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Description

FIELD:

[0001] The present disclosure relates to methods and pharmaceutical compositions for the treatment of cystic fibrosis.

BACKGROUND:

[0002] Cystic fibrosis (CF) is a genetic disease caused by mutations in the gene encoding the CFTR Cl- channel
(Riordan, 1989). CF affects several organs, but the most severe consequences are observed in the lung. The patho-
genesis of lung disease in CF is still not perfectly understood. The loss of CFTR channel function in CF favors the
colonization of the airway surface by highly virulent bacteria. However, the mechanism by which this happens is still a
matter of debate. CFTR channel activity is certainly an important contributor to mucociliary clearance. The fine balance
between CFTR-dependent Cl- secretion and Na+ absorption through the ENaC channel controls the thickness of the
periciliary fluid (PCF). In the absence of functional CFTR, fluid absorption prevails over secretion. This imbalance de-
hydrates the airway surface thereby impairing ciliary beating. Immobilized mucus then becomes a niche for bacterial
survival and proliferation. Activation of an alternative chloride channel may be an attractive therapeutic strategy in cystic
fibrosis. This approach could be applied to all patients irrespective of their genotype. Instead, therapies aimed at CFTR
need to be mutation-specific, an approach that may not be applicable to all classes of mutations. The activation of an
alternative chloride channel in CF airways could be beneficial by providing a route for chloride and bicarbonate secretion
needed to ameliorate mucociliary clearance and restore anti-microbial activity. More than 20 years ago, it was found
that airway epithelial cells possess a second type of Cl- secretory pathway. While CFTR is regulated by cAMP, the
second pathway is activated by the increase in cytosolic Ca2+ concentration. Stimulation of airway epithelia with purinergic
agonists such as ATP or UTP causes a strong, but transient, burst of transepithelial Cl- transport. This effect is dependent
on both releases of Ca2+ from intracellular stores and influx of Ca2+ through the plasma membrane. Ca2+-activated
Cl-secretion is independent of CFTR since it is not defective in CF patients. Interestingly, stimulation of Ca2+-dependent
Cl- secretion has a positive effect on PCF thickness. This effect suggests that stimulation of the Ca2+-dependent pathway
may compensate for defective CFTR. The orphan protein TMEM16A was identified as a component of Ca2+-activated
chloride channel (CaCC). TMEM16A, also known as anoctamin-1 (ANO1), belongs to a protein family composed of 10
members whose primary sequence and predicted structure (eight transmembrane domains) have no similarity with those
of other anion channels. However, previous works have shown that TMEM16A activity and expression were reduced in
a CF context by an unknown mechanism.

SUMMARY OF THE INVENTION:

[0003] As defined by the claims, the present invention relates to a nucleic acid miR-9 inhibitor comprising the nucleic
acid sequence of SEQ ID NO: 3 wherein the nucleic acid miR-9 inhibitor does not bind directly to miR-9 but instead
binds to a miR-9 mRNA target site in the ANO1 nucleic acid sequence.
[0004] The present invention also relates to a vector comprising the nucleic acid sequence of the invention.
[0005] The present invention also relates to a pharmaceutical composition comprising the nucleic acid sequence of
the invention.
[0006] The present invention also relates to a nucleic acid miR-9 inhibitor comprising the nucleic acid sequence SEQ
ID NO: 3 for use in the treatment of cystic fibrosis in a subject in need thereof wherein the nucleic acid miR-9 inhibitor
does not bind directly to miR-9 but instead binds to a miR-9 mRNA target site in the ANO1 nucleic acid sequence.

DETAILED DESCRIPTION:

[0007] The aim of the inventors was to understand the origin of the reduced expression of ANO1 in CF by studying
the role of miRNAs which regulate negatively gene expression. Thus, the inventors performed bio-informatic approaches
to study miRNAs that could target ANO1 and evaluated the expression levels of miRNAs candidates by RT-qPCR in
bronchial epithelial cells lines. They performed functionality experiments studying the miRNAs candidates binding to the
3’UTR of ANO1 over-expressing miRNAs, and quantifying the expression of ANO1 in these conditions. They also
evaluated cells migration rate and ANO1 chloride activity modulating a miRNA which regulates ANO1. The inventors
have identified different miRNAs including miR-9 as a potential regulator of ANO1. They observed that miR-9 is over-
expressed in CF cells and a decrease of ANO1 expression and luciferase activity when they overexpress miR-9 in CF
and non-CF cells. Furthermore, the inventors observed a decrease of cells migration rate and ANO1 chloride activity
when miR-9 is overexpressed. In conclusion, the results showed that miR-9 directly regulates ANO1 by pairing to its
3’UTR, and that modulate miR-9 allows to change cells migration rate and ANO1 chloride activity.
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[0008] Accordingly, the present disclosure relates to a method of treating cystic fibrosis in a subject in need thereof
comprising administering to the subject a therapeutically effective amount of a nucleic acid miR-9 inhibitor.
[0009] As used herein, the term "subject" denotes a mammal. A subject according to the disclosure refers to any
subject (preferably human) afflicted or at risk to be afflicted with cystic fibrosis. The method of the disclosure may be
performed for any type of cystic fibrosis such as revised in the World Health Organisation Classification of cystic fibrosis
and selected from the E84 group: mucoviscidosis, Cystic fibrosis with pulmonary manifestations, Cystic fibrosis with
intestinal manifestations and Cystic fibrosis with other manifestations.
[0010] As used herein, the term "ANO1" has its general meaning in the art and refers to the anoctamin-1 protein, also
known as TMEM16A. ANO1 belongs to a protein family composed of 10 members whose primary sequence and predicted
structure (eight transmembrane domains) have no similarity with those of other anion channels. An exemplary human
nucleic acid sequence is the NCBI Reference Sequence NM_018043.5 (SEQ ID NO: 1).
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[0011] The term "miRNAs" refers to mature microRNA (non-coding small RNAs) molecules that are generally 21 to
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22 nucleotides in length, even though lengths of 19 and up to 23 nucleotides have been reported. miRNAs are each
processed from longer precursor RNA molecules ("precursor miRNA": pri-miRNA and pre-miRNA). Pri-miRNAs are
transcribed either from non-protein-encoding genes or embedded into protein-coding genes (within introns or non-coding
exons). The "precursor miRNAs" fold into hairpin structures containing imperfectly base-paired stems and are processed
in two steps, catalyzed in animals by two Ribonuclease III-type endonucleases called Drosha and Dicer. The processed
miRNAs (also referred to as "mature miRNA") are assembled into large ribonucleoprotein complexes (RISCs) that can
associate them with their target mRNA in order to repress translation. All the miRNAs pertaining to the disclosure are
known per se and sequences of them are publicly available from the data base http://www.mirbase.org/cgi-
bin/mirna_summary.pl?org=hsa. As used herein, the "miR-9" microRNA (homologous to miR-79), is a short non-coding
RNA gene involved in gene regulation. The mature ∼21nt miRNAs are processed from hairpin precursor sequences by
the Dicer enzyme. The dominant mature miRNA sequence is processed from the 5’ arm of the miR-9 precursor, and
from the 3’ arm of the mir-79 precursor. The mature products are thought to have regulatory roles through complementarity
to mRNA. An exemplary sequence of miR-9 is found on MiRBase reference sequence MIMAT0000441 (UCUUUGGU-
UAUCUAGCUGUAUGA = SEQ ID NO:2).
[0012] As described herein, a "nucleic acid miR-9 inhibitor" (i.e. a nucleic acid that inhibits miR-9) is any nucleic acid,
for example, an oligonucleotide, that reduces (i.e. inhibits) the biological activity of miR-9. In particular, nucleic acid miR-
9 inhibitors comprise a nucleic acid sequence that is complementary to at least a portion of the nucleic acid sequence
of either miR-9 itself or the target mRNA sequences of miR-9; inhibition of miR-9 therefore occurs by binding of the
inhibitor to miR-9 or to its target mRNA. In both cases, miR-9 is prevented from recognizing and binding its target
sequence and thus cannot induce gene silencing. The nucleic acid miR-9 inhibitor of the disclosure may comprise a
structure that is single stranded, double stranded, partially double-stranded, or hairpin in nature.
[0013] In particular, the nucleic acid miR-9 inhibitor binds to miR-9. Thus, in particular, the nucleic acid miR-9 inhibitor
binds to and sequesters miR-9, so preventing it from binding to its target mRNA sequences. Binding occurs via com-
plementary base pairing between at least one nucleotide present in the nucleic acid miR-9 inhibitor and a corresponding
nucleotide present in miR-9, such that at least a portion of the nucleic acid miR-9 inhibitor and miR-9 together define a
base-paired nucleic acid duplex. Said complementary base pairing (and thus duplex formation) can occur over a region
of two or more contiguous nucleotides of miR-9 (e.g. 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21
contiguous nucleotides). A base-paired nucleic acid duplex formed when the nucleic acid miR-9 inhibitor binds to miR-
9 (as described above) may comprise one or more mismatch pairings. In particular, two or more regions of complementary
base-paired nucleic acid duplex (e.g. 3, 4, 5 or 6) are formed, wherein each region is separated from the next by one
or more mismatch pairings. As used herein, the term "complementary" refers to a nucleic acid molecule that forms
hydrogen bonds with another nucleic acid molecule with Watson-Crick base pairing. Watson-Crick base pairing refers
to the following hydrogen bonded nucleotide pairings: A:T and C:G (for DNA); and A:U and C:G (for RNA). For example,
two or more complementary nucleic acid molecule strands can have the same number of nucleotides (i.e. have the same
length and form one double-stranded region, with or without an overhang) or have a different number of nucleotides
(e.g. one strand may be shorter than but fully contained within another strand or one strand may overhang the other
strand). Mismatch pairings are formed between any two nucleotide bases that together do not form one of the hydrogen-
bonded standard Watson-Crick base pairs of A:U (in RNA), A:T (in DNA) and C:G (in both RNA and DNA). In particular,
the nucleic acid miR-9 inhibitor comprises a nucleic acid sequence complementary to at least a portion of the miR-9
sequence. The nucleic acid miR-9 inhibitor may comprise a nucleic acid sequence complementary to 2, 3, 4, 5, 6, 7, 8,
9, 10, 1 1, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 contiguous nucleotides of miR-9.
[0014] In particular, the nucleic acid miR-9 inhibitor comprises a nucleic acid sequence having at least 70% sequence
identity to a complementary (i.e. antisense) sequence of miR-9. According to the disclosure a first nucleic acid sequence
having at least 70% of identity with a second nucleic acid sequence means that the first sequence has 70; 71; 72; 73;
74; 75; 76; 77; 78; 79; 80; 81; 82; 83; 84; 85; 86; 87; 88; 89; 90; 91; 92; 93; 94; 95; 96; 97; 98; 99 or 100% of identity
with the second nucleic acid sequence. Sequence identity is frequently measured in terms of percentage identity (or
similarity or homology); the higher the percentage, the more similar are the two sequences. Methods of alignment of
sequences for comparison are well known in the art. Various programs and alignment algorithms are described in: Smith
and Waterman, Adv. Appl. Math., 2:482, 1981; Needleman and Wunsch, J. Mol. Biol., 48:443, 1970; Pearson and
Lipman, Proc. Natl. Acad. Sci. U.S.A., 85:2444, 1988; Higgins and Sharp, Gene, 73:237-244, 1988; Higgins and Sharp,
CABIOS, 5:151-153, 1989; Corpet et al. Nuc. Acids Res., 16:10881-10890, 1988; Huang et al., Comp. Appls Biosci.,
8:155-165, 1992; and Pearson et al., Meth. Mol. Biol., 24:307-31, 1994). Altschul et al., Nat. Genet., 6:119-129, 1994,
presents a detailed consideration of sequence alignment methods and homology calculations. By way of example, the
alignment tools ALIGN (Myers and Miller, CABIOS 4:11-17, 1989) or LFASTA (Pearson and Lipman, 1988) may be used
to perform sequence comparisons (Internet Program® 1996, W. R. Pearson and the University of Virginia, fasta20u63
version 2.0u63, release date December 1996). ALIGN compares entire sequences against one another, while LFASTA
compares regions of local similarity. These alignment tools and their respective tutorials are available on the Internet at
the NCSA Website, for instance. Alternatively, for comparisons of amino acid sequences of greater than about 30 amino
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acids, the Blast 2 sequences function can be employed using the default BLOSUM62 matrix set to default parameters,
(gap existence cost of 11, and a per residue gap cost of 1). When aligning short peptides (fewer than around 30 amino
acids), the alignment should be performed using the Blast 2 sequences function, employing the PAM30 matrix set to
default parameters (open gap 9, extension gap 1 penalties). The BLAST sequence comparison system is available, for
instance, from the NCBI web site; see also Altschul et al., J. Mol. Biol., 215:403-410, 1990; Gish. & States, Nature Genet.,
3:266-272, 1993; Madden et al. Meth. Enzymol., 266:131-141, 1996; Altschul et al., Nucleic Acids Res., 25:3389-3402,
1997; and Zhang & Madden, Genome Res., 7:649-656, 1997. Thus, in particular, the nucleic acid miR-9 inhibitor com-
prises a sequence complementary to miR-9. In particular, the nucleic acid miR-9 inhibitor comprises a nucleic acid
sequence that differs from the complementary (i.e. antisense) sequence of miR9 at a maximum of 10 (e.g. a maximum
of 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1) nucleotide positions. In particular, the nucleic acid miR-9 inhibitor comprises a nucleic
acid sequence that differs from the complementary (i.e. antisense) sequence of miR9 at a maximum of 5 (e.g. a maximum
of 4, 3, 2, or 1) nucleotide positions. Thus, said nucleic acid sequence is identical to the complementary (i.e. antisense)
sequence of miR9 except at a limited number of nucleotide positions. In particular, the nucleic acid miR-9 inhibitor, as
described above, has a maximum length of 60 (for example 55, 50, 45, 40, 35, 30, or 25) nucleotides.
[0015] In particular, the nucleic acid miR-9 inhibitor is a miR-9 antagomir. As used herein, an "antagomir" is a nucleic
acid oligomer that is designed to bind to a specific target microRNA via complementary base pairing (for example, as
described above). An antagomir may have a sequence that is wholly or partially complementary to the microRNA target
sequence. Antagomirs may have a single stranded, double stranded, partially double-stranded, or hairpin structure.
Antagomirs may further comprise chemically modified nucleotides (e.g. as described below). Methods for designing and
creating antagomirs are known in the art.
[0016] In particular, the nucleic acid miR-9 inhibitor is a miR-9 microRNA-sponge. As used herein, the term "microRNA-
sponge" is a nucleic acid that comprises multiple (e.g. at least 2, 3, 4, 5 or 6) binding sites for a specific target microRNA.
Thus, a microRNA-sponge is able to bind and sequester multiple target microRNA molecules. A microRNA sponge may
comprise an mRNA expressed from a vector (e.g. a viral vector or plasmid vector). The presence in a microRNA-sponge
of multiple binding sites for the target microRNA enables microRNAs to be adsorbed in a manner analogous to a sponge
soaking up water. A microRNA-sponge may bind target microRNAs via complementary base pairing (for example, as
described above). Thus, a microRNA-sponge may comprise multiple (e.g. at least 2, 3, 4, 5 or 6) nucleic acid sequences,
each sequence being complementary to at least a portion of the microRNA target sequence. A microRNA- sponge may
comprise multiple (e.g. at least 2, 3, 4, 5 or 6) nucleic acid sequences, wherein each sequence is complementary to the
microRNA target sequence. Methods for designing and creating microRNA-sponges are known in the art. In particular,
the nucleic acid miR-9 inhibitor comprising two or more nucleic acid sequences, wherein each of said two or more nucleic
acid sequences has at least 70% sequence identity to the complementary (i.e. antisense) sequence of miR9 is a miR-
9 microRNA sponge.
[0017] Thus, in particular, the nucleic acid miR-9 inhibitor does not bind directly to miR-9 but instead binds to a miR-
9 mRNA target site in the ANO1 nucleic acid sequence. This has the effect of blocking said target site (for example, by
steric interference), preventing its recognition and binding by miR-9, and thus inhibiting miR-9 and its actions. In contrast
to the binding of miR-9 to an mRNA target site, the binding of the nucleic acid miR-9 inhibitor of the disclosure to a miR-
9 mRNA target site does not induce gene silencing (e.g. by mRNA degradation or translational repression) of said target
mRNA. In particular, the miR-9 mRNA target site is located on an ANO1 3 ’ UTR. In particular, the miR-9 inhibitor is a
Target Site Blocker (TSB). Binding of the nucleic acid miR-9 inhibitor to a miR-9 mRNA target site may occur via
complementary base pairing, as described above. Thus, in particular, binding between the nucleic acid miR-9 inhibitor
and the miR-9 mRNA target site occurs via complementary base pairing between at least one nucleotide present in the
nucleic acid miR-9 inhibitor and a corresponding nucleotide present in the miR-9 mRNA target site, such that at least a
portion of the nucleic acid miR-9 inhibitor and the miR-9 mRNA target site together define a base-paired nucleic acid
duplex. Said complementary base pairing (and thus duplex formation) can occur over a region of two or more contiguous
nucleotides of the miR-9 mRNA target site (e.g. 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 contiguous
nucleotides). A base-paired nucleic acid duplex formed when the nucleic acid miR-9 inhibitor binds to the miR-9 mRNA
target (as described above) may comprise one or more mismatch pairings. In particular, two or more regions of com-
plementary base-paired nucleic acid duplex (e.g. 3, 4, 5 or 6) are formed, wherein each region is separated from the
next by one or more mismatch pairings. In particular, the mRNA target site is located on the 3’ UTR (untranslated region)
of the target ANO1 mRNA. In particular, wherein the nucleic acid miR-9 inhibitor competes with miR-9 for binding to a
miR-9 mRNA target site, the nucleic acid comprises the nucleic acid sequence TTTTCTCCGTCTTTGGGACCT (SEQ
ID NO: 3). Thus, said nucleic acid sequence will bind to the miR-9 mRNA target site in ANO1 via complementary binding
at the location targeted by the seed region of miR-9, thus preventing miR-9 from binding.
[0018] In particular, the nucleic acid miR-9 inhibitor is a small interfering RNA (siRNA) that is targeted against miR-9.
As used herein the term "siRNA" has its general meaning in the art and refers to a double-stranded interfering RNA.
siRNA useful in the present methods comprise short double-stranded RNA from about 17 nucleotides to about 29
nucleotides in length, preferably from about 19 to about 25 nucleotides in length. The siRNA comprise a sense RNA
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strand, and a complementary antisense RNA strand annealed together by standard Watson-Crick base-pairing interac-
tions (hereinafter "base-paired"). The sense strand comprises a nucleic acid sequence which is substantially identical
to a nucleic acid sequence contained within the target miRNA. As used herein, a nucleic acid sequence in a siRNA
which is "substantially identical" to a target sequence contained within the target mRNA is a nucleic acid sequence that
is identical to the target sequence, or that differs from the target sequence by one or two nucleotides. The sense and
antisense strands of the siRNA can comprise two complementary, single-stranded RNA molecules, or can comprise a
single molecule in which two complementary portions are base-paired and are covalently linked by a single-stranded
"hairpin" area. The siRNA can also be altered RNA that differs from naturally-occurring RNA by the addition, deletion,
substitution and/or alteration of one or more nucleotides. Such alterations can include addition of non-nucleotide material,
such as to the end(s) of the siRNA or to one or more internal nucleotides of the siRNA, or modifications that make the
siRNA resistant to nuclease digestion, or the substitution of one or more nucleotides in the siRNA with deoxyribonucle-
otides. One or both strands of the siRNA can also comprise a 3 overhang. As used herein, a "3’ overhang" refers to at
least one unpaired nucleotide extending from the 3’-end of a duplexed RNA strand. Thus, in particular, the siRNA
comprises at least one 3’ overhang of 1 to about 6 nucleotides (which includes ribonucleotides or deoxyribonucleotides)
in length, preferably from 1 to about 5 nucleotides in length, more preferably from 1 to about 4 nucleotides in length,
and particularly preferably from about 2 to about 4 nucleotides in length. In particular, the 3’ overhang is present on both
strands of the siRNA, and is 2 nucleotides in length. For example, each strand of the siRNA can comprise 3’ overhangs
of dithymidylic acid ("TT") or diuridylic acid ("uu").
[0019] The nucleic acid miR-9 inhibitor of the disclosure may be a ribonucleic acid (RNA) or a deoxyribonucleic acid
(DNA), or may comprise both RNA and DNA. Thus, in some particular, a nucleic acid miR-9 inhibitor (as described
above) comprises RNA. In particular, a nucleic acid miR-9 inhibitor (as described above) comprises DNA. Unless spe-
cifically indicated otherwise, nucleic acid sequences in this document are written in the direction 5 ’-3’. As would be
understood by a person skilled in the art, nucleic acid sequences written as RNA and containing the nucleotide U may
equally be written as DNA by substituting T for U. Reference to nucleic acid(s) and/or nucleotide(s) embraces modified
nucleic acid(s) and modified nucleotide(s). For example, a nucleic acid or nucleotide may be modified to increase the
stability of said nucleic acid or nucleotide, for instance by improving resistance to nuclease degradation. In particular, a
modified nucleic acid comprises a locked nucleic acid (LNA) nucleotide. In more detail, the ribose moiety of an LNA
nucleotide is modified with an extra bridge connecting the 2’ oxygen and 4’ carbon. The bridge "locks" the ribose in the
3’-endo (North) conformation, which is often found in A- form nucleic acid duplexes. LNA nucleotides can be mixed with
DNA or RNA residues in an oligonucleotide whenever desired. The locked ribose conformation enhances base stacking
and backbone pre-organization. This significantly increases the hybridization properties (melting temperature) of oligo-
nucleotides. Other examples of modified nucleotides include 2’-methoxyethoxy (MOE) nucleotides; 2’-methyl-thio-ethyl,
2’-deoxy-2’-fluoro nucleotides. 2’-deoxy-2’-chloro nucleotides, 2’- azido nucleotides, and 2’-0-methyl nucleotides. A nu-
cleic acid molecule of the disclosure may also be conjugated to one or more cholesterol moieties. Thus, in particular,
the nucleic acid miR-9 inhibitor is conjugated to at least one (for example, 1, 2, 3, or 4) cholesterol moiety. A nucleic
acid miR-9 inhibitor of the disclosure may be constructed such that all of its nucleotides are modified nucleotides. Thus,
in particular, the nucleic acid miR-9 inhibitor consists of modified nucleotides. In particular, said modified nucleotides
consist of LNA nucleotides, or 2’-O-methyl modified nucleotides, or 2’-0- methoxyethyl modified nucleotides, or 2’-fluoro
modified nucleotides. In particular, the nucleic acid miR-9 inhibitor is a synthetic 2’-O-methyl RNA oligonucleotide, and
which competes with miR-9 target mRNAs with stronger binding to the miRNA-associated gene silencing complex.
Nucleic acid analogs are composed of three parts: a phosphate backbone, a pucker-shaped pentose sugar, either ribose
or deoxyribose, and one of four nucleobases. An analog may have any of these altered. Typically the analog nucleobases
confer, among other things, different base pairing and base stacking proprieties. Examples include universal bases,
which can pair with all four canon bases, and phosphate-sugar backbone analogs such as PNA, which affect the properties
of the chain. Artificial nucleic acids include peptide nucleic acid (PNA), Morpholino and LNA, as well as glycol nucleic
acid (GNA) and threose nucleic acid (TNA). Each of these is distinguished from naturally-occurring DNA or RNA by
changes to the backbone of the molecule. Thus, in particular, the nucleic acid miR-9 inhibitor (as described above) is a
nucleic acid analog selected from: a peptide nucleic acid (PNA), a glycol nucleic acid (GNA), a threose nucleic acid
(TNA), and a morpholino. The nucleic acid miR-9 inhibitor (as described above) may comprise at least one (e.g. 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 18 or 20) modified phosphodiester linkage. In particular, the modified phosphodiester
linkage is a phosphorothioate linkage. In particular, all of the phosphodiester linkages are modified phosphodiester
linkages.
[0020] The nucleic acid molecules of the disclosure may be made using any suitable process known in the art. Thus,
the nucleic acid molecules may be made using chemical synthesis techniques. Alternatively, the nucleic acid molecules
of the disclosure may be made using molecular biology techniques.
[0021] In one aspect, the disclosure provides a nucleic acid vector comprising a nucleic acid sequence encoding a
nucleic acid miR-9 inhibitor as described above. For example, the nucleic acid molecules of the present disclosure may
be delivered into a target cell using a viral vector. The viral vector may be any virus which can serve as a viral vector.
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Suitable viruses are those which infect the target cells, can be propagated in vitro, and can be modified by recombinant
nucleotide technology known in the art. Thus, in one aspect, the disclosure provides a viral vector comprising a nucleic
acid sequence encoding a nucleic acid inhibitor of miR-9 (as described above), for use in the prevention or treatment
of cystic fibrosis in a subject. Viral vectors suitable for use in the present disclosure include poxvirus vectors (such as
non-replicating poxvirus vectors), adenovirus vectors, and adeno-associated virus (AAV) vectors. As used herein, a
"non-replicating viral vector" is a viral vector which lacks the ability to productively replicate following infection of a target
cell. Thus, the ability of a non- replicating viral vector to produce copies of itself following infection of a target cell (such
as a human target cell in an individual undergoing vaccination with a non- replicating viral vector) is highly reduced or
absent. Such a viral vector may also be referred to as attenuated or replication-deficient. The cause can be loss/deletion
of genes essential for replication in the target cell. Thus, a non-replicating viral vector cannot effectively produce copies
of itself following infection of a target cell. Non- replicating viral vectors may therefore advantageously have an improved
safety profile as compared to replication-competent viral vectors. A non-replicating viral vector may retain the ability to
replicate in cells that are not target cells, allowing viral vector production. By way of example, a non-replicating viral
vector (e.g. a non- replicating poxvirus vector) may lack the ability to productively replicate in a target cell such as a
mammalian cell (e.g. a human cell), but retain the ability to replicate (and hence allow vector production) in an avian cell
(e.g. a chick embryo fibroblast, or CEF, cell). In particular, the non-replicating poxvirus vector is selected from: a Modified
Vaccinia virus Ankara (MVA) vector, a NYVAC vaccinia virus vector, a canarypox (ALVAC) vector, and a fowlpox (FPV)
vector. MVA and NYVAC are both attenuated derivatives of vaccinia virus. Compared to vaccinia virus, MVA lacks
approximately 26 of the approximately 200 open reading frames. In particular, the adenovirus vector is a non-replicating
adenovirus vector (wherein non-replicating is defined as above). Adenoviruses can be rendered non- replicating by
deletion of the El or both the E1 and E3 gene regions. In particular, the adenovirus vector is selected from: a human
adenovirus vector, a simian adenovirus vector, a group B adenovirus vector, a group C adenovirus vector, a group E
adenovirus vector, an adenovirus 6 vector, a PanAd3 vector, an adenovirus C3 vector, a ChAdY25 vector, an AdC68
vector, and an Ad5 vector.
[0022] According to the disclosure, the nucleic acid miR-9 inhibitor is administered to the subject using any suitable
method that enables the nucleic acid miR-9 inhibitor to reach the lungs. The nucleic acid miR-9 inhibitor (as described
above) may be administered to a subject by any suitable means known in the art. In particular, the nucleic acid miR-9
inhibitor (as described above) is administered to the subject systemically (i.e. via systemic administration). Thus, in
particular, the nucleic acid miR-9 inhibitor (as described above) is administered to the subject such that it enters the
circulatory system and is distributed throughout the body. In particular, the nucleic acid miR-9 inhibitor (as described
above) is administered to the subject by local administration, for example by local administration to the lungs.
[0023] In particular, the nucleic acid miR-9 inhibitor is delivered by any device adapted to introduce one or more
therapeutic compositions into the upper and/or lower respiratory tract. The devices may be adapted to deliver the
therapeutic compositions of the disclosure in the form of a finely dispersed mist of liquid, foam or powder. The device
may use a piezoelectric effect or ultrasonic vibration to dislodge powder attached on a surface such as a tape in order
to generate mist suitable for inhalation. The devices may use any propellant system known to those in the art including,
but not limited to, pumps, liquefied- gas, compressed gas and the like. Devices of the present disclosure typically comprise
a container with one or more valves through which the flow of the therapeutic composition travels and an actuator for
controlling the flow. The devices suitable for administering the constructs of the disclosure include inhalers and nebulizers.
Various designs of inhalers are available commercially and may be employed to deliver the medicaments of the disclosure.
These include the Accuhaler, Aerohaler, Aerolizer, Airmax, Autohaler, Clickhaler, Diskhaler, Easi-breathe inhaler,
Fisonair, Integra, Jet inhaler, Miat-haler, Novolizer inhaler, Pulvinal inhaler, Rotahaler, Spacehaler, Spinhaler, Syncroner
inhaler and Turbohaler devices. Thus, in particular, the delivery is done by means of a nebulizer or other aerosolisation
device provided the integrity of the nucleic acid miR-9 inhibitor is maintained.
[0024] The nucleic acid miR-9 inhibitor may be administered to the subject in a single delivery, such as a bolus delivery.
Alternatively, the nucleic acid miR-9 inhibitor may be administered to the subject using a continuous delivery technique,
such as a timed infusion. The nucleic acid miR-9 inhibitor may be administered using a repeated delivery regimen, for
example on an hourly, daily or weekly basis. Nucleic acid miR-9 inhibitor dosages may be achieved by single or multiple
administrations. By way of example, the nucleic acid miR-9 inhibitor may be administered to the subject in a regimen
consisting of a single administration. Alternatively, the nucleic acid miR-9 inhibitor may be administered to the subject
in a regimen comprising multiple administrations. For example, an administration regimen may comprise multiple ad-
ministrations per day, or daily, weekly, bi-weekly, or monthly administrations. An example regimen comprises an initial
administration followed by multiple, subsequent administrations at weekly or bi-weekly intervals. Another example reg-
imen comprises an initial administration followed by multiple, subsequent administrations at monthly or bi-monthly in-
tervals. Alternatively, administration of the nucleic acid miR-9 inhibitor can be guided by monitoring of CF symptoms in
the subject. Thus, an example regimen comprises an initial administration followed by multiple, subsequent administra-
tions carried out on an irregular basis as determined by monitoring CF symptoms in the subject. Methods for delivering
nucleic acids are known in the art and will be familiar to a skilled person. By way of example, suitable nucleic acid delivery
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methods include ionophoresis, microspheres (e.g. bioadhesive microspheres), nanoparticles, dendritic polymers, lipo-
somes, hydrogels, cyclodextrins, and proteinaceous vectors.
[0025] By a "therapeutically effective amount" of the nucleic acid miR-9 inhibitor as above described is meant a sufficient
amount of the inhibitor to reach a therapeutic effect. It will be understood, however, that the total daily usage of the
compounds and compositions of the present disclosure will be decided by the attending physician within the scope of
sound medical judgment. The specific therapeutically effective dose level for any particular subject will depend upon a
variety of factors including the disorder being treated and the severity of the disorder; activity of the specific compound
employed; the specific composition employed, the age, body weight, general health, sex and diet of the subject; the time
of administration, route of administration, and rate of excretion of the specific compound employed; the duration of the
treatment; drugs used in combination or coincidential with the specific inhibitor used; and like factors well-known in the
medical arts. For example, it is well within the skill of the art to start doses of the compound at levels lower than those
required to achieve the desired therapeutic effect and to gradually increase the dosage until the desired effect is achieved.
However, the daily dosage of the products may be varied over a wide range from 0.01 to 1,000 mg per adult per day.
Typically, the compositions contain 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 100, 250 and 500 mg of the
active ingredient for the symptomatic adjustment of the dosage to the subject to be treated. A medicament typically
contains from about 0.01 mg to about 500 mg of the active ingredient, preferably from 1 mg to about 100 mg of the active
ingredient. An effective amount of the drug is ordinarily supplied at a dosage level from 0.0002 mg/kg to about 20 mg/kg
of body weight per day, especially from about 0.001 mg/kg to 7 mg/kg of body weight per day.
[0026] For administration to a subject, the nucleic acid miR-9 inhibitor (or a viral vector encoding said nucleic acid
miR-9 inhibitor) may be formulated as a pharmaceutical composition comprising a nucleic acid miR-9 inhibitor (as
described above) or a viral vector (as described above) (as active ingredient). Such a pharmaceutical composition can
be formulated according to known methods for preparing pharmaceutical compositions, such as by combining a nucleic
acid miR-9 inhibitor or viral vector with a pharmaceutically acceptable carrier. Non-limiting examples of pharmaceutically
acceptable carriers including water, saline and phosphate-buffered saline. The pharmaceutical composition in addition
to a pharmaceutically acceptable carrier can further be combined with one or more of salt, excipient, diluent, albumin,
immunoregulatory agent and/or antimicrobial compound. Pharmaceutically acceptable salts include acid addition salts
formed with inorganic acids such as, for example, hydrochloric or phosphoric acids, or with organic acids such as acetic,
oxalic, tartaric, maleic, and the like. Salts formed with the free carboxyl groups may also be derived from inorganic bases
such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such organic bases as isopro-
pylamine, trimethylamine, 2- ethylamino ethanol, histidine, procaine, and the like. Suitable excipients are, for example,
water, saline, dextrose, glycerol, ethanol, or the like and combinations thereof. In addition, if desired, the pharmaceutical
compositions may contain minor amounts of auxiliary substances such as wetting or emulsifying agents, and/or pH
buffering agents. Examples of buffering agents include, but are not limited to, sodium succinate (pH 6.5), and phosphate
buffered saline (PBS; pH 6.5 and 7.5). Thus, in one aspect, the disclosure provides a pharmaceutical composition
comprising a nucleic acid miR-9 inhibitor (as described above) or a viral vector (as described above) and a pharmaceu-
tically acceptable carrier. The pharmaceutical composition may contain 5% to 95% of nucleic acid miR-9 inhibitor or viral
vectors, such as at least 10%, at least 25%, at least 40%, or at least 50, 55, 60, 70 or 75%.
[0027] The disclosure will be further illustrated by the following figures and examples. However, these examples and
figures should not be interpreted in any way as limiting the scope of the present disclosure.

FIGURES:

[0028]

Figure 1: Down-regulation of ANO1 mRNA and up-regulation of miR-9 are correlated in human bronchial
epithelial cell lines. a/ Relative expression levels of ANO1 mRNA in non-CF (16HBE14o-; n=5) and CF (CFBE41o-;
n=6) human bronchial epithelial cells. Data are quantified by qRT-PCR and are represented as fold change compared
with normalized controls. b/ miR-9 expression in non-CF and CF bronchial epithelial cell lines measured by qRT-
PCR. Relative expression levels were normalized to RNU6B. Data are represented as mean +/- SD and were
compared by t test. All qRT-PCR experiments were performed in triplicate. c/ Negative correlation between miR-9
and ANO1 mRNA expression levels in non-CF and CF bronchial epithelial cell lines (Pearson’s correlation analysis
p=0.012).
Figure 2: miR-9 regulates ANO1 expression, ANO1 chloride activity and migration rate of non-CF cells. Non-
CF cells (16HBE14o-) were transfected with a mimic of miR-9 (30nM) or a negative control during 48 h. a/ ANO1
mRNA expression was analyzed by RT-qPCR and normalized to GAPDH (n=3). b/ ANO1 protein expression was
analyzed by western-blot using anti-ANOl antibody and normalized to β-actin (n=3). c/ ANO1 chloride channel activity
assessed by I- quenching of halide-sensitive YFP-H148q/I152L protein. Representative and original traces of ANO1
chloride activity (left) and quantification (right) of non-CF cells transfected with a mimic of mir-9 or negative control
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(n=8 in triplicate). d/ Representative images taken during 4 h of wound closure of non-CF cells transfected with a
mimic of miR-9 or a negative control (left) and quantification of migration rates during repair (n=5).
Figure 3: miR-9 directly target ANO1 3’UTR in non-CF and CF cells. a/ Relative luciferase activity in non-CF
cells (16HBE14o-) transiently transfected with a luciferase-3’UTR ANO1 vector or a luciferase-3’UTR ANO1 vector
mutated for miR-9 binding sites and co-transfected with a mimic of miR-9 (mimic miR-9) or a negative control
(control). Firefly luciferase activity was normalized to the Renilla luciferase activity (n=3 with 8 replicates). b/ Relative
luciferase activity in CF cells (CFBE41o-) transiently transfected with a luciferase-3’UTR ANO1 vector or a luciferase-
3’UTR ANO1 vector mutated for miR-9 binding sites and co-transfected with an inhibitor of miR-9 (inh miR-9) or a
negative control (control). Firefly luciferase activity was normalized to the Renilla luciferase activity (n=3 with 8
replicates). Histograms represent the average value +/- SD and were compared by t test.
Figure 4: Specific TSB allows to increase ANO1 expression, chloride activity and migration rate of CF cells.
CF cells (CFBE41o-) were transfected with a control LNA (control) or ANO1 TSB during 24 h. a/ ANO1 protein
expression was analyzed and quantified by western-blot using anti-ANOl antibody and normalized to β-actin (n=4).
b/ Kinetic of YFP-H148Q/I152L protein quenching after injection of I- in the medium. 24 h After transfection with
YFP-H148Q/I152L plasmid cells are selectively microinjected with the control or ANO1 TSB as indicated in the
images. Scale bar 5 mm. c/ Representative and original traces of ANO1 chloride activity (left) and quantification
(right) of CF bronchial epithelial cells transfected with ANO1 TSB or a negative control (n=8 in triplicate) and compared
to non-CF cells (16HBE14o-). d/ Migration rates during repair of CF cells. Representative images were taken during
4 h of wound closure of CF cells (left) and quantification (right) (n=5). Scale bar 10 mm. Histograms represent the
average value +/- SD and were compared by t test.
Figure 5: Specific TSB allows to increase ANO1 expression, chloride activity and migration rate of primary
CF cells. Primary human bronchial epithelial cells (hAECB) and fully differentiated human bronchial air-liquid-
interface cultures, isolated from bronchial biopsies from CF (F508del/F508del) patients were transfected with a
control LNA (control) or ANO1 TSB every day during 3 days: a/ Confocal microscopic analysis of TSB fluorescein-
conjugated transfected in the human bronchial cells isolated from CF patient (green). The nucleus was stained with
DAPI (blue) and merged images are shown. Scale bars 10mm. b/ ANO1 protein expression was analyzed and
quantified by western-blot using anti-ANOl antibody and normalized to β-actin (n=6). c/ Representative and original
traces of ANO1 chloride activity (left) and quantification (right) of hAECB CF cells transfected with ANO1 TSB or a
negative control (n=4). d/ Migration rates during repair of primary CF cells. Representative photographs were taken
during 4 h of wound closure of CF cells (left) and quantification (right) (n=4). Scale bar 20 mm. e/ Effect of control
or ANO1 TSB on mucus dynamics after 30 days of transfection. The movements of 100 beads were quantified for
each condition and the average speed in mm/ms were determined. Scale bar 40 mm. Histograms represent the
average value +/- SD and were compared by t test.
Figure 6: Use of specific TSB is well tolerated in mice and increases ANO1 chloride activity in CF mice. a/
Representative and original traces of ANO1 chloride activity (left) and quantification (right) of MLE15 cells transfected
with a control LNA (control) or ANO1 TSB. b/ Plan of the experiment for CF mice. Intranasal instillation of a control
or ANO1 TSB were done at days 7 and 14 after reception and mice were sacrificed at day 21. c/ Growth curves of
mice from the day of the reception. Arrows represent intranasal instillation. d/ Representative and original traces of
ANO1 chloride activity (left) and quantification (right) of cells isolated from CF mice instilled with ANO1 TSB or a
negative control.
Figure 7: Specific TSB increases ANO1 chloride activity of human cystic fibrosis bronchial gland cells.
Human cystic fibrosis bronchial gland cells (KM4) were transfected with a control LNA (control) or ANO1 TSB during
24h. Representative and original traces of ANO1 chloride activity (left) and quantification (right) of CF bronchial
gland cells. Quantification was obtained from 3 differents experiments with 24 wells/experiment/condition.

EXAMPLE:

Material & Methods

Bioinformatics analysis of miRNAs targets genes

[0029] The role of miRNAs in the regulation of ANO1 expression has been examined using computational studies
showed that the 3’ UTR of ANO1 is predicted to contain numerous seed regions recognized by a variety of miRNAs.
The putative miRs predicted for ANO1 mRNA were identified and compared using the online target prediction algorithm:
Targetscan (http://www.targetscan.org), Pictar (http://pictar.mdc-berlin.de), miRDB (http://mirdb.org/miRDB) and mi-
RANDA (http://www.microrna.org). NCBI and Ensembl genome browsers (http://www.ensembl.org/index.html) provided
information of human ANO1 gene (NM_018043; ENST00000355303).
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Cell culture

[0030] The human bronchial epithelial cell lines 16HBE14o- (non-CF) and CFBE41o- (CF) were obtained as a gift
from Dr. D.C. Gruenert (San Francisco, CA, USA) and cultured in MEM containing 10% bovine growth serum and 1%
penicillin/streptomycin. Cells cultures were grown and maintained at 37°C in a 5% CO2 humidified incubator. Primary
human bronchial epithelial cells (hAECB) are fully differentiated human bronchial air-liquid interface cultures (MucilAir™),
isolated from bronchial biopsies from CF (F508del/F508del) patients, were purchased from Epithelix SARL (Geneva,
Switzerland) and cultured according to the provider’s recommendations.

Cell transfection: mimic, inhibitor and target site blocker

[0031] Non-CF and CF cell lines were transfected with miR-9 mimic, miR-9 inhibitor or negative control (Thermo
Fischer Scientific, France) using HiPerfect (Qiagen, France) at 30nM according to the manufacturer’s instructions. Forty-
eight hours after transfection, cells were lysed for miRNAs and RNAs extraction or proteins extraction. CF cell lines were
transfected with LNA-enhanced oligonucleotides designed to overlap miR-9 target site in ANO1 3’UTR (ANO1 TSB) or
with a miRCURY LNA (Locked Nucleic Acid) microRNA inhibitor negative control (LNA control) (Exiqon, Denmark) using
Interferin (Polyplus, Ozyme, France). 24h after transfection, cells were lysed for proteins extraction, or experiments were
performed for chloride activity or migration assays. hAECB cells were transfected adding medium containing LNA control
or TSB ANO1 without any transfection reagent to the upper compartment of ALI (Air-Liquid Interface) cells. After 2h at
37°C, the medium was removed from the upper compartment to restore the ALI condition. Freshly prepared LNA control
or TSB ANO1 were added every day for three days and ANO1 expression, ANO1 chloride activity and migration were
assessed 24h post-treatment.

Luciferase assay

[0032] For these experiments, we used the ANO1-3’UTR-pMirTarget Vector luciferase plasmid (Origene Technologies,
Rockville, USA) and a mutated ANO1 3’UTR-pMir vector mutagenized in the seed region of miR-9 (MIMAT0000441).
CF and non-CF cells were seeded in 24-well plates and were transfected next day with 0.5mg pMir vector and 0.1mg
Renilla luciferase vector using Exgen 500 (Euromedex, France). Cells were cotransfected with 30nM mimic of miR-9,
an inhibitor of miR-9 or a negative control (Thermo Fischer Scientific, France). Lysates were prepared 48h hours after
transfection and assayed for both Firefly and Renilla luciferase using luciferase assay system (Promega, France). Firefly
luciferase activity was normalized to the Renilla luciferase activity.

RNAs and miRNAs extraction and quantitative RT-PCR (qRT-PCR) analysis

[0033] RNAs and miRNAs were extracted using Macherey-Nagel kit (Düren, Germany). Reverse Transcription (RT)
for human miR-9 and RNU6B were carried out with TaqMan MicroRNA Assay kit (Thermo Fischer Scientific) using 20ng
miRNAs sample. RT for ANO1 and GAPDH were done using High Capacity cDNA Reverse Transcription kit (Thermo
Fischer Scientific) using 1mg RNA sample. Quantitative PCR was performed using an ABI StepOnePlus™ (Thermo
Fischer Scientific) and TaqMan technology. For relative quantification, the ANO1 mRNA level, calculated using the 2-
ΔΔCt method was normalized to GAPDH and the expression levels of respective non-CF models and miR-9 level was
normalized for RNU6B. Each sample was assessed in triplicate to ensure experiment quality.

Western-blot analysis

[0034] As previously detailed, 20 mg of total proteins extract was reduced and size-separated on 8% SDS-polyacry-
lamide gels then transferred to PVDF membranes (Bio-Rad, Marnes-la-Coquette, France), blocked in 5% BSA (PAA,
Les Mureaux, France). Next, the membranes were incubated with specific primary antibodies against ANO1 (Abcam,
Paris, France) and β-actin (Sigma, Saint Quentin Fallavier, France). The proteins of interest were detected, imaged,
and quantified as previously described.

Migration assays

[0035] Migration assays were performed using specific wound assays chambers (Ibidi, Biovalley, Marne la Vallée,
France) that provided uniform wounds between two monolayers. A constant number of cells producing a confluent layer
within 72 h were seeded in each well of Ibidi® silicone culture-inserts. The cells were incubated at 37 °C and 5% CO2.
After 24h, cells were transfected with a mimic of miR-9 or a negative control (Life Technologies, Saint Aubin, France)
or a TSB ANO1/LNA control (Exiqon). The culture insert was removed 48h later, leaving a cell-free gap (or wound) for
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cell colonization. For hAECB cells, wounds were done using a tip soaked in liquid nitrogen. Wound closure was observed
for 4h under an Axiovert 200 microscope with a chamber to maintain 37 °C and 5% CO2. Mean migration rates during
wound closure were assessed in three areas of the gap. At each time point and in each field, five lengths were measured
using AxioVision Rel software (Zeiss).

ANO1 Chloride activity

[0036] ANO1 Cl- activity was assessed by I- quenching of halide-sensitive YFP-H148Q/I152L protein (Thermo Fischer
Scientific). The probe was transfected into the cells and, after 48h of culturing, conductance was stimulated with UTP
(10 mM). I- solution (140 mM) was added, and fluorescence was recorded into a plate reader as previously described.
The initial I- influx rate following the addition of each solution was computed from changes in YFP fluorescence data
using non-linear regression and represents the original and representative traces. For quantitative analysis, the slope
for fluorescence quenching was performed using a linear regression and correlates to the size of the chloride conductance
(I- uptake). The rate of change (ΔF/min) is used for bar graph representation.

Microinjection experiments

[0037] Cells were seed on Ibidi Dishes with bottom glass 24h after transfection by halide-sensitive YFP-H148Q/I152L
protein, ANO1TSB or control TSB were microinjected in CF cells using Xenowork micromanipulator and digital micro-
injector (Sutter Instrument, CA, USA). To discriminate the different transfection, ANO1 TSB was microinjected with
Dextran Texas Red neutral (Thermo Fischer Scientific). 4h after microinjection, activation of cells by I- were performed
by a microperfusion system (Valvelink from Automate Scientific, CA, USA) and were recorded with an x63 objective lens
on an Axiovert 200 microscope (Zeiss). Quantification was performed with ImageJ software (US National Institutes of
Health, ML, USA).

Animals

[0038] All experiments were performed in accordance with our Institutional Animal Care and Use Department (approval
20150511145844v3 of the Ethical Committee for Laboratory Animal Care Charles Darwin France). The study was carried
out on CF male mouse model Cftrtm1Eur mice homozygous for the F5058del mutation in the 129/FVB outbreed background
F508del-CFTR and their normal littermates. Animals were maintained in the Specific Pathogen Free mouse facility of
Paris 6 with access to food and water ad libitium and weight was recorded every day. Mice were obtained form CDTA-
CNRS (Orleans, France) after weaning at 8 weeks of age. To minimize bowel obstruction a commercial available osmotic
laxative containing polyethylene glycol (PEG-3350) and electrolytes (Movicol®) was continuously supplied at 6% in the
drinking water10. Prior to instillation, mice were anesthetized with 2.5% isoflurane delivered in O2 (2 L/min). Intranasal
administration of each challenge dose (one per week during 2 weeks) of TSB (10mg/kg) was performed by pipetting the
solution onto the outer edge of each nare of the mice. Mice receiving isoflurane anesthesia were removed from the
induction chamber, and instillation was performed immediately. After 7 days of last challenge, mice were sacrificed by
a lethal dose of CO2. After exsanguination, the chest wall was opened and the trachea isolated. Premo Halide sensor
was performed on a section of the trachea according to the manufacturer’s instructions, and chloride activity was recorded
as previously described.

Statistical Analysis

[0039] All data are described as mean 6 SD. In the figure legends, n indicates the number of repeated experiments.
Between-group differences were tested using the Student t-test. Values of p lower than 0.05 were considered significant;
in the figures, statistically significant differences with p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***) are indicated.

Results

[0040] Down-regulation of ANO1 and up-regulation of miR-9 are correlated in human bronchial epithelial cell lines
[0041] We previously showed that ANO1 expression and activity were decreased in the CF context compared to non-
CF, but the mechanisms involved in these decreases are still unknown. We are interested in microRNAs (miRNAs)
which are small non-coding RNA regulating gene expression post-transcriptionally. So, we used several databases with
different algorithms: Targetscan, miRDB, miRANDA and Pictar to predict miRNAs which could target ANO1 and we
found that four miRNAs were predicted to target ANO1: miR-9; miR-19a; miR-19b and miR-144. After preliminary ex-
periments, we focused our attention on miR-9, and the others results were included in the supplemental data of the
article. The expression of miR-9 was studied by qRT-PCR using TaqMan miRNA assays and was found to be increased
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in CF bronchial epithelial cell lines compared to non-CF (CFBE41o- versus 16HBE14o-) in contrast to ANO1 expression
(Fig. 1a and 1b). Interestingly, using the Pearson’s correlation test, we demonstrated that ANO1 transcripts were sig-
nificantly associated with miR-9 expression levels (p=0.012) (Fig 1c).

miR-9 regulates ANO1

[0042] The increase expression of miR-9 in CF cells led us to hypothesize that ANO1 is a direct target of miR-9. So
we have transfected non-CF cells (16HBE14o-) with a mimic of miR-9, and we have verified the transfection efficiency
by RT-PCR and using the Smartflare method to miR expression (see supplemental data of the article). We also verified
that miR-9 overexpression following the mimic of miR-9 transfection is specific quantifying others miRs (miR-19a for
example, supplementary data). Next, the effects of miR-9 overexpression on ANO1 mRNA and protein was assessed.
Non-CF cells were transfected with miR-9 mimic or a negative control. Consequently to the transfection, Figure 2a shows
that miR-9 overexpression (mimic miR-9) significantly decreased ANO1 mRNA expression by an average of 60% in
16HBE14o- cells. ANO1 protein expression examined by Western blot and immunocytochemistry was also significantly
decreased after transfection of miR-9 mimic (Fig. 2b). We thus concluded that miR-9 regulated ANO1 expression.

miR-9 regulates ANO1 chloride activity and migration rate of cells

[0043] Subsequently, we wanted to assess the effects of miR-9 overexpression on ANO1 chloride activity. Figure 2c
shows that miR-9 overexpression leads to a decrease ANO1 chloride activity. We also studied the effects of miR-9
presence on migration rate since it has been demonstrated previously by our group that ANO1 is involved in cell migration.
Figure 2n shows that miR-9 overexpression significantly decreases the migration rate of non-CF cells. These results
show that miR-9 allows to change ANO1 chloride activity and migration rate of cells.

miR-9 directly regulates ANO1

[0044] To test whether miR-9 represses ANO1 expression by binding to its’ 3’UTR, 16HBE14o- cells were transfected
with a luciferase reporter vector containing WT ANO1 3’UTR (WT-ANO1-3’UTR) or a negative control reporter with
mutations in the predicted binding sites for miR-9 (mut-ANO1-3’UTR). Cotransfection with miR-9 mimic resulted in
significant decrease in luciferase gene expression from WT-ANO1-3’UTR compared with mut-ANO1-3’UTR demonstrat-
ing direct miR-9-ANO1 interaction in non-CF cells (Fig. 3a). We have done the same experiment using an inhibitor of
miR-9 in CFBE41o- cells (Fig. 3b), and we observed a significant increase in luciferase activity when CF cells are
transfected with the inhibitor of miR-9 compared to the control whereas no significant difference was observed with the
mutated plasmid. We thus concluded that miR-9 directly regulates ANO1 in CF cells.

Use of specific TSB allows increasing ANO1 expression, chloride activity and migration rate of CF cells

[0045] In the context of CF, it would be interesting to increase ANO1 expression to increase ANO1 chloride activity.
As miR-9 has many targets in cells, inhibitors of miR-9 are not specific so we designed a specific target site blocker
(TSB ANO1) which will bind ANO1 3’UTR and prevent miR-9 fixation. We have transfected CF cells with control or TSB
ANO1 during 24h and after we have quantified ANO1 protein expression and we have observed that ANO1 protein
expression significantly increases when cells are transfected with TSB ANO1 (Fig. 4a). By microinjection experiments
associated with microscopy, we can observe in the same field a single cell microinjected with the TSB control and another
cell microinjected with ANO1 TSB (Fig. 4b). In this approach, the decreased fluorescence associated with the chloride
efflux is completely different in the two cells. More, by a more classical method, we also quantified ANO1 chloride activity
using the Premo Halide sensor method and remarkably we observed a significant increase in ANO1 chloride activity
when cells are transfected with ANO1 TSB (Fig 4c). It is interesting to note that in this case when cells are transfected
with ANO1 TSB, we observed the same chloride activity as non-CF cells. Finally, we looked at migration, and we found
a significant increase in migration rate of cells when cells are transfected with ANO1 TSB compared to the control.

Use of specific TSB allows to increase ANO1 expression, chloride activity and migration rate of primary CF cells

[0046] To mimic in vivo epithelium, we decided to transfect primary human bronchial epithelial cells (hAECB) and fully
differentiated human bronchial air-liquid interface (ALI) cultures isolated from bronchial biopsies from CF
(F508del/F508del) patients with control or the TSB ANO1. We successfully transfected the cells adding medium con-
taining the TSB ANO1 or control without any transfection reagent to the apical face of ALI cells (Fig. 5a). After 2h at
37°C, the medium was removed from the apical face to restore the ALI conditions. Freshly prepared control oligonucle-
otides or TSB ANO1 were added during three days, and the effects of transfection were observed 24h post-treatment.
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The results of western blot showed that we significantly increase ANO1 expression when primary cells are transfected
with ANO1 TSB compared to the control (Fig. 5b). Furthermore, after transfection, we observed a significant increase
in ANO1 chloride activity (Fig. 5) and migration rate (Fig.5d) of primary CF cells with ANO1 TSB. We have also looked
at ciliary beat frequency using fluorescent beads and interestingly we have observed an increase in the average speed
of the beads with ANO1 TSB. Utilization TSB ANO1 in primary cells allows modulating deficient parameters of CF cells
by improving ANO1 chloride activity, migration rate of cells and the ciliary beat frequency.

Discussion:

[0047] In this study, we present the first report, to our knowledge, on a direct correlation between miRNA and ANO1
expression, especially in CF. Thus, we found that miR-9 is significantly overexpressed in CF bronchial epithelial cells,
and miR-9 directly regulates ANO1. Using a target site blocker, specially designed to prevent miR-9 fixation on ANO1
3’UTR mRNA (ANO1 TSB), we have shown that we are able to increase ANO1 expression and ANO1 chloride activity
in CF cell lines,in CF primary cells cultured in an air-liquid interface but also in CF mice. It is interesting to note that,
when cells were transfected with ANO1 TSB, we have the same level of chloride activity as in non-CF cells. We have
studied ANO1 regulation by miR-9 using a candidate gene approach based on in silico analysis. We have looked at
predictions from several miRNA-target interaction algorithms and focus on their intersection. Four miRNAs were strongly
predicted to target ANO1 mRNA: miR-9; miR-19a; miR-19b and miR-144. After preliminary experiments, we observed
that miR-19a and miR-19b do not regulate ANO1 and that miR-144 regulates ANO1 but not directly (supplemental data
of the article). For example, we hypothesized that miR-144 could regulate ANO1 activity via CFTR interaction, but this
result needs to be more investigated. Indeed, some studies have already shown that miR-144 regulates CFTR, and
another study has shown that there exists a co-localization between CFTR and ANO1 even if an interaction remains
unclear. In this study, we gained insight into miR-9 overexpression in CF cells compared to non-CF and, more, we have
demonstrated that miR-9 and ANO1 levels of expression are correlated in CF and non-CF cells. We thus validated ANO1
as a target of miR-9 using a unique strategy to demonstrate that decreased ANO1 expression in CF cells is caused by
ANO1 repression by miR-9 but how the mutation in CFTR induce miR-9 deregulation in CF remains unknown. Galietta
et al. have previously shown that ANO1 expression is stimulated by IL-411, so we have stimulated our cells by IL-4 to
see if there change miR-9 expression, but there is no difference between the conditions unstimulated and IL-4 stimulation
(data not shown).
[0048] Together, our results provide evidence that miRNA targeting ANO1 mRNA can be considered as potential
therapeutic target in CF, and TSB a real alternative. Since ANO1 had been discovered in 2008, this protein is considered
as a therapeutic target in CF12 since it is defined as a chloride channel but also because ANO1 is involved in others
deregulated parameters in CF as HCO3- secretion, migration, and proliferation7. Furthermore, targeting ANO1 seems
to be a promising target since it is independent of CFTR mutations, but no efficient drug therapy is available or suggested
so far. In 1991, some groups discovered that uridine-5’-triphosphate can stimulate chloride secretion in CF respiratory
epithelium13. This nucleotide activates a signal by binding to a purinergic receptor to release intracellular calcium and
activate undefined CaCCs distinct from CFTR14. In vitro, CF tissue culture studies have demonstrated that UTP can
restore liquid transport, enhance tracheal mucus viscosity, ciliary beat frequency, inhibit sodium absorption and increase
airway hydration that should be beneficial in treating CF15,16. These promising results have allowed the development
of new drugs called INS365 and INS37217 (later named denufosol®). These drugs are more resistant to enzymatic
degradation than UTP17. Based on these data, denufosol (Inspire Pharmaceuticals) was carried into clinical trials using
nebulization for a delivery approach. After some promising results obtained in the first clinical trials, an international
phase 3 clinical trial was completed including 466 patients. This trial has failed to demonstrate any benefit for CF patients
and the company lost $400.000.000 in a single day. Beyond this results, many points could explain this outcome and
were well detailed in an article by Pr. Moss from Stanford University School of Medicine18. First, the molecular identity
of the CaCC has discovered after the Phase 3 trials, and exact effects of denufosol were only empiric and very transient.
Thus, it is well admitted that administration of UTP to the apical surface of the epithelium binds to the P2Y2 receptor
and causes a rapid increase in cytosolic free calcium concentration with a rise of chloride efflux within a second to some
minutes11. Second, the stability of this drug in the context of CF remained very problematic with a very short half-life
from 3-hour in nasal epithelium, 17 min in the lung of CF patients and 30 s in the blood due to nucleosidases17,19. Third,
the key selection criteria for young CF patients (mean age 14.2 yr) with only mild or no appreciable baseline impairment
of FEV1 (92 % of predicted) to validate the efficacy of a drug could be discussed. In this case, many drugs demonstrated
clinically beneficial endpoints for patients that do not improve FEV120,21. However, while targeting CaCC holds promise,
clinical benefits have not yet been achieved that is the reason why we have focused our study on a more objective drug
approach.
[0049] Indeed, to be more accurate than antagomiR or RNA sponges approach to silence miRNA, we have used target
site blockers (TSB) to block the target site(s) of miRNA(s) in the 3’UTR of ANO1 to avoid miRNA inhibition9. We studied
the ANO1 regulation by miR-9 in CF cell lines and primary cultures obtained from F508del homozygous patients the
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most current mutation worldwide. In these cells, with the TSB ANO1, we succeed in increasing ANO1 expression, chloride
activity, and cell migration. Interestingly, we observed an increase in migration rate of cells when we transfected CF cell
lines and primary cultures differentiated in the air-liquid interface with TSB ANO1. Migration is a part of the repair process,
so we hypothesize that treat CF patients with TSB ANO1 could improve bronchial epithelial repair. Our data highlight
the therapeutic potential of use our target site blocker for the treatment of cystic fibrosis. The base of this strategy is
innovative either in what it does, or how it does it, relative to therapy proposed to CF patients. By contrast to denufosol,
we have used our knowledge of molecular biology to design a new and specific strategy to increase the expression of
one specific target protein using miRNA. The challenge was to create a very specific molecule able to induce a strong
activity of ANO1 even in a complex system as CF. After pondering it more, we have decided to use TSB modified with
LNA for the stability and the specificity to control a gene expression. So, this approach is CFTR-mutation independent
and the used of artificial miRNA target site are now emerging. Considering that CF is caused by more than 1900 different
mutations, we have tried to determine a new target, independent from CFTR such as ANO1. Even if miRNA are stable
on the various fluids in the human body22,23, the degradation of the drug remains a crucial point in the case of CF context,
since denufosol strategy failed. A valuable addition to the miRNA tools came from LNA (locked nucleic acid), a bicyclic
high-affinity RNA analog in which the ribose ring is chemically locked in an N-type (C3’-endo) conformation. This mod-
ification is essential because LNA-modified oligonucleotides possess high thermal stability when hybridized with the
mRNA target24,25. A locked nucleic acid (LNA)-based inhibitor of miR-122, Miravirsen is currently undergoing clinical
trials for the treatment of hepatitis C viral infections. The role of the liver-specific miR-122 is somewhat unusual; instead
of targeting the 3’UTR and causing signal repression, it binds to the 5’UTR of hepatitis C virus RNA and promotes its
replication. The effects of Miravirsen have been tested on chimpanzees and have shown that LNA-modified anti-miRNA
are accurate, non-toxic and very stable because it has been detected 8 weeks after the end of the treatment and until
week 25. Furthermore, the effects of Miravirsen on HCV RNA levels were also prolonged at the end of the treatment26.
For our study, Miravirsen’s success serve as an inspiration and example to propose a potential clinical strategy in the
case of CF. In our case, our TSB can correct the different parameters analyzed in the airways even in mice model. In
our condition, we are able to observe an activation of chloride efflux seven days after the last instillation. The stability
and the physiological activity is a key of our drug. Of course, the method of administration of the drug in the respiratory
tract should be optimized to be used in CF patients.
[0050] The effort to develop drugs that activate chloride efflux for the treatment of cystic fibrosis pathology are ongoing
but are limited by the different CFTR mutation present in CF patients. To our knowledge, this is the first demonstration
that an alternative therapy is proposed to correct precisely an alternative chloride channel as ANO1. In the present study,
the use of TSB targeting the seed region of miR-9 demonstrates the potential benefits of ANO1 therapy for the treatment
of cystic fibrosis patients. The other major results of the present study are that short-term treatment targeting ANO1 is
able to correct different phenotypic factors dysregulated in the epithelium of cystic fibrosis patients. We believe that this
approach using TSB targeting ANO1 has the potential to provide an alternative treatment for CF patients. Taken together,
these results highlight that a better understanding of physiology is essential for patients.
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Claims

1. A nucleic acid miR-9 inhibitor comprising the nucleic acid sequence of SEQ ID NO: 3 wherein the nucleic acid miR-
9 inhibitor does not bind directly to miR-9 but instead binds to a miR-9 mRNA target site in the ANO1 nucleic acid
sequence.

2. A vector comprising the nucleic acid sequence of claim 1.

3. A pharmaceutical composition comprising the nucleic acid sequence of claim 1.

4. A nucleic acid miR-9 inhibitor comprising the nucleic acid sequence SEQ ID NO: 3 for use in the treatment of cystic
fibrosis in a subject in need thereof wherein the nucleic acid miR-9 inhibitor does not bind directly to miR-9 but
instead binds to a miR-9 mRNA target site in the ANO1 nucleic acid sequence.

5. The nucleic acid miR-9 inhibitor comprising the nucleic acid sequence SEQ ID NO: 3 for use according to claim 4
wherein the miR-9 mRNA target site is located on a ANO1 3 ’ UTR.

6. The nucleic acid miR-9 inhibitor comprising the nucleic acid sequence SEQ ID NO: 3 for use according to claim 4
wherein the nucleic acid miR-9 inhibitor is a Target Site Blocker (TSB).

7. The nucleic acid miR-9 inhibitor comprising the nucleic acid sequence SEQ ID NO: 3 for use according to claim 4
wherein the nucleic acid miR-9 inhibitor comprises LNA nucleotides, or morpholino nucleotides, or 2’-O-methyl
modified nucleotides, or 2’-0-methoxyethyl modified nucleotides, or 2’-fluro modified nucleotides.

8. The nucleic acid miR-9 inhibitor comprising the nucleic acid sequence SEQ ID NO: 3 for use according to claim 4
wherein the nucleic acid miR-9 inhibitor is delivered using a viral vector.

9. The nucleic acid miR-9 inhibitor comprising the nucleic acid sequence SEQ ID NO: 3 for use according to claim 8
wherein the vector is an AAV vector.

10. The nucleic acid miR-9 inhibitor comprising the nucleic acid sequence SEQ ID NO: 3 for use according to claim 4
wherein the nucleic acid miR-9 inhibitor is administered to the subject using any suitable method that enables the
nucleic acid miR-9 inhibitor to reach the lungs.

Patentansprüche

1. Nucleinsäure-miR-9-Inhibitor, umfassend die Nucleinsäure-Sequenz von SEQ ID NO: 3, wobei der Nucleinsäure-
miR-9-Inhibitor nicht direkt mit miR-9 bindet, sondern stattdessen mit einem miR-9 mRNA-Zielort in der Nucleinsäure-
Sequenz ANO1 bindet.

2. Vektor, umfassend die Nucleinsäure-Sequenz nach Anspruch 1.

3. Pharmazeutische Zusammensetzung, umfassend die Nucleinsäure-Sequenz nach Anspruch 1.

4. Nucleinsäure-miR-9-Inhibitor, umfassend die Nucleinsäure-Sequenz SEQ ID NO: 3 zur Verwendung in der Behand-
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lung von zystischer Fibrose bei einer Versuchsperson mit Bedarf daran, wobei der Nucleinsäure-miR-9-Inhibitor
nicht direkt mit miR-9 bindet, sondern stattdessen mit einem miR-9 mRNA-Zielort in der Nucleinsäure-Sequenz
ANO1 bindet.

5. Nucleinsäure-miR-9-Inhibitor, umfassend die Nucleinsäure-Sequenz SEQ ID NO: 3 zur Verwendung nach Anspruch
4, wobei der miR-9 mRNA-Zielort sich auf einer ANO1 3 ’UTR befindet.

6. Nucleinsäure-miR-9-Inhibitor, umfassend die Nucleinsäure-Sequenz SEQ ID NO: 3 zur Verwendung nach Anspruch
4, wobei der Nucleinsäure-miR-9-Inhibitor ein Zielortblocker (TSB) ist.

7. Nucleinsäure-miR-9-Inhibitor, umfassend die Nucleinsäure-Sequenz SEQ ID NO: 3 zur Verwendung nach Anspruch
4, wobei der Nucleinsäure-miR-9-Inhibitor LNA-Nucleotide oder Morpholino-Nucleotide oder 2’-O-methylmodifizierte
Nucleotide oder 2’-0-methoxyethylmodifizierte Nucleotide oder 2’-fluromodifizierte Nucleotide umfasst.

8. Nucleinsäure-miR-9-Inhibitor, umfassend die Nucleinsäure-Sequenz SEQ ID NO: 3 zur Verwendung nach Anspruch
4, wobei der Nucleinsäure-miR-9-Inhibitor mithilfe eines Virusvektors geliefert wird.

9. Nucleinsäure-miR-9-Inhibitor, umfassend die Nucleinsäure-Sequenz SEQ ID NO: 3 zur Verwendung nach Anspruch
8, wobei der Vektor ein AAV-Vektor ist.

10. Nucleinsäure-miR-9-Inhibitor, umfassend die Nucleinsäure-Sequenz SEQ ID NO: 3 zur Verwendung nach Anspruch
4, wobei der Nucleinsäure-miR-9-Inhibitor der Versuchsperson unter Verwendung jeden geeigneten Verfahrens
verabreicht wird, welches dem Nucleinsäure-miR-9-Inhibitor ermöglicht, die Lungen zu erreichen.

Revendications

1. Inhibiteur de l’acide nucléique miR-9 comprenant la séquence d’acides nucléiques SEQ ID No : 3, dans lequel
l’inhibiteur de l’acide nucléique miR-9 ne se lie pas directement au miR-9 mais, à la place, se lie à un site cible
d’ARNm miR-9 dans la séquence d’acides nucléiques ANO1.

2. Vecteur comprenant la séquence d’acides nucléiques selon la revendication 1.

3. Composition pharmaceutique comprenant la séquence d’acides nucléiques selon la revendication 1.

4. Inhibiteur de l’acide nucléique miR-9 comprenant la séquence d’acides nucléiques SEQ ID No : 3 destiné à être
utilisé dans le traitement de la fibrose kystique chez un sujet qui en a besoin, dans lequel l’inhibiteur de l’acide
nucléique miR-9 ne se lie pas directement au miR-9 mais, à la place, se lie à un site cible d’ARNm miR-9 dans la
séquence d’acides nucléiques ANO1.

5. Inhibiteur de l’acide nucléique miR-9 comprenant la séquence d’acides nucléiques SEQ ID No : 3 destiné à être
utilisé selon la revendication 4, dans lequel le site cible d’ARNm miR-9 est situé sur un ANO1 3’UTR.

6. Inhibiteur de l’acide nucléique miR-9 comprenant la séquence d’acides nucléiques SEQ ID No : 3 destiné à être
utilisé selon la revendication 4, dans lequel l’inhibiteur de l’acide nucléique miR-9 est un bloqueur de site cible (TSB).

7. Inhibiteur de l’acide nucléique miR-9 comprenant la séquence d’acides nucléiques SEQ ID No : 3 destiné à être
utilisé selon la revendication 4, dans lequel l’inhibiteur de l’acide nucléique miR-9 comprend des nucléotides LNA
ou des nucléotides morpholinos, ou des nucléotides modifiés par le 2’-O-méthyle ou des nucléotides modifiés par
le 2’-O-méthoxyéthyle ou des nucléotides modifiés par le 2’-fluro.

8. Inhibiteur de l’acide nucléique miR-9 comprenant la séquence d’acides nucléiques SEQ ID No : 3 destiné à être
utilisé selon la revendication 4, dans lequel l’inhibiteur de l’acide nucléique miR-9 est délivré à l’aide d’un vecteur viral.

9. Inhibiteur de l’acide nucléique miR-9 comprenant la séquence d’acides nucléiques SEQ ID No : 3 destiné à être
utilisé selon la revendication 8, dans lequel le vecteur est un vecteur AAV.

10. Inhibiteur de l’acide nucléique miR-9 comprenant la séquence d’acides nucléiques SEQ ID No : 3 destiné à être
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utilisé selon la revendication 4, dans lequel l’inhibiteur de l’acide nucléique miR-9 est administré au sujet à l’aide
de n’importe quel procédé approprié qui permet à l’inhibiteur de l’acide nucléique miR-9 d’atteindre les poumons.
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