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SUMMARY

MicroRNAs are endogenous short non-coding RNAs that regulate gene expression
mainly at the post-transcriptional level by base pairing to the 3’ untranslated region
of target messenger RNAs. At present, hundreds of microRNAs have been identified
in humans, and some of them have been revealed to play a critical role especially in
the initiation, progression, and malignant potential of various cancers. In this chapter,
we discuss the role of microRNAs in cancer and its potential application for cancer
therapy.
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1. INTRODUCTION

MicroRNAs (miRNAs) are evolutionarily conserved “non-coding RNA” molecules
(~22 nucleondes) miRNAs regulale various physiological path such as diffe
tiation, i and ptosis by cl or 1 1 ion of target
messenger RNAs (mRNAs) (1,23). Cu.n'cntly, over 400 human mIRNAs have been
identified and registered in the miRNA database miRBase (4), and they are predicted
to regulate 30% of protein-encoding transcripts (5,6). Computational analysis esti
the presence of up to 1,000 miRNAs (7). Recently, miRNAs have been reported to work
as oncogenes or tumor suppressor genes and be directly involved in the initiation, pro-
gression, and metastasis of various cancers (8,9, /0). Therefore, this chapter focuses on
the role that miRNAs play in cancer, and the use of rmRNAs in drug discovery. Col-
lection of evidence suggests that miRNAs can be p ially useful for under
tumorigenesis and discovering novel strategies for cancer diagnosis and therapy.

2. BIOGENESIS OF MIRNAs

The majority of miRNA genes are located in the introns of protein-coding genes or
outside genes (/7). Unlike Drosophila, most human miRNA genes exist sporadically,
although some miRNAs are found as clusters (/2,13,14).

miRNAs are generated in multiple steps (Fig. 1). Initially, miRNAs are transcribed
by RNA polymerase II as long RNA precursors (pri-miRNAs) (15,16,17). Pri-miRNAs
are usually several kilobases in length, and contain a 7-metyl guanosine cap struc-
ture and a poly(A) tail similar to protcm—codmg mRNAs. The transcribed pri-miRNAs

d into pi of pProxi ly 70 nucleotides (pre-miRNAs) wnth a
hmrpm-shaped tem-1 p y a 5’ phosphate and a t 1
3’ overhang by the RNase III enzyme, Drosha, and a double-stranded-RNA-binding
protein, DGCR8/Pasha ( 18, 19, 20). The pre-miRNAs are then transported to the cy-
toplasm by a membcr of the Ran transport receptor family, Exportin-5, in a Ran
tri dent manner (27, 22). Pre-miRNAs exported in the cy-
toplasm are fun.her prooessed by another RNase III enzyme, Dicer, and unwound by a
helicase (23).

Finally, only one mature miRNA strand (guide strand) is incorporated into an RNA-
induced silenci plex (RISC) that mediates cleavage or lational inhibition of
target mRNAs, while the other strand (passenger strand) is quickly degraded (24,25,26).
The stability of the base pairs at the 5" end of the duplex determines which strand is
incorporated in RISC (27,28). RISC is posed of Dicer, Arg 2 (Ago2), and the
double-strand RNA binding protein, TRBP (26, 29), and cleaves target mRNAs more
efficiently by using pre-miRNAs rather than the duplex RNAs that do not have the stem-
loop structure, suggesting that processing by Dicer may be coupled with assembly of the
mature miRNA into RISC (26).

The incorporated miRNA guides the RISC to the complementary sequence in the 3’
untranslated region (UTR) of target mRNAs. miRNAs base-pair to the 3'UTR of the
target mRNA with perfect or near perfect complementarity, leading to the target mRNA
degradation by Ago2, a component of RISC (30). On the contrary, partial base pairing
between a miRNA and a target mRNA leads to translational silencing of a target mRNA
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Fig. 1. Mechanism of biogenesis and function in meNAs A schematic dmgmm of miRNA bio-
genesis is shown. miRNAs are transcribed by RNA p 1I and by
drosha/DGCRS and dicer. miRNA-loaded RISC causes the cleavage or translational silencing of target
mRNAs.

without RNA degradation (31). In partial base pairing, the binding of some nucleondes
in the 5’ region of miRNAs has been indicated to be functionally imp by sy
mutation experiments (32,33).

3. THE ROLE OF MIRNAs IN CANCER: DIAGNOSIS
AND DRUG DISCOVERY

miRNAs have distinct expression patterns among tissues and cells in different dif-
ferentiation stages (34, 35). Lim et al. (36) showed that over-expression of miR-124,
a brain-specific miRNA, shifted the gene expression profile of HeLa cells toward that
of the brain. Similarly, over-expression of muscle-specific miR-1 shifted the expression
profile toward that of muscle. These results indicate that miRNAs play important roles
in cell di iation and ch ization. Th miRNAs are considered to have a
significant influence on various disorders.

Recently, it has been reported that the expression of several miRNAs are altered in
a variety of human cancers, suggesting potential roles of miRNAs in tumorigenesis
(37). Calin et al. (38) showed that more than 50% of miRNAs were located in cancer-
associated genomic regions or in fragile sites. In fact, miR-15a and miR-16 genes exist
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as a cistronic cluster at 13q14, which is deleted or down-regulated in most cases (~68%)
of B-cell chronic lymphocytic leukemias (39).

Cimmino et al. (40) found that both these miRNAs negativcly regulate the expression
of B-cell lymphoma 2 (BCL2), which inhibits apoptosis and is present in many types
of cancers includi ias. In fact, pression of miR-15 and miR-16 in the
MEG-01 cell line mduces apoptotic cell death.

Alterations in the gene copy number of miRNAs are detected in a variety of human
cancers (41,42,43). Zhang et al. (41) showed that miRNAs exhibited hlgh frequency ge-
nomic alterations in human ovarian, breast cancer, and mel using high.
array-based ic hybridi

Hayashita et al (42) found that the expression and gene copy number of the miR-17-
92 cluster—composed of seven miRNAs—is increased in lung cancer cell lines, espe-
cially with small-cell lung cancer histology. Enforced expression of miRNAs included
in this polycistronic cluster enhances cell proliferation in a lung cancer cell line. The
increase in expression and gene copy number of miR-17-92 cluster was also found in
B-cell lympt (43). The expression of miRNAs in this cluster is upregulated by
c-Myc, whose expression and/or function is one of the most common abnormalities
in human cancers, and miR-17-5p and miR-20a in this miR-17-92cluster negatively
regulate the expression of the transcriptional factor E2F1 (44).

Furthermore, it was indicated that miR-17-19b cluster included in miR-17-92 cluster

inhibited apoptotic cell death, and 1 d c-Myc-induced lymph is in mice
reconstituted with miR-17-19b clust poietic stem cells (43).
In addition, the miR-17-92 cluster has be:n reponed to augment angmgenesns in vivo
by d lation of anti i P 1 and ive tissue growth

factor in Ras-transformed colonocytes (45).

miR-155 was identified as a miRNA whose copy number and expression were up-
regulated in several types of B-cell lymphomas (46). The miR-155 gene is located in
the final exon of the B-cell integration cluster (BIC) non-coding gene, which is shown
to 1 the path is of c-Myc—: iated lymph and leukemias, suggest-
ing potential mles of miR-155 in B-cell lymphomas (47) Indeed, transgenic mice with
miR-155 driven by the B-cell-specific Ep. enhancer rapidly develop a polyclonal B-cell

malignancy (48).
The up-regulated expression of miR-155 is also reported in breast, lung, colon, and
thyroid cancer (49,50). H the actual molecul hanism of miR-155 remains

unknown, although it is reported that miR-155 down-regulates the expression of the
angiotensin II type I receptor (51).

As an antiapoptotic miRNA, miR-21was recently identified to be up-regulated in
human breast tumor tissues, glioblastoma tumor tissues, and malignant cholangiocytes
(52,53,54). [nhlbmon of miR-21 by anti li leotides causes activation of

and i of apoptotic cell death in a human breast cancer cell line and
ghoblastoma cell line (52, 53 ). Furthermore, miR-21 inhibits gemcitabine-induced apop-
totic cell death in cholangiocarcinoma cell lines by down-regulation of PTEN (phos-

phatase and tensin homolog deleted on ch 10), which positively regulates
apoptosis via inhibition of PI 3-kinase s:gnalmg acuvanon ( 54). The expression of
miR-141 and miR-200b are also up lated in giocytes. Inhibitions of
these miRNAs using miRNA-specifi i olige ides d d proliferation
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