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Is microRNA replacement therapy promising treatment for
cancer?
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Since the discovery of small non-coding RNA, which
regulates messenger RNA (mRNA) translation via
complimentary RNA-RNA interaction, in 1993 (1),
molecules consisting of highly conserved approximately
20 nucleotide sequences, currently known as microRNAs
(miRNAs), have attracted great attention in the field of
cancer biology. miRNAs regulate the expression of over
30% of essential genes for key biological processes, and
more than half of miRNA sequences are located in cancer-
associated genes or fragile sites (2). Numerous evidences
have shown that miRNA expression is dysregulated in
human cancer, and the dysregulated miRNAs have been
shown to affect the key features of cancer cells, such as
proliferation, inhibiting growth suppressors, modulating
invasion and metastasis, cell survival, and angiogenesis (3).
Thus, miRNAs can serve as either oncogenes or tumor
suppressors (T'S) and thus are classified into oncogenic
miRNAs, named as oncomirs, and TS miRNAs (4). In
general, the expression of TS miRNAs is diminished in
cancer cells, and the impaired function of TS miRNAs
contributes to carcinogenesis or cancer progression.
Therefore, the restoration of T'S miRNAs, also called
miRNA replacement therapy, has rapidly gained interest in
the field of cancer research (5).

Among candidate TS miRNAs, miR-199a-3p is
promising and has been gathering much attention (6,7)
because its expression is known to be downregulated in
several cancers including hepatocellular carcinoma (HCC)
(8-10), high-grade serous ovarian carcinoma (11), renal
cell cancer (12), testicular germ cell tumor (13), breast

© Non-coding RNA Investigation. All rights reserved.

neri. amegroups.com

Proliferation Proliferation

Invasion Survival

miR-199a-3p “c”;‘.’?:'ié‘.l

(12)| GSK-3B8 Keratin7 |(15)

Proliferation Proliferation
Migration

Proliferation
Invasion

Figure 1 Targets and functions of miR-199a-3p. “T” symbols
indicate inhibitory effects, and “—” arrows indicate stimulating
effects. miR-199a-3p targets include PAK4 (8), mTOR (9), c-Met
(9,11), GSK-3B (12), caveolin-2 (14), and keratin 7 (15).

cancer (14), and bladder cancer (15). miR-199a-3p has
been extensively analyzed and is known to regulate several
key cancer-related genes (Figure 1). For instance, Kinose
et al. showed that miR-199a-3p expression is drastically
diminished in tissues of high grade serous ovarian carcinoma
compared with normal ovarian epithelium, and the
restoration of miR-199a-3p in cancer cells using lentivirus
vector inhibited peritoneal dissemination in a xenograft
model by suppressing the expression of tyrosine protein
kinase Met (c-Met) (11). Dysregulated expression of miR-
199a-3p has been extensively studied, especially in HCC.
A comprehensive miRNA search named as miRNomes
in human normal liver, hepatitis affected liver, and HCC
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Figure 2 Delivery of microRNAs with nanoparticles. Various nanoparticles including liposomes, polymersomes, inorganic nanoparticles,

and exosomes can be used to deliver microRNAs. microRNAs are entrapped in nanoparticles using methods such as electroporation. The

encapsulation of microRNAs in nanoparticles prevents them from immune detection and degradation by serum endonucleases.

affected liver revealed that miR-199a/b-3p, the third most
enriched miRNA in normal liver, is dysregulated in HCC,
and low expression of miR-199a/b-3p is significantly
correlated with shortened survivals of HCC patients (8).
Adenovirus-mediated in vivo gene therapy of miR-199a-
3p showed its therapeutic potential in a xenograft model
by inhibiting serine/threonine protein kinase P21 (RACI)
activated kinase 4 (PAK4) (8). Restoration of diminished
levels of miR-199a-3p in HCC cells induced cell cycle
arrest in the G1-phase, inhibited cell invasion, promoted
susceptibility to hypoxia, and sensitized to doxorubicin-
induced apoptosis viz the inhibition of ¢-Met and
mammalian target of rapamycin (mTOR) (9). Therefore,
an efficient and selective delivery method of miR-199a-3p
to HCC cells has been expected as a novel miRNA-based
HCC therapy.

While miRNA replacement therapy has been used in
preclinical trials and promising results have been reported,
a few translational clinical trials for miRNA replacement
therapy have failed to progress further so far (4). The main
bottleneck in the systemic delivery of miRNAs is triggering
of an immune response and the potential degradation of the
miRNAs by endonucleases present in the extracellular space
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and physiological fluids. At present, viral and non-viral
vectors are employed for miRNA delivery (16). The use of
viral vectors is limited because of inducing immunogenicity,
limited packaging capacity, and difficulty of vector
production, thus, diverting the focus of researches to non-
viral vectors (4). Various non-viral vector systems have been
developed for DNA or miRNA delivery, including the direct
injection of individual nucleotides using methods such as
sonoporation, gene gun, magnetofection, and hydrodynamic
delivery or the use of synthetic delivery vectors such as
liposomes, polymersomes, and inorganic nanoparticles
(NPs) (17). Among these methods, the entrapment of
miRNAs in nanoparticulate carriers appears to be feasible
for protection of miRNAs from endonuclease degradation,
nonspecific interactions with proteins or non-target cells,
and immune detection (Figure 2). Gaur et al. reported
that chitosan nanoparticle-mediated delivery of miR-34a
inhibited prostate tumor growth as well as bone metastasis
in a xenograft model (18). Kamerkar et 2/. demonstrated
that exosome-mediated delivery of siRNA, specifically
targeting oncogenic KRAS in pancreatic tumor, suppressed
cancer in several mouse models and extended survivals of
mice (19). Exosomes are cell-derived membrane-bound
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vesicles of 30-150 nm in diameter, released from cells, and
efficiently enter other cells (20). Unlike other synthetic
nanoparticle carriers, exosomes possess transmembrane and
membrane-anchored proteins which promote endocytosis,
thus enhancing the delivery of their internal content such as
miRNAs (21).

The development of peptide-based NPs has been
achieved to deliver oligonucleotides more efficiently.
Varshney er al. (22) synthesized and characterized arginine
a, p-dehydrophenylalanine (RAF) NPs as a novel carrier
of miR-199a-3p to recover aberrant gene expression in
HCC. Successful targeted delivery was accomplished by the
conjugation of RAF NPs (RAF-LA NPs) with lactobionic
acid (LA), a ligand for the asialoglycoprotein receptor
overexpressed in HCC cell lines. RAF-LA NPs containing
miR-199a-3p (named as RAF-LA/miR NPs) were stable in
serum and against the degradation by RNase and enhanced
a cellular uptake as well as an efficient delivery of miR-
199a-3p to cancer cells, leading to substantial increase in
miR-199a-3p levels followed by the downregulation of
mTOR. In addition, intravenous injection of RAF-LA/miR
NPs into nude mice which bear HCC tumor declined more
than 50% tumor growth with the inhibition of mTOR
expression and increased mouse survival, suggesting that
RAF-LA/miR NPs can be an effective and promising carrier
for a novel targeted miRNA replacement therapy (22).

Numerous preclinical experiments have shown that
miRNAs target and suppress various oncogenic pathways,
and therefore, the restoration of TS miRNAs such as
miR199a-3p in cancer tissues may be a promising strategy
to treat cancer. In spite of several challenges in miRNA
replacement therapy which resulted in failure, clinical
trials with miRNA mimics have been attempted. In 2017,
van Zandwijk ef al. reported a phase I TargomiR trial with
miR-16 mimics to treat patients suffering from malignant
pleural mesothelioma (NCT02369198) (23). They found
an acceptable safety profile and early signs of activity
of TargomiRs and decided to enter a phase II study.
Improvement of miRNA delivery methods through the
development of more specific carriers with the progress of
the manipulation of epigenetic factors which modulate the
function of miRNAs would further enhance the efficiency
and specificity of miRNA replacement therapy for cancers.
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