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WQ02009/025669 refers to polymeric (polyethylene glycol) linkers containing pyridyl
disulphide moieties. See also Zhao et al., Bioconjugate Chem. 2005 16 758 — 766.

Chaltin et al., Bioconjugate Chem. 2005 16 827 - 836 reports on cholesterol modified
mono- di- and tetrameric oligonucleotides used to incorporate antisense oligonucleotides
into cationic liposomes, to produce a dendrimeric delivery system. Cholesterol is conjugated
to the oligonucleotides via a lysine linker.

Other non-cleavable cholesterol conjugates have been used to target siRNAs and
antagomirs to the liver — see for example, Soutscheck et al., Nature 2004 vol. 432 173 — 178
and Kritzfeldt et al., Nature 2005 vol 438, 685 — 689. For the partially phosphorothiolated
siRNAs and antagomirs, the use of cholesterol as a liver targeting entity was found to be
essential for in vivo activity.

Bhat et al., AASLD November 7 — 11" 2013 (poster) disclosed data from the use of a
GalNac conjugated anti-miR, RG-101 targeting miR-122 for reduction of HCV in preclinical
studies. The identity of RG-101 was not disclosed.

The present invention is based upon the discovery that the potency, bio-distribution
and therapeutic index of single stranded LNA antisense oligonucleotides can be vastly
improved by the conjugation of the LNA oligonucleotide to a carbohydrate conjugate, such

as a GalNAc conjugate.

RELATED APPLICATIONS

This application claims priority from EP13153296.2 (filed 2013-01-30),
EP13157237.2 (filed 2013-02-28), EP13174092.0, (filed 2013-06-27), EP13192938.2, (filed
2013-11-14), EP13192931.7 (filed 2013-11-14), EP13192930.9 (filed 2013-11-14),
PCT/EP2013/073859 (filed 2013-11-14), and PCT/EP2013/073859 (filed 2013-11-14):

These contents of these applications are hereby incorporated by reference.

SUMMARY OFINVENTION

The invention-disclosure provides for an LNA antisense oligomer (which may be
referred to as region A herein) comprising an antisense oligomer and an asialoglycoprotein
receptor targeting conjugate moiety, such as a GalNAc moiety, which may form part of a
further region (referred to as region C).

The disclosure invention-provides for an LNA antisense oligomer (which may be
referred to as region A herein) comprising an antisense oligomer and a GalNAc moiety, such

as a trivalent GalNAc moiety which may form part of a further region (referred to as region
C).
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The disclosure invention-provides for an LNA antisense oligomer gapmer (which may
be referred to as region A herein) comprising an LNA antisense gapmer oligomer and an
asialoglycoprotein receptor targeting conjugate moiety, such as a GalNAc moiety, which
may form part of a further region (referred to as region C). The LNA antisense oligomer
gapmer may, for example, target a mRNA or viral RNA target.

The disclosure invention-provides for an LNA antisense oligomer mixmer (which may
be referred to as region A herein) comprising an LNA antisense mixmer oligomer and an
asialoglycoprotein receptor targeting conjugate moiety, such as a GalNAc moiety, which
may form part of a further region (referred to as region C). The LNA antisense oligomer
mixmer may, for example target a mRNA, such as a mRNA splice site, or a microRNA
target.

The disclosure invention-provides for an LNA antisense oligomer totalmer (which may
be referred to as region A herein) comprising an LNA antisense totalmer oligomer and an
asialoglycoprotein receptor targeting conjugate moiety, such as a GalNAc moiety, which
may form part of a further region (referred to as region C). The LNA antisense oligomer
mixmer may, for example target a microRNA target.

The LNA antisense oligomer may be 7 — 30, such as 8 — 26, or in some embodiments
8 — 18, nucleosides in length and it comprises at least one LNA unit (nucleoside). The
disclosure mvention-therefore provides a LNA antisense oligomer conjugate comprising an
antisense oligomer and an asialoglycoprotein receptor targeting conjugate moiety, such as a
GalNAc moiety, which may form part of a further region (referred to as region C).

The disclosure ipvention-provides for an LNA antisense oligomer covalently joined to
(e.g. linked to) a (non-nucleoside) carbohydrate moiety, such as a carbohydrate conjugate
moiety. In some embodiments the carbohydrate moiety is not a linear carbohydrate
polymer. The carbohydrate moiety may however be multi-valent, such as, for example 2, 3,
4 or 4 identical or non-identical carbohydrate moieties may be covalently joined to the
oligomer, optionally via a linker or linkers.

The disclosure invention-provides for an LNA antisense oligomer (conjugate)
comprising an antisense oligomer and a conjugate moiety which comprises a carbohydrate,
such as a carbohydrate conjugate moiety.

In one aspect, the disclosure provides for an LNA anlisense oligomer conjugate,

comprising a LNA antisense oligomer for use in modulating a nucleic acid and a conjugate

moiety which comprises an asialoglycoprotein receptor targeting moiety, covalently bound to

the LNA antisense oligomer.
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In another aspect, the The-disclosure invention-provides for a pharmaceutical

composition comprising the LNA antisense oligomeric compound sf-the-invention-as

disclosed herein and a pharmaceutically acceptable diluent, carrier, salt or adjuvant.
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The disclosure invention-provides for the oligomeric compound according to the
disclosure invention-for use in the inhibition of a nucleic acid target in a cell. In some
embodiments the use is in vitro. In some embodiments the use is in vivo.

The disclosure invention-provides for the oligomeric compound of the disclosure

mvention-for use in medicine, such as for use as a medicament. In another aspect, the

disclosure provides for the LNA antisense oligomer conjugate as defined herein, for use in

medicine.

in another aspect, the disclosure provides for the LNA antisense oligomer conjugate

as defined herein, for use in down-regulating a liver-expressed RNA.

The disclosure invention-provides for the oligomeric compound of the disclosure

vention-for use in the treatment of a medical disease or disorder. In another aspect, the

disclosure provides for the LNA antisense oligomer conjugate as defined herein, for use in

treatment of a metabolic disease or disorder, such as a hepatic disease or disorder.

In another aspect, the present disclosure provides for the LNA antisense oligomer

conjugate as defined herein, for use in treatment of hepatitis, such as hepatitis B or C.

In another aspect, the present disclosure provides for the LNA antisense oligomer

coniugate as defined herein, for use in the manufacture of a medicament for the treatment of

a disease or disorder, such as those defined herein.

In another aspect, the present disclosure provides for an in vifro method of inhibiting

the expression of a target gene in a cell, the method comprising administering the LNA

antisense oligomer coniugate as defined herein {o a cell which is expressing said target

gene, suitably in an amount effective to reduce the expression of the target gene in said cell.

In another aspect, the present disclosure provides for the LNA antisense oligomer

coniugate as defined herein for use in inhibiting the expression of a RNA in a liver.

The disclosure invenrtion-provides for the use of the oligomeric compound of the
disclosure invention-for the preparation of a medicament for the treatment of a disease or

disorder, such as a metabolic disease or disorder. In another aspect, the present disclosure

provides for use of the LNA antisense oligomer conjugate as defined herein in the

manufacture of a medicament for the treatment of a liver disease.
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The disclosure invention-also provides for an LNA oligomer, comprising a contiguous
region of 8 — 24 phosphorothioate linked nucleosides, and further comprising between 1 and
6 DNA nucleosides which are contiguous with the LNA oligomer, wherein the internucleoside
linkages between the DNA, and/or adjacent to the DNA nucleoside(s), is physiologically
labile, such as is / are phosphodiester linkages. Such an LNA oligomer may be in the form of
a conjugate, as described herein. When conjugated, the conjugate may, for example a
carbohydrate, such as a GalNac conjugate, such as a GalNac cluster, e.g. triGalNac, or

another conjugate as described herein.

BRIEF DESCRIPTION OF FIGURES

Figure 1: LNA Oligonucleotide GalNAc conjugation Step

Figure 2: FVIl protein levels

Figure 3: FVIl mRNA levels

Figure 4a - d: Example 3 - FVIl levels in serum

Figure 5a -d: Example 3 - FVII mRNA levels in liver

Figure 6: Example 3 - Oligonucleotide content in liver and kidney

Figure 7a &b: In vivo silencing of ApoB mRNA with different monoGalNAc conjugates. Mice
were treated with with different ApoB monoGalNAc conjugates either without biocleavable
linker, with Dithio-linker (SS) or with DNA/PO-linker (PO) (A) and MonoGalNAc with
DNA/PO-linker was compared to GalNAc cluster (B). RNA was isolated from liver (A)and
kidney samples (B) and analysed for ApoB mRNA knock down. Data is shown compared to
Saline (=1).

Figure 8: Example 5 - ApoB mRNA expression

Figure 9: Example 5 - Total cholesterol in serum
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CLAIMS

1.

10.

1.

An LNA antisense oligomer conjugate, comprising a LNA antisense oligomer for use in

modulating a nucleic acid and a conjugate moiety which comprises a-carbohydrate-such

as-a-carbohydrate-conjugate-an asialoglycoprofein receptor targeting moiety, covalently

bound to the LNA antisense oligomer.
The LNA antisense oligomer conjugate according to claim 1, wherein the carbohydrate
coniugate-gsialoglycoprotein receptor targeting moiety is selected from the group

consisting of galactose, galactosamine, N-formyl-galactosamine, N-acetylgalactosamine,
N-propionyl-galactosamine, N-n-butanoyl-galactosamine, and N-isobutanoylgalactose-
amine.

The LNA antisense sligonuslestide-conjugate according to claim 1 or 2, wherein the
carbehydrate-conjugate-melebyris-an-asialoglycoprotein receptor targeting moiety is not

Tyr-Glu-Glu~{aminohexyl GalNAc)3 or L3G4 or cholane-based galaciose clusters.

The LNA antisense conjugate according to any one of claims 1 to 3, wherein the
conjugate moiety further comprises a pharmacokinetic modulator; such-as—a
hydrophobic-selected from the group consisting of C8 — C36 saturated or un-saturated
fatty acid, -such-as-5-C16-20-hydrophebic-gretpa-sterol, cholesterol, palmitovi,

hexadec-8-enovl, olevl, (OF . 12E)-octadeca-9.12-dienovl, dicctanoyl, and C16-C20 acvl.

The LNA antisense oligomer conjugate according to any one of claims 1 — 4, wherein the
carbohydrate-conjugate moiety comprises galactese,-such-as-a galactose cluster.

The LNA antisense oligomer according to claim 5, wherein the galactose cluster consists
of an N-acetylgalactosamine trimer.

The LNA antisense oligomer conjugate according to any one of claims 1 — 6, wherein the
carbehydrate-conjugate moiety is covalently linked to the oligomer via a physiologically
cleavable linker.

The LNA antisense oligomer conjugate according to claim 7, wherein the physiologically
cleavable linker is selected from the group consisting of, an acid labile linker, a disulphide
linker, and a region of phosphodiester linker nucleosides (region B),

The LNA antisense oligomer conjugate according to any one of claims 4-4 — 8, wherein
the seniugate-moiely-furthercomprises-a-pharmacokinetic modulator-which is attached
to the sarbehydrate-conjugate moiety via a linker, such as a physiologically cleavable
linker.

The LNA antisense oligomer conjugate of any one of claim 1 - 9, where-in the
oligonucieotide has 7 — 26 such as 7 — 18, 7 — 10, 10 — 16, 12 — 14 contiguous
nucieosides.

The LNA antisense oligomer conjugate of any one of claims 1 — 10, wherein the LNA
antisense oligomer is an LNA gapmer, ang LNA mixmer, an LNA totalmer, or an LNA tiny

oligomer,
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18.

19.

20.
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23.

24,
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The LNA antisense oligomer conjugate of any one of claims 1 — 10, wherein the LNA
antisense has at least 90% eligemeris-a-phosphorothioate-linker
eligomerinternucleoside linkages.

The LNA antisense oligomer conjugate according to any one of claims 1 - 12,

wherein the oligomer targets a liver-expressed nucleic acid, such as a_RNA, such as
a liver-expressed mRNA or microRNA or a viral nucleic acid.

The LNA antisense oligomer conjugate according to claim 13, wherein the liver-
expressed RNA is a mRNA, selected from the group consisting of: (complement)
FactorVIl, complement Factor C6, Bcl2, TTR, PCSK9, ApoB, GCGR, CRP, DGATZ2,
GCCR, PTEN, PTP1B, SGLT2 and SOD1, or a viral RNA such as hepatitis C or
hepatitis B.

The LNA antisense oligomer conjugate according to claim 13 or 14, wherein the
oligomer is a gapmer or a shortmer oligomer.

The LNA antisense oligomer conjugate according to claim 13, wherein the oligomer
targets a liver-expressed microRNA, such as miR-122.

The LNA antisense oligomer conjugate according to claim 13 or 16, wherein the
oligomer is between 8 — 18 nucleotides in length.

The LNA oligomer conjugate according to any one of the preceeding claims which
targets a hepatitis B nucleic acid, such as a HBV DNA and/or RNA sequence.

The LNA antisense oligomer conjugate according to any one of the proseeding
preceeding claims, for use in medicine.

The LNA antisense oligomer conjugate according to any one of claims 1 — 18, for use

in down-regulating a liver-expressed RNA.

. The LNA antisense oligomer conjugate according to any one of claims 1 — 18, for use

in treatment of a metabolic disease or disorder, such as a hepatic disease or

disorder.

. The LNA antisense oligomer conjugate according o claim 16 - 18, for use in

treatment of hepatitis, such as hepatitis B or C.

The LNA antisense oligomer conjugate according to any one of claims 1 — 18, for use
in the manufacture of a medicament for the treatment of a disease or disorder, such
as those defined in any of the claims.

A pharmaceutical composition comprising the LNA antisense oligomer conjugate
according to any one of the proceeding claims, and a pharmaceutically acceptable

diluent, carrier, salt or adjuvant.



10

15

20

25.

26.

27.

28.

115

The pharmaceutical composition according to claim 24 wherein the composition
comprises a buffered saline solution and the LNA antisense oligomer conjugate.
An is~sve-orin vitro method of inhibiting the expression of a target gene in a cell,
said method comprising administering the LNA antisense oligomer conjugate
according to any one of the proceeding claims to a cell which is expressing said

target gene, suitably in an amount effective to reduce the expression of the target

gene in said cell.

= inister >-administering-the-The LNA antisense oli
conjugate according to any one of the-proseeding-claims_1 - 18 for use in inhibiting
the expression of a RNA in a liver-te-a-subject-suitably-in-an-ameunteffective-to
: : e inthe i ‘i biect.

Use of the LNA antisense oligomer coniugate according to any one of claims 1 - 18

N A

gomer

in the manufacture of a medicament for the A-method-of-treatment of a liver disease




