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ABSTRACT
Keywords:
miRNA: In recent years microRNAs have emerged as important players in modern genetics. This review attempts
mRN A;’ to introduce the biogenesis of microRNA and its important physiological role in protein synthesis. The
oncogenesis association of microRNA with different cancers is discussed. Lastly the frontier field of therapy based on
microRNAs to treat different diseases is introduced.
INTRODUCTION

Cutting edge advances are being made in the field of
oncogenesis as better understanding of the cellular
physiology of protein synthesis has been made in the last
decade. There is no doubt that the cellular function of DNA
is important. However its role is limited to long term stable
storage of genomic material. The roles of different RNAs
are emerging and they are varied and intricate. Dysfunction
of miRNA can lead to many inborn and acquired diseases
including many cancers. It is expected that the future will
see even more discoveries in basic cellular physiology. This
all can mean major changes will be seen in the diagnosis
and management of many diseases. Therefore the objective
of this paper is to introduce the miRNAs to the busy reader
who is likely to encounter them even more frequently in the
future.

Abbreviations:

AMO = anti-miRNA oligonucleotide, DSCR8P = DiGeorge
syndrome critical region 8 protein, MiRNA, miRNA =
microRNA, mRNA = messenger RNA, OG = oncogene,
nt = nucleotide, RISC = RNA inducing silencing complex,

Correspondence:

Dr. Jung Bahadur Thapa

Consultant Pathologist,

Pathology Laboratory, Himal Hospital Pvt. Ltd., Kathmandu, Nepal.
E mail jungbahadurthapa@gmail.com

siRNA = small interfering RNA, tRNA = transfer RNA,
ssSRNA = single stranded RNA, TSG = tumour suppressor
gene, UTR = untranslated region,

Nomenclature: e.g. (small r) mir-123 = immature miRNA
e.g. pre-miRNA, (capital R) miR-789 = mature miRNA,

miR345* = asterisk indicates low levels of miRNA
expression.
History of RNAs

Life on earth has existed for about 4 billion years. The
carliest life forms have been assumed to be simple peptide
chains which later differentiated into more complex
nucleotides possibly the early forms of RNAs.!

The importance of RNA

The RNAs are more primitive and also functionally more
versatile than the better known DNA. Like DNA they are
capable of storing genetic information in shorter temporary
bits. However unlike DNA they also have unique catalytic
enzymatic functions. This gave RNA the special primordial
capability of selfreplication. Some life forms still exists with
RNA only, like the present day RNA viruses. However the
initial primitive life forms that existed with only RNA and
without DNA were relatively unstable. The hydroxyl groups
of RNA were frequently hydrolyzed by external xenotoxic
agents. With evolutionary adaptations the hydroxyl group
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was gradually deleted, thymine was substituted for uracil,
and some of the single stranded RNAs were converted to
the more stable and longer double stranded DNA..2

It has long been known that DNA holds the secure core
repository of genetic information and RNA makes copies of
the information as required for protein synthesis. However
it is now known that DNA is subject to influences both by
histone originated epigenetic control and indirectly through
microRNA (miRNA) induced messengerRNA (mRNA)
suppression.

Landmarks in the study of the RNAs

Historically in 1868 Frederich Meischer discovered nucleic
acids in the cell nuclei, which he called “nuclein” a term
now, abandoned.®* Throughout the last half of the 20th
century and the first decade of the 21st century spectacular
major breakthroughs were achieved in RNA research, and
they were rightfully recognized by society with the award
of five prestigious Nobel Prizes.

In 1959 Severo Ochoa and Arthur Kornberg won the Nobel
Prize for discovering an enzyme that synthesizes RNA in
the laboratory. Robert Holley discovered the 77 nucleotides
of the yeast transfer RNA ( t-RNA) and won the Nobel
Prize in 1968. Retroviruses and reverse transcriptase were
discovered by David Baltimore, Renalto Delbecco, and
Howard Temin and they received the Nobel Prize in 1975.
Introns and RNA slicing was discovered by Philips Sharp
and Richard Roberts and they were also awarded the Nobel
Prize in 1993.

MiRNA were discovered in 1993 by Victor Ambros,
Rosalind Lee and Rhonda Feinbaum in the study of the gene
lin-14 in Caenorhabditis elegans.* Studies in RNA induced
interference resulted in the 2006 Nobel Prize for Andrew
Fire and Craig Mello. The basic types of RNAs are shown
in fig.1.

MicroRNAs in health

MicroRNAs are short chained single stranded RNA
(ssRNA) 19-25 nt (average length 22 nt) derived from
hairpin shaped transcripts seen in eukaryotic cells. They are
post-transcriptional negative cellular regulators that bind to
mRNA. They normally participate in cellular development,
differentiation, proliferation, and apoptosis and hence are
of prime importance for optimal cellular function. They
regulate gene function by fine tuning mRNA function
turning off protein synthesis as per body requirements. They
cause translation repression, target degradation or gene
silencing. They have an intricate system of functioning.
MiRNA have multiple binding sites and each site can have
multiple binding receptors. The human genome may code
for over 1000 miRNA.’ They can target up to 60% of human
genes.® They are normally present in many varied human

cell types.’
Biogenesis of microRNAs (fig.2)

In the cell nuclei miRNA genes present in the genome are
transcribed by RNA polymerase II and sometimes RNA
polymerase III into long primary miRNA (pri-miRNA).%?
Drosha an intra-nuclear RNA polymerase III converts
primary miRNA into pre-miRNA.'° Drosha acts with
DiGeorge syndrome critical region 8 protein (DSCRS8P)
for this purpose.'! DSCRS8P is also known as Pasha in
invertebrates. An alternate pathway involving introns
producing pre-miRNA called mirtron pathway through the
spliceosome is also present.'?

Pre-miRNA is sent from the nucleus into the cytoplasm
by the help of exportin5/RanGTP hetero-complex.”* In
the cytoplasm another RNA polymerase III called Dicer
converts Pre-miRNA into 21-22 nt long siRNA (miRNA/
miRNA) duplexes. Only one strand of this duplex is used
for the formation of RNA inducing silencing complex
(RISC). These single miRNA strands are collected as
Argonaute proteins (Agol-4), and eventually form mature
active RISC. Argonaute proteins are the catalytic part of
RISC. The RISC/Ago 1-4 complex is responsible for mRNA
silencing (fig. 3).

Mechanism of RNA inducing silencing complex (RISC)

RISC targets 3’ untranslated region (UTR) rather than the 5’
UTR of mRNA to suppress protein synthesis.14 Six models
of translational repression of mRNA by miRNA have been
proposed (fig. 4). They include:

a. RISC induces de-adenylation which causes decrease of
translational efficiency by blocking the target mRNA
circularization'

RISC blocking cap function by suppressing cap eIF4E'¢

c. RISC blocking a late step of translation like recruitment
of 60S ribosomal subunit'’

d. RISC blocking a post-initiation step such as elongation
or ribosome drop-off™

e. RISC causes proteolysis of new peptides during the
translation'

f. RISC collects target mRNAs to processing bodies, in
which mRNA is degraded and/or stored as inactive
forms®

Role of microRNA in cancer

MiRNA dysfunction is now known to be associated with
different types of cancers in man. A database of diseases
associated with miRNA diseases is available to the public.?!
MiRNA s signatures can be used to diagnose, prognosticate and
are being currently investigated to help treat malignancies.
In the last decade a new set of cancer regulators have been
identified. They are oncomirs and anti-oncomirs. Oncomirs
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negatively regulate tumour suppression genes (TSG), while
anti-oncomirs negatively suppress oncogenes (OG). It is
well established that abnormalities of TSG and OG are
important recognized events in oncogenesis. Defective
MiRNAs forms can act as oncomirs or anti-oncomirs and
thus contributing to the oncogenesis.

There are a few mechanisms proposed for aberrant miRNA
synthesis. Chromosomal translocations or point mutations in
the genome can lead to abnormal primary miRNA formation
and resultant abnormal miRNA synthesis. Mutations in
miRNA can lead to abnormal RISC functions. Mutations
or single nucleotide polymorphism, (SNP) in miRNA or in
the seed region of the target mRNA can hinder proper target
recognition. Therefore genes can escape from the normal
suppressive regulatory action of RISC. All these factors can
contribute to oncogenesis.

It is also known that the cell regulator p53, also known as
the guardian angel of the cell, normally protects the cell by
activating miR34, a miRNA.? Dysfunction of miR34 can
thus lead to defects in defensive apoptotic mechanism, and
DNA damaged cells that should have been removed by
apoptosis persist in the body leading to tumours.

Abnormalities of miRNA have been detected with different
neoplasm. Let-7 is an anti-oncomir that normally regulates
post-transcriptional RAS oncogene involved in lung cancer.
23 Lymphoma karyotyping reveals miR-19 an oncomir.**
Defects in an anti-oncomir cluster miR-15a/miR16-A have
been identified in chronic lymphatic leukaemia.?® In breast,
colon, lung and pancreatic cancers an oncomir miR-155 is
over expressed.”® More examples are listed in Table 1.

Laboratory testing of miRNA

MiRNA can be tested by semi-quantitatively or
quantitatively by a two step test process. The first step
consists of a modified RT-PCR followed by a second step
real time quantitative PCR.?” Levels of miRNA can also be
determined by microarray techniques hybridizing hundreds
or thousands of miRNA probes on slides or chips.?® Northern
blot analysis which is a well-established technique for
studying messenger RNA expression and was soon adapted
to detect miRNAs in cells or tissues.”

MiRNA related therapeutics

Many strategies are being evaluated to reverse the
changes induced by miRNA dysfunction. Anti-miRNA
oligonucleotides (AMO, antagomirs) have been developed
for miRNA inhibition. Three types of AMOs include:
2’0OMe, 2”MOE, and locked nucleic acid (LNA). Another
strategy is suppression of the miRNA biogenic pathway
by inhibiting Drosha or Dicer RNA polymerases which
reduces mature miRNA levels.*® Lastly replacement of
defective miRNA by normal miRNA in diseased tissue has
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also been investigated into.’! However at present miRNA
therapy is still in its early stages and will take some time
before gaining full clinical acceptance.

CONCLUSION

Understanding the role of miRNA in health and disease
is still in its early days. It is known that disruption of any
stage of biogenesis of miRNA can be associated with
disease or neoplasm. Efforts are being made to develop
treatment strategies tailored on these specific defects. We
can anticipate more developments in the field in the future.
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