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Antisense oligonucleotides (ASOs) are
powerful tools in therapeutic approaches
for numerous genetic diseases as they modu-
late the processing of RNA by stimulating or
inhibiting its interactions. Typically, ASOs
target mRNAs, but they can be designed to
target microRNAs (miRNAs) or long non-
coding RNAs (lncRNAs). In the case of
mRNAs, the major determinants of ASO ac-
tivity are the specific targeted site of the tran-
script and the chemical modification pattern
used. The gapmers are used to induce
RNaseH enzymatic activity, which requires
recognition of the DNA-RNA duplex and ac-
tivates RNA degradation. Other ASOs are
designed to bind strongly to a specific region
of mRNA; they can be oligomers rather than
oligonucleotides, and they alter the process-
ing and/or the interactions of the targeted
transcript. In a recent study, Boujnouni
et al.1 compared different types of ASOs tar-
geting the DMPK transcript, a key therapeu-
tic target for myotonic dystrophy type 1
(DM1), a neuromuscular disease. ASOs,
differing in sequence, mechanism of action,
and chemical modification pattern, were
directly compared for induced on- and off-
target effects. Further indications for DM1
therapy were provided based on the reper-
toire of activated changes in DM1 cells.

The gene and the mutation implicated in
DM1 were described more than 30 years
ago. The genetics of DM1 is an intriguing
example, firstly because of the mutation,
which is a large expansion of the trinucleo-
tide motif in DMPK gene, and secondly
due to the location of the mutation in the
30 UTR. The expansion in DM1 reaches
thousands of CTG repeats in the mutant
DMPK gene and is transcribed into the
main pathogenic molecule, i.e., mutant
DMPK mRNA with the expanded tract of
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CUG repeats. There are multiple mecha-
nisms of RNA toxicity in DM1, the most
prominent of which is the sequestration of
splicing regulators such as MBNL1. Conse-
quently, DMPK mRNA is a promising ther-
apeutic target, but it can be targeted in a va-
riety of ways.2 ASOs are typically designed to
block or degrade the DMPK transcript. In
clinical trials, among oligonucleotides and
oligonucleotide-like molecules, gapmers tar-
geting specific regions of DMPK mRNA are
currently the most advanced.

Boujnouni et al.1 tested (in DM1 myoblasts)
two types of ASOs, blockers and gapmers, in
two approaches: targeting a specific DMPK
mRNA sequence and the CUG repeat tract.
DMPK blockers were inefficient, while repeat
gapmers showed limited activity in a thera-
peutic context and also induced the most
substantial deregulation of other CUG-
containing transcripts. Two other ASOs,
DMPK gapmers and repeat blockers, pro-
vided key readouts in DM1-related molecu-
lar events: RNA foci reduction and splicing
correction (Figure 1). Both of these ASOs
also showed no significant off-target effects,
as assessed by RNA sequencing (RNA-seq).
In this study, emphasis was placed on direct
comparison of molecular readouts resulting
fromASO activity. Interestingly, correlations
between various readouts were analyzed to
obtain a full view of DM1 molecular pheno-
type correction. No clear correlation was
found between DMPK mRNA downregula-
tion and splicing correction events, suggest-
ing that such molecular effects are not fully
clear to be assessed separately in the thera-
peutic context.

An intriguing point in the case of potential
ASO-based therapy for DM1 is the direct
targeting of the mutation, i.e., the expanded
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tract of CUG repeats. For several repeat
expansion diseases, it has already been shown
in preclinical studies that a repeat-targeting
approach can result in improved behavioral
and motor phenotypes. A variety of repeat-
targeting oligonucleotide-based tools were
used in these studies in mouse models,
e.g., blocking ASOs in fragile X-associated
tremor/ataxia syndrome (FXTAS; CGG
repeat expansion),3 artificial miRNAs
(amiRNAs) in Huntington’s disease (HD;
CAG repeat expansion),4 and morpholino
oligomers in DM1.5 An important advantage
of such strategies is a preferential targeting of
mutant alleles, which seems to be even easier
to achieve in DM1 due to large expansions.
The mutant CUG tract in DMPK mRNA is
a site for protein sequestration and activation
of other mechanisms such as repeat-associ-
ated non-AUG (RAN) translation, and there-
fore CUG targeting is expected to provide
corrections for many disruptions initiated
by mutant RNA. An additional advantage
of mutation targeting with ASOs in repeat
expansion diseases is the potential diminish-
ing of somatic repeat instability,6 a keymech-
anism in disease progression.

A large effort is still needed to address issues
related to ASO cellular activity, its localiza-
tion, and interactions that overall impact
both on-target and off-target effects. For
DM1, the proposed mechanisms of ASO ac-
tion are crucial to occur in the nucleus.
Otherwise, RNA foci formation and protein
sequestration would not be avoided. Still,
we do not understand many aspects of
mutant DMPK transcript functioning, and
an insight here should enable the design of
more efficient and specific approaches to
target these mRNAs.

It is worth noting that other types of drug
candidates are advanced in testing for
DM1.7 It is possible that combination
licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.omtn.2023.05.012
mailto:agnieszka.fiszer@ibch.poznan.pl
http://crossmark.crossref.org/dialog/?doi=10.1016/j.omtn.2023.05.012&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure 1. Summary of the comparison of repeat expansion and specific sequence targeting in

DMPK mRNA
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therapy will be most beneficial in addressing
all major disease symptoms. In DM1, mus-
cles are major sites of disease pathology,
but alleviation of myotonia is not the only
expected benefit from therapy. Deficits
related to DMPK mRNA dysfunction are
also important to be diminished in the brain.
Other tissues and organs, like the heart, are
also affected. Therefore, ASO delivery issues
in the context of DM1 are very demanding.

The title of this commentary is a reference to
the proverb “all roads lead to Rome.” One
can cite another referring to this city,
“Rome was not built in a day,” to describe
numerous challenges of bringing oligonucle-
otides to the clinic. Recent findings from
clinical testing of ASOs for DM1 therapy
showed the complexity of ASO-based ap-
proaches in humans.8 Many options need
to be tested, as potential therapeutics may
fall short of the required clinical efficacy
and/or safety criteria at various stages. The
results of testing one type of ASO may be
important in a certain context (pharmacoki-
netics, therapeutic readout, etc.) for the
development of other types of ASOs; there-
fore, many of these tools should continue
to be developed and comprehensively tested
for DM1.
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