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“We are now in the middle of a critical and exciting time in miRNA-based cancer
research and anticancer therapeutic development.”

Although cancer is a genetic disease, epigenetic alternations (e.g., methylation, histone
modification, noncoding RNA) are understood to play a key role in tumorigenesis. Such
alterations enhance the ability of tumor cells to adopt to various growth conditions and to
their unique tumor microenvironment.

Approximately 2% of transcripts code for mRNA templates for protein synthesis, leaving a
large percentage of noncoding RNAs (lncRNAs, miRNAs and piRNAs) many of which are
highly conserved. The regulatory roles of these noncoding RNAs are just beginning to
emerge. miRNAs are a class of small noncoding RNAs (e.g., siRNA, piRNA) with crucial
regulatory function [1,2]. miRNAs modulate protein expression by promoting RNA
degradation, inhibiting mRNA translation and, in some cases, affecting transcription.
Although miRNA-mediated mRNA degradation occurs in mammals, most mammalian
miRNAs are thought to repress target gene expression at the translational level via imperfect
base pairing to the 3′-untranslated regions of their target mRNAs [1,3,4]. Such translational
regulation provides the cell with a more precise, immediate and energy-efficient way of
controlling the expression of protein as it induces rapid changes in protein synthesis [5],
without excess transcriptional activation and subsequent steps in mRNA processing. In
addition, translational control of gene expression has the advantage of being readily
reversible, providing the cell with great flexibility in responding to various genotoxic and
cytotoxic stresses. The relevance of miRNA in cancer was revealed a decade later when a
link was found between miR-15, miR-16 and chronic lymphocytic leukemia [6]. The impact
of miRNAs in cancer has become a new frontier in cancer research.
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In addition to the use miRNA mimics or anti-miRs as novel anti-cancer therapeutics alone,
they have great potential to be used in combination with current chemotherapeutic
compounds or radiation therapy. Resistance to chemotherapy and radiation therapy is one of
the major reasons for the failure of clinical cancer management. Many factors contributed to
the resistance mechanism and miRNAs have been shown to play major roles [7].
Posttranscriptional and translational controls mediated by miRNAs are crucial for tumors to
develop resistance quickly by modulating protein synthesis in response to genotoxic stresses
during anticancer chemotherapy and/or radiation therapy. As a result, modulating miRNA
expression may offer new therapeutic strategies to overcome drug resistance in tumors.
Chemotherapeutic agents (e.g., 5-fluorouracil) are ineffective in eliminating the slow
proliferating cancer stem cells and, thus, novel approaches may help to overcome this issue.
It is important to discover genes and pathways that are responsible for the resistance
mechanism. Due to the broad influence of miRNA in gene expression, we believe that
miRNAs may offer new insights into the resistance mechanism. In some cases, miRNAs
may contribute to the development of resistance while in others they may help to overcome
resistance. We have recently reported that miR-140 is overexpressed in CD133+HiCD44+Hi

colon cancer stem-like cells and by reducing its expression, we can sensitize chemoresistant
CD133+HiCD44+Hi colon cancer stem-like cells to 5-fluorouracil treatment [8].

Tumor cells often lose their ability to undergo apoptosis due to defects in both intrinsic and
extrinsic pathways. A number of miRNAs have been recently discovered to modulate key
apoptosis protein targets (e.g., BCL-2, XIAP and SIRT-1). BCL-2 is an anti-apoptotic
protein and is overexpressed in many cancer types. Several strands of miRNA have been
reported to regulate BCL-2, increasing apoptosis. In gastric cancer cell lines high in BCL-2,
miR-34 was observed to decrease BCL-2, increasing apoptosis and chemosensitivity [9].
Similar effects on apoptosis were found in primary chronic lymphocytic leukemia CLL cells
with miR-181 targeting BCL-2 [10]. These are just some examples of how miRNA can
engage in modulating apoptosis in cancer and have therapeutic potential.

“The relevance of miRNA in cancer was revealed a decade later when a link was
found between miR-15, miR-16 and chronic lymphocytic leukemia. The impact of
miRNAs in cancer has become a new frontier in cancer research.”

However, it is a difficult task to realize the dream of miRNA-based therapeutics and we are
facing a number of challenges. Challenges, such as stability, toxicity, distribution and
specificity to target tumor cells, are similar to those faced by other nucleic acid-based
compounds. With the extensive efforts from both academia and industry, a number of
solutions are now available to bring miRNA therapeutics closer to patients. With the issue of
stability, extensive efforts have been made to modify miRNAs for enhanced stability by
various modifications of nucleotides, such as 2′-O-methyl and 2′-O-methoxyethyl [11],
anti-miRs, as well as with 3′-end-cholesterol conjugation [11, 12] and locked nucleic acid
[13–15]. Such modifications have been demonstrated to enhance anti-miR stability and
affinity to miRNA. However, care has to be taken to avoid off-target effects due to extensive
modifications.

As for the in vivo delivery strategies, a number of approaches have been attempted such as
the use of lentiviral vectors. Lentiviral vectors offer the advantage of stable gene therapy due
to their integration into the genome. It has also been observed that lentiviral vectors offer
greater transduction efficiency than other viral vectors in lung cancer [16]. However, there
remains the concern that viral integration could disrupt the host genome, although some
work has indicated that lentiviral integration poses a limited threat to genomic integrity.
There is also concern regarding the development of an immune response to the lentiviral
vector, which could limit the effectiveness of treatment. Other viral vectors for miRNA
delivery are adenoviral-based vectors. Adenoviral-based vectors are episomal compared
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with lentiviral vectors but also have toxicity-related issues associated with immune response
to the virus, as well as the concern of overcome existing immunity. Adeno-associated virus
has also been reported to be effective at delivering miRNA in mouse models of liver cancer
[17]. Nonviral delivery mechanisms have also demonstrated potential for therapeutic
delivery of miRNA. These include liposomes, which have been shown to effectively deliver
miRNA to cancer cells both locally and systemically in mouse xenograft models [13,18]. In
addition, nano particles made of gold or synthetic polymers can effectively deliver miRNA
when administered systemically in mouse xenograft models, leading to reduced tumor
growth [19]. Recently an exosomal-based miRNA delivery has been reported with great
potential as effective therapeutic delivery systems [20]. Exosomal delivery, offers a unique
opportunity for miRNA delivery due to the fact that this system is naturally used in cellular
communication, probably contributing to its stability in circulation. Exosomes can also be
modified so that they can target delivery to a particular cell type. While exosome delivery
seems promising, more work needs to be carried out, to make the production and isolation of
exosomes an efficient process. There is also concern that an immune response could be
mounted against exosomes unless they are harvested from immune-compatible cells.

“Many factors contributed to the resistance mechanism and miRNAs have been
shown to play major roles.”

We are now in the middle of a critical and exciting time in miRNA-based cancer research
and anticancer therapeutic development. In the next 5–10 years, the efforts from both
academia and industry will pay off to realize the dream of having multitargeted miRNA-
based anti cancer therapy to benefit patients. miRNA-based diagnosis will also impact
patient care by offering per sonalized diagnosis and tumor-tailored therapy. We remain
optimistic about the miRNA-based diagnosis and future medicine in cancer.
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