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A B S T R A C T

The post-genomic era has unveiled the existence of a large repertory of non-coding RNAs and repetitive
elements that play a fundamental role in cellular homeostasis and dysfunction. These may represent
unprecedented opportunities to modify gene expression at the right time in the correct space in vivo,
providing an almost unlimited reservoir of new potential pharmacological agents. Hijacking their mode
of actions, the druggable genome can be extended to regulatory RNAs and DNA elements in a scalable
fashion.
Here, we discuss the state-of-the–art of nucleic acid-based drugs to treat neurodegenerative diseases.

Beneficial effects can be obtained by inhibiting (Yin) and increasing (Yang) gene expression, depending
on the disease and the drug target. Together with the description of the current use of inhibitory RNAs
(small inhibitory RNAs and antisense oligonucleotides) in animal models and clinical trials, we discuss
the molecular basis and applications of new classes of activatory RNAs at transcriptional (RNAa) and
translational (SINEUP) levels.
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. The post-genomic era of molecular therapy

In the last years, our understanding of the functional output of
the mammalian genome has enormously increased. This has led to
profound changes in the current view of how a cell works and how
evolution has shaped biological complexity. These discoveries
provide new opportunities for translational research with a
potentially great impact on molecular medicine.

The classic approach to drug discovery has stemmed from the
concept that genomes contain the information to encode for
proteins and these are the building blocks of organisms. Proteome
complexity is the way to structure cells and tissues with different
shapes and functions. Drugs are therefore modifiers of protein
activities inhibiting or activating specific signaling pathways.

Despite a long list of success stories that have positively affected
the well being of patients, this approach has posed tremendous
challenges to drug discovery, resulting in staggering costs, poor
specificities and difficulties in addressing major complex diseases.
Importantly, it has negatively impacted the ability to address rare
diseases that present highly heterogeneous molecular profiles in
spite of the small number of patients. Many proteins remain
difficult to be targeted, limiting the repertory of therapeutics.

The sequence of the human genome has confirmed that less
than 5% is involved in encoding proteins, leaving the remaining
sequences, the so-called Junk DNA, with no function and therefore
no role in pharmacology.

A pioneering work previously showed that Junk DNA might
indeed be transcribed unveiling the existence of small RNAs and
the expression of repetitive elements (Klein et al., 1974). However,
the first evidence that these unconventional transcripts may have
an important functional role comes from the discovery of RNA
interference in the late 1990s (Fire et al., 1998). Immediately, it was
evident that these RNAs may provide a new class of nucleic acid-
based drugs to inhibit gene expression in vivo. As for the discovery
of recombinant molecular antibodies, the initial excitement and
the consequent large investments crashed against technical

difficulties that seemed unsolvable. Two decades later, we are
now witnessing a renaissance of interest in small inhibitory RNAs
due to the refinement of RNA targeting and the optimization of in
vivo delivery. More than 50 RNA molecules and their derivatives
are currently formulated as drugs and being tested in clinical trials
for a number of disorders across different organs. Overcoming
initial failures, we have now entered a second phase of RNA
therapeutics, where we can optimistically expect to witness the
first real impact of RNA medicine on patients and society.

Meantime, large genomic projects as those from the ENCODE
(Derrien et al., 2012) and FANTOM Consortia (Forrest et al., 2014)
have increased enormously the description of the molecular
constituents of cells and have contributed to hamper the classical
view of gene expression regulation. In addition to a previously
underestimated number of alternative variants for protein-coding
genes, pervasive transcription of the mammalian genome gives
rise to a large repertory of non-coding transcripts, whose
expression is tightly regulated in space and time. These include
long non-coding RNAs (lncRNAs), small non-coding RNAs and
transcripts derived from Transposable Elements (TEs), such as SINE
(short interspersed nuclear element) and LINE (long interspersed
nuclear element) (Faulkner et al., 2009; Fort et al., 2014; Kapranov
et al., 2010; Katayama et al., 2005). Interestingly, the vast majority
of genomic loci are extensively transcribed from both strands
where two genes are located in opposite orientation, giving rise to
Sense/Antisense pairs (S/AS) (Derrien et al., 2012; Katayama et al.,
2005).

In this context, it is becoming evident that the major
transcriptional output of mammalian cells is represented by
lncRNAs. While functional annotation of the genome has
previously revealed almost 15,000 independent lncRNA genes
(Derrien et al., 2012), the most recent version of LNCpedia database
contains more than 90,000 annotated human lncRNAs (Volders
et al., 2015). By definition, lncRNAs are transcripts longer than 250
nucleotides, with features similar to those of protein-coding genes
but without a functional open reading frame (ORF). lncRNAs
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