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1. Introduction

The concept of post-transcriptional regulation of gene expres-
sion by antisense RNAs was introduced in 1993 when Lee et al.
published the first report of a small RNA (lin-4) with antisense
complementarity to the 30UTR of lin-14 m RNA; importantly, lin-4

displayed translational inhibition potential in Caenorhabditis

elegans [1]. The micro RNA (miRNA) era began with the detection
of the small non-coding RNA let-7. Currently, the Sanger database
miRbase 17.0 (http://www.mirbase.org) contains 1424 mature
human miRNA sequences that may regulate at least one-third of all
human protein-coding genes [2].
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A B S T R A C T

MicroRNAs (miRNAs) represent a class of small (21–23 nucleotides) non-coding RNAs that emerged as

key post-transcriptional gene regulators, implicated in numerous physiological and pathological

processes. Currently, a main focus of miRNA research is related to the roles of miRNAs in cancer

development. The biogenesis and modes of action of miRNAs have not been completely elucidated;

however, miRNA-mediated translational repression is involved in the regulation of almost every cellular

process. Thus, pathological alterations in miRNA expression signatures are commonly associated with

disease development. This review specifically focuses on miRNAs in cancer, with an emphasis on their use

as potential biomarkers for cancer diagnosis and prognosis. Then, we discuss the potential use of

synthetic antisense or miRNA mimetic oligonucleotides and dietary agents to modulate miRNA

expression for chemotherapy and chemoprevention of cancer, respectively.

� 2012 Elsevier Inc. All rights reserved.
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miRNAs are a family of 19- to 24-nucleotide non-protein-
coding RNAs that post-transcriptionally regulate mRNA function.
miRNAs are involved in many fine-tuned biological processes;
however, miRNA genes and the mechanisms by which miRNAs are
processed are hotspots for pathological aberrations. Analyses of
the patterns of these alterations reveal promising cancer biomark-
ers as well as therapeutic targets, such as synthetic antisense
oligonucleotides or miRNA mimetic molecules. Since studies show
that dietary agents have an influence on miRNA expression
patterns, the cancer-preventing potential of these compounds will
be discussed.

2. Biogenesis and modus operandi of microRNAs

Genes coding for miRNAs are located either in intergenic
regions or in defined transcription units. Approximately 50% of the
miRNA genes are found in introns or exons of both protein-coding
and long non-coding transcripts and are consequently co-
transcribed with their host gene.

Although miRNAs located in Alu repeats are transcribed by RNA
polymerase (RNA Pol) III, miRNA genes are usually transcribed by
RNA Pol II into polycistronic primary transcripts (pri-miRNAs) with
lengths of approximately 1–10 kb (Fig. 1). Pri-miRNAs are
characterized by a 50-methyl cap structure, a poly(A) tail at the
30 end and at least one hairpin structure of approximately 70
nucleotides. In the canonical miRNA pathway, a complex consist-
ing of the double-stranded RNA-specific endoribonuclease III
Drosha, the binding protein Pasha and the DiGeorge syndrome
critical region 8 protein (DGCR8) processes pri-miRNAs into 70- to
100-nucleotide pre-miRNAs. In addition to a stem-loop structure,
pre-miRNAs bear 30-dinucleotide overhangs. An alternative
mechanism of pri-miRNA processing occurs through the mirtron
pathway. In this pathway, pre-miRNA structures are generated
from pri-miRNA-containing introns (mirtrons) by the nuclear
splicing machinery. The exportin-5/Ran-GTPase heterocomplex
transports pre-miRNA from the nucleus to the cytoplasm, where it
undergoes further maturation. The pre-miRNA is subsequently
processed by Dicer III into a 19- to 24-nucleotide double-stranded

Fig. 1. miRNA biogenesis and cancer-associated alterations in microRNA pathways. First, a microRNA gene is transcribed into a primary miRNA (pri-miRNA) by an RNA

polymerase (RNA Pol). miRNA genes are usually transcribed by RNA Pol II; however, miRNAs located in Alu repeats are transcribed by RNA Pol III. The pri-miRNA is further

modified through either canonical processing or the alternative mirtron pathways into a pre-miRNA. In the next step, the pre-miRNA is exported from the nucleus by

exportin-5 in a RanGTP-dependent mechanism into the cytoplasm, where it is cleaved by Dicer III. The resulting miRNA/miRNA* duplex is then loaded into the RISC complex,

where it is unwound. The remaining single-stranded miRNA interacts with the target mRNA. In general, perfect complementarity between miRNA and mRNA sequences and

the presence of the Ago2 endonuclease leads to mRNA degradation. Remarkably, incomplete complementarity can either induce deadenylation and degradation or lead to

GW182-associated translational inhibition (e.g., by preventing circularization or inhibiting the initiation of translation). Moreover, RISC complexes with captured target

mRNAs can be delivered to parking bodies, where mRNA is degraded or stored for recycling. In cancer cells, mutations can occur in intermediate stages of miRNA (i.e., pri- and

pre-miRNAs), in the mature miRNA seed region, in the target mRNA sequence or in miRNA-processing proteins. Moreover, alterations in the expression pattern of miRNA-

regulating transcription factors, abrogation of RISC assembly and aberrations in epigenetic mechanisms involved in the regulation of the expression of miRNA genes can

enhance oncomir expression and repress tumor suppressor miRNA expression. Consequently, alterations in the miRNA biogenesis process lead to aberrant gene expression.

DGCR8, DiGeorge syndrome critical region 8; PACT, protein kinase R activating protein; RISC, RNA-induced silencing complex; RNA Pol, RNA polymerase; TRBP, trans-

activator RNA binding protein.
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