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ANTISENSE OLIGONUCLEOTIDES FOR MODULATING REL EXPRESSION

FIELD OF INVENTION
The present invention relates to oligonucleotides (oligomers) complementary to REL pre-mRNA
sequences, which are capable inhibiting the expression of c-Rel. Inhibition of REL expression is

beneficial for a range of medical disorders including autoimmunity and cancer.

BACKGROUND

Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) is a key regulator of
processes such as immunity, inflammation, gene expression, cancer cell migration, invasion,
apoptosis, and proliferation. NF-kB subunits share a Rel homology domain in their N-terminus.
REL (REL proto-oncogene, NF-kB subunit) codes for a protein (c-Rel) that as homo- or
heterodimer can form some members of the NF-kB family of transcription factors. The most
common c-Rel containing NF-kB proteins are c-Rel homodimers and p50/c-Rel heterodimers

but c-Rel can also form heterodimers with other NF-kB subunits.

NF-KB subunit expression can be altered in disease, and dysfunctional NF-kB activation
contributes to disorders including rheumatoid arthritis, atherosclerosis, inflammatory bowel
diseases, multiple sclerosis and malignant tumors (Park and Hong, 2016, Cells 5:15), as well as

asthma and chronic inflammatory airway disease (Schuliga, 2015, Biomolecules, 5-1266).

There are >700 compounds described in literature to have NF-kB inhibitory effect, most of them
with broad effect on NF-kB signaling, but a narrow therapeutic index, poor specificity, short in
vivo half-life of molecules, and only minor effects on signaling, and have therefore limited the

therapeutic use of described NF-kB inhibitors to date.

Some NF-kB homo- and heterodimers are found in many different tissues and cell types. A
special characteristic of c-Rel is a high expression level in B and T cells with a central role in B
and T cell differentiation and function. Specific reduction of c-Rel expression and activity has
been suggested to give therapeutic benefits for human hematopoietic cancers as well as
chronic inflammatory or autoimmune diseases; REL is a susceptibility locus for certain
autoimmune diseases such as arthritis, psoriasis, and celiac disease (Gilmore & Gerondakis,
201 1, Genes & Cancer 2:695). The REL locus is also frequently altered (amplified, mutated, or
rearranged), and expression of REL is increased in a variety of B and T cell malignancies and,
to a lesser extent, in other cancer types. Thus, agents that modulate c-Rel activity may have

therapeutic benefits for certain human cancers and chronic inflammatory diseases.
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WOO00/17400 provides DNA phosphorothioate and MOE gapmer oligonucleotides targeting
REL.

Pizzi et ai, 2002, JBC 227: 20717 discloses an oligonucleotide targeting REL of sequence 5-
tacgcaccggaggccatggct-3 ', and reports that the balance between cell death and survival in

neurons may rely on the distinct activation of NF-KB/Rel proteins.

Ishige et al., 2005, Neurochem. Int. 47:545 reports on the effect of an antisense
oligodeoxynucleotide targeted against REL on glutamate induced cell death of HT22 cells.
Ishige et al discloses a phosphorothioate DNA antisense targeting human REL (c-Rel) transcript
of sequence 5-TATCCACTCGAGGCCATGGCT-3.

OBJECTIVE OF THE INVENTION
The present invention identifies novel oligonucleotides which inhibit human REL (c-Rel) which
are useful in the treatment of a range of medical disorders including autoimmunity, inflammation

and cancer.

SUMMARY OF INVENTION
The present invention relates to oligonucleotides targeting a nucleic acid capable of modulating,

such as inhibiting the expression of c-Rel.
The invention provides for LNA oligonucleotides targeting human REL.

The invention provides for an antisense oligonucleotide targeting human REL, 10 to 30
contiguous nucleotides in length, wherein the contiguous sequence of the oligonucleotide
comprises at least 10 contiguous nucleotides of a sequence selected from the group consisting

of SEQ ID NO 3,4,1,2,5,6,7,8,9and 10.

The invention provides for an LNA antisense oligonucleotide targeting human REL, 10 to 30
contiguous nucleotides in length, wherein the contiguous sequence of the oligonucleotide
comprises at least 10 contiguous nucleotides of a sequence selected from the group consisting

of SEQ ID NO 3,4, 1,2,5,6,7,8,9and 10.

The invention provides for an LNA antisense oligonucleotide targeting human REL, 12 to 30
contiguous nucleotides in length, wherein the contiguous sequence of the oligonucleotide
comprises at least 12 contiguous nucleotides of a sequence selected from the group consisting

of SEQ ID NO 3,4, 1,2,5,6,7,8,9and 10.

The invention provides for an antisense oligonucleotide targeting human REL, 12 to 30
contiguous nucleotides in length, wherein the contiguous sequence of the oligonucleotide
comprises at least 12 contiguous nucleotides of a sequence selected from the group consisting

of SEQ ID NO 3,4,1,2.5.6,7,8,9and 10.
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The invention provides for a conjugate comprising the oligonucleotide according to the

invention.

In a further aspect, the invention provides pharmaceutical compositions comprising the
oligonucleotide or conjugate of the invention and pharmaceutically acceptable diluents, carriers,

salts and/or adjuvants.

In a further aspect, the invention provides methods for in vivo or in vitro method for modulation
of Rel expression in atarget cell which is expressing c-Rel by administering an oligonucleotide,

conjugate, or composition of the invention in an effective amount to said cell.

In a further aspect the invention provides methods for treating or preventing a disease, disorder
or dysfunction associated with in vivo activity of c-Rel comprising administering a therapeutically
or prophylactically effective amount of the oligonucleotide, conjugate or composition of the

invention to a subject suffering from or susceptible to the disease, disorder or dysfunction.

In a further aspect the oligonucleotide, conjugate or composition of the invention is used for the
treatment or prevention of cancer, autoimmune diseases, and inflammation or an inflammatory

disease.

In some embodiments, the oligonucleotide, conjugate or composition of the invention is an

antisense oligonucleotide, preferably a gapmer antisense oligonucleotide.

BRIEF DESCRIPTION OF FIGURES

Figure 1A, 1B and 1C: Mouse in vivo efficacy, 16 days of treatment, Intravenous injection (tall
vein).

Figure 2: Testing in vitro efficacy of various antisense oligonucleotides targeting human REL

MRNA in HEK293 and HelLa cell lines at single dose concentration.

Figure 3: Testing in vitro efficacy of antisense oligonucleotides targeting human REL mRNA in

HEK293 and Hela cell lines at single dose concentration.

Figure 4: Testing in vitro efficacy of antisense oligonucleotides targeting human REL mRNA in
HEK293 and Hela cell lines at single dose concentration. Zoom in illustrating the data for

compounds targeting the hot spot regions.

Figure 5A, 5B & 5C: Testing in vitro potency and efficacy of selected oligonucleotides

targeting human REL mRNA in HEK-293 and HelLa cell lines in a dose response curve.

Figure 6: Human REL pre-mRNA sequence (SEQ ID NO 21) derived from the human genomic
sequence NC_000002.12 (60881495..60928171 ). See sequence listing.
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DEFINITIONS

Oligonucleotide

The term "oligonucleotide" as used herein is defined as it is generally understood by the skilled
person as a molecule comprising two or more covalently linked nucleosides. Such covalently
bound nucleosides may also be referred to as nucleic acid molecules or oligomers.
Oligonucleotides are commonly made in the laboratory by solid-phase chemical synthesis
followed by purification. When referring to a sequence of the oligonucleotide, reference is made
to the sequence or order of nucieobase moieties, or modifications thereof, of the covalently
linked nucleotides or nucleosides. The oligonucleotide of the invention is man-made, and is
chemically synthesized, and is typically purified or isolated. The oligonucleotide of the invention

may comprise one or more modified nucleosides or nucleotides.

Antisense oligonucleotides

The term "Antisense oligonucleotide" as used herein is defined as oligonucleotides capable of

modulating expression of a target gene by hybridizing to a target nucleic acid, in particular to a
contiguous sequence (a sub-sequence) on a target nucleic acid. The antisense oligonucleotides
are not essentially double stranded and are therefore not siRNAs. Preferably, the antisense

oligonucleotides of the present invention are single stranded.

An LNA antisense oligonucleotide is an antisense oligonucleotide which comprises at least one
LNA nucleoside. In some embodiments the LNA antisense oligonucleotide is a LNA gapmer
oligonucleotide. In some embodiments, the oligonucleotide of the invention is an LNA

antisense oligonucleotide.

Targeting

The oligonucleotides of the invention are capable of targeting the human REL transcript.
Targeting refers to the ability of the oligonucleotide to form a functional complementary
hybridization accross the contiguous nucleotide sequence of the oligonucleotide with the human
REL transcript, such as a fully complementary hybridization, and inhibit the expression of the

human REL transcript in a cell.

Contiguous Nucleotide Sequence

The term "contiguous nucleotide sequence” refers to the region of the oligonucleotide which is
complementary to the target nucleic acid. The term is used interchangeably herein with the
term "contiguous nucieobase sequence" and the term "oligonucleotide motif sequence”. In some
embodiments all the nucleotides of the oligonucleotide constitute the contiguous nucleotide
sequence. In some embodiments the oligonucleotide comprises the contiguous nucleotide

sequence and may optionally comprise further nucleotide(s), for example a nucleotide linker
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region which may be used to attach a functional group to the contiguous nucleotide sequence.

The nucleotide linker region may or may not be complementary to the target nucleic acid.

Nucleotides

Nucleotides are the building blocks of oligonucleotides and polynucleotides, and for the
purposes of the present invention include both naturally occurring and non-naturally occurring
nucleotides. In nature, nucleotides, such as DNA and RNA nucleotides comprise a ribose sugar
moiety, a nucleobase moiety and one or more phosphate groups (which is absent in
nucleosides). Nucleosides and nucleotides may also interchangeably be referred to as "units" or

"monomers".

Modified nucleoside

The term "modified nucleoside" or "nucleoside modification" as used herein refers to
nucleosides modified as compared to the equivalent DNA or RNA nucleoside by the introduction
of one or more modifications of the sugar moiety or the (nucleo)base moiety. In some
embodiments the modified nucleoside comprise a modified sugar moiety. The term modified
nucleoside may also be used herein interchangeably with the term "nucleoside analogue" or

modified "units" or modified "monomers".

Modified internucleoside linkage

The term "modified internucleoside linkage" is defined as generally understood by the skilled
person as linkages other than phosphodiester (PO) linkages, that covalently couples two
nucleosides together. Nucleotides with modified internucleoside linkage are also termed
"modified nucleotides". In some embodiments, the modified internucleoside linkage increases
the nuclease resistance of the oligonucleotide compared to a phosphodiester linkage. For
naturally occurring oligonucleotides, the internucleoside linkage includes phosphate groups
creating a phosphodiester bond between adjacent nucleosides. Modified internucleoside
linkages are particularly useful in stabilizing oligonucleotides for in vivo use, and may serve to
protect against nuclease cleavage at regions of DNA or RNA nucleosides in the oligonucleotide
of the invention, for example within the gap region of a gapmer oligonucleotide, as well as in

regions of modified nucleosides.

In an embodiment, the oligonucleotide comprises one or more internucleoside linkages modified
from the natural phosphodiester to a linkage that is for example more resistant to nuclease
attack. Nuclease resistance may be determined by incubating the oligonucleotide in blood
serum or by using a nuclease resistance assay (e.g. shake venom phosphodiesterase (SVPD)),
both are well known in the art. Internucleoside linkages which are capable of enhancing the
nuclease resistance of an oligonucleotide are referred to as nuclease resistant internucleoside
linkages. In some embodiments at least 50% of the internucleoside linkages in the

oligonucleotide, or contiguous nucleotide sequence thereof, are modified, such as at least 60%,
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such as at least 70%, such as at least 80 or such as at least 90% of the internucleoside
linkages in the oligonucleotide, or contiguous nucleotide sequence thereof, are modified. In
some embodiments all of the internucleoside linkages of the oligonucleotide, or contiguous
nucleotide sequence thereof, are modified. It will be recognized that, in some embodiments the
nucleosides which link the oligonucleotide of the invention to a non-nucleotide functional group,
such as a conjugate, may be phosphodiester. In some embodiments all of the internucleoside
linkages of the oligonucleotide, or contiguous nucleotide sequence thereof, are nuclease

resistant internucleoside linkages.

Modified internucleoside linkages may be selected from the group comprising phosphorothioate,
diphosphorothioate and boranophosphate. In some embodiments, the modified internucleoside
linkages are compatible with the RNaseH recruitment of the oligonucleotide of the invention, for

example phosphorothioate, diphosphorothioate or boranophosphate.

In some embodiments the internucleoside linkage comprises sulphur (S), such as a

phosphorothioate internucleoside linkage.

A phosphorothioate internucleoside linkage is particularly useful due to nuclease resistance,
beneficial pharmakokinetics and ease of manufacture. In some embodiments at least 50% of
the internucleoside linkages in the oligonucleotide, or contiguous nucleotide sequence thereof,
are phosphorothioate, such as at least 60%, such as at least 70%, such as at least 80 or such
as at least 90% of the internucleoside linkages in the oligonucleotide, or contiguous nucleotide
sequence thereof, are phosphorothioate. In some embodiments all of the internucleoside
linkages of the oligonucleotide, or contiguous nucleotide sequence thereof, are

phosphorothioate.

In some embodiments, the oligonucleotide comprises one or more neutral internucleoside
linkage, particularly a internucleoside linkage selected from phosphotriester,

methylphosphonate, MMI, amide-3, formacetal or thioformacetal.

Further internucleoside linkages are disclosed in WO2009/1 24238 (incorporated herein by
reference). In an embodiment the internucleoside linkage is selected from linkers disclosed in
WO02007/03 1091 (incorporated herein by reference). Particularly, the internucleoside linkage
may be selected from -O-P(0) ,-O-, -O-P(0,S)-O-, -O-P(S),-0O-, -S-P(0) ,-O-, -S-P(0,S)-O-, -S-
P(S),-0-, -O-P(0) ,-S-, -O-P(0,S)-S-, -S-P(0) ,-S-, -0-PO(R™)-0-, 0-PO(OCH,)-0-, -O-PO(N R™)-
O-, -O-PO(OCH;CH,S-R)-0O-, -O-PO(BH ,)-O-, -O-PO(N HRH)-O-, -O-P(0) 2—NRH-, -NR™-P(0) ,-O-
,-NR'-CO-0-, -NR™"-CO-NR"-, and/or the internucleoside linker may be selected form the group
consisting of: -0-CO-0-, -O-CO-NR"-, -NR™"-CO-CH-, -O-CH,-CO-NR"-, -O-CH -CH,-NR"-, -
CO-NR™-CH,, -CH,-NR"CO-, -O-CH-CH,-S-, -S-CH,-CH,-O-, -S-CH-CH,-S-, -CH ,-S0 ,-CH-,
-CH»-CO-NR"-, -O-CH -CH,-NR"-CO -, -CH,-NCH ,-O-CH,-, where R" is selected from
hydrogen and C, , alkyl.
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Nuclease resistant linkages, such as phosphothioate linkages, are particularly useful in
oligonucleotide regions capable of recruiting nuclease when forming a duplex with the target
nucleic acid, such as region G for gapmers, or the non-modified nucleoside region of headmers
and tailmers. Phosphorothioate linkages may, however, also be useful in non-nuclease
recruiting regions and/or affinity enhancing regions such as regions F and F' for gapmers, or the

modified nucleoside region of headmers and tailmers.

Each of the design regions may however comprise internucleoside linkages other than
phosphorothioate, such as phosphodiester linkages, in particularly in regions where modified
nucleosides, such as LNA, protect the linkage against nuclease degradation. Inclusion of
phosphodiester linkages, such as one or two linkages, particularly between or adjacent to
modified nucleoside units (typically in the non-nuclease recruiting regions) can modify the
bioavailability and/or bio-distribution of an oligonucleotide - see W0O2008/1 13832, incorporated

herein by reference.

In an embodiment all the internucleoside linkages in the oligonucleotide are phosphorothioate
and/or boranophosphate linkages. In some embodiments, all the internucleoside linkages in the

oligonucleotide are phosphorothioate linkages.

Nucleobase

The term nucleobase includes the purine (e.g. adenine and guanine) and pyrimidine (e.g. uracil,
thymine and cytosine) moiety present in nucleosides and nucleotides which form hydrogen
bonds in nucleic acid hybridization. In the context of the present invention the term nucleobase
also encompasses modified nucleobases which may differ from naturally occurring
nucleobases, but are functional during nucleic acid hybridization. In this context "nucleobase”
refers to both naturally occurring nucleobases such as adenine, guanine, cytosine, thymidine,
uracil, xanthine and hypoxanthine, as well as non-naturally occurring variants. Such variants are
for example described in Hirao et al (2012) Accounts of Chemical Research vol 45 page 2055

and Bergstrom (2009) Current Protocols in Nucleic Acid Chemistry Suppl. 37 1.4.1.

In a some embodiments the nucleobase moiety is modified by changing the purine or pyrimidine
into a modified purine or pyrimidine, such as substituted purine or substituted pyrimidine, such
as a nucleobased selected from isocytosine, pseudoisocytosine, 5-methyl cytosine, 5-thiozolo-
cytosine, 5-propynyl-cytosine, 5-propynyl-uracil, 5-bromouracil 5-thiazolo-uracil, 2-thio-uracil,
2'thio-thymine, inosine, diaminopurine, 6-aminopurine, 2-aminopurine, 2.6-diaminopurine and 2-

chloro-6-aminopurine.

The nucleobase moieties may be indicated by the letter code for each corresponding
nucleobase, e.g. A, T, G, C or U, wherein each letter may optionally include modified

nucleobases of equivalent function. For example, in the exemplified oligonucleotides, the
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nucleobase moieties are selected from A, T, G, C, and 5-methyl cytosine. Optionally, for LNA

gapmers, 5-methyl cytosine LNA nucleosides may be used.

Modified oligonucleotide

The term modified oligonucleotide describes an oligonucleotide comprising one or more sugar-
modified nucleosides and/or modified internucleoside linkages. The term chimeric"
oligonucleotide is a term that has been used in the literature to describe oligonucleotides with

modified nucleosides.

Complementarity

The term "complementarity" describes the capacity for Watson-Crick base-pairing of
nucleosides/nucleotides. Watson-Crick base pairs are guanine (G)-cytosine (C) and adenine
(A) - thymine (T)/uracil (U). It will be understood that oligonucleotides may comprise
nucleosides with modified nucleobases, for example 5-methyl cytosine is often used in place of
cytosine, and as such the term complementarity encompasses Watson Crick base-paring
between non-modified and modified nucleobases (see for example Hirao et al (2012) Accounts
of Chemical Research vol 45 page 2055 and Bergstrom (2009) Current Protocols in Nucleic
Acid Chemistry Suppl. 37 1.4.1).

The term "% complementary" as used herein, refers to the number of nucleotides in percent of
a contiguous nucleotide sequence in a nucleic acid molecule (e.g. oligonucleotide) which, at a
given position, are complementary to (i.e. form Watson Crick base pairs with) a contiguous
nucleotide sequence, at a given position of a separate nucleic acid molecule (e.g. the target
nucleic acid). The percentage is calculated by counting the number of aligned bases that form
pairs between the two sequences, dividing by the total number of nucleotides in the
oligonucleotide and multiplying by 100. In such a comparison a nucleobase/nucleotide which

does not align (form a base pair) is termed a mismatch.

The term "fully complementary”, refers to 100% complementarity.

Identity

The term "ldentity" as used herein, refers to the number of nucleotides in percent of a
contiguous nucleotide sequence in a nucleic acid molecule (e.g. oligonucleotide) which, at a
given position, are identical to (i.e. in their ability to form Watson Crick base pairs with the
complementary nucleoside) a contiguous nucleotide sequence, at a given position of a separate
nucleic acid molecule (e.g. the target nucleic acid). The percentage is calculated by counting
the number of aligned bases that are identical between the two sequences, including gaps,
dividing by the total number of nucleotides in the oligonucleotide and multiplying by 100.

Percent Identity = (Matches x 100)/Length of aligned region (with gaps).
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Hybridization

The term "hybridizing" or "hybridizes" as used herein is to be understood as two nucleic acid
strands (e.g. an oligonucleotide and a target nucleic acid) forming hydrogen bonds between
base pairs on opposite strands thereby forming a duplex. The affinity of the binding between
two nucleic acid strands is the strength of the hybridization. It is often described in terms of the
melting temperature (T ) defined as the temperature at which half of the oligonucleotides are
duplexed with the target nucleic acid. At physiological conditions T is not strictly proportional to
the affinity (Mergny and Lacroix, 2003.0ligonucleotides 13:515-537). The standard state Gibbs
free energy AG° is a more accurate representation of binding affinity and is related to the
dissociation constant (K,) of the reaction by AG°=-RTIn(K ), where R is the gas constant and T
is the absolute temperature. Therefore, a very low AG® of the reaction between an
oligonucleotide and the target nucleic acid reflects a strong hybridization between the
oligonucleotide and target nucleic acid. AG° is the energy associated with a reaction where
agueous concentrations are 1M, the pH is 7, and the temperature is 37°C. The hybridization of
oligonucleotides to a target nucleic acid is a spontaneous reaction and for spontaneous
reactions AG° is less than zero. AG® can be measured experimentally, for example, by use of
the isothermal titration calorimetry (ITC) method as described in Hansen et al., 1965, Chem..
Comm. 36-38 and Holdgate et al., 2005, Drug Discov Today. The skilled person will know that
commercial equipment is available for AG° measurements. AG®° can also be estimated
numerically by using the nearest neighbor model as described by SantalLucia, 1998, Proc Natl
Acad Sci USA. 95: 1460-1465 using appropriately derived thermodynamic parameters
described by Sugimoto et al., 1995, Biochemistry 34:1 121 1-1 1216 and McTigue et al., 2004,
Biochemistry 43:5388-5405. In order to have the possibility of modulating its intended nucleic
acid target by hybridization, oligonucleotides of the present invention hybridize to a target
nucleic acid with estimated AG*° values below -10 kcal for oligonucleotides that are 10-30
nucleotides in length. In some embodiments the degree or strength of hybridization is measured
by the standard state Gibbs free energy A G*% The oligonucleotides may hybridize to a target
nucleic acid with estimated AG° values below the range of -10 kcal, such as below -15 kcal,
such as below -20 kcal and such as below -25 kcal for oligonucleotides that are 8-30
nucleotides in length. In some embodiments the oligonucleotides hybridize to a target nucleic
acid with an estimated AG° value of -10 to -60 kcal, such as -12 to -40, such as from -15 to -30

kcal or-16 to -27 kcal such as -18 to -25 kcal.

Target nucleic acid

According to the present invention, the target nucleic acid is a nucleic acid which encodes
mammalian c-Rel and may for example be a gene, a RNA, a mRNA, and pre-mRNA, a mature
MRNA or a cDNA sequence. The target may therefore be referred to as an REL target nucleic

acid.
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The oligonucleotide of the invention targets intron regions of a mammalian REL pre-mRNA,
such as SEQ ID NO 21 (the human REL pre-mRNA sequence). Forin vivo orin vitro
application, the oligonucleotide of the invention is typically capable of inhibiting the expression
of the REL target nucleic acid in a cell which is expressing the REL target nucleic acid. The
contiguous sequence of nucleobases of the oligonucleotide of the invention is typically
complementary to the REL target nucleic acid, as measured across the length of the
oligonucleotide, optionally with the exception of one or two mismatches, and optionally
excluding nucleotide based linker regions which may link the oligonucleotide to an optional
functional group such as a conjugate, or other non-complementary terminal nucleotides (e.qg.

region D' or D"). The target nucleic acid may, in some embodiments, be a REL pre-mRNA

Target Sequence

The term "target sequence” as used herein refers to a sequence of nucleotides present in the
target nucleic acid which comprises the nucleobase sequence which is complementary to the
oligonucleotide of the invention. In some embodiments, the target sequence consists of a
region on the target nucleic acid which is complementary to the contiguous nucleotide sequence
of the oligonucleotide of the invention. In some embodiments the target sequence is longer
than the complementary sequence of a single oligonucleotide, and may, for example represent
a preferred region of the target nucleic acid which may be targeted by several oligonucleotides

of the invention.
The target sequence may be a sub-sequence of the target nucleic acid.

In some embodiments the sub-sequence is a sequence present in a human REL mRNA intron,
such as a REL human pre-mRNA selected from the group consisting of SEQ ID NO 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 22 and 23.

The oligonucleotide of the invention comprises a contiguous nucleotide sequence which is
complementary to or hybridizes to the target nucleic acid, such as a sub-sequence of the target
nucleic acid, such as a target sequence described herein. In some embodiments, the

oligonucleotide consists of the contiguous nucleotide sequence.

The oligonucleotide comprises a contiguous nucleotide sequence of at least 10 nucleotides
which is complementary to or hybridizes to a target sequence present in the target nucleic acid
molecule. The contiguous nucleotide sequence (and therefore the target sequence) comprises
of at least 10 contiguous nucleotides, such as 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29 or 30 contiguous nucleotides, such as from 12-25, such as from 14-18

contiguous nucleotides.
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Target Cell

The term a "target cell" as used herein refers to a cell which is expressing the target nucleic
acid. In some embodiments the target cell may be in vivo or in vitro. In some embodiments the
target cell is a mammalian cell such as a rodent cell, such as a mouse cell or a rat cell, or a

primate cell such as a monkey cell or a human cell.
In preferred embodiments the target cell expresses REL pre-mRNA.

In some embodiments the oligonucleotides, conjugates or compositions, of the invention are
capable to inhibiting the expression of human REL in a cell selected from the group consisting

of HEK293 and Hela cells.

Naturally occurring variant

The term "naturally occurring variant” refers to variants of REL gene or transcripts which
originate from the same genetic loci as the target nucleic acid, but may differ for example, by
virtue of degeneracy of the genetic code causing a multiplicity of codons encoding the same
amino acid, or due to alternative splicing of pre-mRNA, or the presence of polymorphisms, such
as single nucleotide polymorphisms, and allelic variants. Based on the presence of the
sufficient complementary sequence to the oligonucleotide, the oligonucleotide of the invention

may therefore target the target nucleic acid and naturally occurring variants thereof.

In some embodiments, the naturally occurring variants have at least 95% such as at least 98%

or at least 99% homology to a mammalian REL target nucleic acid, such SEQ ID NO 21.

Modulation of expression

The term "modulation of expression" as used herein is to be understood as an overall term for
an oligonucleotide's ability to alter the amount of REL when compared to the amount of REL
before administration of the oligonucleotide. Alternatively modulation of expression may be
determined by reference to a control experiment. It is generally understood that the control is
an individual or target cell treated with a saline composition or an individual or target cell treated
with a non-targeting oligonucleotide (mock). It may however also be an individual treated with

the standard of care.

One type of modulation is an oligonucleotide's ability to inhibit, down-regulate, reduce,
suppress, remove, stop, block, prevent, lessen, lower, avoid or terminate expression of c-Rel

e.g. by degradation of rrsRNA or blockage of transcription.

High affinity modified nucleosides

A high affinity modified nucleoside is a maodified nucleotide which, when incorporated into the
oligonucleotide enhances the affinity of the oligonucleotide for its complementary target, for
example as measured by the melting temperature (T™). A high affinity modified nucleoside of

the present invention preferably result in an increase in melting temperature between +0.5 to
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+12°C, more preferably between +1.5to +10°C and most preferably between +3 to +8°C per
modified nucleoside. Numerous high affinity modified nucleosides are known in the art and
include for example, many 2' substituted nucleosides as well as locked nucleic acids (LNA) (see
e.g. Freier & Altmann; Nucl. Acid Res., 1997, 25, 4429-4443 and Uhlmann; Curr. Opinion in
Drug Development, 2000, 3(2), 293-213).

Sugar modifications
The oligomer of the invention may comprise one or more nucleosides which have a modified
sugar moiety, i.e. a modification of the sugar moiety when compared to the ribose sugar moiety

found in DNA and RNA.

Numerous nucleosides with modification of the ribose sugar moiety have been made, primarily
with the aim of improving certain properties of oligonucleotides, such as affinity and/or nuclease

resistance.

Such modifications include those where the ribose ring structure is modified, e.g. by
replacement with a hexose ring (HNA), or a bicyclic ring, which typically have a biradicle bridge
between the C2 and C4 carbons on the ribose ring (LNA), or an unlinked ribose ring which
typically lacks a bond between the C2 and C3 carbons (e.g. UNA). Other sugar modified
nucleosides include, for example, bicyclohexose nucleic acids (WO201 1/01 7521 ) or tricyclic
nucleic acids (W0201 3/154798). Modified nucleosides also include nucleosides where the
sugar moiety is replaced with a non-sugar moiety, for example in the case of peptide nucleic

acids (PNA), or morpholino nucleic acids.

Sugar modifications also include modifications made via altering the substituent groups on the
ribose ring to groups other than hydrogen, orthe 2'-OH group naturally found in DNA and RNA
nucleosides. Substituents may, for example be introduced atthe 2’, 3', 4' or 5' positions.
Nucleosides with modified sugar moieties also include 2' modified nucleosides, such as 2'
substituted nucleosides. Indeed, much focus has been spent on developing 2' substituted
nucleosides, and numerous 2' substituted nucleosides have been found to have beneficial
properties when incorporated into oligonucleotides, such as enhanced nucleoside resistance

and enhanced affinity.

2' modified nucleosides.

A 2' sugar modified nucleoside is a nucleoside which has a substituent other than H or -OH at
the 2' position (2' substituted nucleoside) or comprises a 2' linked biradicle, and includes 2'
substituted nucleosides and LNA (2' - 4' biradicle bridged) nucleosides. For example, the 2'
modified sugar may provide enhanced binding affinity and/or increased nuclease resistance to
the oligonucleotide. Examples of 2' substituted modified nucleosides are 2’-O-alkyl-RNA, 2'-O-

methyl-RNA, 2'-alkoxy-RNA, 2'-O-methoxyethyl-RNA (MOE), 2'-amino-DNA, 2'-Fluoro-RNA,
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and 2'-F-ANA nucleoside. For further examples, please see e.g. Freier & Altmann; Nucl. Acid
Res., 1997, 25, 4429-4443 and Uhlmann; Curr. Opinion in Drug Development, 2000, 3(2), 293-
213, and Deleavey and Damha, Chemistry and Biology 2012, 19, 937. Below are illustrations of

some 2' substituted modified nucleosides.

T, &, T,
Q. 0. Q. Base
7 _o. Base 31 o E@&& OF
O OCH, o F 0
H 3
210 e PERNA g ST

2'-0-W0E 20-0-Alyt 2'-O-Ethylamine

Locked Nucleic Acid Nucleosides (LNA).
LNA nucleosides are modified nucleosides which comprise a linker group (referred to as a
biradicle or a bridge) between C2' and C4' of the ribose sugar ring of a nucleotide. These

10 nucleosides are also termed bridged nucleic acid or bicyclic nucleic acid (BNA) in the literature.

In some embodiments, the modified nucleoside or the LNA nucleosides of the oligomer of the

invention has a general structure of the formula 1 or I

5
7 B e

W B

R? R2

or
Formula | Formula Il

15 wherein W is selected from -O-, -S-, -N(R®)-, -C(R2RP)-, such as, in some embodiments -O-;
B designates a nucleobase or modified nucleobase moiety;
Z designates an internucleoside linkage to an adjacent nucleoside, or a 5'-terminal group;
Z" designates an internucleoside linkage to an adjacent nucleoside, or a 3'-terminal group;
X designates a group selected from the list consisting of -C(R2Rb)-, -C(Ra)=C(R")-, -

20 C(R%)=N-, -O-, -Si(R3),-, -S-, -S0 ,-, -N(R®-, and >C=Z
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In some embodiments, X is selected from the group consisting of: -O-, -S-, NH-, NR2Rb,

-CH -, CR2Rb, -C(=CH)-, and -C(=CR2Rb)-
In some embodiments, X is -O-

Y designates a group selected from the group consisting of -C(R2RP)-, -C(R3)=C(Rb)-, -
C(R®=N-, -O-, -Si(R?&),-, -S-, -SO -, -N(R?®)-, and >C=Z

In some embodiments, Y is selected from the group consisting of: -CH -, -C(RaRb)-, -
CH,CH,-, -C(R3RP)-C(RaRP)-, -CH ,CH,CH,-, -C(R3RP)C(R2RP)C(R2RY)-, -C(R?)=C(R").,
and -C(R®)=N-

In some embodiments, Y is selected from the group consisting of: -CH,-, -CHR?, -

CHCH,;, CRaRb-

or -X-Y- together designate a bivalent linker group (also referred to as a radicle) together
designate a bivalent linker group consisting of 1, 2. 3 or 4 groups/atoms selected from the group
consisting of -C(R2Rb)-, -C(R3)=C(RP)-, -C(R?)=N-, -O-, -Si(R3),-, -S-, -S0 -, -N(R?®)-, and >C=Z,

In some embodiments, -X-Y- designates a biradicle selected from the groups consisting
of: -X-CH -, -X-CR2Rb-, -X-CHR#", -X-C(HCH g\ -O-Y-, -O-CH -, -S-CH -, -NH-CH -, -O-
CHCH -, -CH ,-O-CH,, -O-CH(CH ,CH,)-, -O-CH,-CH ,-, OCH ,-CH ,-CH ,-.-O-CH ,OCH -, -
O-NCH -, -C(=CH,)-CH -, -NR&-CH -, N-O-CH,,, -S-CRaRb- and -S-CH R3-.

In some embodiments -X-Y- designates -O-CH - or -O-CH(CH ,)-.
wherein Z is selected from -O-, -S-, and -N(R?&)-,

and R2and,when present RP, each is independently selected from hydrogen, optionally
substituted C. -alkyl, optionally substituted C,  -alkenyl, optionally substituted C,  -alkynyl,
hydroxy, optionally substituted C, -alkoxy, C, -alkoxyalkyl, C, -alkenyloxy, carboxy, C_ -
alkoxycarbonyl, C, -alkylcarbonyl, formyl, aryl, aryloxy-carbonyl, aryloxy, arylcarbonyl,
heteroaryl, heteroaryloxy-carbonyl, heteroaryloxy, heteroarylcarbonyl, amino, mono- and di(C -
alkyl)amino, carbamoyl, mono- and di(C_ -alkyl)-amino-carbonyl, amino-C, -alkyl-
aminocarbonyl, mono- and di(C_  -alkyl)amino-C | -alkyl-aminocarbonyl, C. -alkyl-
carbonylamino, carbamide C_  -alkanoyloxy, sulphono, C, -alkylsulphonyloxy, nitro, azido,
sulphanyl, C, .-alkylthio, halogen, where aryl and heteroaryl may be optionally substituted and
where two geminal substituents R2 and RPtogether may designate optionally substituted
methylene (=CH.), wherein for all chiral centers, asymmetric groups may be found in either R or

S orientation.

wherein R1, R2, R3, R>and R5" are independently selected from the group consisting of:
hydrogen, optionally substituted C, -alkyl, optionally substituted C, -alkenyl, optionally
substituted C, .-alkynyl, hydroxy, C.  -alkoxy, C, -alkoxyalkyl, C, -alkenyloxy, carboxy, C. .-
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alkoxycarbonyl, C, .-alkylcarbonyl, formyl, aryl, aryloxy-carbonyl, aryloxy, arylcarbonyl,
heteroaryl, heteroaryloxy-carbonyl, heteroaryloxy, heteroarylcarbonyl, amino, mono- and di(C -
alkyl)amino, carbamoyl, mono- and di(C, s-alkyl)-amino-carbonyl, amino-C , ;-alkyl-
aminocarbonyl, mono- and di(Ci-6-alkyl)amino-Ci-6-alkyl-aminocarbonyl, C, ,-alkyl-
carbonylamino, carbamido, C, ,-alkanoyloxy, sulphono, C, c-alkylsulphonyloxy, nitro, azido,
sulphanyl, C,,-alkylthio, halogen, where aryl and heteroaryl may be optionally substituted, and
where two geminal substituents together may designate oxo, thioxo, imino, or optionally

substituted methylene.

In some embodiments R1, R, R3, R® and R%" are independently selected from C,  alky!,

such as methyl, and hydrogen.
In some embodiments R1, R2, R3, R>and R5" are all hydrogen.

In some embodiments R1, R2, R3, are all hydrogen, and either R> and R5" is also hydrogen

and the other of R>and R%’is other than hydrogen, such as C,, alkyl such as methyl.

In some embodiments, R2is either hydrogen or methyl. In some embodiments, when

present, RPis either hydrogen or methyl.

In some embodiments, one or both of R2 and Rbis hydrogen

In some embodiments, one of R2and RPis hydrogen and the other is other than hydrogen
In some embodiments, one of R2 and RPis methyl and the other is hydrogen

In some embodiments, both of R2 and RP are methyl.

In some embodiments, the biradicle -X-Y- is -O-CH -, W is O, and all of RL, R?, R3, R5 and R%
are all hydrogen. Such LNA nucleosides are disclosed in W099/014226, WOO00/66604,
WQ098/039352 and W0O2004/046160 which are all hereby incorporated by reference, and

include what are commonly known as beta-D-oxy LNA and alpha-L-oxy LNA nucleosides.

In some embodiments, the biradicle -X-Y- is -S-CH -, W is O, and all of RL, R?, R3, RS and R5
are all hydrogen. Such thio LNA nucleosides are disclosed in WO99/0 14226 and
WO2004/046160 which are hereby incorporated by reference.

In some embodiments, the biradicle -X-Y- is -NH-CH -, W is O, and all of R, R?, R3, RS and R%
are all hydrogen. Such amino LNA nucleosides are disclosed in W099/014226 and
W0O2004/046160 which are hereby incorporated by reference.

In some embodiments, the biradicle -X-Y- is -O-CH ,-CH - or -O-CH ,CH,- CH,-, Wis O, and
all of R1, R2, R3, R5and R® are all hydrogen. Such LNA nucleosides are disclosed in
WOO00/047599 and Morita et al, Bioorganic & Med.Chem. Lett. 12 73-76, which are hereby
incorporated by reference, and include what are commonly known as 2’-O-4'C-ethylene bridged
nucleic acids (ENA).
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In some embodiments, the biradicle -X-Y- is - O-CH,-, W is O, and all of RY, R2, R3, and one of
R® and R5" are hydrogen, and the other of R®> and R5" is other than hydrogen such as Cy.4 alkyl,
such as methyl. Such 5' substituted LNA nucleosides are disclosed in WO2007/134181 which is

hereby incorporated by reference.

In some embodiments, the biradicle -X-Y- is - O-CRaRb-, wherein one or both of R* and R® are
other than hydrogen, such as methyl, W is O, and all of R, R2, R3, and one of R®> and R5" are
hydrogen, and the other of R>and R5" is other than hydrogen such as C;¢ alkyl, such as methyl.
Such bis modified LNA nucleosides are disclosed in WO201 0/077578 which is hereby

incorporated by reference.

In some embodiments, the biradicle -X-Y- designate the bivalent linker group -O-
CH(CH,OCH,)- (2' O-methoxyethyl bicyclic nucleic acid - Seth at al., 2010, J. Org. Chem. Vol
75(5) pp. 1569-81). In some embodiments, the biradicle -X-Y- designate the bivalent linker
group - O-CH(CH,CH,)- (2'O-ethyl bicyclic nucleic acid - Seth at al., 2010, J. Org. Chem. Vol
75(5) pp. 1569-81). In some embodiments, the biradicle -X-Y- is - O-CHR?®-, W is O, and all of
R1, R2, R3, R%and R5" are all hydrogen. Such 6’ substituted LNA nucleosides are disclosed in

W01 0036698 and WOO07090071 which are both hereby incorporated by reference.

In some embodiments, the biradicle -X-Y- is - O-CH(CH,OCH,)-, W is O, and all of RY, R2, RS,
R5 and RS are all hydrogen. Such LNA nucleosides are also known as cyclic MOEs in the art
(cMOE) and are disclosed in WO07090071 .

In some embodiments, the biradicle -X-Y- designate the bivalent linker group - O-CH(CH)-. - in
either the R- or S- configuration. In some embodiments, the biradicle -X-Y- together designate
the bivalent linker group - O-CH,-O-CH,- (Seth at al., 2010, J. Org. Chem). In some
embodiments, the biradicle -X-Y- is - O-CH(CH,)-, W is O, and all of RL, R?, R3, RS and R5 are
all hydrogen. Such 6' methyl LNA nucleosides are also known as cET nucleosides in the art,
and may be either (S)CET or (R)CET stereoisomers, as disclosed in WO07090071 (beta-D) and
WO0201 0/036698 (alpha-L) which are both hereby incorporated by reference).

In some embodiments, the biradicle -X-Y- is - O-CR*R®-, wherein in neither R2 or R® is
hydrogen, W is O, and all of R', R2, R3, R5 and R*" are all hydrogen. In some embodiments, R
and RP are both methyl. Such 6' di-substituted LNA nucleosides are disclosed in WO
2009006478 which is hereby incorporated by reference.

In some embodiments, the biradicle -X-Y- is -S-CHR %, W is O, and all of R%, R2, R3, RS and R%"
are all hydrogen. Such 6' substituted thio LNA nucleosides are disclosed in W01 1156202
which is hereby incorporated by reference. In some 6 substituted thio LNA embodiments R2is

methyl.
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In some embodiments, the biradicle -X-Y- is -C(=CH2)-C(R 2RP)-, such as -C(=CH »)-CH,-, or-
C(=CH,)-CH(CH,)-W is O, and all of R1, R, R3, RS and R*" are all hydrogen. Such vinyl carbo
LNA nucleosides are disclosed in WO081 5440 1 and WO09067647 which are both hereby

incorporated by reference.

In some embodiments the biradicle -X-Y- is -N(-OR @)-, W is O, and all of R%, RZ, R3, R® and R*
are all hydrogen. In some embodiments R2is C;g¢ alkyl such as methyl. Such LNA nucleosides
are also known as N substituted LNAs and are disclosed in WO2008/1 50729 which is hereby
incorporated by reference. In some embodiments, the biradicle -X-Y- together designate the
bivalent linker group - O-NR&CH - (Seth at al., 2010, J. Org. Chem). In some embodiments the
biradicle -X-Y- is -N(R 3)-, W is O, and all of R%, R2, R3, R®> and RS5" are all hydrogen. In some

embodiments R2is C;¢ alkyl such as methyl.

In some embodiments, one or both of R®> and R%* is hydrogen and, when substituted the other of
RS and R5" is Cy4 alkyl such as methyl. In such an embodiment, R1, R2, R3, may all be
hydrogen, and the biradicle -X-Y- may be selected from - O-CH2- or - O-C(HCR®)-, such as -O-
C(HCH3)-.

In some embodiments, the biradicle is -CR 2R"-O-CR2aRY-, such as CH,-O-CH,-, W is O and all
of R1, R2, R3, R® and R®" are all hydrogen. In some embodiments R2is d-e alkyl such as methyl.
Such LNA nucleosides are also known as conformationally restricted nucleotides (CRNs) and

are disclosed in WO201 3036868 which is hereby incorporated by reference.

In some embodiments, the biradicle is - O-CR2RP-O-CR2aR"-, such as O-CH,0-CH,-,W is O
and all of R1, R2, R3, R5and R5" are all hydrogen. In some embodiments R2is C,,alkyl such as
methyl. Such LNA nucleosides are also known as COC nucleotides and are disclosed in
Mitsuoka et al., Nucleic Acids Research 2009 37(4), 1225-1238, which is hereby incorporated

by reference.

It will be recognized than, unless specified, the LNA nucleosides may be in the beta-D or alpha-

L stereoisoform.

Certain examples of LNA nucleosides are presented in Scheme 1.
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As illustrated in the examples, in some embodiments of the invention the LNA nucleosides in

the oligonucleotides are beta-D-oxy-LNA nucleosides.

Nuclease mediated degradation
Nuclease mediated degradation refers to an oligonucleotide capable of mediating degradation

of a complementary nucleotide sequence when forming a duplex with such a sequence.

In some embodiments, the oligonucleotide may function via nuclease mediated degradation of
the target nucleic acid, where the oligonucleotides of the invention are capable of recruiting a
nuclease, particularly and endonuclease, preferably endoribonuclease (RNase), such as RNase
H. Examples of oligonucleotide designs which operate via nuclease mediated mechanisms are

oligonucleotides which typically comprise a region of at least 5 or 6 DNA nucleosides and are
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flanked on one side or both sides by affinity enhancing nucleosides, for example gapmers,

headmers and tailmers.

RNase H Activity and Recruitment

The RNase H activity of an antisense oligonucleotide refers to its ability to recruit RNase H
when in a duplex with a complementary RNA molecule. WO01/23613 provides in vitro methods
for determining RNaseH activity, which may be used to determine the ability to recruit RNaseH.
Typically an oligonucleotide is deemed capable of recruiting RNase H if it, when provided with a
complementary target nucleic acid sequence, has an initial rate, as measured in pmol/l/min, of
at least 5%, such as at least 10% or more than 20% of the of the initial rate determined when
using a oligonucleotide having the same base sequence as the modified oligonucleotide being
tested, but containing only DNA monomers with phosphorothioate linkages between all
monomers in the oligonucleotide, and using the methodology provided by Example 91 - 95 of
WO01/23613 (hereby incorporated by reference).

Gapmer

The term gapmer as used herein refers to an antisense oligonucleotide which comprises a
region of RNase H recruiting oligonucleotides (gap) which is flanked 5' and 3' by regions which
comprise one or more affinity enhancing modified nucleosides (flanks or wings). Various
gapmer designs are described herein. Headmers and tailmers are oligonucleotides capable of
recruiting RNase H where one of the flanks is missing, i.e. only one of the ends of the
oligonucleotide comprises affinity enhancing modified nucleosides. For headmers the 3' flank is
missing (i.e. the 5' flank comprises affinity enhancing modified nucleosides) and for tailmers the

5' flank is missing (i.e. the 3' flank comprises affinity enhancing modified nucleosides).

LNA Gapmer

The term LNA gapmer is a gapmer oligonucleotide wherein at least one of the affinity enhancing
modified nucleosides is an LNA nucleoside. In some embodiments the LNA gapmer
oligonucleotide comprises one or more LNA nucleoside within both of the the wing (or flank
regions). In some embodiments, the LNA gapmer is a mixed wing gapmer. In some

embodiments the wing (flank) regions of the LNA gapmer comprise of only LNA nucleosides.

Mixed Wing Gapmer

The term mixed wing gapmer or mixed flank gapmer refers to a LNA gapmer wherein at least
one of the flank regions comprise at least one LNA nucleoside and at least one non-LNA
modified nucleoside, such as at least one 2' substituted modified nucleoside, such as, for
example, 2'-O-alkyl-RNA, 2'-O-methyl-RNA, 2'-alkoxy-RNA, 2'-O-methoxyethyl-RNA (MOE), 2'-
amino-DNA, 2'-Fluoro-RNA and 2’-F-ANA nucleoside(s). In some embodiments the mixed wing

gapmer has one flank which comprises only LNA nucleosides (e.g. 5' or 3') and the other flank
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(3' or 5' respectfully) comprises 2' substituted modified nucleoside(s) and optionally LNA

nucleosides.

Gapbreaker

The term "gapbreaker oligonucleotide” is used in relation to a gapmer capable of maintaining
RNAseH recruitment even though the gap region is disrupted by a non-RNaseH recruiting
nucleoside (a gap-breaker nucleoside, E) such that the gap region comprise less than 5
consecutive DNA nucleosides. Non-RNaseH recruiting nucleosides are for example nucleosides
in the 3' endo conformation, such as LNA's where the bridge between C2' and C4' of the ribose
sugar ring of a nucleoside is in the beta conformation, such as beta-D-oxy LNA or SCET
nucleoside. The ability of gapbreaker oligonucleotide to recruit RNaseH is typically sequence or
even compound specific - see Rukov et al. 2015 Nucl. Acids Res. Vol. 43 pp. 8476-8487, which
discloses "gapbreaker" oligonucleotides which recruit RNaseH which in some instances provide

a more specific cleavage of the target RNA.

In some embodiments, the oligonucleotide of the invention is a gapbreaker oligonucleotide. In
some embodiments the gapbreaker oligonucleotide comprise a 5'-flank (F), a gap (G) and a 3'-
flank (F"), wherein the gap is disrupted by a non-RNaseH recruiting nucleoside (a gap-breaker
nucleoside, E) such that the gap contain at least 3 or 4 consecutive DNA nucleosides. In some
embodiments the gapbreaker nucleoside (E) is an LNA nucleoside where the bridge between
C2' and C4' of the ribose sugar ring of a nucleoside is in the beta conformation and is placed
within the gap region such that the gap-breaker LNA nucleoside is flanked 5' and 3' by at least 3
(5") and 3 (3") or at least 3 (5) and 4 (3') or at least 4(5") and 3(3") DNA nucleosides, and

wherein the oligonucleotide is capable of recruiting RNaseH.

The gapbreaker oligonucleotide can be represented by the following formulae:
F-G-E-G-F’; in particular F1.-G34-E1-Gau.F 17

D’-F-G-F,, in particular D’1.3-F1_7- Gg.4-E1-Gg_4-F’1_7

F-G-F,—D”, in partiCUlar F1_7- Gg_4'E1-Gg_4-F!1_7-D”1_3

D!-F-G-F’-D”, in partiCUlar D’1_3-F1_7- Gg_4'E1-Gg_4-F!1_7-D”1_3

Where region D' and D" are as described in the section "Gapmer design".

In some embodiments the gapbreaker nucleoside (E) is a beta-D-oxy LNA or ScET or another

beta-LNA nucleosides shown in Scheme 1).

Conjugate
The term conjugate as used herein refers to an oligonucleotide which is covalently linked to a

non-nucleotide moiety (conjugate moiety or region C or third region).

Conjugation of the oligonucleotide of the invention to one or more non-nucleotide moieties may

improve the pharmacology of the oligonucleotide, e.g. by affecting the activity, cellular
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distribution, cellular uptake or stability of the oligonucleotide. In some embodiments the
conjugate moiety modify or enhance the pharmacokinetic properties of the oligonucleotide by
improving cellular distribution, bioavailability, metabolism, excretion, permeability, and/or cellular
uptake of the oligonucleotide. In particular the conjugate may target the oligonucleotide to a
specific organ, tissue or cell type and thereby enhance the effectiveness of the oligonucleotide
in that organ, tissue or cell type. A the same time the conjugate may serve to reduce activity of
the oligonucleotide in non-target cell types, tissues or organs, e.g. off target activity or activity in
non-target cell types, tissues or organs. WO 93/07883 and WO0201 3/033230 provides suitable
conjugate moieties, which are hereby incorporated by reference. Further suitable conjugate
moieties are those capable of binding to the asialoglycoprotein receptor (ASGPr). In particular
tri-valent N-acetylgalactosamine conjugate moieties are suitable for binding to the the ASGPr,
see for example WO 2014/076196, WO 2014/207232 and WO 2014/179620 (hereby

incorporated by reference).

Oligonucleotide conjugates and their synthesis has also been reported in comprehensive
reviews by Manoharan in Antisense Drug Technology, Principles, Strategies, and Applications,
S.T. Crooke, ed., Ch. 16, Marcel Dekker, Inc., 2001 and Manoharan, Antisense and Nucleic
Acid Drug Development, 2002, 12, 103, each of which is incorporated herein by reference in its

entirety.

In an embodiment, the non-nucleotide moiety (conjugate moiety) is selected from the group
consisting of carbohydrates, cell surface receptor ligands, drug substances, hormones, lipophilic
substances, polymers, proteins, peptides, toxins (e.g. bacterial toxins), vitamins, viral proteins

(e.g. capsids) or combinations thereof.

Linkers

A linkage or linker is a connection between two atoms that links one chemical group or segment
of interest to another chemical group or segment of interest via one or more covalent bonds.
Conjugate moieties can be attached to the oligonucleotide directly or through a linking moiety
(e.g. linker or tether). Linkers serve to covalently connect a third region, e.g. a conjugate moiety
(Region C), to afirst region, e.g. an oligonucleotide or contiguous nucleotide sequence

complementary to the target nucleic acid (region A).

In some embodiments of the invention the conjugate or oligonucleotide conjugate of the
invention may optionally, comprise a linker region (second region or region B and/or region Y)
which is positioned between the oligonucleotide or contiguous nucleotide sequence
complementary to the target nucleic acid (region A or first region) and the conjugate moiety

(region C or third region).

Region B refers to biocleavable linkers comprising or consisting of a physiologically labile bond

that is cleavable under conditions normally encountered or analogous to those encountered
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within a mammalian body. Conditions under which physiologically labile linkers undergo
chemical transformation (e.g., cleavage) include chemical conditions such as pH, temperature,
oxidative or reductive conditions or agents, and salt concentration found in or analogous to
those encountered in mammalian cells. Mammalian intracellular conditions also include the
presence of enzymatic activity normally present in a mammalian cell such as from proteolytic
enzymes or hydrolytic enzymes or nucleases. In one embodiment the biocleavable linker is
susceptible to S1 nuclease cleavage. In some embodiments the nuclease susceptible linker
comprises between 1 and 10 nucleosides, such as 1,2,3,4,5,6,7, 8,9 or 10 nucleosides,
more preferably between 2 and 6 nucleosides and most preferably between 2 and 4 linked
nucleosides comprising at least two consecutive phosphodiester linkages, such as at least 3 or
4 or 5 consecutive phosphodiester linkages. Preferably the nucleosides are DNA or RNA.
Phosphodiester containing biocleavable linkers are described in more detail in WO
2014/076195 (hereby incorporated by reference).

Region Y refers to linkers that are not necessarily biocleavable but primarily serve to covalently
connect a conjugate moiety (region C or third region), to an oligonucleotide (region A or first
region). The region Y linkers may comprise a chain structure or an oligomer of repeating units
such as ethylene glycol, amino acid units or amino alkyl groups The oligonucleotide conjugates
of the present invention can be constructed of the following regional elements A-C, A-B-C, A-B-
Y-C, A-Y-B-C or A-Y-C. In some embodiments the linker (region Y) is an amino alkyl, such as a
C2 - C36 amino alkyl group, including, for example C6 to C12 amino alkyl groups. In some

embodiments the linker (region Y) is a C6 amino alkyl group.

Treatment

The term ‘treatment’ as used herein refers to both treatment of an existing disease (e.g. a
disease or disorder as herein referred to), or prevention of a disease, i.e. prophylaxis. It will
therefore be recognized that treatment as referred to herein may, in some embodiments, be

prophylactic.
DETAILED DESCRIPTION OF THE INVENTION

The Oligonucleotides of the Invention

The invention relates to oligonucleotides capable of inhibiting the expression of c-Rel. The
modulation is may achieved by hybridizing to a target nucleic acid encoding REL or which is
involved in the regulation of REL. The target nucleic acid may be a mammalian REL sequence,
such as SEQ ID NO 21.

The oligonucleotide of the invention is an antisense oligonucleotide which targets a REL

sequence.
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In some embodiments the antisense oligonucleotide of the invention is capable of modulating
the expression of the target by inhibiting or down-regulating it. Preferably, such modulation
produces an inhibition of expression of at least 20% compared to the normal expression level of
the target, more preferably at least 30%, 40%, 50%, 60%, 70%, 80%, or 90% inhibition
compared to the normal expression level of the target. In some embodiments oligonucleotides
of the invention may be capable of inhibiting expression levels of REL mRNA by at least 60% or
70% in vitro using HEK-293 or HelLa cells. In some embodiments compounds of the invention
may be capable of inhibiting expression levels of Rel protein by at least 50% in vitro using HEK-
293 or Hela cells. Suitably, the examples provide assays which may be used to measure
reduction of REL RNA and subsequently the protein. The target modulation is triggered by the
hybridization between a contiguous nucleotide sequence of the oligonucleotide and the target
nucleic acid. In some embodiments the oligonucleotide of the invention comprises mismatches
between the oligonucleotide and the target nucleic acid. Despite mismatches hybridization to
the target nucleic acid may still be sufficient to show a desired modulation of c-Rel expression.
Reduced binding affinity resulting from mismatches may advantageously be compensated by
increased number of nucleotides in the oligonucleotide and/or an increased number of modified
nucleosides capable of increasing the binding affinity to the target, such as 2' modified

nucleosides, including LNA, present within the oligonucleotide sequence.

An aspect of the present invention relates to an antisense oligonucleotide which consists or
comprises a contiguous nucleotide sequence of 10 to 30 nucleotides in length with at least 90%

complementarity to a human REL sequence.

In some embodiments, the oligonucleotide comprises a contiguous sequence which is at least
90% complementary, such as at least 91%, such as at least 92%, such as at least 93%, such as
at least 94%, such as at least 95%, such as at least 96%, such as at least 97%, such as at least

98%, or 100% complementary with a region of the target nucleic acid.

In some embodiments the oligonucleotide of the invention, or contiguous nucleotide sequence
thereof is fully complementary (100% complementary) to a region of the target nucleic acid, or
in some embodiments may comprise one or two mismatches between the oligonucleotide and

the target nucleic acid.

In some embodiments the oligonucleotide comprises a contiguous nucleotide sequence of 10 to
15 or 10 to 16 nucleotides in length with at least 90% complementary, such as fully (or 100%)
complementary, to a region of a sequence selected from SEQ ID NOs 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 22 and 23.

In some embodiments the oligonucleotide comprises a contiguous nucleotide sequence of 12 to
16 nucleotides in length which is fully (or 100%) complementary, to a region of a sequence

selected from SEQ ID NOs 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 22 and 23.
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In some embodiments the oligonucleotide comprises a contiguous nucleotide sequence of 14
nucleotides in length which is fully (or 100%) complementary, to a region of a sequence

selected from SEQ ID NOs 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 22 and 23.

In some embodiments the oligonucleotide comprises a contiguous nucleotide sequence of 15
nucleotides in length which is fully (or 100%) complementary, to a region of a sequence

selected from SEQ ID NOs 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 22 and 23.

In some embodiments the oligonucleotide comprises a contiguous nucleotide sequence of 16
nucleotides in length which is fully (or 100%) complementary, to a region of a sequence

selected from SEQ ID NOs 11, 12, 13, 14, 15, 17, 18, 19, 20, 22 and 23.

In some embodiments, the oligonucleotide of the invention comprises or consists of 10 to 35
nucleotides in length, such as from 10 to 30, such as 11to 22, such as from 12 to 18, such as
from 13 to 17 or 14 to 16 contiguous nucleotides in length. In some embodiments the

oligonucleotide comprises or consists of 13, 14, 15, 16 or 17 nucleotides in length.

In some embodiments, the oligonucleotide or contiguous nucleotide sequence thereof
comprises or consists of 22 or less nucleotides, such as 20 or less nucleotides, such as 18 or
less nucleotides, such as 14, 15, 16 or 17 nucleotides. It is to be understood that any range
given herein includes the range endpoints. Accordingly, if an oligonucleotide is said to include

from 10 to 30 nucleotides, both 10 and 30 nucleotides are included.

In some embodiments, the contiguous nucleotide sequence comprises or consists of 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 contiguous
nucleotides in length. In some embodiments, the oligonucleotide comprises or consists of 14, 15

or 16 nucleotides in length.

In some embodiments, the oligonucleotide or contiguous nucleotide sequence comprises or
consists of a sequence selected from the group consisting SEQ ID NO 1,2,3.4,5,6,7,8,9

and 10, or at least 12 contiguous nucleotides thereof.

In some embodiments, the oligonucleotide or contiguous nucleotide sequence comprises or
consists of a sequence selected from the group consisting SEQ ID NO 1,2,3,4,5,6,7,8,9

and 10, or at least 13 contiguous nucleotides thereof.

In some embodiments, the oligonucleotide or contiguous nucleotide sequence comprises or
consists of a sequence selected from the group consisting SEQ ID NO 1,2,3,4,5,6,7,8,9

and 10, or at least 14 contiguous nucleotides thereof.

In some embodiments, the oligonucleotide or contiguous nucleotide sequence comprises or
consists of a sequence selected from the group consisting SEQ ID NO 1,2,.3,4,5,6,7,8,9

and 10, or at least 15 contiguous nucleotides thereof.
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In some embodiments, the oligonucleotide or contiguous nucleotide sequence comprises or
consists of a sequence selected from the group consisting SEQ ID NO 1,2,3,4,5,6,7,8,9

and 10, or at least 16 contiguous nucleotides thereof.

Oligonucleotide design

Oligonucleotide design refers to the pattern of nucleoside sugar modifications in the
oligonucleotide sequence. The oligonucleotides of the invention comprise sugar-modified
nucleosides and may also comprise DNA or RNA nucleosides. In some embodiments, the
oligonucleotide comprises sugar-modified nucleosides and DNA nucleosides. Incorporation of
modified nucleosides into the oligonucleotide of the invention may enhance the affinity of the
oligonucleotide for the target nucleic acid. In that case, the modified nucleosides can be referred
to as affinity enhancing modified nucleotides, the modified nucleosides may also be termed

units.

In an embodiment, the oligonucleotide comprises at least 1 modified nucleoside, such as at
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at
least 11, at least 12, at least 13, at least 14, at least 15 or at least 16 modified nucleosides. In
an embodiment the oligonucleotide comprises from 1to 10 modified nucleosides, such as from
2 to 9 modified nucleosides, such as from 3 to 8 modified nucleosides, such as from 4 to 7

modified nucleosides, such as 6 or 7 modified nucleosides.

In an embodiment, the oligonucleotide comprises one or more sugar modified nucleosides, such
as 2' sugar modified nucleosides. Preferably the oligonucleotide of the invention comprise the
one or more 2' sugar modified nucleoside independently selected from the group consisting of
2'-O-alkyl-RNA, 2’-O-methyl-RNA, 2’-alkoxy-RNA, 2’-O-methoxyethyl-RNA, 2’-amino-DNA, 2’-
fluoro-DNA, arabino nucleic acid (ANA), 2'-fluoro-ANA and LNA nucleosides. Even more

preferably the one or more modified nucleoside is a locked nucleic acid (LNA).

In a further embodiment the oligonucleotide comprises at least one modified internucleoside
linkage. In some embodiments all the internucleoside linkages within the contiguous nucleotide
sequence are phosphorothioate or boranophosphate internucleoside linkages. In some
embodiments all the internucleotide linkages in the contiguous sequence of the oligonucleotide

are phosphorothioate linkages.

In some embodiments, the oligonucleotide of the invention comprises at least one LNA
nucleoside, such as 1,2, 3,4, 5,6, 7, or 8 LNA nucleosides, such as from 2 to 6 LNA
nucleosides, such as from 3 to 7 LNA nucleosides, 4 to 8 LNA nucleosides or3,4,5,6,70r8
LNA nucleosides. In some embodiments, at least 75% of the modified nucleosides in the
oligonucleotide are LNA nucleosides, such as 80%, such as 85%, such as 90% of the modified
nucleosides are LNA nucleosides. In a still further embodiment all the modified nucleosides in

the oligonucleotide are LNA nucleosides. In a further embodiment, the oligonucleotide may
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comprise both beta-D-oxy-LNA, and one or more of the following LNA nucleosides: thio-LNA,
amino-LNA, oxy-LNA, and/or ENA in either the beta-D or alpha-L configurations or
combinations thereof. In a further embodiment, all LNA cytosine units are 5-methyl-cytosine. In
some embodiments the oligonucleotide or contiguous nucleotide sequence has at least 1 LNA
nucleoside at the 5' end and at least 2 LNA nucleosides at the 3' end of the nucleotide

sequence.

In some embodiments, the oligonucleotide of the invention comprises at least one modified
nucleoside which is a 2’-MOE-RNA nucleoside, such as 2,3,4,5,6, 7, 8.9 or 10 2-MOE-RNA
nucleosides. In some embodiments, at least one of said modified nucleoside is 2'-fluoro DNA,

such as?2,3,4,5,6, 7,8, 9or 10 2’-fluoro-DNA nucleosides.

In some embodiments, the oligonucleotide of the invention comprises at least one LNA

nucleoside and at least one 2" substituted modified nucleoside.

In some embodiments of the invention, the oligonucleotide comprise both 2' sugar modified
nucleosides and DNA units. Preferably the oligonucleotide comprises both LNA and DNA
nucleosides (units). Preferably, the combined total of LNA and DNA units is 8-30, such as 10 -
25, preferably 12-22, such as 12 - 18, even more preferably 11-16. In some embodiments of
the invention, the nucleotide sequence of the oligonucleotide, such as the contiguous nucleotide
sequence consists of at least one or two LNA nucleosides and the remaining nucleosides are
DNA units. In some embodiments the oligonucleotide comprises only LNA nucleosides and
naturally occurring nucleosides (such as RNA or DNA, most preferably DNA nucleosides),

optionally with modified internucleoside linkages such as phosphorothioate.

In an embodiment of the invention the oligonucleotide of the invention is capable of recruiting

RNase H.

The structural design of the oligonucleotide of the invention may be selected from gapmers,
gapbreakers, headmers and tailmers. In some embodiments the oligonucleotide of the invention

is a gapmer.

Gapmer design

In some embodiments the oligonucleotide of the invention has a gapmer design or structure
also referred herein merely as "Gapmer". In a gapmer structure the oligonucleotide comprises at
least three distinct structural regions a 5'-flank, a gap and a 3'-flank, F-G-F' in '5 -> 3'
orientation. In this design, flanking regions F and F' (also termed wing regions) comprise a
contiguous stretch of modified nucleosides, which are complementary to the REL target nucleic
acid, while the gap region, G, comprises a contiguous stretch of nucleotides which are capable
of recruiting a nuclease, preferably an endonuclease such as RNase, for example RNase H,

when the oligonucleotide is in duplex with the target nucleic acid. Nucleosides which are
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capable of recruiting a nuclease, in particular RNase H, can be selected from the group
consisting of DNA, alpha-L-oxy-LNA, 2’-Flouro-ANA and UNA. Regions F and F', flanking the 5'
and 3' ends of region G, preferably comprise non-nuclease recruiting nucleosides (nucleosides
with a 3' endo structure), more preferably one or more affinity enhancing modified nucleosides.
In some embodiments, the 3' flank comprises at least one LNA nucleoside, preferably at least 2
LNA nucleosides. In some embodiments, the 5' flank comprises at least one LNA nucleoside. In
some embodiments both the 5' and 3' flanking regions comprise a LNA nucleoside. In some
embodiments all the nucleosides in the flanking regions are LNA nucleosides. In other
embodiments, the flanking regions may comprise both LNA nucleosides and other nucleosides
(mixed flanks), such as DNA nucleosides and/or non-LNA modified nucleosides, such as 2'
substituted nucleosides. In this case the gap is defined as a contiguous sequence of at least 5
RNase H recruiting nucleosides (nucleosides with a 2' endo structure, preferably DNA) flanked
at the 5' and 3' end by an affinity enhancing modified nucleoside, preferably LNA, such as beta-
D-oxy-LNA. Consequently, the nucleosides of the 5' flanking region and the 3' flanking region
which are adjacent to the gap region are modified nucleosides, preferably non-nuclease

recruiting nucleosides.

Region F

Region F (5' flank or 5' wing) attached to the '5 end of region G comprises, contains or consists
of at least one modified nucleoside such as at least 2, at least 3, at least 4, at least 5, at least 6,
at least 7 modified nucleosides. In an embodiment region F comprises or consists of from 1to 7
modified nucleosides, such as from 2 to 6 modified nucleosides, such as from 2 to 5 modified
nucleosides, such as from 2 to 4 modified nucleosides, such as from 1to 3 modified
nucleosides, such as 1, 2, 3 or 4 modified nucleosides. The F region is defined by having at

least on modified nucleoside at the 5' end and at the 3' end of the region.
In some embodiments, the modified nucleosides in region F have a 3' endo structure.

In an embodiment, one or more of the modified nucleosides in region F are 2' modified

nucleosides. In one embodiment all the nucleosides in Region F are 2' modified nucleosides.

In another embodiment region F comprises DNA and/or RNA in addition to the 2' modified
nucleosides. Flanks comprising DNA and/or RNA are characterized by having a 2' modified
nucleoside in the 5' end and the 3'end (adjacent to the G region) of the F region. In one
embodiment the region F comprise DNA nucleosides, such as from 1to 3 contiguous DNA
nucleosides, such as 1to 3 or 1to 2 contiguous DNA nucleosides. The DNA nucleosides in the
flanks should preferably not be able to recruit RNase H. In some embodiments the 2' modified
nucleosides and DNA and/or RNA nucleosides in the F region alternate with 1to 3 2' modified
nucleosides and 1to 3 DNA and/or RNA nucleosides. Such flanks can also be termed

alternating flanks. The length of the 5' flank (region F) in oligonucleotides with alternating flanks
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may be 4 to 10 nucleosides, such as 4 to 8, such as 4 to 6 nucleosides, such as 4,5,6 or7
modified nucleosides. In some embodiments only the 5' flank of the oligonucleotide is

alternating. Specific examples of region F with alternating nucleosides are
213-N'14-2'13
240-N'1-2"1 - N'12-2'122

Where 2'indicates a modified nucleoside and nt is a RNA or DNA. In some embodiments all the
modified nucleosides in the alternating flanks are LNA and the N’ is DNA. In a further
embodiment one or more of the 2' modified nucleosides in region F are selected from 2’-O-alkyl-
RNA units, 2’-O-methyl-RNA, 2’-amino-DNA units, 2’-fluoro-DNA units, 2’-alkoxy-RNA, MOE

units, LNA units, arabino nucleic acid (ANA) units and 2'-fluoro-ANA units.

In some embodiments the F region comprises both LNA and a 2' substituted modified

nucleoside. These are often termed mixed wing or mixed flank oligonucleotides.

In one embodiment of the invention all the modified nucleosides in region F are LNA
nucleosides. In a further embodiment all the nucleosides in Region F are LNA nucleosides. In a
further embodiment the LNA nucleosides in region F are independently selected from the group
consisting of oxy-LNA, thio-LNA, amino-LNA, cET, and/or ENA, in either the beta-D or alpha-L
configurations or combinations thereof. In some embodiments region F comprise at least 1

beta-D-oxy LNA unit, at the 5' end of the contiguous sequence.

Region G

Region G (gap region) preferably comprise, contain or consist of at least 4, such as at least 5,
such as at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least
13, at least 14, at least 15 or at least 16 consecutive nucleosides capable of recruiting the
aforementioned nuclease, in particular RNaseH. In a further embodiment region G comprise,
contain or consist of from 5 to 12, or from 6 to 10 or from 7 to 9, such as 8 consecutive

nucleotide units capable of recruiting aforementioned nuclease.

The nucleoside units in region G, which are capable of recruiting nuclease are in an
embodiment selected from the group consisting of DNA, alpha-L-LNA, C4' alkylated DNA (as
described in PCT/EP2009/050349 and Vester etal., Bioorg. Med. Chem. Lett. 18 (2008) 2296 -
2300, both incorporated herein by reference), arabinose derived nucleosides like ANA and 2'F-
ANA (Mangos et al. 2003 J. AM. CHEM. SOC. 125, 654-661), UNA (unlocked nucleic acid) (as
described in Fluiter et al., Mol. Biosyst., 2009, 10, 1039 incorporated herein by reference). UNA
is unlocked nucleic acid, typically where the bond between C2 and C3 of the ribose has been

removed, forming an unlocked "sugar" residue.

In a still further embodiment at least one nucleoside unit in region G is a DNA nucleoside unit,

such as from 1to 12 DNA units, such as 2,3,4,5,6,7,8,9, 10 or 11 DNA units, preferably
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from 2 to 12 DNA units, such as from 4 to 12 DNA units, more preferably from 5 to 11, orfrom 2
to 10, 4 to 10 or 6 to 10 DNA units, such as from 7 to 10 DNA units, such as 8, 9 or 10 DNA
units. In some embodiments, region G consists of 100% DNA units. In some embodiment G
consists of 8 - 12 DNA units.

In further embodiments the region G may consist of a mixture of DNA and other nucleosides
capable of mediating RNase H cleavage. Region G may consist of at least 50% DNA, more

preferably 60 %, 70% or 80 % DNA, and even more preferred 90% or 95% DNA.

In a still further embodiment at least one nucleoside unit in region G is an alpha-L-LNA
nucleoside unit, such as at least one alpha-L-LNA, such as 2, 3, 4,5, 6, 7. 8 or 9 alpha-L-LNA.
In a further embodiment, region G comprises the least one alpha-L-LNA is alpha-L-oxy-LNA. In
a further embodiment region G comprises a combination of DNA and alpha-L-LNA nucleoside

units.

In some embodiments the size of the contiguous sequence in region G may be longer, such as

12, 13, 14, 15, 16, 17, 18, 19 or 20 nucleoside units.
In some embodiments, nucleosides in region G have a 2' endo structure.

In some embodiments region G may comprise a gapbreaker nucleoside, leading to a

gapbreaker oligonucleotide, which is capable of recruiting RNase H.

Region F

Region F' (3' flank or 3' wing) attached to the '3 end of region G comprises, contains or consists
of at least one modified nucleoside such as at least 2, at least 3, at least 4, at least 5, at least 6,
at least 7 modified nucleosides. In an embodiment region F' comprise or consist of from 1to 7
modified nucleosides, such as from 2 to 6 modified nucleside, such as from 2 to 4 modified
nucleosides, such as from 1to 3 modified nucleosides, such as 1, 2. 3 or 4 modified
nucleosides. The F' region is defined by having at least on modified nucleoside at the 5' end

and at the 3' end of the region.
In some embodiments, the modified nucleosides in region F' have a 3' endo structure.

In an embodiment, one or more of the modified nucleosides in region F' are 2' modified

nucleosides. In one embodiment all the nucleosides in Region F' are 2' modified nucleosides.

In an embodiment, one or more of the modified nucleosides in region F' are 2' modified

nucleosides.

In one embodiment all the nucleosides in Region F' are 2' modified nucleosides. In another
embodiment region F' comprises DNA or RNA in addition to the 2' modified nucleosides. Flanks
comprising DNA or RNA are characterized by having a 2' modified nucleoside in the 5' end

(adjacent to the G region) and the 3'end of the F' region. In one embodiment the region F'
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comprises DNA nucleosides, such as from 1to 4 contiguous DNA nucleosides, such as 1to 3
or 1to 2 contiguous DNA nucleosides. The DNA nucleosides in the flanks should preferably not
be able to recruit RNase H. In some embodiments the 2' modified nucleosides and DNA and/or
RNA nucleosides in the F' region alternate with 1to 3 2" modified nucleosides and 1to 3 DNA
and/or RNA nucleosides, such flanks can also be termed alternating flanks. The length of the 3'
flank (region F') in oligonucleotides with alternating flanks may be 4 to 10 nucleosides, such as
4 to 8, such as 4 to 6 nucleosides, such as 4,5, 6 or 7 modified nucleosides. In some
embodiments only the 3' flank of the oligonucleotide is alternating. Specific examples of region

F' with alternating nucleosides are
240N'14-2'14
240N 1-2"1 - N'12-2'122

Where 2' indicates a modified nucleoside and N'is a RNA or DNA. In some embodiments all the
modified nucleosides in the alternating flanks are LNA and the N’ is DNA.In a further
embodiment modified nucleosides in region F' are selected from 2'-O-alkyl-RNA units, 2'-O-
methyl-RNA, 2'-amino-DNA units, 2'-fluoro-DNA units, 2’-alkoxy-RNA, MOE units, LNA units,

arabino nucleic acid (ANA) units and 2'-fluoro-ANA units.

In some embodiments the F' region comprises both LNA and a 2' substituted modified

nucleoside. These are often termed mixed wing or mixed flank oligonucleotides.

In one embodiment of the invention all the modified nucleosides in region F' are LNA
nucleosides. In afurther embodiment all the nucleosides in Region F' are LNA nucleosides. In a
further embodiment the LNA nucleosides in region F' are independently selected from the group
consisting of oxy-LNA, thio-LNA, amino-LNA, cET and/or ENA, in either the beta-D or alpha-L
configurations or combinations thereof. In some embodiments region F' has at least 2 beta-D-

oxy LNA unit, at the 3' end of the contiguous sequence.

Region D'and D"
Region D' and D" can be attached to the 5' end of region F or the 3' end of region F,

respectively.

Region D’ or D" may independently comprise 1, 2, 3, 4 or 5 additional nucleotides, which may
be complementary or non-complementary to the target nucleic acid. In this respect the
oligonucleotide of the invention, may in some embodiments comprise a contiguous nucleotide
sequence capable of modulating the target which is flanked at the 5' and/or 3' end by additional
nucleotides. Such additional nucleotides may serve as a nuclease susceptible biocleavable
linker (see definition of linkers). In some embodiments the additional 5' and/or 3' end
nucleotides are linked with phosphodiester linkages, and may be DNA or RNA. In another

embodiment, the additional 5' and/or 3' end nucleotides are modified nucleotides which may for
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example be included to enhance nuclease stability or for ease of synthesis. In an embodiment
of the oligonucleotide, the invention comprises a region D' and/or D" in addition to the

contiguous nucleotide sequence.

In some embodiments the oligonucleotide of the invention may consist of the contiguous
nucleotide sequence and region D' and/or D", and a conjugation group covalently attached to

region D' or D".

The gapmer oligonucleotide of the present invention can be represented by the following

formulae:

F-G-F’; in particular F17-Ggq2-F'17

D!-F-G-F’, in partiCUIar D’1_3-F1_7-G4_12-F’1_7

F-G-F’-D”, in particular F1.7-G442-F'17-D" 13

D,-F-G-F,-D”, in particular D’1_3-F1_7-G4_12-F!1_7-D”1_3

The preferred number and types of nucleosides in regions F, G and F, D' and D" have been

described above.

The oligonucleotide conjugates of the present invention have a region C covalently attached to
either the 5' or 3' end of the oligonucleotide, in particular the gapmer oligonucleotides presented

above.

In one embodiment the oligonucleotide conjugate of the invention comprises a oligonucleotide
with the formula 5'-D'-F-G-F'-3' or 5-F-G-F'-D"-3', where region F and F' independently
comprise 1 - 7 modified nucleosides, G is a region between 6 and 16 nucleosides which are
capable of recruiting RNaseH and region D' or D" comprise 1 - 5 phosphodiester linked
nucleosides. Preferably region D' or D" is present in the end of the oligonucleotide where

conjugation to a conjugate moiety is contemplated.

Examples of oligonucleotides with alternating flanks can be represented by the following

formulae:

245Ny 4-2"15-Ge12-2"12-N' 1421 4

24Ny =27 p-N' 4 -2"4 - Gg12-2"1.0-N'1.-2"12- N'12-2'12
F-Ge.1272 10N 14-2"14

F-Geg.12-2"120-N"12-2"1.-N'1.-2'12

2'1.3-N'14-2"15-Gg.12-F’

2!1-2'N,1-2'2,1-2'N1-2'2!1-2'(36-124:,
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Where a flank is indicated by F or F' it only contains 2' modified nucleosides, such as LNA
nucleosides. The preferred number and types of nucleosides in the alternating regions, and

region F, Gand F', D' and D" have been described above.

In some embodiments the oligonucleotide is a gapmer consisting of 10, 11, 12, 13, 14, 15 or 16
nucleotides in length, wherein each of regions F and F' independently consists of 1.2, 3 or4
modified nucleoside units complementary to the REL target nucleic acid and region G consists
of 7, 8, 9, or 10 nucleoside units, capable of recruiting nuclease when in duplex with the REL

target nucleic acid.

In a further embodiments, the oligonucleotide is a gapmer wherein each of regions F and F'
independently consists of 3, 4, 5 or 6 modified nucleoside units, such as nucleoside units
containing a 2'-O-methoxyethyl-ribose sugar (2'-MOE) or nucleoside units containing a 2’-fluoro-
deoxyribose sugar and/or LNA units, and region G consists of 8, 9, 10, 11 or 12 nucleoside
units, such as DNA units or other nuclease recruiting nucleosides such as alpha-L-LNA or a

mixture of DNA and nuclease recruiting nucleosides.

In a further specific embodiment, the oligonucleotide is a gapmer wherein each of regions F and
F' region consists of two LNA units each, and region G consists of 8, 9 or 10 nucleoside units,

preferably DNA units. Specific gapmer designs of this nature include 2-8-2, 2-9-2 and 2-10-2.

In a further specific embodiment, the oligonucleotide is a gapmer wherein each of regions F and
F' independently consists of three LNA units, and region G consists of 8, 9 or 10 nucleoside
units, preferably DNA units. Specific gapmer designs of this nature include 3-8-3, 3-9-3 and 3-
10-3.

In a further specific embodiment, the oligonucleotide is a gapmer wherein each of regions F and
F' consists of four LNA units each, and region G consists of 8 or 9 or 10 nucleoside units,

preferably DNA units. Specific gapmer designs of this nature include 4-8-4, 4-9-4 and 4-10-4

Specific gapmer designs of this nature include F-G-F' designs selected from a group consisting
of a gap with 6 nucleosides and independently 1to 4 modified nucleosides in the wings
including 1-6-1, 1-6-2, 2-6-1, 1-6-3, 3-6-1, 1-6-4, 4-6-1, 2-6-2, 2-6-3, 3-6-2 2-6-4, 4-6-2, 3-6-3, 3-
6-4 and 4-6-3 gapmers.

Specific gapmer designs of this nature include F-G-F' designs selected from a group consisting
of a gap with 7 nucleosides and independently 1to 4 modified nucleosides in the wings
including 1-7-1, 2-7-1, 1-7-2, 1-7-3, 3-7-1, 1-7-4, 4-7-1, 2-7-2, 2-7-3, 3-7-2, 2-7-4, 4-7-2, 3-7-3,
3-7-4, 4-7-3 and 4-7-4 gapmers.

Specific gapmer designs of this nature include F-G-F' designs selected from a group consisting

of a gap with 8 nucleosides and independently 1to 4 modified nucleosides in the wings
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including including 1-8-1, 1-8-2, 1-8-3, 3-8-1, 1-8-4, 4-8-1 ,2-8-1, 2-8-2, 2-8-3, 3-8-2, 2-8-4, , 4-8-
2, 3-8-3, 3-8-4, 4-8-3, and 4-8-4 gapmers.

Specific gapmer designs of this nature include F-G-F' designs selected from a group consisting
of a gap with 9 nucleosides and independently 1to 4 modified nucleosides in the wings
including, 1-9-1,2-9-1, 1-9-2, 1-9-3, 3-9-1, 1-9-4, 4-9-1, 2-9-2, 2-9-3, 3-9-2, 2-9-4, 4-9-2, 3-9-3,
3-9-4, 4-9-3 and 4-9-4 gapmers.

Specific gapmer designs of this nature include F-G-F' designs selected from a group consisting
of a gap with 10 nucleosides including, 1-10-1,2-10-1, 1-10-2, 1-10-3, 3-10-1, 1-10-4, 4-10-1, 2-
10-2, 2-10-3, 3-10-2, 2-10-4, 4-10-2, 3-10-3, 3-10-4, 4-10-3 and 4-10-4 gapmers.

In some embodiments the F-G-F' design is selected from 3-1 1-2, 2-10-3, 4-9-2, 2-10-4, 4-10-2,
3-10-3, 4-10-2, 3-9-3, 4-9-2, and 3-10-3.

In some embodiments, the F-G-F' design may, optionally, further include region D' and/or D",
which may have 1, 2 or 3 nucleoside units, such as DNA units. In some embodiments, the
nucleosides in region F and F' are modified nucleosides, while nucleotides in region G are

preferably unmodified nucleosides, such as DNA nucleosides.
In each design, in some embodiments the modified nucleoside is LNA.

In another embodiment all the internucleoside linkages in the gap in a gapmer are
phosphorothioate and/or boranophosphate linkages. In another embodiment all the
internucleoside linkages in the flanks (F and F' region) in a gapmer are phosphorothioate and/or
boranophosphate linkages. In another preferred embodiment all the internucleoside linkages in

the D' and D" region in a gapmer are phosphodiester linkages.

For specific gapmers as disclosed herein, when the cytosine (C) residues are annotated as 5-
methyl-cytosine, in various embodiments, one or more of the Cs present in the oligonucleotide

may be unmodified C residues.

In a particular embodiment, the gapmer is a so-called shortmer as described in

WO2008/1 13832 incorporated herein by reference.

Further gapmer designs are disclosed in WO2004/046160, WO2007/14651 1 and incorporated

by reference.

For certain embodiments of the invention, the oligonucleotide is selected from the group of

oligonucleotide compounds with CMP-ID-NO: 1,1;2.1;3,1;4,1;5,1;6,1;7,1;8,1;9,1;and 10.1.

Method of manufacture
In a further aspect, the invention provides methods for manufacturing the oligonucleotides of the
invention comprising reacting nucleotide units and thereby forming covalently linked contiguous

nucleotide units comprised in the oligonucleotide. Preferably, the method uses phophoramidite



10

15

20

25

30

35

WO 2018/130582 34 PCT/EP2018/050582

chemistry (see for example Caruthers et al, 1987, Methods in Enzymology vol. 154, pages 287-
313). In a further embodiment the method further comprises reacting the contiguous nucleotide
sequence with a conjugating moiety (ligand). In a further aspect a method is provided for
manufacturing the composition of the invention, comprising mixing the oligonucleotide or
conjugated oligonucleotide of the invention with a pharmaceutically acceptable diluent, solvent,

carrier, salt and/or adjuvant.

Pharmaceutical Composition

In a further aspect, the invention provides pharmaceutical compositions comprising any of the
aforementioned oligonucleotides and/or oligonucleotide conjugates or salts thereof and a
pharmaceutically acceptable diluent, carrier, salt and/or adjuvant. A pharmaceutically
acceptable diluent includes phosphate-buffered saline (PBS) and pharmaceutically acceptable
salts include, but are not limited to, sodium and potassium salts. In some embodiments the
pharmaceutically acceptable diluent is sterile phosphate buffered saline. In some embodiments
the oligonucleotide is used in the pharmaceutically acceptable diluent at a concentration of 50 -
300uM solution. The invention provides a sodium or potassium salt of the oligonucleotide or

conjugate of the invention.

Suitable formulations for use in the present invention are found in Remington's Pharmaceutical
Sciences, Mack Publishing Company, Philadelphia, Pa., 17th ed., 1985. For a brief review of
methods for drug delivery, see, e.g., Langer (Science 249:1527-1533, 1990). WO 2007/031091
provides further suitable and preferred examples of pharmaceutically acceptable diluents,
carriers and adjuvants (hereby incorporated by reference). Suitable dosages, formulations,
administration routes, compositions, dosage forms, combinations with other therapeutic agents,

pro-drug formulations are also provided in WO2007/031091 .

Oligonucleotides or oligonucleotide conjugates of the invention may be mixed with
pharmaceutically acceptable active or inert substances for the preparation of pharmaceutical
compositions or formulations. Compositions and methods for the formulation of pharmaceutical
compositions are dependent upon a number of criteria, including, but not limited to, route of

administration, extent of disease, or dose to be administered.

These compositions may be sterilized by conventional sterilization techniques, or may be sterile
filtered. The resulting aqueous solutions may be packaged for use as is, or lyophilized, the
lyophilized preparation being combined with a sterile aqueous carrier prior to administration.
The pH of the preparations typically will be between 3 and 11, more preferably between 5 and 9
or between 6 and 8, and most preferably between 7 and 8, such as 7 to 7.5. The resulting
compositions in solid form may be packaged in multiple single dose units, each containing a

fixed amount of the above-mentioned agent or agents, such as in a sealed package of tablets or
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capsules. The composition in solid form can also be packaged in a container for a flexible

guantity, such as in a squeezable tube designed for a topically applicable cream or ointment.

In some embodiments, the oligonucleotide or oligonucleotide conjugate of the invention is a
prodrug. In particular with respect to oligonucleotide conjugates the conjugate moiety is cleaved

of the oligonucleotide once the prodrug is delivered to the site of action, e.g. the target cell.

Applications
The oligonucleotides of the invention may be utilized as research reagents for, for example,

diagnostics, therapeutics and prophylaxis.

In research, such oligonucleotides may be used to specifically modulate the synthesis of c-Rel
protein in cells (e.g. in vitro cell cultures) and experimental animals thereby facilitating functional
analysis of the target or an appraisal of its usefulness as a target for therapeutic intervention.
Typically the target modulation is achieved by degrading or inhibiting the mRNA producing the
protein, thereby prevent protein formation or by degrading or inhibiting a modulator of the gene

or mRNA producing the protein.

If employing the oligonucleotide of the invention in research or diagnostics the target nucleic

acid may be a cDNA or a synthetic nucleic acid derived from DNA or RNA.

The present invention provides an in vivo or in vitro method for modulating REL expression in a
target cell which is expressing c-Rel, said method comprising administering an oligonucleotide

of the invention in an effective amount to said cell.

In some embodiments, the target cell, is a mammalian cell in particular a human cell. The target

cell may be an in vitro cell culture or an in vivo cell forming part of a tissue in a mammal.

In diagnostics the oligonucleotides may be used to detect and quantitate REL expression in cell

and tissues by northern blotting, in-situ hybridisation or similar techniques.

For therapeutics, an animal or a human, suspected of having a disease or disorder, which can
be treated by modulating the expression of c-Rel, such as cancer, inflammation or an

inflammatory disease, or an autoimmune disease.

The invention provides methods for treating or preventing a disease, comprising administering a
therapeutically or prophylactically effective amount of an oligonucleotide, an oligonucleotide
conjugate or a pharmaceutical composition of the invention to a subject suffering from or

susceptible to the disease.

The invention also relates to an oligonucleotide, a composition or a conjugate as defined herein

for use as a medicament.

The oligonucleotide, oligonucleotide conjugate or a pharmaceutical composition according to

the invention is typically administered in an effective amount.
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The invention also provides for the use of the oligonucleotide or oligonucleotide conjugate of the
invention as described for the manufacture of a medicament for the treatment of a disorder as

referred to herein, or for a method of the treatment of as a disorder as referred to herein.

The disease or disorder, as referred to herein, is associated with expression of REL. In some
embodiments disease or disorder may be associated with a mutation in the REL gene or a gene
whose protein product is associated with or interacts with REL. Therefore, in some
embodiments, the target nucleic acid is a mutated form of the REL sequence and in other

embodiments, the target nucleic acid is a regulator of the REL sequence.

The methods of the invention are preferably employed for treatment or prophylaxis against

diseases caused by abnormal levels and/or activity of c-Rel.

The invention further relates to use of an oligonucleotide, oligonucleotide conjugate or a
pharmaceutical composition as defined herein for the manufacture of a medicament for the

treatment of abnormal levels and/or activity of c-Rel.

In some embodiments, the invention relates to oligonucleotides, oligonucleotide conjugates or
pharmaceutical compositions for use in the treatment of diseases or disorders selected from the
group consisting of cancer, inflammation and inflammatory disorders, and autoimmune

diseases.

In some embodiments, the invention relates to oligonucleotides, oligonucleotide conjugates or
pharmaceutical compositions for use in the treatment of diseases or disorders selected from the
group consisting of atherosclerosis, multiple sclerosis, Crohn's disease, inflammatory bowel

disease, and rheumatoid arthritis.

In some embodiments, the invention relates to oligonucleotides, oligonucleotide conjugates or
pharmaceutical compositions for use in the treatment of cancer, such as hematopoietic cancer,

such as lymphoma or leukemia, or lung cancer or breast cancer

In some embodiments, the invention relates to oligonucleotides, oligonucleotide conjugates or
pharmaceutical compositions for use in the reducing inflammation in a patient who is in need to

reduced inflammation.

In some embodiments, the invention relates to oligonucleotides, oligonucleotide conjugates or
pharmaceutical compositions for use in the reducing cytokine levels in a patient who is in need

to reduced cytokines.
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Administration
The oligonucleotides or pharmaceutical compositions of the present invention may be
administered by any suitable means, such as via parenteral administration (such as,

intravenous, subcutaneous, or intra-muscular.

In some embodiments the active oligonucleotide or oligonucleotide conjugate is administered
intravenously. In another embodiment the active oligonucleotide or oligonucleotide conjugate is

administered subcutaneously.

In some embodiments, the oligonucleotide, oligonucleotide conjugate or pharmaceutical
composition of the invention is administered at a dose of 0.1 - 15 mg/kg, such as from 0.2 - 10
mg/kg, such as from 0.25 - 5 mg/kg. The administration can be once a week, every 2™ week,

every third week or even once a month.

The invention also provides for the use of the oligonucleotide or oligonucleotide conjugate of the
invention as described for the manufacture of a medicament wherein the medicament is in a

dosage form for subcutaneous administration.

Combination therapies
In some embodiments the oligonucleotide, oligonucleotide conjugate or pharmaceutical
composition of the invention is for use in a combination treatment with another therapeutic

agent.

EMBODIMENTS

1. An LNA antisense oligonucleotide targeting human REL, 10 to 30 contiguous nucleotides in
length, wherein the contiguous sequence of the oligonucleotide comprises at least 12
contiguous nucleotides of a sequence selected from the group consisting of SEQ ID NO 3,

4,1,2,5,6,7,8,9 and 10.

2. The oligonucleotide according to embodiment 1, where the oligonucleotide comprises at

least one modified internucleoside linkage.

3. The oligonucleotide of embodiment 2, wherein the internucleoside linkages within the

contiguous nucleotide sequence are phosphorothioate internucleoside linkages.

4. The oligonucleotide of any one of embodiments 1 - 3, wherein the oligonucleotide is

capable of recruiting RNase H.
5. The oligonucleotide of embodiment 4, wherein the oligonucleotide is a gapmer.

6. The oligonucleotide of embodiment 4 or 5, wherein the oligonucleotide is a gapmer of

formula 5'-F-G-F-3\ where region F and F' independently comprise 1 - 7 modified
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nucleosides and G is a region between 6 and 16 nucleosides which are capable of

recruiting RNaseH.

The oligonucleotide according to any one of embodiments 1 - 6, wherein said
oligonucleotide consists or comprises of an oligonucleotide selected from the group
consisting of: CGTCagattaggaaCC (SEQ ID NO 3), AGtattggaattgGCG (SEQ {D NO 4),
GCAgaaacaactagGA (SEQ ID NO 1), CACAtcgaataccCA (SEQ I[D NO 2),
ACAcatcgaatacCC (SEQ ID NO 5), CTAtttcgtaggcTG (SEQ ID NO 6), ACAcatcgaataccCA
(SEQ ID NO 7), CAGgaaattgtaggGA (SEQ ID NO 8), TAGtattggaattgGC (SEQ ID NO 9),
and TTAagtttctacgGCA (SEQ ID NO 10), wherein capital letters represent LNA nucleosides
and lower case letters represent DNA nucleosides, and cytosines are optionally 5-methyl

cytosine.

The oligonucleotide according to embodiment 7, wherein all LNA nucleotides are beta-D-

oxy LNA.

The oligonucleotide according to embodiments 7 or 8, wherein all LNA cytosines are 5-

methyl cytosine.

The oligonucleotide according to any one of embodiments 7 - 9, wherein all internucleoside
linkages present in the indicated sequence are phosphorothioate internucleoside linkages.
The oligonucleotide according to any one of embodiments 1- 10, wherein the compound is
selected from the group consisting of, CGTCagattaggaaCC (SEQ ID NO 3),
AGtattggaattgGCG (SEQ ID NO 4), GCAgaaacaactagGA (SEQ ID NO 1),
CACAfcgaataccCA (SEQ ID NO 2), ACAcafcgaatacCC (SEQ ID NO 5),

CTAttfcgtaggcTG (SEQ ID NO 6), ACAcatMcgaataccCA (SEQ ID NO 7),
CAGgaaattgtaggGA (SEQ ID NO 8), TAGtattggaattgGC (SEQ ID NO 9), and
TTAagtttcta™cgGCA (SEQ ID NO 10), wherein capital letters represent beta-D-oxy LNA
nucleosides, all LNA cytosines are 5-methyl cytosine, lower case letters are DNA
nucleosides, ™c indicates a 5-methyl cytosinse DNA nucleoside, and all internucleoside

linkages are phosphorothioate internucleoside linkages.

. A conjugate comprising the oligonucleotide according to any one of embodiments 1- 11,

and at least one conjugate moiety covalently attached to said oligonucleotide.

A pharmaceutical composition comprising the oligonucleotide of embodiment 1 - 11 or the
conjugate of embodiment 12 and a pharmaceutically acceptable diluent, solvent, carrier,

salt and/or adjuvant.

An in vivo or in vitro method for modulating REL expression in a target cell which is

expressing REL said method comprising administering an oligonucleotide of any one of
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embodiments 1 - 11, the conjugate according to embodiment 12, or the pharmaceutical

composition of embodiment 13 in an effective amount to said cell.

115. A method for treating or preventing a disease comprising administering a therapeutically or

16

19.

20..

21

22.

23.

prophylactically effective amount of an oligonucleotide of any one of embodiments 1- 11 or
the conjugate according to embodiment 12 or the pharmaceutical composition of

embodiment 13 to a subject suffering from or susceptible to the disease.

. The method of embodiment 14, wherein the disease is selected from the group consisting of

cancer, inflammation and inflammatory disorders, and autoimmune diseases.

.The method according to embodiment 15, wherein the disease is selected from the group

consisting of multiple sclerosis, psoriasis, celiac disease, Crohn's disease and rheumatoid

arthritis.

The method according to embodiment 15, wherein the disease is selected from the group

consisting of lymphoma, leukemia, breast cancer and lung cancer.

The oligonucleotide of any one of embodiments 1 - 11 or the conjugate according to

embodiment 12 or the pharmaceutical composition of embodiment 13 for use in medicine.

The oligonucleotide of any one of embodiments 1 - 11 or the conjugate according to
embodiment 12 or the pharmaceutical composition of embodiment 13 for use in the
treatment or prevention of cancer, inflammation and inflammatory disorders, and

autoimmune diseases.

The use of the oligonucleotide of embodiment 1 - 11 or the conjugate according to
embodiment 12 or the pharmaceutical composition of embodiment 13, for the preparation of
a medicament for treatment or prevention of cancer, inflammation and inflammatory

disorders, and autoimmune diseases.

The oligonucleotide or use according to any one of embodiments 1 - 20, wherein the
oligonucleotide is for use in the treatment of a disease selected from the group consisting of

multiple sclerosis, psoriasis, celiac disease, Crohn’s disease and rheumatoid arthritis.

The oligonucleotide or use according to any one of embodiments 1 - 20, wherein the
oligonucleotide is for use in the treatment of a disease selected from the group consisting of

hematopoietic cancer, such as lymphoma or leukemia, lung cancer and breast cancer.



10

15

20

25

30

35

WO 2018/130582 40 PCT/EP2018/050582

EXAMPLES

The work reported herein has received funding from the European Union Seventh Framework
Programme [FP7-2007-2013] under grant agreement "HEALTH-F2-201 3-6021{ 14" (Athero-B-
Cell).

Materials and methods

Oligonucleotide synthesis
Oligonucleotide synthesis is generally known in the art. Below is a protocol which may be
applied. The oligonucleotides of the present invention may have been produced by slightly

varying methods in terms of apparatus, support and concentrations used.

Oligonucleotides are synthesized on uridine universal supports using the phosphoramidite
approach on an Oligomaker 48 at 1 ymol scale. At the end of the synthesis, the oligonucleotides
are cleaved from the solid support using aqueous ammonia for 5-16hours at 60°C. The
oligonucleotides are purified by reverse phase HPLC (RP-HPLC) or by solid phase extractions

and characterized by UPLC, and the molecular mass is further confirmed by ESI-MS.

Elongation of the oligonucleotide:

The coupling of B-cyanoethyl- phosphoramidites (DNA-A(Bz), DNA- G(ibu), DNA- C(Bz), DNA-
T, LNA-5-methyl-C(Bz), LNA-A(Bz), LNA- G(dmf), or LNA-T) is performed by using a solution of
0.1 M of the 5°-O-DMT-protected amidite in acetonitrile and DCI (4,5-dicyanoimidazole) in
acetonitrile (0.25 M) as activator. For the final cycle a phosphoramidite with desired
modifications can be used, e.g. a C6 linker for attaching a conjugate group or a conjugate group
as such. Thiolation for introduction of phosphorthioate linkages is carried out by using xanthane
hydride (0.01 M in acetonitrile/pyridine 9:1). Phosphordiester linkages can be introduced using
0.02 M iodine in THF/Pyridine/water 7:2:1.The rest of the reagents are the ones typically used

for oligonucleotide synthesis.

For post solid phase synthesis conjugation a commercially available C6 aminolinker
phorphoramidite can be used in the last cycle of the solid phase synthesis and after
deprotection and cleavage from the solid support the aminolinked deprotected oligonucleotide is
isolated. The conjugates are introduced via activation of the functional group using standard

synthesis methods.

Purification by RP-HPLC:

The crude compounds are purified by preparative RP-HPLC on a Phenomenex Jupiter C18 10p
150x10 mm column. 0.1 M ammonium acetate pH 8 and acetonitrile is used as buffers at a flow
rate of 5 mL/min. The collected fractions are lyophilized to give the purified compound typically

as a white solid.

Abbreviations:
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DCI:  4,5-Dicyanoimidazole

DCM: Dichloromethane

DMF: Dimethylformamide

DMT: 4.4'-Dimethoxytrityl

THF: Tetrahydrofurane

Bz: Benzoyl

Ibu: Isobutyryl

RP-HPLC: Reverse phase high performance liquid chromatography

T, Assay:

Oligonucleotide and RNA target (phosphate linked, PO) duplexes are diluted to 3 mM in 500 ml
RNase-free water and mixed with 500 ml 2x Tm—buffer (200mM NacCl, 0.2mM EDTA, 20mM
Naphosphate, pH 7.0). The solution is heated to 95°C for 3 min and then allowed to anneal in
room temperature for 30 min. The duplex melting temperatures (T ) is measured on a Lambda
40 UV/VIS Spectrophotometer equipped with a Peltier temperature programmer PTP6 using PE
Templab software (Perkin Elmer). The temperature is ramped up from 20°C to 95°C and then
down to 25°C, recording absorption at 260 nm. First derivative and the local maximums of both

the melting and annealing are used to assess the duplex T .

Example 1: Testing in vitro potency and efficacy of selected oligonucleotides targeting
mouse Nfkb-subunit mMRNA in RAW264.7 cells in a dose response curve. RAW 264.7 cell
line was purchased from ATCC and maintained as recommended by the supplier in a humidified
incubator at 37°C with 5% CO02. For assays, 2500 cells/well were seeded in a 96 multi well plate
in culture media. Cells were incubated for 24 hours before addition of oligonucleotides dissolved
in PBS. Concentration of oligonucleotides: from 50 uM, 1:1 dilution in eight steps. Three days
after addition of oligonucleotides, the cells were harvested. RNA was extracted using the
PureLink Pro 96 RNA Purification kit (Thermo Fisher Scientific) according to the manufacturer's
instructions and eluated in 50u1 water. The RNA was subsequently diluted 10 times with

DNase/RNase free Water (Gibco) and heated to 90°C for one minute.

For gene expressions analysis, One Step RT-gPCR was performed using qScript™ XLT One-
Step RT-gPCR Tough Mix®, Low ROX™ (Quantabio) in a duplex set up. The following TagMan
primer assays were used for qPCR: Nfkbl , Mm00476361_m1 ; Nfkb2, Mm00479810_g1 ; Rela
MmO00501346_m1 ; Relb, MM00485664 ml1 ; or Rel, MM01239661 m1l1 (FAM-MGB); each
combined with endogenous control Gapdh, Mm99999915 g1 (VIC-MGB). All primer sets were
purchased from Thermo Fisher Scientific. IC_, determinations were performed in GraphPad
Prism6. The relative mRNA levels at treatment with 50 uM oligonucleotide is shown in the table

as % of control (PBS).
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24 Nfkb2 | agatttcgattagac M1,1 | AGATttcgattagAC 2,5 38
25 Relb tagaattgaagttaaa M2,1 | TAGAattgaagtTAAA 1.1 13
Rela 2,7 41
26 taactgtgtttt M3,1 | ATaactgtgttTTC
Rel ataactgtgtttic aactgtg 3.5 65

Example 2: Mouse in vivo efficacy and tolerance study, 16 days of treatment, intravenous

injection (tail vein).
Animals

Experiment was performed on female C57BL/6JBom mice. Five animals were included in each

group of the study, including a saline control group.
Compounds and dosing procedures

Animals were injected intravenously (tail vein) with 15mg/kg compound at day 0, 3. 7, 10, 14

until the study was terminated at day 16.
Euthanasia

At the end of the study (day 16) all mice were euthanized with CO , before tissue samples of

liver, kidney and mesenteric lymphnode were dissected and snap frozen.
Quantification of Nfkb-subunit RNA expression (Figure 1A, 1B and 1C)

Tissue samples were kept frozen until lysed in MagNA Pure LC RNA Isolation Tissue Lysis
Buffer (Product No. 03604721001 , Roche) and RNA extraction continued using the MagNA
Pure 96 Cellular RNA Large Volume Kit (Product No. 05467535001 , Roche) on a MagNA Pure

96 Instrument (Roche) according to the user's manual and RNA diluted to 5ng/u1 in water.

For gene expressions analysis, One Step RT-gPCR was performed using qScript™ XLT One-
Step RT-gPCR ToughMix®, Low ROX™ (Quantabio) in a duplex set up. The following TagMan
primer assays were used for qPCR: Nfkbl , Mm00476361_m1 ; Nfkb2, Mm0047981 0_g1 ; Rela
MmO00501346_m1 ; Relb, MM00485664 m1 ; or Rel, MM01239661 _m1 (FAM-MGB); each
combined with endogenous control Gapdh, Mm99999915 g1 (VIC-MGB). All primer sets were
purchased from Thermo Fisher Scientific. The relative mMRNA expression levels are shown as %

of control (PBS-treated animals).
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Example 3: Testing 1IN VItro efficacy of antisense oligonucleotides targeting human REL

mRNA in HEK293 and HelLa cell lines at single dose concentration.

REL proto-oncogene, NF-kB subunit [ Homo sapiens (human) ] Also known as: p65; NFKB3

Assembly Chr | Location

GRCh38.p7 11 NC_000011.10 (65653596..65662972,

(GCF _000001405.33) complement)

The Human REL pre-mRNA sequence is provided as SEQ ID NO 21 (Figure 6).

HEK-293 and HelLa cell lines were purchased from ATCC and maintained as recommended by
the supplier in a humidified incubator at 37°C with 5% CO ,. For assays, 3500 cells/well (HEK-
293) or 3000 cells/well (HeLa) were seeded in a 96 multi-well plate in culture media. Cells were
incubated for 24 hours before addition of oligonucleotides dissolved in PBS. Final concentration
of oligonucleotides: 25 puM. Three days after addition of oligonucleotides, the cells were
harvested. RNA was extracted using the PureLink Pro 96 RNA Purification kit (Thermo Fisher
Scientific) according to the manufacturer ’s instructions and eiuated in 50ulwater. The RNA was
subsequently diluted 10 times with DNase/RNase free Water (Gibco) and heated to 90°C for

one minute.

For gene expressions analysis, One Step RT-gPCR was performed using gScript™ XLT One-
Step RT-qPCR ToughMix®, Low ROX ™ (Quantabio) in a duplex set up. The following TagMan
primer assays were used for gPCR: REL, Hs00968436_ml1 (FAM-MGB) and endogenous control
GAPDH, Hs99999905 m1  (VIC-MGB). All primer sets were purchased from Thermo Fisher
Scientific. All primer sets were purchased from Life Technologies. The relative REL mRNA

expression level in Table 1 is shown as percent of control (PBS-treated cells) .

A total of 77 oligos were designed at a length of 15-16 nucleotides with varying LNA patterns
(3x3; 2x4; 4x2; 3x2; 2x3) to target REL across SEQ ID NO 21. A waterfall plot of relative REL

expression in the two cell lines in shown in Figure 2.

Table 1:
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2 cacatcgaataccca 2,1 CACAt"cgaataccCA 9 11
3 cgtcagattaggaacc 3,1 CGTCagattaggaaCC 17 9

4 agtattggaattggcg 4,1 AGtattggaattgGCG 14 13
5 acacatcgaataccc 5,1 ACAcat™cgaatacCC 15 15
6 ctatttcgtaggctg 6,1 CTAttt"cgtaggcTG 22 11
7 acacatcgaataccca 7,1 ACAcat™cgaataccCA 18 16
8 caggaaattgtaggga 8,1 CAGgaaattgtaggGA 26 10
9 tagtattggaattggc 9,1 TAGtattggaattgGC 28 14
10 ttaagtttctacggca 10,1 | TTAagtttcta™cgGCA 21 24

For Compounds: Capital letters represent LNA nucleosides (beta-D-oxy LNA nucleosides were
used), all LNA cytosines are 5-methyl cytosine, lower case letters represent DNA nucleosides,
DNA cytosines preceded with a superscript " represents a 5-methyl C-DNA nucleoside. All

internucleoside linkages are phosphorothioate internucleoside linkages.

The data obtained from the two cell lines is shown in Figure 3, which illustrates that the above
compounds were patrticularly effective in both cell lines in targeting human REL, as compared to
a library of other compounds targeting human REL (Figure 2). Each of the 10 sequences
aligned to 7 regions of the REL transcript, illustrated in Figure 4, referred to as hotspot regions
A,B,C,D,E,F&G:

Hotspot |Hotspot Sequences Target Sequence Target SEQ
Region Region — ID NO
REL pre-
mRNA
position
(SEQ ID NO
21)
A 43336-43351 |1 TCCTAGTTGTTTCTGC |11
B 19483-19497 12,7, 5 TGGGTATTCGATGTGT |22
C 1203-1218 |3 GGTTCCTAATCTGACG |13
D 40797-40812 |4, 9 CGCCAATTCCAATACTA |23
E 22546-22569 |6 CAGCCTACGAAATAG 16
F 5539-5554 |8 TCCCTACAATTTCCTG |18
G 30972-30987 |10 TGCCGTAGAAACTTAA |20

SEQ ID NO 11- 20 are the reverse complement of SEQ ID NO 1- 10 respectively. SEQ ID
NO 12 = TGGGTATTCGATGTG; SEQ ID NO 14 = CGCCAATTCCAATACT

Example 4: Testing in vitro potency and efficacy of selected oligonucleotides targeting
human REL mRNA in HEK-293 and HelLa cell lines in a dose response curve.

HEK-293 cell line and Hela cell line was described in Example 1. The assay was performed as
described in Example 1. Concentration of oligonucleotides: from 50 uM, 1:1 dilution in eight
steps. Three days after addition of oligonucleotides, the cells were harvested. RNA extraction
and duplex One Step RT-gPCR were performed as described in Example 3. n=2 biological

replicates per each cell line. IC, determinations were performed in GraphPad Prism. The
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relative REL mRNA level at treatment with 50 uM oligonucleotide is shown in the table as % of

controll (PBS). See figures 5A, 5B & 5C.
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4 4.1 1,7 15 1,9 13
5 5.1 3,9 9 3,5 8
6 6,1 2,6 10 3,8 11
7 7.1 4,2 10 3,3 7
8 8,1 2,2 13 2.8 23
9 9,1 2.5 15 3,5 20
10 10,1 1,6 27 1,5 19
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CLAIMS

An LNA gapmer antisense oligonucleotide targeting human REL, 10 to 30 contiguous
nucleotides in length, wherein the contiguous sequence of the oligonucleotide comprises at
least 12 contiguous nucleotides of a sequence selected from the group consisting of SEQ
ID NO 3,4, 1,2,5,6,7,8,9 and 10, wherein the oligonucleotide is capable of recruiting

RNase H, or a pharmaceutically acceptable salt thereof.

The LNA gapmer antisense oligonucleotide of claim 1, wherein the oligonucleotide
comprises a gapmer of formula 5-F-G-F’-3', where region F and F' independently comprise
1 - 7 modified nucleosides and G is a region between 6 and 16 nucleosides which are

capable of recruiting RNaseH.

The LNA gapmer antisense oligonucleotide according to any one of claims 1 or 2, wherein
said oligonucleotide consists or comprises of an oligonucleotide selected from the group
consisting of: CGTCagattaggaaCC (SEQ ID NO 3), AGtattggaattgGCG (SEQ ID NO 4),
GCAgaaacaactagGA (SEQ ID NO 1), CACAtcgaataccCA (SEQ ID NO 2),
ACAcatcgaatacCC (SEQ ID NO 5), CTAtttcgtaggcTG (SEQ ID NO 6), ACAcatcgaataccCA
(SEQ ID NO 7), CAGgaaattgtaggGA (SEQ ID NO 8), TAGtattggaattgGC (SEQ ID NO 9),
and TTAagtttctacgGCA (SEQ ID NO 10), wherein capital letters represent LNA nucleosides
and lower case letters represent DNA nucleosides, and cytosines are optionally 5-methyl

cytosine.

The LNA gapmer antisense oligonucleotide according to claim 3, wherein all LNA

nucleotides are beta-D-oxy LNA.

The LNA gapmer antisense oligonucleotide according to claims 3 or 4, wherein all LNA

cytosines are 5-methyl cytosine.

The LNA gapmer antisense oligonucleotide according to any one of claims 1- 5, wherein
all internucleoside linkages present in the gapmer are phosphorothioate internucleoside
linkages.

The LNA gapmer antisense oligonucleotide according to any one of claims 1- 6, wherein
the gapmer region (F-G-F') or the compound is selected from the group consisting of,
CGTCagattaggaaCC (SEQ ID NO 3), AGtattggaattgGCG (SEQ ID NO 4),
GCAgaaacaactagGA (SEQ ID NO 1), CACAt"cgaataccCA (SEQ ID NO 2),

ACAcat "cgaatacCC (SEQ ID NO 5), CTAtttMcgtaggcTG (SEQ ID NO 6),

ACAcat "cgaataccCA (SEQ ID NO 7), CAGgaaattgtaggGA (SEQ ID NO 8),
TAGtattggaattgGC (SEQ ID NO 9), and TTAagtticta M\cgGCA (SEQ ID NO 10), wherein

capital letters represent beta-D-oxy LNA nucleosides, all LNA cytosines are 5-methyl
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cytosine, lower case letters are DNA nucleosides, ™c indicates a 5-methyl cytosinse DNA

nucleoside, and all internucleoside linkages are phosphorothioate internucleoside linkages.

A conjugate comprising the LNA gapmer antisense oligonucleotide according to any one of

claims 1- 7, and at least one conjugate moiety covalently attached to said oligonucleotide.

A pharmaceutical composition comprising the LNA gapmer antisense oligonucleotide of
claim 1 - 7 or the conjugate of claim 8 and a pharmaceutically acceptable diluent, solvent,

carrier, salt and/or adjuvant.

An in vitro method for modulating REL expression in a target cell which is expressing REL
said method comprising administering an LNA gapmer antisense oligonucleotide of any one
of claims 1 - 7, the conjugate according to claim 8, or the pharmaceutical composition of

claim 9 in an effective amount to said cell.

The LNA gapmer antisense oligonucleotide of any one of claims 1 - 7 or the conjugate

according to claim 8 or the pharmaceutical composition of claim 9 for use in medicine.

The LNA gapmer antisense oligonucleotide of any one of claims 1 - 7 or the conjugate
according to claim 8 or the pharmaceutical composition of claim 9 for use in the treatment or

prevention of cancer, inflammation and inflammatory disorders, and autoimmune diseases.

The use of the LNA gapmer antisense oligonucleotide of claim 1 - 7 or the conjugate
according to claim 8 or the pharmaceutical composition of claim 9, for the preparation of a
medicament for treatment or prevention of cancer, inflammation and inflammatory

disorders, and autoimmune diseases.

The LNA gapmer antisense oligonucleotide or use according to any one of claims 1- 13,
wherein the oligonucleotide is for use in the treatment of a disease selected from the group
consisting of multiple sclerosis, psoriasis, celiac disease, Crohn’s disease and rheumatoid

arthritis.

The LNA gapmer antisense oligonucleotide or use according to any one of claims 1 - 13,
wherein the oligonucleotide is for use in the treatment of a disease selected from the group
consisting of hematopoietic cancer, such as lymphoma or leukemia, lung cancer and breast

cancer.
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FIGURES
Figure 1A
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Figure 2
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Figure 3
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Figure 5A
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Figure 6

See sequence listing SEQ ID NO 21

agccgcggga
tctcecececget
cggggtgcaa
agaaggagga
ggcctcecctga
aaggtgcggg
gggggaaagyg
tgctggggcyg
ttacctgcett
tcatagcagg
cgaaccaaag
ttatgtttta
tagtttaatt
gtgtcacggc
tttaagtgtt
tcccagcact
cctggcaaac
ggcgcgcgcece
ggaggtggag
ggagaccctg
aaggttccta
gggaaagagg
ttatcactta
ggaataagtt
tggggctgcece
aagtagcctg
tttccagaca
tgtactaaga
ctggtccagt
taaagaacct
aggaaattgg
taagtgtagt
agataatcgt
tcaaatattt
gcctagcatt
gcatgaattt
agtattgtaa
tgtattttgt
gaaatggaaa
ttggtctttt
attgtaattc
ggaatctgtg
taataaaatt
aaaaaaaaaa
gtaaggtagt
tttcttcatt
gctataatgt
gtagtttaaa
aattaggatt
ttgatcacag
ccatctaagg
agtaaaatta
aaaatgtctt
atgttttaaa
gtcacacaat
actatttgta
gaagtaagtg
tacagtaaat
atgcaacaca

aattcccctce
ccgceccecectg
gaattcaggg
ggcctctagg
ctgactgact
gagcggagcc
agctcttctg
cgttctgtcect
cagggtttgce
aaccttagaa
gaggacgaag
gaacaggaat
tcatcaaatg
tttaaaaatc
aatgttgcett
ttgggaggcc
atggtgaaac
tgtaatccca
gttgcagtga
tctctattta
atctgacgaa
agttttagaa
tgtgactata
tgtaagaaac
tggagcttaa
gggtcgagtt
gaggaagcag
gaatgaagag
gaccctcaga
ttttaaaagg
ggtgtttcac
ttaaaatatt
gtaaatttat
tgttaatgta
ataagtaagt
aatacttcta
gacccacagg
gctgttgtga
gttttaaagg
ctaagagttg
agttgttaga
tacttttcct
ctaaattcct
aaaaaagaaa
attaaaacct
tcttaccaga
aaaagtaaca
atcatgtata
tcacagcttg
tcttttgaca
tatgcatagt
gatattttat
tgtgtggcat
atttagataa
aggaaggaag
gtgtgaattt
tgaggcaact
gacttctttt
tgaaaaaata

ccgccaggcet
ccectggetce
gttgggaagg
gtggtcgggg
gcggccgcect
atggcctccg
aagggggtcc
ttaaaatctc
gtgcagaatc
attcccaacg
agttctcatt
gaggaacctt
caaagaggtg
atccgtggta
cgaccaagtg
gaggcgggatg
cccgtcectceta
gctactcggg
gccgagatcg
aaaaaaaaaa
tagagacgtt
tatccgagcet
tattttccct
attgcagagc
ggttgagggg
ggtcttttac
cgtgagcaaa
ggggccecgt
agtaggctga
ttgagcagaa
atgacatttg
tcaactttcc
gaattcaaag
ttggttatca
tcaggctctt
attttttcag
attttaaaat
ggaggaagga
tttagaagtt
cattaaaatg
aaactgccag
taatctgtta
attctgtttt
ttgcttagtt
cagaaagtaa
tgtcatatgt
taaatcataa
taatatgatt
tattaagctg
taattaataa
aggcagttgt
gtctgaattt
atagctctgt
tttatttttc
tacagaaatg
caagagaatt
taatctttaa
tttaagtaaa
gaaataacaa
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gctcgcectcet
ccgtacggtg
tgtgagccgce
gactgggggc
ccggccagga
gtgagtgttc
tgccgcagtg
atatggtaaa
caagccacgc
acttgatttt
aaaaatgtat
cagacctcgg
atccccececttg
ttttaacacg
taggccgggce
gataaccaga
ctaaaaatac
aagctgaggc
cgcccctgea
aaatgtagtt
gaatccccect
ttaaaataat
taataaatgc
aagaaagtct
gacgggagag
caggattttg
ggcagggagyg
ttatgaactt
tgtctagtag
caatgccata
atttcagttt
cttttcccac
catgtgtaga
gaaagatttt
ggcgatttaa
ttgagagagg
ttgatacaat
ttccctaaaa
gaagggtgat
ggactattta
gcctggaata
taaagacctt
gaaacagtaa
tttcattgtc
cttttattca
aaataggtat
tcttataagce
ctaaattttg
cctttegttg
tagatatagt
tgcttttgta
aaaccttctc
taactaataa
ttcacatttt
aattgttttt
gttgtttttce
taacagagct
atgccacaca
tggagttaaa

cggctgggcece
gacggcgacg
aaacccagcg
cccgcecggcea
cgctgggagc
atggggcgcyg
agtttaggga
attgtcagcect
tctgtaattc
aggattaggg
atgtattgaa
gcaagctctc
tactgacagt
aattagaaaa
gcggtggcetc
ggtcaggagt
aaaaatcagc
aggagaatcg
ctccagcctg
tttactgtga
tcctectege
gagtaggaat
tcgatctctce
cctatataca
cCcggggcyggyg
gcaaggtgag
gctaaatgca
gactcttatc
agatgaggaa
gctattgctg
gtttgtggtt
ttaagtgaca
ttagaagtgc
gtttggaagt
tcaaacttta
aaacaaccat
ttaaatttgt
gtaaggagga
taactttttt
aaatgtaaca
aaaaaaaaaa
agagaaagaa
tttaaccgga
tagtttagat
ttacgaagta
atgtagttga
aaaattatgt
tttagataag
ctttttaaaa
gaagaaaaat
tatttattct
attgttccag
ttagtgctgt
tcttagtatg
gtaaacctca
tcgattaaag
ggaagttagg
tgagcatgaa
taattaaggt

PCT/EP2018/050582

agcactcggc
ctgggtgacc
gagggcggga
gaggtccctce
tgcctgeggg
ggcctgggec
gctcagtttt
tttaaaaaag
gatcctgttg
aagtcataag
gatggtggtt
tccecectttt
tgtacaaaat
tccgtggtat
atgcctgtat
ttgagaccag
ggggcgtggt
cttgaacctg
ggcgacagag
gataaagctc
tggaaataag
gaatacaact
cctttggggg
cagatgtggt
gggataaatc
tgggggacac
tgttaaatgc
cccaaactgce
gtaggaagct
taggcagaaa
gtgagaatac
ccagactttc
taagatgact
aatggagaat
ttgatatatt
ttctatatag
tcattgacac
aatgtttaaa
tttttttttt
agttatttaa
aatgtttaca
aaagattcac
agagtgacca
tctgtttgta
tttaagagca
atatgtgata
aagttagaat
ttagcagatt
aaattacacc
gttcccaaac
atttaatata
taaaaagagc
ctttggtaaa
gttcttctgt
cttcttacca
gggagaaatg
aatggatagc
tgtttcagaa
gacgtatgat
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aggcacagat
taattaggaa
aatttcattt
gcacatgacc
gccteccectcetg
ttaatacctg
aagagttttt
tcttttacag
tttctttgat
gcctgatata
agatcttatt
ttagctccat
gacatgcagt
ttgtgtgatg
aatgaaagca
ggttcttttt
gcctaattta
atatgtgcat
ttagaatttc
tttctttatc
ctaggtgatt
aaatactcat
agattgcaga
aaatttggca
aattttcaac
atggagatta
gttataatta
caataaagtg
tcaatgtaat
atagcactct
gctgtatttt
ggggtcagtc
agagtcaatt
agttaagagt
atagatgact
gtactgagga
tgggaagttt
atactgaggt
aatctaatta
ataaacaaaa
ctgtacaagg
aacaagtagc
ttggaataat
gctgggggaa
ccccagettg
gactttaaat
atatttaatc
catgtaacca
tttttgagac
cactgcagcc
gggattacag
gtttcaccat
ggcctcccaa
ttgaatgctc
cttatcatta
tgggcaggga
aaagtaatgt
aaggatatat
atgcaaggat
aataaggatt
ataaacaaat
aagttacagt
ctttaatttc

aaagggaatg
catctaggtt
tgttccaact
caaatattgc
tttttatttt
tataatctag
tcaagactta
tttttacctt
tcttaaggcc
ttggcatagc
ttctttttcet
tggctccttt
ctagtcagct
tgttgcaaga
tttgaaggtt
taagtgggag
ctcacgtccc
tgttgcttcce
ttggaaggct
ttctaaacat
ctgatgtaca
ttggctatac
ttatgtgctg
ctgccatatt
tttagtttta
aagttaagag
caataattag
tttgttaata
ttttttattt
ttcttgccta
agaagttatt
ccagctttgce
ttggagacgt
acttattttc
acatttcaac
aggagataac
tttaaaaatc
gtagcaatcc
aaaaatctga
gaccttaaga
cactgatgag
tttatctcaa
tgctatacac
tgtagagtat
ttaattttta
actcaatatt
ttttcaacaa
atgaagtttt
ggagtctcac
tccacctccet
gtgcctgcecca
gttttccagg
agtgctggga
actatgaacc
acgatgtcat
tttatttggce
tgattttaac
aagggtatga
aaaatcgtga
atgaacttgt
aggtagtaga
aatactttat
tgagctatca

agttaatgta
atgcatagta
ttctctcata
atgggataaa
taaaacagag
gacagctttt
ccttttttec
gtagtgcata
cagttgaaag
ctttggctga
ccaaattgag
aggtctcagg
attctcaact
gttaaaatat
atctctatat
ataaacacaa
agtccatatt
acttcatgtt
ttttcagcaa
ctcaagtggg
tcceccagtat
caggatgcat
tatcagttat
agcataccat
tcatgtgtaa
gatcaaatga
cttttttttc
atgtgtctat
taaaagctca
agcgcaaata
ctgatgtata
atagtgttgc
tttggtgcectt
cctacaattt
acattttata
tggtgcattg
ataaacacag
tggtacctat
ctaatcactt
ttttttagtc
ttaaacacaa
gaagaaataa
agaatactat
tacagtatac
ccaattaaga
atatgataac
ctacttttct
gggttttttt
tctgtcaccce
gggttcaagc
ccacatcccg
ctggtctgga
ttacaggtat
tagcagtttt
tttatatcag
ctttacttca
agtttttaag
aatatttgaa
aatactcatc
ttaggttaaa
ttcaaacaca
tcagtaaccc
gtgattcttt
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atgactaggg
tctttctcaa
tgggttctct
attgtttttc
gtgatttggt
aaaatttatt
cccttggtaa
aatcagttga
tcagcctgat
tgagagacct
tagaggtgat
caaagtctgt
gtggtgttga
ttgtgttgta
tgtcattttt
gttcaagtta
tgtacctgaa
ttaagacaat
cgtgtatctg
gtaaggacat
gaactctgtt
tatcttctta
tacctccagt
tcataattca
gatgggataa
gaaatgtata
tgtatacttg
ttccgataat
tgctttatta
aaaacataga
ttagcctttt
ttaaagaaaa
ttcaaaactg
cctgatttat
ttcaggaaga
tactgatgca
ataaatcaaa
aaagcactat
atatgattat
attcattcaa
tttctgccectt
gacggtaagt
ggtagtttaa
tgtgttactt
gcttctgcag
tgatatttat
gttctttttg
gttgttgttt
aggctagagt
aattctcttg
ctaatttttt
actcctgacc
gagccaccat
attcacactc
tttcccacca
gccacataaa
aggaaaatat
attgcaatgt
tgcatatctt
gtcagttttc
gggagtttac
aaagtagaag
aatttctctt

aggagccaga
atacaattta
gaaaatgatt
tgaaattcat
cttgccattt
tattttaccc
cagaatccct
atactcatct
gtattggagt
agtttgagga
atttggaaaa
caccgaggac
cacactggtg
aattatttac
tcttgcecttge
caagtagcca
tttttagatt
tattcttaat
ggctttaaaa
gtatgttttg
ctagggattt
aattaagttg
tgcttttatg
tttttattat
taatttctat
taaaggggtc
atgctggttg
ttatgatcca
gataggcact
tatatcttac
aaaatactat
atacagtaat
tggcgatttg
gttttaccct
atggcattgt
ttatataaat
ataggaatga
ttttttttec
ttaacgtttg
tagatgttta
caagtagctt
tttccctaaa
aggaggggag
ggttgtaata
taggaaaaat
gtaattttta
taaacaatct
ttgtgttttg
gcagtggtac
cctcagtctc
gtatttttag
tcaagtgatc
gcccagcectce
tctcttccca
agacaccttt
ttatttaaaa
actttcttaa
gaatttgaaa
atgtttttga
tctggcetcett
accatacaga
ccatggaatc
aaccctactg

PCT/EP2018/0503582
caatgaatca 3600
agggactcag 3660
ttgtttgtag 3720
atttatctgg 3780
gtttttaact 3840
tggcacgtgce 3900
attgccagaa 3960
gaaaatttcc 4020
aataaagtca 4080
aaaaaataat 4140
atatatattg 4200
ctttatgaga 4260
tgacaatcat 4320
tttttaaata 4380
atttgaataa 4440
gaattgcttt 4500
acttctctca 4560
caggagtgtg 4620
actatgaaga 4680
aaaaaactac 4740
ctttggatct 4800
catttatttt 4860
cttgtttttt 4920
aacttcatat 4980
tatttttcaa 5040
ttaaaataat 5100
ctaattctag 5160
tttaaacatt 5220
atgttttaaa 5280
aaacattttg 5340
tcagaatata 5400
caatttgttt 5460
aggttatctt 5520
cttgcactcc 5580
gcaaagcaca 5640
gatttatagc 5700
gtatgaggaa 5760
ttagtagtgg 5820
aataacttgt 5880
atgaatatct 5940
gaagaaataa 6000
ttacagttat 6060
attatttcca 6120
ctctacattc 6180
aaattccaag 6240
ctatttaaaa 6300
aaagaagtgt 6360
tttgtttttt 6420
aatcttggct 6480
ccaagtagct 6540
tagagatggg 6600
cacccacttt 6660
agtgaaatat 6720
aagttaaaca 6780
aaataagtag 6840
tgtgacttaa 6900
atactcctac 6960
tctttaaaat 7020
gtaaaactga 7080
catcttctga 7140
ataaaattga 7200
atcaatgatt 7260
ttcaggcacc 7320
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aggtgctgtc
agagataccc
tcttttttet
gtgatttgcc
gccaagtgtg
tggtgattct
tacctttttce
acacagttgg
ccttececttet
gagtgacagt
aaataataga
atgtacacat
ccattaactt
caccccacaa
atcaattccc
ttccagcecttce
gtattccatg
gggttggttc
gtctttatag
gtaaaatggt
ttgaactagc
ccagcacctg
tctcattgtg
gtagacaaca
taatctgtca
acagaggagg
gaagtagctg
gtgttaccat
gtgattaagg
ctccecctact
taaaagtaaa
actgtacttt
atcatcacaa
caaccagtga
aatggaatca
tgagagtcgt
ttttagttat
gcatgggact
actgtgtgta
aaggatttaa
gatgtaaaat
tgaatactgc
cacgtgggag
tagatattaa
tacataggga
aacatttcgg
tataaaaaaa
ctccttttta
aggcagaggg
ggggagcaca
tctgtgtcta
ccagtttctt
aacggatctg
aatggagtct
gactcaatgt
agataataag
tggatttgag
ctccttttte
taccacttta
aaatgacttt
tttttgagac
tcactgcaac
tgggattaca

aattttatct
tcatcattgce
atctgttcac
tgcatcaaaa
ctctgacttt
taaataaacc
ctcttcattt
gcattcctga
gtagtctaat
tgggatacca
caccattttt
cgtgcggcett
gtcatttaac
caggccctgg
acccatgagt
atctatgtcc
gtgtatatgt
caagtctttg
cagcatgatt
atttctagtt
ttacagtccc
ttgtttcctg
gttttgattt
tttattgaat
tcttcacaac
aaactaagag
gggtaggatt
ttctcaggat
gacacattat
tgcaagtaca
gttgcataca
taaagtatgc
gataatgtcc
tctgctatcg
tacagtatgt
ccatgttatt
tatagaaagt
gattgcacat
agtcctttaa
atgcattttc
caagcagtta
cttctttacc
gcagatatct
gctataaagt
ctcaatttga
tcttgttatt
acagaatgtt
aaaacttttc
gaatgcgttt
gcacagacaa
tctcactatt
cacagtcatc
tcaaaaagac
tcceccactge
tgagagtaca
gaaaacccat
aactcaatca
ttaactttat
taaatgcagt
ggtaaacata
ggagtttcac
ctccgectcece
gacgcccacce

tttaaataat
ccacattatt
tgtgactaaa
tattcattga
tagttctctt
ctcctcectgtg
cctcecgetcet
ctctttcgcet
aatatatgtt
ccatagtatc
ttttattttt
tgttacatat
attaggtata
tgtgtgatgt
gagaacatgc
ctacaaagga
gccacatttt
ctattgtgaa
tataatcttt
ctagatccct
accaactgtg
actttttaat
gcatttctct
gtgtatgtat
aacccaatga
atttttaatt
ctaaaggcct
tgcttgcgtt
tattattttt
gttgagtgtc
ttttaaatag
aatttgacaa
ccectgectt
ttcattgtat
gctcttctgg
atatgtagca
gaatactttt
tctttgagcce
tatttgaatg
attttcagtg
aatatattta
cttcttgggg
ctgaagtggt
gctaaccagt
atgggaaaaa
taatgttagg
aaaatccatt
aggtgcgtat
tagatacaaa
caaccgaaca
agttgcttca
tccacaggtt
atctattaga
agatagttct
ctggcaactt
tctctgcaga
taattcttct
tgcttgtctce
tttttcacat
ctaatagtta
acttgtcgcce
tgggttcaag
accacgccca
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ccttcattca
atagtggtct
acttttactc
tttcatcaca
tttaagagag
gacacactgt
tttgcttcat
cttatttccg
gtttgccttg
actaaatcat
tattttttta
gtatacatgt
tctcctaatg
tccecettect
ggtgtttgat
catgagctta
cttaatccag
gagtgccgca
tgggtatata
gaggaatcgc
taaaagtgtt
gatcgccatt
gatggccagt
atatgacact
ggtaggtgct
ttaatcacat
cttctccata
ctaacaggat
taatggaaaa
tatttacctt
ctttattgac
gttttgacat
tcctatccac
attactttac
tctaacttct
gcagttcatt
ttttctctat
taaagtccct
gagatataaa
aatggtcttt
actcacttta
aatcttgggg
tatctcagaa
caatatggtt
aaggtgcctc
aggaaaaaaa
attaattgct
aacccgtata
tgtgaagggc
tacccttcta
tatactagct
tatctttttc
tagatgtcta
atggtgcttg
ttggatcatg
ggtgagtgat
tggctagtct
tgattctctg
tagcataaat
taagatgtac
caggctggag
tgattctcct
gctgattttt

tcttatcact
ctaaactgat
taaaatgcaa
cataaaatga
aaagtgtgtt
tceecttttee
taaccgctct
cagaattttg
ctcttctata
tgttttcaag
cactttaagt
gccatgttgg
ctttccctece
gtgtccatgt
ttttttgtcce
tcectttttta
tctatcattg
ataaacatac
cccagtaatg
cacactgact
cctatttcett
ctaactggtg
gatgatgagc
tcgtaagaat
attatgatta
ttcecttggte
ctgttctgat
aagccttagt
catcttcaca
ttcceccaca
atataattta
atgtatacaa
catatatccc
atatcctagg
ttcactcagc
ctgcagatgc
tatgtcttta
cctggggcett
aaacttacat
tcattcagta
ggagtgtgat
gaaacccttce
cttcatattg
tgaatgactt
tcccagccaa
tctttgtttt
atattaatct
tagagataat
gatcagcagg
tccaggtaat
atagcaatta
ttttttcett
aggacatttc
tgtattaacc
ttctttttca
attattctgt
tagggctaga
ggtcattgac
tttaaaaagc
taaatttatt
tgcaatgtcg
gcctcagcect
gtatttttta

PCT/EP2018/0503582
gccatatatc 7380
gacattgctt 7440
atctgatcat 7500
aatccacatt 7560
ccatttacat 7620
ctagaatacc 7680
ttttccactg 7740
ttagtgcttt 7800
aggtccttta 7860
aaagcatctg 7920
tttagggtac 7980
tgtgctgcac 8040
ccecectteccce 8100
gttctcattg 8160
tcacgatagt 8220
tggctgcata 8280
ttggacattt 8340
ttgtgcatgt 8400
ggatggctgg 8460
tccacaatgg 8520
cacatcctct 8580
taagatggta 8640
attttttcac 8700
ttagcacata 8760
ttcctatttt 8820
ttactgttaa 8880
aaggcccact 8940
cagcactaaa 9000
cccctattaa 9060
atttggataa 9120
tgtacaacaa 9180
ccctggaatce 9240
tgttcttagg 9300
gtttcatata 9360
ataatcattt 9420
atattttgaa 9480
gaaaaggttt 9540
gttttgatat 9600
atgcttctgce 9660
ttatgaatat 9720
attttacttc 9780
tgctaggtct 9840
acgttagcta 9900
gttttgacac 9960
tctccaagat 10020
agtctgctgt 10080
cactgacctc 10140
tgaacaaccc 10200
cagcattcca 10260
agacccttct 10320
ttttaaaggg 10380
ttttttttta 10440
ttaaatataa 10500
taagtagagc 10560
tggaacacag 10620
agattaaaca 10680
acattttttt 10740
tgatttgaaa 10800
ttttgaccaa 10860
tatttattta 10920
tgatctcagce 10980
accgagtagc 11040
gtagagacgg 11100
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ggtttcacca
cggcctccca
aatttattta
ctggagggca
tctcecegtcet
atttttgtat
ctgacctcgt
acatgcccag
tttcaatgaa
tgaaaagtgt
attcactgtt
attgctgaat
tttttatcac
aatggatgag
catttttaaa
tatttttacc
ttatagtctt
actttcaaat
acccattctt
ttcttgcaac
tgttaaactc
gttaaactca
acaaatattt
atcctttcca
aaagagctgg
ggtagagttt
aattagggca
tggaaagttt
ttacattata
atttggatca
aaagtgagaa
gttggaaaag
ttgttgtaag
tttcttctce
ttactgtatt
ttagtagaca
cgtaaacttc
ttcactctgt
ggctaaagtg
attcttctgce
taattttttt
actcccgacc
gagacaccgt
tgagacaagg
gcaaccttca
gcaggcatgt
ttgttgccga
aaagtgcttg
aatgcctgga
aggttataga
tgatagtgag
acgtctggta
ccagctgttc
tgctctaatg
atagtaagca
agccttaaaa
agataaatag
tgcccaggcet
caagtgattc
gcccagctaa
ctggtctcga
ttacaagcgt
ataattttat

tgttggccag
aagcgctggg
tttttttatt
gtggcgtgat
cagcctcccg
ttttagtaga
gatccgactg
cccaatgtac
gggtttatcc
tgctttttgt
ttataactag
tatagaataa
atttttggca
atgctaataa
cttttcttca
attccagtag
gagcaattac
tctatttaaa
actttacctt
tttactagct
tcctttttac
atttgattta
ttgtgaagtg
atacggctta
gcatttagtg
tacttgtttt
gaaaatatgt
catctaaact
attaatgtaa
tgtatttaat
ttacattagt
actgcagaga
tacacagtta
atgacaatct
ttacacttac
catcttatga
ttgtatactg
cttttttttt
caatggcgca
ctcagcctcce
gtatttttag
tcaggtgatc
gcctagcectce
tctcgetcectg
cctccagact
accaccatgc
gggtggtctt
ggattacagg
tgtgagaaaa
attaacatac
gctaccagaa
ggcaatttaa
cacttctagg
ctgttcattg
aaggggatta
atcatattgc
gttttctgtt
gcagtgaagt
tcctgectca
ttttttggta
attcctgacc
gagccacggc
ttttgtttaa

gctggtctcce
attataggcg
ttttattttt
ctcagctcac
agtagctggg
gacagggttt
ccttggtctce
taaatttcta
tttaaatgcc
ttttgttttt
attatttaca
accaatggca
gtaatatgga
aaaggaaata
taattcatct
gtcctaaaca
cttctcectttce
ttcaaaatta
gctcctttgt
ttcaaactaa
tctgtgttct
ttgcctattce
aaatgtcata
aatatatttt
acttaacatc
gaaaggaaaa
caagaaactg
gcagttgttc
attgaattct
ttcceecettt
aacaaagaat
cggctactat
cagacatctt
gttacttttt
atttttacta
tagttagcag
tgatttcctt
tttttttttt
atctcggcetce
cgagtagctg
tagagatggg
tgcctgecte
tgtcttttca
ttacccaggce
caagtgatct
ccggctaatt
gaactcctgg
cgtgagctgce
atcaactgga
aacaatagtt
gatgggccca
ctacatggca
agtttagcct
cagttctctt
attaaataaa
caatatgtct
ttttgttttt
ggtgtgattt
gcctcccatg
tttaaaccat
tcaggtgatc
acctggccag
gataaattta
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aactcttgac
tgagccactg
ttgagacgga
tgcaagctcc
actacaggcg
caccatgtta
ccaaagtgct
ttttctattt
aattaaaaac
gaaaagtgtt
aaatctattc
aaattatata
tttgggttat
aggaaatact
tatcctatgce
ctttacagct
atacagaaag
tggattttag
ggtatgctgg
gcattaattc
agctatactt
tagagtaaac
tattaagtaa
caaggaatgt
tgttttctca
taagcccagt
agaggtaagt
gtcagctgga
catttagtag
tttcagatta
gacccatata
gaagcagaat
cagaaataag
agcagaataa
tttgcattag
gaagacattt
tcttggggatg
tttgagatgg
actgcaacct
ggattacagg
gtttctccat
ggcctcccaa
tttatagtta
tggagtgcag
tcagcctcag
tttgtatttt
actcaggcag
tgtgccacgce
aaactctaga
ctaagataaa
ttcatcatgt
aaagcctgaa
cagaaaataa
tgtaatggca
ctgatacatt
attggtatgt
ttttttcttt
cggctcactg
ttagctgata
tagagacagg
cacgtgcctc
ataaataggt
tacatataca

atcaggtgat
cgtccagcca
gtctcactct
acctcccagg
cccectacca
gccaggatgg
gagattatag
gtaaactatt
tttaatggca
acttttatca
tgttgatgaa
tattgaattc
ctaagtcttt
atttgtccag
atctctattt
tgagttttgt
aaatgtaata
tgccctcectac
tttttatagt
ctgtcctcect
tctatgtgaa
acttggggta
aatgatcata
ttatggtatg
tgttctatgg
caaatgatat
ttttctgtac
ttttatttat
atcagtttat
tgaactatta
aacctcatcc
ttggacaaga
ataagacata
ttttctcatt
aactaccctt
ttattgttat
gacagttttt
agttttaccc
ccacctcctg
catgcaccac
gttggtcagg
agtgctggga
acttattatt
tggcatgatc
cctcctgagt
ttgtagagat
tctgtccacc
ccatttacag
gttattattt
aatagtcatg
tagaatgtaa
aaatattaat
ttaagtgtgt
aaaagctaga
catgcaatgt
aaatatagtc
ttgagacagt
caacctccac
ttacaggcat
gtttcaccat
agcctcccaa
tttaaaacaa
tgatgtgtat

PCT/EP2018/0503582
ccacccatct 11160
agatgtacta 11220
gttgcccagg 11280
ttcaagcagt 11340
cgcccagcta 11400
tctcaatctc 11460
gtgtgagcca 11520
tttctttgac 11580
aagtagattt 11640
acagatctta 11700
cttaaaggga 11760
cagatttcta 11820
taaatgttaa 11880
ttttttgagt 11940
ctaagatatg 12000
atttgcctac 12060
cttcttggtt 12120
cttgtaagct 12180
ccctgetttg 12240
tcctcectteca 12300
atttgatgtt 12360
tgcttactga 12420
tttatgtgct 12480
acagtacgtt 12540
ataaaatttg 12600
gaccaattga 12660
tggtattctc 12720
ctagtgccaa 12780
aatgcagtct 12840
tggaaaagga 12900
tcatgattta 12960
acgcagacct 13020
ggatgttctg 13080
ctacttctat 13140
tcattcttta 13200
taaaagtaaa 13260
gaaataatta 13320
ttgttgccta 13380
ggttcaagcg 13440
cacgcctgge 13500
ctggtctgga 13560
ttacaggtgt 13620
attattattt 13680
tcggeccatt 13740
agctgggact 13800
ggggttttge 13860
ttggcctccc 13920
ttaacataaa 13980
agaaagtggc 14040
taatacttca 14100
attaataaag 14160
gcctcecttgag 14220
tcagacatta 14280
agcaatccaa 14340
actcctgtac 14400
acaatatatt 14460
cttgctttgt 14520
ctcecctggtt 14580
gtgccaccat 14640
gttggctggg 14700
agtgctggga 14760
tatgtaaaga 14820
atgttaatac 14880
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taaggtatta
aacttatatt
actaatggca
aaaaaatact
acacacttgg
tcactcctta
cttcectgcett
acttattgtc
cattaaggat
ttcatgttaa
aaaaatatcc
gaagaacttt
cttgtattta
ttgactaatg
ctttgagcac
ttettttttt
gcggtggtge
ccttggectce
tatttttagt
caggtgatcc
cctggccaac
cttggttcct
aaatgtctca
actcaggagg
acagagcgag
ccccaaacgt
tgtgccgtat
tccaggtgta
acttcactca
ggaataacct
tttcctecget
taaaacattt
cctataaggc
aatttttata
ctaggggtct
taggctccca
atttgtgtat
ctgtaaagta
agctctgcectg
gttccaataa
agtttgccaa
ttactttgca
tgaatgaatg
ttaccaccac
aaaatgaagt
aaagaatcaa
gttgcaagat
catgcctata
cttaagacca
caggtagggt
ccgagcectgg
gtggcagagt
ggaggcagag
gaacatgagc
aagtgccatg
tcacgcccac
tggtggtggg
ttgtagctat
attaaacttc
tttatataat
aagcaaatct
aggactaaca
cctgttgttt

atagtagttg
ttataattca
acagaaaaga
ttaaatgctc
caaatatttg
cttgaaacat
ttctggctgt
ctaataatgc
tacacactat
catgaaacat
cttcagtttt
cccttectet
atatattata
caagcctcett
ttttttactt
ttttcecectttt
gatctcacct
ccaagtagct
agatacgggg
tcctgectca
ttgtgctttg
tctggtgggg
aaagtacctt
ccaaagcagg
attgtatctc
gattttactg
gttagtgatt
cacattgaat
gtgaaattca
cctgactggt
ttagccagtg
taatgggttt
ccacatgacc
ctccactcac
ttgtgtggcce
taacatcatg
gtgtgattat
ctagatagta
ttgtagcatg
aactttattt
tctttccact
gagtttttgg
aataattgat
ccctaatatt
aatataaatg
accaagaatc
ttcaagaaag
atccgagcac
gcctgggcaa
gtcatgtacc
gaggcagagg
gagatcatct
gaaggaaatg
ataagacagc
tgaagtttga
ccaattttac
ggagttcccce
tgggaagttt
tttctaatac
gtggcacaaa
ctgtggagct
ggcactgtag
ctgtgccaac

tctgggtggg
tttttgtaat

gattaatagt
ctcttacaat
tctatattac
ttttattcct
tctttcttag
tctttatggce
aggtaacatt
tttgggcaag
ttacattatt
ctttctccat
gttattctgt
caaactgtct
tctgacaaaa
tttttgagac
cactgcaacc
ggaattacag
tttcatcatg
gcctcccgaa
cttgccccag
aatggtagta
aagtagcggg
aggattgcectt
tttaaaaaaa
tgatcatatc
gcgataaaag
ctactaacag
tcaccgtcat
cttgcattaa
tgatctttta
atttggctct
cacctttatt
aatgccttcce
tgttcctttt
tatacctcct
ttaatgtata
aatgtttggg
aaagcagcca
gcaaagacag
agactgtaag
tatatagtac
tcaaacaatc
ccgtgaatag
tattaatatg
tttcaaagaa
gattaagaat
tttgggaggc
cctggtgaaa
tgtagtccag
ttgcagtgag
caaaaaaaaa
tgaaagatat
atgagtatgg
acaatagtaa
tgatgtcatg
ccaccatcgt
ttcataaatg
aaaaacattt
acatattcta
aggcaagcag
caaactaaag
ctagtattgc
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taagattgta
gaacatgtat
ctccacatat
aataacacaa
ttgacctccce
tgctttctgt
ttacaggcag
tgttccaact
atatttaaca
aaatctatag
ggcgatatta
ttaaaaagta
tattcttttg
cctgtgtttt
tgaaatgttc
agagccttgce
ttccectecee
gcgtgcacta
ttggccaggce
atgctgagat
ccctgaagtce
agtctgattg
gcacagtggc
gagcccagga
aaaaaaaaaa
tctttceccet
acctataggt
ttaccttctc
actaccacta
ccattttgta
aaatacaaat
tggaataaag
tctagcctte
tttagtttcc
gcctggaagt
tcataaaact
tccacttgac
gttttgcaag
tagataatat
acaagatgtt
cttcttgagg
gaaccccaaa
tcttgatcct
cagtcaaata
aagaattcta
gtggaaatac
tcaagattta
tgaggcaggt
ccctggetcet
ctactcagga
ccggtatggt
tgttttttaa
tttagatgct
agacaggcag
tgttattata
gtttttccat
ctatgctaca
acattttgaa
tagtaatttt
ctgctaataa
cataaatgag
agccctgaat
caggtcttta

gggttttatg
tggcttttgg
attagtaata
aagaaaatat
aacaacattt
gaaaacaaac
ttaaattttt
ctctccccaa
tgaataacat
aagtgatgca
tcttggcatt
tcactgtaaa
attttcaaat
tttgatatgc
aagacttgtg
tctgttgcecce
aagttcatgc
ccacacccag
ttgtctcaaa
tacaggcatg
atcagctttt
ccttctcaac
ccatgcctgt
gtttgagtcc
agcacttcaa
cataactggt
gtcatctctg
aactggtttt
tagcctaaac
ccttttceccaa
gaaattgtct
acagcattcc
tattaaactc
tctgtttcca
gtttttctte
tgttatgatt
cagagactac
ctgtatggtc
gtaaacatca
ggatttggtc
aaagggattg
gcttgttgaa
tcatttcaga
tgagattatt
taaaatcttt
ttttgaggaa
gctgaccaag
ggactgcttg
acaaaaatac
ggctgaggtg
gccactgcat
gatttatttt
agcaaaattg
acaaagtagc
attgagtttt
gtgggaacaa
catatgcaaa
acttgttaaa
ttatgatgaa
cagtgaattc
tggtgtggat
aaatggggct
aaatgtacaa

PCT/EP2018/0503582
tttttectttt 14940
ggaaaaatga 15000
accatttaga 15060
ctagtattat 15120
tacactgtga 15180
ttccatttta 15240
ggaccacctc 15300
ttcaggatcc 15360
gaataatatt 15420
gtataactct 15480
ctattataaa 15540
ctcatgcatt 15600
tgacccagat 15660
cgtcatcttt 15720
cttttectttt 15780
aggctggagt 15840
aatttttgtg 15900
gtaatttttg 15960
ctcgtgacct 16020
agccaccgtg 16080
tccagagatt 16140
atattccctt 16200
agttacagct 16260
agcctgggca 16320
atagaatatt 16380
cttcttccaa 16440
acattcctca 16500
gaatctatcc 16560
tggggctgcect 16620
accctctatc 16680
ttccecttget 16740
ttctatatag 16800
tgctttcett 16860
ctgctectttt 16920
tgttccagca 16980
gcagtttagc 17040
cagacttttt 17100
tctgttgcectc 17160
gtttggctgt 17220
catgagttac 17280
tatatcccca 17340
tgtctgtgaa 17400
atttcaaaaa 17460
cagatgaaac 17520
taccaaagaa 17580
gaggattata 17640
catagtggct 17700
agtccaggag 17760
aaaaattagc 17820
ggaggatcac 17880
tccagecctgg 17940
tgtagttatt 18000
tagatgtgaa 18060
ctcecggttge 18120
gcttccttat 18180
gtatgactgg 18240
ttagtagtat 18300
tattgttagce 18360
tggctataac 18420
agggctcaaa 18480
caagtgtagg 18540
tagtccctag 18600
gagaagccgg 18660
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aaatccagat
ttaaaaatat
tgaacatctc
gaatttgttt
ggtatgtttg
atatattatt
gaggcagagt
gcaacctctg
ttacaagcat
ccatgttgat
ccaaagtgct
tctctcatct
gcatgataac
gcagttttga
agaaaaaaga
atggtaagta
tttctttcecte
gctggagtgce
ttctecectgece
ccagctaatt
cgaactcctg
cgtgagccat
ttttctactt
tcttcacagt
gtcactgttt
tatgccactt
tttataaggt
gaagcataga
tagatattta
tggtactatc
ttgtaagcac
atacttagag
aattaaatga
atactgttgg
tttaaggaat
aggttttatt
ccagtcttac
atacatgtgt
cctattctac
acttacaaat
gtttatttag
tggagtgcag
atcccacctc
gtattttttg
ctcagcaatc
acccggtcta
gctccactga
aagtggaaaa
aataggccag
taagtgatag
ttatgcacac
gacttttgtt
catatgcagg
aatttctttt
tggagtgcag
ctcccacctc
tttttttttt
tcgacttgct
gtagttggaa
gggtttcacc
tcagcctccce
tattttttgt
cagtgatccg

gttcatatgc
aggcaacact
tttacagctt
gggaggcaaa
acataggcat
tttcttttaa
tttgcttttg
cctcccaggce
gtgccactat
caggctggtc
gggattacag
ttatcagagc
ttcagtattg
atattgtttt
agtaaaagaa
tgtttgataa
tttttttttt
aatggcgcga
tcagcctcag
tttgtatttt
acatcaggtg
tgtgcccage
gttgacatgt
tgttgaaaaa
tatataataa
ccagcagaca
attggagtgc
aataatagaa
ctgttcagtg
tgcctcatge
tctgtattgt
tagcctccat
ctgtaatatt
tttgtatttt
atattcacag
tttcacacta
caggggagac
agttatatgt
tccttecattt
ctgttttttt
tcatcttttt
tgatgtgatc
agcctcccaa
tagagacagg
cacttgcctc
tttagtcttc
atatacactg
tttctgggtce
acttttaaag
ctatcattta
tactttattt
atttaactgt
ttcecttgact
tcttagtttt
tgatgtgatc
agcctcctaa
tgagacagag
gcaaccctca
ttgtagatgt
atgtcagcca
aaagtgttgg
agagatgggt
cctgcececttgg

aattacctga
tttgtgagcc
ttgctttaca
ttttaccatt
attagtaatt
cagttcttag
ttgcccagge
tcaagtgatt
gcctggctaa
tggaactcct
gcacaagcca
aattggaagc
ctatatgttt
tttcctgcecta
gctattatta
aatcatttct
tttttttttt
tctcagctca
cctccggagt
aagtagagac
atctacccgce
tatttatatc
acctgtatct
aatcttatgc
aacttcaaaa
acatacactc
atttagctca
atcacacaaa
aattttattg
tgtaagtata
ttgaatagat
tctgaagtct
ttcaaagaat
tcctggatgt
gtaattactg
tttagtataa
tgctattaag
agacatatat
ttttccactc
ttttaacaga
tttttttttt
acagatcact
gttgttgatg
gtctcgccat
ggccttctaa
tattaatgaa
tgagctcttg
aagagtatgc
aggcaggtaa
ttaagcactt
aatcgttgga
cccaaatcat
ccagtggtaa
ggcagctcag
acagctcact
gtagctggga
tctcactctg
cctcctgggt
atactacgcc
gcctggtgtt
gattacaggt
tttgccatat
cctcccaaag
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tttctaaatg
tagcaaaaca
ttatcaaaca
taatattgct
gtaaaacact
aagtacaacc
tggagtgcaa
ctcctgectce
ttttgtattt
gacctcaggt
cgcgcccage
acgttcatgce
gatttttgca
gtttccaaaa
caagaataaa
atttatttgg
tttgagacgg
ctgcaacctc
agctgggatt
ggggtttcac
tttggcatcc
ttcaacctgt
gaggaatgac
acagagaggt
tgttgtgatc
ccececttttg
agggtaacac
gtattttcat
gggatagcat
aatgcttaat
aagtactacc
ttgcagctac
atatttcttg
ataaaaataa
ttttatgaac
agcggaaagt
tttgatgtat
attttataaa
aggaatatac
atattttatt
tttgaggtag
gcggcgttga
caccaccatg
gttgcccagg
agtgctggga
catgtatgtt
tgtgattatt
tcatttaaaa
gtctagatgc
cttgtatgtc
acaattctgce
gctgcaaata
aggcattaaa
aatcaggcectt
gcagccttga
ttacaggtgt
tcacccaggce
tcaagcgatt
tggctaattt
gaactcccaa
gttagccacc
tctccaggcet
tgctgggatt

tagataacct
tacctgtggg
gactttattg
ttactgttaa
gtatgttaaa
ccacttcttt
tggcgtgatc
agcctcccga
ttagtagaga
gatccacctg
catataatcc
tttggtatgt
atattccttg
tttgggtatt
ggcaggaatc
gtgttgattt
agttttgctc
cgcctcecccag
ataggcgccc
catgttagcc
caaagtgctg
gttttaagtt
gtatactatt
ttttggtatt
cttttgaaca
agtgttaaat
ttaatcccaa
agcatatttg
ttattaagta
actccctggce
acactagatg
ttaaatatgc
gtcatatttg
tttaagagat
cataagatct
aaaagtcacc
atttttctag
aaaggaatca
cttaaacttt
gtttgggtag
tcttgctctg
catcctgggce
cccatgccca
ctggtctcaa
ttacaggcat
gttttcattt
tccectaggat
ttgtgattca
aatataaaac
agggagtaaa
tttatggaag
taagtggcag
aaggaagatg
gttttttgag
cctcccaggce
gcatcaccat
tggagtgcag
ctcgtgcectce
ttgtattttt
cctcaagtga
acgcctggcece
gatttcaaac
acaggtgtga

PCT/EP2018/0503582
gtgcagattt 18720
cttcaacctg 18780
atttgattct 18840
tctatatttt 18900
atgatatagt 18960
tttttttttt 19020
tcggcttacc 195080
gtagctgaga 19140
cggggtttcet 19200
ccttggecte 19260
cacttcttac 19320
acaactgaca 19380
tgtttataat 19440
cgatgtgtga 19500
aatccattca 19560
ctgtttettt 19620
ttgtcgccag 19680
gttcaagcaa 19740
accatcacac 19800
aggctggtct 19860
ggattacagg 19920
ctgtgtttac 19980
taaaatagtt 20040
gttggagagt 20100
tggccttect 20160
aggcactgtg 20220
tgtggaagaa 20280
tgtatatgac 20340
tttatactta 20400
taactgttac 20460
ctggcatcct 20520
agaagtcagg 20580
agacatcctt 20640
atgttgataa 20700
gcatctcttt 20760
ttcttcecett 20820
aattttcttt 20880
tgctatatat 20940
ccatgtcaat 21000
aacataattt 21060
tcgcccagga 21120
tcaagcggtc 21180
gctagttttt 21240
aactcctgag 21300
gagccactgce 21360
tgttttaaaa 21420
aaatttttgg 21480
ttgccaaatt 21540
aaggaaatta 21600
cgttagtgcet 21660
agaatgccaa 21720
acctggaatt 21780
ctgtctgtgg 21840
atgcccgggce 21900
tcaggtgatt 21960
gcccagctaa 22020
tgtcacaatc 22080
agcctctcga 22140
attagacaca 22200
tcctectgec 22260
agagtttctg 22320
tcctggggtc 22380
gccactgggce 22440
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ccgactcagg
agatagtaag
gtactattaa
gcttgtaatc
gaccagcctg
acgtggtggc
gaacccagga
gacagaacga
cacacctgtg
gcggaggttyg
aactccatct
cttatgcctg
gagtttgaga
ttaaccagat
aattgcttca
gcctgagcga
ggttatatag
ggtcatggtt
aatcctgcca
ctttgtttgt
ctcggctcac
agtagctggg
agatggggtt
gcctcagcect
aaattcattc
tcttagtact
tatgggtcct
acatggcacc
ttcttgectce
gtttattaaa
aagcaggtga
agtatttctt
aatatatata
actctgctga
gttccacatg
gtggcagcaa
tcttgtgaga
aattatctcc
tgagatttgg
attctattct
acccagccca
tatctgagat
atctacatgc
ccttececttte
cactgagtgc
agagccatgt
cctgatctgce
taaagccttc
atatgtgtgt
atatatatat
ccaggctgga
gcaattctcc
agctaatttt
aactcctgac
tgagccaccg
attacatgtt
tatctctggce
tcatgcctgt
cgagaccagc
gtgcgtgctg
tcaggctggg
gaccccecgtat
tcatatttgt

catgatatta
tgctttatat
taactcaatt
ccagcacttt
accaacatgg
acgcgcctgt
ggtggaggtt
gactctgtct
atcccagcta
tggtgagccg
caaaaaaaat
taatcccagce
tcagcctggg
gcaggggtgc
gcctgggagg
cggaacaaga
ctgatgagtg
ttaacaactc
gttaatcctt
ttgtgatgga
tgcaagctcc
actataggca
tcatcgtgtt
cccaaagtgc
cttcccecgagce
gttaaaaatg
gggaatctac
aaagtgtgtt
ctcaggagac
aagccttaga
cttgaaagac
aactctttca
catacaccac
taaagacaca
gctggggagg
gagaaaatga
cttattcact
cactgggtcc
gtggagacac
gtacctttcc
ctaaattaat
gattctgatg
tgagttcagc
cattctagct
acacatgcac
tctttcttac
ctggtgaatt
cctgaccttc
gtatgtatgt
atattttttt
gtgcaatggt
tgcctcagcece
ttttgtattt
ctcaggtgat
cacccagcca
tttcctacac
acatgaaaga
aatcccagcc
ctgggcaatg
caagtcccag
ttgcagtgag
caaaaaaaca
acttttcttt

atagtgaatt
attttatttc
ttaaaaataa
gggaggccga
tgaaaccttg
agtcccagct
gcagtaagcc
caattaaaaa
ctcaggaggc
agatcacgcc
aattaaaaaa
actttgggag
caacatggta
acaactgtgg
tcaaggctgce
ccececgtetet
gtagagctag
taccatgccg
cccactattt
gtctcccectcet
gcctcccggyg
cccgcecaccg
agccaggatg
tgggattaca
ctttcagcag
tagatttcag
attttaaaaa
agcagccaaa
agaaggagag
gcaggaagga
aggtgtgctg
ccatgaccca
acccttagga
cctgagactg
cctcagaatc
ggaaaatgca
accacgagag
ctcccacaac
agagccaaac
tttcecttet
tttacaatca
caagtgatcc
ttctcaaata
ttcattctgt
ttacttgttt
ctctgtgcett
tttcttactc
tctetgtttt
gtgtgtgtgt
ttttttttte
gcaatcttgg
ttctgagtag
ttagtagaga
ccgcccacct
gtacctgtac
taaatcatga
agcttaatta
cttggggagg
tggtgaaacc
cctgctccag
cccagattgt
aacaaactaa
tttttttttt
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ctcataatgg
atttaatcct
gaaaatggaa
ggtgggggga
tctctactaa
acttgggagg
aagattgctc
aaaaaaaaaa
taaggcagga
attggactcc
aaaaaaaatc
gccaaggtgg
aaaccccatc
tcttagctac
agtgaacggt
aagtaaagaa
gatttgaaca
cctggatgaa
atgtttcctg
gtcgcccagg
ttcacaccat
cacccggcta
gtctcaatct
ggcatgagcc
tggttctcaa
gccacacttc
atatttttaa
agtatctgtt
accgagacaa
aaggaagaaa
ggaatctgca
cagtaagaaa
cagcgatacc
tgaagaaaaa
atggcggagyg
aaagcggaaa
cagtatgggg
acatgagaat
catatcgccc
ttttcectttet
gtggttccca
acagagtata
tggcctttaa
acctcagcett
ttgccgttct
ttatacatgc
accctccaag
cccaaagtac
gcgtgtgtgt
ttttccgaga
cttaccgcaa
ctgggactac
tggggtttca
tggcctccca
atatttctaa
aattctggag
aaatgtgtta
ccaagatggg
ccatctctac
aggctgaggt
gccactgcac
aacggttgaa
tacggagtct

caattaaaat
tataacagcc
gcatagaaaa
tcacgagatc
aaacacaaaa
ctgaagcagg
cactgcactc
attagccggg
gaatcgcttg
aacctgggca
aagtaggcca
agaggattgc
tctacaaaaa
tcaggaggcc
gttctcacta
aaggaaagta
tagggagccc
tattgatttg
ttgttgttta
ctggagtgca
tctecctgect
attttttgta
cctgaccttg
accacaccca
tttgaatgtg
cactaatttg
aataataact
cgggtctgceca
gttttagagc
aatacacttg
ttttaacaaa
tagattttgt
ctatgtatta
gaagtttaat
tgaaaggcac
tccectgataa
gaaaccaccc
tatgggagta
cactacatgc
ctcttgcatt
agctacaatt
ctctgagaaa
agcccttcat
cctacccctce
gaactatctg
agttcctttg
tttaaggatc
ctgtgtgtgt
atgtgtgtgt
cagagtttcg
cctccacctce
aggcacgcgce
ccatggccag
gagtactggg
tatggtttgce
gatgaggact
aaagggccag
tggatcactt
aaaaaattgg
aggaggatca
ttcagcctgg
agaataaatg
cgctctgttg

PCT/EP2018/0503582
agttgttggt 22500
tacgaaatag 22560
gtgaactcag 22620
aggagttcga 22680
aattggctgg 22740
agattcgett 22800
cagcctgggce 22860
cgtggtggeg 22920
aacccaggag 22980
acaagagtga 23040
ggcacggtgt 23100
ttgagcccag 23160
ttttttttaa 23220
gaggtaggaa 23280
ttgcacttca 23340
atttgttcaa 23400
ctgactctaa 23460
gggaaggaac 23520
cttgtttttt 23580
gtggcacgat 23640
cagcctcccg 23700
tttttagtag 23760
tgatccgecc 23820
gcctgtttge 23880
cataggaata 23940
atagggctgg 24000
tatccgagtc 24060
gcagccccaa 24120
aggagtgaaa 24180
gaagagggcc 24240
catctagatc 24300
ttttgagttc 24360
gtccgttttc 24420
tggacttaca 24480
ttcttagatg 24540
aaccatcata 24600
ccatgattca 24660
caattcaaga 24720
agtgtactca 24780
gttagtgctt 24840
tgaaaatctc 24900
ctttgatctg 24960
aatctggaag 25020
cttcctctac 25080
cactgttaga 25140
catgaaatac 25200
acatcgtctt 25260
gtgtatatat 25320
gtgtatatat 25380
ctcttgttge 25440
ccaggttcaa 25500
caccatgccc 25560
gctggtcttg 25620
attacaggcg 25680
tataactttg 25740
gtcttccttg 25800
gcacggtggce 25860
gagtctagtt 25920
ctgggcatgg 25980
cttgagccta 26040
gtgacagtga 26100
gacgaacatg 26160
cccaggctgg 26220
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agtgcagtgg
ctgcctcagce
ttttgtattt
tgatctcgtg
cacgccccgce
gatgccctga
gtatactcag
aggaattttc
tgtttccatt
tcagctaagt
tgtgttttaa
ctctagcaaa
attattcaaa
caatatcaga
gaggactctt
gtactttggt
ctaaactgta
taagttttat
taaaaggctg
atacagttta
aaaaagcctt
attgtccttt
aacttgtgta
atgttgtatt
aaggtcaggc
gatactcaat
tagcaccttt
ataggggata
ttatattttt
agggtctccg
ctcggtttcc
ttcttaaaat
gggaggccga
tgaaacccta
gtcctagcta
tgcagtcagc
caaaaaaaat
tttcagtagt
cataattgat
ttggttaaga
ttctttctaa
cacacctgta
caagaccatc
cgggcatggt
cgtgaacccg
ggtgacagag
aaaaggaagg
attttaaact
tagtttctgce
cccaacactg
ggccaacatg
gcatgcctgt
ggcagaggct
gactctgtct
cactgcattt
cctaaataag
cacttttacc
tagccagtgt
taaaactata
tttagataag
cttaggagtg
agtatagtca
ttaaaagggt

tgtgatctcg
ctcccgagta
tttagtagag
ttcecgtceccac
cttatttgta
aagccttctce
caattaatca
ttaaaatatt
tcactttggce
gccttgagcet
ggccggcectt
cggggcataa
ttgtctaatt
ttttaacagt
aactgcaaaa
aatgaaatgt
tattaaattt
taggtagttt
ctatacagtt
ataagtagtc
tccttacaac
ctttattgca
ctttcttgcect
atataatttt
attgtctttt
aagtatgttg
actgtttgcc
ctttatatac
ccttaagtga
tatgttgccce
aaaagtgctg
tgttattcca
gatgggcgga
tctctactaa
cttgggaggc
tgagatggcg
aaaattatta
gtttgacagt
ttttaaaatt
atgaaattct
aggtagatta
atcccagcac
ctggctaaca
ggcgggcgcec
ggaggcggag
tgagactcca
agaacaggag
agtttaagag
aaatgttaaa
ggggcccaag
gtgaaacccc
aatcctagct
gcagtgagcc
caaacaaaac
tgtattatag
agaaatatca
acttgtattc
acagtaagac
attatttgaa
tttaaaagag
gttattgtta
gcattggcaa
tagtggatgt

gctcactgca
gctaggacta
acagggttcc
ctcggcectcecce
cttttctacc
agttctctta
ttgaaagttt
aatttcatgc
acctaaacaa
attgagtttc
tatctttctt
agcagtctaa
gccaaagtct
gtttacttag
gctgaaaaaa
taggatttct
tgtgcaataa
actgttttcc
gagtttggga
taacatagat
tgaaaactta
gtcagagttt
ttcagtattc
agtttatgta
caaatttgta
aaaggttgag
tggcacatga
tttttaagta
gacttagttc
aggctggtct
agattacagg
ggctgggcge
tcacgaggtc
aaatacaaaa
tgaggcagga
ccactgcact
ttccatatgce
attagaattt
taattcctge
cattacacac
aacatttaac
tttgggaggc
gggtgaaact
tgtagtccca
cttgcaggga
tctcaaaaaa
aacagttatt
gaatttgaga
actgagtatc
gtgggtggat
gtctctacta
gcttgggagg
aagatcacaa
aaacaaaact
aatgatatgt
gaaacattcg
aacatcgtag
cccccaaaaa
attattatag
tgagctttgt
attgaaaact
tttttgacag
aaaattaata
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agctctgtct
caggtgcccg
accgtgttag
caaagtgctg
aaaaatatca
agtctgagat
tgtgttatct
tacttgtgga
tgtatttgtt
ctacctgcac
gccatttgtt
tactgtcaaa
aaattgggtg
ctagaacaag
atttgtaatt
agtatgcggc
aattgatttt
catgtagaga
aaactacatt
tcttatctcet
aagtttgaaa
tcgaagcctt
cttgagcata
tctatttctc
tctaacactt
taaattaatg
acacttaaat
acaaaaatgt
attttttttt
tgaactcctg
catgagccac
agtggctcac
aagagataca
attagctggg
ggagaatcag
ccagcctggce
tgtgtatttt
tagaaatgtt
ttatgaaaaa
ctactgattt
ataaaaagga
tgaggtgcgce
ccgtctctac
gctactcggg
gccaagctca
aaaacaaaaa
accttatatt
gaagtcgatt
aggccaggca
cacttgaggt
aaaatacaaa
ctgaggcgtt
cactgcactc
gagtatcaat
atctattaaa
ctttgaagtt
tgaaggtcat
gtagaggcat
tgataaccca
gcattggcag
ttttcctaat
tctttttgga
tataaaggtc

cccaggttca
ccaccatgcecc
ccaggatggc
ggattacagg
cagttgtttt
aacatcttcc
gttagatcat
cagggtctgt
ttactgttat
acaatagatt
ctttaaaact
tttgaggctt
aggaatttaa
agtggcagtt
atatatcatt
agttaaactc
gacaataaag
atcttgagtt
acttagtagt
aaagtctggt
aaatggctca
tttttcatta
tttccattat
atccagatac
tactatggta
atatacttct
gtcaactttt
aaattaatta
tttctattat
ggcttaagtg
catgcccgac
gcctgtaatce
gaccatcctg
catggtggcg
ttgaaccagg
gacagagcaa
tgccttgtta
acacttctag
tatagcatga
tagggttaaa
aggggctggg
agatcacgag
taaaaataca
aggctgagac
catcactgca
acaaaaaaaa
ttgactaact
ggtctcatgce
cggccactca
caggagttcc
acttagccag
agaatctctt
taacctgggce
tttgacatta
atgcctacag
aagaatgaga
agccagagca
aggattgaaa
aaagatatat
tatagccaag
atcctgctgt
gactgaataa
agtcatattt

PCT/EP2018/0503582
caccattctc 26280
cagctaattt 26340
ctcggtctce 26400
cttgagccac 26460
ccttacctga 26520
taattatacg 26580
ttgattcttc 26640
gatggaatct 26700
ctctatcttce 26760
ccccaactag 26820
aagaaacagt 26880
caagtaaagg 26940
ttagggactc 27000
agactttgta 27060
ttctagttat 27120
catagaatat 27180
aatttgcaat 27240
gttatgagag 27300
ctgaaaggga 27360
ctaatacaag 27420
tgtgtacttc 27480
ccctaggeag 27540
aaagtttttc 27600
tcatctcact 27660
gcacataata 27720
agtatacttc 27780
attattatac 27840
taactaaatt 27900
ttgtagagac 27960
atcctcctge 28020
tgagacatag 28080
ccagcacttt 28140
gccaacataa 28200
tgcacctcta 28260
aggcgggggt 28320
gactccatct 28380
tttattttta 28440
agctagtaga 28500
taatatcttc 28560
ggagtgatat 28620
cacggtggct 28680
ttcaggagat 28740
aaaaattagc 28800
gggagaatgg 28860
ctccagectg 28920
aaaaaacata 28980
acaaagtgaa 29040
ttccttcegt 29100
cacctgtaat 29160
agaccacctt 29220
gcatggtggt 29280
gaaccctgga 29340
gacagagtga 29400
cagaataaaa 29460
caagcattat 29520
aaccaaggca 29580
gtgagcattg 29640
aatgaggaaa 29700
aaatggatta 29760
tgaggtttat 29820
catgacttgc 29880
aaaataaagt 29940
ccatatctca 30000
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gcagcaaata
gaaacaaatc
atcttagaga
aaaaatgtca
gaggccgagyg
aaaccccatc
ccagctactc
tgagctgaga
aaaaaaaaaa
atattaaatg
ttgacctcat
tagatagatt
accctgaact
aaatgtatgt
aaatttagtg
tgattagcct
ccaagaacct
cagatttgaa
ataaaataga
ctaagctata
cacccaattt
cagaaacaga
aagaggaaag
agtcggattc
aaaagtgaat
tgaggtataa
tattcttaat
ttcaagttct
taaattatat
ttgctttctt
taaaatacca
cctgcagaaa
aatcagtgaa
tccagttcac
gggtatttat
gtttattgag
tcagataaaa
atggtttttc
tgtccacttt
aaagtagaac
atctaaatgt
gagaaaatgt
tceccecttcetga
tatcatgtaa
tgatttagag
agaagctttg
tctgtcatga
tctgatgcag
acagtgattt
ctaaatgttt
ttaaaaatat
gctacataac
cccttetege
tcactggaga
tatctggttt
tagcttgttt
tggagtgcag
cctgcectcag
ttttgtattt
aacctcatga
acgcctggcec
actttgttta
tagctacaaa

actggaaaac
aaagaaatga
atacttaaat
ttttcccagg
cgggcggatc
tctacttaaa
gggaggctga
tcgtgccact
aaaaaaaaag
tgataattct
cagatagaag
gactcattgg
ggaataattg
atagctcaga
atgtttttgt
atggtaaaat
atagacatca
attaaaaata
aataaatcat
aaagacaaaa
ttataagata
gctaaggaaa
gaggaaatgt
cctacctcac
caacatttta
aaagacaaga
ttcaatttat
ccagtaaact
gtctgaaaac
ttaaaaaaaa
gtcattttct
attttcttct
tgatttaggt
ccttactcecct
cagatcccac
agttcatctc
gtggcctctce
atgaccttgt
attctcatgg
ttctttttat
ttggttgttc
ataataaata
cttcatttga
gattttaaaa
aggagaaata
agctggggtt
ttcttgcectg
tagtaattgt
tttttgagaa
ttgaactttg
ttaaaataaa
cacaatcaag
tcagttccct
ttaatctttt
cttttgctca
ttttgttttt
tggcacaatt
cctcccaagt
ttagtagagg
tccacccacc
agtttgttct
tccattcaca
tttatctttt

atcattaaaa
taagatttct
aaatggagag
ccgggegtagg
acaaggtcaa
atacaaaatt
ggcaggagaa
gcactccagc
tcattttccc
aaacaggaac
tattaatact
agtagaattg
ggtaaatcat
tttatttcaa
gacccatagt
tggttttatt
tcctagaaga
taaaagatct
ttccaaaaga
ctgttcaata
aaataaaaat
tatgcgactt
ttgagaaatg
atcatataca
aaaacttttg
cacaaagtgt
tatatttttc
ctcaatctta
ttcattattt
attttttatt
gtgaaaaaga
ggctagtgge
tatttgaagt
agggtatagc
atccttggcea
aatcttctta
attctgaact
tagctctcta
ttgaattggt
taacgtttac
aataggactt
tcactactag
aactttgtct
cttttaaggg
ttccectecat
tcagccttac
tcagtagttt
atttccacac
gtaagtagaa
gcttattgac
cttttattga
ctatggaaca
accctgcectce
ctaaaactgc
acatggtttt
tttttttttt
tcggctcact
agctgggatt
cggggtttca
tcggcecctcecce
cttttattgc
gagttcacat
ttgcatattg
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caaatattgt
ttagggaaaa
gtattccgtg
tagctcacac
gaggttgaga
agctgggcgt
tcacttgaac
ctgggcaaag
ccaattgata
agaatataga
aattaaggca
agagcccaga
tatcttaact
tatttaatat
ctgccgtaga
atggtgttgt
cattaagtga
tctgaagttg
gagatttcat
cacagttttg
gtataattat
tagtgtatga
aagcttgaaa
aatatcagct
gtagactatg
tttctataaa
agttctagaa
attccttgaa
ggatcctttg
ttgcctcecte
gtaaagattt
cgggtacact
tgggctttca
tctttcagac
aactctcaac
accatctctt
gtgggttttc
atgtcattag
ccagtttaca
tttatgcttt
taagtaattc
gttcaacacc
aataggatag
cataagaaag
tgcagaggat
actgaatctt
ttaaccatgt
attgagaaga
tttcttecect
cagtttgttt
gatacaataa
tttccatcac
tgcctcagge
atgtaaatgg
gagatacatt
tgagatggag
gcaagctctg
ataggcgccc
ccgtgttagce
aaagtgctgg
tgagtttatt
aggtttgttt
attactcatc

caggagatat
ttataaaatt
ttctctaata
ctgtaatccc
ccatcctggce
ggtggcacag
ccgggaggcyg
agcaagactg
agtagattca
aaaagaacaa
gtgtcatatt
agagactcca
tgtttttatt
tgcaagcgtt
aacttaactc
ttcgcttgaa
agacttactg
caacagtgct
ttttgcccaa
tcaatttaaa
tgaaaaaaga
cagaggtggc
aaaaaatagt
gaagatggat
ttggtaaaca
acttttgata
tttgattcct
tatattaagt
tggtatgttt
atatgtgtgg
taggcctaca
agcaatccca
tccectgaaat
ctcaaatccc
tcectttattt
agaaaattgt
ttctctcata
agaaattttg
gattatcatc
cttcagtaac
ttcagtcatt
tagtggagat
aagaggcata
gtataggtca
gaagttaggc
gcattgggta
tgtgcagaga
ttcaaagcaa
gtagtagaac
atttttcttt
aatctacccg
cccctaaaat
aattactaat
aagcatacag
catttgggag
tcttgctctg
cctctecgggt
gccaccacgc
caggatggtc
gattacaggt
ccattgtagg
ttaaacttac
tttgcaattg
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gaagtatgta 30060
ttattatgag 30120
gtaatattgt 30180
agcactttgg 30240
caagatgatg 30300
gcctgtagtc 30360
gaggttgcag 30420
tctcaaaaaa 30480
atgcaactcc 30540
tgaggagaaa 30600
gggataagaa 30660
atcacctgtg 30720
aatctttctt 30780
ttggtcttat 30840
ttattaatat 30900
gttgcaattt 30960
tgtatataag 31020
cagaagtatt 31080
aatctttctt 31140
tctacatatt 31200
attgagagcc 31260
atgtcatatc 31320
tatttaatta 31380
taaaggcttt 31440
ttttaatcct 31500
aatttgatta 31560
ttttttcagt 31620
atagttactt 31680
ttattgcctg 31740
ttatttaaga 31800
atattatctc 31860
ggtcacctaa 31920
ctgatatgtt 31980
ccaaagcctt 32040
tttccctata 32100
caggctatat 32160
tcttggtcge 32220
tttcatattt 32280
tatcattacc 32340
ttgtaaaagt 32400
tatgttaatt 32460
acatcagaca 32520
cataaatgat 32580
agtcttgcac 32640
tttatagaaa 32700
aaaacgggta 32760
tgaaagtaat 32820
aatctcataa 32880
tattatgtga 32940
tatgtgccat 33000
aatatgtcct 33060
ttccectggtce 33120
ctgccttectg 33180
tatacttttg 33240
tgtataccca 33300
tcgcccagge 33360
tcaccattct 33420
ctggctaatt 33480
tcgatctccce 33540
gtgagccacc 33600
tctataccac 33660
caggaacatc 33720
agagacacta 33780
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atatcttgaa
attgcctaca
cattttgacc
aagcataaga
aatgtcatta
aaataaggaa
gcaaagtaaa
tgctatagct
aaatactaat
aactgtaaaa
ctagctatct
ttagtagata
atttcaattt
gtcactgtga
agtggctcac
ctgggagttt
aaaattagct
ggaagatcac
tccagcctgg
cgtttgtaaa
ccttaacaca
ttgttgtgta
gggattttgc
atcaaatact
tatactgttc
gggcagggag
ttttttttcet
gtggtgagac
cttcctcectg
ttgtagtctt
aaaacaatat
aaatcttctc
gtttcttctt
aattttggca
atatatcttg
tatgtagtta
ttctcatttt
tttttattgg
gtgcagtggt
atctcatttt
tgtgtgtgtg
gtgtatgata
catgaaagtt
ggatgtggtc
atcagaattt
cacaaagtct
atttagtgtc
cttccctgea
ttatatttag
ggaagtgtca
tatttatttc
ccattttttt
acgattggga
ttttcaaaac
tgcggagacc
aaaaaggtat
aacatcttct
ttcctggaag
ttgttttttg
agtgcagtgg
ctgcctcagce
ttttgtattt
tttcttcaag

tgctacattt
caatagtgcc
tttcagttgt
atgctaatac
aataaaaaca
tttgggctta
attgttatgt
tatggcattt
ttaacaaact
tttttaatta
taacattttt
ctcttgtgta
ttaaaagcat
aactttgggc
gcccataatc
gagaccaccc
gggcgtggatg
ttgagcctgg
gcaacagagt
atggggatga
acaactggac
caaacctgca
tttaaatccc
gttagatagt
tatttttatt
gaggacctag
attcagtccc
tgtgttttca
ttgtctcgaa
aacttgtttt
attcatgata
taatctcatc
cctgtatata
acttaaaatc
gacattttcc
tatcataatt
ttctttttgg
tttttttttt
gcagtcatgg
gaaagattat
tgtgtacgtg
tacctgtttt
gtattgccat
atgatttatg
agaagcaggg
aaagtaaagc
atttatctat
aaaagaaata
gtgctccaaa
gaggaggaga
attgaattta
ttttttggtt
agcaaaaggc
tccaccatat
ttctgaccag
gacattttgc
tgtaatattc
ctttctgttg
ttttgttttg
cgcaatctta
ctcctgagta
ttagtagaga
aagaggtttg

ataatgctgt
agtagagtat
acagagtaca
tgggatactt
gtacaaaata
actatgtttc
aaataatgtg
gaaaaggcaa
attatactat
aaacattttt
ttgtttcttg
tgtcattttt
aggctctaaa
aagtaattca
ccaacacttt
tgggcaacat
gcatgtgcct
gaggcggagyg
gagaccccca
aagtaattct
caaatacata
actatttttt
aggtgagggg
gattacttga
catacatatt
caagtcttta
tgaaaaacag
agtttttctc
cccaatttat
ttgtaatagt
ggaaaacttc
ctccagagat
cacagataca
ataagtgatg
ttttaatcac
ttattaatta
cctagcaaac
ttttttggag
ctcactgcat
gaaactttcc
tgtgtgtgtg
atgtgtagaa
agggagatgt
aagattaatc
agatgtaatt
agttagaaag
acactaaaac
aaatattact
tactgcagaa
tgaaatattt
gaataaattt
tcttattgac
atcttttcac
tgcaaagcta
gaagttagtg
tggtaataat
atttgagtac
gttttttctt
ttttgttttt
gctcactgta
gctgggacta
cagggtttca
attagtatgg
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aaaaatggat
gctgctgtaa
gatgtgtttt
ataaatgttg
cattatcagt
taaatttagt
catgtcttgce
tattttcttt
attctatcat
taagtttgca
gtatttcatc
atgtacaaca
tttaatgact
tctctttaca
gggaggccaa
agtgaaaccc
gtagtcccag
ttgaggtgaa
tgtcaaaaaa
tgtacagatt
cttgttgaat
aaaactttga
atagttactt
taagaatgat
tggatgctat
ggtctatgtg
ctgaatgata
cctgatgaac
gacaaccgta
ttaattctta
cagacattag
aatcactatc
ttgtcatcat
attgttttaa
cttattcttt
ccctcecttaca
tgtactgcaa
acagggtctc
ggcaaatgct
cccaaaatac
tacatagact
ggatagagag
attgccatag
tggtgacagt
agagaatatg
gaagtggaca
ttttattctg
aaggtagcaa
ttaaggattt
ctactttgtg
tagattaata
tagatgacat
aagctgatgt
tcacagaacc
aatctatgga
ttatatattt
agttatgtat
tatgctcttt
gagacagagt
acctcctcecct
taggcacgtg
ccatgttggce
aataatttca

tttgaagagg
cacaagtgtt
tatgcactgt
tgatagctaa
tttattagtt
gtttcaaaat
tttttaaaaa
tggaactgga
gagcttttct
cgtaaaattt
cttaaaatgt
catgtacaat
tgagttcaca
gtcagttcca
ggtgggtgga
catctctaca
ctactcagga
ccaaaatcgc
acgaactaaa
taggagataa
gaatgggtaa
tttgttatta
cctgaacatg
aaaaggcatt
tcaaggttat
actattacat
ttgaagattg
atggtaattt
agtacttcat
aaattatttt
agaaatatat
cttaggtgca
catcattttt
aaactaactt
tcagtagcag
aggcatttgg
tacatattct
actctgtcac
ggctcaaagg
tgtgtgtgtg
tagatatacg
acttagggcect
ggaaaattgt
gggtaggatt
tcattaccta
gataaataga
tgaatgcttt
ctcatttttt
gtcgtgtaaa
acaaagttca
gatgcagtta
agaagttcgt
acaccgtcaa
cgtaacagta
ttttagatat
cttgaagtgg
attcataatt
gcatctcttt
ctcactgtca
cccgggttceca
ccaccacgct
taggctggtc
aagtatctaa

PCT/EP2018/0503582
tagctctcat 33840
ggtatcataa 33900
ttcaaagatt 33960
gtagactctc 34020
attgcctgta 34080
ttaatacttt 34140
tatgacttat 34200
tttctggttc 34260
agttttatag 34320
cttatggaaa 34380
tgatccacat 34440
tttctaatag 34500
tttccaccct 34560
ggccaggctc 34620
tcacttgagce 34680
aaaaaataga 34740
ggctgagatg 34800
atcactgcac 34860
ctcagttcct 34920
tttacagagt 34980
atgccattct 35040
atgtcaactt 35100
gctataattt 35160
cttgagattg 35220
tggctataat 35280
ttaaaaaatt 35340
tgacctcaat 35400
gacgactgct 35460
tttcttatat 35520
ggtaattagg 35580
aacagaaagg 35640
tattttacca 35700
gacacagtac 35760
tcttcttacc 35820
catattttat 35880
tttgtttctt 35940
tgtatatttt 36000
ccaggctgga 36060
atatggatat 36120
tgtgtgtgtg 36180
tccaccaatg 36240
ataaaggaag 36300
attgccatgg 36360
gattggcgga 36420
gaaatgaagc 36480
tgattaatgt 36540
tcctcaaatt 36600
tgaaaatcct 36660
caagaattgt 36720
gaaaggtatt 36780
ctttgttttce 36840
tttgtgttga 36900
gtagccattg 36960
aaaatgcagt 37020
ctgccagatg 37080
tcctgctaat 37140
tatgtttctt 37200
atttgttggg 37260
cccaggctag 37320
agcgattctt 37380
gggctactac 37440
tctgcatctc 37500
actgcttact 37560
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aaaatttcta
gtagtctcta
gtgataagaa
gtctcactct
gcctcctggg
cgcaccacca
tgagatggag
ctgcagcttc
gactacaggc
caccatgttg
tcccaaagtg
tatggagaca
tccacctgcece
aaaatatcct
ccaacttaca
taaaggagag
atacttacgg
aggatcacgg
tttattcagt
agatagcatc
aacctctgcecc
caggcatgtg
atgttgacca
aaagtgctgg
ataatgttat
tcctgagaga
aggtatttta
atattggaat
ttttcatgct
gattatgttt
tattaattac
aataacattt
tttttttttt
cacaaagcct
gtttaggtaa
taaatcattg
cagaattaat
tgttgtaata
tccttecatt
ttaattgtaa
aactagattt
cattttacct
aataatttta
ttttctttat
ttgttcattt
atgatgcagt
cctcacctgg
cttcaagctg
gtagtttttc
tacctgttgg
tagtcggaat
acatgctgtc
ctgataatcc
acccaagaga
attccaatac
gtgcagataa
atggttttgt
gtgactcctt
tcttgatacc
atatttatac
aaactttttt
gtcataaaaa

tgggaggcca

ttttattttt
tattggtttc
aacaagatga
gtcactcaag
ctcaggtgat
cacttggcta
tcttgctctg
tgcctecectgg
atgcgccacc
gccaggctgg
ctgggattgc
gggttttgtc
tcagcctccce
tttctactga
tacatattta
gatacaatcc
caataaagca
taagaatagt
ttttcaaatt
tctectectgte
ccccaggttce
ccaccacacc
ggatggtctt
gattacaggt
ttttcaaatg
ccaagacctg
tttcctatag
tctattttta
ttcagtatag
ttgggattta
attgcgttat
tactggaaca
aacactatgg
aaaatattta
ttcaaccgag
ctttttcctg
tttttctgta
tatcttaaaa
ttctcctaaa
ttctaatatt
tcatatttaa
gtatttgtaa
gtgcttttta
atatatttgt
taatttcgta
tgtgagagaa
gcccatctca
gtcatcagtg
aacaaggaca
gaatgattta
ggaagcgtca
taattgttct
aagacttctg
cttgagacag
tactgttttt
cagcatgata
tcaagatagt
tccatatgaa
acctatatag
tgtatatata
cagggaagaa
gacaactcag

aggcgggtgg

gaaggtctgt
ttatcaaacc
atattttaaa
ctggagtaca
catcccacct
atttttgtgg
tcttgcccag
gttcaagcaa
acacccgact
tctcaaactc
aggtatgagc
atgttgctta
aaagtgctga
tactactgat
ttgaaaacat
tataattttt
aagaaacaaa
ttggatcgat
ttattatttt
acccaggctg
aacaattctc
cggctaattt
gaactcctga
gggagccacc
acatttaata
gtctcctcgg
catatttctt
ggaatgaata
aatgaattaa
ttgttcaaga
gaaaaaatgt
cggccatgaa
caacagggtt
caatctgact
ggctaattag
gtttagtttg
atttttttcet
gttatgtgta
agtgaagagt
tatcttttag
ttgaagtgaa
aatggtatat
cattttttta
gtgcttatgce
aaataaattt
atgcctacag
agtggattgt
gcccacccca
cttccttcecta
aatgcttcta
tccatgccat
gtgaatatga
agcatgaatc
ctccatcaga
gtttcacaat
aatgagtcgg
cagtattcag
ttttttcaag
atgcagcatt
atactgactg
gcatacaact
aggccaggceyg
atcacttgag
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tttagtcttt
ttattgcatt
cagcttgttt
gtggcatgat
cagcctcgtg
ggtttttttg
gctggagtac
ttctcctgte
cattttgtat
ctgacctcag
cactgcgcect
ggttggcctc
gattacttta
ttgggacata
tttctatatg
tatctgcttt
agacaactct
tcatatttaa
tgttttgttt
gagtgcagta
ctgcctcagce
ttgtattttt
catcaggtga
acgcccggcec
atggaaaaac
ttcaattgga
gtgatcagaa
actgcttctt
gcatggcttc
aattacatgt
tactgatttg
tatttgatta
gaatagttcc
ttttacagaa
aagaagtctt
taaagcattt
gactgtgaat
ttttcttatc
aagagatgat
ttttcaaaaa
attacatatg
acgttacaga
tttgaaatgt
aattttaatt
ttcctececac
gggtttcaag
cacatcatgc
ccccacgcetce
attcgcaagg
atgcttgcat
cagcagattt
tgacaaccag
ttgaaaaccc
tgtcctctte
cagatgcatt
gaccatcaaa
gtattggcag
tataacttgc
ttgtatttgt
agaatataat
ttggacatag
caggggctca
accaggaatt

gtgcacttac
agttgacatt
tgggtttttt
cgtggctcac
agtacctggg
tttttttgtt
agtggcgcaa
tcagcctceccce
ttttagtaga
gtgattcacc
ggccaatttt
aaactcctgce
aacaattttt
ttctataata
tgaataaaat
cctggtttct
gcttttccag
ataggttttg
tgttgtttgt
gggcaatctc
ctcccgggta
agtagaaaca
tccacccacc
agtttttcag
tttatcctaa
gaaggaagat
agaccagtac
tgaaaatttt
tgaaggttgt
tgttcatatg
gttagttacc
aatattatct
aacagaggct
aaaaaaattg
ttttcceccca
gtataatatg
tttatagtct
cctaatgagt
tttggctatt
tacctttata
ccaaagtaac
atttcatttt
tacattggtt
tagaaatgct
agaaccaaac
tcaagcagaa
ctcaatggca
aggcaataca
tatcccacca
ttacaacaat
atatggtatt
cagtgacagc
ctcatgtaat
cagtatgtca
tgagggatct
cagtactaat
tatgcaaaat
aagatttaaa
ctaactgggg
actgtatttg
cgaatacaaa
cacctgtaat
cgagaccagc

PCT/EP2018/0503582
cactcagaga 37620
attgacttgt 37680
ttgagacagg 37740
cagagcctca 37800
actataggtg 37860
tttttgtttt 37920
tcctggctca 37980
aggtagctgg 38040
gatggggttt 38100
cacctcagcc 38160
tctgtttttt 38220
gctcaagtga 38280
tactaagaga 38340
cttattaaat 38400
atttgtttat 38460
ttctaatcag 38520
aaactgtgcc 38580
ttttatttac 38640
ttgttttttg 38700
aactcactgc 38760
gctgagatta 38820
gggtttcgcecc 38880
ttggectcecce 38940
attttaactg 39000
cagttaattt 39060
acttcaaaaa 39120
tttgcacaat 39180
ctctccagat 39240
gttagaaact 39300
gtagcaattt 39360
tgtttttata 39420
ctaaactgct 39480
gtatatagct 39540
ccaatcccta 39600
cgtacattct 39660
taaatagata 39720
cttagggttc 39780
gttgtctcca 39840
tggaatccca 39900
gagcctcaga 39960
ttgccaaaat 40020
ggattcgtgt 40080
tccttgacat 40140
ttttataatt 40200
ttgttttctc 40260
tcctactatce 40320
cctectgecett 40380
aacccactga 40440
ttcctgagaa 40500
gccgatgaca 40560
tctgatccca 40620
atgggagaga 40680
tcagtgttag 40740
gcaggcgcca 40800
gacttcagtt 40860
ccaaacagtc 40920
gagcaattga 40980
tccttttaaa 41040
atataatact 41100
agaatataaa 41160
attggaagct 41220
cctagcactt 41280
ctggccaaca 41340
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tggtgaaacc
gtactgtcag
ttgcagtgag
ctcaaaaaaa
tgtattctta
acttaatttt
cttcttggag
aaggcagttg
tctatgcecctt
tttccttgga
ctatttgaca
aattcttggt
gcaatgccat
ttagcaccca
aagctgacca
ttccectggat
ctgttcccca
tctgctcaaa
ttgcaggcct
ctccaggcac
tctgtacttg
tcttacatcc
atcagcattc
ttactaagta
gacagaaatt
attaaacact
ttgaaagaaa
tgacattggg
attgtttgaa
ttttcectttt
tctaaatcca
taacacattt
gctggtttca
aaaattctca
cattacactt
ctttcacttt
tattttgccce
tattacagat
aattaacttt
tagcaagaaa
aaactagtcg
gttaaatgat
aggaagaaaa
caaaaggaaa
gaatcataga
aaataaattt
gaaggcacaa
atgataggtg
agcaccaatc
taattaagcg
ctgtgtttag
gaattaaggt
gtgctatttt
ctgtctctac
ggcacttttt
gtttacttta
gtcttcatta
gcatcctgac
cccagceccatc
ggagactgcc
atgtataacc
gattcctccce
tcceectacce

ccgtctctac
ctacttggga
ctgagatcac
aaaaaacaaa
aatttcaagc
ttatttttga
cttagatttg
aagtgagctt
taaagttgct
ccattcgcect
tctctatcta
cttcccectecce
acttctggtt
tatccaatcc
cctcttttga
tgaagctgtc
taaagtagcc
accattcatt
agactccctg
cttggcctca
gtattccctce
ttcaggtgtc
cctttceeccce
tttattcatt
tttgtgcttt
cagtaaatgt
taataacttt
tttatgagaa
aggaaaataa
atgaaaagag
tgttttgaca
ccttttcaaa
aatggtgagc
gtgtttccta
tatttgctgt
gcttcaaaac
ttttatttcc
taaagttggg
acctagtttg
cagtctgtca
tttcggtcaa
actgggaaat
aaaaagaaag
tatttctgta
attcaataaa
ttaaaatcat
tttcttttet
gggagatttt
agtttaaaca
ttggctactt
aatatttttt
tctgctacct
ttgaccctgt
atatattcat
ctgaactcta
tccttacatc
gcctaaaagg
ttctgaaatg
tctgtcttta
cgccttgtca
tcctatactt
tgagatttat
cgccctecga

taaaaataca
ggctgaggca
accaccgcac
aaaaacacac
aaatttaaga
ggcccatggg
tatgtatatc
tcaaggtatg
tatgatttta
ttcttagatg
gaaatctaat
aaacttgctt
gctcaggcca
attagcaaat
cctctactat
atctacaaaa
agaatgatta
ggcttctcat
tcctacctca
gtgctcctca
tgccttgaat
actccactgt
ctgctttatg
tactgtttgt
attgttgaat
ttattgaaca
aattataaga
tcgtgtacat
tcccagtgge
attttattga
ttgtcaagct
gtgcaagatt
tgaatgctgg
gttgtttctg
ttgtgtttcg
gtagttatat
caaagacatt
cagtaatctt
ttttacaact
ttttacttac
atagaaaaat
agggaagaca
acccctgagt
ttataaattt
aaaggtagaa
aagcacataa
gttcaaaatg
tttttttttt
ctgactgtta
agtataagta
taaaactaaa
ctgtgtgtag
atagacttta
gctttcacct
cttgtgcact
accacttagt
aaagaccaaa
cctccagcect
gctcctacaa
aatctagtgt
ccectetttge
ttcccatgag
tgatcttatc
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aaaattagct
caataattgt
tccagcctgg
ttttttatat
taaaacttgt
ccaaggtaac
aaaatgtctt
ggaggttttc
gctgtacact
tcctcactcece
taaagctcac
ctccttcagt
aaaaccctga
ctggtagacc
taacgcccta
attcttctta
tttttaaaac
ctcactcaga
ggtaccacca
aagcatcaag
gttgttctcc
tacctgagca
tatgtccata
tttcccatac
ctccaatttg
ttaaaagtat
cgtatatgat
tcaagtccag
aaaatgatgg
aggtaaaaca
cattgcaact
tttaaaagag
gtaatctcta
catactttat
tgacttttgg
tttggagttt
gtaagggtta
aattatgatg
agaacctgcc
acgatgtcta
gtgtgaatgc
gcaaagtgag
accattaata
ttcatgagca
agtaattttt
atagaactta
tgaacccagg
aatacagaat
gaatagctgc
agtataagcc
taagtgttgg
aatattccca
atttaaaatg
gctcttttaa
ggatccctcce
gattcctttce
taaaaccttt
ccattttctce
ttttcttagg
ctttttttca
atactcctct
tcttgacccce
agagcccaca

gagcatggtg
ttgaacccag
gtgacagagt
ttctttttat
aatggctatg
ccctaagggg
taaaatgtta
tacattttat
cattttttaa
ctgtgatctc
actcagcata
cttctccaac
agtcatcctt
ctaccttcac
ttccaagcca
tatccttgca
aagtcaactc
gcagtcaaag
tatcccacct
tatgcacttg
cagaaaaatg
ggtcgtccectt
gcactcacca
cgaaatataa
tagaaaaatg
tactaataga
ttttgcagtt
gaataataat
tagaatttgg
ttagaggttc
tccagattga
acttgtcaca
ctagctcctt
gtgagttgtt
taattctggce
tcatttgata
attagatcat
gaattatcat
ctaaatgttg
accaaaccat
cataaaaaca
acttgggctc
ttcctcagaa
gccattatga
ttacttaaaa
ccagggagaa
atgtctctag
ctcatagttt
atgggttttt
gaattaaggt
ctagttttgc
atggattttt
aatttggtaa
cacctgcttt
tcectttetet
tttgtataaa
cctaccactt
ccttcceccagt
atattctggg
gtcctcacac
gggttttctg
tccectcecagt
ggttcagttt
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gtacgtgcct 41400
gaagcagagg 41460
gagactctgt 41520
aatgttttaa 41580
ccattgaaaa 41640
ttttcttagg 41700
agttgggcag 41760
actatttcaa 41820
ggggaagaag 41880
ataaaactgc 41940
tccaaaactg 42000
tcagtaaatg 42060
gattcttctt 42120
aatatatcta 42180
ccatcatctc 42240
ttcctacagt 42300
ataccattca 42360
tccttaaaag 42420
cctcatgcag 42480
ccttggacag 42540
catagttcac 42600
gaatatatac 42660
cgatctgact 42720
actttctaag 42780
cctaccttat 42840
actttggttt 42900
ttacttagtg 42960
ggtcatccaa 43020
gtaatctttt 43080
attgagaatc 43140
gtaacactta 43200
tattcatttg 43260
aatcagattt 43320
atagctgtaa 43380
atttagaaac 43440
tataattatt 43500
tatattttat 43560
tatgctaagt 43620
aatatcttcc 43680
aactttacat 43740
aaaattctca 43800
aggatggttc 43860
attattattt 43920
aatctcacaa 43980
atataaatta 44040
agaaaaacct 44100
atgatgatgg 44160
tggattaatt 44220
ttctttaaac 44280
tctgctacat 44340
ggtgtaagca 44400
catttttcag 44460
cgtttctcct 44520
tagtatctga 44580
gccaggctgt 44640
catggtaaat 44700
ggatgcattt 44760
tattccttag 44820
aaagatgagc 44880
tgcttgacct 44940
tggtagtcaa 45000
tggtgctatt 45060
tctttcatgce 45120
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tacctgaatg
atttaccacg
atcacactca
tcttaattcc
tttccatatg
tccttgaaaa
tctgctcttce
tcectgectcece
ttaagtgttt
agttggtgcect
gttagtaaaa
aaagcagcaa
ctgcttccecct
cagctctatt
ttatttcata
gtctccectcea
tgcagtcaat
ttatacagag
caaggataac
attaattttt
cctgaaattt
tcttaatggce
ttgtcaacgt
catggagcag
gccgaggtag
aaacctgtct
atgctcatgg
cagattcagt
tactttaaag
aaagaacaaa
aaccaaaaca
gccctcagaa
caagcaatgg
atgtagaaag
gattaaagac
taccattcag
aacaaaagcc
agaaactacc
cttatctgac
aaaaacaacc
atttatgcag
caaatcaaaa
tcaggagaca
tgggactgta
gaactggaaa
aaatcatgct
gcaaagactt
cacatataca
gggacatgga
aaacaccaca
aaggggaata
ggagatatac
tatacatatg
aaaaataaat
gtcccagcta
tagtgagcag
aaaagactta
taatttattg
actttttact
tggtacataa
aatatctgta
taatacacag
atggacttct

tcctgataaa
ccacccaaga
tacttaatca
tgctgcctte
ttccagttaa
aaaacaattc
tggaactaga
ttacttgagg
gtctctttcg
gaataaatag
tgtatatgga
tgacaagatt
tttttaccac
gagaatagta
gccctgacct
tacacttctc
cttgtataac
gtgaataaga
acatgtagag
atgtatgtta
ccttcatgcece
cttttaaata
ctaacctaat
ggcactggca
ggggattgct
ctgcaaaaaa
gtaggaagaa
gccatcccca
ttcatatgga
gctggaggca
gcatggtact
ataacgccgce
ggaaaggatt
ctgaaactgg
ttaaacgtta
gacataggca
aaaattgaca
atcagagtga
aaagggctaa
ccatcaaaaa
ccaaaaaaca
ccacaatgag
acaggtgctg
aactagttca
taccgtttga
gctataaaga
ggaaccaacc
ccatggaata
tgaaattgga
tattctcact
tcacactggg
ctaatgctag
taagtaacct
aaataaataa
ttagggaggc
tgattacgcc
gaattggtga
aaggatcacc
caggtaatac
gaagaaacac
tatcctatgt
cagagtgaga
cattagcatt

ctggctcgcet
tacttactag
tcaagtcctt
ttagtaaagg
aataccatgt
tctcaggcect
acactcatcc
tgaagctttg
tcattgggac
tagctattat
aatgattttt
acttaagtct
acacacacgc
gtgtcaactg
tgctacttct
agcctcagca
attttttgaa
caaaaactct
taaaatgcat
acacccatgt
ccttcceccagt
actgggcttc
acttcaggaa
tggtggatgg
tgagcccagg
aaaaaaaaaa
tcaatatcgt
tcaagctacc
accaaaaaag
tcacactacc
ggtaccaaaa
atatctacaa
ccctatttaa
atcccttcecct
gacctaaaac
tgggcaagga
aatgggatct
acaggcaacc
tatccagaat
gtgggcgaag
catgaaaaaa
ataccatctc
gagaggatgt
accattgtgg
cccagccatc
cacatgcaca
caaatgtcca
ctatgcagcc
aaacatcatt
cataggtggg
gactgttgtg
atgacgagtt
gcacaatgtg
ataagaaaaa
tgaggtggga
actgcactcc
tccaggccgce
acatgctttt
ccagcctgcet
tgtaaattat
cccggattaa
aaaatcatta
aactagttat
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ctcttcttta
gaacctcaaa
ttgagcttgt
ccttcattct
tctcectatt
ccataccttt
ttgaaggctg
tacatgcctg
tccagcaccce
tagaaaagga
aaagggaaag
tgtgaaataa
acacatacca
tattatgtag
ctccacttta
cctaaccctce
tgtccaatgt
tgctctcaaa
aaaggggact
caccaccatg
ctgtacctac
tcacaaccat
aactcatgat
atcacgcctg
agttcaagac
agaggataca
gaaaatggcc
aatgcctttce
agcccatatc
tgacttcaaa
cagagatata
ctatctgatc
taaatggtgc
tacaccttat
cataaaaacc
cttcatgtct
aattaaacta
tacaaaatgg
ctacaatgaa
gacatgaaca
tgctcatcat
acaccagtta
ggagaaatag
aagtcagtgt
ccattactgg
cgtatgttta
acaatgatag
ataaaaaatg
ctcagtaaac
aattgaacaa
9g99tgggagg
agtgggtgca
cacatgtacc
gaaagccagg
ggatcccttg
agcctgggceca
ctaatggcat
aaatagcatg
acctaacagg
atagtgcgaa
tctttaattt
tggattaggt
tgcccagcett

ccttccataa
gtattgtatt
ctcctcecttga
tttttcecta
ccttattaca
agcatgttac
ggcttctgta
tattacggac
agcatagtcc
agggtgaaat
gtaatgattt
cacttctctt
cagccctttg
aaattctaaa
tgtggcaggt
acacaacact
gcaaagcacg
gatgtcagtc
aattttaaat
tttaggacat
acctctaaat
agtgaacaga
ggtttccatg
taatcccagce
tagcctgggt
accaaatgga
atactgccca
ttcacagaat
gccaagtcaa
ctatactaca
gatcactgga
tttgacaaac
tgggaaaact
acaaaaatca
ctagaagaaa
aaaacaccaa
aagagctgcect
gagaaaattt
ctcaaacaaa
gacacttctc
gactggccat
gaatggcaat
gaacactttt
ggcgattcct
gtatataccc
ttgcggcatt
actggattaa
atgaattcat
tatcgcaaga
tgagaacaca
aggggggagyg
gtgcaccagc
ctaaagctta
catggtgaca
aacccaggag
agaccctgtc
caaataattt
gagaaatgga
ttgtgttgta
tcaaatattg
agatactcct
tctttagtaa
tggagagcct
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tggcattacc 45180
ctttttctce 45240
atatgtccct 45300
gtaataatct 45360
tagctagcat 45420
ccactctgcce 45480
tgaaggttgg 45540
atcctcttat 45600
ctagtatact 45660
tgacatggga 45720
tctggcagga 45780
ccttgacctg 45840
agactgaaag 45900
gtttttggga 45960
ttaatctcag 46020
ccagtattga 46080
atgttggaaa 46140
tttttctttyg 46200
gtacagctta 46260
ttccagcacc 46320
ctattttcaa 46380
aacagctggg 46440
ttaagagaga 46500
actttgggag 46560
aatataagga 46620
agaacattcc 46680
aggtaattta 46740
tggaaaaaac 46800
tcctaagcca 46860
aggctacagt 46920
acagaacaga 46980
ctgagaaaaa 47040
ggctagccat 47100
attcaagatg 47160
acctaggcat 47220
aagcaatggc 47280
gcacagcaaa 47340
tcgcaaccta 47400
tttacaagaa 47460
aaaagaagac 47520
cagagaaatg 47580
cattaaaaag 47640
acactgttgg 47700
cagggatgta 47760
aaaggactat 47820
attcacaata 47880
gaaaatgtgg 47940
gtcctttgta 48000
acaagaaacc 48060
tggacacagg 48120
gatagcattg 48180
atggcacatg 48240
aagtataata 48300
tgtgcctgtg 48360
gttgagtctg 48420
tcaaaaaaaa 48480
gttatatctt 48540
aagaataggg 48600
ctaaataaaa 48660
ttaataaacc 48720
tctagttatc 48780
gaaacctgag 48840
tcttttggcet 48900
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tatcatttat
gtatctagtt
acatcttagce
gtaatcatgt
ctattaataa
tgtctgtggce
tattatcctc
aaaaatttaa
agtaattagt
aaatgaaata
aaactttatt
tggaatattt
tcaattttta
ttaagatgat
ggtttttgac
tacctttggce
tgagtatttg
ttttaaagtt
tgtttttaaa
ctttgtatat

tataagccca
ttatgccttt
agagtttagt
ctgtaatgtt
acaaaataca
tttaggaaaa
taatattctt
agaattacaa
acagcatgtt
taaatttttg
atctaatcaa
gaggatccat
ctgggtaatt
gtggcaagga
caggtgaacc
tgtgatgaat
tagatgctta
ctcaggtact
atgccaaaat
agtgattttt

gaaataggtg
tttttgccta
taagcacaaa
tttcatgcat
gatcaaagtt
taccaccagc
atcagttgtt
gtaaaattca
gcttcttcaa
gtaaaagtat
acatagtttt
ttgtggaact
agctaataat
aaacacaaag
ctttagaagt
gtagatccca
atgactgaaa
gttcaattat
gctgtttatt
ttcttgataa
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actaatcaga
agacgtagtc
gttaacagtg
gcaaaaagca
ttcaaaagta
tagtacttac
tccacaactt
ttaaacactt
caaattgagt
caaacattca
ccataagatg
gaatttaatg
gttggtcact
cttttgggta
gatttctgtt
gcagaatacc
tgaatttgga
ttaatgttaa
atacagaata
taaatggaaa

gataaatgta
aaattaatat
ggtaggattg
cagacaaaac
atcactctat
ctatttaaag
tagtttacta
gtgtgtgaat
tttcagggaa
tcttgcccecat
taataaaata
agacttcatt
gtctcacagt
accagcgttc
ttaaaagtat
aaaatcctat
ggcactgatg
gtttagtatc
ttttattaca
aattctaaaa
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tgggttgtct 48960
tttaactaat 49020
aatcttgaaa 49080
cactcatgcc 49140
ttattctaaa 49200
atgtagaatt 49260
ttggactttc 49320
agtaatacac 49380
atcagcaagt 49440
ttttcctett 49500
tagataaggt 49560
ggtgatacac 49620
tcaagtagct 49680
ttaaatgtat 49740
gtacttaaaa 49800
tttttttgac 49860
aaagtgattt 49920
aagatacagt 49980
tttgcaatat 50040
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