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Abstract

MicroRNAs (miRNAs) are evolutionarily conserved, small, regulatory RNAs that negatively
regulate gene expression. Extensive research in the last decade has implicated miRNAs as master
regulators of cellular processes with essential role in cancer initiation, progression and metastasis,
making them promising therapeutic tools for cancer management. In this review, we will briefly
review the structure, biogenesis, functions and mechanism of action of these miRNAs, followed
by a detailed analysis of the therapeutic potential of these miRNAs. We will focus on the
strategies presently used for miRNA therapy; discuss their use and drawbacks, and the challenges
and future directions for development of miRNA-based therapy for human cancers.
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Introduction

The discovery of microRNAs (miRNAS) in the last decade has been one of the most
fascinating breakthroughs of recent times. The identification of these regulatory RNAs from
the dark matter of the human genome initiated a shift in the paradigms of cancer biology,
and facilitated a deeper understanding of the human biology. miRNAs are small (19-24nt),
endogenous highly-conserved non-coding RNAs with imperative regulatory functions?.
They negatively regulate gene expression by binding to the 3’-untranslated region (3’-UTR)
of the target mMRNASs, and causing mRNA degradation or translational repression. Thus, they
are involved in post-transcriptional gene silencing and are predicted to target about 30% of
the protein-coding genes?. Since its discovery, thousands of miRNAs have been identified in
animals, plants and several viruses. miRNAs play an important role in multiple biological
processes, including developmental timings, embryogenesis, cell differentiation,
organogenesis, metabolism, apoptosis and various diseases, including cancers3. miRNA
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pathways have been implicated as a new layer of gene regulation important in both normal
and diseased states, and thus further understanding of their molecular nature and functions
would help identify novel tools for drug development.

mMiRNA biogenesis and function

miRNAs are usually transcribed from miRNA genes by RNA polymerase 11 (RNAPII), as
autonomous transcription units, or as clusters from a polycistronic transcription unit, to give
a long capped and polyadenylated primary miRNA transcript (pri-miRNA) with a stem-loop
structure?. miRNA genes can be located in the exonic or intronic regions of non-protein
coding regions, or in the intronic region of protein-coding transcription units. Pri-miRNAs
are then cleaved by a Microprocessor complex (composed of Rnase 111 Drosha and double-
stranded DNA binding domain protein DGCR8) to give hairpin-shaped precursors of
microRNA (pre-miRNAs)°. The pre-miRNAs are then exported to the cytoplasm by the
nuclear export factor Exportin-5/Ran GTP. Following their export from the nucleus, these
pre-miRNAs are further processed to ~ 22 nucleotide miRNA:miRNA* duplexes by the
cytoplasmic Rnase 11l enzyme Dicer, and its double-stranded RNA binding domain protein
TRBP. Subsequently, the mature miRNA then gets incorporated into RISC (RNA-induced
silencing complex), usually resulting in the repression of target gene expression. RISC
usually binds to the 3’-UTR of target mMRNAs and brings about cleavage or translational
repression of the target MRNAS, depending on the degree of complementarity between
miRNA and target mMRNA. In humans, microRNAs usually bind to specific sequences with
partial complementarity on target RNA transcripts, called ‘seed sequences’ or microRNA
response elements (MRESs), which then result in translational repression?.

Besides the canonical miRNA regulation pathway, several variations have also been
reported for the miRNA-mediated regulation. Some miRNAs bind to the 5’-UTR or the
open reading frame of the mRNA, resulting in activation rather than suppression of the
target genes®. Few miRNAs also show decoy activity, by binding directly to the proteins,
such as RNA-binding proteins, and thus inhibiting the interaction with their target RNA”.
Moreover, in certain cases, miRNASs can also regulate gene expression at the transcriptional
level®, by binding directly to the DNA regulatory elements. Thus miRNA-mediated
regulation of gene expression is a complex science and is still an evolving concept.

MiRNAs as preferred therapeutic targets for cancer

Since their discovery, miRNAs have been reported to have a variety of roles in cancer
development and progression. Figure 1 depicts the widespread dysregulation and aberrant
expression of MiRNAs in human cancers. The seminal study linking miRNAs to cancer
found that miRNA cluster miR-15-miR-16-1 were frequently deleted or downregulated in
69% of chronic lymphocytic leukemia patients (CLL)®. These miRNAs targeted anti-
apoptotic proteins B cell lymphoma 2 (BCL2) and induced myeloid leukemia cell
differentiation (MCL1) proteinl®. A knockout mouse model targeting the miR-15b/
miR-16-1 cluster recapitulated the CLL-associated phenotype, validating the tumor
suppressive functionality of these miRNAs in vivoll. Subsequent studies identified several
other tumor suppressive miRNAS, such as the let-7 family members, miR-29, miR-34
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family, miR-122 and miR-143/145 cluster, which suppress the expression of oncogenic
protein-coding genes. Loss of tumor suppressive miRNA expression due to somatic
alterations or germline mutations can initiate or enhance tumorigenecity.

In contrast, overexpressed miRNAs that promote tumorigenecity by targeting tumor
suppressive genes are classified as oncomiRs2. One of the most prevalent oncomiR is
miR-21, which is overexpressed in almost all human cancers and targets PTEN and PDCD4
(12). A recent study also reported the dependency of tumor cells on activated miR-21 for
survival and proliferation advantage, and introduced the concept of OncomiR addiction?3.
Medina et all3 developed a conditional transgenic mouse overexpressing miR-21 and
showed that these mice developed spontaneous pre-B malignant lymphoid-like phenotype.
In the absence of miR-21, malignant cells undergo apoptosis and the tumors regress.
Spontaneous tumorigenesis in mice models overexpressing miR-1554 and miR-22115 have
established these miRNAs as bona fide oncomiRs. In addition, induction of lethal B cell
malignancies in transgenic mice models of miR-17~92 cluster!® and miR-125b'7 have
highlighted miRNAs as causative agents in solid as well as hematological malignancies.
These in vivo experimental findings strongly advocate the use for miRNAs as therapeutic
intervention tools for cancer management.

Interestingly, it has been found that some miRNAs can behave as oncogenes in one cancer
type and as tumor suppressive genes in others. For example, miR-221 is overexpressed in
liver cancer and exerts an oncogenic function by targeting tumor suppressor PTEN, but it
acts as a tumor suppressor in erythroblastic leukemia by silencing the KIT oncogenel8: 19,
Thus, identification of detailed biological functions and targets of miRNAs is an important
aspect when considering miRNA therapeutics.

Using high throughput techniques such as microRNA microarrays and next-generation
sequencing, widespread dysregulation and aberrant expression of miRNAs has been reported
in almost all human cancers?%: 21, The widespread dysregulation of miRNAs can be
explained by their frequent location in cancer-associated hotspots of the human genome,
including fragile sites, minimal regions of amplification, loss of heterozygosity sites, and
common breakpoint regions?2. Other mechanisms of this dysregulation include
chromosomal deletions or translocations of regions with miRNA genes, epigenetic
regulation of miRNA expression, alterations in miRNA promoter activity by oncogenes and
tumor suppressor genes, alterations in the miRNA processing machinery (such as mutations
in Dicer, TRBP2 or Exportin 5), and presence of mutated miRNA structural variants20.
Aberrant miRNA expression has enabled clinicians to develop miRNA signature profiles
that serve as important diagnostic, predictive, prognostic and theranostic biomarkers. In
addition, miRNA expression patterns allow precise differentiation between different tumor
types and identification of tissue of origin in poorly differentiated tumors23, The detection of
stable circulating miRNAs in serum has opened up new avenues for non-invasive
biomarkers in cancer prognosis?4 25, For example, high levels of miR-141 expression in the
plasma have been associated with poor prognosis in patients with colorectal cancers25.
Further, correlations between circulating miRNA levels and the response to a given
anticancer agent have also been observed. For example, circulating miR-21 levels were
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higher in prostate cancer patients resistant to docetaxel-based chemotherapy, in comparison
to those with chemosensitive disease?’.

The recent discovery of competing endogenous RNAs (ceRNAs)28 lend further support to
the potential use of miRNAS as therapeutic agents. The ceRNA hypothesis states that an
extensive proportion of human transcriptome, including transcribed pseudogenes, mRNAs
and long non-coding RNAs can interact or crosstalk with each other through miRNA
responsive elements (MRESs), establishing a comprehensive intricate regulatory network. For
example, tumor suppressor PTEN is finely regulated by its ceRNAs, PTENP1 pseudogene
and ZEB2 mRNA via common MREs2% 30, Placing this in the context of miRNA therapy,
miRNA modulation may have more profound manifestations in an as-yet-uncharacterized
RNA-dependent aspect. Thus, therapeutic modulation of miRNA levels might shift the
balance and set up a cellular cascade enabling a more pronounced biological effect than
previously anticipated. This discovery reveals a whole new realm of therapeutic possibilities
for human cancers. More research to identify other cancer-associated cecRNA-miRNA
networks needs to be done before the full therapeutic potential of such regulatory loops can
be exploited.

mMiRNA-based therapeutic approaches

The major advances in the last decade have focused on designing novel targeted therapy
capable of targeting specifically the malignant cells in a more rational way. The advent of
miRNAs provide an additional layer of gene regulation on a broad spectrum of biological
pathways by fine-tuning protein expression levels. The ability of miRNAs to regulate
cellular processes, their inherent role in carcinogenesis as oncogenes or tumor suppressor
genes, and the aberrant dysregulation of their expression levels in cancer illustrate the
potential of miRNA modulation as a viable therapeutic strategy and a powerful intervention
tool. By the virtue of their ability to target multiple protein-coding genes and their aberrant
perturbations in widespread cancers, miRNAs have emerged to be promising novel
therapeutic targets and intervention tools. Table 1 and Figure 2 describe the several
approaches currently being explored for miRNA modulation.

miRNA restoration

Alterations or mutations in tumor suppressive miRNAs impede their inhibitory effect and
contribute to oncogenic activation in cancer cells. An effective solution is to restore the
normal function of these miRNAs by replacing or substituting the lost miRNA using
synthetic miRNA-like molecules called miRNA mimics or with miRNAs encoded in
expression vectors. miRNA mimics are small, chemically modified (2’-O’methoxy) RNA
duplexes that are processed into single-strand form inside the cells and loaded into RISC to
achieve the downstream inhibition of the target MRNAs. For example, introduction of
miRNA mimics for miR-15a in prostate cancer cell lines induced marked apoptosis and
blocked proliferation3l. However, an effective in vivo delivery system greatly influences the
stability and uptake of miRNA mimics. Systemic delivery of neutral lipid-based vehicle for
miR-34a and let-7 mimics reduced tumor burden in KRAS-activated non-small cell lung
cancer mouse model32. Additionally, systemic delivery of atelocollagen-conjugated
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miR-34a and miR-16 in a mouse xenograft model effectively inhibited progression of colon
cancer and prostate cancer, respectively33.

An alternative approach is engineering longer pre-miRNA-like sShRNAs from plasmid or
viral vectors driven by strong promoters to induce tissue- or tumor-specific expression34,
For example, intranasal administration of an adenovirus expressing let-7a RNA hairpin in a
KRAS mutant mouse effectively restrained the growth of the lung cancer xenograft mouse
model32: 36, Further, systemic administration of miR-26a using adeno-associated virus in
hepatocellular carcinoma resulted in tumor-specific inhibition of cell proliferation, induction
of apoptosis and blocked tumor progression3”. Another example includes a RNA
polymerase 11 driven expression vector for miR-155 that has been shown to effectively
increase miR-155 expression levels in vitro and in in vivo xenograft models38.

The primary causes of reduced miRNA expression in human cancers are genetic deletion of
miRNA loci, epigenetic silencing via CpG island hypermethylation in the promoter region
of miRNA genes or decreased biogenesis and/or processing of miRNAs22. Reversal of these
processes using small molecules can help restore the global miRNA expression levels.
Hypomethylating agents such as decitabine or 5-azacytidine has been shown to reverse
epigenetic silencing of miRNAs as well as mMRNAs, and are approved for treatment of
myelodysplastic syndromes3°. Another example is the small molecule enoxacin, which has
been shown to promote miRNA biogenesis and processing by binding to TARBP2 (TAR
RNA-binding protein 2)40. Enoxacin treatment augmented the production of a subset of
miRNAs and reduced tumor growth in mouse models of colon cancer (40). These studies
highlight the effectiveness of restoring downregulated miRNAs in cancer cells. However,
these strategies are non-specific and induce re-expression of a spectrum of miRNAs.

The first miRNA replacement therapy — MRX34, an intravenously injected liposome-based
miR-34 mimic - is currently in Phase | clinical trials for patients with advanced
hepatocellular carcinoma. MRX34 will be administered intravenously twice a week for three
weeks with one week off to investigate its safety, pharmacokinetics and pharmacodynamics
profile (on clinicaltrials.gov, Identifier: NCT01829971).

miRNA inhibition

OncomiRs are frequently overexpressed in cancers, and inhibition of these miRNAs would
help restore the normal function of its target tumor suppressive genes. Several miRNA
inhibitory agents have been recently tested in preclinical and clinical studies and include
antisense anti-miR oligonucleotides, locked nucleic acid (LNA-) anti-miRNAs, miRNA
sponges, mMiRNA molecule and small molecule inhibitors of miRNAs.

Synthetic anti-miRNA oligonucleotides are single-stranded RNA molecules complementary
to the target miRNA?L 42 that function as competitive inhibitors by obstructing their
interaction with target mMRNAs. Thus targeted inhibition of a specific miRNA and
subsequent upregulation of its target mMRNAs can be achieved. Addition of different 2’-
ribose modifications to AMOs (2’-O-methyl AMOs and 2’-O-methoxyethyl) contributes to
nuclease resistance and improved binding affinity, stability and specificity, and further
addition of a phosphorothioate moiety along with the 2’ modification further enhances the
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resistance to endonucleases, and better serum stability and cellular uptake*2. Another
optimal modification is the addition of cholesterol functionality at the 3’-position of the
nucleic acid to generate ‘antagomirs™3, The cholesterol modification further enhances the
cellular uptake of these AMOs. Intravenous injection of antagomirs against miR-122
afforded a marked and specific inhibition of endogenous miR-122 in mice, with an
upregulation of target mMRNAs?*3. The effects were long-lasting (up to 23 days) with no
noticeable immune response or toxicity. Targeted suppression of the mature miR-122 was
observed in liver, lung, kidney, heart, intestine, fat, skin, bone marrow, muscle, ovaries and
adrenals, except brain. In another instance, systemic treatment of a metastatic breast cancer
mouse model with miR-10b antagomirs did not reduce primary tumor but effectively
suppressed breast cancer metastasis to lung**. miR-10b antagomir significantly reduced
miR-10b levels and increased the levels of Hoxd10, an important miR-10b target.

Another example of modified AMOs are the Locked Nucleic Acid anti-miRs, in which an
extra methylene bridge connecting the 2’-O atom and the 4’-C atom ‘locks’ the ribose ring in
a C3’-endo or C2’-endo conformation#®. LNA-modified oligonucleotides create high-
affinity Watson-Crick binding to target mRNAs, and thus exhibit higher thermal stability
and superior hybridization with their RNA target molecules. Furthermore, they display
higher aqueous solubility and increased metabolic stability for in vivo delivery. For instance,
intravenous injection of LNA anti-miR against miR-122 showed distinctly superior
efficiency in antagonizing miR-122 compared to cholesterol-conjugated antagomirs#6, and
was completely safe and efficacious in primate models, such as African green monkeys*®
and chimpanzees*’. An efficient depletion of miR-122 in the liver was reported in each case
without any evidence of LNA-associated toxicities or histopathological changes in the
animals. Miravirsen (SPC3649), an LNA-anti-miR-122 by Santaris Pharma, was recently
evaluated in Phase | and Phase lla clinical trials for treatment of hepatitis C virus, it was
found that miravirsen successfully reduced HCV RNA in a dose-dependent manner in
patients with chronic HCV genotype 1 infection?8.

Modified LNA anti-miRs that are 8 nucleotides long and specifically bind to the 5’-seed
sequence (called tiny LNAs) have also been developed®. Treatment with tiny LNAs
resulted in inhibition of several miRNAs families that share the same seed region, and a
consequent upregulation of their direct targets. Systemic intravenous delivery of
unconjugated tiny LNAs showed long-term miRNA silencing with high specificity in
orthotopic breast cancer model. It was also shown that an 8-mer antimiR-155-LNA inhibits
Waldenstrom Macroglobulinemia (WM) and CLL cell proliferation in vitro, while
systemically delivered antimiR-155-LNA showed significantly decreased tumor growth in
vivo0,

Ebert and colleagues®! reported a novel system for miRNA antagonism called ‘miRNA
sponges’ or ‘miRNA decoys’. These are RNA transcripts with multiple tandem repeats of
miRNA binding sites for an endogenous miRNA. These sponges stably interact with or
‘soak up’ the corresponding miRNA and prevent its interaction with its target MRNAs. A
remarkable attribute of this approach is the ability of miRNA sponge to affect all closely
related miRNAs within a family that share overlapping targets. In order to imitate the
miRNA-mRNA binding like in the natural setting, a bulge was introduced at position 9-12,
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which achieved better activity due to increased miRNA retention. For example, inhibiting
miR-9 expression using a mMiRNA sponge effectively inhibited pulmonary micrometastasis
in orthotopic mouse models of breast cancer®2,

Inhibition of a specific miRNA using the aforementioned strategies causes de-repression of
the entire array of target genes that show miRNA binding sites for that particular miRNA. A
gene-specific anti-miRNA therapy that can reverse the repressive action of mMiRNAs in an
mRNA-selective manner has also been developed. These ‘miRNA-masks’ consists of single-
stranded 2’-O’methyl-modified antisense oligonucleotides with locked 5’ and 3’ ends that
are entirely complementary to the miRNA binding sites in the 3’-UTR of the target mRNA.
In effect, they ‘mask’ the target MRNA from the endogenous miRNA and thus prevent its
suppression. This principle has been successfully applied to abrogate the activity of miR-430
on TGFp (transforming growth factor B) signaling pathway in a zebrafish model®3.

Potential miRNA-specific small molecule inhibitors (SMIRs) were identified from a large-
scale drug screening using a luciferase-based reporter assay®*. Diazobenzene and its
derivatives were found to reduce the transcription of the miR-21 gene into pri-miR-21 in
vitro. However, no cytotoxic or non-specific effects on other processes were tested.
Identification of other such small molecule inhibitors of mMiRNAs might be a useful
supplement to conventional chemotherapeutic agents.

Recent studies have reported that miRNAs can also be packaged into vesicles and secreted
into the extracellular environment as hormones by donor cells®®. These then trigger a
receptor-mediated response in different recipient cells. For instance, Yang et al®® reported
that macrophages regulate the invasiveness of breast cancer cells by exosome-mediated
transport of miR-223. Thus, targeting these miRNAs in the donor cells can have an impact
on the functionality of a different recipient cell. Furthermore, extracellular miRNAs (for
example, let-7) can also directly interact with Toll-like receptors (TLRs) and trigger
activation of downstream pathway®’. Targeting these extracellular miRNAs provides novel
therapeutic options for cancer management, and further studies will be needed to determine
the effectiveness of such approaches.

Strategies for miRNA therapeutics to treat human cancers

Cancer represents a complex genetic disease, and treatment with any individual therapy
confines them to the ‘one-drug-one-target’ paradigm and renders them susceptible to
resistance in due course. The current knowledge available from gene therapy and RNA.
technologies can be easily adapted to miRNA therapy. Exploiting the current understanding
of the genetic nature of cancer and the molecular pathways involved in malignant
transformation, and the wide spectrum of new molecular drugs available, several novel
therapeutic combination regimens can be evaluated. One strategy is to target a major
molecular alteration clearly linked to disease pathogenesis by using multiple therapeutic
agents, called the ‘Sandwich RNA inhibition’ approach. A recent study exemplified this
strategy by targeting EphA2, an important ovarian cancer oncogene, using a combination of
EphA2-targeting siRNAs and miR-520d-3p mimics®®. Dual targeting of EphA2 prominently
decreased EphA2 protein levels, suppressed tumor growth, migration and invasion, and
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exhibited synergistic anti-tumor efficiency than either monotherapy alone, both in vitro and
in vivo. Thus regimens using a cocktail of RNAi (RNA interference) therapeutics to target
dominant oncogenes might achieve better therapeutic outcomes in human cancers.

An alternative strategy is to target various molecular defects in the multistep pathways of
specific cancers, called the ‘Multiplex RNA inhibition” approach. For instance, for CLL,
strategies to restore expression of miR-15/16 family may induce better therapeutic response
by suppressing multiple members of the anti-apoptotic BCL2 family0. Finally, combining
these strategies (miRNAs/anti-miRs combination ‘cocktails’) with conventional
chemotherapy might afford synergistic effects and improved therapeutic efficiency for
clinical cancer management.

Clinical considerations for miRNA-based therapy

miRNA-based therapies offer several advantages over the conventional chemotherapy. The
most attractive quality is their ability to regulate multiple genes, often in the perspective of a
common network, achieving a more cumulative effect on a set of related target proteins at
multiple levels in the same pathway. Considering that cancer is a heterogeneous disease
wherein distinct biological processes often get deregulated and hence cannot be treated by a
single-agent therapy, this ability of miRNAs make them particularly valuable.

The small size and low molecular weight of miRNASs render them as attractive options for
clinical drug development. Moreover, the discovery of more than 1500 human miRNA adds
significantly to the pool of novel druggable targets amenable to pharmacological
intervention in cancer management. In addition, since these occur naturally in human body,
their intercellular presence does not evoke an immune response and reduces adverse side
effects. Thus, restoring proteomic homeostasis by modifying miRNA expression in cancer
cells may rewire the cell and reverse the cancer phenotype with minimal toxicity.

The major challenge to miRNA-based therapeutics is an effective mode of delivery. The
biological instability of unmodified naked RNAs and AMOs due to rapid degradation by
cellular and serum nucleases makes their direct delivery an unfeasible option59: 60,
Additionally, their small size and negative charge could interfere with their ability to cross
the cell membranes. Thus, they require some form of targeted delivery vehicle for sufficient
tissue specificity and cellular uptake. Both viral and non-viral vehicles have been considered
for RNA delivery (Figure 3).

The non-viral delivery options include chemical modifications of the oligonucleotides, lipid
complexes with small molecules, liposomes, polymers, antibodies and nanoparticles.
Chemical modifications to the primary structure of the RNA such as phosphorothioate
backbone, cholesterol conjugation, peptide nucleic acid peptides or fluorine derivatives
show improved stability and availability, but they are frequently associated with impaired
function and severe toxicities®1. Delivery of miRNA using a carrier agent has shown
increased efficacy and stability with reduced toxicity. Use of cationic lipid nanoparticles to
deliver pre-miR-107 in a preclinical model of head and neck squamous cell carcinoma
showed 45.2% reduction in tumor burden compared to lipoplexes containing pre-miR
controls®2. Another study reported that co-administration of siRNAs against c-Myc/MDM2/
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VEGF and and miR-34a using liposome- polycation-hyaluronic acid (LPH) nanoparticle
formulation modified with tumor targeting single chain antibody fragment successfully
reduced lung metastasis load of B16F10 melanoma model®2. To overcome the toxicity
caused by the cationic nature of the liposomes, a neutral lipid emulsion was developed, and
delivery of miR-34a and let-7a using this emulsion reduced lung tumor burden in non-small
cell lung cancer®. However, neutral liposomes preferentially accumulate in lungs, hindering
their application to treatment of other tumors®4. Other research groups used a polyurethane-
short branch polythylenimine (PU-PEI) as a carrier of miR-145 and demonstrated significant
tumor inhibition in xenograft models of lung adenocarcinoma® and glioblastomas®6. Use of
these synthetic carriers has become popular models of delivery due to improved stability,
cellular uptake and biodistribution profile; however their toxicity and immunogenicity still
remain a concern. Recently, another study reported that intravenously injection of modified
exosomes with GE11 peptide on their surfaces delivered let-7a specifically to EGFR-
expressing tissues in xenograft breast cancer models®7. Since exosomes are natural vesicles
secreted by several cells and tissues, they might not be immunogenic and thus present
reduced toxicity. Another approach to targeted delivery is by tagging the modified
oligonucleotides or carriers with antibodies. An additional challenge with this approach is
their large molecular size which hampers the release of miRNA from the blood into the
target tissue through the capillary endothelium®8. In addition to synthetic polymeric
materials, naturally occurring polymers such as chitosan, protamine and attelocollagen have
also been explored; however, their utility is limited mainly by their immunogenicity5°.

Viral options include the use of adeno-associated virus vectors or lentiviral vectors. Long-
lasting and stable knockdown of target transcription can be achieved by expression of
shRNAs from these vectors with either Pol 11 or Pol 111 promoters. However, toxicity and
immunogenicity limit the clinical application of viral vectors. Furthermore, continuous
expression of MiRNAs can lead to saturation of the endogenous processing machinery and
lead to toxic side effects’?.

Local administration is advantageous since it needs lower RNA doses, causes minor toxic
reactions and achieves better bioavailability of the drug to the target tissue’? 72, However,
local administration can be useful only for solid tumors, since local distribution will be of no
use in hematological malignancies like leukemia. Local administration also does not
facilitate exposure of metastasizing cancer cells in circulation to the RNA drugs. Systemic
delivery is thus a better route of administration since it provides a more effective
biodistribution to the target tissues. Nonetheless, barriers to in vivo systemic delivery of
miRNAs include renal clearance, failure to cross the capillary endothelium (for RNAs
conjugated with large molecules), limited passage through extracellular matrix, destruction
by scavenging macrophages, etc’2.

Conclusion

Current times represent an important stage in the development of novel RNA-based
therapeutic modalities for cancer treatment. The entry of two miRNA-based therapeutic
agents in clinical trials should promote development of new miRNA-targeting anticancer
drugs with improved specificity and efficacy for therapeutic application. Research efforts on
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improving their chemical designs and developing better delivery options to achieve superior
sensitivity and specificity will be of crucial importance. Insights into the non-classical
functions of mMiRNAs will help further expand their clinical application spectrum. miRNAs
that upregulate protein translation can be targeted to control the translation of specific
oncogenes or tumour suppressor genes. Furthermore, regulating the production,
transportation and release of exosome miRNAs may have beneficial effects in controlling
cancer development. Finally, more mechanistic studies to identify the interactions of
miRNAs with human genome, transcriptome and proteome will enable us to comprehend the
underlying intricate network of molecular regulation. miRNA-based therapy has the
potential to bring an exciting new facet to personalized medicine for cancer treatment;
however, a deeper and clearer understanding of its biology is warranted.
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Figure 1.

miRNA deregulation in human cancers.

miRNA genes frequently undergo chromosomal deletions or translocations, epigenetic
regulation, alterations in miRNA promoter activity by oncogenes and tumor suppressor
genes or alterations in the miRNA processing machinery resulting in widespread
deregulation in their expression. Consequently, oncogenic miRNAS are upregulated, while
tumor suppressive miRNAs are downregulated. This alteration at the miRNAome leads to
aberrant changes in the transcriptome and proteome, causing cellular transformation and
tumor progression.
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Figure 2.

miRNA-based therapeutics for management of cancer.

miRNA inhibition therapy for OncomiRs include antisense anti-miRs (AMOs, modified
AMOs, LNA-based AMOs, antagomirs), small molecule inhibitors, miRNA sponges and
miRNA masks. miRNA replacement therapy for tumor suppressive miRs includes miRNA
mimics, small molecule enhancers and expression vectors. These approaches act at different
stages of miRNA biogenesis, including processing, maturation and strand selection.
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miRNA delivery options into the cells.

Schematic representation of different delivery approaches currently investigated for delivery
of miRNA-based therapeutics in cancer cells. Synthetic miRNAs can be delivered naked
with different chemical modifications, conjugated to natural or synthetic polymers,
conjugated with cholesterol molecules, complexed with liposomes, encapsulated in
nanoparticles, using DNA-plasmid expression vectors or via viral expression vectors.
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