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Oligonucleotide therapeutics are emerging as a promising
class of therapeutics in various areas of human health. In the
long run, oligonucleotides are likely to become a major class
of therapeutics, on par with small molecules and biologics.
Initially, oligonucleotides were predominantly used for modulation of gene expression in the liver, in which robust clinical
efficacy has been demonstrated with both antisense [1, 2] and
siRNA [3] compounds reaching approval.
Oligonucleotides do not cross the healthy blood–brain barrier. However, direct administration of oligonucleotides into
the cerebrospinal fluid or the brain parenchyma supports reasonable distribution through the brain and spinal cord. The
recent approval of nusinersen, a splice-switching antisense
oligonucleotide (ASO) for the treatment of spinal muscular
atrophy (SMA), has opened a new era in nucleic acid-based
therapeutics for neurodegenerative diseases [4–6]. This first
approval has now been followed by at least six additional
antisense compounds in clinical trials [7] and several other
platforms, such as siRNAs and AAV-expressed gene therapies, rapidly entering the field. This special issue of
Neurotherapeutics provides insights into the current state of
nucleic acid therapeutics for neurological diseases.
One of the most promising areas for oligonucleotide therapeutics is the treatment of genetically well-defined neurodegenerative disorders. For example, multiple drugs are in clinical trials for SOD1- and C9ORF72-driven amyotrophic
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lateral sclerosis (ALS) and Huntington’s disease (HD), and
MAPT (Tau)-driven Alzheimer’s disease and frontotemporal
dementia. In this issue of Neurotherapeutics, Zain and Smith
[8] explore the potential for oligonucleotide therapeutics for
the more than 30 repeat expansion disorders in the central
nervous system (CNS), including HD, myotonic dystrophy,
and Friedreich’s ataxia. The authors consider the relative challenges and opportunities of DNA targeting (to stabilize tandem repeats) and RNA targeting (to modulate gene expression). Expanded repeats can also adopt unique structures
which represent therapeutic opportunities [8].
Digging further into one type of repeat expansion disorder,
the six spinocerebellar ataxias characterized by expansion of
polyglutamine repeats, Buijsen et al. provide a detailed examination of progress in the genetics and treatment of this family
of devastating disorders [9]. These diseases can be treated by
targeting the polyglutamine repeat-containing gene itself as
well as downstream genes that contribute to pathological
mechanism(s).
The above diseases contain a single, clear, genetically validated target. Additional major classes of neurodegenerative
disease, including Alzheimer’s disease and Parkinson’s disease (PD), are more complex multifactorial disorders.
Multiple potential driver genes in combination with environmental factors and natural aging contribute to the disease progression. These complex landscapes create plentiful opportunities for possible therapeutic targets. As such, Nakamori et al.
provide a review of current developments toward the treatment of PD, in which multiple programs are rapidly advancing
in preclinical development [10]. Interestingly, several targets
relevant to PD (such as alpha-synuclein) are also relevant to
multiple other neurological diseases, indicating potential convergence of neurodegenerative pathways.
The above areas of research have focused on chronic neurodegeneration. However, there are also exciting possibilities
for nucleic acid therapeutics to make an impact in the treatment of acute neurological conditions. In this issue,
Henninger and Mayasi review progress made on the use of
nucleic acid therapies for the prevention, acute treatment, and
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recovery from ischemic stroke [11]. Nucleic acids may also
constitute essential biomarkers to aid in stroke care: miRNA
signatures may also enable classification of stroke subtypes
for improving prevention of secondary strokes [11].
Neuroinflammation is a significant component of many
aspects of neurodegeneration and is the primary driver of pathology in multiple sclerosis. Current strategies for nucleic
acid therapeutics in neuroimmune disorders are reviewed by
Greenfield and Hauser [12]. Thus, early and aggressive treatment of specific targets in specific cell populations using
nucleic acid or cell therapies may slow the neurodegeneration
that results from an aberrant immune function in these
diseases.
All of the above topics have focused on the healthy or
pathologically aging brain. There is also a significant future
for the use of oligonucleotide therapeutics in the treatment of
malignant brain disorders. As such, Krichevsky and Uhlmann
provide a comprehensive overview of current and future advances in nucleic acid therapeutics for neuro-oncology [13].
Although much of the platform technology already developed
for the healthy or aging brain may equally apply to brain
tumors, brain cancers also provide unique challenges and opportunities. In terms of opportunities, early data suggest that it
is significantly easier to deliver nucleic acid therapeutics
through the disrupted blood–brain barrier at tumor sites.
However, it is equally true that the favorable uptake of oligonucleotides demonstrated in healthy neurons and glia may not
apply to all cells of all brain tumors. If delivery to brain tumors
can be robustly achieved, the informational nature of nucleic
acid therapeutics [14, 15], in which genetic information can
intuitively and rapidly be used to define drug targets, lends
itself well to the heterogeneous and dynamic genetics of brain
tumors, and to the development of therapeutic approaches
tailored to specific patients or even specific tumors. Thus,
although the field is emerging, this approach has the potential
to open new fundamental dimensions in the search for cures
for gliomas and other brain tumors.
Finally, a very promising a rea of research in
neurotherapeutics focuses not on the CNS but on peripheral
sensory organs, which represent unique opportunities and challenges from a pharmacological perspective. As such, Hastings
and Jones provide an update on ASO technology and discuss
promising targets for inner ear-targeted therapeutics [16].

Summary and Outlook
The development of nucleic acid therapeutics for neurological
diseases is rapidly evolving, with nusinersen approved and
more than 10 nucleic acid drug candidates in clinical development for use in disorders of the CNS. Dozens more nucleic
acid drugs for neurological targets are at the stage of early
preclinical development.
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There is a significant cross-talk in platform technology development for neurological diseases. A single AAV capsid
that gives broad delivery to the brain may be used to deliver
many cargo genes to treat different diseases. Similarly, if a
chemical modification pattern is functional and nontoxic for
one antisense oligonucleotide, it is an ideal starting point for
the development of others (though of course there is still some
selection and optimization required). We have recently coined
the term Bdianophore^ to describe the ensemble of molecular
features that determine the distribution and pharmacokinetic
parameters of a drug. This term is contrasted with the
pharmacophore, which is the ensemble of molecular features
that determine target recognition and modulation [15].
By way of illustration, it took many years of focused work
for Ionis and Biogen to obtain the first approval of nusinersen
as an antisense oligonucleotide for use in the CNS. But using
the same chemical modification pattern as was used in
nusinersen, the group of Timothy Yu (Harvard Medical
School) was able to develop a custom drug for a single pediatric patient with Batten disease in a matter of months [17].
Thus, we expect that the pace of development of nucleic acid
therapeutics for neurological diseases will continue to accelerate in the coming years.
There is also a significant cross-talk in terms of gene targets
between different neurological conditions. Although the initial
trigger of neurodegeneration is different in each disease, in
many cases, downstream pathways of neurodegeneration
and inflammation are shared and, thus, one target may be
applicable to the treatment of multiple genetically distinct diseases. The most advanced nucleic acid drug candidates are
focused on well-defined monogenic diseases such as spinal
muscular atrophy, ALS, and HD. But a major advantage of
nucleic acid therapeutics is the ability to simultaneously address multiple targets because oligonucleotides of many sequences can have similar pharmacokinetic properties. This is
likely to be particularly important for the treatment of complex
neurodegenerative disorders including AD and PD. It is even
more likely to be required for therapeutics in the fields of
neuro-oncology and trauma.
Required Author Forms Disclosure forms provided by the authors are
available with the online version of this article.
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