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MicroRNAs: Critical Regulators of mRNA Traffic and Translational Control
with Promising Biotech and Therapeutic Applications
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Context: MicroRNAs (miRNAs) are a class of short, endogenously-initiated, non-coding RNAs that post-transcriptionally control gene
expression via translational repression or mRNA turnover. MiRNAs have attracted much attention in recent years as they play critical roles
in gene expression and are promising tools with many biotech and therapeutic applications. The molecular mechanisms underlying the
translational control of mRNAs are not fully understood but emerging evidence point to a key role for microRNAs in this process.
Evidence Acquisition: In this review, we discuss the potential role of miRNAs as regulators-of mRNA traffic and translational control,
focusing on molecular mechanisms of miRNA-mediated control of eukaryotic mRNA stability and translational efficiency.

Results: Translational control by miRNAs is often associated with silencing and repression of mRNAs viaaccumulation within cytoplasmic
processing bodies (P-bodies), the site of mRNA storage and/or decay. Specific miRNAs can interact with the 3'UTR or 5'UTR of target mRNAs
and regulate their stability as well as translational efficiency. A better understanding of these. mechanisms is critical in advancing our
knowledge of the role of these regulatory RNAs in modulating protein synthesis and controlling metabolic pathways in health and disease.
Conclusions: The discovery of miRNAs and their important role in controlling many aspects of cell function and metabolism have led to
considerable interest in biotech applications of miRNAs and their application in modulating specific gene expression. We thus highlight

the growing biotech and therapeutic applications of miRNAs.
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1. Context

MicroRNAs (miRNAs) - small (~ 21 nucleotide-long),
evolutionarily conserved, non-coding RNAs - are increas-
ingly recognized as critical for their ability to post-tran-
scriptionally control gene expression via translational
repression or messenger RNA (mRNA) turnover. These
small RNAs are now understood to play a role in gene ex-
pression in animals, plants, and mammalians. Although
the function of mostmiRNAs are still unknown, studies
have helped to elucidate their participation in cellular
processes such as differentiation, organelle development,
and cancer (1). Recent bioinformatic analysis suggests
that the regulation of up to 60% of all protein-coding
genes may be mediated through miRNAs (2, 3). Further,
miRNAs appear to regulate translational repression by
targeting the 3'UTR of the mRNA, leading to the destabili-
zation and subsequent degradation of the mRNA target.
There is some evidence indicating that miRNAs - partic-

ularly in animals - also target the 5'UTR or even coding
region of mRNAs to regulate translational repression or
activation. miRNA activation of mRNA translation regula-
tion may occur less frequently through the 5’'UTR (4, 5).
miRNAs generally function in the form of RNA protein
complexes referred to as miRNA-induced silencing com-
plexes (miRISCs) (6). These complexes contain two major
proteins called argonaute (AGO) and GW182 (glycine-tryp-
tophan [GW] repeats [182kDa protein]). GW bodies - also
known as mammalian Processing bodies (P-bodies) - are
cytoplasmic structures thought to be involved in the stor-
age or degradation of translationally repressed mRNAs.
These bodies contain not only repressed mRNAs but also
components of RNA-induced silencing complexes incor-
porated with miRNA (miRISCs) (6, 7). This suggests a func-
tional link between miRNAs and P-body localization in
the translational repression of target mRNAs. Additional
evidence implicates other P-body components such as
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RNA-binding proteins in miRNA-mediated gene silencing
(8, 9). Since miRNAs mostly bind to the 3'UTR of mRNA, it
is not surprising that 3’UTR - binding proteins are in turn
responsible for modulating miRNA - mediated repres-
sion. Direct interaction between RNA-binding proteins
like HuR and Dead-end-1 (Dnd-1) and their targets affects
mRNA stability and facilitates mRNA trafficking into the
non-translating state, allowing them to be placed into P-
bodies. These non-active mRNAs can become translation-
ally active and re-enter the polysomal pool, suggesting
a dynamic interaction between these RNA granules and
translationally active polysomal mRNAs (7,10-12).

Here, we will review recent advances in our understand-
ing of miRNAs and their mechanisms of action, with a
specific focus on the subcellular localization of target
mRNAs in P-bodies as a key mode of translational control.
We also highlight the growing biotech and therapeutic
applications of miRNAs.

2. Evidence Acquisition

2.1. MicroRNA Biogenesis and Function

Two primary categories of small RNAs(~20 —30nucleo-
tide) - short interfering RNAs (siRNAs) and microRNAs
(miRNAs) - are critical regulators in the expression and
function of eukaryotic genomes. Single-stranded forms
of both miRNAs and siRNAs have been found to associ-
ate with RNA-induced silencing complexes (RISCs) (13).1t
was originally believed that siRNA is exogenously derived
from viruses or transposons; however, today it is clear
that these structures also have an endogenous origin.
The primary difference between the two structures ap-
pears to lie in their precursor: while siRNAs are excised
from long double-stranded RNAs, miRNAs are derived
from a stem-loop precursor (14). The biogenesis of miRNA
begins with the transcription of miRNA genes and is fol-
lowed by a complex series of post-transcriptional modi-
fications. Transcription is initiated in the nucleus by
RNA polymerase II, which generates primary microRNA
(pri-miRNA). Pri-miRNA contains a hairpin RNA struc-
ture recognized by the protein complex microprocessor,
which contains enzymes such as Drosha (nuclear RNAse
[I) and its co-factor DGCRS (15). This structure cleaves the
pri-miRNA to generate a 70 nucleotide immature hairpin
(pre-miRNA). Nuclear export of pre-miRNA is a crucial
step in miRNA biogenesis. Pre-miRNA binds to Exportin-5
and transports it from the nucleus to the cytoplasm. In-
terestingly, depletion of exportin-5 indicates that pre-
miRNA is not accumulated in the nucleus, suggesting
that pre-miRNA is unstable and that the interaction of
pre-miRNA with exportin-5 may help to stabilize it (16).
Once in the cytoplasm, the Dicer (RNase III endonucle-
ase) generates mature miRNAs of approximately 18-21
nucleotides in length. Each strand can be loaded onto an
Argonaute-containing RNA-induced silencing complex
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(RISC) and, by an imperfect base pairing to messenger
RNA transcripts, can lead to translational repression and
destabilization of the target RNAs (17).

Previous expression profiling investigations have dem-
onstrated that miRNA biogenesis regulation is controlled
under developmental and/or tissue-specific signaling.
However, the step at which this regulation occurs and the
mechanisms controlling it remain unclear (16). Regula-
tion of biogenesis mainly happens at the transcriptional
level, though there is some evidence suggesting that it
is also mediated at the post-transcriptional level. For ex-
ample, the mature miR-38 in C-elegans is expressed only
in the embryo but the pre-miR-38 is ubiquitously detected,
suggesting that the maturation of pre-miR-38 is regulated
when necessary. This pre-miR-38 is retained in the nucleus
until export is triggered by a certain developmental sig-
nal and, following transport out of the nucleus, it may also
bind to negative regulatory factors in the cytoplasm (18).

The function of miRNA depends on the formation of ri-
bonucleoprotein complexes that contain key protein fac-
tors like Argonaute (AGO) and glycin-tryptophan (GW),
the repeat-containing protein also known as GW182 (19).
These two groups of proteins (GW182 and AGO) interact
directly with each other (20), and disruptions to this in-
teraction (through, for example, a point mutation) can
eliminate suppression of miRNA (21, 22). Argonuate pro-
teins catalyze targeted RNA cleavage and, for this reason,
are sometimes referred to as slicer proteins. However,
not all argonaute proteins are slicing, and some may use
other mechanisms to repress gene expression (6, 23, 24).
Conversely, argonaute has also been shown to play a role
in the autoregulation of miRNA biogenesis, a recently
identified mechanism for controlling miRNA expression.
This novel finding suggests that the miRNA complex may
also be involved in the regulation of certain non-coding
RNAs beyond the protein-coding gene. The argounate
protein plays an important role in the regulation of the
miRNA pathway in gene expression. For example, in C el-
egans, the argounate protein (ALG-1) binds to 3'UTR of the
let-7 primary miRNA transcript and regulates the down-
stream process. This loop is mediated by mature let-7
miRNA through the interaction between the protein and
the conserved site in its primary transcript (25).

As discussed above, argonaute proteins work in a com-
plex with GW182 proteins. Indeed, it is now well under-
stood that deadenylation of the mRNA target by miRNA
requires GW182. Tethering of GW182 protein can induce
translation repression even in the absence of Ago protein.
This suggests that Ago protein acts as scaffold to collect
GW182 to mRNA (8, 26-28). Further studies demonstrate
the vital role of GW182 in recruiting other deadenylase
complexes such as CCR4-NOT!1 and poly (A)-binding pro-
tein (PABP) to promote deadenylation of the miRNA-tar-
geted mRNAs (8, 29).

Taken together, these findings indicate that miRNA
function requires the AGO and GW182 proteins of the
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miRISC to recruit other deadenylase complexes, which
then help to initiate mRNA decay.

2.2. Principles of miRNA-mRNA Interactions

miRNAs normally interact with their target mRNA via
complementary base-pairing. The complementary se-
quence on the target mRNA is called the “seed” sequence
(nucleotide positions 2-8 from the 5’ end of miRNA). miR-
NA-mRNA interaction need not have strict base comple-
mentarity. Even the minimal size of this seed sequence is
enough to induce silencing of the target (23). In terms of
the role of the RISC complex in this interaction, Wang et
al. suggest that the crystal structure of the miRISC com-
plex indicates a strong bond between the complex and
the seed region. Indeed, seed-matching plays a vital role
in target site recognition (30). Recent studies report that
the concentration of miRNA and the strength of miRNA-
mRNA binding may also affect the interaction (31). For ex-
ample, specific miRNAs may only bind to specific mRNAs
in the presence of higher concentrations of that miRNA.
In tumor cells, miRNAs are expressed at low or high con-
centrations and, therefore, may bind less or more exten-
sively to mRNAs compared to normal cells (32). Anumber
of studies have been conducted with the aim of mapping
miRNA binding sites in mRNAs. Results of this research
suggest that 46% of miRNA binding sites are mapped to
the 3'-UTRs, 50% to the mRNA coding region, and 4% to
the 5-UTRs (33). As one miRNA can regulate the expres-
sion of several mRNAs with the same miRNA binding site,
the identification of regulatory miRNAs and their target
mRNAs remains a challenge. Moreover, some mRNAs
have multiple binding sites for different miRNA, mean-
ing they are likely to be regulated by multiple miRNAs
(34). This many-to-many relationship allows miRNA to ex-
ert a great deal of control over protein synthesis; howev-
er, it complicates attempts to elucidate these interactions
(35). Currently, there are several methods used to identify
miRNA target sites. Unfortunately, the mere presence of
a miRNA-binding site is not sufficient for regulation of
the target, a process that.is controlled at various levels.
Recently, researchers have confirmed that miRNAs both
regulate and are regulated by target interactions, with
targets reciprocally controlling the level and function of
miRNAs. This finding has important implications for the
use of miRNAs as therapeutic targets for the treatment of
many diseases (35).

2.3. Role of miRNAs in Intracellular mRNA Traffic
and Translational Control

The process of gene expression controlling cellular pro-
tein synthesis is controlled at several points. These steps
include transcription, transport of mRNA into the cyto-
plasm, stability/decay of mRNA transcripts, mRNA trans-
lation, co[post-translational modification, and intracellu-
lar transport and degradation of the expressed protein.
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Among these steps, the efficiency of mRNA translation
and translational control are of critical importance in
fine-tuning protein synthesis (36). The half-lives of many
mRNAs in eukaryotic cells is long (> 6 h), giving them
more opportunity to control translation. Indeed, it has
been suggested that long-lived mRNAs may present in-
creased decay rates via miRNA repression (37). Moreover,
sequencing has shown that approximately 95% of the hu-
man genome consists of non-translated regions that do
not code for proteins (38). This suggests that these non-
coding sites may play a key role in post-transcriptional
control. The mature mRNA in the cytoplasm of eukaryotic
cells are associated with a number of proteins including
RNA binding proteins, RNA helicases, and translational
factors (39), which form a complex network of ribonu-
cleoprotein particles (mRNPs) that are responsible for re-
pression of mRNA and lead to the formation of cytoplas-
mic RNA granules. These granules are proposed as the
main regulatorsof post-transcriptional gene expression
or gene silencing (40). They are divided into four groups:
germinal granules, stress granules, P-bodies, and neural
granules. P-bodies are-dynamic RNA-protein structures
found in the cytoplasm in a range of eukaryotic cells,
from yeast to mammals. P-body assembly correlates posi-
tively with the pool of non-translating mRNAs available
in a cell (12, 41-43). These structures contain mRNA decay
machinery components. Among these components are
enzymes like decapping enzymes, RNA helicases, Dhhi/
RCK/p54, Pat1, Scd6/RAP55, Edc3, the Lsm1-7 complex (ac-
tivators of decapping), and Xrn1 (5’3’ exonuclease). These
structures also include a miRNA repression system and
an RNA-induced silencing complex (12, 41-43). Figure 1
depicts the pathways mediating miRNA regulation of
mRNA translation.
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Figure 1. Translational Control via MicroRNAs and RNA Granules

miRNA biogenesis begins with transcription of miRNA
gene by RNA polymerase II followed by series of post tran-
scriptional modifications. Pre-miRNA binds to Exportin-5
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and transports it from the nucleus to the cytoplasm. In
cytoplasm, the Dicer (RNase IIl endonuclease) generates
mature miRNAs with approximately 18 - 21 nucleotides
in length. Each strand can be loaded onto an Argonaute-
containing RNA-induced silencing complex (RISC). miR-
NAs can regulate gene expression by targeting the UTR
regions and also coding region of messenger RNA which
can lead to translational repression by facilitating the
trafficking into non-translating state. These non-active
mRNAs can become translationally active and re-enter
the polysomal pool, suggesting a dynamic interaction
between these RNA granules and translationally active
polysomal mRNAs.

2.3.1. miRNA-Mediated mRNA Translation and Decay

miRNAs regulate gene expression at the post-transcrip-
tional level through translational repression and gene si-
lencing (a mechanism known as RNAi), or through mRNA
deadenylation at the 3’UTR and subsequent decay. Recent
studies suggest that repression of protein synthesis at
the translational level may be mediated at the initiation
step. miRNA inhibits translation in this phase by interfer-
ing with elF4F-cap recognition and 40S small ribosomal
subunit recruitment, which prevents formation of the
80s ribosomal complex (43, 44). miRISC complexes also
inhibit translation at the post-initiation stage by block-
ing ribosome elongation, inducing ribosome drop-off, or
facilitating proteolysis of nascent polypeptides (44-46):
However, the precise molecular steps involved in this re-
main unclear. Most miRNAs are known to suppress mRNA
translation; however, there are some reports that miRNAs
can activate translation of its target. For example, the in-
creased expression of miR-21 during liver regeneration
facilitates rapid progression of hepatocytes through Gi1
and into S phase by activating the Aktl/mTORC1 pathway;,
which promotes translation of cyclin D1 (47).

Studying the pathways of mRNA degradation has
given rise to a better understanding of the relationship
between translation and degradation. Although much
previous research has shown that miRNA-mediated
regulation happens at the level of translation, there are
numerous examples of documenting the destabilization
of mRNAs via deadenylation by miRNAs. This destabili-
zation is followed by decapping and decay. mRNA decay
is frequently initiated by the removal of the poly (A) tail
(deadenylation) by 3-5’ exoribonucleases, or through the
removal of the 5-terminal cap by decapping enzymes
(i.e. the DCP1/DCP2 complex) (48, 49). The process is com-
pleted by Xrn1, a 5’ - 3’ exonuclease (50). Degradation of
mRNA by miRNA requires argonaute and GW182, compo-
nents of the miRISC. GW182 recruits the CCR4-NOT!1 dead-
enylase complex, which can disassemble the polysomes
to promote deadenylation of miRNA-targeted mRNAs.
Poly-A binding proteins (PABPs) also aid in this process by
linearizing the circular polysomal transcript to create a
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linear mRNA (27, 51, 52). The destabilization of mRNA and
its localization into cytoplasmic granules is controlled
by cis-acting elements located within the 3’'UTR and, less
frequently, within the 5’'UTR or coding sequence of the
mRNA. Varying in length from a few to hundreds of nu-
cleotides, these elements can form quite stable stem loop
secondary structures which in turn control the stability
of the mRNAs. Examples of these cis-acting elements in-
clude Au-rich elements, c-fos RNA coding determinants,
and miRNA target sites (19, 36). It is now clear that the
miRNA family and the miRISC protein complexes are im-
portant in translational control or gene silencing as they
bind to the 3'UTR of mRNA and lead the target to localize
into P-bodies. Therefore, it is not surprising that 3'UTR-
binding proteins such.as HuR (AU-rich element) and
Dead-end 1(Dnd1) canimodulate miRNA-mediated repres-
sion. The mechanisms these proteins use to enhance the
repression of selected miRNAs are still unknown. How-
ever, one recent study found that repressed CAT-1 mRNA
(target of miR-122)can provide relief under cellular stress
conditions. The HuR protein binds to the 3'UTR of the
AREs of the mRNA target and releases miRNA-mediated
repression. This occurs even when AREs are positioned at
a considerable distance from miRNA-binding sites, sug-
gesting that HuR protein is sufficient for derepression of
the mRNA target. By binding to 3'UTR, these structures
lead to dissociation of the miRISC from the target RNA
(47). Derepression of the miRNA-mediated mRNA by HuR
protein is a novel mechanism of miRNA regulation com-
pared to those that involve miRNA and RBPs at the 3’'UTR
of mRNA. In Zebra fish, an RBP protein called Dead end 1
(Dnd1) is responsible for derepression of several mRNAs
including nanos 1 and TDRD7. They accomplish this by
binding to the cis elements in the 3'UTR region and block-
ing the miRNA binding site (53).

2.3.2. miRNA-Mediated mRNA Traffic into P-Bodies

Regulation of gene expression at the post-transcrip-
tional level is controlled by cytoplasmic foci, which are
thought to be conserved in lower and higher eukaryotic
cells. In somatic cells, mRNA storage/decay takes place in
specific granules, particularly Stress Granules (SGs) and P-
Bodies. Stress granules are formed in cells that have been
exposed to different forms of stress such as heat shock,
oxidative stress, or energy deprivation. P-bodies contain
mRNA decay machinery and the RNA-induced silencing
complex. Although P-bodies and stress granules are dis-
tinct structures, there is strong evidence suggesting that
the two compartments are functionally linked. In S. cere-
visiae, stress granules appear next to P-bodies, and their
formation is dependent on the presence of these other
structures (54). While P-bodies and stress granules form
independently in mammalian cells, the two are frequent-
ly observed to interact transiently to control the fate of
their mRNA cargo. Once a large pool of mRNAs has accu-
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mulated, the formation of P-bodies occurs. Recruitment
of the mRNA into P-bodies depends on specific intracel-
lular processes which can induce or inhibit translation
and consequently affect the size and number of P-bodies.
Processes such as blocking translation initiation or stress
can increase the size and number of P-bodies in the cell.
Conversely, mRNA deadenylation and inhibition of tran-
scription has an opposite effect and decreases the size
and number of P-bodies (55). The formation of P-bodies
has been proposed to be associated with three proteins.
In yeast, Edc3 has been found to act as a scaffold to en-
hance the decapping enzymes that also interact with
RNA helicase Dhh1/RCK (56). A second protein, a decap-
ping enhancer known as Pati, has been shown to interact
with Lsmi, Edc3, and Dcpl1 in yeast resulting in inhibited
translation (57). Lsm4 is the third protein that has been
shown to be necessary in assembly of P-bodies in yeast.
(55). Several studies have focused on the role of miRNA
in the accumulation of mRNAs in P-bodies. These reports
have established a relationship between miRNA-medi-
ated translational repression and an increase in target
mRNAs in the P-bodies that control mRNA turnover via
5-to-3’ mRNA decay machinery (58). There are two mod-
els recommended for P-body-mediated translational re-
pression. The first model proposes that the interaction
between miRNA and the mRNA target occurs prior to
mRNA localization into P-bodies. The second model sug-
gests that mRNAs accumulate in P-bodies prior to bind-
ing to miRNA and that translation is suppressed as result
of ribosome segregation. In support of the first model,
one study demonstrated that Ago2 protein regulates the
interaction between HIF-1o mRNA and HIF-targeting miR-
NA following microtubule disruption and repression of
translation into the P-bodies (59).

P-bodies have two main functions:they provide sites for
RNA degradation and they store repressed mRNAs (60, 61).
Interestingly,an inverse relationship existsbetween stored
mRNA localized into P-bodies and polysome association
of target mRNAs (9, 41, 45; 62). There are several cellular
proteins responsible for releasing miRNA-bound mRNAs
from P-bodies (63). However, more research is needed to
elucidate the mechanism of miRNA-bound mRNA trans-
port out of P-bodies. The HuR, an AU-rich element-binding
protein, is one such protein that binds to the 3'UTR of CAT-1
mRNA (target of miR-122) and increases the stability of the
miR-122 target mRNA. This process could subsequently
help the target mRNA to exit P-bodies and return to poly-
somes (24). This quality gives cells the ability to rapidly
control protein synthesis in response to certain stimuli
without the need for new gene transcription (42).

2.4. Role of miRNA in Metabolic Pathways and Dis-
eases

Considerable progress has recently been made in iden-
tifying a number of metabolic pathways that are regulat-
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ed by miRNAs at the translational level. miR-21 has been
shown to control regulation of genes involved in meta-
bolic pathways including lipid metabolism. Peroxisome
proliferator-activated receptor-a (PPAR «), a direct target
of miR-21, has a conserved octamer sequence complemen-
tary to miR-21 seed region in its 3’'UTR. miR-21 regulation
of Ppara has been found to regulate the lipid metabolic
pathway. Interestingly, a role has also been found for miR-
211in the progression of kidney scarring and increased fi-
brosis. Overexpression of Ppara in the absence of miR-21
via silencing with oligonucleotides can prevent ureteral
obstruction-induced injury and fibrosis. When repressed
by miR-21, Mpv17l (the mitochondrial inhibitor of reac-
tive oxygen) can enhance oxidative kidney damage (64).

Other reports have focused on the role of miRNA in
translational control of genes regulating fatty acid and
insulin signaling. Intronic miR-33a/b are co-transcribed
with their host genes SREBP1 and SREBP2 and can regu-
late genes involved in lipid metabolism such as peroxi-
somal carnitine o-octanoyltransferase (CROT), carni-
tine palmitoyltransferase Ia (CPT Ia), hydroxyacyl-CoA
dehydrogenase[3-ketoacyl-CoA thiolase/enoyl-CoA hy-
dratase (HADHB), insulin receptor substrate-2 (IRS2), and
5-AMP-activated protein kinasea-a (AMPKa) by targeting
their 3'UTR. These miRNAs have also been reported to
regulate genes involved in cholesterol export, including
the (ABC) transporters ABCA1 and ABCG1 (cholesterol ef-
flux and HDL biosynthesis). Treatment with anti-miR33
oligonucleotide enhanced reverse cholesterol transport
and atherosclerotic plaque regression in LDL receptor-
deficient mice (65). Anumber of other diseases have been
linked to dysregulation (the loss or gain of function) of
miRNAs including inflammation, obesity, neurological
disorders,and diabetes. miRNAs are known to be involved
in the normal functioning of eukaryotic cells. Therefore,
single point mutations in either the miRNA or its mRNA
target are correlated with disease. For example, miR-214,
which binds to the 3'UTR of UDP-N-acetyl-alpha-D-galac-
tosamine: polypeptide N-acetylgalactosaminyltransferase
7 (GALNT?), is frequently down-regulated in cervical can-
cer and its expression reduces the proliferation, migra-
tion, and invasiveness of cervical cancer cells. Inhibition
has an opposite result, enhancing proliferation, migra-
tion, and invasion (66).

Similarly, down-regulation of a newly identified tumor
suppressor, Chromodomain-helicase-DNA-binding pro-
tein 5 (CHD5), has been observed in a variety of human
cancers. Studies of CH5 regulation via miR-211 in colorec-
tal cancer indicate that the over expression of miR-211
promotes tumor cell growth by down-regulating the ex-
pression level of the CHD5 tumor suppressor (67).

miRNAs also play a critical role in the pathogenesis of
diabetes and its related cardiovascular disease. There are
several miRNA such miR-375, miR-9, and miR-124a that
control glucose homeostasis and the pathogenesis of dia-
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betes by regulating B-cell function and insulin secretion.
Moreover, in insulin target tissues like those found in the
liver, miR-33a and miR-33b have been shown to regulate
cholesterol homeostasis through interaction with sterol
regulatory element binding proteins. Expression of these
miRNAs can regulate their target genes (68).

2.4.1. Potential Therapeutic and Biotech Applications of
miRNAs

Table 1 lists a number of current and potential applica-
tions of miRNAs in therapeutics and the biotech indus-
try. Based on the association of miRNA dysfunction with
a number of disease phenotypes, some have begun to
investigate the potential use of RNA interference (RNAi)
for disease treatment. miRNAs have become strong ther-
apeutic candidates whose modulating effects could be
used to alter the course of disease. In general, there are
two approaches to developing miRNA-based therapeu-

tics: miRNA antagonists and miRNA mimics. For miRNAs
whose expression is increased in specific disease states,
inhibition of miRNA function with miRNA antagonists
(generated to inhibit endogenous miRNAs) could have
potential therapeutic benefits. Additionally, employ-
ing targeted smiRNA mimics could also have therapeu-
tic benefits to re-gain the function of miRNA in disease
states associated with specific impairment in miRNA
function (69). For example, in a transgenic mouse model
of cardiac failure, the level of miR-21 is known to be in-
creased. To test the therapeutic potential of miR-21inhibi-
tion in this animal model, the in vivo inhibition of miR-21
with a cholesterol-conjugated anti-miR was performed
in mice that were subjected to pressure overload of the
left ventricle prior to treatment. Inhibition of miR-21 in
these animals was associated with symptoms of cardiac
disease including hypertrophy, fibrosis, and impaired
cardiac function, indicating that the use of antagonists
can prevent impaired cardiac function (70).

Table 1. Current and Potential Applications of miRNAs in Therapeutics and the Biotech Industry

miRNA Application(s) Target mRNA Reference
miR-21 Regulation of genes involved in Pparo Chauetal. (64)
metabolic pathways
miR33a/b Regulation of genes involved in Peroxisomal carnitine o-octanoyltransferase (CROT), Davalos etal. (65)
lipid metabolism carnitine palmitoyltransferase Ia (CPT Ia), hydroxyacyl-
CoA dehydrogenase/3-ketoacyl-CoA thiolase/enoyl-CoA
hydratase (HADHB)
miR 33a/b Regulation of genes involved in Insulin receptor substrate-2 (IRS2) Davalos et al. (65)
insulin signalling
miR33a/b Regulation of genes involved in (ABC) transporters ABCA1 and ABCGI (cholesterol efflux Davalos etal. (65)
cholesterol export and HDL biosynthesis)
miR-214 Regulation of genes involved in  UDP-N-acetyl-alpha-D-galactosamine:polypeptide N- Pengetal.(66)
cervical cancer acetylgalactosaminyltransferase 7 (GALNT?)
miR-211 Regulation of genes involved in Chromodomain-helicase-DNA-binding protein 5 (CHD5) Cai et al. (67)

colorectal cancer

miR-375, miR-9, Control glucose homeostasis

and miR-124a  and diabetes
miR-21 Associated in cardiac disease
including hypertrophy, fibrosis,
and impaired cardiac function
miR-26a Hepatocellular carcinoma
(HCC)
miR-122 Liver specific miRNA Hepatitis C virus

Regulating B-cell function and insulin secretion

Shantikumar et al. (68)

Thum et al. (70)

Increase cell cycle arrest by targeting cyclins D2 and E2  Kota et al. (71)

Elmen et al. (72)

Similarly, in hepatocellular carcinoma (HCC), miR-26a
is expressed at very low levels. One recent in vitro study;,
induced expression of the miR-26a in the liver was sug-
gested to increase cell cycle arrest by targeting cyclins D2
and E2. Indeed, delivery of miR-26a by adeno-associated
virus (AAV) reduced tumor burden in a mouse model
of HCC compared to the AAV-treated control animals in
which disease progress was unchanged. This suggests
that over-expression of miR-26a in AAV-mediated models
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may result in a reduction in cell proliferation and the in-
duction of apoptosis in tumor cells (71).

While a number of potential therapeutic applications of
miRNA expression have been identified, investigations of
their use in humans are still preliminary. Use of a specific
inhibitor of miR-122-liver-specific miRNA that requires
the Hepatitis C virus to replicate has become one of the
first examples of this new approach to miRNA therapeu-
tics in humans. However, there is still much to be learned
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about the feasibility and efficacy of this approach (72).
Beyond its use in humans, RNA interference also has ther-
apeutic potential in agricultural biotechnology, specifi-
cally as an agent to control pests and diseases. Scientists
have been able to develop novel crops with unique traits
using this approach, including nicotine-free tobacco and
non-allergenic peanuts. There has also been an effort to
reduce the levels of allergens in tomato plants, to evolve a
crop resistant to viruses and bacteria stresses (73), and to
develop fortified plants containing dietary antioxidants
(74). However, the full potential of RNAi to improve crops
still remains to be elucidated.

3. Results

Precise regulation of gene expression is essential to cell
survival and function. Eukaryotic gene expression can be
modulated at transcriptional, posttranscriptional, trans-
lational, and posttranslational levels. It is now evident
that miRNAs are critical to posttranscriptional and co-
translational regulation of gene expression and play a vi-
tal role in many important biological functions. Mutiple
miRNAs are involved in almost every aspect of cellular
function allowing the cell to precisely regulate specific
gene expression under various metabolic and physiologi-
cal conditions. The regulatory power of miRNAs is now
being exploited through biotechnology to develop a
number of new therapeutic tools.

4. Conclusions

miRNAs have recently emerged as promising regulators
of gene expression in eukaryotic cells based on their ca-
pacity to modulate protein synthesis and control meta-
bolic pathways via gene silencing (RNAi). Studies have
found that RNA interference is linked to cytoplasmic
granules (such as P-bodies), which control mRNA stabil-
ity and enable storage and/or decay. Recent findings have
helped to clarify the critical role of these cytoplasmic
granules in the RNA life cycle and gene silencing. Increas-
ingly, miRNAs are receiving attention for their potential
involvement in different metabolic pathways and diseas-
es. This new class of modulators of gene expression holds
significant promise for use as potential drug targets in
the treatment of many diseases. However, there is still so
much to learn regarding optimal design of such a treat-
ment including possible delivery limitations, off-target
effects, and instability. Despite the enormous challenges
ahead, the interest in RNAi biotechnology and miRNA
therapeutics is rapidly growing which will undoubtedly
lead to new discoveries and novel tools in medicine, agri-
culture, and other segments of industrial biotechnology.
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