wo 2018/050930 A1 | 0E 000 O 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
22 March 2018 (22.03.2018)

(10) International Publication Number

WO 2018/050930 A1

WIPO I PCT

(51) International Patent Classification:
CI2N 15/113(2010.01)

(21) International Application Number:
PCT/EP2017/073685

(22) International Filing Date:
19 September 2017 (19.09.2017)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

201631216 19 September 2016 (19.09.2016) ES

(71) Applicant: UNIVERSITAT DE VALENCIA [ES/ES];
Avda. Blasco Ibafiez, 13, 46010 Valencia (ES).

(72) Inventors: ARTERO ALLEPUZ, Rubén D.; Univ. Va-
lencia; Facultad CC. Bioldgicas; Av. Dr. Moliner, 50; 46100
Burjassot; Valencia (ES). LLAMUSI TROISI, Maria
Beatriz; Univ. Valencia; Facultad CC. Bioldgicas; Av. Dr.
Moliner, 50; 46100 Burjassot; Valencia (ES). CERRO
HERREROS, Estefania; Univ. Valencia;, Faculdad CC.
Biolégicas; Av. Dr. Moliner, 50; 46100 Burjassot; Valencia
(ES). FERNANDEZ COSTA, Juan M.; Univ. Valencia;
Faculdad CC. Bioldgicas; Av. Dr. Moliner, 50; 46100 Bur-
jassot; Valencia (ES).

(74) Agent: ELZABURU S.L.P.; Miguel Angel, 21, Madrid

(ES).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

—  with sequence listing part of description (Rule 5.2(a))

—  with information concerning incorporation by reference of
missing parts and/or elements (Rule 20.6)

(54) Titlee MODULATION OF MICRORNAS AGAINST MYOTONIC DYSTROPHY TYPE 1 AND ANTAGONISTS OF

MICRORNAS THEREFOR
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provides the use of inhibitors of microRNAs repressors of MBNLI and/or MBNL?2 genes for the manutacture of a medicinal product for
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WO 2018/050930 PCT/EP2017/073685

10

15

20

25

30

1
DESCRIPTION

Modulation of microRNAs against myotonic dystrophy type 1 and antagonists of
microRNAs therefor.

Technical field

The invention relates to the use of small molecules that comprise units of
ribonucleotides or analogues thereof for their therapeutic application against diseases.
More specifically, the invention relates to the use of microRNA antagonists, such as
antagomiRs, for the treatment of myotonic dystrophy type 1.

Background of the Invention

Myotonic dystrophy type 1 (DM1) is an incurable neuromuscular disorder that
constitutes a serious clinical concern because in addition to being the most common
adult-onset muscular dystrophy, it is highly disabling. Clinically, DM1 is considered a
multisystemic disorder that mainly affects skeletal and smooth muscle, the nervous
system, and the heart, and is characterized by a reduction in muscle mass (muscular
dystrophy), which can lead to respiratory failure and death, iridescent posterior
subcapsular cataracts, cardiac impulse conduction defects, endocrine changes,
myotonia (difficulty relaxing the muscle after a voluntary contraction), and dysfunctions
of the central nervous system that include attention deficits, characteristic personality
patterns, sleep disorders, and dysexecutive syndrome. This clinical picture includes a
highly variable onset age, ranging from congenital forms (from birth) to infantile DM1,
onset during adulthood and old age. The most common form of the disease, that being
the onset in adolescence or the teens, reduces the patients' life expectancy to 48-55
years (Harper, 2001 Gagnon et al., 2007). DM1 is classified as a rare disease as its
prevalence in the population is estimated to be less than 1 in 2000.

Genetically, DM1 is known to be an autosomal dominant hereditary disease and is
caused by the presence of expanded CTG*CAG repeats in the 3' untranslated region (3'
UTR) of the protein kinase gene of myotonic dystrophy (DMPK: dystrophia myotonica-
protein kinase) (for a recent review, see for example Thornton, 2014). The normal
human DMPK gene (HCNG: 2933, Entrez Gene: 1760, Ensembl: ENSG00000104936,
OMIM: 605377, UniProtkKB: Q09013) has 5-37 copies of the trinucleotide motif, but a
dynamic mutation can increase this number to more than 5000 copies of the repeat.
The severity of the disease correlates roughly with the number of repeats, i.e. the size
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There is also the so-called myotonic dystrophy type 2 (DM2), less frequent, which is
due to mutations in a different gene, the CNBP gene, present in the human
chromosome 23. In DM2 there is also muscular dysfunction, but mainly involving the
muscles at the root of the extremities (shoulders, buttocks, thighs ...), while DM1
primarily involves muscles of the distal portion of the extremities. Unlike DM1, DM2
does not seem to affect life expectancy and often presents with more moderate
symptoms.

The expression of expanded DM1 alleles results in mutant DMPK mRNA nuclear
retention and reduced levels of DMPK protein (Davis et al., 1997). Mutant transcripts
sequester the splicing factors which are similar to the Drosophila Muscleblind protein
(MBNL, abbreviation of Muscleblind-like), which gives rise to the abnormal alternative
splicing of many other transcripts and the expression of foetal forms of the
corresponding proteins in adults suffering DM1 (Lin et al. , 2006; Du et al., 2010). In
fact, both the Drosophila Muscleblind protein (UniProtKB 016011, CG33197) and its
equivalent MBNL1-3 of vertebrates are known to be splicing regulators Transcripts of
MBNL1 and MBNL2 genes, for their part, are themselves subjected to alternative
splicing, generating numerous protein isoforms (Pascual et al, 2006). MBNLT1 is strongly
expressed in skeletal and cardiac muscle tissue and during myoblast differentiation. Its
expression is lower in other tissues such as brain, placenta, lungs, liver, kidney, and
pancreas. MBNL2 has a largely overlapping expression and is detected in the heart,
brain, placenta, lungs, liver, skeletal muscle, kidneys, and pancreas. MBNL3, on the
other hand, is expressed in the placenta and satellite cells. For more detailed
information, please see the Fernandez-Costa et al. review. (Fernandez-Costa et al.,
2011).

Therefore, spliceopathy is believed to be the main factor underlying DM1 pathogenesis.
However, different alternative mechanisms such as additional changes in gene
expression, antisense transcripts, translation effectiveness, deregulation of alternative
polyadenylation and miRNA deregulation may contribute to DM1 pathogenesis (Batra et
al., 2014; Yadava et al., 2016; Kalsotra et al., 2014).

Several therapeutic approaches have been tested in DM1 animal models. Among them,
the most interesting results derive from blocking the interaction between MBNLs and
the toxic RNA wusing small molecules, peptides, Morpholinos or antisense
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oligonucleotides, and gapmers to degrade the mutant DMPK transcripts (revised by
Klein et al., 2015).

A less explored alternative in DM1 is the therapeutic modulation of the MBNL1 and
MBNL2 gene expression (HCNG: 6923, Entrez Gene: 4154, Ensembl:
ENSG00000152601, OMIM: 606516, UniProtKB: Q9NR56, which was previously
identified in HCNG with the symbol MBNL). Although the expression of CUG
expansions triggers different molecular alterations, current evidence points to the
sequestration of MBNL proteins as the main cause of the symptoms of the disease. The
mouse model with inactivated Mbn/1 gene (knockout mouse, abbreviated KO, for
Mbnl1) shows myotonia, incorrect splicing of muscle transcripts and cataracts, which
are all characteristic symptoms of DM1 disease (Kanadia et al., 2003). More recently, in
two-month-old Mbn/1 mutant mice, the most relevant features of cardiac dysfunction
have been described (hypertrophy, interstitial fibrosis and splicing alterations),
suggesting a role of Mbnl1 reduction in DM1 cardiac problems (Dixon et al., 2015). In
addition, genetic polymorphisms in the human MBNL1 gene promoter have been
associated with the severity of the disease (Huin et al., 2013).

However, KO mice for Mbn/1 do not show the whole set of symptoms of DM1. Thus, it
has been hypothesized that Mbn/2 could compensate for the loss of function of Mbn/7 in
these mice. In fact, the KO mice for Mbn/1 with reduced expression of Mbnl2 (Mbni1”;
Mbni2 *"), are viable, but they develop most of the cardinal defects of the disease,
including reduced life expectancy, cardiac blockage, severe myotonia, atrophic fibres
and progressive weakness of skeletal muscles. In support of the compensation
hypothesis it is noted that the Mbni2 levels are increased in KO mice for Mbn/1”and
Mbnl2 can regulate exons that normally are regulated by Mbnl1 (Lee et al., 2013).

Several observations suggest that overexpression of MBNL1 may have potential for the
treatment of DM1 pathology. First, MBNL1 overexpression is well tolerated in the
skeletal muscle of transgenic mice, causing only relatively minor changes in splicing,
but without affecting longevity (Chamberlain et al., 2012). Secondly, administration of
recombinant Mbnl1 protein to a HSA'® mouse model of DM1, rescues myotonia and
splicing alterations characteristics of DM1 (Kanadia et al., 2006).

Given the severity of the symptoms of DM1, which can lead to premature death of the
patient, and the absence at present of effective treatments for it, it is of interest to
explore alternative therapedutic strategies.
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Thus, it would be interesting to see if the overexpression of MBNL1, alone or in
combination with the modulation of MBNL2, could also have a therapeutic application in
humans with DM1. However, since the design and authorization of the application of
safe expression vectors for their administration in humans is complex, it would be
interesting to find a way to increase the levels of the MBNL1 or MBNL2 protein in
humans, in the same tissues where they are normally transcribed, by some alternative
method to the expression of this protein from an artificial vector. Moreover, preferably
this increase in level would occur, at least, in one or more of the relevant tissues and
organs in which specifically significant symptoms of the disease appear: skeletal and

smooth muscle, heart, and nervous system.
The present invention provides a solution to that problem.
Summary of the Invention

This invention is based on compensating for insufficient amounts of MBNL
(Muscleblind-like) proteins that are available to interact with their natural targets in
patients with myotonic dystrophy 1 (DM1), because this protein, among other
mechanisms that can affect its expression, subcellular distribution and activity in vivo, is
sequestered in ribonuclear foci together with mutant transcripts of the DMPK gene. By
compensating the quantities of MBNL proteins, an improvement in the symptoms of the
disease is attempted. In order to do so, the present inventors propose to achieve an up-
regulation of these protein levels, caused by an increase in the expression thereof, by
blocking the action of microRNAs (miRNAs) that intervene negatively in the regulation
of their translation and stability, preferably by means of oligoribonucleotides, analogues
thereof or, in general, oligoribonucleotide molecules, able to specifically block the action
of certain miRNAs repressors of MBNL1 and/or MBNLZ2 genes.

Thus, a first aspect of the present invention relates to an oligoribonucleotide and/or
oligoribonucleotide analogue molecule which is an antagonist of a microRNA that down-
regulates the expression of the human gene MBNLT and/or MBNLZ2, or a mixture of two
or more of said molecules. Said molecule shall be considered an oligoribonucleotide or
oligoribonucleotide analogue molecule of the invention. Preferably, the molecule is an
antagonist of a microRNA expressed at least in one or more organs selected from the
group of the brain, cerebellum, hippocampus, skeletal muscle and heart, or in one or
more cells from a primary culture of one of said organs or of an established cell line

derived from one of said organs (including induced pluripotent stem cells, known as
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iPSCs) or stem cells of one of said organs. It is preferred that the molecule is
complementary and comprises a fragment of ribonucleotide or ribonucleotide analogue
unit sequence, wherein the sequence of the nitrogenous bases of the ribonucleotide or
ribonucleotide analogue units is at least 50% (or at least 55%, 60%, 70%, 80%, 85%,
90%, 91%, 92% , 93%, 94%, 95%, 96%, 97%, 98%, 99% or 99.5%, or 100%)
complementary to the sequence of the nitrogenous bases of the endogenous molecule
(the microRNA or the messenger RNA) to which it should bind. Preferably, the molecule
is an antagonist of the human microRNA-218-5p or of the human microRNA-23b-3p.
Compatibly with any of the above preferences, it is preferred that the antagonist is an
antagomiR, a blockmiR, an antimiR or a microRNA sponge, and especially preferred
that the molecule is an antagomiR and, among these, an antagomiR in which the
sequence of the nitrogenous bases of the ribonucleotide or ribonucleotide analogue
units is at least 80% complementary/identical to the sequence of the nitrogenous bases
of the microRNA to which it should bind. Especially in the case that the molecule is an
antagomiR, an antimiR or a microRNA sponge, preferably the molecule is
complementary to the sequence of human microRNA-218-5p or microRNA-23b-3p or
comprises a sequence of ribonucleotide or ribonucleotide analogue units, wherein the
sequence of the nitrogenous bases of the ribonucleotide or ribonucleotide analogue
units is at least 80% (or at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or 99.5%, or 100%) identical to the sequence of the nitrogen bases of the
oligoribonucleotide of SEQ ID NO: 1 or of SEQ ID NO: 2. Especially when the molecule
is an antagomiR, preferably this molecule is complementary to the sequence of the
human microRNA-218-5p or that of the human microRNA-23b-3p or it comprises a
sequence of ribonucleotide or ribonucleotide analogue units, wherein the sequence of
the nitrogenous bases of the ribonucleotide or ribonucleotide analogue units is at least
50% (or at least 55% , 60%, 70%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 99.5%, or 100%) complementary to that of the human microRNA-
218-5p or of the human microRNA-23b-3p, being especially preferred that it is at least
80% complementary. Very preferably, the molecule is an antagomiR-type
oligoribonucleotide analogue in which at least one of the units is a ribonucleotide
analogue that presents one or more chemical modifications in the ribose moiety, in the
phosphate bond or in both, the sequence of the nitrogenous bases of the ribonucleotide
or ribonucleotide analogue units is identical to the sequence of nitrogenous bases of the
ribonucleotide units of the oligoribonucleotide of SEQ ID NO:1 or of the
oligoribonucleotide of SEQ ID NO:2 and which, optionally, presents at the 5'-end and/or
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at the 3'-end one or more additional moieties that are not adenoribonucleotide or
ribonucleotide moieties. Most preferably of all, the molecule is the antagomiR-218 (SEQ
ID NO:10) or the antagomiR-23b (SEQ ID NO:11). In another possible embodiment,
especially interesting in the case of antimiRs, the oligoribonucleotide and/or the
oligoribonucleotide analogue comprises a fragment that is 100% complementary to the
seed region of the microRNA with respect to which it is an antagonist. Another possible
embodiment, especially interesting in the case of blockmiRs, is a oligoribonucleotide
and/or oligoribonucleotide analogue molecule comprising a fragment composed of a
succession of ribonucleotide or ribonucleotide analogue units in which the sequence of
the nitrogenous bases of the ribonucleotide or ribonucleotide analogue units is at least
80% complementary to the sequence of the nitrogenous bases of the region recognized
by the microRNA with respect to which it is an antagonist in a target mRNA (i.e., down-
regulated by that microRNA).

In a second aspect, this invention relates to a composition comprising at least one of
the oligoribonucleotide and/or oligoribonucleotide analogue molecules of the present
invention, a mixture thereof, or an expression vector that comprises the coding
sequence of at least one of said oligoribonucleotide molecules. In one possible
embodiment, the composition additionally comprises a carrier and/or one or more
pharmaceutically acceptable excipients. In another possible preferred embodiment,
compatible with the preceding one, the composition comprises the antagomiR-type
oligoribonucleotide analogue represented by SEQ ID NO:10 (antagomiR-218-5p) or the
antagomiR-type oligoribonucleotide analogue represented by SEQ ID NO:11
(antagomiR-23b-3p) or a mixture thereof. In another possible embodiment, compatible
with all the preceding ones and especially preferred when antagomiR-23b-3p and/or
antagomiR-218-5p are present in the composition, the oligoribonucleotide or
oligoribonucleotide analogue molecule is at a concentration of 50 nM to 200 nM, both
included.

In one more aspect, the invention relates to the use of one of the oligoribonucleotide or
oligoribonucleotide analogue molecules of the invention, a mixture of two or more
thereof, or a composition comprising at least one of said molecules, for the manufacture
of a medicinal product for the treatment of myotonic dystrophy type 1. Therefore,
comprised within the scope of the invention and considered one aspect thereof, is one
of the oligoribonucleotide or oligoribonucleotide analogue molecules of the invention, a

mixture of two or more thereof, or a composition for use in the treatment of myotonic
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dystrophy type 1. Preferably, in this aspect of the invention referred to the use for the
manufacture of a medicinal product and, therefore, related to the use in the treatment of
myotonic dystrophy type 1, a possible embodiment is that wherein the molecule is, or
the composition comprises, an antagonist of the human microRNA-218-5p, an inhibitor
of the human microRNA-23b-5p, a mixture thereof or a composition that comprises
them. In one possible embodiment, treatment is a palliative treatment of one or more
symptoms of myotonic dystrophy type 1. Within the foregoing, a possible preference is
that treatment is a palliative treatment of one or more of the muscular disorders that are
part of the symptoms of myotonic dystrophy type 1.

Brief description of the figures

Fig. 1. Specific dme-miR-277 and dme-miR-304 tissue silencing causes overexpression
of muscleblind at the RNA and proteins levels in the Drosophila muscle. (A): Levels of
expression of muscleblind relative to an endogenous control obtained by amplification
by gRT-PCR from flies expressing the miRNA sponge constructs for dme-miR-92a,
dme-miR-100, dme-miR-124, dme-miR-277 and dme-miR-304 in the muscle: the levels
of expression of muscleblind were strongly up-regulated in flies that expressed the
microRNA sponges mir-277SP and mir-304SP with respect to flies expressing a UAS-
ScrambledSP construct (B): Analysis of the levels of isoforms of muscleblind by gRT-
PCR, where it is observed that the silencing of dme-miR-277 in the muscle caused an
up-regulation of the isoform mbiB, while the levels of expression of the isoforms mbiC
and mblD were reduced in flies that expressed miR-277SP; conversely, the levels of
mblC and mbID increased and those of the isoform mb/B were reduced in flies that
expressed miR-304SP. (c) Detection of the muscleblind protein by Western Blot, where
overexpression of the Muscleblind protein was detected in the flies expressing miR-
304SP. All the transgenes specified were directed to the muscle using Mhc-Gal4. * p
<0.05, **p <0.01, ***p <0.001 (Student's t test).

Fig. 2. Silencing dme-miR-277 and dme-miR-304 potentiates the expression of
Muscleblind and rescues incorrect splicing events in a DM1 context. (A) Bar chart
showing the levels of expression of muscleblind according to the data obtained by gRT-
PCR in flies i(CTG)480 expressing the sponge constructs indicated under the graph: it
is shown that muscleblind mRNA was significantly up-regulated in the model flies that
expressed miR-277SP and miR-304SP compared to flies that do not express the
expansions (control, Mhc-Gal4/+) or model flies expressing scrambled-SP (scramble-
SPin the figure). (B) Western Blot transfer analysis in samples of the same flies, which
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showed overexpression of Muscleblind C only in model flies expressing miR-304SP. (C-
F) Confocal images of longitudinal sections of IFM (indirect flight muscles) of flies
expressing or not expressing miBRNA sponges as shown in the lower right corner,
showing the location of the anti-Muscleblind signal (green in the original, light grey in
grayscale), with counterstaining of the nuclei with DAPI (blue signal in the original,
faded grey in grayscale): Muscleblind signal is observed in the sarcomeric bands of the
control flies (c); conversely, Muscleblind was found in the nuclear aggregates of the IFM
in which CTG expansions were expressed (d); the expression of miR-277SP in the
model flies released Muscleblind from the aggregates and restored its distribution in the
sarcomere bands (e); the expression of miR-304SP gave rise to a dispersed
overexpression of Muscleblind both in the nuclei and in the cytoplasm. (G) Results
obtained after RT-PCR to evaluate the inclusion of Fhos exon 16" (+e16") or its
exclusion (-e16°) in flies with different genotypes and expression of microRNA sponges,
as indicated in the photographs; the results corresponding to Rp49 transcripts, detected
as endogenous control, are also shown. (H) Quantification of the inclusion percentage
of Fhos exon 16" from the results shown in Panel G, which confirmed an improvement
of the erroneous splicing of Fhos in the model flies expressing miR-304SP. (I, L) Bar
charts showing the results, obtained by gqRT-PCR, of expression of Serca exon 13
(Serca e13) and exon 2 of the gene CyP6W1 (CyP6W1 e2) in relation to Rp49, which
confirmed a significant rescue of Serca splicing in model flies expressing miR-304SP
and of the relative expression of CyP6W1 in these flies. (J) Results obtained after RT-
PCR to evaluate the inclusion of exons 3-5 of the gene TnT (+e3-5), which did not differ
in the genotypes studied. (K) Quantification of the percentage of inclusion of exons 3 to
5 of Tnt from the results shown in Panel J. The transgenes of all the genotypes
indicated were directed to the muscle using Mhc-Gal4. Scale bar = 2 micrometres. * p
<0.05, **p <0.01, ***p <0.001 (Student's t test).

Fig. 3. Dme-miR-277 and dme-miR-304 silencing rescues muscular atrophy and the
presence of ribonuclear foci in model flies. (a-c, e-g): Dorsoventral sections of the
thorax embedded in resin, of flies with the genotypes indicated below the pictures: it is
noted how, in comparison with the control flies (a), the expression of miR-277SP
resulted in a significant reduction of the muscle area (b), while the expression of miR-
304SP had no effect on this phenotype (c); in DM1 model flies, the muscle area was
reduced up to 40% with regard to normal (e); however, in model flies expressing any
one of either miR-277SP or miR-304SP, the muscular area increased up to 60% with
regard to normal (f, g). (d, h): Quantification of the average percentage of the muscular
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area according to the genotype indicated below the bars; the graphs show the mean +
S.E.M. Six individuals per genotype were analysed and six photographs of each were
guantified. In all the images the dorsal part is positioned upwards. (i-k) In situ
hybridization of transverse sections of musculature of flies with the genotypes indicated
below the photographs: it is noted how, in comparison with the control flies in which
there is a clear presence of foci (i) the expression of miR-277SP and miR-304SP
resulted in a significant reduction of these, being practically inappreciable in the latter
case (j and k). All the genotypes specified were directed to the muscle using Mhc-Gal4.
*p <0.05, **p <0.01, **p <0.001 (Student's t test).

Fig. 4. Inhibition of dme-miR-277 or dme-miR-304 improves locomotion and survival of
DM1 model flies. (a, e) Average landing height of flies with the relevant genotypes
indicated below the chart. In control subjects (a), the silencing of dme-miR-277
decreased the landing height while the silencing of dme-miR-304 did not affect flight. In
the DM1 model flies (e), the expression of miR-277SP or miR-304SP rescued the
decreased flight capacity observed. (b, f) Histograms of the ascent rate by surfaces
expressed as the average speed = S.E.M. in mm/s. In control flies (b), the silencing of
either dme-miR-277 or dme-miR-304 had no effect on ascent rate. However, in the DM1
model flies (f), which have a very low ascent rate, the expression of miR-277SP or miR-
304SP significantly rescued this phenotype. (c, g) Survival curves and (d, h) mean
survival, which show that the expression of miR-277SP or miR-304SP had no effect on
the control flies, but improved survival of the DM1 model flies. Between 140 and 160
individuals of each genotype were analysed. All the transgenes specified were directed
to the muscle using Mhc-Gal4. * p <0.05, **p <0.01, ***p <0.001 (Student's t test).

Fig. 5. Validation of primary screening results of miRNAs repressors of MBNLT or
MBNLZ2. (a-b) Logarithmic representation in base 2 (log2) of the relative expression
level of MBNL1T (a) and MBNLZ (b) in HelLa cells transfected with plasmids derived from
pCMV-MIR that express different human miRNAs (miR-7, miR-23b, miR-146b, miR-
218, miR-372), the reference value for both genes being that detected in Hela cells
transfected with the empty plasmid pCMV-MIR (VTC in the figure) and the endogenous
gene used to normalize GAPDH. As a control of transfection the vector expressed the
GFP protein. * p <0.05, ** p <0.01, ™ p <0.001. (c-d) Representation of the relative
level of expression of the protein MBNL1 (panel ¢) and MBNLZ (panel d) in HelLa cells
transfected with the plasmids of the trials shown in (a) and (b), equally using as
reference value for both genes that detected in HelLa cells transfected with the empty
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plasmid pCMV-MIR (VTC in the figure) and using B-actin as an endogenous control. **
p <0.01, ™*p <0.001 (Student's t test).

Fig. 6. Experimental confirmation of the target sequences recognized by the candidate
miRNAs in 3' UTRs by means of luciferase reporters. (A) Schematic representation, on
scale, of the binding sites predicted by the programs miRanda and Targetscan of the
microRNAs indicated on the 3 "UTRs of MBNL1. Although said gene suffers alternative
splicing, none of the known isoforms affects the presence in the transcript of the targets
shown. (B) Graphical representation of the activity of the different microRNAs on
sensors luc:3’-UTR MBNL1 expressed in relative units of Gaussia luciferase,
standardized with respect to the internal control SEAP (Gluc/SEAP). (C) To verify the
direct binding of miR-23b, also shown are the data of the sensor 3'UTR of this
candidate miRNA with the predicted target sequence mutated (MUT) and also its
version with the perfect complementary target (PM), as well as the data obtained when
the natural target (WT) is present in the sensor 3'UTR. The activity of miR-23b on the
sensors 3'UTR, natural, mutated and PM, is expressed in relative units of Gaussia
luciferase, standardized with respect to the internal control Seap (GIuc/SEAP). * p
<0.05, ** p <0.01, *** p <0.001. (D) Schematic representation, on scale, of the binding
sites predicted by the programs miRanda and Targetscan of the microRNAs indicated
on the 3 'UTRs of MBNL2. As in the case of MBNL1, although this gene suffers
alternative splicing, none of the known isoforms affects the presence in the transcript of
the targets shown. (E) Graphical representation of the activity of the different
microRNAs on sensors luc:3’"UTR of MBNL2 expressed in relative units of Gaussia
luciferase, standardized with respect to the internal control SEAP (Gluc/SEAP). (F, G):
Graphical representation of the activity of the microRNAs miR-23b (F), miR-218 (G) that
were positive in the previous trial. As in the case of MBNL1, also shown are the data
obtained with the versions of the sensor 3'UTR designed for each candidate miRNA
with the predicted target sequence mutated (MUT) and also its version with the perfect
complementary target (PM), as well as the data obtained when the natural target (WT)
is present in the sensor 3'UTR. The activity of different microRNAs on the 3'UTR,
natural, mutated and PM, is expressed in relative units of Gaussia luciferase,
standardized with respect to the internal control SEAP (Gluc/SEAP). * p <0.05, **p
<0.01, **p <0.001 (Student's t test).

Fig. 7. Graphical representation of the relative level of expression of the different
microRNAs (miR-23b, miR-146b, miR-218, miR-372) through gPCR. Genes U1 and U6
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were used as endogenous controls for normalization of expression. (A) Expression of
the microRNAs in the different mouse tissues (FVB strain); (B) Expression of
microRNAs in fibroblasts of controls individuals and patients with DM1; (C) Expression
of microRNAs in muscle biopsies of control individuals and patients with DM1. * p
<0.05, ** p <0.01 (Student's t test).

Fig. 8. Toxicity tests with antagomiRs of the microRNAs 218 and 23b in normal
myoblasts. Graphical representation of the percentage of inhibition of cell survival at 60
h, obtained in control myoblasts caused by the toxicity associated with the dose
response test with increasing amounts of the antagomiRs, relative to the logarithm in
base 10 of the nanomolar concentration of the compound. The quantities tested in
control myoblasts are indicated on the corresponding curves.

Fig. 9. Dose response ftrials of antagomiRs of microRNAs 218 and 23b: Graphical
representation of the level of expression of MBNL1 (a, b) or MBNL2 (c, d) in healthy
control, DM1 and myoblasts treated with antagomiR-23b and antagomiR-218 (50 uM,
100 uM, 200 uM). GAPDH and ACTB genes were used as endogenous controls for
normalization of expression. The panels on the left show the expression of MBNL1 (a)
or MBNL2 (c) at 48 hours post-transfection and transdifferentiation with the
antagomiRs, while the panels on the right show the expression of MBNL1 (b) or MBNL2
(d) at 96 hours post-transfection and transdifferentiation with antagomiRs. * p <0.05, **p
<0.01, **p <0.001 (Student's t test).

Fig. 10. Dose response trials of microRNAs 218 and 23b antagomiRs: evaluation of the
alternative splicing of genes cTNT, DMD, SERCA1, BIN, IR and GAPDH using
semiquantitative RT-PCR in samples of myoblasts of healthy controls (CNT), and DM1
myoblasts untreated (DM1), or treated with antagomiR-23b and antagomiR-218 at the
indicated concentrations (50 nM, 100 nM , 200 nM). The results obtained after 48 h
(panels A, C, D, E, F, G) or 96 h (Panels B, H, I, J, K, L) of transdifferentiation are
shown. Panels A and B show pictures of the corresponding fragments of the gels of
electrophoresis performed after RT-PCR; the right part of the tests corresponding to
each gene indicates the exon for which its inclusion (legend headed with the sign "+") or
exclusion (legends with the sign "-") was verified. Panels C, D, E, F, G (test at 48 h) and
H, I, J, K, L (at 96 h) show bar charts with the percentages of exclusion (part in light
grey) or inclusion (upper part, in darker grey) of each of these exons for the controls
CNT and DM1 and the concentrations of each antagomiR indicated below the bars.
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Fig. 11. Semiquantitative RT-PCR analyses, in myoblasts (“control cells sc”) and
muscle biopsies from DM1 patients transfected the scrambled miRNA (“DM1 cells sc”)
or the antagomiRs 23b or 218 (as indicated below the bars) of splicing events in DLG1
exon 9 (which is not altered in DM1), and CAPZB exon 8 (which is CELF-dependent),
were used as additional controls BIN1 (exon 11), ATP2A1 (exon 22), cTNT (exon 5),
INR (exon 11) and PKM isoforms in DM1 cells. GAPDH was used as internal control.

Fig. 12. gRT-PCR analyses of MBNL1 (upper charts) and MBNL2 (lower charts)
expression relative to GAPDH and ACTB genes in human myoblasts 48 h (column A) or
96 h (column B) after transfection with 50 nM of antagomiR-23b or 200 nM of
antagomiR-218.

Fig. 13. Increase of MBNL1 and MBNL2 upon silencing of miR-23b or miR-218 in
human myoblast. (a-f) Western blot quantification of MBNL1 (a, d), MBNL2 (b, e) and
CELF1 (c, f) expression levels in healthy controls (Control cells) and DM1 human
myoblast 96 h after transfection with 50 nM of antagomiR-23b, 200 nM of antagomiR-
218 or a scrambled control antagomiR (sc). B-Actin expression was used as
endogenous control (n=3). Error bars indicate SEM. ** p<0.01, ***p<0.001 in Student’s t
test. (g-n) Representative confocal images of MBNL1 (green) and MBNL2 (red) staining
in healthy controls (control cells) and DM1 human myoblast 96 h after transfection with
antagomiRs against miR-23b (50 nM) or miR-218 (200 nM) and a scrambled control
antagomiR (DM1 cells). Nuclei were counterstained with DAPI (blue). In DM1 cells,
endogenous MBNL1 (h) and MBNL2 (l) were in nuclear aggregates (green and red
puncta) and the total amount of both was reduced compared to control cells (g) and (k),
respectively. In contrast, DM1 cells treated with antagomiRs against miR-23b or miR-
218 showed a robust 20 increase in cytoplasmic and nuclear MBNL1 (i, j) and MBNL2
(m, n) levels compared to DM1 cells. Scale bar=20 um.

Fig. 14. Subcutaneous injection of antagomiR-23b or antagomiR-218 in HSA® mice
reduced target miRNA levels and increased Mbnl1 and Mbnl2 without affecting levels of
Celf1. (a) gPCR quantification of miR-96, miR-23b and miR-218 expression levels in
forebrain (fb), cerebellum (cb), hippocampus (hp), heart (ht), and quadriceps (qd) and
gastrocnemius (gt) muscles (n=3). Average expression levels of U1 and U6 were used
for normalization. (b-e) Immunodetection of Cy3-labelled antagomiRs in gastrocnemius
(b, d) and quadriceps (c, e) cryosections of HSA'" treated mice (n=1). (f-g)
Quantification of miR-23b and miR-218 in gt and gd muscles of untreated mice (PBS,
first bar of each group, grey bars in the original) or treated with antagomiR-23b (second
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bar of each group, pink bars in the original) or antagomiR-218 (third bar of each group,
blue bars in the original). Relative values (to average of U1 and U6 expression) were
further normalized to the levels in untreated mice. (h-i) Real time PCR quantification of
Mbnl1 and Mbnl2 transcript levels in gt and gd muscles. Expression levels relative to
the endogenous Gapdh were normalized to the levels in untreated mice. (j-0) Western
blotting analysis of Mbnl1 (j, m), Mbnl2 (k, n), and Celf1 (I, o) proteins in mouse gt and
gd muscles. Representative blots used for quantification in (m-o) are shown in (-). The
data were analyzed by unpaired Student’s t-test compared to untreated HSA™ mice. *p
< 0.05, ™p < 0.01, ™*p < 0.001; HSALR PBS (n=5), HSALR PBS antagomiR-23b (n=4).
HSA' PBS antagomiR-23b (n=4).

Fig. 15. Systemic delivery of antagomiRs improved missplicing of Mbnl-dependent
transcripts, myotonia, and muscle histopathology in HSA"® mice. (a-b) RT-PCR
analyses of the splicing of Aip2a? exon 22, Clen1 exon 7a, Nfix exon 7, and Capzb
exon 8 in gastrocnemius (gt) (a) and quadriceps (gd) (b) muscles. Gadph values were
used for normalization in the quantification of the exon inclusion in Fig. 16 and Fig. 17.
(c) Electromyographic myotonia grade in antagomiR (second and third bar of each
group, pink and blue bars in the original) or PBS-treated (first bar of each group, grey
bars in the original) HSA"® mice before (bi) and four days after injection (ai). (d)
Quantification of the percentage of muscle fibers with central nuclei in gt and gd
muscles of control FVB (white bar), and PBS (grey bar) or antagomiR-treated (pink and
blue bars) HSA™® mice. (e-h) Representative hematoxylin and eosin staining of gt
muscles from all four groups of mice. Arrows point to examples of centrally located
nuclei in muscle fibers. Scale bar = 50 uym. The data were analyzed by unpaired
Student’s t-test compared to untreated HSALR mice. *p < 0.05; FVB (n=3), HSA'" PBS
(n=5), HSALR PBS antagomiR-23b (n=4) and HSA"® PBS antagomiR-23b (n=4).

Fig. 18. Toxicity assays, expressed as cell growth inhibition (Fig. 18A), and MBNL1
(Fig. 18B) and MBNL2 (Fig. 18C) relative expression obtained by quantitative PCR,
obtained in the assays performed with the antimiRs indicated in the X-axis, at the
indicated concentrations. The results obtained with antagomiR-23b and antagomiR-218

are also shown

Fig. 19. Toxicity assays, expressed as cell growth inhibition (Fig. 19A), and MBNL1
(Fig. 19B) and MBNL2 (Fig. 19C) relative expression obtained by quantitative PCR,
obtained in the assays performed with the blockmiRs indicated in the X-axis. at the
indicated concentrations. The results obtained with antagomiR-23b and antagomiR-218
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are also shown.

Fig. 20. Toxicity assays, expressed as cell growth inhibition, obtained after gymnotic
delivery (Fig. 20A) or with transfection agents (Fig. 20B), obtained in the assays
performed with the FANA oligonucleotides indicated in the X-axis, at the indicated
concentrations. The results obtained with antagomiR-23b and antagomiR-218 are also

shown.

Fig. 21. MBNL1 relative expression results, obtained by quantitative PCR, obtained in
the assays performed with the FANA oligonucleotides indicated in the X-axis, at the
indicated concentrations. The results obtained with antagomiR-23b and antagomiR-218
are also shown. The results obtained after gymnotic delivery (Fig. 21A) or with
transfection agents (Fig. 21B) are shown.

Fig. 22. MBNL2 relative expression results, obtained by quantitative PCR, obtained in
the assays performed with the FANA oligonucleotides indicated in the X-axis, at the
indicated concentrations. The results obtained with antagomiR-23b and antagomiR-218
are also shown. The results obtained after gymnotic delivery (Fig. 22A) or with
transfection agents (Fig. 22B) are shown.

Detailed description of the invention

As commented above, this invention is based on knowledge suggesting that in patients
with DM1, the activity of MBNL-family proteins is limiting; this originates, at least in part,
because the transcript mRNAs of mutant alleles of the DMPK gene, which present
hundreds of additional CUG repeats in the UTR region of 3', accumulate in foci in which
muscleblind-like (MBNL) proteins are sequestered, leading them away from their
functional targets. Therefore, the present inventors propose that the up-regulation of the
levels of endogenous MBNL proteins represents a therapeutic approach to DM1, which
would help to alleviate its symptoms.

The basis of this invention is the identification of miRNAs that act negatively on the
expression of MBNL proteins and the blocking or inhibition thereof, to decrease or
prevent their negative effect on the levels of MBNL proteins, resulting in an increase in
these levels.

The fundamental role of the miRNA in regulating gene expression has been well
established. The microRNAs (commonly abbreviated as miRNAs) are endogenous non-
coding RNAs, with an approximate length of 22 nucleotides, that act post-
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transcriptionally and exert their regulatory effects mainly by binding the region 3'UTR of
the target mRNA, which results in the deadenylation of mRNA and thus cause the
decrease or suppression of translation or, rarely, mRNA excision. This last effect,
mRNA excision, can occur when there is a full complementarity between an mRNA and
a miRNA that binds to it, which allows a member of the protein family called Argonauts
to act, specifically Ago2, which is capable of mRNA excision leading to direct
degradation thereof. For a microRNA to bind to the corresponding messenger RNA,
such mRNA essentially needs to have the so-called "seed region", which is a fragment
of about 6-8 nucleotides (usually 7), which is part of the mRNA area to which the
microRNA binds and has a perfect complementarity with a part of the microRNA,
usually nucleotides 2 to 8 or 9 thereof, which is often called the seed region. Although
the complementarity between the microRNA and its corresponding mRNA is not perfect
throughout the pairing zone, it is in the seed region; thus, the microRNA may be
functional in regulating the expression of the gene that corresponds to the mRNA that

contains it.

As reviewed, for instance, by Zhonghan Li and Tarig M. Rana (Li and Rana, 2014) or in
Wikipedia (,https://en.wikipedia.org/wiki/MicroRNA) animal microRNAs are usually
transcribed from RNA polymerase || promoters as part of one arm of an RNA stem-loop
that, in turn, forms part of one several hundred nucleotide-long miRNA precursor
termed a primary miRNA (pri-miRNAs), which may contain from one to six miRNA
precursors which form the hairpin loops with complementary sequences also present in
the pri-miRNA. The pri-miRNA transcript is capped with a specially modified nucleotide
at the 5’ end, polyadenylated with a polyA tail and spliced. Each hairpin loop structure is
composed of about 70-80 nucleotides each and is flanked by the sequences necessary
for efficient processing. During canonical miRNA biogenesis, the double-stranded RNA
structures of the hairpins are recognized by the enzyme Pasha, which form a complex
with the enzyme Drosha, which cleaves the hairpin bases and liberates the hairpins.
The products are called precursors-miBRNA (pre-miRNA). Pre-miRNAs can be also
generated by mRNA splicing machinery, circumventing Drosha-mediated digestion.
Regardless of the generation process, pre-miRNA hairpins are exported from the
nucleus by the shutter Exportin-5. Once in the cytoplasm, the pre-miRNA hairpin is
cleaved by the enzyme Dicer, which cuts away the loop joining the 3’ and 5’ arms,
yielding an imperfect miRNA:miRNA duplex about 22 nucleotides in length. Although
either strand of the duplex may potentially act as a functional mature miRNA, only one
strand is usually incorporated into the RNA-induced silencing complex (RISC) where
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the miRNA and its mRNA target interact.

Thus, the present inventors propose a therapeutic approach for the improvement of
DM1 which consists in the modulation of the endogenous MBNL proteins causing the
sequestration of one or more of the miRNAs that act negatively on expression, thus
giving rise to an up-regulation and, as a conseguence, an increase in the levels of
endogenous MBNL proteins. Therefore, the aim is to cause the modulation of the
endogenous protein by silencing or diminishing the repressive activity of specific
miRNAs involved in the regulation of its expression. In particular, in the present case,
miRNAs expressed in muscle are preferred, as this is one of the main organs affected
by the disease.

According to the foregoing, and as used herein, miRNA inhibitors, silencers or blockers
are compounds that are capable of producing a decrease in the endogenous activity of
said miRNA. As is common in the literature related to similar strategies speaking of
"antagonism" (see, e.g., the article by Landford et al., 2010, on silencing of the miR-
122), these three terms have been included under the denomination of "antagonist" of a
miRNA.

Commonly and traditionally, strategies for efficiently inhibiting the function of miRNAs
have been designed in order to target direct mature miRNAs. However, alternative
strategies in which miRNAs are targeted at their precursor stage may also become a
valid approach for addressing this issue. For instance, Kloosterman et al
(Kloostermann et al., 2007) reported that the miRNA biogenesis and maturation
process could be efficiently inhibited by morpholinos in a miRNA-specific manner.
Kloosterman et al. reported that morpholinos could block processing of the primary
miRNA (pri-miRNA) or the pre-miRNA, and they can inhibit the activity of the mature
miRNA. In particular, it was shown that inhibition of miR-375 would lead to defective
morphology of pancreatic islet cells, and this phenotype could be observed with multiple
precursor-targeting morpholinos. WO 2016/091747A1, in turn, refers to inhibitors of the
miR-17-92 cluster an their use as medicament, providing specifically an LNA/DNA
gapmer which binds to a region of the primary miRNA (pri-miRNA) of the miR-17-92
cluster and that can be used for the treatment of tumors related to the overexpression
of any of the miRNAs of the miR-17-92 cluster. Thus, it can be said that miRNA function
can be inhibited or decreased by targeting the mature miRNA, the precursor miRNA or
the primary miRNA. And, as Li and Rana comment in their review (Li and Rana, 2014),
miRNA expression and function can be targeted by disrupting the generation of pri-
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miRNAs or pre-miRNAs. In the particular case of prim-miRNAs, as they usually contain
sequences not found in mature miRNAs, and those sequences are not convserved
among different miRNAs (even from the same family), chemically modified short
oligonucleotides can be designed to bind specifically to these sequences and, as these
oligonucleotides might have high binding affinity, it is quite feasible that they can disrupt
the hairpin structure of a targeted miRNA and cause defects in its further processing by
the Drosha-Pasha complex, thus reducing the level of downstream mature miRNA and
its overall capacity of performing its function.

Since this invention focuses on reducing the activity of miRNAs repressors of the
expression of certain genes, it is this repressive capacity that will be diminished by the
presence of its inhibitors, silencers or blockers: their antagonists. While, strictly
speaking, the term "silencing" could be interpreted as the absolute annulment of such
activity, since the difference between such annulment or a non-absolute decrease in
repressive activity may depend on the concentration of the compound used, the four
terms (inhibitors, silencers, blockers or antagonists) are used as synonyms in this
specification, being sufficient for a compound to result in a decrease in the repressive
activity of a miRNA to be considered an inhibitor, silencer, blocker or, in short, an
antagonist thereof. And, taking into account the knowledge about the possibility of
inhibiting miRNA function by targeting the mature miRNA, the precursor miRNA or the
primary miRNA, as it is used in the present application, a compound could be
considered an miRNA inhibitor, silencer, blocker or antagonist according to the present
invention if it targets the mature miRNA, but also if it targets the precursor miRNA or the
primary miRNA, provided that it is capable of producing a decrease in the endogenous
activity of said miRNA.

Analogously to the definition of a miRNA antagonist, the effect produced by an inhibitor,
silencer or blocker is called inhibition, silencing or blocking of the miRNA in different
parts of the specification, while it is understood that any of these three terms imply and
mean an antagonism of the action thereof. In some specific points, particularly when
related to trials in which miRNA sponges have been used, the term "depletion" is also
used to refer to the effect that occurs when such sponges are present, since it can be
considered that the number of binding sites in these sponges leads to the binding
thereto of most or practically all of the miRNA molecules with complementary
sequences, resulting in the depletion of available miRNA molecules for interaction with
other molecules or compounds in the cell where the sponges are present.
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This invention preferably relates to specific antagonists of these miRNAs, which are
also, in turn, oligoribonucleotides or molecules derived therefrom that include, among
others, some of the usual chemical modifications that modify the oligoribonucleotide
molecules to make them more resistant to degradation or bioavailable, such as
modification of part or all nucleotides with 2'-methoxy (2'-O-methyl: 2'-OMe), 2'-O-
methoxyethyl (2'-MOE) groups, and/or phosphorothioates. As used in this specification,
oligoribonucleotides are the molecules that result from the binding of a maximum of 50
units of the monomers that give rise to the molecule abbreviated as RNA, monomers
that are composed of a phosphate group, the nitrogenous bases adenine (A), cytosine
(C), guanine (G) or uracil (U), and pentose known as ribose. Based on their widespread
use, molecules whose units include nucleotide inosine are also considered within that

definition.

As used in this invention, the term "oligoribonucleotide molecules" includes both
oligoribonucleotides as such, as defined above, as well as the "oligoribonucleotide
analogues". "Oligoribonucleotide analogues" are the molecules derived therefrom that
incorporate some chemical modification in at least one of the ribonucleotide units that
form them, either in the phosphate group, the pentose or one of the nitrogenous bases;
the modifications consisting in the addition of non-nucleotide groups at the 5' and/or 3'
ends are also included. By extension, for the purposes of this invention and as used
herein, the terms "oligoribonucleotide molecule" and "oligoribonucleotide analogue" or
“oligonucleotide analogue molecule” also include sponges of miRNAs or miRNA
sponges, as it can be considered that the main constituent of the same are tandem
repeats of oligonucleotides, characterized in that each of these oligonucleotides are in
themselves or contain a binding site of a microRNA of interest.

With regard to the possible chemical modifications included in the oligoribonucleotide
analogues, the term will be applied especially in the case of one or more of the usual
modifications known to those skilled in the art of molecular biology, in terms of basic
research and, in particular, in the search for therapeutic applications of these
molecules. Information on such modifications can be found in reviews such as that by
Kole et al. (Kole et al., 2012). In particular, for the purposes of the invention, of special
interest (and considered to be included within the modifications that give rise to
molecules within the scope of the invention) are those modifications, valid for
oligoribonucleotides or ribonucleic acids of greater length, which give rise to RNA
analogues with increased resistance to hydrolysis, and which are usually modifications
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in ribose, such as those resulting in: 2'-O-methyl-substituted RNAs (2'-methoxy
modifications); 2'-O-metoxietil-substituted RNAs; LNAs ("Locked Nucleic Acids": locked
nucleic acid, in which the ribose moiety is modified with an extra bridge connecting the
2' oxygen and the 4' carbon and locks the ribose in the 3'-endo conformation); BNAs
("Bridged nucleic acid"); PMOs (nucleic acids where ribose has been substituted by a
carbonylchloride group), or PNAs ("Peptide Nucleic Acid": peptide nucleic acid in which
the ribose-phosphate group is replaced by an amino acid moiety, so that the skeleton of
the nucleotide analogue is a structure of repeat units of N-(2-aminoethyl)-glycine linked
by peptide bonds). Also known are 2’fluoro modifications (2’F: introduction of a fluorine
atome at the ribose 2’ position), which differ from the 2’-MOE and 2’-OMe modifications
in that it locks the sugar ring into a high 3’-endo conformation, which is often found in A-
form duplexes (RNA structure) and results in exceptional affinity for target RNAs.

Thus, modifications that could be useful for the purposes of the present invention and
that give rise to molecules comprised within the scope of the invention are those of the
FANA oligos (Souleimanian et al, 2012), which are antisense 2-deoxy-2'-
fluoroarabinonucleic acids (2’'F-ANA) that are wusually used as antisense
oligonucleotides and that, additionally to an efficient knock down or regulation of the
target RNA in a high sequence specific manner, show an efficient delivery without an
external source such as a transfection agent, formulation, conjugate or viral vector,
what is called a gymnotic delivery (see, for instance, AUM Biotech web page for more
detailed information: https://www.aumlifetech.com/technology -platform/). It is

meaningful (as it is explained in AUM Biotech web page: www.aumbiotech.com) that
FANA single-stranded antisense oligonucleotides elicit RNase H-mediated cleavage of
target mRBNA: this mode of mRNA knockdown is simpler than siRNA mediated
knockdown and eliminates RISC-associated offtarget effects often observed with
siRNA. Besides, and unlike siRNAs that are processed in the cytoplasm, FANA oligos
can go into the nucleus and can be used to target RNA present within the nucleus.

Recently, also nucleotides with an additional type of chemistry are being used: the CRN
("Conformationally Restricted Nucleotides"), in which the ribose moiety is locked in a
rigid conformation by means of a chemical moiety that acts as a connector, modification
that is mainly used to obtain antagomiRs with new properties (see, for example, the

information provided on the website: htip://www.marinabio.com/pipeline/nucleic-acid-
drugs/).

Also common, and considered included within the possible modifications that give rise
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to oligoribonucleotide analogues of the invention, are the modifications that give rise to
phosphorothioate bonds, which are modifications that affect phosphate groups that are
part of the "skeleton" of the nucleotide chain, giving rise to the introduction of a sulphur
atom in substitution of an oxygen atom of the phosphate group that is not acting as a
bridge between nucleotides; these modifications cause the bonds between nucleotides
to be resistant to degradation by nucleases, so they are commonly inserted between
the last 3-5 nucleotides at the 5' or 3' ends of oligonucleotides to inhibit degradation by
exonucleases, increasing their stability. Phosphorothioate ribonucleotide analogues are
usually represented by placing an r before the abbreviation of the base and by placing
an asterisk after it (e.g., (rA*), whereas the 2'-O-methylated bases bonded to
phosphorothioate can be represented with a letter m in front of its abbreviation and
followed by an asterisk (e.g., mA *).

Because of its frequent use within the group of antimiRs, also included among the
chemical modifications that give rise to the oligoribonucleotide analogues of the
invention, is the 5' methylation of the nitrogenous base cytosine (C), which seems to
increase the stability of the duplexes formed with the target.

Other chemical modifications are possible and known, which are also comprised within
the possible modifications that give rise to oligoribonucleotide analogues. As can be
deduced from the definition of "oligoribonucleotide molecules” and that of
"oligoribonucleotide analogues”, also included within the definition of oligoribonucleotide
analogues are hybrid molecules, in which some units present modifications and others
do not, as well as hybrids between analogues of nucleic acids and peptides or, even,
hybrid molecules in which some of the nucleotide units are ribonucleotides (or
analogues thereof) and others are deoxyribonucleotides (nucleotides in which the sugar
is deoxyribose), as well as analogues of the latter, i.e. RNA-DNA hybrids and
analogues thereof.

For purposes of this invention, included within the oligoribonucleotide molecules or
oligoribonucleotide analogues are miRNA inhibitors, blockers or antagonists of the
types known as antagomiRs, blockmiRs, antimiRs and miRNA sponges, and those
known as FANA oligonucleotides, whose mechanism of action can be found to be
described as analogous to that of blockmiRs in that their sequence is complementary to
that of the mRNA, but that can be designed as antagomiRs, antimiRs or blockmiRs,
provided that the appropriate chemical modifications of FANA oligonucleotides are
present in the molecule. Also comprised within the concept of oligoribonucleotide
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molecules or oligoribonucleoride analogues useful for the purpose of the present
invention and comprised within its scope are those miRNA inhibitors, blockers or
antagonists that act on pri-miRNAs or pre-miRNAs, usually altering miRNAs biogenesis
and having a negative effect on miRNAs activity, mainly due to a decrease of the active
available miRNA.

Thus, for instance, Example 1 of this specification uses molecules that correspond to
this group of compounds and that are formed by several units of ribonucleotides, or
miRNA sponges, which are transcripts expressed from strong promoters that contain
multiple binding sites to a microRNA of interest, placed in tandem. The miRNA sponges
are usually designed so that they inhibit miRNAs with a complementary heptameric or
octameric fragment (seed region), such that a single sponge construct can be used to
block a whole family of miRNAs sharing the same motif, although they may also contain
the entire target sequence for a specific miRNA. The term "sponge construct” is
sometimes used interchangeably to refer to the vectors from which the miRNA sponges
are expressed and to the RNA molecules expressed therefrom. For the sake of clarity,
the present specification has attempted to reserve the term "sponge construct” for the
vector from which the miRNA sponge is expressed as such or for the specific fragment
of the vector that encodes the expressed miRNA sponge, but reference is made to the
effect of these constructs when referring to the effects found when the expression of the
corresponding miRNA sponges has occurred in the cells or tissues in the test.

Since miRNA sponges are not entirely specific, but can block, silence or inhibit several
miRNAs that share the same motif, to avoid as much as possible unwanted effects and
affecting genes that have no involvement in the DM1, in this invention specific inhibitors
of groups of the so-called blockmiRs, antimiRs or antagomiRs, especially the latter, are
preferred. All three cases relate to oligonucleotides with chemical modifications that
prevent a series of molecules from binding to a specific place of a mRNA molecule,
although there are some differences between them.

As used herein, blockmiRs are small RNAs with a special chemistry designed against
the sequence that a particular miRNA detects in a particular messenger RNA (mRNA),
so that, in principle, each one of them should only derepress the effect of that miRNA
on that transcript, a very specific effect being expected. Therefore, they are designed so
that they have a sequence that is complementary to that of a fragment of the mRNA
sequence that serves as a binding site for a miRNA, in such a way that they usually
bond at the 3' end of the untranslated region (UTR) of a mRNA, in other words, in the
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area where the endogenous miRNAs usually bond.

The antagomiRs, on the other hand, are generally used to silence endogenous
miRNAs. Therefore, antagomiRs refer to small synthetic RNAs, chemically modified
with respect to the corresponding RNA oligomer composed only of ribonucleotide units,
and that are complementary to a target miRNA. Therefore, they can be considered
oligonucleotide analogues that bind specifically to particular miRNAs and therefore act
as miRNA inhibitors/blockers. As a miRNA can have many target transcripts, the use of
antagomiRs can sometimes result in undesirable side effects, by affecting mRNAs that
were not to be modulated. Typically, antagomiRs include chemical modifications in their
units, compared to ribonucleotides, such as 2-O-methyl groups, phosphorothioates, and
conjugated cholesterol moieties; they also commonly include at least one modification
that either gives rise to some type of impediment to the performance of the Ago2
protein or to an imperfect pairing between the antagomiR and the target miRNA, thus
avoiding the Ago2-mediated cleavage. As described by Wang et al. in their review of
the implications of microRNAs in liver disease (Wang et al., 2012), it has been reported
that antagomiRs inhibit their target miRNA, in a dose-dependent manner, in different
tissues of mice when administered intravenously as naked molecules. Among other
effects, it is known that an antagomiR of miR-221 was able to block the growth of
xenografts of HCC tumours in mice and prolong their survival. The cutaneous pathway

is also a common route of administration of antagomiRs.

For their part, antimiRs are usually complementary to only a part of the mature miRNA
that is their target, the so-called seed region, but they bind to it with great affinity,
because they present modifications that greatly increase the bond with their target,
such as those of the LNAs described above, or, sometimes also, as has been
mentioned, 5' methylation of the nitrogenous base cytosine (C), which also seems to
increase the stability of the duplexes that are formed with the target. Rottiers et al.
observed not only the effective inhibition of miRNA families using antimiRs directed to
the seed region of these miRNAs, with only 8 units of nucleotide analogues with LNA-
type modifications, but also the efficacy and safety of these treatments in the long-term
in non-human primates. As also described by Wang et al., in the aforementioned
reference (Wang et al., 2012), these small molecules present a potent activity in a
whole range of tissues in mouse, rat, ape and chimpanzee after their systemic
administration as naked molecules, at considerably lower doses than those of other
inhibitors. AntimiR SPC3649, for example (Landford et al., 2010) has been used in
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Phase 2a clinical trials for patients with chronic hepatitis C virus infection
(ClinicalTrials.gov No. NCT01200420).

As can be deduced from the above definitions, the design of microRNA
inhibitors/antagonists is usually based on a short basic sequence of ribonucleotides,
which may be the sequence complementary to the microRNA to be inhibited (this is
usual in antagomiRs and antimiRs, as well as in microRNA sponges) or the sequence
of the microRNA itself or a sequence complementary to a mRNA area to which the
microRNA binds (case of blockmiRs). As used in this specification, it is understood that
two chains of nucleotide molecules are 100% complementary (or, as is expressed in a
more abbreviated way herein, that their sequences are complementary) when the
nucleotide or nucleotide analogue sequence of one of them, read in the 5'-3' sense, is
the sequence of nucleotides or nucleotide analogues that present the nitrogenous
bases which pair with the nitrogenous bases of nucleotides or nucleotide analogues of
the other sequence, read in the 3'-5' sense. That is to say, the sequence 5-UAGC-3'
would be complementary to the sequences 3'-AUCG-5' (in the case of being the
ribonucleotide or ribonucleotide analogue units) and 3'-ATCG-5' (in the case of being
the deoxyribonucleotide or deoxyribonucleotide analogue units), which would be,
respectively, sequences 5-GCUA-3' and 5-GCTA-3' read in the 5'-3' sense. In some
cases, particularly in the design of antimiRs, importantly the antagonist molecule should
comprise a fragment that is identical to the complementary sequence to that of the seed
region of the microRNA to be antagonized, at least with regard to the complementarity
of the nitrogenous bases. And often, especially in the case of antagomiRs and
antimiRs, modifications are incorporated to the corresponding ribonucleotide units,
which mainly affect the ribose moiety and/or phosphate, modifications that are difficult
to depict in the usual representations of nucleotide sequences, in which the nucleotide
present in a given position is identified by the abbreviation of the nitrogenous base that
is part of it. Therefore, in the present invention, there are compared molecules of
microRNA antagonists that refer to the percentage of identity between the sequences of
the nitrogen bases of the ribonucleotide or ribonucleotide analogue units present in
these units, as this is what indicates whether two molecules or sequence fragments are
designed from the same original basic ribonucleotide sequence, although different
chemical modifications may have been included in the ribonucleotides in each case.

To design the antagonist molecules, it is important to note that there is sufficient
complementarity with the endogenous molecules to which they must bind so that the
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desired effect of inhibition/antagonism/silencing is actually produced. In this sense,
examples can be taken into account where the "typical" complementarity between a
miRNA and its target may be 50% (see, for example, the reference
http://mirtarbase.mbc.nctu.edu.tw/php/detail.php?mirtid=MIRT000125#target), therefore
it is advisable that the oligoribonucleotide molecule of the invention comprises a
fragment of ribonucleotide or of ribonucleotide analogue unit sequence, in which the
sequence of the nitrogenous bases of the ribonucleotide or ribonucleotide analogue
units is at least 50% (or at least 55%, 60%, 70%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 99.5%, or 100%) identical to the sequence
complementary to that of the fragment of the endogenous molecule with which it should
pair, that is to say, to the sequence of endogenous microRNA with which it should bind
(in the case of antagomiRs and the repeat sequence of sponge miRNAs ) or the
sequence of the messenger mRNA fragment (in the case of blockmiRs). In the case of
antagomiRs, whose length is roughly equal to that of the miRNAs whose action is to be
antagonized, it is especially preferred that the sequence of the nitrogen bases of the
ribonucleotide or ribonucleotide analogue units is at least 80% (or at least 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96% , 97%, 98%, 99% or 99.5%, or 100%) identical to the
sequence complementary to that of the endogenous microRNA to be antagonized; this
is the criterion that has been followed for the design of antagomiRs against human
microRNAs miR-218-5p and miR-23b-3p. In the case of antimiRs, the most important
thing is that they comprise a fragment in which the sequence of nitrogenous bases of
nucleotides or nucleotide analogues is complementary (preferably, 100%
complementary) to the sequence of nitrogen bases of the nucleotides of the seed
region of the mature miRNA which is their target, so the complementarity in the rest of
nucleotides or nucleotide analogues that are present in the antimiR, if any, is less

important.

Sequence alignment for comparison can be carried out with Smith and Waterman's
algorithms, Adv. Appl. Math. 2:482 (1981); o Needleman y Wunsch, J. Mol. Biol. 48:443
(1970); using the Pearson and Lipman similarity search method, Proc. Natl. Acad. Sci.
85:2444 (1988); or through computer applications based on these algorithms and
methodologies, including but not limited to: CLUSTAL, in the PC/Gene program by
Intelligenetics (Mountain View, California, USA).; GAP, BESTFIT, BLAST, FASTA, and
TFASTA in the software package from Wisconsin Genetics (Genetics Computer Group
(GCG), Wisconsin USA). In particular, the BLAST family programs, which are based on
the algorithm by Altschul et al. (.) (Altschul et al, 1990), are of public access (for
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example, through the webpage of the U.S. National Center for Biotechnological
Information: http://blast.ncbi.nlm.nih.gov/Blast.cgi) and can be used to carry out
searches and calculations of identity, especially for the purposes of the invention,
BLASTN, dedicated to nucleotides.

As can be seen in the assays described and reported in the examples of this
specification, the present inventors have started from proof of concept in a Drosophila
melanogaster DM1 model, in which CUG trinucleotide repeats overexpressed in the
muscle. This model was used to explore the therapeutic potential of specific microRNA
(miRNAs) silencing by promoting the expression of muscleblind. The tests carried out
with this model, described in Example 1, show that it is possible to up-regulate
endogenous Drosophila muscleblind proteins by sequestration of miRNAs that
negatively modulate their expression, specifically by the use of "sponge" constructs. To
do this, the basis was a set of miRNA identified as potential Muscleblind regulators
finding that only the specific silencing of two of the miRNAs of the initial set, dme-miR-
277 or dme-miR-304, gave rise to the desired direct effect: an increase in levels of both
the Muscleblind protein and the corresponding mRNA. This up-regulation resulted in the
reversal of several erroneous splicing events and, thus, the rescue of several
phenotypes similar to DM1 symptoms, such as the reduction of muscular atrophy. The
flies tested showed an improvement in the muscular function in flight and surface

ascent tests and an increase in life expectancy.

Analogously, the present specification describes the identification, in Hela cells, of
potential miRNAs that could negatively regulate MBNL in humans (MBNL1 and/or
MBNL2), the selection of those that actually appeared to have regulatory effects, the
verification in animal models, specifically mouse, of their expression in tissues of
interest generally affected in cases of DM1, the design of inhibitors (specifically
antagomiRs) for some specific miRNAs, verification of the effectiveness of the same to
increase the expression of MBNL1 and/or MBNL2 in human myoblasts and verification
of correspondence with the rescue of several events of alternative splicing typically
altered in myoblasts in patients suffering from DM1. Such assays have been
complemented by verifying the activity of inhibitors (particularly antagomiRs) in a mouse
DM1 model, where it has been observed that the assayed antagomiRs reach skeletal
muscle, increase Mbln protein expression, rescue missplicing of muscle transcripts,
improve muscle histopathology and reduce myotonia grade. Also provided in the
present application are assays carried out with antimiRs and blockmiRs, where it has
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been found that antimiRs and blockmiRs show a relatively low toxicity, and that
blockmiRs, particularly those targeting miR-23b activity, give rise to significant increase
of MBNL1 expression. These tests, together with the proof of concept carried out in
Drosophila, demonstrate the effectiveness of the strategy designed.

The proof of concept carried out in Drosophila, described in Example 1, is also
significant because it showed some notable facts to take into account for the design of
miRNA-specific inhibitors, blockers or silencers, particularly for their application in the
treatment of DM1 in mammals, especially in humans. In particular, the following are

noteworthy:

- As commented, although the basis was a set of miRNAs identified as potential
muscleblind regulators based on previous data of the present inventors and on
bioinformatic analyses, only the silencing of two them, dme-miR-277 (SEQ ID NO:
29) and dme-miR-304 (SEQ ID NO: 30), resulted in the up-regulation of the
expression of the Drosophila muscleblind gene, both in terms of mMRNA and of the
proteins themselves. Therefore, the mere identification of structural motifs that
may indicate that a miRNA may have an effect on the MBNL1 and/or MBNL2
expression regulation, it does not guarantee that it is a miRNA with a negative
effect on its expression or that the design of a specific inhibitor thereof may result
in the desired effects on the increase of levels of one protein and/or the other,
especially when the aim is that this increase in the protein levels should occur in
the appropriate tissues and should be accompanied by an improvement in DM1
symptoms.

- It is also interesting to note that the quantitative analysis confirmed that each
sponge construct gave rise to the increase of the levels of different Muscleblind
isoforms. Interestingly, both sponge construct, miR-277SP and miR-304SP (the
sponge constructs specifically designed to silence dme-miR-277 and dme-miR-
304), were able to negatively regulate the expression of mbiB and mbl/C isoforms,
respectively, instead of increasing the expression, suggesting some type of inter-
isoform regulation, as previously demonstrated for MBNL proteins (Kino et al.,
2015; Terenzi et al., 2010). This fact induced the present inventors to consider the
identification in human cells of miRNAs that were either inhibitors of MBNL1 or of
MBNLZ or of both, to control possible regulatory or compensatory effects between
the two proteins or between the miRNAs that regulate their expression.
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Immunodetection tests of the protein in the muscular tissue of flies expressing
one of the sponge constructs, miR-304SP and miR-277SP, showed the
overexpression of muscleblind in both cases, although in different subcellular
locations: miR-2775SP caused an increase preferably in sarcomeric bands and
miR-304SP in the nuclei. It is noteworthy that neither of these cases detected the
retention of muscleblind in ribonuclear foci which are not detected in IFM sections
of the fly thorax using a probe designed to detect the expansions ("CAG" probe).
Finally, consistent with previous knowledge that indicates that the isoform MbIC is
located in the nucleus and with preferential regulation of the expression of MbIC
by miR-304SP, it was confirmed that the expression of miR-304SP allowed to
rescue a number of erroneous splicing events dependent on Muscleblind. Taking
them as a whole, these data confirm that the up-regulation of muscleblind
achieved by silencing specific regulator miRNAs is sufficient to rescue the critical
molecular characteristics altered in DM1 models in flies.

Example 1 also describes the positive effect of the expression of the sponge
constructs miR-277SP and miR-304SP on the recovery of muscular atrophy,
which is a characteristic phenotype of DM1.

Expressing the sponge constructs with the driver Mhc-Gal4, the effects of
muscleblind overexpression in the long term were also tested. In the control flies,
it was observed that the expression of miR-304SP, caused a 6-fold increase in
the relative expression of muscleblind and had no effect on the muscle area, the
survival or the function of the locomotive apparatus. However, the expression of
miR-2775P, which produced a 15-fold up-regulation of muscleblind, caused a
significant reduction in the muscle area, which correlates with a decreased
landing height. In a background expressing CTG, however, the expression of any
of the sponge constructs caused beneficial effects, suggesting that the limited
overexpression of transcripts of additional natural targets of the blocked miRNAs
is negligible compared to the positive effects of stimulating muscleblind
expression. This is important, because deleterious effects of miR-277SP could
occur by overexpression of several of its targets, as well as Muscleblind, since
dme-miR-277 is one of the miRNAs with the highest expression in the muscle.
Previous studies have confirmed that the long term overexpression of MBNL1 in
mouse models is well tolerated when limited to the skeletal muscle. MBNLT
overexpression, increased in the range from 10 to 17 times, caused no detectable
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histopathology or functional anomalies (Chamberlain & Raum, 2012). These
results were Dbelieved to support the strategy of attempting to
inhibit/silence/decrease/antagonize the activity of specific miRNAs involved in the
negative regulation of MBNL1 and/or MBNLZ proteins in mammals, particularly
humans, as a means to alleviate the symptoms of DM1, without producing
undesirable side effects on other functions of the individual who is in need of

treatment.

Thus, these results indicated that the blocking of miRNAs repressors of MBNL in
humans or other mammals could also reduce the symptoms of DM1, providing a proof
of concept of the therapeutic potential of the up-regulation of muscleblind through
specific miRNA blockers in patients with DM1. Thus, the study with the Drosophila
model of DM1 reported in the present specification lays the bases for the evaluation of
blockers of miRNAs which repress the expression of muscleblind (or, rather, of
homologous proteins in mammals such as humans) as a valid and effective therapeutic

target for the treatment of DM1.

Based on this, the present inventors undertook a study of the identification of possible
miRNAs repressors of human MBNL1 and/or MBNL2 proteins, to later verify if a similar
strategy could be used to inhibit/block one or more of these miRNAs to increase the
levels of the MBNL1 and/or MBNL2 proteins, and thus, rescue characteristic
phenotypes of DM1, as evidence that the inhibition of these miRNAs could serve to
treat typical symptoms of this disease.

As described in Example 2, an initial screening was performed to identify potential
repressors of one of these genes or both, which identified a total of 23 candidate
microRNAs, among which a pre-selection was made from bioinformatic programs,
selecting those for which binding targets had been predicted in the 3' UTR regions of
one or both genes. However, the validation tests carried out indicated that only some of
the pre-selected microRNAs, effectively resulted in a decrease in the levels of the
corresponding protein (MBNL1 or MBNL2) product of the genes that in principle were
regulated by the miRNA, even though the presence of binding targets for the
corresponding microRNA in the untranslated 3' region (3" UTR) was confirmed by
complementary bioinformatic applications. The decrease of the levels of protein
produced, in the cases in which it actually existed, was not the same for all the
microRNAs, being more pronounced in some cases, highlighting those of the
microRNAs miR-23b-3p (referred to abbreviated in the specification as miR-23b) and
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miR-218-5p (abbreviated as miR-218). (It must be noted that the abbreviations miR-23b
and miR-218 have been used in certain points of the present application not only to
denote the mature forms miR-23b-3p and miR-218-5p, but also to refer to the pri-
miRNAs and pre-miRNAs that give rise to such mature forms). This shows, as already
noted in the previous tests carried out in the Drosophila model, that the identification of
hypothetical binding targets in the 3'UTR of the messenger RNA of a gene or of other
motifs that may indicate a supposed interaction, does not guarantee or make
expectable that a microRNA actually is a gene modulator, preferably direct, nor that
blocking or inhibiting such microRNA actually results in the desired modulation that , in
this case, was an increase in the levels of the MBNL1 and/or MBNL2 protein.

In addition, it was verified whether the pre-selected miRNAs were expressed in the
organs most affected by the characteristic symptoms of the disease, such as the central
nervous system organs, such as the brain, the cerebellum or the hippocampus, as well
as the skeletal muscle and the heart. The tests performed with different mouse tissues
showed that the expression of the endogenous microRNAs of this animal miR-23b and
miR-218 in different tissues related to the listed organs (forebrain, cerebellum,
hippocampus, heart, quadriceps and Gastrocnemius) were far higher than those of the
remaining pre-selected microRNAs, especially in the case of miR-23b, which was far
higher in all tissues. These data indicate that the inhibition of the same microRNAs
could serve to treat cases of myotonic dystrophy 1 in other mammals.

Gene expression determinations were also conducted from muscle biopsies in humans,
observing that the miR-218 and miR-23b levels were clearly increased in DM1 patients
with respect to controls not afflicted by the disease. An increase of the miR-218 in
fibroblasts obtained from patients with DM1 with respect to controls was also noted.
These data are interesting as, taken in conjunction with the efficacy tests carried out
with antagomiRs in Example 3, they indicate that the cultures of established lines or the
primary cultures of cells obtained from tissues of interest of patients, such as skeletal
muscle myocytes, can be useful to perform tests and to check the efficacy of possible
blockers or inhibitors of different miRNAs and to observe if certain molecular
abnormalities characteristic of the disease show an improvement or are alleviated by
the inhibitors tested, as an indication of a palliative effect on symptoms of the disease.
And that is important to facilitate the studies, since the existing mouse models do not
reproduce all the symptoms of the human disease, but mainly the symptoms related to
muscular dysfunction. And, indeed, at the end of Example 3, there are described
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assays where it can be seen that miR-23b and miR-218 upregulate MBNL proteins and
restore their normal subcellular distribution in DM1 myoblasts. Finally, the verification of
antagomiR effectivity in a mouse DM1 model described in Example 4 showed that the
assayed antagomiRs reach skeletal muscle, increase MblIn protein expression, rescue
missplicing of muscle transcripts, improve muscle histopathology and reduce myotonia
grade, also finding that the specific antagomiRs used are effective at doses lower than
those previously reported in muscle (Krutzfeldt et al., 2005; Dey et al.,, 2012). By
inhibiting miR-23b and miR-218 with antimiRs in mouse muscle it was possible to
upregulate MBNL1 and MBNL2 protein levels by approximately over 2- and 4-fold
respectivey. Improtantly, MBNL protin upregulation through mir-23b or miR-218
silencing was well tolerated in mice, which had no detrimental phenotype during the
four days of treatment. Furthermore, as antagomiRs act on mature MBNL transcripts,
they are not expected to directly influence the set of MBNL proteins isoforms. .

These tests, together with the tests to check the direct interaction of the microRNAs
miR-218 and miR-23b with corresponding messenger mRNAs (qv Gaussia luciferase
test), resulted in the choice of these microRNAs as the microRNAs of preference to be
inhibited/antagonized,for which to develop inhibitors/antagonists.

This conclusion has been confirmed by the assays shown in Examples 5 and 6, where
assays with blockmiRs, antimiRs and FANA oligonucleotides directed against miR-218
and miR-23b are described. In Example 5, it can be seen that blockmiRs and antimiRs
showed a low toxicity in DM1 fibroblasts, making possible to increase their
concentration for their use. However, antagomiRs showed to work better than antimRs.
When miR-23b target was blocked, a significant increase of MBNL1 and MBNL2 was
observed; the same did happen when miR-218 target was blocked, but their low toxicity
makes possible to increase the administered concentration, which will probably result in
the observation of an effect. As shown in Example 6, FANA RNA silencing and
regulation technology showed that FANA oligonucleotides at 250 nanoM or 1 microM
range are not very toxic to DM1 myoblasts and, although the antagomiRs of previous
Examples seem to be more potent for MBNL1, at least the FANA oligonucleotide
related to miR-23b increased MBNL1 and MBNL2 levels, confirming again the feasibility
of the general approach of the present invention: the use of miR-23b and/or miR-218
antagonists for use in the treatment of myotonic dystrophy type 1.

It must be understood, as above indicated, that targeting the pri-miRNA and/or the pre-
miRNA of miR-23b or miR-218 and altering their biogenesis so that the levels of said
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microRNAs is decreased should also result in a decrease of their activity. Therefore, for

the purpose of the present invention, an antagonist of miR-23b or an antagonist of miR-

218 must be understood to comprise not only those molecules capable of acting the

mature forms, but also those molecules capable of acting on the pre-miRNA or the pre-

RNA and decreasing the levels of the mature forms of miR-23b or miR-218. In order to

design them, it must be taken into account that:

The primary microRNA (pri-miRNA) of hsa-mir-23b-3p is an intergenic microRNA
which is inside the transcript of gene C90rf3 (ENSG00000148120), which gene
(chr9:97488983-97849441) could be considered the pri-miR of miR-23b.
Additionally to the mature sequence of miR-23b, there are other microRNAs that
can be considered part of the same cluster, because they are close together
within the same genomic region encoding for miR-23b mature microRNA (hsa-
mir-270b: chr9:97847727-97847823 [+],hsa-mir-3074: chr9:97848296-97848376 -]
and hsa-mir-24-1: chr9:97848303-97848370 [+]. Preferably, in order to avoid
undesired secondary effects, if it is desired to have an antagonist targeting this
pri-miRNA, it would be preferable to select it so that the other three miRNAs of the
same cluster are not affected. For that same reason, it is preferred that an
antagonist of miR-23b is designed so that it is an antagonist of the mature miRNA
and/or of the pre-miRNA.

The microRNA precursor (pre-miRNA) of hsa-mir-23b-3p corresponds to genomic
positions hg19 ¢hr9:97847490-97847586 [+] and to the sequence:
CUCAGGUGCUCUGGCUGCUUGGGUUCCUGGCAUGCUGAUUUGUGACUUA
AGAUUAAAAUCACAUUGCCAGGGAUUACCACGCAACCACGACCUUGGC
(SEQ ID NO: 81). As this is a longer sequence than that of hsa-mir-23b, it is
possible to design antagonist specific to the pre-miRNA.

hsa-mir-218-5p has two genomic position encoding for it and two precursor pre-
miRNAs, Pre-miR-218-1 (chr4:20529898-20530007):
GUGAUAAUGUAGCGAGAUUUUCUGUUGUGCUUGAUCUAACCAUGUGGUU
GCGAGGUAUGAGUAAAACAUGGUUCCGUCAAGCACCAUGGAACGUCACGC
AGCUUUCUACA (SEQ ID NO:82), and Pre-miR-218-2 (chr5:168195151-
168195260):
GACCAGUCGCUGCGGGGCUUUCCUUUGUGCUUGAUCUAACCAUGUGGUG
GAACGAUGGAAACGGAACAUGGUUCUGUCAAGCACCGCGGAAAGCACCGU
GCUCUCCUGCA (SEQ ID NO:83). Both precursors could be used for the design
of antagonists
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- The primary microRNA (pri-miRNA) of hsa-mir-218 is an intergenic microRNA
which is inside the transcript of gene SLIT2 (ENSG00000145147: chr4:20254883-
20622184) for miR-218-1 and inside the gene SLIT3 (ENSG00000184347,
chr5:168088745-168728133 for miR-218-2). No other mature miRNAs are part of
the same cluster. Then, in the case of has-miR-218, both the pre-miRNAs or the
pri-mRNAs could be envisaged as possible targets of antagonists aimed to
increased MBNL protein levels.

The microRNAs miR-218-5p and miR-23b-3p, unlike other microRNAs initially tested,
have in common that they fulfil the characteristics that were intended to be met by the
candidate microRNAs for the development of inhibitors against them, in order to palliate
characteristic symptoms of DM1, such as:

- Both appear to be microRNAs repressors of at least one of the genes to be
acted on, the human genes equivalent to the Drosophila muscleblind gene,
MBNL1 or MBNLZ2, repressors that, according to the tests in Example 2,
have a direct action on the corresponding messenger RNAs, which
decreases the risk of their potential inhibitors affecting other pathways or
their effect being diminished by the endogenous regulation of necessary
intermediate steps until their action on the target genes.

- Both show expression in tissues of organs related to characteristic
symptoms of the disease, such as muscle alterations, both related to mobility
and cardiac disorders, or neurological disorders. In particular, both show a
clear increase in their levels in samples of muscle biopsies from patients with
DM1, therefore, the blocking or inhibition tests of these microRNAs in cells
and the observation of their effects on molecular alterations related to the
disease, such as alternative splicing alterations, may be indicative of the
effectiveness of their blocking or inhibition to palliate symptoms of the
disease.

In spite of these coincidences, which show that the preferential choice of these
microRNAs to proceed to their blocking or inhibition responds to a single inventive
concept, the significant difference between them should be noted, whereby miR-218 is
only a repressor of MBNLZ, while miR-23b is a repressor of both MBNL1 and MBNLZ2.
In addition, miR-218 is significantly increased in patient muscle biopsies (miR-23b
shows an upward trend, although not significant in the experimental data available) so
that its blocking not only anticipates the derepression of MBNL2, which is already
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known to be a therapeutic target, but will mitigate the downstream effects that the
overexpression of miR-218 could be causing on other muscle transcripts, thus
constituting a therapeutic target in itself.

Furthermore, although the trials presented in this specification confirm the expression of
both microRNAs in tissues of interest related to symptoms of the disease, the search of
the expression tissues in the database miRGator, version 3.0 (v3.0)
(http://mirgator.kobic.re.kr) reveals some differences between the two microRNAs,

whereby miR-23b presents a wider range of tissues. Specifically, according to miRGator
v3.0, miR-218 is expressed in: adipose tissue, brain, central nervous system, kidney,
heart, liver and biliary system, lung, pharynx, nasopharynx, nose, placenta, spleen,
stem cells, testicle, uterus; miR-23b, on the other hand, is expressed in: the central
nervous system, gastrointestinal tract, adipose tissue, breast, bladder, heart,
keratinocytes, kidney, liver and biliary system, lung, lymphoid cells, nose, pharynx,
placenta, prostate, skin, spleen, stem cells, testicle, thyroid gland and uterus. Thus, a
possible embodiment of the invention considered is an oligoribonucleotide and/or
oligoribonucleotide analogue molecule which is an antagonist of a microRNA that down-
regulates the expression of the human gene MBNLT and/or MBNLZ2, or a mixture of two
or more of said molecules and that is expressed at least in one or more organs selected
from the group of the brain, cerebellum, hippocampus or other organ of the central
nervous system, skeletal muscle, heart, adipose tissue, kidney, liver and biliary system,
lung, pharynx, nasopharynx, nose, placenta, spleen, testicle, uterus, gastrointestinal
tract, breast, bladder, prostate, skin, keratinocytes and lymphoid cells or in one or more
cells of a primary culture from one of those organs or of an established cell line derived
from one of those organs (including induced pluripotent stem cells, known by the
acronym IPSCs) or stem cells from one of these organs. The choice of the specific
microRNA to be antagonized, in particular, the choice specifically between the human
microRNA-218-5p or the human microRNA-23b-3p, will also determine the range of
tissues where the antagonistic effect can be exerted. On the other hand, the
administration of the antagonist through a possible expression vector thereof allows to
direct the expression to a tissue or group of specific tissues according to the tropism of
the base vector itself and/or by choosing control elements that give rise to the
expression of the coding sequence linked to them only in specific tissues. In addition,
some specific dosage forms may favour greater access to one or other organs. Thus,
also a possible embodiment, combinable with any other, of the aspect of the present
invention more directly referring to the therapeutic application thereof, could be defined
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as: use of one of the oligoribonucleotide and/or oligoribonucleotide analogue molecules
of the invention, a mixture of two or more of them, or a composition comprising at least
one of said molecules, for the manufacture of a medicinal product for the treatment of
myotonic dystrophy type 1 by inhibition or antagonism of the action of a microRNA that
down-regulates the expression of the human gene MBNL1 and/or MBNLZ in at least
one or more organs selected from the group of the brain, cerebellum, hippocampus, or
other central nervous system organs, skeletal muscle, heart, adipose tissue, kidney,
liver and biliary system, lung, pharynx, nasopharynx, nose, placenta, spleen, testicle,
uterus, gastrointestinal tract, breast, bladder, prostate, skin, keratinocytes and lymphoid
cells or stem cells from one or more of these organs. Since there is special preference
for the inhibition or antagonistic action on human microRNA-218-5p, it is also preferred
because the organ or organs are selected from the group of the brain, cerebellum,
hippocampus or another organ of the central nervous system, skeletal muscle, heart,
adipose tissue, kidney, liver and biliary system, lung, pharynx, nasopharynx, nose,
placenta, spleen, testicle and uterus or stem cells from one of these organs, while the
choice of miR-23b-3p allows the possibilities of choice to be extended, according to
current knowledge, at least to the gastrointestinal tract, breast, bladder, prostate, skin,
keratinocytes and lymphoid cells or stem cells from one or more of these organs, or
combinations thereof, as desired or appropriate.

Human microRNAs miR-218-5p (miR-218) and miR-23b-3p (miR-23b) also differ in the
sequence of ribonucleotides that form them, as well as in their seed region, which must
be taken into account for the design of specific inhibitors/silencers/antagonists for each
one of them. The sequences of their mature versions are shown below, wherein the
seed region of each of them appears in bold, and their access code (Mimat) in the
miRbase database (www.mirbse.org):

miR-128-5p (MIMAT000275): 5- UUGUGCUUGAUCUAACCAUGU-3’ (SEQ ID
NO:3)

miR-23b-3p (MIMAT0000418): 5-AUCACAUUGCCAGGGAUUACC-3' (SEQ ID
NO:4)

Although the tests carried out in the Drosophila model demonstrated the feasibility of
inhibiting the action of repressor microRNAs by means of microRNA sponges, and the
tests on the binding of the microRNAs miR-218 and miR-23b to 3' UTR indicated that
the development of blockmiRs is also a possible strategy for the blocking/inhibition of
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the action of the microRNAs miR-218 or miR23b, the present inventors preferred to opt
for antagomiRs, because, as explained above, the chemical modifications usually made
on them give rise to an increase in the stability, which is interesting for their possible
direct administration in human beings, as well as because of the addition of lipophilic or
lipidic moieties that are often added to their ends, which usually facilitates their entry
into the cells. That is why antagomiRs have been the inhibitors of preference with which
the tests were developed, among the possible options for the development or
identification of an oligoribonucleotide and/or oligoribonucleotide analogue molecule
that is an inhibitor of a microRNA that down-regulates the expression of the human
gene MBNL1 and/or MBNLZ2, for use in the treatment of myotonic dystrophy 1, and
especially the inhibitors of the human microRNA-218-5p or of the human microRNA-
23b-3p. But Examples 5 and 6 of the present application show that blockmiRs and
antimiRs could be also designed for use with the same purpose and that they could be
a useful alternative in some cases, since their toxicity is lower, what allows to think of
increasing the administered concentration. Similar comments about their feasibility of
use could be done regarding FANA oligonucleotides although, in that particular case,
the fact that they need no transfection reagent might made of them of option of choice

in certain cases.

As noted in Example 3, the specific antagomiRs developed, called antagomiR-218 and
antagomiR-23b, present certain chemical modifications typical in this type of
oligoribonucleotide analogues, such as the 2'-O-methyl (2'-methoxy) modifications in all
ribose moieties, the substitution of some phosphate bonds between the analogous
monomeric units of nucleotides by phosphorothioate or the incorporation of cholesterol
moieties at one end of the molecule, specifically at the 3' end, although, as detailed
above, other modifications are possible, which would also produce molecules
compatible with this invention. Also the specific blockmiRs and antimiRs used in
Example 5 present certain chemical modifications, such as the substitution of some
phosphate bonds between the analogous monomeric units of nucleotides by
phosphorothioate, 2'-O-methyl (2'-methoxy) modifications in many ribose moieties and,
additionally, the presence of some LNA nucleotides, which make them stable molecules

suitable for in vivo administration.

The antagomiRs-23b and 218 proved to be able to penetrate the cells in the
transfection experiments carried out. Toxicity tests showed that concentrations giving
an appreciable signal of detection of these antagomiRs in cells were lower than the
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inhibitory concentration that kills 10% of the cells (IC10) which supports their safety and
their chances of becoming candidate molecules for use in the treatment of myotonic
dystrophy 1, as well as allowing test continuation.

The antimiRs assayed in Example 5 seemed to be even less toxic than antagomiRs in
DM1 fibroblasts, but they seem to work not so well as antagomiRs for the modification
of MBNL protein expression.

The dose response trials performed in myoblasts of DM1 patients with one or other
antagomiR, at different doses, showed that these antagomiRs are able to reverse the
aberrant splicing of some genes characteristically having that process altered in DM1
patients, which supports their use for the preparation of a medicinal product for the
treatment of myotonic dystrophy 1, particularly to alleviate symptoms of the disease,
especially symptoms related to muscular dysfunction. There was no absolute
coincidence between the events reversed by one or the other antagomiR, nor on the
preferential concentrations, so the combination of both could be interesting in some
cases, although in others there may be preference for antagomiR-218.

Given the stability of the antagomiRs, the antimiRs and the blockmiRs and, among
them, FANA oligonucleotides, direct administration to human beings can be considered,
for example via subcutaneous or systemic routes, preferably intravenously, for example
dissolved or suspended in a pharmaceutically acceptable carrier, such as water or an
aqueous solution such as saline or phosphate buffer. The composition in which they are
administered may contain pharmaceutically acceptable excipients. In the particular
case of FANA oligonucleotides, for in vivo delivery, resuspension of FANA
oligonucleotides in sterile water or saline buffer is recommended (see, for instance, the
information provided in: https:/www.aumbiotech.com/InVivo), and a dose betweem 3 —
30 mg/kg might be appropriate, although other concentrations could be more suitable
for organ or intratumoral delivery. As other oligonucleotides, FANA oligos can be
administered via different routes: intravenous (IV), intraperitoneal (IP), intradermal (ID),
intratumoral (IT), intranasal (IN), intratracheal, hydrodynamic tail injection, inhalation, or
local organ delivery.

Also included within the scope of this invention are compositions that comprise: one of
these antagomiRs or their mixtures, one as well as any other antagomiR directed
against the human microRNA-218-5p or the human microRNA-23b-3p or mixtures
thereof, or in general any oligoribonucleotide and/or oligoribonucleotide analogue



WO 2018/050930 PCT/EP2017/073685

10

15

20

25

30

37

molecule that is an inhibitor of one of these microRNAs or of another microRNA that
down-regulates the expression of the human gene MBNLT and/or MBNLZ2, including
any one or a mixture of any of the blockmiRs, antimiRs or specific FANA
oligonucleotides used in the Examples of the present application, and also including
compositions which also comprise a pharmaceutically acceptable carrier and/or
excipient. In addition, given the direct relationship between the expression vectors that
express miRNAs sponges or, even, precursors of mature microRNAs that finally have a
repressive effect, also comprised within the scope of this invention is a composition that
comprises an expression vector of one of said oligoribonucleotide molecules, in
particular the vectors comprising the coding sequence of a microRNA sponge
comprising multiple tandem sites complementary to the human microRNA-218-5p or the
human microRNA-23b-3p or a mixture of multiple tandem binding sites complementary
to each one of them.

For its clinical application, the compositions of this invention, which will then be
considered pharmaceutical compositions of this invention, can be prepared in an
appropriate form for the desired application. As collected in publications also related to
the clinical application of inhibitors/antagonists of microRNAs, such as the international
application W0O2012148373A1, this will generally imply the preparation of compositions
that are essentially pyrogen-free, as well as free of other impurities that could be
detrimental to humans or animals. The object of said international application
WQ02012148373A1 are compounds analogous to those of the present invention and
therapeutic applications thereof, therefore, information on forms of preparation and
presentation of pharmaceutical compositions, possible appropriate carriers for
administration, or forms and routes of administration may be considered applicable to
this invention and may be taken as a reference for the compositions of this invention.
Some of said information is reproduced below.

In one possible embodiment, the pharmaceutical composition comprises an effective
dose of an inhibitor or antagonist of the human microRNA-218-5p or of the human
microRNA-23b-3p or a mixture thereof. For example, the pharmaceutical composition
may include an inhibitor/antagonist of the human microRNA-218-5p or of the human
microRNA-23b-3p, or mixtures thereof. Preferably, the inhibitor/antagonist of the human
microRNA-218-5p present is the antagomiR type inhibitor used in the examples of this
invention (represented by SEQ ID NO:10) and the inhibitor/antagonist of the human
microRNA-23b-3p present is the antagomiR type inhibitor represented by SEQ ID
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NO:11. It is also a preferred that the inhibitor/antagonist of the human microRNA-218-
5p present and/or the inhibitor/antagonist of the human microRNA-23b-3p present is
any of the blockmiRs or antimiRs type inhibitor used in Examples 5 or 6 of the present
application. More preferably, the inhibitor(s)/antagonist(s) present will be present at a
concentration that allows the administration of a therapeutically effective dose.

An "effective dose" or "therapeutically effective dose" is a sufficient amount to achieve a
beneficial or desired clinical outcome. An effective dose of an inhibitor/antagonist of a
microRNA, according to previous results obtained with molecules directed against other
microRNAs, can be from approximately 1 mg/kg to approximately 100 mg/kg, from
approximately 2.5 mg/kg to approximately 50 mg/kg, or from approximately 5 mg/kg to
approximately 25 mg/kg. The precise determination of what would be considered an
effective dose can be based on individual factors for each patient, including size, age,
and the nature of the inhibitor or antagonist (for example, if it is an expression construct,
an antagomiR or antimiR type oligoribonucleotide analogue...). Therefore, the dosages
can be easily determined by ordinary experts skilled in the art based on this description
and the knowledge in the art. It may be necessary or convenient to administer multiple
doses to the subject during a particular treatment period, administering doses daily,
weekly, monthly, every two months, every three months or every six months. In certain
embodiments, the subject receives an initial dose at the beginning which is larger than

one or more subsequent doses or maintenance doses.

Colloidal dispersion systems, such as macromolecule complexes, nanocapsules, micro-
spheres, pearls and lipid-based systems that include oil-in-water emulsions, micelles,
mixed micelles, and liposomes, can be used as administration vehicles of the
inhibitors/antagonists of this invention, with which the pharmaceutical composition of
the invention is formed. Commercially available fatty emulsions that are suitable for
delivery of oligoribonucleotide molecules to a subject include Intralipid ®, Liposyn ®,
Liposyn ® Il, Liposyn ® lll, Nutrilipid, and other similar lipid emulsions. A preferred
colloidal system for use as an in vivo administration vehicle is a liposome (i.e. an
artificial membrane vesicle). The preparation and use of such systems are well known
in the art. Exemplary formulations are also described in US 5,981,505; United States
6,217,900; United States 6,383,512; United States 5,783,565; United States
7,202,227; United States 6,379,965; US 6,127,170; United States 5,837,533; United
States 6,747,014; and WO03/093449, which are included here by reference in their
entirety.
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Another possibility, as previously mentioned, is to prepare the pharmaceutical
compositions of the invention using appropriate salts and buffers to make the
administration vehicles stable and to assist in the capture by the target cells. The
compositions of this invention can be aqueous compositions that comprise an effective
amount of the administration vehicle and which comprise either the oligoribonucleotide
molecules of the invention, independently or forming liposomes or other complexes, or
expression vectors thereof, dissolved or dispersed in a pharmaceutically acceptable
carrier or aqueous medium. The expressions "pharmaceutically acceptable" or
"pharmacologically acceptable" refer to molecular entities and compositions that do not
produce any adverse, allergic or other reactions when administered to an animal or
human being. As used herein, "pharmacedutically acceptable vehicle" includes solvents,
buffers, solutions, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption retarding agents and similar acceptable for use in formulation
pharmaceuticals, such as pharmaceutical products suitable for administration to human
beings. The use of such media and agents for pharmaceutical-active substances is well
known in the art. Except where any conventional medium or agent is incompatible with
the active ingredients of this invention, their use in the pharmaceutical compositions of
the invention is contemplated. Additional active ingredients may also be incorporated
into the compositions, provided that they do not inactivate the molecules of this

invention or their expression vectors.

The active compositions of this invention can be administered by any of the common
routes, provided that the target tissue is available through that route. This includes oral,
nasal, or buccal routes and, preferably, administration may be via an intradermal,
subcutaneous, intramuscular, intraperitoneal, or intravenous route. As previously
commented, it is common for compositions comprising antagomiRs or antimiRs to be
formulated for intravenous or subcutaneous administration. By way of illustration, the
solutions of the active compounds as free base or pharmacologically acceptable salts
can be prepared in water suitably mixed with a surfactant, such as
hydroxypropylcellulose. Dispersions can also be prepared in glycerol, liquid
polyethylene glycols, and mixtures thereof and in oils. Under ordinary storage and use
conditions, these preparations generally contain a preservative to prevent the growth of

microorganisms.

The pharmaceutical forms suitable for injectable use include, for example, sterile

aqgueous solutions or dispersions and sterile powders for the extemporaneous
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preparation of sterile injectable solutions or dispersions. These preparations are
generally sterile and fluid insofar as easily injectable. Preparations must be stable in the
manufacturing and storage conditions and must be conserved against the
contaminating action of microorganisms, such as bacteria and fungi. Appropriate
solvents or dispersion media may contain, for example, water, ethanol, polyol (e.g.
glycerol, propylene glycol, and polyethylene glycol, and the like), suitable mixtures
thereof, and vegetable oils. Appropriate fluidity can be maintained, for example, by the
use of a coating, such as lecithin, by maintaining the required particle size in the case of
dispersion and by the use of surfactants. The prevention of the action of
microorganisms can be obtained by several antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In
many cases, it will be preferable to include isotonic agents, for example, sugars or
sodium chloride. The prolonged absorption of the injectable compositions can be
caused by the use in the compositions of agents that delay the absorption, for example,

aluminium monostearate and gelatine.

Sterile injectable solutions may be prepared by incorporating the active compounds in
an appropriate amount into a solvent along with any other ingredients (e.g. as specified
above) as desired, followed by filtration sterilization. Dispersions are generally prepared
by incorporating the various sterilized active ingredients in a sterile vehicle containing
the basic dispersion medium and the other desired ingredients, for example, as
specified above. In the case of sterile powders for the preparation of sterile injectable
solutions, preferred methods of preparation include vacuum drying and lyophilisation
techniques that produce a powder of the active ingredient(s) plus any additional
ingredient desired from a previously sterilized filtration solution.

The compositions of this invention can usually be formulated in a neutral or salt
form. Pharmaceutically acceptable salts include, for example, acid addition salts
(formed with free amino groups of the protein) derived from inorganic acids (e.g.,
hydrochloric or phosphoric acids), or organic acids (e.g. acetic, oxalic, tartaric, mandelic
acids), and the like. Salts formed with free carboxyl groups of the protein can also be
derived from inorganic bases (for example, sodium, potassium, ammonium, calcium, or
ferric hydroxides) or organic bases (e.g. isopropylamine, trimethylamine, histidine,
procaine, and the like).

In any case, it is recommended that the preparation of the compositions of this

invention follow practices that guarantee a minimum quality for use in humans, such as
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those contained in the Q7 Working Group Good Manufacturing Practice Guide for
Active Pharmaceutical Ingredients of the International Conference on the
Harmonization of Technical Requirements for the Registration of Pharmaceutical
Agents for human use (ICH Q7 Guideline. Good Manufacturing Practice Guide for
Active Pharmaceutical Ingredients”, available on Internet at:
http://www.ich.org/fileadmin/Public. Web_Site/ICH_Products/Guidelines/Quality/Q7/Ste
p4/Q7_Guideline.pdf, together with its supplement of Questions and Answers, of 10th
June 2015, available on Internet at:
http://www.ich.org/fileadmin/Public Web_Site/ICH_Products/Guidelines/Quality/Q7/ICH
_Q7-IWG_QA v5 0 _14Apr2015_FINAL for_publication_17June2015.pdf). Preferably,
other quality guidelines of the same provenance will also be taken into account, which
can be accessed at hittp://www.ich.org/products/guidelines/quality/article/quality-
guidelines.html page, such as the Q8, concerning Pharmaceutical Development, or
Q10, on the Pharmaceutical quality system.

After formulation, the solutions are preferably administered in a form that is compatible
with the dosage formulation and in such a quantity that it is therapeutically
effective. Formulations can be easily administered in a variety of dosage forms such as
injectable solutions, drug release capsules, and the like. For parenteral administration in
an aqueous solution, for example, the solution is usually buffered adequately and the
liquid diluent must first be isotonic for example, with sufficient saline or glucose. Such
aqueous solutions can be used, for example, for intravenous, intramuscular,
subcutaneous, and intraperitoneal administration. Preferably, sterile aqueous media is
used, as is known by those skilled in the art, selected in particular in light of this
description. By way of illustration, a single dose can be dissolved in 1 ml of isotonic
NaCl solution and added to 1000 ml of hypodermoclysis fluid or injected into the
proposed infusion site, (see for example, "Remington Pharmaceutical Sciences" 15th
edition, pages 1035-1038 and 1570 to 1580). Some variations in dosage will
necessarily occur depending on the condition of the subject being treated. The person
responsible for the administration, in any case, shall determine the appropriate dosage
for the individual subject. On the other hand, for human administration, preparations
must meet the biological standards of sterility, pyrogenicity, general safety and purity as
required, for example, by the ICH quality guidelines cited above or FDA regulations.

The invention will now be illustrated in more detail with the help of the examples and

figures shown below.
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Examples

The tests described in the examples presented below were carried out with the
following materials and methodologies:

-Stocks of Drosophila

The line of flies MHC-Gal4 of the species Drosophila melanogaster expresses the
transcription factor Gald of yeasts with the Drosophila myosin heavy chain gene
expression pattern; it is therefore expressed in the entire musculature of the insect,
including somatic or skeletal musculature, visceral or smooth musculature, the muscles
of the pharynx and the dorsal vessel or heart, among others. They can be purchased
from centralized repositories (http://flystocks.bio.indiana.edu/) by paying a fee to
contribute to their maintenance. The lines with miRNA sponges (UAS-miR-SP) for the
miRNAs of Drosophila dme-miR-92a, dme-miR-100, dme-miR-124, dme-miR-277, dme-
miR-304 and against a random sequence as negative control (known as scrambled-SP,
control) were obtained from Dr. T. Fulga (Fulga et al., 2015). Briefly, the constructs of
miR-SP were designed with a silencing cassette of 20 repeat sequences
complementary to the miRNAs separated by variable binding sequences of four
nucleotides (miR-92SP: Seqg ID NO:62; miR-100SP: Seq ID NO:63; miR-124SP: Seq ID
NO:64; miR-277SP: Seq ID NO:65; miR-304SP: Seqg ID NO:66). The recombinant line
MHC-Gal4 UAS-i (CTG)480 was generated as described by Llamusi et al. (Llamusi et
al., 2013). The construction and characteristics of the fly lines UAS-mbIC and UAS-IR-
mbl has been described previously (Garcia-Casado et al.,, 2002 and Llamusi et al.,
2013, respectively): UAS-mbIC is a transgene that expresses the isoform mblC
(described in the access number NM_176210) of muscleblind under the control of the
system Gal4/UAS, while UAS-IR-mbl is a transgene that expresses an interferential
construct to silence all the transcripts generated by alternative splicing from the
muscleblind gene and that in previous tests has been shown to reduce the expression
of mbl to, at least, 50% of its normal values. All crosses were made at 25 °C with
standard fly feeding.

-Extraction of RNA, RT-PCR and gRT-PCR

For each biological replication, the total RNA of 10 adult males was extracted using
Trizol (Sigma). A microgram of RNA was digested with DNase | (Invitrogen) and was
retrotranscribed using SuperScript Il (Invitrogen) using random hexanucleotides
according to the manufacturer's recommendations. 20 ng of cDNA was used in a
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standard PCR reaction with Go Taqg polymerase (Promega) and specific primers to
analyse the splicing of exon 16" of the Fhos gene and exons 3-5 of the Tnt gene as an
endogenous control Rp49 was used with 0.2 ng cDNA. The gRT-PCR was carried out
from 2 ng cDNA mould with SYBR Green PCR Master Mix (Applied Biosystems) and
specific primers (SEQ ID NO:31 to SEQ ID NO:50: See table 1). For the reference
gene, Rp49, the gRT-PCR was carried out from 0.2 ng cDNA. The thermal cycle was
carried out in the Step One Plus Real Time PCR system (Applied Biosystems)
according to standard conditions. In each experiment three biological replicates and
three technical replicates were carried out. The data of the relative expression
regarding the endogenous gene and the control group were obtained by the method of
222 Sample pairs were compared using the two-tailed T-Test (a = 0.05), applying
Welch correction when necessary.

Table 1: RT-gPCR of expression in Drosophila melanogaster

Primer Sequence (5' — 3') SEQ ID NO:
mbl fwd TTGAATCAAAATTATAGCCCAAGCT 31
mbl rev CGATTTTGCTCGTTAGCGTTT 32
mbiA fwd CAGACACCGAAATACTCTCTACAAACA 33
mbiA rev AAAATCAGGAGTAAACAAATACACGTAGAC 34
mbiB fwd CACACATCCAGATATGCTACTTACCA 35
mbiB rev TGAGCGATTTCGATTGATTTTG 36
mblC fwd CAGCAAACACACATCACCTACCA 37
mbiC rev CTATCGAGCAGGAGGATGAAGAG 38
mbiD fwd GCCTCTGGAAAATGCTGCAA 39
mblD rev CAGCAACCGCAAAAGAGCTT 40
Serca fwd GCAGATGTTCCTGATGTCG 41
Serca rev CGTCCTCCTTCACATTCAC 42
Cyf ‘;fd Wi TTGCGCACAAAAATCTCTCC 43
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Cypéw1 rev GTCCTGCAAGTTCTTTCCAA 44
Rp49 fwd GGATCGATATGCTAAGCTGTCGCACA 45
Rp49 rev GGTGCGCTTGTTCGATCCGTAACC 46
Fhos fwd GTCATGGAGTCGAGCAGTGA 47
Fhos rev TGTGATGCGGGTATCTACGA 48
Tnt fwd CGACGATGAAGAGTACAC 49
Tnt rev ACTCGGTGATGTATTCTTTCAG 50

-Western Blot

For the extraction of total protein of Drosophila melanogaster, 20 female thoraces were
homogenized in RIPA buffer (NaCl 150 mM, 1.0% IGEPAL, 0.5% sodium deoxycholate,
0.1% SDS, Tris-HCI 50 mM ph 8.0) plus protease and phosphatase inhibitor cocktails
(Roche Applied Science). Total proteins were quantified with the BCA Protein Assay Kit
(Pierce) using bovine serum albumin as standard. 20 ug of the samples were denatured
for 5 min at 100 °C, resolved in 12% SDS-PAGE gels and transferred to polyvinylidene
difluoride (PVDF) membranes. The membranes were blocked with 5% skimmed-powder
milk in PBS-T (Na,HPO, 8 mM, NaCl 150 mM, KH,PO, 2 mM, KCI 3 mM, 0.05% Tween
20, ph 7.4) and immunodetection was performed on the same following standard
procedures. For the detection of the Mbl protein of Drosophila, anti-Mbl antibody
(Houseley et al, 2005) was preabsorbed against early stage wild-type embryos (0-6 h
after laying) to eliminate non-specific antibody binding. The membranes were incubated
with the preabsorbed primary antibody (all night, 1:1000) followed by the secondary
anti-sheep IgG antibody conjugated with horseradish peroxidase (HRP) (1 h, 1:5000,
Sigma-Aldrich). Load control was performed with an anti-tubulin antibody (all night
incubation, 1:5000, Sigma-Aldrich) followed by incubation with a HRP-conjugated
secondary anti-mouse IgG antibody (1 h, 1:3000, Sigma-Aldrich). Bands were detected
using the substrate for Western Blotting ECL (Pierce). The images were taken with
ImageQuant LAS 4000 (GE Healthcare).

For total protein extraction from cells, HeLa and human myoblast cells were sonicated
while mouse muscles (gastrocnemius and quadriceps) were homogenized in RIPA
buffer (150 mM NaCl, 1.0% IGEPAL, 0.5% sodium deoxycholate, 0.1% SDS, 50 mM
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Tris-HCI pH 8.0) supplemented with protease and phosphatase inhibitor cocktails
(Roche Applied Science). Total proteins were quantified with a BCA protein assay kit
(Pierce) using bovine serum albumin as a standard concentration range. For the
immunodetection assay, 20 uyg of samples were denatured for 5 min at 100 °C,
electrophoresed on 12% SDS-PAGE gels, transferred onto 0.45 pm nitrocellulose
membranes (GE Healthcare), and blocked with 5% non-fat dried milk in PBS-T (8 mM
Na;HPO,, 150 mM NaCl, 2 mM KH,PO,, 3 mM KCI, 0.05% Tween 20, pH 7.4). For
HelLa cells, human myoblast, and murine samples, membranes were incubated
overnight at 4 °C either with primary mouse anti-MBNL1 (1:1000, ab77017, Abcam) or
mouse 13 anti-CUG-BP1 (1:200, clone 3B1, Santa Cruz) antibodies. To detect MBNL2,
mouse anti-MBNL2 (1:100, clone MB2a, Developmental Studies Hybridoma Bank) was
used for human myoblast and mouse samples while rabbit anti-MBNL2 (1:1000,
ab105331, Abcam) antibody was used for HelLa cells. All primary antibodies were
detected using horseradish peroxidase (HRP)-conjugated anti-mouse-lgG secondary
antibody (1 h, 1:5000, Sigma-Aldrich), except for the MBNL2 antibody in HelLa cell
samples which required a HRP-conjugated anti-rabbit-lgG secondary antibody (1 h,
1:5000, Sigma-Aldrich). Loading controls were the anti-B-Actin antibody (1 h, 1:5000,
clone AC-15, Sigma-Aldrich) for cell samples and anti-Gapdh (1 h, 1:5000, clone G-9,
Santa Cruz) for mouse samples, followed by HRP-conjugated anti-mouse-IgG
secondary antibody (1 h, 1:5000, Sigma-Aldrich). Immunoreactive bands were detected
using an enhanced chemiluminescence Western Blotting Substrate (Pierce) and
images were acquired with an ImageQuant LAS 4000 (GE Healthcare). Quantification
was performed using ImagedJ software (NIH), and statistical differences were estimated
using Student t-tests (p < 0.05) on normalized data.

-Histological analysis

Immunofluorescence detection of Muscleblind in fly muscle of the flies and the analysis
of the muscular area in the thorax of Drosophila were performed as described
previously (Llamusi et al.,, 2013). For the immunodetection of Mbl, cryosections of fly
thorax were used, which were incubated 30 min with blocking solution and all night at 4
°C with anti-Mbl antibody at a dilution 1:500. The next day the excess antibody was
washed with PBS-T and incubated 45 min with secondary antibody anti-sheep |G
conjugated with biotin at a dilution 1:200. After washing the secondary antibody, it was
incubated with ABC solution (VECTASTAIN ABC Kit) 30 min, excess reagent was
washed and it was incubated 45 min with Streptavidin conjugated with the final
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fluorophore at 1:1000. The preparations were mounted in mounting medium with DAPI.

The muscular area was determined from thorax sections embedded in the epoxy resin.
Briefly, we placed the thoraces in a tube with 200 ul of solution 1 (V4 paraformaldehyde
4%, V4 glutaraldehyde 8%, 4 Na;HPO, 0.2 M and "4 NaH.PO, 0.2 M) in ice. Then, 200
Ml of solution 2 (mixture 1:1 solution 1 and osmium tetroxide) were added and incubated
30 min in ice. The mixture was then replaced by 200 pl of solution 2 and incubated in
ice for 1-2 h. After fixation, samples were dehydrated by 5-min passes through ethanol
at 30%, 50% and 70% in ice, and at 90% and 100% (2X) at room temperature. Two 10-
minute passes were then carried out in propylene oxide. Finally, the samples were left
overnight in a 1:1 mixture of propylene oxide and epoxy resin. The next day, the liquid
was replaced by pure epoxy resin, and it was allowed to penetrate into the samples for
at least 4 h. After this time, the flies were placed and oriented in moulds with resin and
they were allowed to polymerize all the night in a Pasteur furnace at 70 °C. The
samples were cut with a diamond blade in cross-sectional sections of 1.5 um in an
ultramicrotome. The sections were placed on slides gelled with a drop of DPX mounting
medium and coverslipped for further observation under an optical microscope.

-Detection of foci

The thoraces of the flies to be analysed were fixed during one night in 4%
paraformaldehyde in PBS at 4 °C, then they were kept in a 30% sucrose solution in
PBS for 2 days. After 2 days, the thorax was soaked in OCT and frozen in liquid
nitrogen and kept at-80 °C until processed, at which point 15 um transversal sections
were obtained with the cryomicrotome Leica CM 1510S. Slides with thorax cuts were
washed three times with PBS 1X (5 min) and the acetylation buffer was added. After 10
min, they were washed three times (5 min) with PBS 1X and were prehybridized for 30
min with hybridization solution (10 ml deionized formamide, 12 pul of 5 M NaCl, 400 pl of
1 M Tris-HCI pH = 8, 20 ul 0.5 M EDTA pH = 8, 2 g dextran sulphate, 400 ul Denhart's
Solution 50X, 1 ml herring sperm (10 mg/m), H,O up to a final volume of 20 ml. The
marked probe (Cy3-5' CAGCAGCAGCAGCAGCAGCA3'-Cy3: SEQ ID NO:61, Sigma)
after heating it at 65 °C for 5 min was added to the slides dissolved in the hybridization
buffer (1/100) and hybridized at 37 °C during the night in a humid and dark chamber.
The next day it was washed with SSC 2X keeping preparations at 32 °C (2 x 15 min)
and 3 x 5 min washed with PBS. Finally, the slides were mounted with Vectastain and
photographs were taken using a confocal microscope FLUOVIEW FV1000 with the 40X

lens.
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-Analysis of the survival rate in Drosophila

A total of 120 newborn flies with the appropriate genotypes were collected and kept at
29 °C. The flies were transferred to fresh new nutritious media every two days and the
number of deaths was counted daily. The survival curves were obtained using the
Kaplan-Meier method and the statistical analysis was performed with a logarithmic
range test (log-rank test, Mantel-Cox) (a = 0.05) using the GraphPad Prism5 software.

-Functional Tests

The flight tests were carried out on day 5 according to the procedure described by
Babcok et al. (Babcock et al., 2014) using 100 male flies per group. The test consists of
launching a group of flies, through a funnel, to a cylinder approximately one metre high
and 15 cm in diameter. This cylinder is covered by a plastic sheet impregnated with a
glue so that the flies either fly and stay in the air in the upper part of the cylinder, getting
stuck there, or they fall to the bottom of it and get stuck if they fly deficiently. The
landing height was compared between the groups using the two-tailed t test (a = 0.05).
To assess the ascent rate, groups of ten males 5 days of age were transferred to
disposable pipettes (1.5 cm in diameter and 25 cm high) after a period of 24 h without
anaesthesia. The height reached by each fly from the bottom of the vial in a 10 s period
was recorded with a camera. Two groups of 30 flies were tested for each genotype.
Sample pairs were compared using the two-tailed T-Test (a = 0.05), applying Welch

correction when necessary.

-Screening based on libraries of microRNA mimetics (SureFIND Transcriptome PCR
Array, Qiagen)

This study used the kit "Cancer miRNA SureFind Transcriptome PCR Array" (Qiagen)
to identify possible MBNL1 and 2-regulating miRNAs. The gPCR multiplex trial was
carried out using commercial TagMan probes (QuantiFast probe PCR kits, Qiagen) to
quantify the expression of MBNL1 and 2 (genes of interest, marked with the fluorescent
marker FAM: fluorescein, by ThermoFisher) and GAPDH (as an endogenous gene,
marked with the fluorophore known as Max or Fluoro-Max, also from ThermoFisher).
gRT-PCR was performed using a StepOnPlus real-time thermal cycler and the changes
in the expression of MBNL1 and 2 as a result of the treatment with each specific
microRNA mimetic were analysed using Excel-based data-analysis software provided
with the SureFIND miRNA Transcriptome PCR Array, were calculated with respect to

the mimetic negative control (a non-existent microRNA in nature) and were
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standardized with respect to GAPDH. The observed changes were represented in the
form of log2 and submitted to statistical analysis AACt (MAD) for the selection of the
positive miRNA candidates.

-Validation Test

Hela cells were cultured at 37 °C in DMEM culture medium with 1000 mg/L glucose
(Sigma-Aldrich), supplemented with  10% bovine foetal serum and 1%
penicillin/streptomycin (Sigma-Aldrich). The cells were seeded at a density of 4 x 10°
cells/well in a volume of 2 ml medium in a 6-well plate. After 16 hours and with the cells
at 80% of confluence, these were transfected with the vector using X-tremeGENE HP
reagent (Roche) according to the manufacturer's instructions for use in HelLa cells.

Hela cells were transfected with 2 ug of each of the versions of the vector for
expression of microRNAs: a vector derived from the commercial plasmid pCMV-MIR
(OriGene) containing, in each case, either the coding sequence of the individual
precursor of one of the 5 microRNAs (hsa-miR-7, insert sequence: SEQ ID NO:5, hsa-
miR-23b SEQ ID NO:6, hsa-miR-146b: SEQ ID NO:7; hsa-miR-218: SEQ ID NO:8 and
hsa-miR-372: SEQ ID NO:9) operationally linked to and, therefore, under the control of
the CMV promoter of the original vector, or the empty version, without the precursor
sequence of microRNA.

The RNA from these cells was extracted at 48 hours after transfection with the
plasmids, using Trizol (Sigma). A microgram of RNA was digested with DNase |
(Invitrogen) and retrotranscribed with SuperScript 1l (Invitrogen) using random
hexamers. The concentration of each RNA sample was determined with the Nanodrop-
1000 spectrophotometer (Thermo Scientific, Waltham, MA). The quantification of the
expression of MBNL1 and 2 at transcript level by gPCR was carried out from 10 ng of
cDNA with commercial TagMan probes (QuantiFast probe PCR kits, Qiagen), following

the manufacturer's instructions as in the preceding section.

The total protein used in Western Blot trials was extracted at 72 hours post-transfection
using RIPA buffer (150 mM NaCl, 1.0% IGEPAL, 0.5% sodium deoxycholate, 0.1%
SDS, 50 mM Tris-HCI pH 8.0), plus protease and phosphatase inhibitors (Roche
Applied Science). Samples were quantified using the BCA Protein Assay Kit (Pierce).
20 ng of samples were denatured for 5 min at 100 °C and used to load SDS-Page gels
(12% acrylamide), where proteins were separated, using the Mini-protean
Electrophoresis system (Bio-Rad). The immobilization of proteins in nitrocellulose
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membrane (GE Healthcare) was performed by electrotransference in the Trans-blot SD
semi-dry transfer cell system (Bio-RAD). The transfer was carried out at constant
voltage (15 V) for one hour. After electrophoresis, the membranes were balanced in
PBST and blocked for 1 h in blocking solution (5% skimmed milk in PBST). These
membranes were subsequently incubated with the primary antibody anti-MBNL1 and
anti-MBNL2 (all night, 1:1000, Abcam), after washing 3 times with PBST, the secondary
antibody, anti-mouse-HRP and anti-Rabbit-HRP respectively, was added (1 h, 1:5000,
Sigma-Aldrich). As load control, anti-B-actin was used (all night, 1:5000, Sigma-Aldrich),
followed by the appropriate washing and the secondary antibody, which in this case
was anti-mouse-HRP (1 H, 1:5000, Sigma-Aldrich). Chemiluminescent detection was
performed using the ECL Western Blotting Substrate (Pierce). The images were
obtained using the documentation system ImageQuant LAS 4000 (GE Healthcare
Australia Pty Ltd, Rydalmere, NSW, Australia).

-Validation test of the activity of candidate miRNAs on the 3' UTR region (dual
luciferase kit)

HelLa cells were cultured at 37 °C in DMEM culture medium with 1000 mg/L glucose
(Sigma-Aldrich), supplemented with  10% bovine foetal serum and 1%
penicillin/streptomycin (P/S; Sigma-Aldrich). The cells were seeded at a density of 4 x
10° cells/well in a volume of 0.5 ml medium in a 24-well plate. After 16 hours and with
the cells at 80% of confluence, these were co-transfected with the aforementioned
microRNAs expressed from the corresponding derivative of the pCMV-MIR vector
(OriGene), along with the pEZX-MTO05 vector which carried the 3' UTR region of both
genes MBNL1 and 2 (GeneCopoeia) using X-tremeGENE HP reagent (Roche)
according to the manufacturer's instructions for use in HelLa cells. The sequences of the
part corresponding to the 3' UTR, of the corresponding fragments inserted in each case
in the pEZX-MTO05 vector are indicated in SEQ ID NO:51 (3' UTR region of the MBNL1
gene: Product number HmiT011084-MT05) and SEQ ID NO:54 (3' UTR region of the
MBNL2 gene: Product number HmiT000192-MT05).

For all the miRNAs that were positive for the first activity study, three types of constructs
were tested: the wild type constructs (WT) that carry the 3' UTR of MBNL1 and 2
previously tested, and two new constructs: the mutated constructs (MUT) that were
designed with a deletion (that of the sequence complementary to the seed region: 6, 7
or 8 nucleotides normally) in the predicted target of the microRNA, in order to prevent
the binding of microRNA to 3" UTR and the constructs with a perfect complementary



WO 2018/050930 PCT/EP2017/073685

10

15

20

25

30

50

target (PM). All these constructs were synthesized by the company GeneCopoeia,
following the orders given by the present inventors. The parts corresponding to the
modified 3' UTR, are indicated in SEQ ID NO:52 (construct with deletion in the binding
area to hsa-miR-23b with the 3'UTR of MBNL1: MUT-miR-23b), SEQ ID NO:53
(construct with perfect complementarity in the binding area of MiR-23b to the 3' UTR of
MBNL1: PM-miR-23b), SEQ ID NO:55 (construct with deletion in the binding area of
hsa-miR-23b to the 3' UTR of MBNL2 : MUT-miR-23b), SEQ ID NO:56 (construct with
perfect complementarity in the binding area of miR-23b to the 3' UTR of MBNL2: PM-
miR-23b), SEQ ID NO:57, SEQ ID NO:58, Seq ID NO:59 (construct with deletion in the
first, second or third binding area, respectively, of hsa-miR-218 to the 3' UTR of
MBNL2: MUT1-miR-218, MUT2-miR-218, MUT3-miR-218) and SEQ ID NO:60
(construct with perfect complementarity in the 3 binding areas of hsa-miR-218 to the 3'
UTR of MBNL2: PM-miR-218).

In all these constructs that carry the 3' UTR (WT, MUT, PM) for both genes, this is
located downstream of a reporter gene that expresses Gaussia luciferase (Gluc) which
is secreted to the medium. Both sequences, corresponding to the luciferase and
corresponding to the 3' UTR region, are transcribed jointly under the promoter SV40 of
expression in mammalian cells, giving rise to a chimeric mRNA. In addition, this vector
(pPEZX-MTO05) has another reporter which is also secreted to the medium with
constitutive expression, alkaline phosphatase (SEAP), which is expressed under the
control of the CMV promoter and which serves as internal control for the normalization
of the readings obtained for Gaussia luciferase.

The reading of these experiments was performed using Secrete-Pair™ Gaussia
Luciferase Dual Luminescence Assay Kits (GeneCopoeia), following the manufacturer's
instructions, in white 96-well plate format placed in the plate reader (Infinite 200 PRO
Microplate Reader, Tecan). For each one of the constructs studied, three technical
replicates were made in each of the three independent experiments.

-Expression of candidate miRNAs in the relevant tissues

The extraction of total RNA enriched with small RNAs, derived from mouse tissues
(forebrain, cerebellum, hippocampus, heart, gastrocnemius and quadriceps), human
muscle biopsies and cultures of human fibroblasts, was performed using the MiRNeasy
kit from Qiagen. From 10 ng total RNA the fraction of miRNAs was retrotranscribed with
the Universal cDNA Synthesis Il kit from Exigon. For the gRT-PCR 1/80 dilutions of the
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cDNA were carried out, of which 4 pl was used per technical replication. The gRT-PCR
amplification of the miRNAs was performed with specific commercial primers for each
miRNA (EXIQON) and the SyBR Green Mastermix Universal RT. Differences of

expression were calculated using the 24“ method.
-Test on transfection with antagomiRs

Healthy control fibroblasts were cultured making them grow in Dulbecco's Modified
Eagle medium-high glucose (DMEM 4500 mg/l, Gibco) supplemented with 1% P/S and
10% inactivated bovine foetal serum in cell culture bottles.

The cells for this assay were seeded at a density of 10° cells/ml in 96-well plates (10000
cells per well). About 16 hours after seeding the cells and with these to 80% of
confluence, the transfection of these cells was carried out with the antagomiRs whose
synthesis was commissioned to Creative Biogene (nucleotide base sequence of
antagomiR-23b-3p: GGUAAUCCCUGGCAAUGUGAU (SEQ ID NO:2), and of
antagomiR-218-5p: ACAUGGUUAGAUCAAGCACAA (SEQ ID NO:1) using X-
TremeGENE HP reagent (Roche) according to manufacturer's instructions for use in
fibroblasts, instructions to which small modifications were made, since a smaller volume
of transfection reagent (0.5 ul and 1 pul) than that recommended by the manufacturer
was used, as antagomiRs carry a special chemistry incorporating cholesterol in their
structure, which allows them to better penetrate the cell membranes and thus to favour

entry, not requiring so much transfection reagent which improves viability.

Specifically, the antagomiRs used in this application (antagomiR-218-5p: SEQ ID
NO:10, and antagomiR23b-3p: SEQ ID NO:11), as reflected in the corresponding
Creative Biogen website on synthesis of agomiRs and antagomiRs (http://www.creative-
biogene.com/Services/MicroRNA-Agomir-Antagomir-Synthesis-Service.html) differ from
the basic oligonucleotide sequences represented by SEQ ID NO:1 and SEQ ID NO:2 in
presenting the following chemical modifications: 2 phosphorothioate groups at the 5
'end, 4 phosphorothioate groups at the 3' end, 4 cholesterol groups at the 3' end and 2'-
methoxy modifications in the ribose of all the nucleotide positions, i.e., throughout the
oligonucleotide sequence. The basic oligonucleotide sequences of each one of them,
SEQ ID NO:1 and SEQ ID NO:2, respectively, are complementary to those of the
miRNAs to Dbe blocked, namely, those of the miR-23b-3p, 5'-
AUCACAUUGCCAGGGAUUACC -3 (SEQ ID NO:12), and miR-218-5p, 5'-
UUGUGCUUGAUCUAACCAUGU-3 (SEQ ID NO:13). For clarity reasons, the
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seqguences can be also transcribed as follows:

5-mG'MmG* mMUmAMAMUMCMCmMCmUmGMGMCmMAMAMUMGMU*MG* mA*mU*-3'-
chol (antagomiR-23b-3p)

5-mA*MC* MAMUmMGMGMUMUMAMGMAMUMCMAMAMGMCMA* MC MA*MmA*-3°-
chol (antagomiR-218-5p)

The transfection experiments were carried out in fibroblasts from patients. In particular,
these tests used skin fibroblasts which, have been transduced with lentiviral vectors, a
construct that allows expression, inducible by doxycycline, of MyoD (which allows their
transdifferentiation in myoblasts), and which are cells immortalized by expression of
hTERT. They come from Dr. Denis Furling's laboratory, at the Institute of Myology
(http://www.institut-myologie.org/en/)

Both antagomiRs were transfected in said fibroblasts of patients, using increasing
amounts thereof: 10 nM, 50 nM, 100 nM, 200 nM. As control, only the transfection
reagent was used but not antagomiR. The transfection medium was left along with the
cells for 4 hours and, after this time, the medium was again changed for DMEM
medium. At 48 hours after transfection, images of the cells were taken in the
microscope with visible light to observe the presence and morphology of the cells, and
with fluorescence to observe the distribution and presence of the antagomiR as it is
marked with the fluorescent marker Cy3 (red).

-Cell culture toxicity test

Healthy control fibroblasts were cultured making them grow in Dulbecco's Modified
Eagle medium-high glucose (DMEM 4500 mg/l, Gibco) supplemented with 1% P/S and
10% inactivated bovine foetal serum in cell culture bottles. Given their adherent growth,
to pass these cells, they were washed with PBS and trypsinized 2 min at 37°C, and
then fresh medium was added to inhibit the action of trypsin.

The cells for this assay were seeded at a density of 10° cells/ml in 96-well plates (10000
cells per well). The plate was seeded following the template represented in Table 2, in
which the numbers of the columns can be found in the last row: in the case of column 1,
no cells are seeded, as this column will be the blank of the colorimetric analysis. Rows
A to D (underlined concentrations) correspond to the antagomiR of miRNA 23b-3p,
while rows E to H correspond to the antagomiR of miRNA-218 (concentrations in bold):

Table 2: Seeding template for the toxicity test in cell culture
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endoge
1 10 50 | 100 | 200 | 500 | 1000

A. | blank | nous
M| M| oM | M| M| M| oM

control

endoge
1 10 50 | 100 | 200 | 500 | 1000

B | blank | nous
nM | nM | nM nM nM nM nM

control

endoge
1 10 50 | 100 | 200 | 500 | 1000

C | blank | nous
M| M| M |poM| M| M| nM

control

endoge
1 10 50 | 100 | 200 | 500 | 1000

D | blank | nous
M oM | oM oM | oM | oM | oM

control

endoge

1 10 50 100 | 200 | 500 | 1000
E. | blank | nous

control

endoge
F | blank | nous

1 10 50 | 100 | 200 | 500 | 1000

nM nM nM nM nM nM nM
control

endoge
G [ blank | nous

1 10 50 | 100 | 200 | 500 | 1000

nM nM nM nM nM nM nM
control

endoge
H | blank | nous

1 10 50 | 100 | 200 | 500 | 1000

nM nM nM nM nM nM nM
control

1 2 3 4 5 6 7 8 9 10 | 11 | 12

Both antagomiRs were transfected in fibroblasts of patients, using increasing amounts
thereof: 1 nM, 10 nM, 50 nM, 100 nM, 200 nM, 500 nM and 1000 nM (1 uM), and as
control only transfection reagent was used but not antagomiR. The transfection medium
was left along with the cells for 4 hours and, after this time, it was changed for
transdifferentiation medium. To transdifferentiate fibroblasts to myoblasts, the
expression of MyoD was induced. To do this, the whole medium was replaced by
muscle differentiation medium (MDM) consisting of DMEM supplemented with 1% P/S,
2% horse serum (Gibco), 0.1 mg/ml apotransferrin, 0.01 mg/ml insulin and 0.02 mg/ml
doxycycline (Sigma) for 60 h.

After these 60 hours, the transdifferentiation medium was replaced by 100 ul of new
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medium in all the plate wells including column 1, and 20 ul of the MTS/PMS solution (Kit
CellTiter 96 ® Agueous non-radioactive cell proliferation assay) was added to each well
and incubated for 2 hours at 37 °C. After the incubation time, the colorimetric assay was
read in the Infinite 200 PRO Microplate reader, Tecan, following the manufacturer's
instructions. The data obtained with the reader were processed and analysed in order
to obtain 1C10 (inhibitory concentration of 10% of the cells) and IC50 (inhibitory
concentration of 50% of the cells) that allow knowing how much antagomiR we should
work with so that it is not toxic in the cell model.

-Quantitative PCR and splicing assays

Fibroblasts from DM1 patients and from healthy controls were cultured in Dulbecco's
Modified Eagle medium high glucose (DMEM 4500 mg/l, Gibco) supplemented with 1%
P/S and 10% inactivated bovine foetal serum in cell culture bottles. The cells were
seeded in 60 mm Petri dishes, at a density of 125000 cell/plate, putting 10 ml of cells in
each well. After about 16 hours following the seeding of the cells and with these to 80%
of confluence, the cells were transfected with the antagomiRs synthesized on the
applicants' request by Creative Biogene (antagomiR-23b-3p and antagomiR-218-5p)
using X-tremeGENE HP reagent (Roche) according to manufacturer's instructions for
use in fibroblast cells, except that only 5 ul of transfection reagent were added.

Both antagomiRs were transfected in fibroblasts of patients, using increasing amounts:
50 nM, 100 nM y 200 nM. As control only transfection reagent was used, but not
antagomiR in both healthy control cells and patient fibroblasts. The transfection medium
was left together with the cells for 4 hours and after this time it was changed for
transdifferentiation medium (DMEM supplemented with 1% P/S, 2% horse serum
(GIBCO), 0.1 mg/ml apotransferrin, 0.01 mg/ml insulin and 0.02 mg/ml doxycycline
(Sigma)). Fibroblasts were transdifferentiated to myoblasts for in two times: 48 hours
and 96 hours.

The total RNA from Hela cells and human myoblasts was extracted at 48 hours and 96
hours after transfection with the antagomiRs, using Trizol (Sigma). Total RNA from
murine muscle tissues was isolated using the miRNeasy Mini Kit (Quiagen, Valencia,
CA) according to the manufacturer instructions. In each case, a microgram of RNA was
digested with DNase | (Invitrogen) and retrotranscribed with SuperScript Il (Invitrogen)
using random hexamers. The concentration of each RNA sample was determined with
the Nanodrop 1000 spectrophotometer (Thermo Scientific, Waltham, MA).
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The quantification of the expression of MBNL1 and 2 at the transcript level by gPCR
was carried out from 10 ng of cDNA with commercial TagMan probes (QuantiFast probe
PCR kits, Qiagen), to quantify the expression of MBNL1 and 2 (genes of interest,
marked with the fluorescent marker FAM: fluorescein, ThermoFisher); GAPDH and
ACTB (as endogenous genes, marked with fluorophore known as MAX or Fluoro-Max
and TAMRA respectively, also from ThermoFisher).

For the amplification of transcripts by RT-PCR GoTag ® DNA polymerase (Promega)
was used. To do this, cDNA obtained as a mould from the previous step was used in
accordance with the manufacturer's conditions. PCR products were separated in 2.5%
agarose gel. The primers used for the analysis of each splicing event studied, the
expected pattern in DM1 patient myoblasts, the exon studied and the conditions used
are shown in the following table:

Table 3: Conditions for amplification of transcripts by RT-PCR in the splicing assay

Myoblast Pattern
Sequence of primers (5' — 3) cDNA y

Gene ) _ Cycles -
(F: Direct, R: Inverse) (pl) DM1
F: CATCTTCCAGGAGCGAGATC 1 29 Endogenous
GAPDH (SEQ ID NO:14) Control

R: GTTCACACCCATGACGAACAT -
(SEQ ID NO:15)

Sequence of primers (5' — 3) cDNA | Cycles| Myoblast | Exon
Gene (F: Direct, R: Inverse) (ki) pattern
’ DM1
F. ATAGAAGAGGTGGTGGAAGAGTAC
cTNT (SEQID NO:16) 1 27 Inclusion 5
R GTCTCAGCCTCTGCTTCAGCATCC
(SEQ ID NO:17)
F. TGCTGCTCCTGTCCAAAGAC
(SEQ ID NO:18) |
'R R GAAGTGTTGGGGAAAGCTG 4 | 30 | Bxclusion ) 11
(SEQ ID NO:19)
F. CTCAACCAGAACCTCAATGATGTG
(SEQ ID NO:20) |
BINT R CTGAGATGGGGACTTGGGGAG T 30 | Exclusion | 11
(SEQ ID NO:21)
DMD  |F: GTGAGGAAGATCTTCTCAGTCC 4 | 30 | Exclusion | 79
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(SEQ ID NO:22)

R: CTCCATCGCTCTGCCCAAATC
(SEQ ID NO:23)

F: GATGATCTTCAAGCTCCGGGC
(SEQ ID NO:24)

R: CAGCTCTGCCTGAAGATGTG
(SEQ ID NO:25)

SERCA1 4 30 Exclusion 22

F: AGCCCGATTAAAAAACAGTGA Inclusion | 19
(SEQ ID NO:67)
R: CGTATTCTTCTTCGACCACGGT
(SEQ ID NO:68)

DLG1

F: GGAGAAGGATGAAACTGTGAGTG Exclusion | 8
(SEQ ID NO:69)
R: CAGAGGTTTAGCATTGCTGCT
(SEQ ID NO:70)

CAPZB

F: GCTCATGGTCCTCAAGATCTCAC 22
(SEQ ID NO:71)
R: GGGTCAGTGCCTCAGCTTTG
(SEQ ID NO:72)

Atp2at

F: GTCCTCAGCAAGTTTATGTCC 7a
(SEQ ID NO:73)
R: GAATCCTCGCCAGTAATTCC
(SEQ ID NO:74)

Clent

F: TCGACGACAGTGAGATGGAG 7
(SEQ ID NO:75)
R: CAAACTCCTTCAGCGAGTCC
(SEQ ID NO:76)

Nfix

F: GCACGCTGAATGAGATCTACTTTG 8
(SEQ ID NO:77)
R: CCGGTTAGCGTGAAGCAGAG
(SEQ ID NO:78)

Capzb

F: ATCAACGGGAAGCCCATCAC -
(SEQ ID NO:79)
R: CTTCCACAATGCCAAAGTTGT
(SEQ ID NO:80)

Gapdh

- Transgenic mice and antagomiR administration

Mouse handling and experimental procedures conformed to the European law
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regarding laboratory animal care and experimentation (2003/65/CE) and were approved
by our institutional review board (reference number A1458832800370). Homozygous
transgenic HSALR (line 20 b) mice 25 were provided by Prof. C. Thornton (University of
Rochester Medical Center, Rochester, New York, USA, and mice with the
corresponding genetic background (FVB) were used as controls. A total of four gender
and age-matched (< 5 months old) mice received three subcutaneous injections (every
12 h) of 100ul of 1X PBS (vehicle) or antagomir delivered to the interscapular area. The
overall quantity of antagomir finally administered divided among all the injections was
12.5 mg/kg. Four days after the first injection, the mice were sacrificed and the tissues
of interest were harvested and divided into two samples each. One part was frozen in
liquid nitrogen for the molecular analyses, including the PCR assays of the section
above, and the other was fixed in 4% paraformaldehyde (PFA) and cryoprotected in
30% sucrose before histological processing. Cy3-labelled antagomirs were
administered as described above in a single subcutaneous injection of 10 mg/kg.

- Cell proliferation assay

Cells were seeded at 10° cells/mL in 96-well plates and transfected with antagomiRs,
as previously explained; 96 h post-transfection, cell proliferation was measured using
the CellTiter 96® AQueous Non-Radioactive Cell Proliferation Assay (Promega)
following the manufacturer’s instructions. The IC, and dose-response inhibition curves
were calculated using non-linear least squares regression, and absorbance levels were

determined using a Tecan Infinite M200 PRO plate reader (Life Sciences).
- Immunofluorescence methods

For MBNL1 and MBNL2, immunofluorescent myoblasts were fixed with 4% PFA for 15
min at room temperature (RT) followed by several washes in 1x PBS. Cells were then
permeabilized with PBS-T (0.3% Triton-X in PBS) and blocked (PBS-T, 0.5% BSA, 1%
donkey serum) for 30 min at RT, and incubated either with primary antibody mouse anti-
MBNL1 (1:200, ab77017, Abcam) or rabbit anti-MBNL2 (1:200, ab105331, Abcam) at
4°C overnight. After several PBS-T washes the cells were incubated for 1 h with a
biotin-conjugated secondary antibody, and anti-mouse-lgG (1:200, Sigma-Aldrich) to
detect anti-MBNL1 either anti-rabbit-lgG (1:200, Sigma-Aldrich) to detect anti-MBNL2.
The fluorescence signal was amplified with an Elite ABC kit (VECTASTAIN) for 30 min
at RT, followed by PBS-T washes and incubation with either streptavidin-FITC (1:200,
Vector) to detect anti-MBNL1 or streptavidin-Texas Red (1:200, Vector) to detect anti-
MBNL2, for 45 min at RT. After several washes with PBS the cells were mounted with
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VECTASHIELD® mounting medium containing DAPI (Vector) to detect the nuclei.

The Cy3 moiety was synthetically attached to the 5’ end of the oligonucleotide to allow
the distribution of the compound to be visualised. Frozen sections (10 um) of mouse
tissues including heart, brain, gastrocnemius, and quadriceps were immunostained
using anti-Cy3 antibody (1:50, Santa Cruz) followed by a secondary goat biotin-
conjugated anti-mouse-lgG (1:200, Sigma-Aldrich). Cy3-labeled antagomirs were
directly detectable under a fluorescence microscope in myoblast cells, liver, and kidney
tissues. Images of myoblast cells were taken on an Olympus FluoView FV100 confocal
microscope and images of human myoblast and mouse tissues containing Cy3-
antagomirs were obtained using a Leica DM4000 B LED fluorescence microscope. In
all cases, the images were taken at a 40x magnification and processed with Adobe
Photoshop software (Adobe System Inc.).

- Electromyography studies

Electromyography was performed before the treatment and at the time of sacrifice
under general anaesthesia, as previously described®. Briefly, five needle insertions
were performed in each quadriceps muscle of both hind limbs, and myotonic discharges
were graded on a fivepoint scale: 0, no myotonia; 1, occasional myotonic discharge in <
50% of the needle insertions; 2, myotonic discharge in > 50% of the insertions; and 3,
myotonic discharge in nearly all of the insertions, myotonic discharge in all insertions; 4.

- Muscle Histology

Frozen 15 um-sections of mouse gastrocnemius and quadriceps muscles were stained
with haematoxylin eosin (H&E) and mounted with VECTASHIELD® mounting medium
(Vector) according to standard procedures. Images were taken at a 100x magnification
with a Leica DM2500 microscope. The percentage of fibres containing central nuclei
was quantified in a total of 200 fibres in each mouse.

Example 1. Proof of concept in DM1 models of Drosophila melanogaster.

1.1.  dme-miR-277 or dme-miR-304 silencing causes overexpression of muscleblind in
the muscle of Drosophila

The sequestration of Muscleblind in foci of RNA and the subsequent loss of protein
function is one of the main trigger factors of the molecular pathology of DM1. In order to
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identify miRNAs that repress muscleblind, the inventors selected candidate miRNAs
and proceeded to block their activity using specific miRNA sponges.

Initially dme-miR-92a, dme-miR-100 and miR-dme-124 were selected, based on
previous data generated by the group of inventors and their orthology relationship with
human miRNAs; to obtain this data, the miRanda algorithm was used, among other
tools, developed at the Memorial Sloan-Kettering Cancer Center Computational Biology
Center (2010 version downloadable from, among other sites, the microRNA.org
download webpage: http://www.microrna.org/microrna/getDownloads.do; manual
available at: http://cbio.mskcc.org/microrna_data/manual.html). To broaden the search
for candidate miRNAs, TargetScan was used, an online software provided by the
Whitehead Institute for the prediction of miRNA targets (www.targetscan.org), to search
for miRNA recognition sites in the 3' UTR region of muscleblind and sites for two
miRNAs: dme-miR-277 and dme-miR-304, among others, were identified. Table 4
shows the recognition sites of several miRNAs predicted according to different
algorithms in the 3' UTR region of Muscleblind, as well as the access number both of
their precursor sequences with hairpin loops (codes headed by the abbreviation MI) and
of the mature miRNAs (codes headed by the abbreviation MIMAT) in the database of
MiRBase (www.mirbase.org).

Table 4.-Number of recognition sites of several miRNAs predicted according to different

algorithms in the 3' UTR region of Muscleblind
miRNA miRanda TargetScan Isoform of mb/
dme-miR-92a-3p - - mblA
(SEQ ID NO:26) - - mbiB
MI0000360 - - mblC
MIMAT0000334 1 site - mblD
dme-miR-100-5p - - mblA
(SEQ ID NO:27) - - mbiB
MI0000378 - - mblC
MIMAT0000357 - - mblD
dme-miR-124-3p 1 site - mblA
(SEQ ID NO:28) - - mblB
MI0000373 - - mblC
MIMATO0000351 1 site - mblD
dme-miR-277-3p 1 site - mblA
(SEQ ID NO:29) 2 Sites - mbiB
MI0000360 - - mblC
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MIMATO0000338 2 Sites 1 site mblD
dme-miR-304-5p - - mblA
(SEQ ID NO:30) - - mbiB
MI0000411 1 site - mbiC
MIMATO0000390 - 1 site mblD

In order to validate miRNAs that regulate muscleblind, the expression of the sponge
constructs (Fulga et al, 2015), UAS-miR-XSP, was directed to the muscles of
Drosophila by the line Mhc-Gal4, abbreviation of the promoter elements of the gene
myosin heavy chain and coding region of the gene Gal4 corresponding to the protein
activating the transcription of yeasts Gal4, which is known to act as a transcription
activator in different organisms, including Drosophila. In this system, the UAS (upstream
activation sequence) elements act as transcription enhancers, as the protein GAL4
binds specifically to them to activate the transcription of genes, while the fact that the
coding region of the gene Gal4 is operatively bound to the endogenous promoter of the
gene Mhc directs the expression of the miRNA sponges to the muscle. Muscleblind
transcription levels were analysed by gqRT-PCR, using specific primers to amplify a
region of exon 2 of muscleblind, which is shared by all known transcript isoforms to
date. As a control, a line with a random sequence (UAS-scrambled-SP) was used.

No significant increase was detected in the level of expression of muscleblind in flies
expressing miR-92aSP, miR-100SP or miR-124SP under the control of MHC-Gal4. In
contrast, the levels of muscleblind transcripts increased significantly in the flies that
expressed the miR-277SP or miR-304SP in the muscle, compared with the controls of
Scrambled-SP (fig. 1a). The levels of muscleblind RNA were 14 times higher when the
blocked miRNA was dme-miR-227, while the silencing of dme-miR-304 resulted in a 6-
fold increase. Therefore, these results show that the silencing of dme-miR-277 or dme-
miR-304 causes overexpression of Muscleblind.

1.2. dme-miR-277 and dme-miR-304 regulate different isoforms of muscleblind

The muscleblind gene of Drosophila melanogaster is a large gene, which covers more
than 110 kb, which gives rise to several different transcripts by alternative splicing
(Begeman et al., 1997; Irion et al., 2012). Experimental evidence suggests that isoforms
of muscleblind are not functionally redundant (Vicente et al., 2007). To determine which
isoforms of muscleblind are regulated by dme-miR-277 or dme-miR-304, the miRanda
algorithm (Enright et al., 2003) was used to identify recognition sites of dme-miR-277
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and dme-miR-304 in the 3' UTRs region of isoforms of muscleblind (table 4). It is
important to note that MiRanda performs the search in the transcripts of mblA, mbiB,
mblC and mbID, following the denomination used by Begemann et al. 1997 in the
aforementioned reference, but does not include the recently identified isoforms, mbiH,
mblH', mblJ and mblK (Irion et al., 2012).

A potential recognition site of dme-miR-277 was found in the isoform mb/A and two in
mblB and mblD. qRT-PCR analyses determined that the mb/B level increased
significantly when dme-miR-277 was blocked/depleted. The levels of expression of
mblD were reduced in the flies Mhc-Gal4 miR-277SP and no significant differences
were detected with regard to mb/A when compared with the control flies that expressed
Scrambled-SP (fig. 1b). Strangely, the levels of expression of mb/C, an isoform for
which no recognition sites had been predicted for dme-miR-277, were significantly
reduced in the flies Mhc-Gal4 miR-277SP.

For dme-miR-304, a recognition site was found in the 3’'UTR region of mb/C and mbiD,
and a significant up-regulation was detected of the two isoforms in flies Mhc-Gal4 miR-
304SP (Fig. 1b). In particular, the blocking/depletion of dme-miR-304 in the muscle
caused a strong increase in the levels of mb/C, the most expressed isoform in adult flies
(Vicente et al., 2007).

The fact that the silencing of dme-miR-277 and dme-miR-304 originate changes in the
specific expression levels of each isoform of Muscleblind suggests a direct regulation of
the muscleblind transcripts through these miRNAs.

Considering that a miRNA can typically act in terms of mRNA stability or the blocking of
its translation, we decided to analyse the levels of the Muscleblind protein to validate
the candidate regulator miRNAs. With this objective, an anti-Mbl antibody was used to
detect the up-regulation of proteins MbIA, MbIB and MbIC. Western blot transfer
analyses revealed an increase in the levels of the muscleblind protein only in the flies
Mhc-Gal4 miR-304SP (Fig. 1 c). Consistent with the determinations by gRT-PCR, the
band detected in the Western blot transfer corresponded to the protein MbIC. It should
be noted that the antibody used has only previously worked in overexpression
experiments (Houseley et al., 2005) (Vicente-Crespo et al., 2008).

In order to analyse the effect of silencing dme-miR-277 0o dme-miR-304, longitudinal
sections of the indirect flight muscles (IFMs) were stained to verify the distribution of
Muscleblind: The anti-Mbl signal was detected in green, while the nuclei appeared
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counterstained in blue with DAPI. The group of the present inventors had previously
shown that the endogenous protein Muscleblind is mainly located in the sarcomeric
bands Z and H of the muscle (Llamusi et al., 2013). Consistent with this, the confocal
images obtained from these sections allowed to detect muscleblind proteins preferably
in the bands of the muscle sarcomeres in the control flies that expressed the construct
of Scrambled-SP, obtaining a low signal in some nuclei of these cells. Interestingly, the
reduced function of dme-miR-277 and dme-miR-304 had different effects on the protein
distribution: while the silencing of dme-miR-277 increased the signal of the cytoplasmic
muscleblind protein, particularly in the sarcomeric bands, in the flies Mhc-Gal4 miR-
304SP, a strong nuclear location was detected.

Taken in combination, these results show that endogenous isoforms of Muscleblind can
be up-regulated by blocking the inhibitory activity of dme-miR-277 and dme-miR-304.

1.3. Decreasing function of dme-miR-277 o dme-miR-304 favours the expression of
muscleblind in a model of DM1 in Drosophila

Previous models of DM1 in Drosophila had ribonuclear foci in muscle cells containing
muscleblind proteins (Garcia-Lopez et al., 2008; Picchio et al., 2013). To test the
specific effect of silencing the repressor miRNAs of muscleblind in a model of DM1 of
Drosophila, the expression of muscleblind was studied in flies that express interrupted
CTG 480 repeats ("i(CTG)480") with myosin heavy chain promoter as a specific
determinant driver of expression in muscles with simultaneous expression of sponge
constructs (Mhc-Gal4 UAS-i(CTG)480 UAS-miR-XSP).

The analysis of the mbl transcript levels by gRT-PCR showed that the silencing of dme-
miR-277 or dme-miR-304 resulted in an increased expression of muscleblind in the
DM1 model flies (Fig. 2a). It is important to note that the positive regulation of
Muscleblind was stronger in DM1 model flies than in flies that only expressed sponge
constructs (compare Fig. 1a and Fig. 2a). Muscleblind transcript levels were 19 times
higher in flies expressing both i(CTG)480 and miR-277SP and 7 times higher in flies
Mhc-Gal4 UAS-i(CTG)480 UAS-miR-304SP compared to controls. On the other hand,
in line with the protein analysis carried out in the presence of different sponge
constructs (Fig. 1c), the silencing of dme-miR-304 caused an increase of the levels of
the protein MbIC in the DM1 model flies (Fig. 2b).

To study the effect of silencing of dme-miR-277 or dme-miR-304 in the subcellular
localization of Muscleblind in DM1 model flies, the distribution of muscleblind proteins
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was analysed by immunodetection in IFMs (Fig. 2c-f). Both the expression of miR-
2775P (Fig. 2e) and that of miR-304SP (Fig. 2f) in DM1 model flies released
Muscleblind from the ribonuclear foci and increased the level of proteins, both in the
nuclei and in the cytoplasm. In the case of model flies expressing the miR-2775P, the
distribution of Muscleblind in the sarcomeric bands of the muscle, which is characteristic
of the control flies that do not express the repeats, was completely rescued. Likewise,
the expression of miR-304SP led to a detectable increase in Muscleblind dispersed in
nuclei and cytoplasm. Therefore, the silencing of dme-miR-277 or dme-miR-304 up-
regulates the Muscleblind levels and rescues its subcellular distribution in DM1 model
fly muscles.

1.4. dme-miR-304 silencing rescues alterations in the splicing and in the global levels
of gene expression in a DM1 model in Drosophila

Spliceopathy is the main biochemical milestone of DM1 and the only one that has been
directly linked to the symptoms. To test whether the increase in Muscleblind, caused by
the silencing of dme-miR-277 or dme-miR-304, was sufficient to rescue the alterations
in the splicing in DM1 model flies, splicing events characteristically altered were studied

These events were:

- The exclusion of exon 16" of the Fhos gene in model flies of DM1, which the
present inventors have identified, verifying that it is regulated by Muscleblind;

- The inclusion of exon 13 of the Serca gene, which is a splicing event
regulated by Muscleblind.

It was also found to occur with another molecular function described for Mbl: the
regulation of global levels of gene expression. Specifically, exon 2 of the gene CyP6W1
was amplified, to check the levels of expression of that gene, for which increase in its
expression in DM1 model flies has been described (Picchio et al., 2013).

In DM1 model flies, a 2-fold increase of the inclusion of exon 16" of Fhos and a 2.4-fold
reduction of transcripts of Serca with exon 13, was confirmed as well as a 3-fold
increase of transcripts of CyP6W1, compared with control flies that do not express
repeats.

The expression of miR-304SP in these flies achieved a complete rescue of exon 16" of
Fhos and of the normal expression of the gene CyP6W1 and a significant 20% increase
of the transcripts of Serca that include exon 13 (Fig. 2g-i, I). It is noteworthy that the
silencing of dme-miR-304 in the muscle caused a strong increase in the levels of mb/C
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(Fig. 2b), an isoform that has previously been shown to act as a splicing regulator
(Vicente et al., 2007). On the contrary, the expression of miR-277SP, which rescued the
Muscleblind expression in the cytoplasm, and reduced the levels of expression of mbiC,
did not modify these splicing events. As control, it was confirmed that the splicing
pattern of the exons 3-5 of Tnt, that is not altered in model adult flies of DM1 (Garcia-
Lopez et al., 2008), was not modified either by the expression of the sponge constructs
nor by the alterations in the expression of muscleblind (Fig. 2j, Fig. 2k).

These results show that the level of derepression of Muscleblind obtained through
miRNA sponges is enough to trigger, potentially, significant molecular rescues.

1.5. dme-miR-277 or dme-miR-304 silencing rescues muscular atrophy and motor
function in a DM1 model in Drosophila

To evaluate the functional relevance of the increase in Muscleblind achieved by the
expression of specific sponge constructs, the effect of silencing dme-miR-277 or dme-
miR-304 on muscular atrophy was studied, an alteration which is one of the traits that
characterize individuals with DM1. For the study of muscular atrophy, the muscle area
was first measured in dorsoventral sections of the IFMs in the control flies that
expressed either miR-277SP or miR-304SP in the muscle (fig. 3a-d). The decrease in
the function of dme-miR-277 induced a 15% reduction in the IFM area, compared to
flies expressing Scrambled-SP as control. Importantly, the expression of miR-304SP
had no effect on this parameter.

The present inventors' research group had previously reported on the existence of
muscular atrophy in flies that express i(CTG)480 in the muscles. In these DM1 model
flies, it was found that the specific tissue silencing of dme-miR-277 or dme-miR-304
was sufficient to significantly rescue the percentage of muscle area (fig. 3e-h).
Compared to control flies that did not express CUG repeats, the mean area of IFMs in
model flies expressing the scrambled-SP was significantly reduced to 40%. The
simultaneous expression of the CUG repeats and any one of either miR-277SP or miR-
3045P resulted in a 20% increase of the muscle area in these flies. In addition, in situ
hybridization tests on cross-sections of fly muscle (Fig. 3i-k) showed how the
expression of miR-2775P (Fig. 3j) and miR-304SP (Fig. 3k) resulted in a significant
reduction of a typical histopathological parameter of the disease, the ribonuclear foci of
the model of DM1 in Fly (Fig. 3i), which were negligible after the expression miR-
304SP. These data confirm that the up-regulation of different isoforms of Muscleblind
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was sufficient to rescue muscular atrophy and the formation of ribonuclear foci in

Drosophila.

In order to evaluate the correlation between the muscular area and the locomotive
activity, the ascent and flight capacity of flies of different genotypes was analysed. The
expression of miR-277S5P in the muscle resulted in a reduction of the average landing
height of about 10% in comparison with the control flies expressing the scrambled-SP,
indicating that the muscle area reduction found in these flies has a functional correlation
(fig. 4a). However, muscular atrophy was apparently specific to IFMs, as surface ascent
rate remained unchanged in these flies (fig. 4b). On the contrary, the silencing of dme-
miR-304 in the muscle did not affect the locomotion activity of the flies (Fig. 4a, b). In
the DM1 model flies, compared to control flies that did not express repeats, the
simultaneous expression of CUG repeats and the scrambled-SP construct resulted in a
drastic reduction in average landing height and surface ascent rate (Fig 4e, f). However,
the expression of any one of either miR-2775P or miR-304SP in the model flies resulted
in the rescue of all these parameters at similar levels (Fig 4e, f). Therefore, these
results showed that the specific silencing of miRNAs regulating muscleblind can rescue
muscular atrophy and the characteristic functional phenotype of DM1.

1.6. Functional depletion of dme-miR-277 or dme-miR-304 extends the survival rate of
DM1 model flies

The reduction of muscle function, particularly of the respiratory system, is the main
cause of death in DM1. The present inventors’ group had previously reported that flies
that express i(CTG)480 in the muscles have a reduced survival rate and reduced
average survival in comparison with control flies (Garcia-Lopez et al., 2008). To study
whether the dme-miR-277 or dme-miR-304 silencing rescues the survival rate of DM1
model flies, analyses of the survival curves in flies of different genotypes were carried
out. It is important to note that the survival curves of the flies that expressed miR-277SP
or miR-304SP in muscles were not different from those of the ones expressing
scrambled-SP, which indicates that dme-miR-277 or dme-miR-304 silencing did not
alter the survival rate (fig. 4c, d). The survival rate of the DM1 model flies expressing
scrambled-SP was significantly reduced compared to control flies that did not express
CTG repeats (Fig. 4 g, h). The expression of miR-277SP or miR-304SP in model flies
increased the survival rate and average survival. Dme-miR-277 silencing increased the
average survival by eight days, while an increase of six days was detected for the DM1
model flies that express miR-304SP (Fig. 4 g, h). Therefore, the positive regulation of
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muscleblind caused by the decrease of the function of dme-miR-277 or dme-miR-304
improves the survival of the DM1 model flies.

Taken as a whole, these results show that the silencing of specific miRNAs in
Drosophila causes an increase in the levels of muscleblind that is sufficient to rescue
several molecular and physiological characteristics, including an increase in survival.
This therefore supports an approach to blocking Muscleblind-like repression by miRNAs
as a potential strategy for the treatment of DM1 in humans and other mammals.

Therefore, the present inventors went on to identify miRNAs repressors of MBNL1
and/or 2 and, among them, look for those expressing themselves in tissues with DM1
symptoms and whose blocking is effective in rescuing molecular characteristics of DM1
and thereby improving symptoms of the disease.

- Example 2: ldentification, validation and characterization of miRNAs
repressors of MBNL1 and/or MBNL2

2.1.  Screening to identify miRNAs that negatively regulate MBNL1 or MBNL2

First, an initial screening was conducted based on libraries of miRNA mimetics, using
the commercial kit SureFIND Transcriptome PCR array from Qiagen, as described in
the preceding methodological section. This study allowed the initial identification, in
HelLa cells, of 18 miRNAs as potential repressors of MBNL1 and 9 microRNAs as
potential repressors of MBNL2 in Hela cells, in showing a repression of the expression
of the aforementioned genes at least 4-fold with respect to the control, GAPDH. Four of
these miRNAs initially seemed able to inhibit the expression of both.

2.2.  Confirmation of repressive action

Since it was a large number of microRNAs to be validated, the number of microRNAs
with which to continue the assays was limited to a total of 6, basing the choice on the
number of bioinformatics predictions collected in the Databases mirDIP
(https://omictools.com/mirdip-tool) and miRecords (https://omictools.com/mirecords-
tool), which collect the information of a total of 9 prediction programs providing
information on the existence of the targets of a specific microRNA in the transcripts of a
given gene, suggesting that regulation exists.

To carry out the confirmation tests of the initial results checking the possible modulation
by direct regulation, several miRs were initially selected, including both potential
regulators of both genes, and specific repressors of MBNL1 or MBNL2. MiR-146b and
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miR-23b as potential regulators of both MBNL1 and MBNL2; and miR-218 and miR-372
as specific repressors of MBNL2.

The previous results were confirmed for some miRNAs by transfection in HelLa cells of
expression plasmids derived from pCMV-MIR (Origene) expressing precursors of the
selected miRNAs, along with the empty plasmid pCMV-MIR and miR-7 as negative
controls, the latter in not being identified as an inhibitor of MBNL1 or MBNL2 in the
initial screening. The expression of MBNL1 or MBNL2 was then quantified in terms of
mRNA and protein, as described in the part on "Validation tests" in the methodological
section. Fig. 5 shows the results obtained for miR-146b and miR-23b (initially identified
as potential regulators of both MBNL1 and MBNL2), as well as for miR-218 and miR-
372 (initially identified as specific repressors of MBNL2).

Indeed, it was observed both in the case of MBNL1 (Fig. 5a) and in the case of MBNL2
(Fig. 5b), that the selected microRNAs exerted a repressive effect on the messenger of
the genes for which initially a repressive effect had been detected although the
repressive effect caused by miR-146b was less significant.

With regard to the quantification of proteins, a decrease was observed at the level of
protein MBNL1 in the case of miR-23b (Fig. 5¢), at 72 hours after transfection, while in
the case of MBNL2 (Fig. 5d), this decrease at protein level occurred both with the
microRNA miR-23b and with miR-218. The decrease caused by miR-372 was much
lower than with the two other microRNAs.

Therefore, the data obtained confirmed that miR-23b down-regulates, at protein level,
both MBNL1 and MBNLZ2, while miR-218 represses MBNL2.

2.3. lIdentification of miRNA target sequences and demonstration of the functional
relevance of the potential mMIRNA-mRNA interaction

The specific sequences to which the miRNAs need to bind to exert their repressive
action were then identified. This is necessary to design blockmiR type inhibitors and to
confirm the direct binding of the miRNA to its target, ruling out indirect regulation.

To this end, a bioinformatics prediction was made of the targets of the pre-selected
miRNAs after screening, using the applications miRanda and TargetScan already used
in the tests carried out in Drosophila. Figs. 6A and 6F show a schematic representation,
to scale, of the binding sites predicted by the aforementioned programs on the 3'UTR
regions of MBNL1 and MBNL2, respectively. In both cases, none of the isoforms of said
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genes, resulting from alternative splicing, affects the presence in the corresponding
transcript of the predicted targets.

To demonstrate the functional relevance of a potential miRNA-mRNA interaction,
sensors were used to show that, in effect, the pre-selected microRNAs bind to their
predicted targets in the 3’'UTRs of both genes. This was experimentally demonstrated
by generating a construct in which the 3'UTR ends of MBNL1 or MBNL2 merge into a
luciferase coding sequence as a reporter gene, so that the eventual repressive
regulation resulting from overexpressing the miRNA is observed as a reduction in the
amount of luciferase detected. Specifically, the methodology described in the section "3'
UTR Binding test (dual luciferase kit)" was used.

As explained in the same methodological section, in this test, a lower signal of the
Gaussia luciferase (Gluc) indicates binding of the microRNA to 3' UTR, since the
binding of the latter to 3' UTR prevents the translation of the reporter and therefore a
decrease of the Gluc released to the medium (see the diagrams offered on the specific
Genecopoeia website, http://www.genecopoeia.com/product/mirna-targets/).

From the readings observed 48 hours after the co-transfection of both the plasmid from
which the microRNA is expressed and the vector pEZX-MTO05 (which carries the 3' UTR
region of both genes, MBNL1 and MBNL2, downstream of the coding sequence of
Gaussia luciferase), it was observed that all the microRNAs tested, except for miR-146b
and the negative control, miR-7, have a repressive effect on the reporter, inferring the
specific binding of the sequence to 3’"UTR of the target gene (see Figs. 6B and 6E).

Once the previous experiment was completed, it was verified that the observed biding
was direct, which indicates a direct regulation of the microRNA on the 3"UTR. To this
end, additional versions of the construct were designed with the 3' UTR sensor for each
candidate miRNA, wherein the predicted target sequence was mutated (mut) by
deletion, and also another version wherein said predicted target in the 3' UTR had
mutated giving rise to a perfect complementary target (PM) of the corresponding
miRNA, a perfect target to which microRNAs bind completely and with the highest
efficiency. As explained in the methodological section mentioned above, the binding of
the different microRNAs to the mutated 3' UTR and with PM targets was expressed in
relative units of Gaussia luciferase, standardized with respect to the internal control of
alkaline phosphatase SEAP (Gluc/SEAP). These target mutagenesis tests were
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performed for miR-23b in MBNL1 (figs. 6C) and for miR-218 and miR-23b in MBNL2
(Figs. 6F y 6G).

In the case of MBNL1, the direct binding of the microRNA miR-23b is shown in Fig. 6b,
as by transfecting HelLa cells with the mutated versions (mut) of the reporter constructs
MBNL1 and miR-23b (Fig 6C), said miRNA stopped repressing, with a similar increase
in luciferase to that occurring in the control, where the sensor construct is transfected
with the empty vector pPCMV-MIR. Together with the microRNAs, the constructs with
the perfect match version (PM) of the binding target were also transfected, which allows
us to know the extent of effectiveness of the binding of a microRNA to the 3'UTR (WT:
Wild type) of the gene in question with respect to perfect binding noted with the PM.
These tests are very useful as they are an important basis in the design of the
blockmiRs. In all cases, there was a greater decrease in the luciferase signal than that
observed with the natural target.

In the case of MBNL2, it was shown that there is a direct binding of the microRNAs
miR-23b and miR-218, because on transfecting the Hela cells with constructs with the
mutated versions (mut) of the targets along with the different microRNAs miR-23b (Fig
6F), and miR-218 (Fig 6G), the repression of the reporter was lost, again observing a
similar increase in the luciferase to what happens with the control, where the sensor
construct was transfected with the empty vector pPCMV-MIR. Again, the constructs with
the perfect match version (PM) of the binding target were also transfected together with
the microRNAs. In both cases, there was a greater decrease in the luciferase signal
than that observed with the natural target.

2.4.- Expression of candidate miRNAs in relevant tissues

In addition to verifying the repressive capacity, it is important to check if the miRNAs to
be act on are expressed in tissues relevant to the disease (heart, muscle and brain,
among others), so that the action thereon can have a palliative effect for symptoms of
the disease associated with these tissues. Therefore, this is important, because if a
repressor is identified, but it is not expressed in the relevant tissues, blocking it will have
no effect.

We proceeded to check the expression of the candidate miRNAs in human muscle
biopsies from healthy individuals and DM1 patients, in cultures of human fibroblasts
also derived from healthy individuals or from DM1 patients and in mouse tissues
(forebrain, cerebellum, hippocampus, heart, gastrocnemius and quadriceps), as
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described in the methodological section "Expression of candidate miRNAs in the

relevant tissues".

The results obtained in mice (Fig. 7A) were consistent with previous expression data
available to the present inventors, either from public databases or proprietary data,
indicating that certain miRNAs are expressed in tissues relevant to the disease (heart,
muscle, brain). The results obtained with miR-23b and miR-218 are especially relevant,
especially with the former, where the relative expression in all tissues was far higher
than that of miR-146b and, in particular, to that of microRNA miR-372, for which no
expression was detected.

Accordingly, the results obtained in muscle biopsies from human individuals (fig. 7C)
show a significant increase in the expression of miR-218 and a clear trend, although not
significant with the data of the experiment performed, for miR-23b in the samples of
patients with DM1, far higher than that observed for miR-146. Even in tests performed
with human fibroblasts (Fig. 7B), the relative expression of miR-218 is far higher in the
case of fibroblasts from DM1 patients compared to fibroblasts of control individuals not
affected by the disease.

- Example 3. Effects of the transfection of antagomiRs of miR-218 and miR-
23b

When jointly considering the results of tests to confirm the repressor potential of the
expression of mMBRNAs and proteins, those to confirm the direct action on the mRNAs of
MBNL1 and/or MBNL2, and the data of expression in different tissues, it was decided to
concentrate on designing blockers or inhibitors of miR-23b and miR-218, which were
the two microRNAs with most expression in these tissues involved in the pathology.

AntagomiR type oligoribonucleotide inhibitors were selected since, as previously
explained, they are analogous to RNAs with a particular chemistry that makes their
binding to miRNA more stable, makes them less susceptible to degradation and
increases their ability to penetrate cell membranes (it is common, as in the present
case, for them to include cholesterol).

The supplier of the concrete antagomiRs with which the following tests were carried out
has been: http://www.creative-biogene.com/Services/MicroRNA-Agomir-Antagomir-
Synthesis-Service.html. As previously described, the antagomiRs referred to in this
specification, are abbreviated as antagomiR-218 (antagomiR-218-5p: SEQ ID NO:10)
and antagomiR-23b (antagomiR-23b-3p: SEQ ID NO:11), which differ from the basic
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sequences SEQ ID NO:1 and SEQ ID NO:2 (complementary, respectively, of human
microRNAs miR-218-5p and miR-23b-5p) in the detailed modifications in the list of
sequences and methodological section "Test on transfection with AntagomiRs".

3.1.  AntagomiR transfection tests

As described in said section, first a test was carried out on the transfection of fibroblasts
from DM1 patients with increasing concentrations (10 nM, 50 nM, 100 nM) of each of
the antagomiRs, marked with the fluorophore Cy3 (which emits a red signal) and two
different concentrations of the transfection reagent XtremGene (0.5 pl and 1 pl).

This fibroblast transfection test experiment was conducted in order to determine the
threshold concentration at which the antagomiR is detectable within the cells, as well as
the amount of transfection reagent to be used, attempting to use the minimum amount

possible, since this reagent is highly toxic for human fibroblasts.

Due to the presence of Cy3 in its structure, when the antagomiR enters the cells these
are seen as red under the fluorescence microscope, indicating the presence of the
antagomiR.

At the concentration of 10 nM, the red signal was barely detected, which implied the
scarce presence of antagomiRs in the cells, so concentrations of 50 nM or higher were
needed to make the signals intense. That is why these were used in the subsequent
tests carried out with the antagomiRs.

3.2.  Toxicity tests

A first approximation was to perform a dose-response cell toxicity test to establish the
antagomiR concentration threshold at which these began to become toxic to work with
them in cells, because when working with compounds in a cell model it is advisable to
work at a concentration lower than the IC10.

The toxicity profiles of both antagomiRs were obtained in healthy human myoblasts at
60 h of their addition to the medium (fig. 8a), as described in the section "Cell culture
toxicity test". The colorimetric assay performed allowed a rapid and sensitive
quantification of cell proliferation and viability, with the addition of increasing
concentrations of antagomiR. With the data obtained, the 1CG10 (which shows the
concentration at which 10% of the cells have died due to the toxicity associated with the
compound) and the IC50 (which is the concentration at which 50% of the cells have
died due to toxicity) were calculated. The values obtained were:
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antagomiR-23b | antagomiR-218
IC10 654.7 nM 347.0 nM
IC50 32281 nM 1968 nM

The value of the Z-factor was also calculated, as a positive Z-factor indicates that the
toxicity test is being performed correctly. In this case it was: 0.46.

Once the study was carried out it was decided to continue with three concentrations (50
nM, 100 nM y 200 nM) with which to carry out the subsequent tests, since these are
concentrations below the 1C10, that is, well below the toxicity threshold.

3.3. Dose response trials of antagomiRs in cells of patients with DM1

With the aforementioned concentrations, tests were conducted on the transfection of
transdifferentiated fibroblasts to myoblasts of DM1 patients, with the antagomiR-23 or
the antagomiR-218, as described in the methodological section on "Splicing tests" and
guantification assays of RNA of MBNL1 and MBNL2 commenced. As can be seen in
Fig. 9, both the antagomiR mir-23b and the antagomiR mir-218 increased the
expression of MBNL1 and MBNL2 at the level of mRNA by gPCR and this increase
responds to the dose of antagomiR (by transfection). This was done at 48 and 96 h.
Assuming a typical bell-shaped dose-response, the results obtained suggest that
optimal concentration for antagomiR mir-23b is 50 nM, or lower, and 200 nM or higher
for antagomiR mir-218.

It was also verified whether it was possible to rescue some events of alternative splicing
typically altered in DM1, in myoblasts of patients, in the presence of antagomiR23b or
antagomiR218, following the methodology described in the section "Splicing assays".
These experiments were conducted at 48 h (figs. 10A, C, D, E, F, G) and 96 h (Figs. 10
B, H, |, J, K, L) after transfection of the AntagomiR.

As noted in these figures, the treatment of DM1 cells with antagomiRs improved the
inclusion of exon 11 of BIN1 with both antagomiRs, at all concentrations and at both

times after transfection.

Treatment with antagomiRs increases the percentage of inclusion of exon 79 of DMD
as reflected in the gel (upper band), with both antagomiRs and at all concentrations in
the assay performed at 48 h. In contrast, in the test performed at 96 h, no change was
observed in the aberrant splicing of DMD.
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In the assay performed at 48 h, no change was observed with antagomiRs at any
concentration in the aberrant splicing of SERCA1, whereas in the assay at 96 h,
treatment with both antagomiRs and at all concentrations results in an increase in the
percentage of inclusion of exon 22 of SERCA1; this increase was notably more visible
with the antagomiR-23b.

The assay at 48 h after transfection did not result in any change in the aberrant splicing
of IR. The inclusion of exon 11 of IR only improved similarly to what is seen in the case
of healthy myoblasts at the lower concentration of antagomiR-23b (50 nM) at 96 h and
at the highest concentration of antagomiR-218 (200 nM).

No change was observed with antagomiRs at any concentration in the aberrant splicing
of cTNT.To test the specificity of antagomiRs-23b and antagomiR-218 the inclusion of
exon 8 of CAPZB (which depends on CELF1) was quantified. It was observed that it
was not rescued by the antagomiRs. Additionally, the regulated inclusion of exon 19 of
DLG1, which is known to be MBNL1 and CELF1-independent, did not change under
any of the experimental conditions thus discarding global effects on alternative splicing
control upon antagomiR treatment (see Fig. 11A and B). These results confirm
Muscleblind-specific rescue of alternative splicing defects taking place in DM1
myoblasts as a result of antagomiR-mediated MBNL1 and MBNLZ derepression.

3.4. AntagomiR-23b and antagomiR-218 upregulate MBNL proteins and restore their
normal subcellular distribution in DM1 myoblasts

Since miRNAs can regulate gene expression at the mRNA stability and translation
levels, it was sought to determine the effect of antagomiRs on MBNL1 and MBNL2
protein expression. Upon antagomiR treatment, gPCR data confirmed a significant
increase in the levels of MBNL1 and MBNL2 mRNA 48 h (Fig. 12A) or 96 h (Fig. 12B)
post-transfection. At the protein level these differences were further enhanced and
western blots detected 4-5 fold more MBNL1, and 3-5 fold higher MBNL2 proteins, in
DM1 myoblasts after 96 h (Fig. 13 a,b,d,e) and 48 h of antagomiR treatment. In
contrast, CELF1 protein levels remained unchanged upon miR-23b or miR-218
silencing both after 96 h (Fig. 13c,f) and 48 h and, consistently CAPZB alternative
splicing remained the same. Importantly, this increase was clearly visible by
immunofluorescence. Whereas both MBNL1 and MBNL2 were sequestered in
ribonuclear foci of DM1 myoblasts (Fig. 4 h,l), antagomiRs-23b and -218 robustly
increased the protein expression and restored their distribution in the cytoplasm and in
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the cell nucleus (Fig. 13 i,j;m,n). The increase of MBNL1 and MBNL2 proteins in the cell

nucleus was consistent with the previously shown splicing rescue.

- Example 4. Activity of antagomiRs of miR-218 and miR-23b in a mouse DM1

model

41. AntagomiR-23b and -218 reach skeletal muscle and increase Mbnl protein
expression in HSA" model mice

Next, the activity of antagomiR-23b and 218 in the HSA"® mouse DM1 model was
investigated (Mankodi et al., 2000). First, the present inventors evaluated the ability of
antagomiRs to reach skeletal muscle. Cy3-labelled versions of the antagomiRs were
administered to a four month-old HSA"® mouse by a single subcutaneous injection.
Four days post-injection, hind limb gastrocnemius and quadriceps 6 muscles were
processed to detect the labelled oligonucleotide. The antagomiRs were observed by
anti-Cy3 immunofluorescence in a strong punctate pattern in nuclei of both kinds of
muscle fiber. The antagomiRs were also diffusely present throughout the cells (Fig. 5b-
e). These data demonstrate that antagomiR oligonucleotides that block miR-23b or
miR-218 can reach the skeletal muscles of a DM1 mouse model.

The inventors decided to use the same administration method to inject unlabelled
antagomiRs to four additional DM1 animals, in consecutive injections (12 h intervals) to
a final dose of 12.5 mg/kg. The controls were injected with PBS1x. Four days after the
first injection, animals were sacrificed and quadriceps and gastrocnemius were
obtained for histological and molecular analysis. It was confirmed that miR-23b and
miR-218 were strongly silenced by their complementary antagomiRs. miR-23b was
reduced to 20% and miR-218 to 50% of the levels measured in the untreated HSA'
mice (Fig. 14 f,g). As a result of miRNAs reduction Mbnl1 and Mbnl2 increased at the
transcript and protein levels in both muscle types (Fig. 14h,i; j,m; k,n). Nevertheless, in
quadriceps antagomiR-23b achieved an important increase of both Mbnl1 and Mbnl2
protein levels, while antagomiR-218 only significantly upregulated Mbnl2. Importantly,
levels of Celf1 protein were not altered by either treatment (Fig. 14 1,0).

4.2. Blocking of miR-23b or miR-218 activity enhances Mbnl expression and rescues

missplicing of muscle transcripts in mice

Given the robust increase in Mbnl1 and 2 in treated gastrocnemius and quadriceps
muscles, the present inventors sought to confirm a rescue of Mbnl-dependent splicing
events Atp2ai, Clen1, and Nfix in HSA™® mice (Fig 15a,b). AntagomiR administration



WO 2018/050930 PCT/EP2017/073685

10

15

20

25

30

75

ameliorated aberrant exon choices for Atp2al (exon 22) and Nfix (exon 7), and
increased Clcn1 exon 7a PSI in gastrocnemius but not in quadriceps of HSA'® mice. In
a routine test of transgene expression of HSA™® mice, it was discovered that CUG
expression levels varied up to 0.5 fold among animals and that variation positively
correlates with aberrant inclusion of alternative exons in gastrocnemius and quadriceps
(Fig. 16). To note Atp2ail exon 22 inclusion was bimodal. Two mice expressing low
levels of transgene included exon 22 to levels significantly higher (closer to normal)
than the rest of HSALR mice and were therefore excluded from the analysis (Fig. 16
and 17). These data suggest that the lower the expression of CUG repeat RNA in
muscles the less missplicing there is. In contrast, in the antagomiR-treated HSA™
muscle samples splicing defects correlated with Mbonl mRNA levels, instead of repeat
expression, which supported a causal role of these proteins 7 in the rescue of the
splicing events (Fig. 16). Despite the intrinsic variability of the model, we conclude that
both antagomiRs achieved similar levels of rescue in all gastrocnemius missplicing
events. However, antagomiR-23b rescued Nfix and Clcn1 splicing to a greater extent
than antagomiR-218 in quadriceps, which correlated with the lower upregulation of
Mbnl1 and 2 protein levels achieved by antagomiR-218 in this muscle. Consistent with
the unchanged levels of Celf1 protein in the muscles of treated HSA'" mice, Capzb
exon 8 inclusion in gastrocnemius and quadriceps of treated and control mice was very
similar (Fig. 15a,b). These results indicate that systemic delivery of antagomiRs was

able to rescue muscle missplicing in vivo in a DM1 mouse model.
4.3. AntagomiRs improve muscle histopathology and reduce myotonia grade

Defective transitions of fetal to adult alternative splicing patterns have been proposed to
originate DM1 muscle phenotypes44. In HSA™® DM1 model mice, alterations in ionic
currents cause repetitive action potentials, or myotonia, that can be quantified by
electromyography. Before treatment, all DM1 mice had grade 3 or 4 myotonia, i.e.
abundant repetitive discharges with the vast majority of electrode insertions. Four days
after, antagomiRs reduced myotonia to grade 2 (myotonic discharge in >50% of
insertions) or grade 1 (occasional myotonic discharge) in 75% of the mice treated with
antagomiR-218, and in 50% of the mice treated with antagomiR- 23b, respectively (Fig.
15¢). A typical histological hallmark of DM1 and HSA"® mouse muscle fibers is a central
location of nuclei, which results from myopathic muscle attempting to regenerate. Both
antagomiRs caused decentralization of nuclei in both gastrocnemius and quadriceps
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muscles (Fig 15d-h). Taken together, these results validate the potential of antagomiR-
23b and -218 as drug that suppress CUG-repeat RNA-induced myopathy in mammals.

Example 5. Assays carried out with AntimiRs and BlockmiRs

In order to verify the applicability of the approach for other types of antagonists, the
following antimiRs and blockmiRs were synthesized by MiRx Therapeutics (Lyngby,
Denmark):

MbloCKnoMIR ThsGbscsascscsusususgsTbsThsAbsThsThsTh (SEQ ID NO:84)
M1bloCK23-1  ChsCbsAbsThsTbsAbsuscsascsasusususThbsGb (SEQ ID
NO:845)

M2bloCK23-1  AbsuscsascsasusgsasTbsThsCbsAbsAbsCbsGb (SEQ ID NO:86)
M1bloCK218-1 GbsAbsusgsusgscsusususAbsAbsAbsThbsAbsTh (SEQ ID NO:87)
M1bloCK218-2 GbsususgsusgscsusgsThsCbsThsAbsTbsThsGb (SEQ ID NO:88)
M2bloCK218-1 AbsCbsTbsusgsusgscsususGbsAbsAbsusThsTh (SEQ ID NO:89)

M2bloCK218-2 GbsTbsThsGbsusgsusgscsusasasThsAbsAbsTh (SEQ ID NO:90)
M2bloCK218-3 ChsGbsAbsTbsAbsgsusgscsususAbsAbsAbsAb (SEQ ID NO:91)
AntimiR-23b CbscscsusgsgsChsasAbsusgsusGbsasTb (SEQ ID NO:92)
AntimiR-218 TbsusasGbsasuscsAbsasgsGbsasChsasAb (SEQ ID NO:93)
AntimiR-SC GbsCbsAbsThsAbsAbsusgsascsusususasThsGb (SEQ ID

NO:94)

wherein:

-LNA nucleotides are indicated by the combinations of a capital letter and a small letter:
Ab, Gb, Tb, Cb.

-Phosphorothioate bonds are indicated by small “s” letters
2’-O-methyl-nucleotides are represented by the small letters: a g c u.

For toxicity and transfection assays, blockmiRs or antimiRs were added to the culture
medium following the same protocol followed for antagomiRs. RNA was collected as
processed in the same ways also used for antagomiRs.

5.1. Assays with AntimiRs

As can be seen in Fig. 18 A, antimiRs seemed to be less toxic than the antagomiRs in
DM1 fibroblasts, what makes possible to increase the concentration in additional
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assays. It is important to point out that the transfection reactive killed by itself a 20% of
the cells.

As can be seen in Fig. 18B and Fig. 18C, in a comparative assay also including the
antagomiRs used in previous Examples, at the assayed concentrations (see the labels
below the X-axis), the antagomiRs seemed to work better than antimiRs in order to
increase MBNL1 or MBNL2 expression. Remarkable, the controls (CNT: scrambled
RNAs), at the highest concentration (200 nM), improved MBNL2 expression.

5.2. Assays with blockmiRs

The toxicity assays performed with blockmiRs as transfection reactive showed a
relatively low toxicity of blockmiRs, what again what makes possible to increase the
concentration in additional assays (see Fig. 19A).

As can be seen in Fig. 19B and Fig. 19C, in a comparative assay also including the
antagomiRs used in previous Examples, a significant increase of MBNL1 and MBNL2
expression was found for miR-23b when its target was blocked (M1bloCK23-1 and
M2bloCK23-1, respectively. However, it was not possible to observe a significant
increase of MBNL1 or MBNL2 when their respective targets were blocked
(M1bloCK218-1 and M1bloCK218-2, or M2bloCK218-1, M2bloCK218-2 and
M2bloCK218-3). It is surprising that blocking miR-218 target in 3UTR of MBNL1
(M1bloCK218-2) leads to a significant increase of MBNL2 expression. Curiously, the
controls (MblcknoMIR), at the highest concentration (200 nM), improved MBNL2.
Expression.

Example 6. Assays carried out with FANA oligonucleotides

The assays were carried out with the following FANA oligonucleotides, that were
synthesized and provided by AUM Biotech LLC (Philadelphia, PA, United States):

AUM-miR-23b-1 GGUAAUCCCTGGCAAUGUGAU (SEQ ID NO:95)
AUM-miR-23b-2: GGUAATCCCTGGCAATGTGAU (SEQ ID NO:96)
AUM-miR-23b-3 GGUAAUCCCUGGCAAUGUGAU (SEQ ID NO: 97)
AUM-miR-23b-4 GGUAATCCCTGGCAATGTGAU (SEQ ID NO:98)
AUM-miR-218-1ACAUGGUTAGATCAAGCACAA (SEQ ID NO:99)
AUM-miR-218-2 ACATGGUUAGATCAAGCACAA (SEQ ID NO:100)
AUM-miR-218-3 ACAUGGUUAGAUCAAGCACAA (SEQ ID NO.101)
AUM-miR-218-4 ACATGGUTAGATCAAGCACAA (SEQ ID NO:102)
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AUM-SC-1 AUAUCCUTGTCGTAUCCCAGU (SEQ ID NO:103)

AUM-SC-2 AUAUCCUTGTCGTAUCCCAGU (SEQ ID NO:104)
All oligonucleotides contain 2’F-arabinonucleotides at their ends and phosphorothioate
bonds along their sequences.

For toxicity and transfection assays, the FANA oligonucleotides were added to the
culture medium following the same protocol followed for antagomiRs (RNA was also
collected as processed in the same ways also used for antagomiRs), but in the case of
the gymnotic delivery (Fig. 20A), where they were added at higher concentrations: 250
nM and 1 pM. For the gymnotic delivery, X-treme GENE was not added for the
transfection and the FANA oligonucleotides were directly added to the cell culture
media, because the oligonucleotides are able to enter the cells by themselves. For the
gRT-PCR assays in the gymnotic delivery, fibroblasts were plated into Petri plates
(1x1076cells/well), supplemented with FANA-antimiR in 3 ml MDM medium (DMEM with
4.5 g/L glucose, 1% P/S, 2% horse serum, 1% apo-transferrin (10 mg/ml), 0.1 % insulin
(10 mg/ml), and 0.02% doxycycline (10 mg/ml) for 6 hours. After that, 7 ml of MDM
medium was added and sambleswere incubated for 96 h.

The results can be observed in Figs. 20A-B, 21A-B and 22A-B, where comparative
assays with the antagomiRs of previous Examples are shown.

The toxicity assays (Fig. 20A) carried out with gymnotic delivery showed that FANA
oligonucleotides are ot very toxic to DM1 myoblasts. For the comparison with
antagomiRs, it must be taken into account that toxicity values are not comparable,
because antagomiRs are transfected in the usual way. When toxicity was assayed with
transfection reagents (Fig. 20B), FANA oligonucleotides were more toxic than

antagomiRs at the same concentrations.

For assaying the effects on MBNL1 and MBNL2 expression, again, different assays
were performed to see the effects of the gymnotic delivery and the transfection with
transfection reagents.

In the cases of the “gymnotic delivery” (Fig. 21A and Fig. 22A, respectively, for MBNL1
and MBNL2), antagomiRs were transfected whereas FANAs were supplied directly, and
comparison were made to untreated DM1 cells. It can be observed that two AUM-miR-
23 FANA oligonucleotides (AUM-miR-23b-1 and AUM-miR-23b-4) increased MBNL1
levels, whereas the others did not seem to do much. AUM-218 FANA oligonucleotides
did not work in this assay. Overall, it can be said that antagomiRs seemed to be more
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potent. Similar results were obtained for MBNL2: It can be observed that two AUM-miR-
23 FANA oligonucleotides (AUM-miR-23b-1 and AUM-miR-23b-3) increased MBNL2
levels, whereas the others did not seem to do much, and AUM-218 FANA
oligonucleotides did not work in this assay.

When transfection with transfection reagents was assayed (Figs. 21B and Fig. 22B), at
the same concentration, AUM miR-23b, particularly AUM miR-23b-1 seemed to be
slightly better at increasing MBNL1 level than the corresponding antagomiRs and
additional designs of AUM miR23b show activity (compared to gymotic delivery). AUM
miR-218 FNA oligonucleotides also showed activity (see Fig. 21B). Unspecific increase
of MBNL1 expression levels in cells treated with the scrambled RNA was detected. The
results obtained for MBNL2 were more or less the same as in the case of MBNL1 (see
Fig. 22B). The quality of data was lower than in previous datasets (probably because of
lower amount of RNA).
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CLAIMS

1. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
which is an antagonist of a microRNA that down-regulates the expression of the human
gene MBNL1 and/or MBNLZ2, or a mixture of two or more of said molecules.

2. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to claim 1, which is an antagonist of a microRNA that is expressed in at least
one or more organs selected from the group of the brain, cerebellum, hippocampus,
skeletal muscle and heart, or in one or more cells from a primary culture of one of said
organs or of an established cell line derived from one of said organs or stem cells
thereof.

3. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to claim 1 or 2, which comprises a fragment of ribonucleotide or
ribonucleotide analogue unit sequence, wherein the sequence of the nitrogenous bases
of the ribonucleotide or ribonucleotide analogue units is at least 50% complementary to
the sequence of the nitrogenous bases of the fragment of the endogenous molecule
(the microRNA or the messenger RNA) to which it will bind.

4, An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to claim 3, which comprises a fragment of ribonucleotide or ribonucleotide
analogue unit sequence, wherein the sequence of the nitrogenous bases of the
ribonucleotide or ribonucleotide analogue units is at least 55%, 60%, 70%, 80%, 85%,
90% , 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 99.5%, or 100%
complementary to the sequence of the nitrogenous bases of the fragment of the
endogenous molecule to which it will bind.

5. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to any one of claims 1 to 4, which is an antagonist of the precursor microRNA
and/or the primary microRNA of human microRNA 218 or human microRNA-23b.

6. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to any one of claims 1 to 4, which is an antagonist of the human microRNA-
218-5p or of the human microRNA-23b-3p.
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7. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to claim 6, comprising a fragment composed of a succession of
ribonucleotide or ribonucleotide analogue units, wherein the sequence of the
nitrogenous bases of the ribonucleotide or ribonucleotide analogue units is identical at
least in a percentage selected from the group of 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 100%, to the sequence of the nitrogenous
bases of the oligoribonucleotide SEQ ID NO:1 or of the oligoribonucleotide SEQ 1D
NO:2.

8. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to any one of claims 1 to 7, which is an antagomiR, a blockmiR, a antimiR or
a microRNA sponge.

9. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to any one of claims 1 to 8, which is a FANA oligonucleotide which contains
at least an 2’-fluorine modification in at least one of its nucleotides or analogue of
nucleotide.

10. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to claim 9, which is selected from the group of oligonucleotides of SEQ ID
NO:95 to SEQ ID NO:104.

11. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to claim 8, which is an antagomiR-type oligoribonucleotide analogue whose
sequence is complementary to the sequence of the human microRNA-218-5p or of the
human microRNA-23b-3p, or which comprises a fragment of ribonucleotide or
ribonucleotide analogue units, wherein the sequence of the nitrogenous bases of the
ribonucleotide or of ribonucleotide analogue units is at least 80% identical to the
sequence of the nitrogenous bases of the oligoribonucleotide SEQ ID NO:1 or of the
oligoribonucleotide SEQ ID NO:2.

12. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to claim 11, which is an antagomiR-type oligoribonucleotide analogue

wherein
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at least one of the monomeric units that form it is a ribonucleotide
analogue that presents one or more chemical modifications in the
ribose moiety, in the phosphate bond or in both,

the sequence of the nitrogenous bases of the monomeric units of
ribonucleotides or ribonucleotide analogues is identical to the
sequence of nitrogenous bases of the monomeric units of
ribonucleotides of the oligoribonucleotide SEQ ID NO:1 or of the
oligoribonucleotide SEQ ID NO:2, and that,

optionally, it presents at the 5'-end and/or at the 3'-end one or more
additional moieties that are not deoxyribonucleotide or ribonucleotide

moieties.

An oligoribonucleotide and/or oligoribonucleotide analogue molecule

claim 11, which is an antagomiR-type oligoribonucleotide analogue

all the analogue monomeric units of ribonucleotides comprised in its
structure present 2'-O-methyl (2'-methoxy) modifications in the ribose
moiety,

the first two analogue monomeric units of ribonucleotides of the 5'-
end and the last four analogue monomeric units of ribonucleotides of
the 3'-end are linked to the next moiety forming the molecule by
phosphorothioate groups instead of phosphate groups,

it presents 4 cholesterol moieties at the 3'-end, linked to the last
analogue monomeric unit of ribonucleotide of said 3'-end,

the sequence of the nitrogenous bases of the analogue monomeric
units of ribonucleotides is identical to the sequence of nitrogenous
bases of the monomeric units of ribonucleotides of the
oligoribonucleotide SEQ ID NO:1 (antagomiR-218-5p) or of the
oligoribonucleotide SEQ ID NO:2 (antagomiR-23b-3p),

An oligoribonucleotide and/or oligoribonucleotide analogue molecule

according to claim 12 or 13, which is an antagomiR-type oligoribonucleotide analogue

represented by SEQ ID NO:10 (antagomiR-218-5p) or an antagomiR-type

oligoribonucleotide analogue represented by SEQ ID NO:11 (antagomiR-23b-3p).
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15. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to any one of claims 1 to 6, comprising a fragment complementary to the
microRNA seed region with respect to which it is an antagonist or comprising a
fragment composed of a succession of ribonucleotide or ribonucleotide analogue units
wherein the sequence of the nitrogenous bases of the ribonucleotide or ribonucleotide
analogue units is 100% complementary to the sequence of the nitrogenous bases of the
microRNA seed region with respect to which it is an antagonist.

16. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to any one of claims 1 to 6, which is a blockmiR comprising a fragment
composed of a succession of ribonucleotide or ribonucleotide analogue units wherein
the sequence of the nitrogenous bases of the ribonucleotide or ribonucleotide analogue
units is at least 80% complementary to the sequence of the nitrogenous bases of the
region of a target messenger RNA recognized by the microRNA with respect to which
blockmiR is an antagonist.

17. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to claim 16, which is selected from the group of the blockmiRs represented
by SEQ ID NO:84 to SEQ ID NO:91.

18. An oligoribonucleotide and/or oligoribonucleotide analogue molecule
according to any one of claims 1 to 6, which is an antimiR selected from the groups of
antimiRs represented by SEQ ID NO:92 to SEQ ID NO:94.

19. A composition comprising at least one of the oligoribonucleotide and/or
oligoribonucleotide analogue molecules of any one of claims 1 to 19, a mixture of two or
more of them, or an expression vector that comprises the coding sequence of at least
one of said oligoribonucleotide molecules.

20. A composition according to claim 19, which additionally comprises a
carrier and/or one or more pharmaceutically acceptable excipients.

21. A composition according to any one of claims 119 or 20, comprising the
antagomiR-type oligoribonucleotide analogue represented by SEQ ID NO:10
(antagomiR-218-5p) or the antagomiR-type oligoribonucleotide analogue represented
by SEQ ID NO:11 (antagomiR-23b-3p) or a mixture thereof.
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22. A composition according to any one of claims 19 or 20, which comprises
an expression vector comprising the coding sequence of a microRNA sponge
comprising multiple sites placed in tandem complementary to the human microRNA-
218-5p or to the human microRNA-23b-3p or a mixture of multiple binding sites placed

in tandem complementary to each one of them.

23. A composition according to any one of claims 19 to 21, wherein the
oligoribonucleotide or oligoribonucleotide analogue molecule is at a concentration of 50
nM to 200 nM, both included

24. An oligoribonucleotide or oligoribonucleotide analogue molecule of any
one of claims 1 to 18, a mixture of two or more thereof, or a composition of any one of

claims 19 to 23, for use in the treatment of myotonic dystrophy type 1.

25. An oligoribonucleotide or oligoribonucleotide analogue molecule for use
according to claim 24, wherein treatment is a palliative treatment of one or more

symptoms of myotonic dystrophy type 1.

26. An oligoribonucleotide or oligoribonucleotide analogue molecule for use
according to claim 25, wherein treatment is a palliative treatment of one or more of the

muscular disorders that are part of the symptoms of myotonic dystrophy type 1.

27. An oligoribonucleotide or oligoribonucleotide analogue molecule for use
according to claims 24 to 26, wherein the oligoribonucleotide or oligoribonucleotide
analogue molecule is an inhibitor of the human microRNA-218-5p or of the human
microRNA-23b-3p.

28. An oligoribonucleotide or oligoribonucleotide analogue molecule for use
according to claim 27, wherein the oligoribonucleotide or oligoribonucleotide analogue
molecule is selected from the group of: the inhibitor of the microRNA-218-5p, of an
antagomiR type, represented by SEQ ID NO:10;the inhibitor of the human microRNA-
23b-3p, of an antagomiR type, represented by SEQ ID NO:11; a blockmiR of the group
of SEQ ID NO:84 to SEQ ID NO:91, an antimiR of the group of SEQ ID NO:92 to SEQ
ID NO:94 or an oligonucleotide of the group of SEQ ID NO:95 to SEQ ID NO:102.
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