding, short ribonucleic
acid (RNA) molecules. These are found in all eukaryotic cells, except fungi,
algae and marine plants however miRNAs show very different
characteristics between plants and animals (Table 1).
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Table 1: miRNA's in Plants and Animals

Plants

Animals

miRNA complementarity
to its mRNA target is
nearly perfect, with no or
few mismatched bases

miRNA complementarity
is far from perfect and
one miRNA can target
many different sites on
the same mRNA or on
many different mRNAs.

In plants, targets can be
located in the 3' UTR but
are more often in
the region itself

In metazoans, the
mMiRNA target sites are in
the three prime
untranslated

regions (3'UTR) of the

MRNA

(Source: He and Hannon 2004)

The human genome contains about 1,000
miRNAs (Bentwich et al., 2005).These non-coding
RNA molecules regulate the gene expression at
transcriptional and translational level (Bartel, 2004;
Fabbri et al., 2008; Bartel, 2009)). miRNAs are
well conserved in eukaryotic organisms and are
thought to be a vital and evolutionarily ancient
component of genetic regulation (Tanzer and Stadler,
2004; Lee et al., 2007; Molnar et al., 2007; Kren et al.,
2009). These can modulate vital processes e.g. cell
cycle, metabolism, differentiation and development,
tissue patterning and aging. Genes have been found
in bacteria that are similar in the sense that they
control mRNA abundance or translation by binding an
mRNA by base pairing, however they are not
generally considered to be miRNAs because the Dicer
enzyme is not involved.

miRNAs were discovered in 1993 by Victor
Ambros, Rosalind Lee and Rhonda Feinbaum during
a study of the gene lin-14 in worm Caenorhabditis
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elegans development (Lee et al., 1993) . They found
that LIN-14 protein abundance was regulated by a
short RNA product encoded by the lin-4 gene. A 61-
nucleotide precursor from the lin-4 gene matured to a
22 nucleotide RNA that contained sequences partially
complementary to multiple sequences in the 3' UTR of
the lin-14 mRNA. This complementarity was both
necessary and sufficient to inhibit the translation of
the lin-14 mRNA into the LIN-14 protein.

The second RNA was characterized in 2000
namely let-7, which repressed lin-41, lin-14, lin-28, lin-
42 and daf-12 expression during developmental stage
transitions in Caenorhabditis elegans. let-7 was soon
found to be conserved in many species (Pasquinelli,
2000; Reinhart et al., 2000), indicating the existence
of a wider phenomenon. As of 2002, miRNAs have
been confirmed in various animals and plants,
including Caenorhabditis elegans, human and the
plant Arabidopsis thaliana.

These are related to siRNA. miRNAs and
siRNA also function similarly (Doench et al., 2003;
Zeng et al., 2003; Filipowicz, et al., 2005) The siRNA
technology has been studied for use in therapy prior
to miRNA. miRNAs, like siRNAs, are expected to
have low stability in vivo since they can be degraded
by endogenous RNases. In addition, they can be fast
eliminated by kidney filtration due to their small
molecular mass. Although miRNA and siRNA both
have gene regulation functions, there are subtle
differences. Both miRNA and siRNA act on RNA
interference (RNAI), but siRNA which is double
stranded is best utilized for the cleaving of RNA when
incorporated with RNA induced silencing complex
(RISC) (Table 2).

Table 2: Role of miRNA and siRNA

miRNA

SiRNA

miRNA is micro ribonucleic acid

siRNA is small interfering ribonucleic acid

miRNA is a natural molecule

siRNA is either a natural or a synthetic molecule

miRNA binds with its target imperfectly at several sites

siRNA binds with its target perfectly at a single site

miRNA plays an important role in gene regulation

siRNA has important functions in gene silencing

miRNA is single-stranded

SiRNA is formed from two complementary strands. The
two kinds of RNA are encoded slightly differently in the
genome and the mechanism by which they regulate
genes is slightly different

miRNA attaches to a piece of messenger RNA (MRNA) —
which is the master template for building a protein — in a
non-coding part at one end of the molecule. This acts as
a signal to prevent translation of the mRNA into a
protein.

siRNA, on the other hand, attaches to a coding region of
mRNA, and so it physically blocks translation

miRNAs, as regulators of endogenous genes

siRNAs, as defenders of genome integrity in response to
foreign or invasive nucleic acids such as viruses,
transposons, and transgenes

Biogenesis of miRNA

It is proposed that miRNA may be
synthesized either intergenic, intragenic or in exons
(Rodriguez et al., 2004) but most miRNA genes are
found in intergenic regions. Maximum miRNA (40%)
genes may lie in the introns (intragenic)(Lau et al.,
2001). The genes encoding these are much longer
than the mature miRNA molecule. This DNA
sequence includes the miRNA sequence and an
approximate reverse complement. mi RNA may
contain own promoter and regulatory units or may

share with mRNA.(Lau et al., 2001; Lagos-Quintana,
2001; Lee and Ambros, 2001; Lee et al,
2004). miRNA genes that are transcribed from their
own promoters, few primary transcripts have been
fully identified. Many miRNAs are known to reside in
introns of their pre-mRNA host genes and share their
regulatory elements. miRNAs (42-48%) originating
from poly-cistronic units contains 2-7 discrete loops
from which mature miRNAs are processed (Lee et al.,
2004; Altuvia et al., 2004). Although this does not
necessarily mean the mature miRNAs of a family is
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homologous in structure and function.These may be
occur in sense or antisense orientation to gene but
usually found in a sense orientation (Chai et al., 2004;
Webber, 2005) and usually regulated together with
their host genes (Altuvia et al., 2004; Baskerville and
Bartel, 2005; Rodriguez et al., 2005).
Events in Nucleus
Formation of Primary miRNA (Pri-miRNA)

miRNA genes are usually transcribed by
RNA polymerase Il (Lee et al., 2004; Zhou et al.,
2007). The polymerase binds to a promoter region of
DNA which is found near the DNA sequence and later
it forms the hairpin loop of the pre-miRNA. When this
DNA sequence is transcribed into a single-stranded
RNA molecule, the miRNA sequence and its reverse-
complement base pair to form a double stranded RNA
hairpin loop. The resulting transcript is capped with a
specially modified nucleotide at the 5 end and
polyadenylated with multiple adenosines (a poly (A)
tail), (Lee et al., 2004; Cai et al., 2004). This transcript
is called primary miRNA (pri-miRNA). miRNAs are
transcribed by RNA polymerase Il are large RNA
precursors. These precursors may be 100 to 1000 of
nucleotides in length and contain one or more miRNA
stem-loops (Lee et al.,, 2004; Cai et al., 2004). If a
stem-loop precursor is found at the 3' UTR, transcript
may serve as a pri-miRNA and a mRNA (Cai et al.,
2004). RNA polymerase Il (Pol Ill) transcribes some
miRNAs (those have upstream Alu sequences),
tRNAs and mammalian wide interspersed repeat
(MWIR) promoter units (Faller and Guo, 2008). But
these promoters shown to have some similarities in
their motifs to promoters of other genes transcribed by
RNA polymerase Il such as protein coding genes (Lee
et al., 2004; Zhou et al., 2007).

miRNAs are transcribed as long RNA
precursors (pri-miRNAs). A single pri-miRNA may
contain from one to six miRNA precursors. Mature
miRNA is not same as the DNA template. It goes for
RNA editing and site-specific modification to yield
differ products from those encoded by their DNA.
Perhaps 16% of pri-miRNAs may be altered through
nuclear RNA editing (Ohman et al., 2007; Kawahara,
2008; Winter et al., 2009). This increases the diversity
and scope of miRNA. Most commonly, enzymes
known as Adenosine Deaminases Acting on RNA
(ADARs) catalyze adenosine to inosine (A to )
transitions. RNA editing can halt nuclear processing
and alter downstream processes including
cytoplasmic miRNA processing and target specificity
(Kawahara et al., 2008).
Formation of pre-miRNA

The pri-miRNAs are processed in the
nucleus by the microprocessor complex. It consists of
the RNase Ill enzyme Drosha4 and the double-
stranded RNA binding protein (Pasha/DGCRS8). The
resulting pre-miRNAs are approximately 70
nucleotides in length and are folded into imperfect
stem loop structures. Each hairpin is flanked by
sequences necessary for efficient processing. The
double stranded RNA structure of the hairpins in a pri-
miRNA is recognized by a nuclear protein known as
DiGeorge Syndrome Critical Region 8 (DGCRS8 or
Pasha in invertebrates), DGCR8 associates with the
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enzyme Drosha. This is a protein that cuts RNA, to
form the microprocessor complex (Gregory et al.,
2006). In this complex, DGCRS8 orients the catalytic
RNase Ill domain of Drosha to liberate hairpins from
pri-miRNAs by cleaving RNA about 11 nucleotides
from the hairpin base (two helical RNA turns into the
stem). The resulting hairpin structure is known as a
pre-miRNA (precursor-miRNA). Pre-miRNA has a
two-nucleotide overhang at its 3' end. It is spliced
directly out of introns, bypassing the microprocessor
complex, are known as Mirtrons. Originally thought to
exist only in Drosophila and C. elegans, mirtrons have
now been found in mammals (Berezikov et al., 2007).
Transportation of pre-miRNA from nucleus to
cytoplasm

Pre-miRNA is exported from the nucleus to
the cytoplasm. It is accomplished by
nucleocytoplasmic shuttle Exportin-5 (Exp5) and Ran-
GTP complex (Yi et al., 2003). Exportin-5 (a member
of the karyopherin family) recognizes a two-nucleotide
overhang left by the RNase Il enzyme Drosha at the
3' end of the pre-miRNA hairpin. It is an energy-
dependent process. In this process GTP is bound to
the Ran protein (Murchison and Hannon, 2004). Ran
(ras related nuclear protein) is a small GTP binding
protein.This protein is essential for the translocation of
RNA and proteins through the nuclear pore complex
(Moore et al.,, 1993). The Ran GTPase binds to
Exportin-5 and forms a nuclear heterotrimer with pre-
miRNAs (Yi et al., 2003, Lund et al., 2004). After
transportation of the pre-miRNA in the cytoplasm, it
undergoes an additional processing step by the
RNAse 1l enzyme Dicer9 and generated a double
stranded approximately 22 nucleotides length of
miRNA.
Events in cytoplasm

In the cytoplasm, the pre-miRNA hairpin is
cleaved by the RNase Il enzyme Dicer (Lund and
Dahlberg, 2006). Dicers are large 200 kDa proteins
containing an ATPase/RNA helicase, a DUF283
(Domain of unknown function) domain, a PAZ (Piwi,
Argonaut and Zwille) domain which bind the
characteristic two base 3' overhangs of mi and siRNA,
two catalytic RNase Ill domains (Rllla and RIllb) and
a C-terminal double-stranded RNA-binding domain
(dsRBD). Dicer functions as a monomer and has a
single processing center with intramolecular
dimerization of the two RNase Ill domains. Each
RNase domain independently cuts one RNA strand of
the duplex to generate products with 2-nucleotides on
3' overhangs. In addition to excising miRNAs from
pre-miRNAs, Dicer enzymes process dsRNA to
siRNAs. After Dicer cleavage, the miRNA pathway is
similar to the central steps of RNA interference (RNAI)
in animals. In contrast to siRNAs, microRNAs can
direct RISC to down-regulate gene expression by
translational repression (based on lower
complementarity between miRNA and mRNA), or
function as siRNAs do and mediate mRNA cleavage.
If the miRNA is perfectly or nearly complementary to
its target, it can specifically cleave the target mRNA.
Endogenously expressed miRNAs are usually
imperfectly complementary to their target gene(s) and
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modulates the effect on gene expression via
translational repression (Filipowicz et al., 2005).

This endoribonuclease interacts with the 3'
end of the hairpin and cuts away the loop joining the
3' and 5' arms, yielding an imperfect miRNA: miRNA*
duplex about 22 nucleotides in length (Lund E. and
Dahlberg, 2006). Overall hairpin length and loop size
influence the efficiency of Dicer processing and the
imperfect nature of the miRNA: miRNA* pairing also
affects cleavage (Lund and Dahlberg, 2006; Ji, 2008).
Although either strand of the duplex may potentially
act as a functional miRNA, only one strand is usually
incorporated into the RNA-induced silencing complex
(RISC) where the miRNA and its mRNA target
interact.

Dicer also initiates the formation of the RNA-
induced silencing complex (RISC) (Hammond, 2005).
RISC is responsible for the gene silencing observed
due to miRNA expression and RNA interference
(Hammond et al., 2000).

The mature miRNA is part of an active RNA-
induced silencing complex (RISC) containing Dicer
and many associated proteins (Rana, 2007). RISC is
also known as a microRNA ribonucleoprotein complex
(miRNP); (Schwarz and Zamore, 2002) RISC with
incorporated miRNA is also referred to as miRISC.
Dicer processing of the pre-miRNA is thought to be
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coupled with unwinding of the duplex. Generally, only
one strand is incorporated into the miRISC, selected
on the basis of its thermodynamic instability and
weaker base-pairing relative to the other strand
(Khvorova, 2003; Schwarz et al., 2003; Krol et al.,
2004). The position of the stem-loop may also
influence strand choice (Lin et al., 2003). The
incorporated strand is known as the guide strand and
is selected by the argonaute protein on the basis of
the stability of the 5' end. The remaining strand,
known as the passenger strand (*) is degraded as a
RISC complex substrate. The strand with lower
stability base pairing of the 2—4 nucleotode at the 5'
end of the duplex preferentially associates with RISC
and thus becomes the active miRNA (Schwarz et al,
2003). After integration into the active RISC complex,
miRNAs exert their regulatory effects by binding to
imperfect complementary sites within the 3
untranslated regions (UTRs) of their mRNA targets.
The formation of the double-stranded RNA, resulting
from the binding of the miRNA, leads to translational
repression. In some cases, both strands of the duplex
are viable and become functional miRNA that target
different mMRNA populations (Okamura et al., 2008)
(Figure 2).

Figure 2: miRNA formation and Processing (Ruby et al., 2007)
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Members of the argonaute (Ago) protein
family are central to RISC function. Argonautes are
needed for miRNA-induced silencing and contain two
conserved RNA binding domains (i) a PAZ domain
that can bind the single stranded 3’ end of the mature
miRNA and (i) a PIWI domain that structurally
resembles ribonuclease-H and functions to interact
with the 5’ end of the guide strand. They bind the
mature miRNA and orient it for interaction with a
target mMRNA. Some argonautes, for example human
Ago2, cleave target transcripts directly. Argonautes
may also recruit additional proteins to achieve
translational repression (Pratt and MacRae, 2009).
The human genome encodes eight argonaute
proteins divided by sequence similarities into two
families: AGO (with four members present in all
mammalian cells and called E1F2C/hAgo in humans),
and PIWI (found in the germ line and hematopoietic
stem cells) (Schwarz and Zamore, 2002; Pratt and
MacRae, 2009).
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Regulatory Role of miRNAs

Researcher sare trying to understand the
scope and diversity and applications of these
regulatory molecules.It targets on so many genes but
largely targets are unknown. One to hundreds of
target genes for a given miRNA has been estimated
by predictions using various bioinformatics tools.

The role of miRNAs in higher eukaryotes is
regulation of gene expression. These are found in
different cell types and tissues (Lagos-Quintana et al.,
2002). These are likely to be involved in most biologic
processes (Brennechke et al., 2003; Chen et al.,
2004; Poy et al., 2004; Wilfred, 2004; Lim et al., 2005;
Cuellar and McManus, 2005; Harfe, 2005). These are
important as transcription factors. miRNA has multiple
roles in negative regulation (transcript degradation
and sequestering, translational suppression) and
possible  involvement in  positive  regulation
(transcriptional and translational activation).
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Researches on miRNAs shows that these
are key regulators in several process for examples
cancer (Liuxi Chen et al.,, 2017), ageing, (Cary
and Keisuke, 2017), Hematopoiesis and hematologic
disease (Cary and Keisuke, 2017), Cardiac aging
(Robin Verjans et al.,, 2017), Neurodegenerative
Diseases (Sean Quinlan et al., 2017) cell proliferation
and cell death (Brennecke, 2003), early development
(Reinhart, 2000), cell differentiation (Dostie, 2003,
Chen, 2003), apoptosis and fat metabolism (Xu,
2003), brain development (Krichevsky, 2003), chronic
lymphocytic  leukemia  (Calin, 2004), colonic
adenocarcinoma (Michael, 2003),Gastric
Carcinogenesis (Jinha Hwang et al., 2018) Burkitt's
Lymphoma (Metzler, 2004), human embryonic stem
cells (Morin et al., 2008)liver diseases (Dan et al.,
2018)and viral infection (Pfeffer, 2004) etc. Changes
in the miRNA expression pattern play an important
role in diseases.A unique patterns of expression of
miRNAs can be used for cancer diagnosis. So, these
can be utlized as diagnostic molecular biomarkers
(Chen 2005; Calin and croce 2006; Esquela-Kerscher
and Slack 2006; Fabbri et al., 2008).

Huang et al. (2011) reported several muscle-
specific miRNAs, including miR-1/206, miR-133 and
miR-208. These muscle-specific mIiRNAs are
essential for normal myoblast differentiation and
proliferation. They have also been implicated in
various cardiac and skeletal muscular diseases.
miRNA-based gene therapies hold great potential for
the treatment of cardiac and skeletal muscle
diseases. So, research is also carry on miRNA-based
therapies (Li et al., 2009; Fasanaro et al., 2010) due
to due to their small size (23-24 nucleotides in length),
natural antisense interactors, miRNA expression
profiles can be used to diagnose a disease state
because deregulated miRNAs can initiate and
develop the diseases. So, these are future for the
practice of medicine and health care applications.
(Waldman et al.,, 2007; Waldman and Terzic, 2007,
2008).

An important goal for miRNA-mediated gene
silencing is improving in the stability of miRNAs. To
enhance stability of miRNA we can do the chemical
modifications and bio-conjugation with lipids and
peptides. We also need in-depth understanding of
miRNA cellular uptake, distribution and the biological
activity at organ and cellular level and on whole body.
Cell-membrane receptors, several targeting ligands
and antibodies can be used to achieve cell-specific
delivery.lt is proved that miRNAs have so many
regulatory  functions related to cell growth,
development and differentiation. These are also
associated with breast, lung, colon and human B-cell
lymphocytes cancer (Meltzer, 2005; Croce, 2008). It
was observed miRNA expression in tumors was differ
to normal tissues (Meltzer, 2005). So, these human
miRNAs cab be utilized as biomarkers for cancer
diagnostics. The role of miRNAs in heart disease (Van
Rooij et al.,, 2007) is also observed. Different
expression pattern of miRNA is also reported in
cardiac diseases cells. So these are the mark that
suggests mMiRNA research has great promise in
development of many medical therapies of tomorrow.
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