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Preface

The past decade witnessed significant efforts and progresses in the area of microRNA
(miRNA) research in the field of cancer. Indeed, recent miRNA studies have been a
major leap in the understanding of the molecular pathogenesis of cancer. It is crystal
clear that miRNAs as either onco- or tumor suppressor genes can alter biological
processes fundamental to tumor initiation and progression. The connections between
miRNAs and oncogenesis are widespread enough to hold miRNAs as potential
therapeutic targets and novel biomarkers. In this regard, identifying the expression
signatures of miRNAs provides exciting opportunities for the diagnosis, prognosis,
and therapy of cancer.

This edited book MicroRNAs: Key Regulators of Oncogenesis aims to offer a
broad framework to understand the state-of-the-art knowledge of miRNA function
and illustrate features of specific miRNAs in the regulation of cancer. It has been
written for graduate students, postdoctoral fellows, and scientists in cancer research,
and it is also well suited for clinical oncologists and other researchers interested in
this field. The contents of this book was scrupulously designed and explicitly writ-
ten. Ranging from the fundamental concepts to clinical applications, this book is
composed of seventeen chapters organized in two parts. The first part is devoted to
delving deep into the importance of miRNAs in cancer biology. In Chap. 1, I
describe the dual function of miRNAs as either oncogenes or tumor suppressors in
cancer and elucidate the link between aberrant miRNA expression and cancer devel-
opment and progression. Since cancer is associated with accumulation of epigenetic
and genetic alterations, Chap. 2 focuses on the relationship between epigenetics and
miRNA. In line with this, Chap. 3 deals exclusively with the effects of dietary agents
on miRNAs and their targets in the context of cancer biology. Chapter 4 elaborates
on the interplay between miRNAs and oncogenes/tumor suppressors in tumor metab-
olism introducing another layer of complexity to the regulatory network of meta-
bolic pathways in cancer cells. In Chaps. 5 and 6, authors clearly describe the crucial
roles of miRNAs in different types of solid tumors and hematological malignancies
and also discuss the feasibility of using miRNAs as potential biomarkers. The
importance of miRNAs in the pathogenesis of oncogenic viruses and the link
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viii Preface

between miRNAs and liver inflammation during hepatocarcinogenesis is repre-
sented in Chaps. 7 and 8, respectively. Chapter 9 deciphers the mechanisms through
which miRNAs modulate the activity of regulatory pathways in tumorigenesis, in par-
ticular miRNAs targeting potential pathways for therapeutic intervention. Chapter
10 reveals the regulatory mechanisms of miRNAs in apoptotic and autophagic net-
works, with the merit of finding application as potential drug targets for future can-
cer therapy. Chapter 11 describes the part played by miRNAs in drug resistance
and drug sensitivity. In Chap. 12, the potential role of cancer stem cell-related miR-
NAs during tumor development and progression is clarified. The second part of
the book highlights the clinical implications of miRNAs in cancer. In this part,
Chap. 13 introduces miRNAs as potential biomarkers for diagnosis, prognosis and
therapeutic intervention of cancer and the capacity of integrating miRNA data into
clinical trials is discussed. Chapter 14 offers a precise description to the function of
miRNAs in breast cancer and discusses their possible translation into molecular
diagnostics. Chapter 15 particularizes the impact of miRNAs on drug resistance
from a clinical point of view, thereby highlighting their capability to be exploited as
predictors or modifiers of resistance towards chemo- and radio-therapeutics. In
Chap. 16, authors meticulously address a variety of nanocarriers exploited for miRNA
delivery in crafting therapeutic platforms for cancer and provide an in-depth analysis of
different attributes of these nanovehicles. Finally, Chap. 17 outlines the advantages
of a pulmonary drug delivery system and the strategies for miRNA-based treatment
of lung cancer.

This book would not have come to fruition without the continuous support and
administrative assistance of Melania Ruiz, along with additional administrative help
by Marleen Moor from Springer International Publishing Switzerland. I also want
to thank Dr. Seyed Javad Mowla, Dr. Masoud Soleimani and Dr. William Cho for
their valuable comments during the editing process of the book. Ultimately, I wish
to express my profound gratitude to all the authors for their time and efforts in
bringing this project to completion. I am truly honored to have the opportunity to
work with such a prestigious team.

Department of Molecular Genetics Sadegh Babashah, Ph.D.
Faculty of Biological Sciences

Tarbiat Modares University, Tehran, Iran

January, 2014
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Abstract MicroRNAs (miRNAs) constitute an evolutionarily conserved class of
small, noncoding RNNA molecules that regulate gene expression by targeting specific
mRNAs for degradation and/or translational repression. MiRNAs have been widely
investigated due to their potential role in regulating a variety of cellular processes,
including proliferation, differentiation, and apoptosis. Many miRNAs are implicated
in various human cancers. Functional analysis of cancer-related miRNAs has
proposed that they might act as either oncogenes or tumor suppressors. In fact, the
link between aberrant miRNA expression and cancer development and progression
can be observed either through the loss of tumor suppressor miRNAs or the
over-expression of oncogenic miRNAs. This chapter aims to provide a succinct
framework to gain insight into miRNA function in cancer.
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1 MicroRNAs: Biogenesis, Processing and Mode of Action

MicroRNAs (miRNAs or miRs) are a class of non-coding small RNAs of ~22 nucleotides
that regulate gene expression by targeting specific mRNAs bearing partially
complementary target sequences for degradation and/or translational repression
(Liu et al. 2008; Babashah and Soleimani 2011). The first discovery of a small non-
coding RNA dates back to 1993, when Victor Ambros and collaborators identified
lin-4 in Caenorhabditis elegans (Lee et al. 1993). Lin-4 was believed to be a unique
species until year 2000 when another small non-coding RNA, let-7, was reported in
C. elegans (Reinhart et al. 2000) and in a variety of other organisms (Pasquinelli
et al. 2000). Since then, hundreds of small non-coding RNA sequences (now known
to be miRNAs) have been identified in a wide range of organisms from nematodes
to vertebrates, plants and human. Currently, the official miRNA database miRBase
lists 1,872 human miRNA gene loci, generating 2,578 mature miRNA sequences
(http://www.mirbase.org, Release 20.0, June 2013). Precise attribution of miRNA effects
on gene expression can be complicated by the fact that often each miRNA may
control several hundred target genes directly or indirectly, whereas a single protein
coding gene target could be regulated by more than one miRNA. In fact, miRNAs
are predicted to target up to one-third of human transcripts (Zhong et al. 2012;
Friedman et al. 2009).

The biogenesis of miRNAs begins in the nucleus with the synthesis of a rela-
tively long double-stranded RNA molecule, known as primary (pri)-miRNA, by
RNA polymerase II or III. The resultant pri-miRNA transcript is often more longer
than 1 kb in length and includes a stable stem-loop hairpin structure that contains
the sequence for the mature miRNA. The hairpin structure is excised in the nucleus
from pri-miRNA as a ~70-nucleotide long precursor (pre)-miRNA by the nuclear
RNase III endonuclease Drosha and DGCRS8 (the “microprocessor complex”)
(Lee et al. 2003; Denli et al. 2004; Gregory et al. 2004). DGCRS is essential as a
molecular anchor for Drosha’s activity on pri-mRNAs, as it recognizes the pri-
miRNA at double-stranded RNA - single-stranded RNA junction and directs
Drosha to cleave approximately 11 nucleotides from the base of the stem to free
the hairpin from the primary transcript (Han et al. 2006). Members of the micropro-
cessor complex have additional cellular functions, as Drosha is also involved in
the processing of ribosomal RNA (Wu et al. 2000) and DGCRS also acts as a
heme-binding protein (Faller et al. 2007). The resultant pre-miRNA contains a 5’
phosphate and a distinctive 3’ two-nucleotide overhang which is signal to transport
into the cytoplasm by a protein complex consisting of Exportin-5 and Ran-GTPase
(Yi et al. 2003; Lund et al. 2004; Bohnsack et al. 2004) (Fig. 1.1). In cytoplasm,
further processing facilitated by the second RNase III endonuclease Dicer, cuts off
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