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OLIGONUCLEOTIDES CONJUGATED TO FATTY ACIDS

SUMMARY

[0001] The present disclosure relates to oligonucleotides conjugated to acyl chains having a
terminal carboxyl group. In some embodiments, the disclosure provides methods of making

oligonucleotides conjugated to acyl chains having a terminal carboxyl group.

[0002] Oligonucleotide based therapies — such as antisense therapies, gene therapies and
CRISPR gene editing therapies — are thought to hold promise for treatment of various
conditions. However, delivery of oligonucleotides to specific tissues in the body has been a

challenge for oligonucleotide-based therapies.

[0003] One strategy for delivering oligonucleotides to specific tissues is to deliver the
oligonucleotides packaged into lipid nanoparticles or polymer nanoparticles. Because
oligonucleotides, unless specially modified, have a polyanionic backbone, cationic lipids or
polymers are used in forming nanoparticles. The electrostatic interaction between the anionic

oligonucleotides and cationic lipids or polymers causes the nanoparticles to form.

[0004] While a wide variety of lipid nanoparticles has been developed, almost all of these
nanoparticles have limitations for use in therapeutics. One limitation is the amount of carrier,
1.e., lipid, material that must be delivered to support the administration of oligonucleotides. For
example, for small interfering RNAs (siRNAs) packaged in lipid nanoparticles, the siRNA
makes up only a few percent of the total mass of the deliverable, with the remaining mass being
lipids. Juliano, Nucleic Acids Research 2016, 44(14):6518-6548. The delivery of large amount
of cationic lipids can be problematic as many biological macromolecules are anionic and thus

electrostatically associate with the cationic lipids leading to toxicity issues.

[0005] Further, lipid nanoparticles typically only accumulate in tissues having a fenestrated
(e.g., porous) endothelium: liver, spleen and some tumor tissues. Osborn et al., Nucleic Acid
Therapeutics 2018, 28(3):128-136. This makes the use of lipid nanoparticles impractical for

therapies where the oligonucleotide needs to be delivered to other tissues.

[0006] Lipid conjugated oligonucleotides are being developed to improve the delivery of
oligonucleotides. As the oligonucleotide is chemically linked to the lipid, an electrostatic

interaction between the two is not needed and potentially toxic cationic lipids are not required.
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Further, as a single oligonucleotide molecule is usually conjugated to only one or two lipid
chains, the amount of lipid carrier material is substantially reduced. Thus, side effects with

lipid conjugated oligonucleotides should be reduced.

[0007] As the lipids used for conjugation do not have to be suitable for lipid nanoparticle
formation, a larger variety of lipids can be used. By varying the lipid portion of the lipid
conjugated oligonucleotide, it is possible to target a wider range of tissues for uptake of the

conjugates.

[0008] The present disclosure is directed to acid acyl conjugated oligonucleotides comprising:
a) a carboxy acyl group;
b) an oligonucleotide; and
¢) a linker connecting the carboxy acyl group to the oligonucleotide.

[0009] In some embodiments, the carboxy acyl group is Cs to Cs2 and may be saturated, for

example, monounsaturated or unsaturated, for instance polyunsaturated.

[0010] In some embodiments, the acid acyl conjugated oligonucleotides comprise a linker
bound to the 5' end of the oligonucleotide. In some embodiments, the acid acyl conjugated
oligonucleotides comprise a linker comprising an amino terminus connected to the carboxy
acyl group. In some embodiments, the acid acyl conjugated oligonucleotides comprise a linker

comprising a phosphate terminus connected to the oligonucleotide.

[0011] In some embodiments, the acid acyl conjugated oligonucleotides comprise a DNA
oligonucleotide. In some embodiments, the acid acyl conjugated oligonucleotides comprise a
RNA oligonucleotide. In some embodiments, the acid acyl conjugated oligonucleotides
comprise an antisense oligonucleotide. In some embodiments, the oligonucleotide is a

phosphorothioate oligonucleotide.

[0012] According to the present disclosure, the acid acyl conjugated oligonucleotides of the
present disclosure may be chosen from compounds of formula (I):
I

HO—C—X—A—L—Y (1
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wherein:
X 1is C4 to C32 alkyl or alkenyl;
A is a conjugation group;
L is a linker; and
Y is an oligonucleotide.

[0013] Also disclosed herein are acid acyl conjugated oligonucleotides of formula (Ia):

O O

I |
HO-C-X-C-L-Y
(Ia)

wherein:
X 1s Cio to Ca6 alkyl;
L is a linker -NH-CsH12-O-PO2-; and
Y is DNA,
wherein the linker is attached to the DNA via a phosphate linkage at the 5’ end of the DNA.

[0014] The present disclosure further comprises methods to improve the reduction in cardiac
cell expression compared comprising administering an acid acyl conjugated oligonucleotide
disclosed herein to a mammal, wherein the acid acyl conjugated oligonucleotide improves

reduction in cardiac cell expression compared to a non-acyl conjugated oligonucleotide.

[0015] Also disclosed are methods of reducing expression of a gene of interest in the cardiac
cells of a mammal, comprising administering an acid acyl conjugated oligonucleotide disclosed
herein to the mammal, wherein the acid acyl conjugated oligonucleotide reduces expression of

a gene of interest in cardiac cells compared to a non-acyl conjugated oligonucleotide

[0016] Further disclosed herein are methods of making an acid acyl oligonucleotide of formula

(Ia), the method comprising:

A) providing a fatty diacid of formula (II)

3
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O O
I |
HO-C-X-C-0OH
(1D);
B) reacting the fatty diacid with an activating group, A, to form an acid acyl

compound of formula (IIT):

0 0

l l
HO-C-X-C-A* (1D);

wherein A* is the activating group attached to the fatty acyl compound;
C) reacting the compound of formula (I1I) with a compound of formula (IV):
i,
wherein *L is a linker with a reactive group;

to form the compound of formula (Ia):

O O
I I
HO-C-X-C-L-Y
(la)
[0017] The present disclosure further provides methods of delivering an oligonucleotide to

cardiac tissue in a subject comprising:

a) providing acid acyl conjugated oligonucleotide according to the present

disclosure, and
b) administering the acid acyl conjugated oligonucleotide to the subject.

[0018] In the following description, certain details are set forth in order to provide a thorough
understanding of various embodiments. However, one skilled in the art will understand that
the disclosed embodiments may be practiced without these details. These and other
embodiments will become apparent upon reference to the following detailed description and

attached drawings.
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BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1 shows the dissociation constants of 5° lipid conjugated Malat-1 ASOs from
Human (HSA) and rat (RSA) serum albumin measured by surface plasmon resonance (SPR)

as exemplified in Example 25.

[0020] FIG. 2 shows the concentration dependent knock down of Malat-1 gene expression in
human THP-1 monocytes after treatment with FA-ASO conjugates as exemplified in Example

26.

[0021] FIGS. 3A-D shows the results of Example 27, that the lipidated CamK2D ASOs of
Examples 12 (FIG. 3A), Example 13 (FIG. 3B), Example 14 (FIG. 3C), and Example 15

(FIG. 3D) maintained functional activity in vitro.

[0022] FIGS. 4A-B shows that conjugation to a saturated Cx acid or Cis (97)
monounsaturated fatty diacid led to similar or increased knock down in the heart but also to an
attenuation of the knock down measured in the liver and kidney compared to the parent ASO
with FIG. 4A exemplifying Examples 12 and 15 MALAT-1 gene expression in the heart and
FIG. 4B exemplifying Examples 7 and 10 MALAT-1 gene expression in the liver and kidney.
ns: Analysis was carried out via two-way ANOVA followed by Bonferroni multiple

comparisons. ***: p<0.001, one way ANOVA followed by Dunnett multiple comparisons.

[0023] FIG. 5 shows CamK2D gene expression level in the heart, kidney, and liver and shows
that the saturated C22 acid chain conjugation improved knock down in the heart and tend to
attenuate the knock-down in sink organs like kidney and liver in comparison to the naked
parent ASOs as exemplified in Example 29. ** p<0.01. *** p<0.001, two way ANOVA

followed by Bonferroni multiple comparisons.
DETAILED DESCRIPTION

[0024] The present disclosure provides lipid conjugated oligonucleotides where the lipid
comprises an acyl group and a free terminal carboxylic acid group. The present disclosure
includes methods of making lipid conjugated oligonucleotides where the lipid comprises and
acyl group and a free terminal carboxylic acid group. The present disclosure includes methods

of delivering the lipid conjugate oligonucleotides disclosed herein to a subject. The present
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disclosure also includes methods of administering the lipid conjugate oligonucleotides

disclosed herein to treat disease in a subject.

[0025] It should be appreciated that the particular implementations shown and described herein

are examples and are not intended to otherwise limit the scope of the application in any way.

nn

[0026] As used interchangeably herein, a "nucleic acid,” "nucleic acid molecule," "nucleotide,”

"nn

"nucleotide sequence,” "oligonucleotide,” or "polynucleotide” means a polymeric compound
including covalently linked nucleotides. A nucleotide includes a nucleoside linked to a
phosphate group. A nucleoside includes a nucleobase and sugar moiety. The nucleobase may
be naturally occurring or synthetic. The nucleobase and sugar base may each, independently,
be modified or unmodified. "Modified nucleoside" means a nucleoside comprising a modified
nucleobase and/or a modified sugar moiety. Modified nucleosides can include abasic
nucleosides, which lack a nucleobase. Polynucleotides or oligonucleotides may be modified or
unmodified and may contain one or more modified nucleosides. "Modified polynucleotide” or
"modified oligonucleotide" means a polynucleotide or oligonucleotide, wherein at least one
sugar, nucleobase, or internucleoside linkage is modified. In some embodiments, the modified
polynucleotide or modified oligonucleotide is oligonucleotide is a phosphorothioate
polynucleotide. "Unmodified polynucleotide” means a polynucleotide that does not comprise
any sugar, nucleobase, or internucleoside modification. The term "nucleic acid" includes
ribonucleic acid (RNA) and deoxyribonucleic acid (DNA), both of which may be single- or
double-stranded. DNA includes, but is not limited to, complementary DNA (cDNA), genomic
DNA, plasmid or vector DNA, and synthetic DNA. In some embodiments the polynucleotide
or oligonucleotide is double stranded DNA. In some embodiments the polynucleotide or
oligonucleotide is single stranded DNA. In some embodiments the polynucleotide or
oligonucleotide is double stranded RNA. In some embodiments the polynucleotide or
oligonucleotide is single stranded RNA. In some embodiments the polynucleotide or
oligonucleotide is an antisense RNA. Nucleic acids of the present disclosure may be any length.
In some embodiments, a nucleic acid provided herein is 8 to 80 nucleotides in length. In some
embodiments, a nucleic acid provided herein is 10 to 70 nucleotides in length, 12 to 60
nucleotides in length, 15 to 50 nucleotides in length, 15 to 45 nucleotides in length, 16 to 40
nucleotides in length, 17 to 35 nucleotides in length, 18 to 30 nucleotides in length, 19 to 29

nucleotides in length or 20 to 28 nucleotides in length.
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[0027] As used herein, the term "antisense molecule” means an oligomeric molecule that is
capable of undergoing hybridization to a target nucleic acid, e.g., through hydrogen bonding.
Examples of antisense molecules include single-stranded and double-stranded nucleic acids,
such as, e.g., antisense oligonucleotides (ASO), small interfering RNAs (siRNA), short hairpin
RNAs (shRNA), small nucleolar RNAs (snoRNA), microRNAs (miRNA), and meroduplexes
(mdRNA), and satellite repeat sequences.

[0028] An "antisense oligonucleotide” or "ASO" refers to a polynucleotide comprising a
sequence that is complementary to a target nucleic acid or region or segment thereof. In some
embodiments, an ASO is specifically hybridizable to a target nucleic acid or region or segment
thereof. In some embodiments, ASOs are capable of influencing RNA processing and/or
modulating protein expression. In general, an ASO is a single-stranded oligonucleotide that
binds to single-stranded RNA to inactivate the RNA. In some embodiments, an ASO binds to
messenger RNA (mRNA) for a gene, thereby inactivating the gene. In some embodiments, an
ASO binds to a non-coding mRNA, thereby disrupting the function of the non-coding mRNA.
In some embodiments, an ASO binds {o a transcription initiation site, a translation initiation
site, 5’-untranslated sequence, 3’-untranslated sequence, coding sequence, a pre-mRNA
sequence, an mRNA splice site, and/or an intron/exon junction of an mRNA encoding a gene,
thereby inactivating the gene. In some embodiments, the ASO includes DNA, RNA, or
combination thereof. ASOs are further described in, e.g., Goodchild, Methods Mol Biol 764:1-
15, 2011; Smith et al., Ann Rev Pharmacol Toxicol 59:605-630, 2019; and Stein et al., Mol
Ther 25(5):1069-1075, 2017.

[0029] In embodiments of any of the above, the oligonucleotide can be unmodified DNA, RNA
or may be modified. Modified oligonucleotides comprise at least one modification relative to
unmodified RNA or DNA (i.e., comprise at least one modified nucleoside (comprising a
modified sugar moiety and/or a modified nucleobase and/or at least one modified
internucleoside linkage). In embodiments, the oligonucleotide can be selected from any of the
oligonucleotides described herein. In embodiments, the oligonucleotide is an antisense
oligonucleotide. In embodiments, the antisense oligonucleotide contains at least one
phosphorothioate internucleoside linkage. In embodiments, the antisense oligonucleotide
contains at least one modified sugar moiety, for example, a bicyclic sugar moiety (e.g.,

comprising two rings, wherein the second ring is formed via a bridge connecting two of the
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atoms in the first ring thereby forming a bicyclic structure), such as a furanosyl moiety. In

embodiments, the antisense oligonucleotide contains at least one modified nucleobase.

Carboxy acyl groups and linkers

[0030] In embodiments, the present disclosure provides an acyl acid conjugated
oligonucleotide comprising a carboxy acyl group connected to an oligonucleotide. In

embodiments, the carboxy acyl group is connected to the oligonucleotide by a linker.

[0031] In embodiments, the carboxy acyl group of the conjugate is a fatty acid chain having a
free terminal carboxylic acid group. In embodiments, the acyl group has a length of from Cs4 to
Cs2. In embodiments, the acyl group has a length of from Cs to Cso. In embodiments, the acyl
group has a length of from Cs to Czs. In embodiments, the acyl group has a length of from Cio
to Cz6. In embodiments, the acyl group has a length of from Ci2 to Czs. In embodiments, the
acyl group has a length of from Ci4 to C24. In embodiments, the acyl group has a length of from
Cis to Cz2. In embodiments, the acyl group has a length of Cis. In embodiments, the acyl group

has a length of Cis. In embodiments, the acyl group has a length of Caz.

[0032] In embodiments, the carboxy terminal on the acyl group provides improved uptake of
the conjugated oligonucleotide in specific tissues and/or organs upon administration. In
embodiments, the carboxy terminal on the acyl group provides improved uptake in cardiac
tissue or liver tissue. In embodiments, the carboxyl terminal on the acyl group provides
improved uptake in the heart or liver. In embodiments, the carboxyl terminal on the acyl group
provides improved uptake in cardiac tissue. In embodiments, the carboxyl terminal on the acyl

group provides improved uptake in the heart.

[0033] In embodiments, the acyl group is saturated, i.e., having only single carbon-carbon
bonds. In embodiments, the acyl group is unsaturated, i.e., having one or more double carbon-
carbon bonds. In embodiments, the acyl group is monounsaturated. In embodiments, the acyl
group is polyunsaturated, e.g., having 2-15 double bond, e.g., having 2, 3,4, 5,6, 7, 8, 9, 10,
11,12, 13, 14 or 15 double bonds.

[0034] In embodiments, the lipid conjugated oligonucleotides can include a single carboxy
acyl group attached to the oligonucleotide. In embodiments, the lipid conjugated
oligonucleotides can include a two carboxy acyl groups attached to the oligonucleotide. In

embodiments, the lipid conjugated oligonucleotides can include a three or more carboxy acyl
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groups attached to the oligonucleotide. In embodiments, the lipid conjugated oligonucleotides
can include a single carboxy acyl group attached to the oligonucleotide along with one, two or
more other acyl groups that do not have a terminal carboxy. In embodiments, the lipid
conjugated oligonucleotides can include two carboxy acyl groups attached to the
oligonucleotide along with one, two or more other acyl groups that do not have a terminal

carboxy.

[0035] In embodiments, the carboxyl acyl group is attached to the 5' end of the oligonucleotide.
In embodiments, the carboxyl acyl group is attached to the 3' end of the oligonucleotide. In
embodiments, the carboxy acyl group is attached to the oligonucleotide at a modified base in

the oligonucleotide instead of the 5 or 3’ ends of the oligonucleotide.

[0036] In embodiments, the carboxyl acyl group is connected to the oligonucleotide by a
linker. In embodiments, the linker is bound to the 5' end of the oligonucleotide. In
embodiments, the linker forms an amide bond with the carboxy acyl group. In embodiments,
the linker comprises a phosphate linkage connected to the oligonucleotide. In embodiments,
the linker is attached to the 3' end of the oligonucleotide. In embodiments, the linker is attached

to the oligonucleotide at a modified base in the oligonucleotide.

[0037] The linker may be any chemical moiety that allows for chemical attachment of the
carboxy acyl group at one end of the linker and the oligonucleotide at another end of the linker.
In embodiments, the linker forms an amide bond with the carboxy acyl group. In embodiments,
the linker comprises a phosphate linkage connected to the oligonucleotide. In embodiments,

the phosphate linkage of the linker can be a 5' phosphate on the oligonucleotide.

[0038] In embodiments, the linker comprises an acyl chain between termini. In embodiments,
the linker comprises an acyl chain of Ci1 to Cio in length. In embodiments, the acyl chain can
be saturated. In embodiments, the acyl chain can be monounsaturated or polyunsaturated. In
embodiments, the linker forms an amide bond with the carboxy acyl group, a phosphate linkage
with the oligonucleotide, and an acyl chain of Ci1 to Cio in length connecting the amide bond

with the phosphate terminal.

[0039] In embodiments, the present disclosure provides an acid acyl conjugated

oligonucleotide of formula (1)
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I
HO—C—X—A—L—Y (p
wherein: X is Cs to Cs2 alkyl or alkenyl; A is a conjugation group; L is a linker; and Y is an

oligonucleotide.

[0040] In embodiments of formula (I), X is Cs to Cao alkyl or alkenyl. In embodiments, X is
Cs to Czs alkyl or alkenyl. In embodiments, X is Cio to Czs alkyl or alkenyl. In embodiments,
X is Ci2 to Cz alkyl or alkenyl. In embodiments, X is Cis to Ca4 alkyl or alkenyl. In
embodiments, X is Ci4 alkyl or alkenyl. In embodiments, X is Ci¢ alkyl or alkenyl. In
embodiments, X is C2o alkyl or alkenyl.

[0041] In embodiments of formula (I), X is Cs to Cso alkyl. In embodiments, X is Cs to C2s
alkyl. In embodiments, X is Cio to Cz6 alkyl. In embodiments, X is Ci2 to Cas alkyl. In
embodiments, X is Ci4 to C24 alkyl. In embodiments, X is Ci4 alkyl. In embodiments, X is C1s
alkyl. In embodiments, X is Czo alkyl.

[0042] In embodiments of formula (I), X is Cs to Cso monounsaturated alkenyl. In
embodiments, X is Cg to Czs monounsaturated alkenyl. In embodiments, X is Cio to Cos
monounsaturated alkenyl. In embodiments, X is Ci2 to C2s monounsaturated alkenyl. In
embodiments, X is Cus to Cz4 monounsaturated alkenyl. In embodiments, X is Cus
monounsaturated alkenyl. In embodiments, X is Cis monounsaturated alkenyl. In

embodiments, X is C20 monounsaturated alkenyl.

[0043] In embodiments of formula (I), X is Cs to C3o polyunsaturated alkenyl. In embodiments,
X is Cs to Czs polyunsaturated alkenyl. In embodiments, X is Cio to Cas polyunsaturated
alkenyl. In embodiments, X is C12 to Cas polyunsaturated alkenyl. In embodiments, X is Ci4 to
C24 polyunsaturated alkenyl. In embodiments, X is Ci4 polyunsaturated alkenyl. In
embodiments, X is Cis polyunsaturated alkenyl. In embodiments, X is C2o polyunsaturated

alkenyl.

[0044] In embodiments of formula (I), A is a conjugation group where A is C=0. In certain

embodiments, A is a conjugation group chosen from the following:
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[0045] In some embodiments, the conjugation group A contains at least one spacer between

the conjugation group A and X in the formula (I) above (e.g., a polyethylene glycol (PEG)
chain (e.g., molecular weight ranging from 100 to 2000 Da) and/or at least one amino acid

(e.g., cysteine, glutamic acid, lysine, glycine, etc.). Non-limiting examples include:
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[0046] In some embodiments, the conjugation group A contains at least one other fatty acid

chain other than the fatty acid chain of formula (I). For example, the conjugation group A

contains two fatty acid chains such as illustrated below:

B
/N
X ,’\

wherein in each instance, X is C4 to Cs2 alkyl or alkenyl.
[0047] In embodiments of formula (1), L is a linker:

H o)

—N—W—0—P—

ZH  where Z and W are defined below.

[0048] In embodiments of formula (I), Z is O or S.

O
1L~N/MW \\L /’U\VQ G
s =~ WMO/AmM S, A&‘ -

|

Nz

[0049] In embodiments of formula (I), W is Ci to Cio alkyl or alkenyl, or in some

embodiments, W is

15
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OH

H2N_W

HzN\/\/\/\/\/\/\
OH

[0050] In embodiments, W is Cz to Co alkyl, such as Cs to Cs alkyl, for example, W is C4 to
Cs alkyl. In some embodiments, W is Cs to C7 alkyl.

[0051] In embodiments, W is C2 to Co monounsaturated alkenyl, for instance W is C3 to Cs
monounsaturated alkenyl. In some embodiments, W is Ca to Cs monounsaturated alkenyl, such

as W is Cs to C7 monounsaturated alkenyl.

16
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[0052] In embodiments, W is Cz to Co polyunsaturated alkenyl, for example W is Cs to Cs
polyunsaturated alkenyl. In some embodiments, W is Cs to Cs polyunsaturated alkenyl, such

as W 1s Cs to C7 polyunsaturated alkenyl.

[0053] In embodiments, W is C; alkyl. In embodiments, W is Cz alkyl. In embodiments, W is
Cs alkyl. In embodiments, W is C4 alkyl. In embodiments, W is Cs alkyl. In embodiments, W
is Cs alkyl. In embodiments, W is C7 alkyl. In embodiments, W is Cs alkyl. In embodiments,
W is Co alkyl. In embodiments, W is Cio alkyl.

[0054] In embodiments, W is C> monounsaturated alkenyl. In embodiments, W is C3
monounsaturated alkenyl. In embodiments, W is Cs monounsaturated alkenyl. In
embodiments, W is Cs monounsaturated alkenyl. In embodiments, W is Cs monounsaturated
alkenyl. In embodiments, W is C7 monounsaturated alkenyl. In embodiments, W is Cs
monounsaturated alkenyl. In embodiments, W is Co monounsaturated alkenyl. In

embodiments, W is Cio monounsaturated alkenyl.

[0055] In embodiments, W is C: polyunsaturated alkenyl. In embodiments, W is C;
polyunsaturated alkenyl. In embodiments, W is C4 polyunsaturated alkenyl. In embodiments,
W is Cs polyunsaturated alkenyl. In embodiments, W is Cs polyunsaturated alkenyl. In
embodiments, W is C7 polyunsaturated alkenyl. In embodiments, W is Cs polyunsaturated
alkenyl. In embodiments, W is Co polyunsaturated alkenyl. In embodiments, W is Cio
polyunsaturated alkenyl.

[0056] In embodiments, L is -NH-CH2-O-POz-. In embodiments, L is -NH-C2Hs-O-PO:z-. In
embodiments, L is -NH-C3;Hs-O-PO2-. In embodiments, L is -NH-C4Hs-O-PO:2-. In
embodiments, L is -NH-CsHi0-O-PO2-. In embodiments, L is -NH-CsHi12-O-PO2-. In
embodiments, L is -NH-C7Hi4-O-PO2-. In embodiments, L is -NH-CsHis-O-POz-. In
embodiments, L is -NH-CoHi5-O-PO:-. In embodiments, L is -NH-C10H20-O-PO2-.

[0057] In embodiments, L is attached to the 5' end of the oligonucleotide Y. In embodiments,
the phosphate group in L is a 5' phosphate group on the oligonucleotide. In embodiments, L is
attached to the 3' end of the oligonucleotide Y. In embodiments, L is attached to the

oligonucleotide at a modified base in the oligonucleotide Y.

[0058] In embodiments, the present disclosure provides an acid acyl conjugated

oligonucleotide of formula (1)
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0
I

HO—C—X—A—L—Y (1)
wherein: X is Cio to Cae alkyl; A is a conjugation group chosen from the groups described
above; L is -NH-C¢H12-O-PO:-; and Y is an oligonucleotide as described herein attached to L
at the 5' end of Y.

[0059] In embodiments, the present disclosure provides an acid acyl conjugated

oligonucleotide of formula (I)

0

HO—C—X—A—L—Y (
wherein: X is chosen from Ci4 alkyl, Cis alkyl, and Czo alkyl; A is a conjugation group
chosen from the groups described above; L is -NH-CsH12-O-PO2-; and Y is an

oligonucleotide as described herein attached to L at the 5' end of Y.

[0060] In embodiments, the present disclosure provides an acid acyl conjugated

oligonucleotide of formula (Ia)

O O

Il I
HO-C-X-C-L-Y
(Ia)

wherein: X is Ci4 alkyl; L is -NH-CsH12-O-PO2-; and Y is an oligonucleotide as described
herein attached to L at the 5' end of Y.

[0061] In embodiments, the present disclosure provides an acid acyl conjugated

oligonucleotide of formula (1a)

O O

Il I
HO-C-X-C-L-Y
(Ta)

wherein: X is Cis alkyl; L is -NH-CsH12-O-PO2-; and Y is an oligonucleotide as described
herein attached to L at the 5' end of Y.
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[0062] In embodiments, the present disclosure provides an acid acyl conjugated

oligonucleotide of formula (Ia)

O O

I I
HO-C-X-C-L-Y
(Ia)

wherein: X is Cao alkyl; L is -NH-CsH12-O-PO2-; and Y is an oligonucleotide as described
herein attached to L at the 5' end of Y.

[0063] In any of the above embodiments of formula (I), the oligonucleotide Y can be any

oligonucleotide described herein.

Oligonucleotides for conjugation and methods of treatment

[0064] In any embodiment of the present disclosure, the oligonucleotide (Y) of the compounds
described herein can comprise DNA, RNA or nucleic acids having unnatural backbones. The
oligonucleotide can comprise the natural DNA and RNA nucleobases: adenine (A), cytosine
(C), guanine (G), thymine (T), and uracil (U), and may also comprise non-natural and modified
nucleobases. The oligonucleotide can have a non-natural backbone such as a phosphorothioate
backbone. In some embodiments, the oligonucleotide is single stranded. In some embodiments,

the oligonucleotide is double stranded.

[0065] In embodiments, the oligonucleotide comprises an antisense oligonucleotide. In
embodiments, the oligonucleotide comprises a sequence that can be expressed inacell, e.g., a
coding sequence such as a gene or a messenger RNA (mRNA). In embodiments, the
oligonucleotide comprises a sequence that does not encode a protein but has another function
in the cell, e.g., a non-coding RNA, a transfer RNA (tRNA), a ribosomal RNA (tRNA) or a
small-nucleolar RNA (snRNA). In embodiments, the oligonucleotide is a CRISPR guide RNA
(gRNA).

[0066] In embodiments, the oligonucleotide is an antisense oligonucleotide targeting
MALATI, apolipoprotein B, apolipoprotein C III, endothelial lipase, p53, clusterin, signal
transducer and activator of transcription 3 (STAT3), Mothers against decapentaplegic homolog
7 (SMAD?7), intercellular adhesion molecule 1 (CD54), dystrophin (for example, myotonic
dystrophy protein kinase (DMPK), transthyretin (TTR), huntingtin (HTT), microRNA-122

(miR-122). In embodiments, the oligonucleotide is an antisense oligonucleotide that interferes
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with splicing of dystrophin mRNA such as eteplirsen, golodirsen, casimersen, drisapersen and
viltolarsen). In embodiments, the oligonucleotide is an antisense oligonucleotide that reduces
expression of any of the above targets. In embodiments, the oligonucleotide is an antisense
oligonucleotide that reduces mRNA splicing of any of the above targets. In embodiments, the
oligonucleotide is an antisense oligonucleotide that targets a non-coding sequence in order to
reduce expression of any of the above targets, e.g., an exon, a 5' non-coding sequence or a 3'

non-coding sequence.

[0067] In some embodiments the oligonucleotide comprises a sequence that can be expressed
in a cell, such as a protein expressed by a gene, the lipid conjugated oligonucleotide can be
used in methods of treating subjects that lack sufficient expression of the protein, e.g., in gene
therapy type methods of treatment. In embodiments where the oligonucleotide comprises a
sequence that does not encode a protein but has another function, the lipid conjugated
oligonucleotide can be used in methods of treating subjects that lack the function provided by

the oligonucleotide.

[0068] In embodiments where the oligonucleotide is antisense to a target, the lipid conjugated
oligonucleotide can be used in methods of treating subjects having disorders relating to
increased levels of expression of the target. In embodiments where the oligonucleotide is
antisense to a target, the oligonucleotide reduces expression of the target in cells by about 1%
to about 100%. In embodiments, the oligonucleotide reduces expression of the target in cells
by about 1%, by about 10%, by about 20%, by about 30%, by about 40%, by about 50%, by
about 60%, by about 70%, by about 80%, by about 90%, by about 95% or by about 100%. In
embodiments, the oligonucleotide reduces expression of the target in cells by about 1% to about
100%, by about 5% to about 50%, by about 10% to about 50%, by about 30%, by about 10%
to about 30%, or by about 15% to about 25%.

[0069] In some embodiments, the oligonucleotide is an antisense oligonucleotide targeting a
condition effecting the heart, as the carboxy acyl conjugate can be used to preferentially target
to the oligonucleotide to cardiac tissue. In embodiments where the oligonucleotide is antisense
to a target, the oligonucleotide reduces expression of the target in cardiac cells by about 1% to
about 100%. In embodiments, the oligonucleotide reduces expression of the target in cardiac
cells by about 1%, by about 10%, by about 20%, by about 30%, by about 40%, by about 50%,
by about 60%, by about 70%, by about 80%, by about 90%, by about 95% or by about 100%.

In embodiments, the oligonucleotide reduces expression of the target in cardiac cells by about
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1% to about 100%, by about 5% to about 50%, by about 10% to about 50%, by about 30%, by
about 10% to about 30%, or by about 15% to about 25%.

[0070] In embodiments, the oligonucleotide is an antisense oligonucleotide targeting
metastasis-associated lung adenocarcinoma transcript 1 (MALAT1). In embodiments, the
oligonucleotide is an antisense oligonucleotide targeting MALATT, variant 1 (SEQ ID NO:1).
In embodiments, the oligonucleotide is an antisense oligonucleotide targeting MALATI,
variant 2 (SEQ ID NO:2). In embodiments, the oligonucleotide is an antisense oligonucleotide
targeting MALATTI, variant 3 (SEQ ID NO:3). In embodiments, the antisense oligonucleotide
targets MALAT1 and has the sequence: tcagcattctaatagcage (SEQ ID NO:4). In embodiments,
the antisense oligonucleotide targets MALAT!1 and has the sequence:
tmScagm5cattmSctaatagmS5cagmSc, where m5c is 5-methylcytidine (SEQ ID NO:5). In
embodiments, the antisense oligonucleotide targets MALAT! and has the sequence:
gcattctaatagcage (SEQ ID NO:6). In embodiments, the antisense oligonucleotide targets
MALATT1 and has the sequence: gm5cattm5SctaatagmScagmSc, where m5c¢ is S-methylcytidine
(SEQ ID NO:7). In embodiments, the oligonucleotide is an antisense oligonucleotide that
targets MALAT! and reduces expression of MALAT]I in cells by about 1% to about 100%. In
embodiments, the oligonucleotide is an antisense oligonucleotide that targets MALAT1 and
reduces expression of MALAT]I in cells by about 1%, by about 10%, by about 20%, by about
30%, by about 40%, by about 50%, by about 60%, by about 70%, by about 80%, by about
90%, by about 95% or by about 100%.

[0071] In embodiments, the oligonucleotide is an antisense oligonucleotide targeting
metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) comprising at least one
nucleic acid with a locked sugar modified moiety (“LNA”). In such embodiments, the antisense
oligonucleotide targets MALATI and has the sequence: GMS5CAttm5SctaatagmS5cAGMSC,
where m5c¢ is 5-methylcytidine and capital letters are LNA nucleosides (SEQ ID NO:8). In
embodiments, the oligonucleotide is an antisense oligonucleotide that targets MALAT1 and
reduces expression of MALAT! in cells by about 1% to about 100%. In embodiments, the
oligonucleotide is an antisense oligonucleotide that targets MALAT1 and reduces expression
of MALATI1 in cells by about 1%, by about 10%, by about 20%, by about 30%, by about 40%,
by about 50%, by about 60%, by about 70%, by about 80%, by about 90%, by about 95% or
by about 100%.
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[0072] In embodiments, the oligonucleotide is an antisense oligonucleotide targeting
Calcium/Calmodulin Dependent Protein Kinase II Delta (CAMK2D). In embodiments, the
antisense oligonucleotide targeting CAMK2D comprises at least one nucleic acid with a locked
sugar modified moiety (“LNA”). In some embodiments, the antisense oligonucleotide targets
CAMK2D and has the sequence: GTTtggtattm5cttTAG, where m5c¢ is 5-methylcytidine and
capital letters are LNA nucleosides (SEQ ID NO:9). In some embodiments, the antisense
oligonucleotide targets CAMK2D and has the sequence: GTGtmScaamScaamScm5ScaTTT,
where m5c is 5-methylcytidine and capital letters are LNA nucleosides (SEQ ID NO:10). In
some embodiments, the antisense oligonucleotide targets CAMK2D and has the sequence:
M5CAMSCAaatttattaaM5CTMSCT, where m5c is 5-methylcytidine and capital letters are
LNA nucleosides (SEQ ID NO:11). In some embodiments, the antisense oligonucleotide
targets CAMK2D and has the sequence: M5CTGtmS5cttm5caAtaATG, where m5c¢ is 5-
methylcytidine and capital letters are LNA nucleosides (SEQ ID NO:12). In some
embodiments, the antisense oligonucleotide targets CAMK2D and has the sequence:
AMS5CMS5Catgagm5ctataMSCTT, where m5Sc is 5-methylcytidine and capital letters are LNA
nucleosides (SEQ ID NO:13). In embodiments, the oligonucleotide is an antisense
oligonucleotide that targets CAMK2D and reduces expression of CAMK2D in cells by about
1% to about 100%. In embodiments, the oligonucleotide is an antisense oligonucleotide that
targets CAMK2D and reduces expression of CAMK2D in cells by about 1%, by about 10%,
by about 20%, by about 30%, by about 40%, by about 50%, by about 60%, by about 70%, by
about 80%, by about 90%, by about 95% or by about 100%.

[0073] In embodiments, the oligonucleotide is an antisense oligonucleotide that targets
MALATT] and reduces expression of MALAT! in cardiac cells by about 1% to about 100%.
In embodiments, the oligonucleotide is an antisense oligonucleotide that targets MALAT! and
reduces expression of MALATT in cardiac cells by about 1%, by about 10%, by about 20%,
by about 30%, by about 40%, by about 50%, by about 60%, by about 70%, by about 80%, by
about 90%, by about 95% or by about 100%.

[0074] In embodiments where the oligonucleotide is an antisense oligonucleotide that targets
MALATTI, the lipid conjugated oligonucleotide can be used in a method of treatment of a
cardiac disease in a subject. In embodiments where the oligonucleotide is an antisense
oligonucleotide that targets MALATI, the lipid conjugated oligonucleotide can be used in a

method of treatment of a myocardial infarction in a subject. In embodiments where the
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oligonucleotide is an antisense oligonucleotide that targets MALAT]!, the lipid conjugated
oligonucleotide can be used in a method of preventing a myocardial infarction in a subject. In
embodiments where the oligonucleotide is an antisense oligonucleotide that targets MALATI,

the oligonucleotide is administered to a subject at risk for a myocardial infarction.

Methods of making lipid conjugated olisconucleotides

[0075] In embodiments, the present disclosure provides methods of making the lipid
conjugated oligonucleotides described herein. In embodiments, the present disclosure provides

a method of making an acid acyl oligonucleotide of formula (Ia):

O O

Il Il
HO-C-X-C-L-Y
(Ta)

wherein: X is Cs to Cs2 alkyl or alkenyl; L is a linker; and Y is an oligonucleotide.
[0076] In embodiments, the method of making formula (I) comprises the following steps:

A) providing a fatty diacid of formula (II)

O O
I |
HO-C-X-C-0OH
1D,
B) reacting the fatty diacid with an activating group, A, to form an acid acyl compound of
formula (I11):
O O
Il | (I);
HO-C-X-C-A*

wherein A* is the activating group attached to the fatty acyl compound; and

C) reacting the compound of formula (IIT) with a compound of formula (IV):
L —y V),

wherein *L is a linker with a reactive group;

to form the compound of formula (Ia):

23



WO 2022/058386 PCT/EP2021/075386

O O

I I
HO-C-X-C-L-Y
(Ta)

wherein: X is Cs to Cs2 alkyl or alkenyl; L is a linker; and Y is an oligonucleotide.

[0077] In embodiments of the method of making formula (I), the activating group A* is an

activated ester amine. In embodiments, the activating group A* in step B) may be chosen from:

CI)H N o F F
oﬁo O=<;/( F OH
, OH | F , TBTU, and HATU.

[0078] In embodiments of the method of making formula (I), the reaction in step B) requires
reacting a carboxylic acid with an amine to form an activated ester amine. In embodiments, the
reaction in step B) of the method of making requires reacting a carboxylic acid with N-

hydroxysuccinimide (NHS) to form an NHS ester as an activated ester amine.

[0079] In embodiments, the reaction in step B) of the method of making is performed in an
organic solvent. In embodiments, the reaction in step B) of the method of making is performed
in a solvent comprising one or more of ethyl acetate, dioxane, tetrahydrofuran, dimethylfuran

and dichloromethane and mixtures thereof.

[0080] In embodiments, the reaction in step B) of the method of making is performed in the
presence of a coupling reagent. In embodiments, the coupling reagent is a diimine. In

embodiments, the coupling reagent is dicyclohexylmethanediimine.

[0081] In embodiments of the method of making formula (I), the reaction in step C) requires
coupling between the activating group A* attached to the fatty acyl compound and a primary

amine on the linker (L).

[0082] In embodiments of the method of making formula (I), the compound of formula (IV)

L-Y av)
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is dissolved in an aqueous buffer. In embodiments, the compoud of formula (IV) is dissolved
in a phosphate buffer, a borate buffer, a carbonate buffer, an acetate buffer, a Tris buffer, a
HEPES buffer, a MOPS buffer or a PIPES buffer, or is dissolved in pure water with a base
such as triethylamine or DIPEA.

[0083] In embodiments of the method of making formula (I), the compound of formula (I1T)

0o 0
Il

|
HO-C-X-C-A (an:
is dissolved in a polar aprotic solvent. In embodiments of the method of making formula (I),
the compound of formula (I1I) is dissolved in acetonitrile. In other embodiments of the method
of making formula (I), the compound of formula (I1I) is dissolved in dimethyl sulfoxide. In

other embodiments of the method of making formula (I), the compound of formula (II1) is

dissolved in a mixture of acetonitrile and dimethyl sulfoxide.
[0084] In other embodiments, the method of making formula (I) comprises the following steps:

A) providing a fatty acid of formula (Ila)
O

HO C X N3 (Ha);

B) reacting the compound of formula (ITa) with a compound of formula (IV):

L —y V),

wherein *L is a linker with a reactive group;

to form the compound of formula (I):

oO=0

HO—C—X—A—L—Y (1)

wherein: X is Cs to Cs2 alkyl or alkenyl; A is a conjugation group; L is a linker; and Y is an

oligonucleotide as described above.

[0085] In embodiments of the method of making formula (I), the linker with a reactive group
L*is
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(e

.

[0086] In embodiments of the method of making formula (I), the resultant product of either
step B) and /or step C) can be purified. In embodiments, the resultant product of either step B)
and/or step C) is purified by chromatography. In embodiments, the resultant product of either

step B) and/or step C) is purified by flash chromatography.

[0087] In embodiments of any of the above methods for making formula (I), the length of the
acyl group, X, is Ce to Cso alkyl or alkenyl. In embodiments, X is Cs to Czs alkyl or alkenyl. In
embodiments, X is Cio to Cas alkyl or alkenyl. In embodiments, X is Ci2 to Ca¢ alkyl or alkenyl.
In embodiments, X is Ci4 to Ca4 alkyl or alkenyl. In embodiments, X is Ci4 alkyl or alkenyl. In
embodiments, X is Cis alkyl or alkenyl. In embodiments, X is Czo alkyl or alkenyl.

[0088] In embodiments of any of the above methods for making formula (I), the length of the
acyl group, X, is Cs to Cso alkyl. In embodiments, X is Cs to Czs alkyl. In embodiments, X is
Cio to Cas alkyl. In embodiments, X is Ci2 to Cas alkyl. In embodiments, X is Ci4 to C24 alkyl.
In embodiments, X is Ci4 alkyl. In embodiments, X is Cis alkyl. In embodiments, X is Cao
alkyl.

[0089] In embodiments of any of the above methods for making formula (I), X is Cs to Cso
monounsaturated alkenyl. In embodiments, X is Cs to C2s monounsaturated alkenyl. In
embodiments, X is Cio to Cas monounsaturated alkenyl. In embodiments, X is Ci2 to Cos
monounsaturated alkenyl. In embodiments, X is Cis to C24 monounsaturated alkenyl. In
embodiments, X is Ci4 monounsaturated alkenyl. In embodiments, X is Ci¢ monounsaturated

alkenyl. In embodiments, X is C20 monounsaturated alkenyl.
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[0090] In any of the above methods for making formula (I), X is Cs to Cso polyunsaturated
alkenyl. In embodiments, X is Cs to C2s polyunsaturated alkenyl. In embodiments, X is Cio to
Cas polyunsaturated alkenyl. In embodiments, X is Ci2 to Cos polyunsaturated alkenyl. In
embodiments, X is Cis to Czs polyunsaturated alkenyl. In embodiments, X is Cu4
polyunsaturated alkenyl. In embodiments, X is Cis polyunsaturated alkenyl. In embodiments,
X is Cao polyunsaturated alkenyl.

[0091] In embodiments of any of the above methods for making formula (I), the linker (L)
comprises a C3-Cio amine. In embodiments of the method of making formula (I), the linker (L)
comprises a C4-Co amine. In embodiments of the method of making formula (I}, the linker (L)
comprises a Cs-Cs amine. In embodiments of the method of making formula (I), the linker (L)
comprises a Cs or C7 amine. In embodiments of the method of making formula (I), the linker

(L) comprises a Cs amine (hexylamine).

[0092] In embodiments, the linker (L) forms an amide bond with the carboxy acyl group. In
embodiments, the linker (L) comprises a phosphate terminal connected to the oligonucleotide.

In some embodiments, the linker (L) is

H o)
| i
~-N-W-0-P-
|
OH

wherein W is C1 to Cio alkyl or alkenyl.

[0093] In embodiments, W is Cz to Co alkyl. In embodiments, W is C; to Cs alkyl. In
embodiments, W is Cs4 to Cs alkyl. In embodiments, W is Cs to C7 alkyl.

[0094] In embodiments, W is Cz to Co monounsaturated alkenyl. In embodiments, W is Cs to
Cs monounsaturated alkenyl. In embodiments, W is C4 to Cs monounsaturated alkenyl. In

embodiments, W is Cs to C7 monounsaturated alkenyl.

[0095] In embodiments, W is Cz to Co polyunsaturated alkenyl. In embodiments, W is Cs to
Cs polyunsaturated alkenyl. In embodiments, W is Ca to Cs polyunsaturated alkenyl. In
embodiments, W is Cs to C7 polyunsaturated alkenyl.
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[0096] In embodiments, W is C; alkyl. In embodiments, W is Cz alkyl. In embodiments, W is
Cs alkyl. In embodiments, W is Cs alkyl. In embodiments, W is Cs alkyl. In embodiments, W
1s Cs alkyl. In embodiments, W is C7 alkyl. In embodiments, W is Cs alkyl. In embodiments,
W is Co alkyl. In embodiments, W is Cio alkyl.

[0097] In embodiments, W is C> monounsaturated alkenyl. In embodiments, W is C;
monounsaturated alkenyl. In embodiments, W 1is Cs4 monounsaturated alkenyl. In
embodiments, W is Cs monounsaturated alkenyl. In embodiments, W is Cs monounsaturated
alkenyl. In embodiments, W is C; monounsaturated alkenyl. In embodiments, W is Cs
monounsaturated alkenyl. In embodiments, W is Cs monounsaturated alkenyl. In

embodiments, W is Cio monounsaturated alkenyl.

[0098] In embodiments, W is Cz polyunsaturated alkenyl. In embodiments, W is C;
polyunsaturated alkenyl. In embodiments, W is C4 polyunsaturated alkenyl. In embodiments,
W is Cs polyunsaturated alkenyl. In embodiments, W is Cs polyunsaturated alkenyl. In
embodiments, W is C7 polyunsaturated alkenyl. In embodiments, W is Cs polyunsaturated
alkenyl. In embodiments, W is Co polyunsaturated alkenyl. In embodiments, W is Cio
polyunsaturated alkenyl.

[0099] In embodiments, the linker (L) is -NH-CHz2-O-POz-. In embodiments, L is -NH-CsHs-
O-PO2-. In embodiments, L is -NH-CsHs-O-PO:-. In embodiments, L is -NH-CsHi10-O-PO2-.
In embodiments, L is -NH-C¢Hi2-O-PO:-. In embodiments, L is -NH-C7H14-O-PO2-. In
embodiments, L is -NH-CsHis-O-PO2-. In embodiments, L is -NH-CoHis-O-PO:-. In
embodiments, L is -NH-C10H20-O-PO2-.

[00100] In embodiments of any of the above methods for making formula (I), L is attached
to the 5' end of the oligonucleotide Y. In embodiments, L is attached to the 3' end of the
oligonucleotide Y. In embodiments, L is attached to the oligonucleotide at a modified base in

the oligonucleotide Y.

[00101] In embodiments of any of the above methods for making formula (I), the
oligonucleotide can be unmodified DNA, RNA or may be modified. Modified oligonucleotides
comprise at least one modification relative to unmodified RNA or DNA (i.e., comprise at least
one modified nucleoside (comprising a modified sugar moiety and/or a modified nucleobase
and/or at least one modified internucleoside linkage). In embodiments, the oligonucleotide can

be selected from any of the oligonucleotides described herein. In embodiments, the
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oligonucleotide is an antisense oligonucleotide. In embodiments, the antisense oligonucleotide
contains at least one phosphorothioate internucleoside linkage. In embodiments, the antisense
oligonucleotide contains at least one modified sugar moiety, for example, a bicyclic sugar
moiety (e.g., comprising two rings, wherein the second ring is formed via a bridge connecting
two of the atoms in the first ring thereby forming a bicyclic structure). In embodiments, the

antisense oligonucleotide contains at least one modified nucleobase.

Methods of delivery and use of lipid conjugated oligonucleotides

[00102] In embodiments, the lipid conjugated oligonucleotides are preferentially delivered
to a specific tissue in the body upon administration. In embodiments, the lipid conjugated
oligonucleotides are, for instance, delivered to cardiac tissue upon administration. In
embodiments, the lipid conjugated oligonucleotides are, for example, delivered to liver tissue
upon administration. In embodiments, the lipid conjugated oligonucleotides are, for instance,
delivered to spleen tissue upon administration. In embodiments, the lipid conjugated
oligonucleotides are, for example, delivered to kidney tissue upon administration. In
embodiments, the lipid conjugated oligonucleotides are, for example, delivered to skin tissue
upon administration. In embodiments, the lipid conjugated oligonucleotides are, for example,
delivered to muscle tissue upon administration. In embodiments, the lipid conjugated
oligonucleotides are, for example, delivered to lung tissue upon administration. In
embodiments, the lipid conjugated oligonucleotides are, for example, delivered to adipose

tissue upon administration.

[00103] In embodiments, the present disclosure provides a method of delivering an
oligonucleotide to cardiac tissue in a subject comprising: a) providing an acid acyl conjugated
oligonucleotide as described herein, and b) administering the acid acyl conjugated

oligonucleotide to the subject.

[00104] In embodiments, the present disclosure provides a method of reducing expression of
a gene of interest in the cardiac cells of a subject, comprising a) providing an acid acyl
conjugated oligonucleotide as described herein, and b) administering the acid acyl conjugated

oligonucleotide to the subject.

[00105] In embodiments of the method of reducing expression of a gene of interest in the

cardiac cells of a subject, the gene of interest is any antisense target described herein. In
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embodiments of the method of reducing expression of a gene of interest in the cardiac cells of

a subject, the gene of interest is MALAT1.

[00106] In embodiments of the methods herein, the oligonucleotide can be DNA, RNA ora
modified oligonucleotide. In embodiments, the oligonucleotide can be selected from any of the
oligonucleotides described herein. In embodiments, the oligonucleotide is an antisense

oligonucleotide. In embodiments, the oligonucleotide has a phosphorothioate backbone.

[00107] In embodiments of the methods herein, the subject is a mammal. In embodiments of
the methods herein, the mammalian subject is an animal such as an agricultural animal (e.g.,
cattle, sheep, swine), research animal (e.g., mice, rats, monkeys, chimpanzees) or companion
animal (e.g., dogs, cats and rabbits). In embodiments of the methods herein, the mammalian

subject is a human.

[00108] In embodiments of the methods herein, the oligonucleotide is administered to treat
a cardiac disease. In embodiments of the methods herein, the oligonucleotide is administered
to treat a myocardial infarction. In embodiments of the methods herein, the oligonucleotide is
administered to prevent a myocardial infarction. In embodiments of the method of delivering
an oligonucleotide to cardiac tissue in a subject, the oligonucleotide is administered to a subject

at risk for a myocardial infarction.

Pharmaceutical formulations

[00109] In embodiments, the lipid conjugated oligonucleotides described herein are
formulated into a pharmaceutically acceptable formulation. In some embodiments, the
pharmaceutical formulation further comprises a pharmaceutically acceptable excipient, e.g.,
tonicity adjusting agent, preservative, solubilizing agent, complexing agent, dispersing agent,
buffering agent, or combination thereof. In some embodiments, the pharmaceutical
formulation is suitable for administration to a patient. In some embodiments, the
pharmaceutical formulation is suitable for intramuscular, subcutaneous, intravenous,

intraperitoneal or oral administration to a patient.

EXAMPLES

[00110] INTERMEDIATES
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[00111] Activated C22 Acid (Intermediate 1) — 22-((2,5-dioxopyrrolidin-1-yl)oxy)-22-

oxodocosanoic acid

OH EH oIrl>: ° o
HOYV\/\W o 0 —_— O\H/\/WVW\/\M)I\
(] O
I 7 I

Docosanedioic acid (0.5 g, 1.35 mmol), 1-hydroxypyrrolidine-2,5-dione (0.155 g, 1.35 mmol)
and N,N-dimethylpyridin-4-amine (cat. amount) were added to tetrahydrofuran (THF) (17 mL)
and stirred at room temperature for 10 min. Dicyclohexylmethanediimine (0.278 g, 1.35 mmol)
solvated in THF (6.00 mL) was added dropwise for 30 min. and the mixture was then stirred
for 24 h. at room temperature. After filtration, the mixture was evaporated. Methanol (MeOH)
(5 ml) was added to the residue, heated to 45°C and was then stirred for 1 h. at room
temperature. The product (22-((2,5-dioxopyrrolidin-1-yl)oxy)-22-oxodocosanoic acid) was
crystalized and was separated by filtration, washed with a small amount of MeOH and dried
under reduced pressure to give the desired product: 22-((2,5-dioxopyrrolidin-1-yl)oxy)-22-
oxodocosanoic acid. Yield was 353 mg (56%). LC/MS and H, NMR are in agreement with the

expected product.
MS (ESI) m/z 466.6 [M - HJ

'H NMR (500 MHz, CDCl3) 1.1 - 1.46 (33H, m), 1.63 (2H, 1), 1.68 — 1.79 (2H, m), 2.35 (2H,
td), 2.60 (2H, 1) 2.84 (4H, d),

[00112] NHS Activated C16 Acid (Intermediate 2) — 16-((2,5-dioxopyrrolidin-1-yl)oxy)-

16-oxohexadecanoic acid

fe} (o}
HOJ\/\/\/\/\/\/\/\H/OH EH OJ\/\/\/\/\/\/\/\H/OH
O 0 — 1
0 v OWO ©

The compound was made according to Intermediate 1 starting from hexadecanedioic acid
(0.3g, 1.05 mmol). After crystallization, the residue was purified with flash chromatography
on silica using ethyl acetate/ Heptane 1/1 as eluent. The pure fractions was evaporated to give
the desired product (16-((2,5-dioxopyrrolidin-1-yl)oxy)-16-oxohexadecanoic acid) Yield: 120
mg (30%).

MS (ESD) m/z 382.0 [M - H|
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H NMR (500 MHz, CDCI3) 1.28 (21H, d), 1.64 (2H, td), 1.69 — 1.79 (2H, m), 2.35 (2H, td),
2.60 (2H, 1), 2.84 (4H, d).

[60113] NHS Activated C17 Acid (Intermediate 3) - 17-((2,5-dioxopyrrolidin-1-yl)oxy)-

17-oxoheptadecanoic acid

o] o] OH Q [o]

U
M - L~
HOJI\/\/\/\/\/\/\/\/U\OH Qvo o Ok

The compound was made according to Intermediate 1 starting from heptadecanedioic acid
(0.3g, 1.0 mmol). After crystallization, the residue was purified with flash chromatography on
silica using ethyl acetate/ Heptane 1/1 as eluent. The pure fraction was evaporated to give of
the desired product (17-((2,5-dioxopyrrolidin-1-yl)oxy)-17-oxoheptadecanoic acid) Yield: 99
mg, 25%.

MS (ESD) m/z 396.2 [M - H|

'H NMR (500 MHz, CDCl3) 1.27 (23H, d), 1.55 — 1.69 (2H, m), 1.74 (2H, p), 2.35 (2H, td),
2.60 (2H, t), 2.76 —2.91 (4H, m).

[00114] NHS Activated C18 Acid (Intermediate 4) - 18-((2,5-dioxopyrrolidin-1-yl)oxy)-

18-oxo0octadecanoic acid

o} o}

HO)J\/\/\/\/\/\/\/\/U\OH @)

ag
|

The compound was made according to Intermediate 1 starting from octadecanedioic acid
(0.3g, 0.95 mmol). After crystallization, the residue was purified with flash chromatography
on silica using ethyl acetate/ Heptane 2/1 as eluent. The pure fraction was evaporated to give
of the desired product (18-((2,5-dioxopyrrolidin-1-yl)oxy)-18-oxooctadecanoic acid) Yield: 93
mg, 24%.

MS (ESD) m/z 410.3 [M - HT

H NMR (500 MHz, CDClz) 1.25 (25H, s), 1.63 (2H, q), 1.74 (2H, p), 2.35 (2H, 1), 2.60 (2H,
1), 2.83 (4H, s).
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[00115] NHS Activated C20 Acid (Intermediate 5) - 20-((2,5-dioxopyrrolidin-1-yl)oxy)-

20-ox0icosanoic acid

o) [¢]
HOJ\/\/\/\/\/V\/\/\/\H/OH EH OJVWW\/\/\/\/\H/OH
O Q E—— I
o v OﬂfO o

The compound (20-((2,5-dioxopyrrolidin-1-yl)oxy)-20-oxoicosanoic acid) was made
according to Intermediate 1 starting from icosanedioic acid (0.3g, 0.88 mmol). Yield: 229 mg,

59%.
MS (ESD) m/z 438.2 [M - HT

'H NMR (500 MHz, CDCl3) 1.2 — 1.45 (29H, m), 1.63 (2H, qd), 1.74 (2H, p), 2.35 (2H, td),
2.60 (2H, t), 2.83 (4H, d).

[60116] NHS Activated C21 Acid (Intermediate 6) - 21-((2,5-dioxopyrrolidin-1-yl)oxy)-

21-oxohenicosanoic acid

The compound was made according to Intermediate 1 starting from henicosanedioic acid
(0.3g, 1.05 mmol). After crystallization, the residue was purified with flash chromatography
on silica using ethyl acetate/ Heptane 1/1 as eluent. The pure fraction was evaporated to give
of the desired product (21-((2,5-dioxopyrrolidin-1-yl)oxy)-21-oxohenicosanoic acid) Yield: 21
mg, (6%).

MS (ESD) m/z 452.0 [M - HJ

1H NMR (500 MHz, CDCI3) 1.27 (31H, d), 1.58 — 1.69 (2H, m), 1.69 — 1.81 (2H, m), 2.35
(2H, 1), 2.60 (2H, 1), 2.77 — 2.91 (4H, m).

[60117] NHS Activated C23 Acid (Intermediate 7) - 23-((2,5-dioxopyrrolidin-1-yl)oxy)-

23-oxotricosanoic acid
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The compound (23-((2,5-dioxopyrrolidin-1-yl)oxy)-23-oxotricosanoic acid) was made
according to Intermediate 1 starting from tricosanedioic acid (66 mg, 0.17 mmol). The solids

were isolated by centrifugation. Yield: 60 mg, (73%).
MS (ESI) m/z 480.1 [M - HJ

'H NMR (500 MHz, CDCls) 1.26 (35H, d), 1.64 (2H, td), 1.74 (2H, p), 2.3 — 2.38 (2H, m),
2.60 (2H, 1), 2.77 — 2.9 (4H, m).

[60118] NHS Activated C24 Acid (Intermediate 8) - 24-((2,5-dioxopyrrolidin-1-yl)oxy)-

24-oxotetracosanoic acid

HO)I\/\/\/\/\/\/\/\/\/\/\/\H/OH Oﬁo - oﬁo ©

The compound was made according to Intermediate 1 starting from tetracosanedioic acid
(0.3g, 0.75 mmol). After crystallization, the residue was purified with flash chromatography
on silica using ethyl acetate/ Heptane 1/1 as eluent. The pure fraction was evaporated to give
of the desired product (24-((2,5-dioxopyrrolidin-1-yl)oxy)-24-oxotetracosanoic acid) Yield:
44 mg, 12%.

MS (ESD) m/z 494.1 [M - HJ

H NMR (500 MHz, CDCl3) 1.25 (37H, s), 1.6 — 1.67 (2H, m), 1.69 — 1.79 (2H, m), 2.35
(2H, 1), 2.60 (2H, 1), 2.84 (4H, d).

[60119] NHS Activated C19 Acid (Intermediate 9) - 1-(tert-butyl) 19-(2,5-

dioxopyrrolidin-1-yl) nonadecanedioate

o o J< oH [ [« J<
oMo VNP
N GNP . ¢ .

19-(tert-butoxy)-19-oxononadecanoic acid (0.4 g, 1.04 mmol), 1-hydroxypyrrolidine-2,5-
dione (0.120 g, 1.04 mmol) and N,N-dimethylpyridin-4-amine (0.635 mg, 5.20 umol) was
added to THF (7 mL) and was stirred at r.t. for 10 min. dicyclohexylmethanediimine (0.215 g,
1.04 mmol) solved in THF (3 mL) was added dropwise during 30 min. and the mixture was
then stirred for 24 h. at r.t.. After filtration the mixture was evaporated. MeOH (5 ml) was
added to the residue, heated to 60°C and was then stirred for 1 h. at r.t. The product (1-(tert-

34



WO 2022/058386 PCT/EP2021/075386

butyl) 19-(2,5-dioxopyrrolidin-1-yl) nonadecanedioate) was crystalized and was separated by
filtration, washed with a small amount of MeOH and dried under reduced pressure. Yield: 361

mg, 72%

'H NMR (500 MHz, CDCl3) 1.27 (24H, d), 1.40 (2H, s), 1.44 (9H, s), 1.51 — 1.63 (2H, m),
1.69 — 1.8 (2H, m), 2.19 (2H, 1), 2.60 (2H, 1), 2.83 (4H, d).

[00120] Intermediate 10 - 19-((2,5-dioxopyrrolidin-1-yl)oxy)-19-oxononadecanoic acid

I PSSP 5 } }
o o s R

Intermediate 9 - 1-(tert-butyl) 19-(2,5-dioxopyrrolidin-1-yl) nonadecanedioate (150 mg,
0.31 mmol) was added to 2,2,2-trifluoroacetic acid (3 mL, 0.31 mmol) and the reaction
mixture was stirred 4h. at r.t. The TFA was evaporated and co-evaporated 3 times with
toluene and one time with DCM. The residue was solved in MeOH (4ml) at 60 °C and the
solution was stirred at 1.t for 15 min. The product was precipitated, filtered and dried under
vacuum to give 76 mg (57%) of the desired compound (19-((2,5-dioxopyrrolidin-1-yl)oxy)-

19-oxononadecanoic acid).
MS (ESI) m/z 424.0 [M - H|

'H NMR (500 MHz, CDCls) 1.26 (27H, d), 1.63 (2H, @), 1.74 (2H, p), 2.35 (2H, 1), 2.60 (2H,
1), 2.76 — 2.9 (4H, m).

[60121] NHS Activated C18 (9Z) Acid (Intermediate 11) - (Z)-18-((2,5-dioxopyrrolidin-

1-yl)oxy)-18-oxo0octadec-9-enoic acid

(¢} Lo}
W ﬁl)H —_— QJK/\/\/\/“_\/\/\/\/U\OH

(Z)-octadec-9-enedioic acid (88 mg, 0.28 mmol), 1-hydroxypyrrolidine-2,5-dione (32.4 mg,
0.28 mmol) and N,N-dimethylpyridin-4-amine (0.344 mg, 2.82 umol) was added to THF (2
mL) and was stirred at r.t. for 10 min. The solution was cooled on an icebath to 0 gr and
dicyclohexylmethanediimine (58.1 mg, 0.28 mmol) solved in THF (1 mL) was added
dropwise during 15 min. and the mixture was then stirred for 24 h. at r.t. After filtration the

mixture was evaporated. MeOH (0.5 ml) was added to the residue. The solids were removed
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by filtration (impurities).and the filtrate was evaporated to give the desired product (Z)-18-
((2,5-dioxopyrrolidin-1-yl)oxy)-18-oxooctadec-9-enoic acid). Yield: 90 mg (78 %)

MS (ESD) m/z 408.2 [M - HT

'H NMR (500 MHz, CDCls) 1.22 — 1.45 (16H, m), 1.62 (3H, qd), 1.74 (2H, p), 2.00 (4H, q),
2.3-2.39 (2H, m), 2.59 (2H, 1), 2.83 (4H, d), 5.3 — 5.42 (2H, m).

[00122] Azid C22 Acid (Intermediate 12) - methyl 22-azidodocosanoate

NP . NSO
Diphenyl phosphorazidate (46.4 ul, 0.22 mmol) solved in THF (1 mL) was added to methyl
22-hydroxydocosanoate (40 mg, 0.11 mmol), diisopropyl (E)-diazene-1,2-dicarboxylate (42.5
ul, 0.22 mmol) and triphenylphosphane (56.6 mg, 0.22 mmol) solved in THF (2 mL) atr.t.
The reaction mixture was stirred for 3 h. The THF was evaporated and the residue was
purified with flash chromatography on silica using heptane/ethylacetate10/1 as eluent. The
product was purified a second time with flash. heptane/ethyl acetate 10/1. The pure fraction

was evaporated to give 31mg, 91% of the desired product (methyl 22-azidodocosanoate).

'H NMR (500 MHz, CDCl3) 1.25 (34H, s), 1.54 — 1.66 (4H, m), 2.29 (2H, 1), 3.25 (2H, 1),
3.66 (3H, s).

[60123] Intermediate 13 — 22-azidodocosanoic acid

0 o}
Nos A A A A — Na g
Intermediate 12 - Methyl 22-azidodocosanoate (35 mg, 0.09 mmol) was added to a solution
of lithium hydroxide (10.59 mg, 0.44 mmol) in MeOH (0.5 mL) and water (0.1 mL). The
reaction mixture was stirred over night at r.t. Ethyl acetate (1 ml), water (1ml) and hydrogen
chloride (36.9 pl, 0.44 mmol) were added. The organic phase was separated, dried with
Na2S04, filtered and evaporated to give the desired compound (22-azidodocosanoic acid).

Yield: 28 mg, 83%
MS (ESI) m/z 380.3 [M - HJ

H NMR (500 MHz, CDCls) 1.25 (35H, s), 1.55 — 1.67 (4H, m), 2.34 (2H, 1), 3.25 (2H, 1).
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[00124] Intermediate 14 - [(1R,85)-9-bicyclo[6.1.0]non-4-ynyljmethyl activated
MALATI1-LNA

MALATI1-LNA-hexylamine was dissolved in water (2400 ul) and triethylamine (28.2 ul, 0.20
mmol) was added. ((1R,85,9s)-bicyclo|6.1.0lnon-4-yn-9-yl)methyl (2,5-dioxopyrrolidin-1-
yl) carbonate (9.89 mg, 0.03 mmol) predissolved in acetonitrile (650 pul) was added and the
reaction mixture was stirred for 5 min. LCMS showed full conversion. sodium acetate 3M, pH
5.2 (300 pl) was added and the oligo was precipitated by addition of ethanol (24 ml), vortexed
briefly and left standing at -20C overnight. It was centrifuged at 0 C for 10 mins at 3800 rpm,

and the clear supernatant was removed and the pellets was dried on vacum. Yield: 101 mg.
MS (ESI) m/z 1424.8 (z=4)

[00125] Intermediate 15 - fer-butyl (1-azido-15-{2-[(fert-butoxycarbonyl)aminojethyl}-
11-0x0-3,6,9-trioxa-12,15-diazaheptadecan-17-yl)carbamate

A solution of 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)acetic acid (94 mg, 0.40 mmol) in
dichloromethane (ImL) and 0.2mL of dimethylformamide (0.2mL) was cooled in ice and N-
ethyl-N-isopropylpropan-2-amine (0.140 mL, 0.80 mmol) and 2-(3H-[1,2,3]triazolo[4,5-
b]pyridin-3-yl)-1,1,3,3-tetramethylisouronium hexafluorophosphate(V) (153 mg, 0.40 mmol)
was added. The mixture was stirred for Smin and then a solution of di-tert-butyl (((2-
aminoethyl)azanediyl)bis(ethane-2, 1-diyl))dicarbamate (CAS 161038-11-5) (139 mg, 0.40
mmol) in dichloromethane and dimethylformamide (0.2mL) was added. The yellow reaction
mixture was stirred for 1h at rt. The reaction mixture was diluted with ethyl acetate and washed
with water and brine. The organic phase was dried over magnesium sulphate, filtered and
evaporated to dryness. The compound was purified by preparative HPLC on a XBridge C18
column (10 pm 250x50 ID mm) using a gradient of 20-75% acetonitrile in ammonia(0.2%)
buffer over 20minutes with a flow of 100 mL/min. The product was detected by LS-MS
analyses. Product fractions were concentrated to give the desired compound (zerz-butyl (1-
azido-15-{2-|(tert-butoxycarbonyl)amino]ethyl}-11-ox0-3,6,9-trioxa-12,15-diazaheptadecan-
17-yl)carbamate). Yield 131mg (58.1%)

MS (ESIY) m/z 562.5 (z=1)
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1H NMR (500 MHz, CDCI3) 1.46 (18H, s), 3.30 (4H, s), 3.4 — 3.47 (3H, m), 3.48 — 3.63 (4H,
m), 3.72 (I3H, dq), 405 (H s), 584 (@QH s, 787 (IH s).

[00126] Intermediate 16 - 1-azido-15-(2-(21-carboxyhenicosanamido)ethyl)-11,19-

dioxo-3,6,9-trioxa-12,15,18-triazatetracontan-40-oic acid

To a solution of Intermediate 15 (60 mg, 110 pmol) and triisopropylsilane (5 pl, 110 pmol)
in dichloromethane (500 ul) was added 2,2,2-trifluoroacetic acid (500 ul) at rt. The mixture
was stirred at rt for 5h and evaporated to dryness (MS (ESI") m/z 362.4 (z=1). To the crude
TFA-salt (15mg, 30 umol) was added acetonitrile (100 ul), water (100 ul), triethylamine (28.3
ul, 0.21 mmol) and N N-dimethylpyridin-4-amine (0.156 mg, 1.28 umol) to give a clear
solution. Intermediate 1 (40mg, 90 umol) dissolved in tetrahydrofuran (300 ul) was added and
the mixture was stirred at at 45 °C for 4h. The reaction was evaporated, diluted with DMSO
and purified by preparative HPLC on a XBridge C18 column (10 um 250x50 ID mm) using a
eradient of 20-75% acetonitrile in ammonia(0.2%) buffer over 20minutes with a flow of 100
mL/min. The product was detected by LS-MS analyses. Product fractions were concentrated
to give the desired compound (1-azido-15-(2-(21-carboxyhenicosanamido)ethyl)-11,19-dioxo-
3,6,9-trioxa-12,15,18-triazatetracontan-40-oic acid). Yield 4.4mg (16.2%)

MS (ESTY m/z 1066.6 (z=1)

[60127] Intermediate 17 — Maleimide activated MALATI1-LNA

o

MALATI1-LNA-hexylamine was dissolved in Phosphate buffer (0.1M pH 7.34, 660 ul) and
2,5-dioxopyrrolidin-1-yl 3-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)propanoate (9.76 mg, 0.04
mmol) dissolved in acetonitrile (330 uL) was added. The clear solution was stirred for 1.5h at
rt. Sodium acetate (3M, pH 5.2, 100 ul) was added and then the oligo was precipitated by
addition of ethanol (4mL), vortexed briefly and left standing at -20C for 30 min. The mixture
was centrifuged at 0 °C for 10 mins at 3500 rpm and the clear supernatant was removed. The
oligo was washed once more by dissolving the pellet in ImL of water and Sodium acetate 3M,

pH 5.2 (100 ul) (shaking necessary for full dissolution) followed by addition of 4 mL of
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ethanol, cooled for 30 mins at -20, then centrifuged at 0 °C for 10 mins at 3500 rpm. The

supernatant was discarded, and the pellet was dried under a nitrogen flow. Yield 27mg (97 %)
MS (EST) m/z 1418.1 (z=4)

[00128] Intermediate 18 - di-tert-butyl 22,22'-(((2R,2'R)-disulfanediylbis(3-(tert-
butoxy)-3-oxopropane-1,2-diyl))bis(azanediyl))bis(22-oxodocosanoate)

To 22-(tert-butoxy)-22-oxodocosanoic acid (87mg, 0.20 mmol) in N-methyl-pyrrolidinone ( 1
ml) was added DIPEA (31.7 ul, 0.18 mmol) and 2-(3H-[1,2,3]triazolo[4,5-b]pyridin-3-yl)-
1,1,3,3-tetramethylisouronium hexafluorophosphate(V) (69 mg, 0.18 mmol). di-tert-butyl
3,3'-disulfanediyl(2R 2'R)-bis(2-aminopropanoate) (32mg, 0.09 mmol) in dimethylformamide
(1 ml) was then added. The resulting opaque reaction mixture was stirred for 24h at rt. The
mixture was diluted with diethyl ether and washed with water, sodium bicarbonate (10%),
potassium hydrogen sulphate (0.5M), water and brine. The organic phase was evaporated, and
the residue was passed through a 2g silica plug with heptane and increasing diethyl ether. The
product was detected by TLC with cerium ammonium molybdate stain. Pure product fractions
were evaporated to give the desired product (di-tert-butyl 22,22'-(((2R,2'R)-disulfanediylbis(3-
(tert-butoxy)-3-oxopropane-1,2-diyl))bis(azanediyl))bis(22-oxodocosanoate). Yield: 85 mg,
(80 %).

1H NMR (500 MHz, CDCI3) 1.27 (64H, s), 1.47 (19H, s), 1.50 (17H, s), 1.55 — 1.62 (4H, m),
1.66 (4H, 1), 2.22 (4H, 1), 2.27 (4H, td), 3.22 (4H, dd), 4.77 (2H, dt), 6.46 (2H, d).

[00129] Intermediate 19 - 22,22'-(((1R,1'R)-disulfanediylbis(1-carboxyethane-2,1-
diyl))bis(azanediyl))bis(22-oxodocosanoic acid)

To a solution of Intermediate 18 (15 mg, 10 umol) in dichloromethane (100 ul) was added
2,2 2-trifluoroacetic acid (500 ul) at rt. The mixture was stirred at rt for 15h and evaporated to
dryness and then co-evaporated with toluene to give the desired compound (22,22'-(((1R,1'R)-
disulfanediylbis(1-carboxyethane-2, 1-diyl))bis(azanediyl))bis(22-oxodocosanoic acid)).

Yield 12mg (99%)

MS (ESIY) m/z 944.1 (z=1)
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[00130] Intermediate 21 - (1-{[(2R)-1-amino-1-ox0-3-sulfanylpropan-2-yljamino}-
1,10,19-trioxo-3,6,12,15-tetraoxa-9,18-diazatetracontan-40-oic acid)

HO

[00131] The synthesis was performed by Automated Solid Phase Synthesis in a Biotage
Alstra peptide synthesizer equipped with a microwave heater. Rink amide Chem Matrix resin
(0.4g, 0.16mmol, loading 0.4mmol/g) was weighed into a 10mL reaction vial and swelled twice
m DMF for 10 min at 55°C under agitation. Solutions of N-(((9H-fluoren-9-
yl)methoxy)carbonyl)-S-trityl-L-cysteine (0.387g, 0.2M, 3.3mL, 0.66mmol), Oxyma (0.5M,
4mL, 1.3mL, 0.66mmol) and diisopropylcarbodiimide (2M, 0.265mL, 0.53mmol) in NMP was
added and the reaction was agitated at 40°C for 20min. The resin was washed with DMF (4x)
and treated twice with piperidine (20% in DMF) for 3+10min. The same coupling procedure

was repeated twice for 1-(9H-fluoren-9-y1)-3-ox0-2,7,10-trioxa-4-azadodecan-12-oic acid.

[00132] Solutions of 22-(tert-butoxy)-22-oxodocosanoic acid (137 mg, 0.32 mmol) (4 eq, in
DMF/NMP 1:1, 4mL), 1-(bis(dimethylamino)methylene)-1H-[1,2,3]triazolo[4,5-b]pyridine-
I-ium 3-oxide hexafluorophosphate(V) (HATU) (122 mg, 0.32 mmol) and N-ethyl-N-
isopropylpropan-2-amine (62.9 ul, 0.36 mmol) were then added to the resin and the reaction
was agitated at rt for 1h45 min. The resin was finally washed with DMF (4 x), methanol and
DCM. A mixture of TFA/H20/DODT//TIPS (94/2.5/2.5/1) (3 mL) was added to the resin and
the reaction mixture was agitated at room temperature for 2h. The resin was filtered off and
washed with TFA (~2 mL) which was combined with the filtrate. The product was precipitated
in cold Ef20. The precipitated product was centrifugated and the supernatant discarded. The
solid material was washed three times by addition of cold Et20 and centrifugation. The

resulting solid material was suspended in MeCH/H2O/TFA (50/50/0.1) and freeze dried.
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[00133] The compound was purified by preparative HPLC on a Kromasil C8 column (10 um
250x50 ID mm) using a gradient of 35-80% acetonitrile in H2O/ACN/FA 95/5/0.2 buffer over
20 minutes with a flow of 100 mL/min. The compound was detected by UV at 220 nm. The

product fractions were freeze dried to give the desired compound.
Yield 27mg (44%)

1H NMR (500 MHz, CDCls) 1.27 (32H, s), 1.61 — 1.67 (4H, m), 2.23 (2H, 1), 2.34 (2H, t), 2.65
(3H, s), 2.85 (1H, ddd), 3.09 (1H, ddd), 3.45 — 3.54 (3H, m), 3.59 (2H, 1), 3.61 — 3.73 (10H,
m), 3.78 (1H, qd), 4.05 (2H, s), 4.78 (1H, ddd), 6.52 (2H, d), 6.75 (1H, s), 7.32 (1H, t), 7.78
(1H, d). Carboxylic acid proton not integrated.

MS (ESIY) m/z 763.9 (z=1)

[00134] Intermediate 22 - (S)-1-amino-22-carbexy-2,11,20,28-tetraoxo-6,9,15,18-

tetraoxa-3,12,21,27-tetraazanonatetracontan-49-oic acid

HN (S)ﬁJ\/O\/\O/\/N\n/\O/\/OV\ﬁJ\/NHz
Howwo 0

O
[00135] The resin bound precursor (S)-23-(4-((1-(4,4-dimethyl-2,6-dioxocyclohexylidene)-
3-methylbutyl)amino)butyl)-1-(9H-fluoren-9-yl)-3,12 21-triox0-2,7,10,16,19-pentaoxa-4,13-
diazatetracosan-24-oic acid was synthesized according to the methods described for coupling
and deprotection steps for the synthesis of intermediate 21 staring from Wang resin bound (S)-
2-((((9H-Fluoren-9-yl)methoxy)carbonyl)amino)-6-((1-(4,4-dimethyl-2,6-
dioxocyclohexylidene)-3-methylbutyl)amino)hexanoic acid (Fmoc-Lys-IvDde-Wang resin,
loading 0.6mmol/g, 0.3g, ), 1-(9H-fluoren-9-yl)-3-ox0-2,7,10-trioxa-4-azadodecan-12-oic
acid and (tert-butoxycarbonyl)glycine. The IvDde-group was then removed by treating the
resin with 5%Hydrazine/DMF six times at rt for 2+5+5+5+5+5min. The same procedures used
in the synthesis of intermediate 21 was then performed for the coupling of 22-(tert-butoxy)-
22-oxodocosanoic acid (137 mg, 0.32 mmol) and for the cleavage and purification of the final

product.

MS (ESI') m/z 846.7 (z=1)
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1H NMR (500 MHz, DMSO) 1.23 (34H, ), 1.33 (2H, p), 1.46 (4H, dt), 1.56 (1H, d), 1.68 (1H,
d), 2.00 (2H, 1), 2.17 (2H, 1), 2.95 (2H, q), 3.28 (3H, p), 3.32 (1H, d), 3.42 (2H, 5), 3.47 (4H,
q), 3.51 —3.63 (8H, m), 3.84 (2H, s), 3.88 — 3.96 (3H, m), 7.58 (1H, d), 7.71 (1H, d), 7.87 (1H,
1), 8.45(1H,s). NH2 and 2xCO2H not integrated

[00136] EXAMPLE 1 - SYNTHESIS OF Cz SATURATED ACID CONJUGATE OF
MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 8)

e
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[00137] MALATI-LNA-hexylamine (34 mg, 6.15 umol) was dissolved in water (800 ul)
and triethylamine (9.53 ul, 0.07 mmol) was added. 20-((2,5-dioxopyrrolidin-1-yl)oxy)-20-
oxoicosanoic acid (4.06 mg, 9.23 umol) (Intermediate 5) solved in a mixture of warm (60 °C)
acetonitrile (200 ul) and DMSO (120 ul) was added to the solved oligonucleotide and the
reaction mixture was stirred at RT for 60 min. Sodium acetate 3M, pH 5.2 (90 ul) was added
and then the oligo-conjugate was precipitated by addition of ethanol (8000 ul), The mixture
was centrifuged at 0 °C for 10 mins at 3500 rpm and the clear supernatant was removed. The
pellet was dried under vacuum and the residue was purified on a XBridge C18, Spm 19x150
mm column by using a gradient from 5-90% acetonitrile in NH4HCOs (50 mM, pHS) at R.T.
The pure fractions was freeze-dried twice to give the desired compound as ammonium salt.

The yield was 15 mg (40%).
MS (EST) m/z 1461.4 (z=4)

[00138] EXAMPLE 2 — SYNTHESIS OF Cis SATURATED ACID CONJUGATE OF
MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 8)

[00139] The Example 2 compound was made according to Example 1 (C20-acid-MALATI-
LNA) starting from MALATI1-LNA-hexylamine (36 mg, 6.52 umol) and 16-((2,5-
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dioxopyrrolidin-1-yl)oxy)-16-oxohexadecanoic acid (5.00 mg, 13.0 umol (Intermediate 2).
The yield was 20 mg (50%).

MS (ESI) m/z 1447.5 (z=4)

[00140] EXAMPLE 3 — SYNTHESIS OF C;7 SATURATED ACID CONJUGATE OF
MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 8)

[00141] The Example 3 compound was made according to Example 1 (C20-acid-MALATI1-
LNA) starting from MALATI1-LNA-hexylamine (34 mg, 6.15 pmol) and 17-((2,5-
dioxopyrrolidin-1-yl)oxy)-17-oxoheptadecanoic acid (4.89 mg, 12.3 umol) (Intermediate 3)
Reaction time 10 min. The yield was 18 mg (48%).

MS (EST') m/z 1450.9 (z=4)

[00142] EXAMPLE 4 — SYNTHESIS OF Cis SATURATED ACID CONJUGATE OF
MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 8)

[00143] The Example 4 compound was made according to Example 1 (C20-acid-MALAT1-
LNA) starting from MALATI1-LNA-hexylamine (38 mg, 6.88 umol) and triethylamine (9.53
ul, 0.07 mmol) was added. 18-((2,5-dioxopyrrolidin-1-yl)oxy)-18-oxooctadecanoic acid (5.66
mg, 13.8 umol) (Intermediate 4). Reaction time: 90 min. Purification on a XBridge C18, Sum
19x150 mm column by using a gradient from 15-90% acetonitrile in NH4HCO3 (50 mM, pHS)
at R.T. Yield: 24 mg (57%).

MS (ESD) m/z 1454.4 (z=4)

[00144] EXAMPLE 5 - SYNTHESIS OF Cis SATURATED ACID CONJUGATE OF
MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 8)

[00145] The compound was made according to Example 1 (C20-acid-MALATI-LNA)
starting from MALAT1-LNA-hexylamine (34 mg, 6.15 umol) and 19-((2,5-dioxopyrrolidin-
1-yDoxy)-19-oxononadecanoic acid (5.24 mg, 12.3 mmol) (Intermediate 10) Reaction time:

30 min. The yield was 21 mg (56%).

MS (EST') m/z 1457.7 (z=4)
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[00146] EXAMPLE 6 — SYNTHESIS OF Cz1 SATURATED ACID CONJUGATE OF
MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 8)

[00147] The compound was made according to Example 1 (C20-acid-MALATI-LNA)
starting from MALAT1-LNA-hexylamine (34 mg, 6.15 umol) and 21-((2,5-dioxopyrrolidin-
1-y)oxy)-21-oxohenicosanoic acid (5.58 mg, 12.3 umol 1) (Intermediate 6). Yield 20 mg
(53%).

MS (EST') m/z 1465.1 (z=4)

[00148] EXAMPLE 7 — SYNTHESIS OF Cz; SATURATED ACID CONJUGATE OF
MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 8)

[00149] MALATI!-LNA-hexylamine (100 mg, 0.02 mmol) and triethylamine (10.03 ul, 0.07
mmol) dissolved in water (2.4ml) and 22-((2,5-dioxopyrrolidin-1-yl)oxy)-22-oxodocosanoic
acid (21.16 mg, 0.05 mmol) (Intermediate 1) dissolved in warm acetonitrile (400 ul) and
DMSO (200 pl) was added. Stirred at 40 °C for 24 h. Additional 2.5 eqv of the activated lipid
was added and the mixture stirred additional 24 h. at 40 °C. Sodium acetate 3M, pH 5.2 (270
ul) was added and then the oligo was precipitated by addition of ethanol (24 ml). The mixture
was centrifuged at 0 °C for 10 mins at 3500 rpm and the clear supernatant was removed. The
residue was washed with EtOH (5 ml.) and the pellet was dried under vacaum. The residue
was purified on a XBridge C18, Sum 19x150 mm column by using a gradient from 15-90%
acetonitrile in NH4HCOs (50 mM, pHS8) at R.T. The pure fractions was freeze-dried twice.
Yield: 28 mg (25%,).

MS (EST") m/z 1468.6 (z=4)

[00150] EXAMPLE 8 — SYNTHESIS OF Cz; SATURATED ACID CONJUGATE OF
MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 8)

[00151] The compound was made according to Example 1 (C20-acid-MALATI-LNA)
starting from MALAT1-LNA-hexylamine (39 mg, 7.06 umol) and 23-((2,5-dioxopyrrolidin-
1-yl)oxy)-23-oxotricosanoic acid (8.50 mg, 15.2 pmo) (Intermediate 7). The yield was 17 mg
(39%).

MS (ESI-) m/z 1472.5 (z=4)
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[00152] EXAMPLE 9 — SYNTHESIS OF Czs SATURATED ACID CONJUGATE OF
MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 8)

[00153] The compound was made according to Example 1 C20-acid-MALATI1-LNA
starting from MALAT1-LNA-hexylamine (41 mg, 7.42 umol) and 24-((2,5-dioxopyrrolidin-
1-y)oxy)-24-oxotetracosanoic acid (7.36 mg, 0.01 mmol) (Intermediate 8). Reaction time:

over night. The yield was 23 mg (50%).
MS (ESI) m/z 1476.0 (z=4)

[00154] EXAMPLE 10 - SYNTHESIS OF Cis (9Z) SATURATED ACID
CONJUGATE OF MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO:
8)

[00155] MALATI-LNA-hexylamine (180 mg, 0.03 mmol) was dissolved in Borate buffer
0.1M pH 9.5 (4.8 ml). (Z)-18-((2,5-dioxopyrrolidin-1-yl)oxy)-18-oxooctadec-9-enoic acid
(Intermediate 11) (26.7 mg, 0.07 mmol) dissolved in acetonitrile (1.2 mL) was added and the
mixture was stirred at RT for 45 m. Additional 1 eqv of (Intermediate 11) was added and the
mixture was stirred for additional 2 h. 1M NaOH solution (1.4 ml) was added during 1 h.
Sodium acetate 3M, pH 5.2 (540 puL) was added and then the oligo was precipitated by addition
of ethanol (48 ml). The mixture was centrifuged at 0 °C for 10 mins at 3500 rpm, the clear
supernatant was removed. The pellet was dried under vacuum. The residue was purified on a
XBridge C18, 5um 19x150 mm column by using a gradient from 5-90% acetonitrile in
NH4HCOs (50 mM, pH8) at R.T. The pure fractions was freeze-dried twice. Yield: 79 mg
(40%).

MS (EST') m/z 1454.1(z=4)

[00156] EXAMPLE 11 - SYNTHESIS OF C; CLICK SATURATED ACID
CONJUGATE OF MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO:
8)

[00157] [(1R,8S)-9-bicyclo[6.1.0jnon-4-ynyljmethyl activated MALATI1- (Intermediate
14) (50 mg, 8.77 umol) was added to a mixture of 22-azidodocosanoic acid (5.02 mg, 0.01
mmol) (Intermediate 13) in DMSO (0.2 mL) and acetonitrile (0.200 mL). water (0.5 mL) was
added and the mixture was stirred for 3h. Sodium acetate 3M, pH 5.2 (120 uL) and ethanol (10
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mL) was added. The mixture was centrifuged at 0 °C for 10 mins at 3500 rpm, the clear
supematant was removed. The pellet was dried under vacuum. The residue was purified on a
XBridge C18, Spm 19x150 mm column by using a gradient from 10-90% acetonitrile in
NH4+HCOs (50 mM, pHS) at R.T. The pure fractions was freeze-dried twice. Yield: 5.0 mg.

MS (EST) m/z 1520.1 (z=4)

[00158] EXAMPLE 12 — SYNTHESIS OF C;; SATURATED ACID CONJUGATE OF
CAMK?2D ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 9)
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[00159] The compound was made according to Example 1 (C20-acid-MALATI1-LNA)
starting from CamK2D ASO -hexylamine (40 mg, 7.24 umol) and 22-((2,5-dioxopyrrolidin-1-
yl)oxy)-22-oxodocosanoic acid (Intermediate 1) (6.77 mg, 14.5 pmol). Reaction time: 90 min.
Purified on a XBridge C18, Sum 19x150 mm column by using a gradient from 15-90%
methanol in NHsHCO3 (50 mM, pHS8) at R.T. The yield was 8 mg (18%).

MS (ESI) m/z 1469.2 (z=4)

[00160] EXAMPLE 13 — SYNTHESIS OF C;; SATURATED ACID CONJUGATE OF
CAMK?2D ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 10)

46



WO 2022/058386 PCT/EP2021/075386
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[00161] The compound was made according to Example 1 (C20-acid-MALATI-LNA)
starting from CamK2D ASO -hexylamine (40 mg, 7.24 umol) and 22-((2,5-dioxopyrrolidin-1-
yDoxy)-22-oxodocosanoic acid (Intermediate 1) (6.77 mg, 14.5 umol). Reaction time: 120
min. Purified on a XBridge C18, Sum 19x150 mm column by using a gradient from 10-90%
acetonitrile in NHsHCOs3 (50 mM, pHR) at R.T. The yield was 16 mg (36%).

MS (ESI) m/z 1462.9 (z=4)

[00162] EXAMPLE 14 — SYNTHESIS OF C:; SATURATED ACID CONJUGATE OF
CAMK2D ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 11)

[00163] The compound was made according to Example 2 C22-acid-MALATI1-LNA
starting from CamK2D ASO -hexylamine (35 mg, 5.68 umol) and 22-((2,5-dioxopyrrolidin-1-
yhoxy)-22-oxodocosanoic acid (Intermediate 1) (5.31 mg, 11.4 umol). Reaction time: 40 min.
Purified on a XBridge C18, Sum 19x150 mm column by using a gradient from 10-50%
acetonitrile 1 1min, 50-90% acetonitrile in NH4HCOs3 (50 mM, pH8) at R.T. The yield was 20.4
mg (52%).

MS (ESI') m/z 1628.5 (z=4)

[00164] EXAMPLE 15 - SYNTHESIS OF C;; SATURATED ACID CONJUGATE OF
CAMK2D ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 12)

tytgtoietytaty
PEYF QLY
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[00165] The compound was made according to Example 2 C22-acid-MALATI1-LNA
starting from CamK2D ASO -hexylamine (35 mg, 5.68 umol) and 22-((2,5-dioxopyrrolidin-1-
yDoxy)-22-oxodocosanoic acid (Intermediate 1) (5.31 mg, 11.4 pmol). Reaction time: 40 min.
Purified on a XBridge C18, Sum 19x150 mm column by using a gradient from 10-50% AC
11min, 50-90% ACN in NH4sHCOs (50 mM, pH8) at R.T. The yield was 20.4 mg (56%).

MS (ESI) m/z 1458.4 (z=4)

[00166] EXAMPLE 16 - SYNTHESIS OF C;; SATURATED ACID CONJUGATE OF
CAMK2D ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 13)

ot rbr bbb sy sy © e FEEGE GGG G B

[00167] The compound was made according to Example 2 C22-acid-MALATI1-LNA
starting from CamK2D ASO -hexylamine (35 mg, 5.68 umol) and 22-((2,5-dioxopyrrolidin-1-
yl)oxy)-22-oxodocosanoic acid (Intermediate 1) (5.31 mg, 11.4 pumol). Reaction time: 40 min.
Purified on a XBridge C18, Spum 19x150 mm column by using a gradient from 10-50%
acetonitrile 1 1min, 50-90% acetonitrile in NH4sHCO3 (50 mM, pH8) at R.T. The yield was 18.5
mg (53%).

MS (EST) m/z 1462.6 (z=4)

[00168] EXAMPLE 17— SYNTHESIS OF C;; SATURATED ACID CONJUGATE OF
PEG-4 MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 8)
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[00169] To Intermediate 14 (20 mg, 3.5 umol) dissolved in water (600 ul) was added a

solution of 17-azido-3,6,9,12,15-pentaoxaheptadecan-1-amine in acetonitrile (150 ul) and
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DMSO (90 ul). Stirred at 1t for 30min. To the reaction mixture was added triethylamine (5.83
ul ). The mixture was heated to 45 °C and a warm solution of 22-((2,5-dioxopyrrolidin-1-
yhoxy)-22-oxodocosanoic acid (Intermediate 1) (5 mg, 10.5 umol) was added. The mixture
was stirred at 45 °C for 30min. Sodium acetate 3M, pH 5.2 (500 ul) was added and then the
oligo was precipitated by addition of ethanol (24 ml). The mixture was centrifuged at 0 °C for
10 mins at 3500 rpm and the clear supernatant was removed. The residue was washed with
EtOH (5 ml.) and the pellet was dried under vacuum. The residue was purified on a XBridge
C18, Sum 19x150 mm column by using a gradient from 15-60% acetonitrile 11min, 60-90%
acetonitrile 3min in NH4HCOs (50 mM, pHS8) at R.T. The pure fractions were freeze-dried
twice. Yield: 9.8 mg (42%).

MS (ESI) m/z 1589.9 (z=4)

[00170] EXAMPLE 18 — SYNTHESIS OF BILIPID C;: SATURATED ACID
CONJUGATE OF PEG-4 MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ
ID NO: 8)
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[00171] To a warm solution of Intermediate 16 (4.3 mg, 4.05 pmol) in water (200 ul) and
THF (100 ul) was added a warm solution of Intermediate 14 (21 mg, 3.68 umol) in water
(300 ul) and tetrahydrofuran (200 ul). The mixture was stirred at 45 °C for 3h. Sodium acetate
3M, pH 5.2 (500 ul) was added and then the oligo was precipitated by addition of ethanol (24
ml). The mixture was centrifuged at 0 °C for 10 mins at 3500 rpm and the clear supernatant
was removed. The residue was washed with EtOH (5 ml.) and the pellet was dried under
vacuum. The residue was purified on a XBridge C18, Sum 19x150 mm column by using a
gradient from 20-90% acetonitrile in NH4sHCOs (50 mM, pHS8) at R.T. The pure fractions were
evaporated to 2/3 of the volume and freeze-dried twice. Yield: 3 mg (11%).

MS (ESI') m/z 1691.3 (z=4)
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[00172] EXAMPLE 19 — SYNTHESIS OF C;; SATURATED ACID CONJUGATE OF
OPEN MALEIMIDE MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ 1D
NO: 8)
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[00173] To C22-acid Maleimide-MALATI-LNA (40 mg, 6.31 umol) was added a saturated
water solution of sodium hydrogen carbonate (2ml), water (0.6mL) and acetonitrile (0.600 ml).
The mixture was stirred at 1t for 3h. Sodium hydroxide (1M, 150 ul, 150 umol). The reaction
was stirred at 30 °C for 17h then at 40 °C for 10h. The mixture was cooled in ice and pH was
adjusted to pHS5 with acetic acid. The milky solution was filtered and freeze dried. The residue
was purified on a XBridge C18, Sum 19x150 mm column by using a gradient from 10-90%
acetonitrile in NHsHCOs3 (50 mM, pHS8) at R.T. The pure fractions were freeze-dried twice.
Yield: 13 mg (32.2%).

MS (ESI') m/z 1516.1 (z=4)

[00174] EXAMPLE 20 —- SYNTHESIS OF C3; SATURATED ACID CONJUGATE OF
CYSTEINE MALEIMIDE MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ
ID NO: 8)

[00175] Intermediate 19 (6.8 mg, 7.2 pumol) was treated with 3,3'3"-
phosphanetriyltripropionic acid hydrochloride (4.12 mg, 10 umol) in a mixture of
tetrahydrofuran (300 ul), sodium acetate buffer (pH 5.3, 3M, 50.0 ul) and water (100 ul) at 40
°C for 10 mins. The mixture was diluted with water and the sulphide was extracted with
dichloromethane. The organic phase was evaporated and the desired sulphide (3 mg, 6.33
umol) was dissolved in dimethyl formamide (0.200 mL) and added to Intermediate 17
(Maleimide-MALATI1-LNA (25 mg, 4.40 umol) in sodium acetate buffer (3M, pH5.2, 100 ul),
water (500 ul) and dimethyl formamide (200 ul). The mixture was heated at 45 °C for 2h.
Acetonitrile (100 ul) and another portion of sulphide (3 mg, 6.33 pmol) dissolved in dimethyl

formamide (0.200 mL) was added and heating was continued for another 1h. The oligo was
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precipitated by addition of ethanol (14mL), vortexed briefly and left standing at -20C for 30
min. The mixture was centrifuged at 0 °C for 10 mins at 3500 rpm and the clear supernatant
was removed. The oligo was washed once more by dissolving the pellet in 1mL of water and
Sodium acetate 3M, pH 5.2 (100 ul) followed by addition of 14 mL of ethanol, cooled for 30
mins at -20, then centrifuged at 0 °C for 10 mins at 3500 rpm. The supernatant was discarded,
and the product was dried in vacuum. The residue was purified on a XBridge C18, Sum 19x150
mm column by using a gradient from 5-90% acetonitrile in NH4HCO3 (50 mM, pHS) at R.T.
The pure fractions were freeze-dried twice. Yield: 7.5 mg (26.4%).

MS (ESI) m/z 1536.7 (z=4)

[00176] EXAMPLE 21— SYNTHESIS OF C; SATURATED ACID CONJUGATE OF
PEG CYSTEINE MALEIMIDE MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE
(SEQ ID NO: 8)

[00177] To a solution of Intermediate 17 (Maleimide-MALATI1-LNA (30 mg, 5.28 umol)
in water (1 ml), was added Intermediate 21 (1-{[(2R)-1-amino-1-oxo-3-sulfanylpropan-2-
yl]lamino}-1,10,19-triox0-3,6,12,15-tetraoxa-9,18-diazatetracontan-40-oic acid) (12.1 mg, 20
umol) as a solution in dimethylformamide (1.5ml). The mixture was heated at 45 °C for 30min.
Water (1ml) was added, resulting in some precipitation. The mixture was extracted with
diethylether/tetrahydofuran (0.5ml) to remove excess of Intermediate 21. To the water phase
was then added ethanol (14mL) to precipitate the oligo. The mixture was vortexed briefly and
left standing at -20C for 30 min, centrifuged at 0 °C for 10 mins at 3500 rpm and the clear
supernatant was removed. The oligo was washed once more by dissolving the pellet in 1mL of
water and adding sodium acetate 3M, pH 5.2 (100 ul) followed by addition of 14 mL of ethanol,
cooled for 30 mins at -20, then centrifuged at 0 °C for 10 mins at 3500 rpm. The supernatant
was discarded and the product was dried in vacuum. The residue was purified on a XBridge
C18, 5um 19x150 mm column by using a gradient from 10-90% acetonitrile in NH4sHCO3 (50
mM, pHS8) at R.T. The pure fractions were freeze-dried twice. Yield: 11.5 mg (32.3%).

MS (ESI') m/z 1609.0 (z=4)
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[00178] EXAMPLE 22 — SYNTHESIS OF C;; SATURATED ACID CONJUGATE OF
MALEIMIDE MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE (SEQ ID NO: 8)
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[00179] The compound was made according to C22-acid Cystein Maleimide-MALATI-
LNA starting from Intermediate 17 (Maleimide-MALAT1-LNA (10 mg, 1.76 umol) and 22-
mercaptodocosanoic acid (2.00 mg, 5.28 umol) published compound JACS 2003 (125)p7704-
7714 Khoshtariya, Dimitri et al) The yield was 2.7 mg (24.2%).

MS (ESI) m/z 1511.3 (z=4)

[00180] EXAMPLE 23 - SYNTHESIS OF C22 SATURATED ACID CONJUGATE OF
LYS-PEG SQUARIC AMIDE MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE
(SEQ ID NO: 8)
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[00181] To MALATI1-LNA-hexylamine (27 mg, 4.89 umol) in sodium hydrogen carbonate
(pH 10.0, 0.025M, 600 uL) and acetonitrile (200 ul) was added a solution of 34-
diethoxycyclobut-3-ene-1,2-dione (1.1 mg, 6.35 umol) in acetonitrile (127 ul). The mixture
was stirred at rt for 30min. Another portion of 3,4-diethoxycyclobut-3-ene-1,2-dione (1.1 mg,
6.35 umol) in acetonitrile (127 ul) was then added for complete reaction. After stirring for 30
min, a solution of Intermediate 22 (S)-1-amino-22-carboxy-2,11,20,28-tetraox0-6,9,15,18-
tetraoxa-3,12,21,27-tetraazanonatetracontan-49-oic acid (20.67 mg, 0.02 mmol) in DMSO
(300 uL) and sodium bicarbonate, 0.15M (489 ul, 0.07 mmol) was then added and the reaction
was heated at 40 °C for 18h. The product was purified on a XBridge C18, Sum 19x150 mm
column by using a gradient from 10-90% acetonitrile in NHsHCOs (50 mM, pH8) at R.T. The
pure fractions were freeze-dried twice. Yield: 8.5 mg (25.7%).

MS (ESI) m/z 1611.4 (z=4)
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[00182] EXAMPLE 24 —- SYNTHESIS OF Cz; SATURATED ACID CONJUGATE OF
gamma GLU-PEG MALEIMIDE MALAT-1 LNA ANTISENSE OLIGONUCLEOTIDE
(SEQ ID NO: 8)

[00183] Intermediate 17 (Maleimide-MALATI1-LNA) (32mg, 5.64 umol) was dissolved in

water (1 mL) and a warm solution of (2R 23S)-1-amino-23-(2-carboxyethyl)-2-
(mercaptomethyl)-1,4,13,22 25-pentaox0-6,9,15,18-tetraoxa-3,12,21,24-
tetraazahexatetracontan-46-oic acid (7.54mg, 846 pmol) in DMF/ ACN / Water
(0.2ml/0.2ml/0.05m) was added. DMF (0.5mL) was added to get a clear solution. The mixture
was stirred for 30 min at 45 °C. The product was purified on a XBridge C18, Spm 19x150 mm
column by using a gradient from 10-90% acetonitrile in NHsHCOs (50 mM, pH8) at R.T. The
pure fractions were freeze-dried twice. Yield 12.5mg (32.3%)

MS (ESI) m/z 1641.2 (z=4)

[00184] EXAMPLE 25 - DETERMINATION OF ALBUMIN BINDING AFFINITY
AND ESTIMATION OF FREE FRACTION OF 5’ LIPID-CONJUGATED MALAT-1
ASOS USING SURFACE PLASMON RESONANCE (SPR) BIOSENSOR

[00185] Affinity determination of serum albumin from different species (human, bovine, rat)
with Malatl ASO gapmer carrying different ligands was achieved using a Biacore S200
(Cytiva). All experiments were performed at 20°C on a HLC30M chip (Xantec) using running
buffer: 10 mM HEPES, pH 7.4, 150mM NaCl at 30ul/min. Albumin was covalently
immobilized on the chip by EDC-NHS-activated coupling by injecting 100nM albumin in
10mM acetate buffer, pH 5.0. Reference flow cell lacked immobilized protein. Analyte
solutions were injected as three-fold serial dilutions up to 150uM in running buffer, 11
concentrations per analyte, in triplicates. Data were evaluated with Biacore S200 evaluation
software (Cytiva), and the obtained sensorgrams were fitted into a 1:1 steady-state affinity
(fixed Rmax). The resulting apparent affinity (K4, app) is used to estimate the free fraction (fi1)

according to
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[Llbound [R]
00186 =1-——=1—-—
[ ] fu [Lltot aKg,app+[R]
[00187] where [R] is the plasma concentration of albumin and o is an assay calibration
factor. Estimation assumes that the albumin interaction is the dominant contributor to plasma

protein binding and that [R] = [R]wt (i.e. [R] >> [L]).

[00188] The data in FIG. 1 indicated that the increased affinity of lipid-ASO conjugates for
albumin correlates well with the increased lipophilicity/chain length of the fatty acid part. This
can be further modulated by the introduction of unsaturation on the fatty acid chain but also by
modifying linker and spacer properties (lipophilicity and introduction of additional polar
groups) between the oligonucleotide and the fatty acid chain. The observed modulation of
albumin affinity based on differences in lipids and linker composition translated well across

the species studied.

[00189] EXAMPLE 26 - DETERMINATION OF KNOCK DOWN EFFICIENCY OF
SELECTED S LIPID-CONJUGATED MALAT-1 ASOS IN THP-1 CELLS

[00190] THP-1 cells (ATCC® TIB-202™) were cultured according to standard procedures
in RPMI 1640 with GlutaMax, 2g/L glucose, HEPES, MEM Non-Essential Amino Acids,
ImM sodium pyruvate, 10% FBS and 50uM B-mercaptoethanol. Cells were collected by
centrifugation, resuspended in serum free medium and plated at 70.000 cells per well in 96
well culture plates. FA-ASO conjugates were dosed into the medium at final concentrations 1,

0.3, 0.1, and 0.03 uM.
[00191] Cells were incubated at 37°C, 5% CO:z for 24 hours.

[00192] After incubation, cells were transferred to 96-well V-bottom polypropylene
microplates and pelleted at 500g for 3 minutes. Medium was removed and cells lysed in 20uL
lysis buffer (Qiagen RNeasy RLN lysis buffer with 4% RNAsecure™ RNase Inactivation
Reagent from Invitrogen) for 5 minutes at room temperature. 2ul of lysates were used as
templates in 20uL-reverse transcription (RT) reactions (50% RT buffer and 5% enzyme mix
from Invitrogen’s Cells-to-CT Bulk RT Reagents), and RT was performed at 37°C for 60 min,
then 95°C for 5 min.

[00193] The cDNA samples were diluted 1:4 and Real-Time PCR reactions were set up using
3uL ¢cDNA, TagMan™ Fast Advanced Master Mix, and Malat-1 or GAPDH TagMan™ Gene
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Expression Assays (Hs00273907 sl and Hs99999905 ml, all Applied Biosystems) in a total
volume of 10uL.. Amplifications were performed on a QuantStudio™ 7 Flex Real-Time PCR
System (Applied Biosystems) and were conducted at 50°C for 2 min, 95°C for 10 min,
followed by 40 cycles of 95°C for 15 s and 60°C for 1 min. Quantification cycle (Cq) values
were determined by the software using the Auto Baseline and Auto Threshold options and were
then used to calculate relative Malat-1 expression (2°-dCq) normalized against the reference

gene GAPDH s

[00194] The data in FIG. 2 indicated that the introduction in the 5° position of an ASO of a
saturated fatty acid chain bearing a carboxylic acid group improved in vitro knock down of
Malat-1 in THP-1 cells. The increased functional activity and correlated with increasing
lipophilicty of the lipid component. Variation of the linker and spacer chemistries can modulate

the in vitro activity.

[00195] EXAMPLE 27 - DETERMINATION OF KNOCK DOWN EFFICIENCY OF
SELECTED S’ LIPID-CONJUGATED CAMK2D ASOS IN LA-4 CELLS

[00196] L A-4 cells (ATCC CCL- 196 ® ™) were cultured according to standard procedures
in Ham’s F12 nutrient mix media with GlutaMax, 1.8g/L. glucose, 1% MEM Non-Essential
Amino Acids and 15% FBS. Cells were trypsinised, resuspended in standard culture medium
and plated at 6000 cells per well in 384 well culture plates. 16h later the media was removed
from the cells and replaced with serum free media. 12-point dilution series (concentration range
0.000085-15uM) were prepared for both naked and C22 lipid conjugated ASOs. These were

dosed into the medium and cells were incubated at 37°C, 5% CO: for 24 hours.

[00197] After incubation, medium was removed, cells were washed in PBS and lysed in
10uL Cells to CT lysis buffer (Life Technologies) + 1% DNAse per well for 5 minutes at room
temperature with shaking. 2ul of Cells to CT stop solution (Life Technologies) was then added
per well. 4uL of each cell lysate was used a template in a 9uL reverse transcription (RT)
reactions (50% RT buffer and 5% enzyme mix from Invitrogen’s Cells-to-CT Bulk RT
Reagents), and RT was performed at 37°C for 30 min, followed by RT inactivation at 95°C for

5 min.

[00198] Real-Time PCR reactions were set up using 3ul. cDNA, TagMan™ Fast Advanced
Master Mix, and Malat-1 or Rplp0 TagMan™ Gene Expression Assays (Mm00499266 m1
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and Mm00725448 sl, all Applied Biosystems) in a total volume of 10uL. Amplifications were
performed on a QuantStudio™ 7 Flex Real-Time PCR System (Applied Biosystems) and were
conducted at 50°C for 2 min, 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and
60°C for 1 min. Quantification cycle (Cq) values were determined by the software using the
Auto Baseline and Auto Threshold options and were then used to calculate relative CamK2D
expression (2°-dCq) normalized against the reference gene Rplp0. 2/-dCq values for CamK2D
were then normalized to values obtained from H2O treated samples. The data in FIGS. 3A-D

indicates that the lipidated CamK2D ASOs maintained functional activity in vitro.

[00199] EXAMPLE 28 - KNOCKDOWN EFFECT OF FATTY-ACID-
CONJUGATED MALAT-1 ASOS ON THE TARGET GENE IN B6NTAC MICE

[00200] Male B6NTacmice arrived at 8-10 weeks of age, 2/cage-housed and placed on Chow
Diet. Mice were allowed to acclimate for at least one week before subjected to the study. On
day -1, mice were weighed and randomized to appropriate drug treatment groups based on the
body weight. Compounds were dosed by subcutaneous injection through tail vein at Smg/Kg
in PBS at pH7.4 at days 0, 2, 4, 7 and 21. Mice were euthanized via COz inhalation at day 28.
The hearts were removed and approximately 20 mg of apex were weighed out for RNA
extraction. One piece of the liver left lobe was snap frozen in liquid nitrogen for RNA
extraction. The right kidney were removed and snap frozen for RNA extraction. Knock-down

effect was evaluated by RT-qPCR as described in example 26.

[00201] The data indicated in FIGS. 4A-B show that conjugation to a saturated Cz2 acid or
Cis (97) monounsaturated fatty diacid led to similar or increased knock down in the heart but
also to an attenuation of the knock down measured in the liver and kidney compared to the

parent ASO.

[00202] EXAMPLE 29 - KNOCKDOWN EFFECT OF FATTY-ACID-
CONJUGATED CAMK2D ASOS ON THE TARGET GENE IN B6NTAC MICE

[00203] Male B6NTacmice arrived at 8-10 weeks of age, 2/cage-housed and placed on Chow
Diet. Mice were allowed to acclimate for at least one week before subjected to the study. On
day 0, mice were weighed and randomized to appropriate drug treatment groups based on the
body weight. On dayl compounds were dosed by subcutaneous injection through tail vein at
5mg/Kg in PBS at pH7.4. Mice were euthanized via CO: inhalation at day 4. The hearts were

removed and approximately 20 mg of apex were weighed out for RNA extraction. One piece
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of the liver left lobe was snap frozen in liquid nitrogen for RNA extraction. The right kidney
was removed and snap frozen for RNA extraction. Knock-down effect was evaluated as

described in example 26.

[00204] The data indicated in FIG. 5 shows that the saturated C22 acid chain conjugation
improved knock down in the heart and tend to attenuate the knock-down in sink organs like

kidney and liver in comparison to the naked parent ASOs.

[00205] It is to be understood that while certain embodiments have been illustrated and
described herein, the claims are not to be limited to the specific forms or arrangement of parts
described and shown. In the specification, there have been disclosed illustrative embodiments
and, although specific terms are employed, they are used in a generic and descriptive sense
only and not for purposes of limitation. Modifications and variations of the embodiments are
possible in light of the above teachings. It is therefore to be understood that the embodiments

may be practiced otherwise than as specifically described.

SEQUENCES
'SEQ | Sequence

i
cgeagectge ageccgagac tictgtaaag gactggggec cegeaactgg cctetectge
cctettaage gecagcegcecat tttagcaacg cagaageccg gegeeggeaa gectcagetc
gecetgaaggec aggteecctce tgacgectee gggageccag gtttcccaga giccttggga
cgecagegacg agtigtectg ctatcttage tgtecttata ggetggecat tccaggtggt
ggtatttaga taaaaccact caaactctge agtttggtct tggggottige aggaaagctt
ttattttict tectgetecg gttcagaagg tetgaagetc atacctaacc aggceataaca
cagaatctgc aaaacaaaaa cccctaaaaa agcagaccca gageagtgta aacacttctg
ggtgtgtece tgactggetg cecaaggtet ctgtgtctic ggagacaaag cecattegett
agttggtcta ctitaaaagg ccacttgaac tcgctttcca tggegatttg cettgtgage
actttcagga gagcctggaa getgaaaaac ggtagaaaaa tticegtgeg ggecgtggeg
goctggcggc aactgggeeoo cecgeagatca gagtggececa ctggeageca acggececeg
gooctcagge ggggageage tetgtggtgt gggattgage cgttitccaa gagtgggttt
fcacgttict aagatttccc aagcagacag cccgtgcetge tecgatttct cgaacaaaaa
agcaaaacgt gtggctgtct tgggagcaag tcgecaggact gcaageagtt gggegagaaa
gtecgecatt ttgecacttc tcaaccgtce ctgecaagget ggggctcagt tgegtaatgg
aaagtaaagc cctgaactat cacactitaa {cticctica aaaggtggta aactatacct
actgiccctc aagagaacac aagaagtgct ttaagaggta ttttaaaagt tccgggeett
tigtgaggotye titgatgacc cgittaaaat atgatticca tgttictitt gictaaagtt
{gcagcetcaa atctttccac acgctagtaa tttaagtatt tctgeatgtg tagtttgeat
tcaagticca taagctgtta agaaaaatct agaaaagtaa aactagaacc tatttitaac
cgaagaacta cittttgect ccetcacaaa ggeggeggaa ggtgatcgaa ttceggtgat
gcgagttgtt cteegtetat aaatacgect cgecegaget gtgcggtagg cattgaggca
geceagegeag gggctictgc tgaggegoca ggcggagcett gaggaaaccg cagataagtt
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tttttctett tgaaagatag agattaatac aactacttaa aaaatatagt caataggtta
ctaagatatt gettagegtt aagttittaa cgtaattita atagcttaag attttaagag
aaaatatgaa gacttagaag agtagcatga ggaaggaaaa gataaaaggt ttctaaaaca
fgacggaggt tgagatgaag cttcttcatg gagtaaaaaa tgtatttaaa agaaaattga
gagaaaggac tacagagcecc cgaattaata ccaatagaag ggcaatgctt ttagattaaa
atgaaggtga cttaaacagc ttaaagttta gittaaaagt tgtaggteat taaaataatt
tgaaggcgat ctittaaaaa gagattaaac cgaaggtgat taaaagacct tgaaatccat
gacgcaggga gaatigegte atitaaagec tagttaacgce atttactaaa cgcagacgaa
aatggaaaga ttaattggga giggtageat gaaacaattt ggagaagata gaagtttgaa
gtggaaaact ggaagacaga agtacgggaa ggcgaagaaa agaatagaga agatagggaa
attagaagat aaaaacatac ttttagaaga aaaaagataa atttaaacct gaaaagtagg
aagcagaaga aaaaagacaa gctaggaaac aaaaagctaa gggcaaaatg tacaaactta
gaagaaaatt ggaagataga aacaagatag aaaatgaaaa tattgtcaag agtticagat
agaaaatgaa aaacaagcta agacaagtat tggagaagta tagaagatag aaaaatataa
agccaaaaat tggataaaat agcactgaaa aaatgaggaa attatiggta accaatttat
{ttaaaagcc catcaatita attictggtg gtgcagaagt tagaaggtaa agettgagaa
gatgagggtg tttacgtaga ccagaaccaa tttagaagaa tacttgaagce tagaaggega
agttggttaa aaatcacatc aaaaagctac taaaaggact ggtgtaattt aaaaaaaact
aaggcagaag gcttitggaa gagttagaag aatttggaag gecttaaata tagtagetta
gtitgaaaaa tgtgaaggac titcgtaacg gaagtaatic aagatcaaga gtaattacca
acttaatgtt tttgcattgg actttgagtt aagattattt tttaaatccet gaggactage
attaattgac agctgaccca ggtgctacac agaagtggat tcagtgaatc taggaagaca
gcagcagaca ggattccagg aaccagigtt tgatgaagcet aggactgagg agcaagegag
caagcagcag ttcgtggtoa agataggaaa agagtccagg agecagtgcg atttggtgaa
ggaagctagg aagaaggaag gagegctaac gattiggtoo tgaagctagg aaaaaggatt
ccaggaagga gcgagtgcaa tttggtgatg aaggtageag geggcettggce ttggecaacca
cacggaggag gecgageaggc gtitgtgcgta gaggatccta gaccageatg ccagtgtgce
aaggccacag ggaaagcgag tggttggtaa aaatccgtga ggtecggcaat atgttgtttt
fctggaactt acttatggta acctittatt tattttctaa tataatgggg gagtttcgta
ctgaggtota aagggeatita tatggggacg taggecgatt tccgggtigtt gtaggtitet
cttittcagg cttatactca tgaatcttgt ctgaagcttt tgagggcaga ctgccaagtc
ctggagaaat agtagatggce aagtitgigg gittititit titacacgaa tttgaggaaa
accaaatgaa {ttgatagcc aaattgagac aatticagca aatctgtaag cagttigtat
gtitagtige gotaatgaag tatitcagtt ttgtgaatag atgacctgit tttacttect
caccctgaat tegtttigta aatgtagagt ttggatgtat aactgagecg ggggoooagit
{tcagtattt ttitttgtgg gepotegoooc aaaatatgtt ttcagtictt tttcecttag
gtctgtctag aatcctaaag gecaaatgact caaggtgtaa cagaaaacaa gaaaatccaa
fatcaggata atcagaccac cacaggttta cagtttatag aaactagagc agtictcacg
ftgaggtctg tggaagagat gtccattgga gaaatggcetg gtagttactc tittttccee
ccaccccectt aatcagactt taaaagtgcet taacccctta aacttgttat titttacttg
aagcattitg geatgetctt aacagggaag agagageete gegoagaaaa tgtttitite
taagatttic cacagatgct atagtactat tgacaaactg ggttagagaa ggagtgtacc
gcetgtectgt tggcacgaac accttcaggg actggagcetg ctittatect tggaagagta
ticccagtig aagcetgaaaa gtacagceaca gtgcagctit ggttcatatt cagtcatete
aggagaactt cagaagagct tgagtaggcc aaatgtigaa gitaagtitt ccaataatgt
gacticttaa aagttitatt aaaggggage gocaaatatt ggcaattagt tggcagtggce
ctgttacggt tgggattggt ggogtogott taggtaattg tttagtttat gattgcagat
aaactcatgc cagagaactt aaagtcttag aatggaaaaa gtaaagaaat atcaacttcc
aagttggcaa gtaactccca atgatttagt ttttitcecece ccagtttgaa ttgggaaget
goooogagtt aaatatgagce cactgggtet accagtgceat taatttgggc aaggaaagtg
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tcataatttg atactgtatc tgtittcctt caaagtatag agcetitiggg gaaggaaagt
attgaactgg gggttgetct ggcctactgg getgacatta actacaatta tgggaaatge
aaaagttgtt tggatatggt agtgtgteat tetetittgg aatttitttc aggtgattta
ataataattt aaaactacta tagaaactgc agagcaaagg aagtggctta atgatcctga
agggatttct tctgatggta gettttgtat tatcaagtaa gattctattt tcagtigtgt
gtaagcaagt tittttttag tgtaggagaa atacttitce attgittaac tgcaaaacaa
gatgttaagg tatgcticaa aaattitgta aattgtitat {ttaaactta tctgtttgta
aattgtaact gattaagaat tgtgatagtt cagctigaat gtcicttaga gggtgggctt
ttgttgatga gegagoooaa actittitit titctataga ctiititcag ataacatctt
ctgagtcata accagectgg cagtatgatg gectagatge agagaaaaca geteetiggt
gaattgataa gtaaaggcag aaaagattat atgtcatacc {ccattgggg aataagcata
accctgagat tcttactact gatgagaaca ttatctgeat atgecaaaaa attttaagea
aatgaaagct accaatitaa agttacggaa tctaccattt taaagttaat tgcttgtcaa
gctataacca caaaaataat gaattgatga gaaatacaat gaagaggcaa tgtccatctc
aaaatactgc tittacaaaa gcagaataaa agcgaaaaga aatgaaaatg ttacactaca
{taatcctgg aataaaagaa gccgaaataa atgagagatg agttgggate aagtggattg
aggaggctgt getgtotgcc aatgtticgt tigectcaga caggtatcte ttcgttatca
gaagagttgc ttcatttcat ctgggagcag aaaacagceag gcagcetgtta acagataagt
{taacttgca tctgcagtat tgcatgttag ggataagtgce ttatttttaa gagetgtgea
gttcttaaat atcaaccatg gceactitctc ctgaccectt ccctagggga titcaggatt
gagaaatttt tccatcgagc ctttitaaaa ttgtaggact tgttcctgtg gecticagtg
atgggatagt acacticact cagaggcatt tgcatcttta aataatttct taaaagectc
taaagtgatc agtgecttga tgecaactaa ggaaatttgt {tageattga atctctgaag
gctctatgaa aggaatagea tgatgtgctg ttagaatcag atgttactge taaaatttac
atgttgtgat gtaaattgtg tagaaaacca ttaaatcatt caaaataata aactatttit
attagagaat gtatactttt agaaagctgt ctecttattt aaataaaata gtgtttgtet
gtagttcagt gttggggcaa tcttggggge gattcticte taatctttca gaaactttgt
ctgcgaacac tetttaatgg accagatcag gatttgageg gaagaacgaa tgtaacttta
aggcaggaaa gacaaatttt attcttcata aagtgatgag catataataa ttccaggceac
atggcaatag aggccctcta aataaggaat aaataacctc ttagacaggt gggagattat
gatcagagta aaaggtaatt acacatttta tticcagaaa gtcaggggtc tataaatiga
cagtgattag agtaatactt tttcacattt ccaaagtttg catgttaact ttaaatgcett
acaatcttag agiggtaggc aatgttttac actattgacc ttatataggg aagggagggg
gtgccigtge gottttaaag aattticctt tgcagaggcea titcatcett catgaageca
ttcaggattt tgaattgcat atgagtgctt ggceteticet tetgttctag tgagtgtatg
agaccttgca gtgagtttat cagcatactc aaaatttttt {cctggaatt {ggagggatg
goaggagoge gtooooctta ctigttgtag ctittitttt tittacagac ttcacagaga
atgcagttgt cttgacttca ggtctgictg tictgttggc aagtaaatge agtactgtic
fgatcccgcet getattagaa tgceattgtga aacgactgga gtatgattaa aagttgtegtt
ccecaatget tggagtagte attgttgaag gaaaaaatec agetgagtga taaaggetga
gtgtigagga aatttctgea gttttaagea gtcgtatitg tgattgaage tgagtacatt
ttgctggtet attittaggt aaaatgcttt tigticattt ctggtegetog gaggogactg
aagcctttag tcttttccag atgcaacctt aaaatcagtg acaagaaaca ttccaaacaa
gcaacagtct tcaagaaatt aaactggcaa gtggaaatgt ttaaacagtt cagtgatctt
tagtgcattg tttatgtgte gotttctcte teceecteect tggtcttaat tettacatge
aggaacactc agcagacaca cgtatgcgaa gggecagaga agecagacce agtaagaaaa
aatagcctat ttactttaaa taaaccaaac attccatitt aaatgtgggge attgggaacc
actagttctt tcagatggta ttcttcagac tatagaagga gcttccagtt gaattcacca
gtggacaaaa tgaggaaaac aggtgaacaa gettttictg tatttacata caaagtcaga
fcagltatgg gacaatagta ttgaatagat ttcagcettta tgctggagta actggcatgt
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gagcaaactg tgtiggegte goootooago gotoaocotoo ocgctaagec titititaag
atttttcagg tacccctcac taaaggcacc gaaggcttaa agtaggacaa ccatggagcec

ftcetgtggce aggagagaca acaaagegct attatcctaa ggtcaagaga agtgtcagece
tcacctgatt tttattagta atgaggactt geetcaacte cetetttctg gagtgaagea
fccgaaggaa tgettgaagt accecetgggc ttctettaac atttaagcaa getgttttta
fagcagctct taataataaa gcccaaatet caageggtgc ttgaagggga gggaaagegeg
gaaagegggec aaccactitt ccctagcettt tccagaagec tgttaaaage aaggictece
cacaagcaac ttctetgeca catcgecacc cegtgectit tgatctagea cagaccctte
accccteacc tcgatgecage cagtagcettg gatcettgtg ggcatgatece ataateggtt
tcaaggtaac gatggtetcg aggtettigg tggetigaac tatgttagaa aaggcecatta
atttgcctgc aaattgttaa cagaagggta ttaaaaccac agctaagtag ctctattata
atacttatcc agtgactaaa accaactiaa accagtaagt ggagaaataa catgticaag
aactgtaatg ctgggtggea acatgtaact tgtagactgg agaagatagg cattigagtg
gctgagaggge ctittggote geaatgeaaa aattctetge taagactttt tcaggtgaac
ataacagact tggccaagcet agcatctiag cggaagetga tctccaatge tcticagtag
gotcatgaag gtttticttt {cctgagaaa acaacacgta tigtttictc aggtittgct
tittggcctt titctagett aaaaaaaaaa aaagcaaaag atgetggtgg ttggcactec
tgetttccag gacggggttc aaatcectge ggegtctitg ctttgactac taatctgtet
fcaggactct ttctgtattt ctecttttct ctgecaggtec tagtictigg agttttggeg
aggtggooagg taacagcaca atatcttiga actatataca tcettgatgt ataatttgte
aggagcttga cttgattgta taticatatt tacacgagaa cctaatataa ctgecttgte
titttcaggt aatagectge agetggtgtt tigagaagece ctactgetga aaacttaaca
attttgteta ataaaaatgg agaagctcta aatigtigte gticttttgt gaataaaaaa
atcttgattg ggoaaaaaa

2 cgeagcectge ageccgagac tictgtaaag gactggggec cegeaactgg cctetectge
cctettaage gecagcegecat tttagcaacg cagaageccg gegeegggaa gectcagetc
gcetgaagge aggtecccte tgacgectee gggageccag gtticccaga gtecttggga
cgeagegacg agtigtgctg ctatcttage tgiccttata ggetggcecat tccaggtget
ggotatitaga taaaaccact caaactctge agtitggtct tggggttige aggaaagctt
ttattttict tectgeteeg gttcagaagg tetgaagetc atacctaacc aggceataaca
cagaatctgc aaaacaaaaa cccctaaaaa agcagacccea gageagigta aacacttctg
ggtgtgtece tgactggetg cecaaggtet ctgtgtctic ggagacaaag ceattegett
agttggtcta ctttaaaagg ccacttgaac tegctttcca tggegatttg cettgigage
actitcagga gagcctggaa geigaaaaac ggtagaaaaa tticegtgeg geccgtgeeg

goctggcggc aactggeeoe ccgeagatea gagtggocca clggeageca acggececeg
ggoctcaggc ggggagcage tetgtgetet gegatigagg cgtiticcaa gagiggetit
fcacgttict aagatttccc aagcagacag ccegtgcetge tecgatttct cgaacaaaaa
agcaaaacgt gtggctgtct tgggagcaag tcgecaggact gcaageagtt ggggoagaaa
gtcegecatt ttgecactte tcaaccgice ctgecaaggcet ggggctecagt tgcgtaatgg
aaagtaaagc cctgaactat cacactttaa tcttccttca aaaggtggta aactatacct
actgtccctc aagagaacac aagaagtigcet ttaagaggcg gecggaaggtg atcgaatice
gotoatgcega gtigtictce gtetataaat acgectegec cgagetgtge ggtaggcatt
gaggcageca gegeaggggc tictgetgag gogeocagece gagetigage aaaccgeaga
taagttittt tctctitgaa agatagagat taatacaact acttaaaaaa tatagtcaat
aggttactaa gatattgctt agcgttaagt tittaacgta attitaatag cttaagattt
taagagaaaa tatgaagact tagaagagta gcatgaggaa ggaaaagata aaaggtitct
aaaacatgac ggaggttgag atgaagcettc ttcatggagt aaaaaatgta {ttaaaagaa
aattgagaga aaggactaca gagccccgaa ttaataccaa tagaagggcea atgctittag
attaaaatga aggtgactta aacagctiaa agtitagttt aaaagttgta ggtgattaaa
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ataatttgaa ggcgatcttt taaaaagaga ttaaaccgaa ggtgattaaa agacctigaa
atccatgacg cagggagaat tgcgtcattt aaagectagt taacgceattt actaaacgcea
gacgaaaatg gaaagattaa ttgggagteg taggatgaaa caatttggag aagatagaag
{ttgaagtgg aaaactggaa gacagaagta cgggaaggcg aagaaaagaa tagagaagat
agggaaatta gaagataaaa acatactttt agaagaaaaa agataaatit aaacctgaaa
agtaggaagc agaagaaaaa agacaagcta ggaaacaaaa agctaagggce aaaatgtaca
aacttagaag aaaattggaa gatagaaaca agatagaaaa tgaaaatatt gtcaagagtt
{cagatagaa aatgaaaaac aagctaagac aagtatigga gaagtataga agatagaaaa
atataaagcc aaaaattgga taaaatagca ctgaaaaaat gaggaaaltta tiggtaacca
atttatttta aaagcccatc aatttaattt ctggtggtec agaagttaga aggtaaagcet
{gagaagatg agggtgttta cgtagaccag aaccaattta gaagaatact tgaagctaga
agggeaagtt ggttaaaaat cacatcaaaa agctactaaa aggactggte taatttaaaa
aaaactaagg cagaaggctt ttggaagagt tagaagaaltt tggaaggcct taaatatagt
agcttagttt gaaaaatgtg aaggacttic gtaacggaag taattcaaga tcaagagtaa
ttaccaactt aatgtititg cattggactt tgagttaaga ttattitita aatcctgagg
actagcatta attgacagct gacccaggtg ctacacagaa gtggattcag tgaatctagg
aagacagcag cagacaggat tccaggaacc agtgtitgat gaagctagga ctgaggagea
agcgagcaag cagcagttcg tggtgaagat aggaaaagag tccaggagcec agtgegattt
ggtgaaggaa getaggaaga aggaaggage getaacgatt tggtggteaa getaggaaaa
aggaticcag gaaggagcga gtgcaattlg gtgatgaagg tagecaggegg ctiggctige
caaccacacg gaggaggcga gecaggcegtie tgcgtagagg atcctagacc ageatgecag
tgtgccaagg ccacagggaa agegagtgot tggtaaaaat cegtgaggte ggcaatatgt
tgtittictg gaacttactt atggtaacct tttatttatt tictaatata atgggegagt
ticgtactga ggtgtaaagg gatttatatg ggeacgtagg ccgatitccg ggtgtigtag
gtttctettt ticaggetta tactcatgaa tettgtetga agcettitgag ggcagactge
caagtcctgg agaaatagta gatggcaagt ttgtgggttt ttittttita cacgaatitg
aggaaaacca aatgaatttg atagccaaat tgagacaatt tcagcaaatc tgtaagecagt
ttgtatgttt agttgggogota atgaagtatt tcagttttgt gaatagatga cctgtitita
cttcctcace ctgaattegt titgtaaatg tagagtttgg atgtgtaact gaggeggegg
goagtittca glatttittt ttgtggeoot coooocaaaa tatgtitica gtictitite
ccttaggtet gictagaatc ctaaaggcaa atgactcaag gtgtaacaga aaacaagaaa
atccaatatc aggataatca gaccaccaca ggtttacagt ttatagaaac tagagcagtt
ctcacgitga ggteigtgga agagatgtce attggagaaa tggetggtag ttactettit
ttceececac ceccttaate agactttaaa agtgettaac cccttaaact tgttatttit
tacttgaagc attttgggat ggtcttaaca gggaagagag aggetgoooo agaaaatgtt
{ttttctaag attttccaca gatgctatag tactattgac aaactgggtt agagaaggag
fgtaccgctg tgetgttggc acgaacacct tcagggactg gagcetgcttt tatccttgga
agagtaticc cagttgaagc tgaaaagtac agcacagtgc agcetttggtt catattcagt
catctcagga gaacttcaga agagcttgag taggccaaat gitgaagtta agttttccaa
taatgtgact tcttaaaagt titattaaag gggagggoca aatattggea attagtigge
agtggccetgt tacggtigee attgotoooo tooottiago taatigttta gtttatgatt
gcagataaac tcatgccaga gaacttaaag tcttagaatg gaaaaagtaa agaaatatca
acttccaagt tggcaagtaa ctcccaatga tttagttitt ttcecceecag ttigaatigg
gaagctggge oaagttaaat atgagecact gggtgtacca gtgcattaat ttgggcaagg
aaagtgtcat aatttgatac tgtatctgtt ttccticaaa gtatagagct tttggggaag
gaaagtattg aactgggeet tggtetggcc tactgggctg acattaacta caattatggg
aaatgcaaaa gttgtttgga tatggtagtg tgtggttctc ttttggaatt titttcaggt
gatttaataa taatttaaaa ctactataga aactgcagag caaaggaagt ggcttaatga
fcctgaaggg atttettetg atggtagett ttgtattatc aagtaagatt ctattticag
{tgtototaa geaagtittt ttttagtgta ggagaaatac titiccattg tttaactgca
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aaacaagatg ttaaggtatg cttcaaaaat titgtaaatt gtitattita aacttatctg
fttgtaaatt gtaactgatt aagaattgtg atagttcage ttgaatgtct cttagagggt
goocttitgt tgatgaggga ggggaaactt ttttititc tatagacttt tttcagataa
catcttctga gtcataacca gectggceagt atgatggcect agatgcagag aaaacagctc
cttggtgaat tgataagtaa aggcagaaaa gattatatgt catacctcca ttggggaata
agcataaccc tgagattctt actactgatg agaacattat ctgcatatge caaaaaattt
taagcaaatg aaagctacca atttaaagtt acggaatcta ccattitaaa gttaattgcet
tgtcaagcta taaccacaaa aataatgaat tgatgagaaa tacaatgaag aggcaatgtc
catctcaaaa tactgctitt acaaaagcag aataaaagcg aaaagaaatg aaaatgttac
actacattaa tcctggaata aaagaagecg aaataaatga gagatgagtt gggatcaagt
ggattgagga ggctgtgctg tgtgccaatg tticgtttge ctcagacagg tatcteticg
ttatcagaag agttgctica tticatctgg gagcagaaaa cagecaggceag ctgttaacag
ataagtttaa cttgcatctg cagtattgca tgttagggat aagtgcttat ttttaagage
tgtggagtic ttaaatatca accatggcac tttctectga ceccttecct aggggattic
aggatigaga aatttitcca tcgagcecttt ttaaaatigt aggactigtt cctgtgggct
fcagtgatgg gatagtacac ticactcaga ggcatttgca tctttaaata atttcttaaa
agcctctaaa gtgatcagtg cctigatgec aactaaggaa attigtttag cattgaatet
ctgaaggctc tatgaaagga atagcatgat gtgctgttag aatcagatgt tactgetaaa
atttacatgt tgtgatgtaa attgtgtaga aaaccattaa atcattcaaa ataataaact
atttitatta gagaatgtat acttttagaa agctgtctcc ttatttaaat aaaatagtgt
ttgtctgtag ttcagtgtig ggocaatctt ggggggoatt citctctaat ctttcagaaa
ctttgtctge gaacactcett taatggacca gatcaggatt tgagecggaag aacgaatgta
actitaaggc aggaaagaca aattttattc ticataaagt gatgagcata taataattcc
aggcacatgg caatagaggc cctctaaata aggaataaat aacctcttag acaggtggga
gattatgatc agagtaaaag gtaattacac attttatttc cagaaagtca ggggtctata
aattgacagt gattagagta atactititc acatttccaa agtttgcatg ttaactttaa
atgcttacaa tcttagagtg gtaggcaatg ttitacacta ttgaccttat atagggaagg
gaggoootoc ctgtgggott ttaaagaatt ttcctitgea gaggcatttc atecticatg
aagccatica ggattitgaa ttgcatatga gtgcttggcet cttectictg ttctagtgag
tgtatgagac ctigcagtga gtttatcage atactcaaaa tttitttcct ggaattigga
gogatgooag gagooootoo ooctiacttg ttgtagetit {ttttititt acagactica
cagagaatgc agttgtcttg acttcaggtc tgictgtict gttggcaagt aaatgecagta
ctgttctgat ccegetgeta ttagaatgcea ttgigaaacg actggagtat gattaaaagt
tgtgttccee aatgetigga glagtgattg ttgaaggaaa aaatccaget gagtgataaa
ggctgagtgt tgaggaaatt tetgeagtit taageagteg tattigtgat tgaagetgag
facattttge tggtetattt ttaggtaaaa tgctttttgt tcatttctgg tggtegggage
ggactgaage ctttagtett ttccagatge aaccttaaaa tcagtgacaa gaaacattce
aaacaagcaa cagtcttcaa gaaattaaac tggcaagigg aaatgtttaa acagttcagt
gatctttagt geattgttta tgtgtggett teteteteee cteecttggt cttaattett
acatgcagga acactcagca gacacacgta tgcgaagggc cagagaagec agacccagta
agaaaaaata gcctatttac tttaaataaa ccaaacattc cattitaaat gigggoatie
ggaaccacta gttctticag atggtatict tcagactata gaaggagctt ccagttgaat
tcaccagtgg acaaaatgag gaaaacaggt gaacaagctt titctgtatt tacatacaaa
gtcagatcag ttatgggaca atagtattga atagatttca getttatget ggagtaactg
gcatgtgage aaactgtgtt ggegtggooo tooagoooto agoteoocgc taagectitt
tttaagattt ttcaggtacc cctcactaaa ggcaccgaag gettaaagta ggacaaccat
ggagccttce tgtggcagga gagacaacaa agegcetatta tectaaggtc aagagaagtg
tcagcctcac ctgattttta ttagtaatga ggacttgect caacteccte tttctggagt
gaagcatccg aaggaatgct tgaagtacce ctgggctict cttaacattt aagcaagetg
{ttttatage agctcttaat aataaagecc aaatctcaag cggtgcttga aggggaggga
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aaggggoaaa geggegcaacce actiticect agettitcca gaagectgtt aaaagcaagg
fctccecaca ageaacttet ctgecacate gecaccecgt gecttttgat ctagecacaga
cccticacce ctcacctega tgecagecagt agettggate cttgtgggcea tgatccataa
fcggtitcaa ggtaacgatg gtgtcgaggt ctitggtgggo ttgaactatg ttagaaaagg
ccattaattt gcctgcaaat tgitaacaga agggtattaa aaccacagcet aagtagetct
attataatac ttatccagtg actaaaacca acttaaacca gtaagtggag aaataacatg
ticaagaact gtaatgctgg gtgggaacat gtaactigia gactggagaa gataggcatt
{gagtggctg agagggcttt {ggetgogaa tgcaaaaatt ctetgetaag acttiticag
gtgaacataa cagactiggc caagctagea tettagecgga agetgatete caatgetcett
cagtagggtc atgaaggttt tictiticct gagaaaacaa cacgtlattgt titctcaggt
fttgcttttt ggectttitc tagcttaaaa aaaaaaaaag caaaagatgc tggtegtteg
cactcctggt ticcaggacg gggticaaat ceetgeggeg tetitgetit gactactaat
ctgtcticag gactctitet gtatttctec titictctge aggtgctagt {ctiggagtt
{ftggeoagot gooapetaac agcacaatat ctitgaacta tatacatect tgatgtataa
titgtcagga gettgacttg attgtatatt catatitaca cgagaaccta atataactge
cttgtctttt tcaggtaata gectgeaget gatgttitga gaagecctac tgetgaaaac
ttaacaattt tgtgtaataa aaatggagaa gctctaaatt gtigtggttc tittgtgaat
aaaaaaatct tgattgggeea aaaaa

3 cgeagectge ageecgagac ttetgtaaag gactgggeocc ccgeaactgg cetcetectge
cctcttaage geagegecat tttagecaacg cagaageccg gegecgggaa gectcagete
geetgaagge aggteeccte tgacgectee gggageccag gtttceccaga gtectiggga
cgeagegacg agtigtgctg ctatcttage tgtcettata ggetggecat tccaggtggt
ggotatitaga taaaaccact caaactctge agtttggtct tgggottige aggaaagctt
{tatttttct teetgeteeg gticagaagg tectgaagcete atacctaacce aggcataaca
cagaatctgc aaaacaaaaa cccctaaaaa agcagaccca gageagtgta aacacttctg
gotetgtcee tgactggctg cccaaggtet ctgtgtctic ggagacaaag ccattcgett
agttggteta ctitaaaagg ccacttgaac tcgctttcca tggegatitg cettgtgage
actttcagga gagcctggaa getgaaaaac ggtagaaaaa tttceglgeg geccgtgeeg
goctggcgec aactgggege ccgeagatea gagtggocca ciggeageca acggeceeeg
ggoctcaggce ggggagcage teigtgetgt gegattgage cgtiticcaa gagiggetit
tcacgtttct aagatticcc aagcagacag ccegtgetge tecgattict cgaacaaaaa
agcaaaacgt gtggctgict tgggagcaag tcgecaggact gcaageagtt gggooagaaa
gtcegecatt ttgecacttc tcaaccgtee ctgecaaggcet gggoctcagt tgcgtaatge
aaagtaaagc cctgaactat cacactitaa tcticctica aaaggtggta aactatacct
actgtccctc aagagaacac aagaagtigcet ttaagaggcg geggaaggtg atcgaatice
ggtgatgcega gtigtictce gictataaat acgectcgee cgagetgtge ggtaggcatt
gaggcageca gegeagggec tictgetgag gggocaggcg gagettgagg aaaccgeaga
taagttittt {ctetttgaa agatagagat taatacaact acttaaaaaa tatagtcaat
aggttactaa gatattgctt agcgttaagt ttttaacgta attttaatag cttaagattt
taagagaaaa tatgaagact tagaagagta gcatgaggaa ggaaaagata aaaggtitct
aaaacatgac ggaggtigag atgaagcttc ttcatggagt aaaaaatgta tttaaaagaa
aatigagaga aaggactaca gagccccgaa ttaataccaa tagaagggca atgctittag
attaaaatga aggtgactta aacagcttaa agtttagttt aaaagttgta ggtgattaaa
ataatttgaa ggcgatcttt taaaaagaga ttaaaccgaa ggtgattaaa agacctigaa
atccatgacg cagggagaat tgegtcattt aaagectagt taacgcattt actaaacgcea
gacgaaaatg gaaagattaa ttgggagtgg taggatgaaa caatitggag aagatagaag
fttgaagtgg aaaactggaa gacagaagta cgggaaggcg aagaaaagaa tagagaagat
agggaaatta gaagataaaa acatacttit agaagaaaaa agataaattt aaacctgaaa
agtaggaagc agaagaaaaa agacaagcta ggaaacaaaa agcetaagggce aaaatgtaca

63



WO 2022/058386 PCT/EP2021/075386

aacttagaag aaaattggaa gatagaaaca agatagaaaa tgaaaatatt gtcaagagtt
fcagatagaa aatgaaaaac aagctaagac aagtattgga gaagtataga agatagaaaa
atataaagcc aaaaatitgga taaaatagca ctgaaaaaat gaggaaatia tiggtaacca
atttatttta aaagcccatc aatttaattt ctggtggtec agaagttaga aggtaaagcet
{gagaagatg agggtgtita cgtagaccag aaccaattta gaagaatact tgaagctaga
aggggaagtt gottaaaaat cacatcaaaa agctactaaa aggactggtg taatttaaaa
aaaactaagg cagaaggctt {tggaagagt tagaagaaltt tggaaggcct taaatatagt
agcttagttt gaaaaatgtg aaggacttic gtaacggaag taattcaaga tcaagagtaa
ttaccaactt aatgtttitg cattggactt (gagttaaga ttatttttta aatcctgagg
actagcatta attgacagct gacccaggtg ctacacagaa gtggattcag tgaatctagg
aagacagcag cagacaggat tccaggaacc agtgtttgat gaagetagga ctgaggagea
agcgagcaag cagceagtitcg tggtgaagat aggaaaagag {ccaggagec agtgegatit
ggtgaageaa getaggaaga aggaaggagce getaacgatt tggtggteaa getaggaaaa
aggattccag gaaggagcga gtgcaatttg gtgatgaagg tagcaggegg ctiggctigg
caaccacacg gaggageocga gecaggcegtig tgcgtagagg atcctagacc ageatgecag
fgtgccaagg ccacagggaa agegagtget tggtaaaaat ccgtgaggtc ggcaatatgt
tgtittictg gaacttactt atggtaacct tttatttatt tictaatata atgggggagt
ftcgtactga gotgtaaagg gatttatatg gggacgtagg ccgatttceg ggtettotag
gtttctettt ttcaggetta tactcatgaa tettgtctga agettitgag ggcagactge
caagtcctgg agaaatagta gatggcaagt tigtgggttt tittititta cacgaattig
aggaaaacca aatgaatitg atagccaaat tgagacaatt tcagcaaatc tgtaagcagt
ttgtatgttt agttggoota atgaagtatt tcagttttgt gaatagatga cctgtittta
cttcetcacc ctgaattegt ttigtaaatg tagagitige atgtetaact gaggcggoeg
ggagtitica gtattititt tigtggooot goooocaaaa tatgttttca gttctttttc
ccttaggtct gtctagaatc ctaaaggcaa atgactcaag gtgtaacaga aaacaagaaa
atccaatatc aggataatca gaccaccaca ggtttacagt ttatagaaac tagagcagtt
ctcacgttga ggtctgtgga agagatgice atiggagaaa tggetggtag ttactetitt
{tcecececcac ccccttaate agactttaaa agtgcttaac cccttaaact tgttattitt
tacttgaagc attttgggat ggtcttaaca gggaagagag aggetgggooo agaaaatgtt
titttctaag attttccaca gatgctatag tactatigac aaactgggtt agagaaggag
{gtaccgctg tgetgtigge acgaacacct tcagggactg gagetgcettt tatectigga
agagtattcc cagtigaagce tgaaaagtac agcacagigc agcttiggtt cataticagt
catctcagga gaacttcaga agagcettgag taggccaaat gttgaagtta agtittccaa
taatgtgact (cttaaaagt tttattaaag gggaggggoca aatattggca attagtiggc
agtggcctgt tacggtigee attggtogooo toootttage taattgttta gtttatgatt
gcagataaac tcatgccaga gaacttaaag tcttagaatg gaaaaagtaa agaaatatca
acttccaagt tggcaagtaa ctcccaatga tttagtittt ttccceccag tttgaattgg
gaagctgggoe gaagttaaat atgagecact gggtgtacca gtgcattaat ttgggcaagg
aaagtgtcat aatttgatac tgtatctgtt ttccttcaaa gtatagagcet tttggggaag
gaaagtattg aactgggegt tggtctgoce tactggectg acattaacta caattatggg
aaatgcaaaa gttgtttgea tatggtagtg tetggticte tittggaatt ttittcaggt
gatttaataa taatttaaaa ctactataga aactgcagag caaaggaagt ggcttaatga
tcctgaaggg atttettctg atggtagett tigtattatc aaacttitit cagataacat
cttctgagtc ataaccagcce tggeagtatg atggectaga tgecagagaaa acagcetectt
ggtoaatiga taagtaaagg cagaaaagat tatatgtcat acctcecattg gggaataage
ataaccctga gattcttact actgatgaga acattatctg catatgccaa aaaatittaa
gcaaatgaaa gctaccaatt taaagttacg gaatctacca ttttaaagtt aattgettgt
caagctataa ccacaaaaat aatgaattga tgagaaatac aatgaagagg caatgtccat
ctcaaaatac tgcttitaca aaagcagaat aaaagcgaaa agaaatgaaa atgttacact
acattaatcc tggaataaaa gaagccgaaa taaatgagag atgagitgge atcaagtgga
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ttgaggaggoc tgtgctgtet gecaatgtit cgtttgectec agacaggtat ctcticgtta
fcagaagagt tgcttcattt catctgggag cagaaaacag caggcagcetg ttaacagata
agtttaactt gcatctgeag tattgcatgt tagggataag tgcttatttt taagagetgt
ggagttctta aatatcaacc atggcacttt ctcctgacce cttcectagg ggatttcagg
attgagaaat tittccatcg agcectitita aaattgtagg acttgttcct gtgggcttca
gtgatgggat agtacactic actcagaggc atttgcatct ttaaataatt tcttaaaage
ctctaaagtg atcagtgect tgatgecaac taaggaaatt (gtitageat tgaatctetg
aaggctctat gaaaggaata gcatgatgtg ctgttagaat cagatgttac tgctaaaatt
tacatgttgt gatgtaaatt gtgtagaaaa ccattaaatc attcaaaata ataaactatt
{itattagag aatgtatact tttagaaagc tgtcicctta tttaaataaa atagigtitg
fctgtagttc agtgttgggg caatcttggg ggggattctt cictaatett tcagaaactt
tgtctgegaa cactctttaa {ggaccagat caggatttga gecggaagaac gaatgtaact
{taaggcagg aaagacaaat tttattctic ataaagtgat gagcatataa taattccagg
cacatggcaa tagaggccct ctaaataagg aataaataac ctcttagaca ggtgggagat
tatgatcaga gtaaaaggta attacacatt ttatttccag aaagtcaggg gtctataaat
tgacagtgat tagagtaata ctttttcaca tttccaaagt ttgcatgtta actttaaatg
cttacaatct tagagtggta ggcaatgttt tacactattg accttatata gggaagggag
ggeootocctg tgggatttta aagaatttic ctttgcagag gcatttcate cttcatgaag
ccattcagga ttttgaattg catatgagtg cttggcetctt cctictgttc tagtgagtgt
atgagacctt gcagtgagtt tatcagcata ctcaaaattt ttttcctgga attiggaggg
atgggaggag goootooooc ttacttgttg tagcettittt tititttaca gacttcacag
agaatgcagt tgtcttgact tcaggtctgt ctgtictgtt ggcaagtaaa tgcagtactg
tictgatece getgetatta gaatgceattg tgaaacgact ggagtatgat taaaagtigt
gttccecaat gettggagta gteattgttg aaggaaaaaa tccagetgag tgataaagge
tgagtgttga ggaaatttct gcagttitaa gcagtcgtat ttgtgatiga agetgagtac
attttgetgg totattitta ggtaaaatge tititgtica tttctggtag tgggagggea
ctgaagcectt tagicttitc cagatgcaac cttaaaatca gtgacaagaa acattccaaa
caagcaacag tcttcaagaa attaaactgg caagtggaaa tgtttaaaca gttcagtgat
ctttagtgcea ttgtttatgt gtgggttict ctetcecete cettggtett aattcttaca
fgcaggaaca ctcagcagac acacgtatge gaagggcecag agaagecaga cccagtaaga
aaaaatagcc tatttacttt aaataaacca aacattccat tttaaatgtg gggatigega
accactagtt cittcagatg gtaticttca gactatagaa ggagcticca gitgaattca
ccagiggaca aaatgaggaa aacaggtgaa caagcttitt ctgtatttac atacaaagtc
agatcagtita tgggacaata gtattgaata gatticagcet ttatgetgga gtaactggea
tgtgagcaaa cigtgltggoce gtgggootoo aggootgage tegocgctaa gectttttit
aagatttttc aggtacccct cactaaagge accgaaggct taaagtagga caaccatgga
gcecttectgt ggcaggagag acaacaaagce getattatce taaggtcaag agaagtgtca
geetcaccetg atttitatta gtaatgagga cttgectcaa cteectettt ctggagigaa
gcatccgaag gaatgettga agtaccectg gectictett aacatttaag caagetgtit
ttatagcagc tcttaataat aaagcccaaa tctcaagegg tgetigaagg goagggoaaag
ggooaaagcg gecaaccact tticcctage ttitccagaa gectgttaaa agcaaggtcet
ccecacaagce aacttetetg ccacategec accecgtgec ttitgatcta gcacagacce
ttcaccecte acctcgatge agecagtage ttggatectt gtggecatga tecataateg
giticaaggt aacgatggte tcgaggtctt tggtgootie aactatgtta gaaaaggeca
ttaatttgcce tgcaaattgt taacagaagg gtattaaaac cacagctaag tagcetctatt
ataatactta tccagtgact aaaaccaact taaaccagta agtggagaaa taacatgttc
aagaactgta atgctggetg ggaacatgta acttgtagac tggagaagat aggcattiga
gtggctgaga gggcttitgg gtgggaatge aaaaattcte tgetaagact tittcaggtg
aacataacag acttggccaa gctagceatct tagecggaagc tgatctccaa tgetcticag
tagggtcatg aaggttitic ttitcctgag aaaacaacac gtattgttit ctcaggtttt
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gcttttiggc ctittictag cttaaaaaaa aaaaaagcaa aagatgctgg tggttggcac
fcctggtitc caggacgggge ttcaaatece tgeggegtet ttgctitgac tactaatetg
fcttcaggac tetttetgta ttictecttt tetetgeagg tgetagtict tggagtittg
ggeoageoteoo agotaacage acaatatctt tgaactatat acatccttga tgtataattt
gtcaggagct tgacttgatt gtatattcat atttacacga gaacctaata taactgectt
gtcttttica ggtaatagec tgecagetggt gitttgagaa gecctactge tgaaaactta
acaattttgt gtaataaaaa tggagaagct ctaaattgtt gtggtictit tgtgaataaa
aaaatcttga ttggggaaaa aa

fcagcattctaatagcagc

tmS5cagmb5catimSctaatagmScagm5c

m5¢ — S-methylcytidine

gcatictaatagcagce

gm5cattimSctaatagmScagmS5c

m5¢ — 5-methylcytidine

GMS5CAttmSctaatagmS5cAGMSC

m5c— 5-methylcytidine and capital letters are LNA nucleosides

GTTtggtattm5cttTAG

m5c— 5-methylcytidine and capital letters are LNA nucleosides

10

GTGtmS5caam5ScaamSemScaTTT

m5¢ — 5-methylcytidine and capital letters are LNA nucleosides

11

MSCAMSCAaatttattaaMSCTMSCT

m5¢ — 5-methylcytidine and capital letters are LNA nucleosides

12

MS5CTGttmS5cttm5ScaAtaATG

m5c¢ — 5-methylcytidine and capital letters are LNA nucleosides

13

AMSCMSCatgagmSctataM5SCTT

m5c — 5-methylcytidine and capital letters are LNA nucleosides
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CLAIMS

1. An acid acyl conjugated oligonucleotide comprising:
a) a carboxy acyl group;
b) an oligonucleotide; and

¢) alinker connecting the carboxy acyl group to the oligonucleotide.

2. The acid acyl conjugated oligonucleotide of claim 1, wherein the carboxy acyl group
i1s Csto Cs2.
3. The acid acyl conjugated oligonucleotide of claim 1 or 2, wherein the carboxy acyl

group is saturated.

4, The acid acyl conjugated oligonucleotide of claim 1 or 2, wherein the carboxy acyl

group is monounsaturated or polyunsaturated.

5. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the linker is bound to the 5' end of the oligonucleotide.

6. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the linker comprises an amino terminus connected to the carboxy acyl group.

7. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the linker comprises a phosphate terminus connected to the oligonucleotide.

8. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the oligonucleotide is DNA.

9. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the oligonucleotide is RNA.

10. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the oligonucleotide is an antisense oligonucleotide.

11. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the oligonucleotide is a phosphorothioate oligonucleotide.

12. An acid acyl conjugated oligonucleotide of formula (I):
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O=0

HO—

wherein:

—X—A—L—Y ()

X is Cs to Cs2 alkyl or alkenyl;
A is a conjugation group;
L is a linker; and

Y is an oligonucleotide.

13. The acid acyl conjugated oligonucleotide of claim 12, wherein X is Cio to Ca6 alkyl or

alkenyl.

14. The acid acyl conjugated oligonucleotide of claim 12, wherein X is Ci4, Ci6 or C22

alkyl or alkenyl.
15.  The acid acyl conjugated oligonucleotide of claim 12, wherein X is Cio to C26 alkyl.
16. The acid acyl conjugated oligonucleotide of claim 15, wherein X is Cio to C22 alkyl

17. The acid acyl conjugated oligonucleotide of claim 15, wherein X is Ci4 alkyl, Cis
alkyl or C22 alkyl.

18. The acid acyl conjugated oligonucleotide of claim 15, wherein X is alkenyl.
19. The acid acyl conjugated oligonucleotide of claim 18, wherein X is Cio to Ca6 alkenyl.

20. The acid acyl conjugated oligonucleotide of claim 12, wherein A is chosen from:
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21.  The acid acyl conjugated oligonucleotide of claim 20, wherein A is C=0.

22. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the linker (L) is bound to the 5' end of the oligonucleotide.

23. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the linker (L) comprises an amino terminus connected to the carboxy acyl group.

24, The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the linker (L) comprises a phosphate terminus connected to the oligonucleotide.

25. The acid acyl conjugated oligonucleotide of any one of the proceeding claims,

wherein the linker (L) is

H o)
| |
—N—W—o—llv—
ZH

wherein Z is O or S and W is chosen from C) to Cio alkyl or alkenyl or one of the following:
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OH

H,N——W

HZN\/\/\/\
OH -
HN OH.

>

S OH
HzN/\/\/\/ \s/\/\/\/ :

>

/O\/\O/\/O\/\O/\/OH

>

HoN

HO.

P s OH
NN o \O/\/\/\/ \s/\/\/\/
HoN

>

I e e W Ve W e |

HZN\/\/\/\/\/\/\
OH

26. The acid acyl conjugated oligonucleotide of claim 25, wherein W is Cs4 to Cs alkyl.

27. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the linker (L) is -NH-CsH12-O-PO2-.

28. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the linker (L) is attached to the oligonucleotide via a phosphate linkage.

29. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the oligonucleotide is DNA.
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30. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the oligonucleotide is RNA.

31. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the oligonucleotide is an antisense oligonucleotide.

32. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the oligonucleotide is a phosphorothioate oligonucleotide.

33. An acid acyl conjugated oligonucleotide of formula (Ia):

O O
I I
HO-C-X-C-L-Y
(la)
wherein:

X is Cio to Co6 alkyl;
L is a linker -NH-CsH12-O-PO»-; and
Y is DNA,

wherein the linker is attached to the DNA via a phosphate linkage at the 5° end of the DNA.

34, The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein
the oligonucleotide improves reduction in cardiac cell expression compared to a non-acyl

conjugated oligonucleotide.

35. The acid acyl conjugated oligonucleotide of any one of the preceding claims, wherein

the oligonucleotide is an antisense oligonucleotide that specifically binds to MALAT]I.

36. A method of making an acid acyl oligonucleotide of formula (Ia), the method
comprising:
A) providing a fatty diacid of formula (II)

0O O

Il Il
HO ~-C—~X~C~0H
(II);

B) reacting the fatty diacid with an activating group, A, to form an acid acyl

compound of formula (IIT):

0
| | (IID);
HO-C-X-C-A*
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wherein A* is the activating group attached to the fatty acyl compound;

() reacting the compound of formula (IIT) with a compound of formula (I'V):
Ly (AV),

wherein *L is a linker with a reactive group;

to form the compound of formula (Ia):

O O

I Il
HO-C-X-C-L-Y
(Ta)

wherein: X is Cs to Cs2 alkyl or alkenyl; L is a linker; and Y is an oligonucleotide.

37. The method of claim 36, wherein the reaction in B) is reacting a carboxylic acid with

an amine to form an activated ester amine.

38. The method of claim 37, wherein the amine is N-hydroxysuccinimide (NHS) and the

activated ester amine 1s an NHS ester.

39. The method of making of claim 36, wherein the activating group A* is chosen from
F
OgNaz0 O=<I F OH
r ) oH | F ., TBTU, and HATU.
40.  The method of making of any one of claims 36 to 39, wherein the reaction in ¢) is a

coupling between the activating group A* attached to the fatty acyl compound and a primary

amine on the linker (L).

41.  The method of making of any one of claims 36 to 40, wherein the activating group A*

attached to the fatty acyl compound is an activated ester amine.

42.  The method of making of any one of claims 36 to 41, wherein the L* is a C3-Cio

amine.

43, The method of making of any one of claims 36 to 41, wherein the L* is a hexylamine.
44.  The method of any one of claims 36 to 43, wherein X is Cio to Cae alkyl or alkenyl.
45.  The method of any one of claims 36 to 44, wherein X is Cis or C22 alkyl or alkenyl.
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46.  The method of any one of claims 36 to 45, wherein X is alkyl.

47. The method of claim 46, wherein X is Cio to Czs alkyl

48. The method of claim 46, wherein X is Cis alkyl or C22 alkyl.

49.  The method of any one of claims 36 to 45, wherein X is alkenyl.

50.  The method of claim 49, wherein X is Cio to C26 alkenyl.

51. The method of claim 49 or claim 50, wherein the alkenyl is monounsaturated.
52. The method of claim 49 or claim 50, wherein the alkenyl is polyunsaturated.

53. The method of any one of claims 36 to 52, wherein the linker (L) is bound to the 5'

end of the oligonucleotide.

54, The method of any one of claims 36 to 53, wherein the linker (L) comprises an amino

terminus connected to the carboxy acyl group.

55. The method of any one of claims 36 to 54, wherein the linker (L) comprises a

phosphate terminus connected to the oligonucleotide.

56. The method of any one of claims 36 to 55, wherein the linker (L) is;

H o)
| |
—N—w—o—F|>—

ZH

wherein Z is O or S and W is chosen from C) to Cio alkyl or alkenyl or one of the following:

OH

H,N—W

HzN\/\/\/\
OH:

>
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/\/O\/\
H,N OH.

>

s OH
HzN/\/\/\/ \S/\/\/\/ .

>

HzN\/\/\/\/\/\/\
OH

57. The method of claim 56, wherein W is Cs to Cs alkyl.

58. The method of any one of claims 36 to 57, wherein the linker (L) is -NH-CsH12-O-
PO2-.

59. The method of any one of claims 36 to 58, wherein the linker (L) is attached to the

oligonucleotide via a phosphate linkage.
60.  The method of any one of claims 36 to 59, wherein the oligonucleotide is DNA.
61.  The method of any one of claims 36 to 59, wherein the oligonucleotide is RNA.

62.  The method of any one of claims 36 to 59, wherein the oligonucleotide is an antisense

oligonucleotide.

63.  The method of any one of claims 36 to 62, wherein the oligonucleotide is a

phosphorothioate oligonucleotide.

64, A method of delivering an oligonucleotide to cardiac tissue in a subject comprising:

a) providing acid acyl conjugated oligonucleotide of any one of claim 1 to 35, and
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b) administering the acid acyl conjugated oligonucleotide to the subject.

65. The method of claim 64, wherein the acid acyl conjugated oligonucleotide is a

compound of formula (I):

)
HO-Q-X-A—L—Y D
wherein:
X is Cio to Coz6 alkyl;
Ais C=0;
L is a linker -NH-CsH12-O-PO2-; and
Y is DNA,

wherein the linker is attached to the DNA via a phosphate linkage at the 5 end of the
DNA.

66. The method of claim 64 or 65, wherein the oligonucleotide is an antisense

oligonucleotide.

67.  The method of any one of claims 64-66, wherein the oligonucleotide is an antisense

oligonucleotide that specifically binds to a target selected from MALATI.
68.  The method of any one of claims 64 to 67, wherein the subject is a mammal.
69. The method of claim 68, wherein the mammal is a human.

70.  The method of any one of claims 64 to 69, wherein the oligonucleotide is

administered to treat a cardiac disease.

71. A method of reducing expression of a gene of interest in the cardiac cells of a subject,
the method comprising:
a) providing acid acyl conjugated oligonucleotide of any one of claim 1 to 35, and

b) administering the acid acyl conjugated oligonucleotide to the subject.

72. The method of claim 71, wherein the acid acyl conjugated oligonucleotide is a

compound of formula (I):
0
|
HO—C—X—A—L—Y ()

77



WO 2022/058386 PCT/EP2021/075386

wherein:
X is Cio to Coz6 alkyl;
Ais C=0;
L is a linker -NH-CsH12-O-PO2-; and
Y is DNA,

wherein the linker is attached to the DNA via a phosphate linkage at the 5 end of the
DNA.

73. The method of claims 71 or 72, wherein the oligonucleotide is an antisense

oligonucleotide.

74.  The method of any one of claims 71 to 73, wherein the oligonucleotide is an antisense

oligonucleotide that specifically binds to a target selected from MALATI.
75.  The method of any one of claims 72 to 74, wherein the subject is a mammal.

76. The method of claim 75, wherein the mammal is a human.
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