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CAMK2D ANTISENSE OLIGONUCLEOTIDES AND USES THEREOF 

REFERENCE TO SEQUENCE LISTING SUBMITTED 
ELECTRONICALLY VIA EFS-WEB 

[0001]   The content of the electronically submitted sequence listing (Name: 

3338_102PC04_SequenceListing_ST25.txt, Size: 746,302 bytes; and Date of Creation: 

February 20, 2019) submitted in this application is incorporated herein by reference in its 

entirety.  

FIELD OF DISCLOSURE 

[0002]   The present disclosure relates to antisense oligomeric compounds (ASOs) that 

target calcium/calmodulin-dependent protein kinase type II delta (CAMK2D) transcript in 

a cell, leading to reduced expression of CAMK2D protein. Reduction of CAMK2D 

protein expression can be beneficial for a range of medical disorders, such as 

cardiovascular-related diseases or disorders.  

BACKGROUND 

[0003]   Calcium/calmodulin (Ca2+/CaM)-dependent serine/threonine kinases (CaMKs) 

constitute a family of 81 proteins in the human proteasome that play a central role in 

cellular signaling by transmitting Ca2+ signals. Four CaMKII isozymes (α, β, γ, and δ), in 

addition to about 30 splice variants, are expressed in humans. Braun, A.P., et al., Annual 

Review of Physiology 57:417-445 (1995). Of these, CaMKIIδ ("CAMK2D") protein is the 

most abundant isoform in the heart and plays an important role in the excitation-

contraction coupling (ECC) and relaxation processes of normal cardiac physiology. 

Mattiazzi A., et al., Am J Physiol Heart Circ Physiol 308:H1177-H1191 (2015). 

CAMK2D activity has also been described as being important in the recovery process 

after certain heart related injury (e.g., ischemia-reperfusion injury). Said M., et al., Am J 

Physiol Heart Circ Physiol 285:H1198-205 (2003).  

[0004]   Despite various scientific advancements, heart-related diseases remain the leading 

cause of death for both men and women worldwide. The American Heart Association 

estimates that by 2030, nearly 40% of the U.S. population would have some form of a 

cardiovascular disease and the direct medical costs are projected to reach $818 billion. 
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REFERENCE TO SEQUENCE LISTING SUBMITTED
ELECTRONICALLY VIA EFS-WEB

[0001] The content of the electronically submitted sequence listing (Name:

3338_102PC04_SequenceListing_ST25.txt Size: 746,302 bytes; and Date of Creation:

February 20, 2019) submitted in this application is incorporated herein by reference in its

entirety.

FIELD OF DISCLOSURE

[0002] The present disclosure relates to antisense oligomeric compounds (ASOs) that

target calcium/calmodulin-dependent protein kinase type II delta (CAMK2D) transcript in

a cell, leading to reduced expression of CAMK2D protein. Reduction of CAMK2D

protein expression can be beneficial for a range of medical disorders, such as

cardiovascular-related diseases or disorders.

BACKGROUND

[0003] Calcium/calmodulin (Ca²/CaM)-dependent serine/threonine kinases (CaMKs)

constitute a family of 81 proteins in the human proteasome that play a central role in

cellular signaling by transmitting Ca² signals. Four CaMKII isozymes (, ß, , and ), in

addition to about 30 splice variants, are expressed in humans. Braun, A.P., et al., Annual

Review of Physiology 57:417-445 (1995). Of these, CaMKII ("CAMK2D") protein is the

most abundant isoform in the heart and plays an important role in the excitation-

contraction coupling (ECC) and relaxation processes of normal cardiac physiology.

Mattiazzi A., et al., Am J Physiol Heart Circ Physiol 308:H1177-H1191 (2015).

CAMK2D activity has also been described as being important in the recovery process

after certain heart related injury (e.g., ischemia-reperfusion injury). Said M., et al., Am J

Physiol Heart Circ Physiol 285:H1198-205 (2003).

[0004] Despite various scientific advancements, heart-related diseases remain the leading

cause of death for both men and women worldwide. The American Heart Association

estimates that by 2030, nearly 40% of the U.S. population would have some form of a

cardiovascular disease and the direct medical costs are projected to reach $818 billion.
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See Benjamin, E.J., et al., Circulation 135:e146-e603 (2017). However, Mattiazzi et al. 

notes that "[t]he ubiquitous nature of CaMKII and its effects on different protein targets 

challenge the use of CaMKII inhibitors as a therapeutic tool." Am J Physiol Heart Circ 

Physiol 308:H1177-H1191 (2015). Therefore, new treatment options that are much more 

robust and cost-effective are highly desirable. It is an object of the invention to go some 

way to satisfying this desire; and/or to at least provide the public with a useful choice. 

[0004a]  In this specification where reference has been made to patent specifications, other 

external documents, or other sources of information, this is generally for the purpose of 

providing a context for discussing the features of the invention.  Unless specifically stated 

otherwise, reference to such external documents is not to be construed as an admission 

that such documents, or such sources of information, in any jurisdiction, are prior art, or 

form part of the common general knowledge in the art. 

SUMMARY OF DISCLOSURE 

[0004b]  In a first aspect, the invention provides a an antisense oligonucleotide (ASO) 

comprising a contiguous nucleotide sequence of 10 to 30 nucleotides in length, wherein 

the ASO is capable of reducing a calcium/calmodulin-dependent protein kinase type II 

delta (CAMK2D) protein and/or CAMK2D transcript expression in a cell expressing the 

CAMK2D protein and/or CAMK2D transcript, and wherein the contiguous nucleotide 

sequence comprises the sequence set forth in SEQ ID NO: 1688, SEQ ID NO: 24, SEQ 

ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 114, SEQ ID NO: 158, SEQ ID NO: 190, SEQ 

ID NO: 327, SEQ ID NO: 463, SEQ ID NO: 513, SEQ ID NO: 516, SEQ ID NO: 519, 

SEQ ID NO: 657, SEQ ID NO: 659, SEQ ID NO: 822, SEQ ID NO: 827, SEQ ID NO: 

981, SEQ ID NO: 982, SEQ ID NO: 983, SEQ ID NO: 984, SEQ ID NO: 986, SEQ ID 

NO: 989, SEQ ID NO: 1247, SEQ ID NO: 1249, SEQ ID NO: 1326, SEQ ID NO: 1359, 

SEQ ID NO: 1363, SEQ ID NO: 1371, SEQ ID NO: 1387, SEQ ID NO: 1389, SEQ ID 

NO: 1390, SEQ ID NO: 1409, SEQ ID NO: 1415, SEQ ID NO: 1420, SEQ ID NO: 1429, 

SEQ ID NO: 1524, SEQ ID NO: 1530, SEQ ID NO: 1659, SEQ ID NO: 1662, SEQ ID 

NO: 1663, SEQ ID NO: 1676, SEQ ID NO: 1685, SEQ ID NO: 1686, SEQ ID NO: 1687, 

or SEQ ID NO: 1690; 

and wherein the ASO comprises at least one nucleoside analog and is a gapmer. 

[0004c]  In a second aspect, the invention provides a conjugate comprising the ASO of the 

first aspect of the invention, wherein the ASO is covalently attached to at least one non-
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See Benjamin, E.J., et al., Circulation 135:e146-e603 (2017). However, Mattiazzi et al.

notes that "[t]he ubiquitous nature of CaMKII and its effects on different protein targets
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challenge the use of CaMKII inhibitors as a therapeutic tool." Am J Physiol Heart Circ

Physiol 308:H1177-H1191 (2015). Therefore, new treatment options that are much more

robust and cost-effective are highly desirable. It is an object of the invention to go some

way to satisfying this desire; and/or to at least provide the public with a useful choice.

[0004a] In this specification where reference has been made to patent specifications, other

external documents, or other sources of information, this is generally for the purpose of

providing a context for discussing the features of the invention. Unless specifically stated

otherwise, reference to such external documents is not to be construed as an admission

that such documents, or such sources of information, in any jurisdiction, are prior art, or

form part of the common general knowledge in the art.

SUMMARY OF DISCLOSURE

[0004b] In a first aspect, the invention provides a an antisense oligonucleotide (ASO)

comprising a contiguous nucleotide sequence of 10 to 30 nucleotides in length, wherein

the ASO is capable of reducing a calcium/calmodulin-dependent protein kinase type II

delta (CAMK2D) protein and/or CAMK2D transcript expression in a cell expressing the

CAMK2D protein and/or CAMK2D transcript, and wherein the contiguous nucleotide

sequence comprises the sequence set forth in SEQ ID NO: 1688, SEQ ID NO: 24, SEQ

ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 114, SEQ ID NO: 158, SEQ ID NO: 190, SEQ

ID NO: 327, SEQ ID NO: 463, SEQ ID NO: 513, SEQ ID NO: 516, SEQ ID NO: 519,

SEQ ID NO: 657, SEQ ID NO: 659, SEQ ID NO: 822, SEQ ID NO: 827, SEQ ID NO:

981, SEQ ID NO: 982, SEQ ID NO: 983, SEQ ID NO: 984, SEQ ID NO: 986, SEQ ID

NO: 989, SEQ ID NO: 1247, SEQ ID NO: 1249, SEQ ID NO: 1326, SEQ ID NO: 1359,

SEQ ID NO: 1363, SEQ ID NO: 1371, SEQ ID NO: 1387, SEQ ID NO: 1389, SEQ ID

NO: 1390, SEQ ID NO: 1409, SEQ ID NO: 1415, SEQ ID NO: 1420, SEQ ID NO: 1429,

SEQ ID NO: 1524, SEQ ID NO: 1530, SEQ ID NO: 1659, SEQ ID NO: 1662, SEQ ID

NO: 1663, SEQ ID NO: 1676, SEQ ID NO: 1685, SEQ ID NO: 1686, SEQ ID NO: 1687,

or SEQ ID NO: 1690;

and wherein the ASO comprises at least one nucleoside analog and is a gapmer.

[0004c] In a second aspect, the invention provides a conjugate comprising the ASO of the

first aspect of the invention, wherein the ASO is covalently attached to at least one non-
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nucleotide or non-polynucleotide moiety, wherein the non-nucleotide or non-

polynucleotide moiety comprises a protein, a fatty acid chain, a sugar residue, a 

glycoprotein, a polymer, or any combinations thereof. 

[0004d]  In a third aspect, the invention provides a pharmaceutical composition comprising 

the ASO of the first aspect of the invention or the conjugate of the second aspect of the 

invention, and a pharmaceutically acceptable diluent, carrier, salt, or adjuvant, wherein 

the pharmaceutically acceptable salt comprises a sodium salt, a potassium salt, an 

ammonium salt, or any combination thereof. 

[0004e]  In another aspect, the invention provides a kit comprising the ASO of the first 

aspect of the invention, the conjugate of the second aspect of the invention, or the 

pharmaceutical composition of the third aspect of the invention, and instructions for use. 

[0004f]  Also described is a diagnostic kit comprising the ASO of the first aspect of the 

invention, the conjugate of the second aspect of the invention, or the pharmaceutical 

composition of the third aspect of the invention, and instructions for use. 

[0004g]  In another aspect, the invention provides a method of inhibiting or reducing 

CAMK2D protein expression in a cell, comprising administering the ASO of the first 

aspect of the invention, the conjugate of the second aspect of the invention, or the 

pharmaceutical composition of the third aspect of the invention to the cell expressing 

CAMK2D protein, wherein the CAMK2D protein expression in the cell is inhibited or 

reduced after the administration.  

[0004h]  In another aspect, the invention provides a method of reducing, ameliorating, or 

treating one or more symptoms of a cardiovascular disease or disorder in a subject in need 

thereof, comprising administering an effective amount of the ASO of the first aspect of 

the invention, the conjugate of the second aspect of the invention, or the pharmaceutical 

composition of the third aspect of the invention to the subject. 

[0004i]  In another aspect, the invention provides use of the ASO of the first aspect of the 

invention, the conjugate of the second aspect of the invention, or the pharmaceutical 

composition of the third aspect of the invention for the manufacture of a medicament for 

the treatment of a cardiovascular disease or disorder in a subject in need thereof. 

[0004j]  In the description in this specification reference may be made to subject matter 

which is not within the scope of the claims of the current application. That subject matter 

should be readily identifiable by a person skilled in the art and may assist in putting into 

practice the invention as defined in the claims of this application. 
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polynucleotide moiety comprises a protein, a fatty acid chain, a sugar residue, a

glycoprotein, a polymer, or any combinations thereof.

[0004d] In a third aspect, the invention provides a pharmaceutical composition comprising

the ASO of the first aspect of the invention or the conjugate of the second aspect of the
2019226001 23

invention, and a pharmaceutically acceptable diluent, carrier, salt, or adjuvant, wherein

the pharmaceutically acceptable salt comprises a sodium salt, a potassium salt, an

ammonium salt, or any combination thereof.

[0004e] In another aspect, the invention provides a kit comprising the ASO of the first

aspect of the invention, the conjugate of the second aspect of the invention, or the

pharmaceutical composition of the third aspect of the invention, and instructions for use.

[0004f] Also described is a diagnostic kit comprising the ASO of the first aspect of the

invention, the conjugate of the second aspect of the invention, or the pharmaceutical

composition of the third aspect of the invention, and instructions for use.

[0004g] In another aspect, the invention provides a method of inhibiting or reducing

CAMK2D protein expression in a cell, comprising administering the ASO of the first

aspect of the invention, the conjugate of the second aspect of the invention, or the

pharmaceutical composition of the third aspect of the invention to the cell expressing

CAMK2D protein, wherein the CAMK2D protein expression in the cell is inhibited or

reduced after the administration.

[0004h] In another aspect, the invention provides a method of reducing, ameliorating, or

treating one or more symptoms of a cardiovascular disease or disorder in a subject in need

thereof, comprising administering an effective amount of the ASO of the first aspect of

the invention, the conjugate of the second aspect of the invention, or the pharmaceutical

composition of the third aspect of the invention to the subject.

[0004i] In another aspect, the invention provides use of the ASO of the first aspect of the

invention, the conjugate of the second aspect of the invention, or the pharmaceutical

composition of the third aspect of the invention for the manufacture of a medicament for

the treatment of a cardiovascular disease or disorder in a subject in need thereof.

[0004j] In the description in this specification reference may be made to subject matter

which is not within the scope of the claims of the current application. That subject matter

should be readily identifiable by a person skilled in the art and may assist in putting into

practice the invention as defined in the claims of this application.
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[0004k]  The term “comprising” as used in this specification and claims means “consisting at 

least in part of”.  When interpreting statements in this specification and claims which 

include the term “comprising”, other features besides the features prefaced by this term in 

each statement can also be present.  Related terms such as “comprise” and “comprises” 

are to be interpreted in similar manner. 

[0005]   The present disclosure is directed to an antisense oligonucleotide (ASO) 

comprising, consisting essentially of, or consisting of the contiguous nucleotide sequence 

of 10 to 30 nucleotides in length that is complementary, such as fully complementary, to a 

nucleic acid sequence within a  calcium/calmodulin-dependent protein kinase type II delta 

(CAMK2D) transcript. In some embodiments, the ASO of the present disclosure, or 

contiguous nucleotide sequence thereof, is at least about 80%, at least about 85%, at least 

about 90%, at least about 95%, or about 100% complementary to the nucleic acid 

sequence within the CAMK2D transcript. In some embodiments, the CAMK2D transcript 

is selected from the group consisting of SEQ ID NO: 1 and SEQ ID NO: 2.  

[0006]   In some embodiments, the ASO described herein is capable of reducing CAMK2D 

protein expression in a human cell (e.g., HEK293 cell) which is expressing the CAMK2D 

protein. In some embodiments, the CAMK2D protein expression is reduced by at least 

about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, 

at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least 

about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, 

or about 100% compared to CAMK2D protein expression in a human cell that is not 

exposed to the ASO.  

[0007]   In some embodiments, the ASO is capable of reducing CAMK2D transcript (e.g., 

mRNA) expression in a human cell (e.g., HEK293 cell), which is expressing the 

CAMK2D transcript. In some embodiments, the CAMK2D transcript expression is 

reduced by at least about 30%, at least about 35%, at least about 40%, at least about 45%, 

at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least 

about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, 

at least about 95%, or about 100% compared to CAMK2D transcript expression in a 

human cell that is not exposed to the ASO.  

[0008]   In some embodiments, the ASO disclosed herein is a gapmer. In some 

embodiments, the ASO has a design of LLLDnLLL, LLLLDnLLLL, or LLLLLDnLLLLL, 

wherein the L is a nucleoside analog, the D is DNA, and n can be any integer between 4 
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[0004k] The term "comprising" as used in this specification and claims means "consisting at

least in part of". When interpreting statements in this specification and claims which
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include the term "comprising", other features besides the features prefaced by this term in

each statement can also be present. Related terms such as "comprise" and "comprises"

are to be interpreted in similar manner.

[0005] The present disclosure is directed to an antisense oligonucleotide (ASO)

comprising, consisting essentially of, or consisting of the contiguous nucleotide sequence

of 10 to 30 nucleotides in length that is complementary, such as fully complementary, to a

nucleic acid sequence within a calcium/calmodulin-dependent protein kinase type II delta

(CAMK2D) transcript. In some embodiments, the ASO of the present disclosure, or

contiguous nucleotide sequence thereof, is at least about 80%, at least about 85%, at least

about 90%, at least about 95%, or about 100% complementary to the nucleic acid

sequence within the CAMK2D transcript. In some embodiments, the CAMK2D transcript

is selected from the group consisting of SEQ ID NO: 1 and SEQ ID NO: 2.

[0006] In some embodiments, the ASO described herein is capable of reducing CAMK2D

protein expression in a human cell (e.g., HEK293 cell) which is expressing the CAMK2D

protein. In some embodiments, the CAMK2D protein expression is reduced by at least

about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%,

at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least

about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%,

or about 100% compared to CAMK2D protein expression in a human cell that is not

exposed to the ASO.

[0007] In some embodiments, the ASO is capable of reducing CAMK2D transcript (e.g.,

mRNA) expression in a human cell (e.g., HEK293 cell), which is expressing the

CAMK2D transcript. In some embodiments, the CAMK2D transcript expression is

reduced by at least about 30%, at least about 35%, at least about 40%, at least about 45%,

at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least

about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%,

at least about 95%, or about 100% compared to CAMK2D transcript expression in a

human cell that is not exposed to the ASO.

[0008] In some embodiments, the ASO disclosed herein is a gapmer. In some

embodiments, the ASO has a design of LLLDLLL, LLLLDLLLL, or LLLLLDLLLLL,

wherein the L is a nucleoside analog, the D is DNA, and n can be any integer between 4
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and 24. In some embodiments, n can be any integer between 6 and 14. In some 

embodiments, n can be any integer between 8 and 12.  

[0009]   In some embodiments, the nucleoside analog of the ASO disclosed herein 

comprises a 2'-O-alkyl-RNA; 2'-O-methyl RNA (2'-OMe); 2'-alkoxy-RNA; 2'-O-

methoxyethyl-RNA (2'-MOE); 2'-amino-DNA; 2'-fluro-RNA; 2'-fluoro-DNA; arabino 

nucleic acid (ANA); 2'-fluoro-ANA; or bicyclic nucleoside analog (LNA). In some 

embodiments, one or more of the nucleoside analog of the ASO is a sugar modified 

nucleoside. In some embodiments, the sugar modified nucleoside is an affinity enhancing 

2' sugar modified nucleoside. In some embodiments, one or more of the nucleoside 

analog comprises a nucleoside comprising a bicyclic sugar. In some embodiments, the 

affinity enhancing 2' sugar modified nucleoside is an LNA. In some embodiments, the 

LNA is selected from the group consisting of constrained ethyl nucleoside (cEt), 2',4'-

constrained 2′-O-methoxyethyl (cMOE), α-L-LNA, β-D-LNA, 2'-O,4'-C-ethylene-

bridged nucleic acids (ENA), amino-LNA, oxy-LNA, thio-LNA, or any combination 

thereof. In some embodiments, the ASO comprises one or more 5'-methyl-cytosine 

nucleobases.  

[0010]   In some embodiments, the ASO described herein is capable of (i) reducing an 

mRNA level encoding CAMK2D inhuman Inducible Pluripotent Stem Cell-Derived 

Cardiomyocytes (hiPSC-CM); (ii) reducing a protein level of CAMK2D in hiPSC-CM; 

(iii) reducing, ameliorating, or treating one or more symptoms of a cardiovascular disease 

or disorder, and (iv) any combination thereof.  

[0011]   In some embodiments, the contiguous nucleotide sequence of the ASO is 

complementary to a nucleic acid sequence comprising (i) nucleotides 625 – 842 of SEQ 

ID NO: 1; (ii) nucleotides 1,398 – 59,755 of SEQ ID NO: 1; (iii) nucleotides 61,817 – 

104,725 of SEQ ID NO: 1; (iv) nucleotides 112,162 – 118,021 of SEQ ID NO: 1; (v) 

nucleotides 119,440 – 135,219 of SEQ ID NO: 1; (vi) nucleotides 137,587 – 157,856 of 

SEQ ID NO: 1; (vii) nucleotides 159,191 – 266,174 of SEQ ID NO: 1; or (viii) 

nucleotides 272,788 – 310,949 of SEQ ID NO: 1. In some embodiments, the contiguous 

nucleotide sequence of the ASO is complementary to a nucleic acid sequence comprising 

(i) nucleotides 675 – 792 of SEQ ID NO: 1; (ii) nucleotides 1,448 – 59,705 of SEQ ID 

NO: 1; (iii) nucleotides 61,867 – 104,675 of SEQ ID NO: 1; (iv) nucleotides 112,212 – 

117,971 of SEQ ID NO: 1; (v) nucleotides 119,490 – 135,169 of SEQ ID NO: 1; (vi) 

nucleotides 137,637 – 157,806 of SEQ ID NO: 1; (vii) nucleotides 159,241 – 266,124 of 

SEQ ID NO: 1; or (viii) nucleotides 272,838 – 310,899 of SEQ ID NO: 1. In some 
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and 24. In some embodiments, n can be any integer between 6 and 14. In some
Jun 2025

embodiments, n can be any integer between 8 and 12.

[0009] In some embodiments, the nucleoside analog of the ASO disclosed herein

comprises a 2'-O-alkyl-RNA; 2'-O-methyl RNA (2'-OMe); 2'-alkoxy-RNA; 2'-O-

methoxyethyl-RNA (2'-MOE); 2'-amino-DNA; 2'-fluro-RNA; 2'-fluoro-DNA; arabino
2019226001 23

nucleic acid (ANA); 2'-fluoro-ANA; or bicyclic nucleoside analog (LNA). In some

embodiments, one or more of the nucleoside analog of the ASO is a sugar modified

nucleoside. In some embodiments, the sugar modified nucleoside is an affinity enhancing

2' sugar modified nucleoside. In some embodiments, one or more of the nucleoside

analog comprises a nucleoside comprising a bicyclic sugar. In some embodiments, the

affinity enhancing 2' sugar modified nucleoside is an LNA. In some embodiments, the

LNA is selected from the group consisting of constrained ethyl nucleoside (cEt), 2',4'-

constrained 2'-O-methoxyethyl (cMOE), -L-LNA, -D-LNA, 2'-O,4'-C-ethylene-

bridged nucleic acids (ENA), amino-LNA, oxy-LNA, thio-LNA, or any combination

thereof. In some embodiments, the ASO comprises one or more 5'-methyl-cytosine

nucleobases.

[0010] In some embodiments, the ASO described herein is capable of (i) reducing an

mRNA level encoding CAMK2D inhuman Inducible Pluripotent Stem Cell-Derived

Cardiomyocytes (hiPSC-CM); (ii) reducing a protein level of CAMK2D in hiPSC-CM;

(iii) reducing, ameliorating, or treating one or more symptoms of a cardiovascular disease

or disorder, and (iv) any combination thereof.

[0011] In some embodiments, the contiguous nucleotide sequence of the ASO is

complementary to a nucleic acid sequence comprising (i) nucleotides 625 - 842 of SEQ

ID NO: 1; (ii) nucleotides 1,398 - 59,755 of SEQ ID NO: 1; (iii) nucleotides 61,817 -

104,725 of SEQ ID NO: 1; (iv) nucleotides 112,162 - 118,021 of SEQ ID NO: 1; (v)

nucleotides 119,440 - 135,219 of SEQ ID NO: 1; (vi) nucleotides 137,587 - 157,856 of

SEQ ID NO: 1; (vii) nucleotides 159,191 - 266,174 of SEQ ID NO: 1; or (viii)

nucleotides 272,788 - 310,949 of SEQ ID NO: 1. In some embodiments, the contiguous

nucleotide sequence of the ASO is complementary to a nucleic acid sequence comprising

(i) nucleotides 675 - 792 of SEQ ID NO: 1; (ii) nucleotides 1,448 - 59,705 of SEQ ID

NO: 1; (iii) nucleotides 61,867 - 104,675 of SEQ ID NO: 1; (iv) nucleotides 112,212 -

117,971 of SEQ ID NO: 1; (v) nucleotides 119,490 - 135,169 of SEQ ID NO: 1; (vi)

nucleotides 137,637 - 157,806 of SEQ ID NO: 1; (vii) nucleotides 159,241 - 266,124 of

SEQ ID NO: 1; or (viii) nucleotides 272,838 - 310,899 of SEQ ID NO: 1. In some
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embodiments, the contiguous nucleotide sequence of the ASO is complementary to a 

nucleic acid sequence comprising (i) nucleotides 725 – 742 of SEQ ID NO: 1; (ii) 

nucleotides 1,498 – 59,655 of SEQ ID NO: 1; (iii) nucleotides 61,917 – 104,625 of SEQ 

ID NO: 1; (iv) nucleotides 112,262 – 117,921 of SEQ ID NO: 1; (v) nucleotides 119,540 

– 135,119 of SEQ ID NO: 1; (vi) nucleotides 137,687 – 157,756 of SEQ ID NO: 1; (vii) 

159,291 – 266,074 of SEQ ID NO: 1; or (viii) nucleotides 272,888 – 310,849 of SEQ ID 

NO: 1.  

[0012]   In some embodiments, the contiguous nucleotide sequence of the ASO comprises 

SEQ ID NO: 4 to SEQ ID NO: 1713 with one or two mismatches. In some embodiments, 

the contiguous nucleotide sequence of the ASO comprises the nucleotide sequence 

selected from the sequences in FIGs. 1A and 1B (SEQ ID NO: 4 to SEQ ID NO: 1713). 

In some embodiments, the contiguous nucleotide sequence of the ASO comprises SEQ ID 

NO: 25, SEQ ID NO: 27, SEQ ID NO: 114, SEQ ID NO: 158, SEQ ID NO: 190, SEQ ID 

NO: 327, SEQ ID NO: 463, SEQ ID NO: 513, SEQ ID NO: 516, SEQ ID NO: 519, SEQ 

ID NO: 657, SEQ ID NO: 659, SEQ ID NO: 827, SEQ ID NO: 1249, SEQ ID NO: 1326, 

SEQ ID NO: 1409, SEQ ID NO: 1524, SEQ ID NO: 1530, SEQ ID NO: 1662, or SEQ ID 

NO: 1676. In some embodiments, the contiguous nucleotide sequence of the ASO 

comprises SEQ ID NO: 55, SEQ ID NO: 61, SEQ ID NO: 63, SEQ ID NO: 71, SEQ ID 

NO: 75, SEQ ID NO: 79, SEQ ID NO: 84, SEQ ID NO: 85, SEQ ID NO: 92, SEQ ID 

NO: 102, SEQ ID NO: 105, SEQ ID NO: 128, SEQ ID NO: 130, SEQ ID NO: 133, SEQ 

ID NO: 138, SEQ ID NO: 161, SEQ ID NO: 178, SEQ ID NO: 180, SEQ ID NO: 186, 

SEQ ID NO: 195, SEQ ID NO: 200, SEQ ID NO: 202, SEQ ID NO: 234, SEQ ID NO: 

264, SEQ ID NO: 387, SEQ ID NO: 390, SEQ ID NO: 396, SEQ ID NO: 441, SEQ ID 

NO: 446, SEQ ID NO: 457, SEQ ID NO: 467, SEQ ID NO: 523, SEQ ID NO: 524, SEQ 

ID NO: 636, SEQ ID NO: 640, SEQ ID NO: 700, SEQ ID NO: 740, SEQ ID NO: 832, 

SEQ ID NO: 965, SEQ ID NO: 1015, SEQ ID NO: 1065, SEQ ID NO: 1071, SEQ ID 

NO: 1155, SEQ ID NO: 1475, SEQ ID NO: 1508, SEQ ID NO: 1685, SEQ ID NO: 1686, 

SEQ ID NO: 1687, SEQ ID NO: 1688, or SEQ ID NO: 1690.  

[0013]   In some embodiments, the ASO of the present disclosure has a design selected from 

the group consisting of the designs in FIG. 3, wherein the upper letter is a sugar modified 

nucleoside and the lower case letter is DNA. 

[0014]   In some embodiments, the ASO disclosed herein is capable of reducing expression 

of CAMK2D protein in a hiPSC-CM cell which is expressing the CAMK2D protein. In 

some embodiments, the expression of CAMK2D protein is reduced by at least about 20%, 
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embodiments, the contiguous nucleotide sequence of the ASO is complementary to a

nucleic acid sequence comprising (i) nucleotides 725 - 742 of SEQ ID NO: 1; (ii)
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nucleotides 1,498 - 59,655 of SEQ ID NO: 1; (iii) nucleotides 61,917 - 104,625 of SEQ

ID NO: 1; (iv) nucleotides 112,262 - 117,921 of SEQ ID NO: 1; (v) nucleotides 119,540

- 135,119 of SEQ ID NO: 1; (vi) nucleotides 137,687 - 157,756 of SEQ ID NO: 1; (vii)

159,291 - 266,074 of SEQ ID NO: 1; or (viii) nucleotides 272,888 - 310,849 of SEQ ID

NO: 1.

[0012] In some embodiments, the contiguous nucleotide sequence of the ASO comprises

SEQ ID NO: 4 to SEQ ID NO: 1713 with one or two mismatches. In some embodiments,

the contiguous nucleotide sequence of the ASO comprises the nucleotide sequence

selected from the sequences in FIGs. 1A and 1B (SEQ ID NO: 4 to SEQ ID NO: 1713).

In some embodiments, the contiguous nucleotide sequence of the ASO comprises SEQ ID

NO: 25, SEQ ID NO: 27, SEQ ID NO: 114, SEQ ID NO: 158, SEQ ID NO: 190, SEQ ID

NO: 327, SEQ ID NO: 463, SEQ ID NO: 513, SEQ ID NO: 516, SEQ ID NO: 519, SEQ

ID NO: 657, SEQ ID NO: 659, SEQ ID NO: 827, SEQ ID NO: 1249, SEQ ID NO: 1326,

SEQ ID NO: 1409, SEQ ID NO: 1524, SEQ ID NO: 1530, SEQ ID NO: 1662, or SEQ ID

NO: 1676. In some embodiments, the contiguous nucleotide sequence of the ASO

comprises SEQ ID NO: 55, SEQ ID NO: 61, SEQ ID NO: 63, SEQ ID NO: 71, SEQ ID

NO: 75, SEQ ID NO: 79, SEQ ID NO: 84, SEQ ID NO: 85, SEQ ID NO: 92, SEQ ID

NO: 102, SEQ ID NO: 105, SEQ ID NO: 128, SEQ ID NO: 130, SEQ ID NO: 133, SEQ

ID NO: 138, SEQ ID NO: 161, SEQ ID NO: 178, SEQ ID NO: 180, SEQ ID NO: 186,

SEQ ID NO: 195, SEQ ID NO: 200, SEQ ID NO: 202, SEQ ID NO: 234, SEQ ID NO:

264, SEQ ID NO: 387, SEQ ID NO: 390, SEQ ID NO: 396, SEQ ID NO: 441, SEQ ID

NO: 446, SEQ ID NO: 457, SEQ ID NO: 467, SEQ ID NO: 523, SEQ ID NO: 524, SEQ

ID NO: 636, SEQ ID NO: 640, SEQ ID NO: 700, SEQ ID NO: 740, SEQ ID NO: 832,

SEQ ID NO: 965, SEQ ID NO: 1015, SEQ ID NO: 1065, SEQ ID NO: 1071, SEQ ID

NO: 1155, SEQ ID NO: 1475, SEQ ID NO: 1508, SEQ ID NO: 1685, SEQ ID NO: 1686,

SEQ ID NO: 1687, SEQ ID NO: 1688, or SEQ ID NO: 1690.

[0013] In some embodiments, the ASO of the present disclosure has a design selected from

the group consisting of the designs in FIG. 3, wherein the upper letter is a sugar modified

nucleoside and the lower case letter is DNA.

[0014] In some embodiments, the ASO disclosed herein is capable of reducing expression

of CAMK2D protein in a hiPSC-CM cell which is expressing the CAMK2D protein. In

some embodiments, the expression of CAMK2D protein is reduced by at least about 20%,
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at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least 

about 70%, at least about 80%, at least about 90%, or about 100% compared to a cell not 

exposed to the ASO. In some embodiments, the ASO is capable of reducing expression of 

CAMK2D transcript (e.g., mRNA) in a hiPSC-CM cell which is expressing the CAMK2D 

transcript. In some embodiments, the expression of CAMK2D transcript is reduced by at 

least about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 

60%, at least about 70%, at least about 80%, at least about 90%, or about 100% compared 

to a cell not exposed to the ASO. 

[0015]   In some embodiments, the ASO has from 14 to 20 nucleotides in length. In some 

embodiments, the nucleotide sequence of the ASO comprises one or more modified 

internucleoside linkage. In some embodiments, at least 75%, at least 80%, at least 85%, at 

least 90%, at least 95%, or 100% of internucleoside linkages are modified. In certain 

embodiments, each of the internucleotide linkages in the ASO of the present disclosure is 

a phosphorothioate linkage.  

[0016]   The present disclosure also provides a conjugate comprising the ASO as disclosed 

herein, wherein the ASO is covalently attached to at least one non-nucleotide or non-

polynucleotide moiety. In some embodiments, the non-nucleotide or non-polynucleotide 

moiety comprises a protein, a fatty acid chain, a sugar residue, a glycoprotein, a polymer, 

or any combinations thereof. 

[0017]   Also provided herein is a pharmaceutical composition comprising the ASO or the 

conjugate as disclosed herein and a pharmaceutically acceptable diluent, carrier, salt, or 

adjuvant. In certain embodiments, a pharmaceutically acceptable salt comprises a sodium 

salt, a potassium salt, or an ammonium salt. In some embodiments, the pharmaceutical 

composition further comprises at least one further therapeutic agent. In some 

embodiments, the further therapeutic agent is a CAMK2D antagonist. In some 

embodiments, the CAMK2D antagonist is an anti-CAMK2d antibody or fragment 

thereof. 

[0018]   The present disclosure further provides a kit comprising the ASO, the conjugate, or 

the pharmaceutical composition as disclosed herein, and instructions for use. Also 

disclosed is a diagnostic kit comprising the ASO, the conjugate, or the pharmaceutical 

composition of the present disclosure, and instructions for use.  

[0019]   The present disclosure is also directed method of inhibiting or reducing CAMK2D 

protein expression in a cell, comprising administering the ASO, the conjugate, or the 

pharmaceutical composition disclosed herein to the cell expressing CAMK2D protein, 
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at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least2025

about 70%, at least about 80%, at least about 90%, or about 100% compared to a cell not

exposed to the ASO. In some embodiments, the ASO is capable of reducing expression of

CAMK2D transcript (e.g., mRNA) in a hiPSC-CM cell which is expressing the CAMK2D

2019226001 23 Jun

transcript. In some embodiments, the expression of CAMK2D transcript is reduced by at

least about 20%, at least about 30%, at least about 40%, at least about 50%, at least about

60%, at least about 70%, at least about 80%, at least about 90%, or about 100% compared

to a cell not exposed to the ASO.

[0015] In some embodiments, the ASO has from 14 to 20 nucleotides in length. In some

embodiments, the nucleotide sequence of the ASO comprises one or more modified

internucleoside linkage. In some embodiments, at least 75%, at least 80%, at least 85%, at

least 90%, at least 95%, or 100% of internucleoside linkages are modified. In certain

embodiments, each of the internucleotide linkages in the ASO of the present disclosure is

a phosphorothioate linkage.

[0016] The present disclosure also provides a conjugate comprising the ASO as disclosed

herein, wherein the ASO is covalently attached to at least one non-nucleotide or non-

polynucleotide moiety. In some embodiments, the non-nucleotide or non-polynucleotide

moiety comprises a protein, a fatty acid chain, a sugar residue, a glycoprotein, a polymer,

or any combinations thereof.

[0017] Also provided herein is a pharmaceutical composition comprising the ASO or the

conjugate as disclosed herein and a pharmaceutically acceptable diluent, carrier, salt, or

adjuvant. In certain embodiments, a pharmaceutically acceptable salt comprises a sodium

salt, a potassium salt, or an ammonium salt. In some embodiments, the pharmaceutical

composition further comprises at least one further therapeutic agent. In some

embodiments, the further therapeutic agent is a CAMK2D antagonist. In some

embodiments, the CAMK2D antagonist is an anti-CAMK2d antibody or fragment

thereof.

[0018] The present disclosure further provides a kit comprising the ASO, the conjugate, or

the pharmaceutical composition as disclosed herein, and instructions for use. Also

disclosed is a diagnostic kit comprising the ASO, the conjugate, or the pharmaceutical

composition of the present disclosure, and instructions for use.

[0019] The present disclosure is also directed method of inhibiting or reducing CAMK2D

protein expression in a cell, comprising administering the ASO, the conjugate, or the

pharmaceutical composition disclosed herein to the cell expressing CAMK2D protein,
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wherein the CAMK2D protein expression in the cell is inhibited or reduced after the 

administration. In some aspect, the present disclosure is directed to an in vitro method of 

inhibiting or reducing CAMK2D protein expression in a cell, comprising contacting the 

ASO, the conjugate, or the pharmaceutical composition disclosed herein to the cell 

expressing CAMK2D protein, wherein the CAMK2D protein expression in the cell is 

inhibited or reduced after the contacting. In some embodiments, the ASO inhibits or 

reduces expression of CAMK2D transcript (e.g., mRNA) in the cell after the 

administration. In some embodiments, the expression of CAMK2D transcript (e.g., 

mRNA) is reduced by at least about 20%, at least about 30%, at least about 40%, at least 

about 50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, 

or about 100% after the administration compared to a cell not exposed to the ASO. In 

some embodiments, the expression of CAMK2D protein is reduced by at least about 60%, 

at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least 

about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, 

at least about 99%, or about 100% after the administration compared to a cell not exposed 

to the ASO. In some embodiments, the cell is a cardiac cell, e.g., hiPSC-CM. 

[0020]   Provided herein is a method of reducing, ameliorating, or treating one or more 

symptoms of a cardiovascular disease or disorder in a subject in need thereof, comprising 

administering an effective amount of the ASO, the conjugate, or the pharmaceutical 

composition of the present disclosure to the subject. The present disclosure also provides 

the use of the ASO, the conjugate, or the pharmaceutical composition disclosed herein for 

the manufacture of a medicament. In some embodiments, the medicament is for the 

treatment of a cardiovascular disease or disorder in a subject in need thereof. In some 

embodiments, the ASO, the conjugate, or the pharmaceutical composition of the present 

disclosure is for use in therapy. In some embodiments, the ASO, the conjugate, or the 

pharmaceutical composition disclosed herein is for use in therapy of a cardiovascular 

disease or disorder in a subject in need thereof.  

[0021]   In some embodiments, the cardiovascular disease or disorder comprises a coronary 

artery disease, stroke, heart failure, hypertensive heart disease, rheumatic heart disease, 

cardiomyopathy, heart arrhythmia, congenital heart disease, valvular heart disease 

carditis, aortic aneurysms, peripheral artery disease, thromboembolic disease, venous 

thrombosis, or any combination thereof. In some embodiments, the cardiovascular disease 

or disorder is a heart failure. In some embodiments, the heart failure comprises a left-

sided heart failure, a right-sided heart failure, a congestive heart failure, a heart failure 

20
19

22
60

01
   

  2
3 

Ju
n 

20
25

8

wherein the CAMK2D protein expression in the cell is inhibited or reduced after the

administration. In some aspect, the present disclosure is directed to an in vitro method of
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inhibiting or reducing CAMK2D protein expression in a cell, comprising contacting the

ASO, the conjugate, or the pharmaceutical composition disclosed herein to the cell

expressing CAMK2D protein, wherein the CAMK2D protein expression in the cell is

inhibited or reduced after the contacting. In some embodiments, the ASO inhibits or

reduces expression of CAMK2D transcript (e.g., mRNA) in the cell after the

administration. In some embodiments, the expression of CAMK2D transcript (e.g.,

mRNA) is reduced by at least about 20%, at least about 30%, at least about 40%, at least

about 50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%,

or about 100% after the administration compared to a cell not exposed to the ASO. In

some embodiments, the expression of CAMK2D protein is reduced by at least about 60%,

at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least

about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%,

at least about 99%, or about 100% after the administration compared to a cell not exposed

to the ASO. In some embodiments, the cell is a cardiac cell, e.g., hiPSC-CM.

[0020] Provided herein is a method of reducing, ameliorating, or treating one or more

symptoms of a cardiovascular disease or disorder in a subject in need thereof, comprising

administering an effective amount of the ASO, the conjugate, or the pharmaceutical

composition of the present disclosure to the subject. The present disclosure also provides

the use of the ASO, the conjugate, or the pharmaceutical composition disclosed herein for

the manufacture of a medicament. In some embodiments, the medicament is for the

treatment of a cardiovascular disease or disorder in a subject in need thereof. In some

embodiments, the ASO, the conjugate, or the pharmaceutical composition of the present

disclosure is for use in therapy. In some embodiments, the ASO, the conjugate, or the

pharmaceutical composition disclosed herein is for use in therapy of a cardiovascular

disease or disorder in a subject in need thereof.

[0021] In some embodiments, the cardiovascular disease or disorder comprises a coronary

artery disease, stroke, heart failure, hypertensive heart disease, rheumatic heart disease,

cardiomyopathy, heart arrhythmia, congenital heart disease, valvular heart disease

carditis, aortic aneurysms, peripheral artery disease, thromboembolic disease, venous

thrombosis, or any combination thereof. In some embodiments, the cardiovascular disease

or disorder is a heart failure. In some embodiments, the heart failure comprises a left-

sided heart failure, a right-sided heart failure, a congestive heart failure, a heart failure
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with reduced ejection fraction (HFrEF), a heart failure with preserved ejection fraction 

(HFpEF), a heart failure with mid-range ejection fraction (HFmrEF), a hypertrophic 

cardiomyopathy (HCM), a hypertensive heart disease (HHD), or hypertensive 

hypertrophic cardiomyopathy.  

[0022]   In some embodiments, the subject is a human. In some embodiments, the ASO, the 

conjugate, or the pharmaceutical composition of the present disclosure is administered 

intracardially, orally, parenterally, intrathecally, intra-cerebroventricularly, pulmorarily, 

topically, or intraventricularly.  

BRIEF DESCRIPTION OF FIGURES 

[0023]   FIGs. 1A and 1B show exemplary ASOs targeting the CAMK2D pre-mRNA. FIG. 

1A shows the ASOs targeting a single site within the CAMK2D pre-mRNA. FIG. 1B 

shows the ASOs targeting multiple sites (i.e., two or three) within the CAMK2D pre-

mRNA. Each column of FIGs. 1A and 1B show the SEQ ID number designated for the 

sequence only of the ASO, the target start and end positions on the CAMK2D pre-mRNA 

sequence (for FIG. 1B, the multiple target sites are identified as #1, #2, or #3), the ASO 

sequence without any particular design or chemical structure, the ASO number (ASO 

No.), and the ASO sequence with a chemical structure.  

[0024]   FIG. 2 shows both the percent reduction of CAMK2D mRNA expression in 

HEK293 cells (y-axis) and the relative position of the ASOs on the CAMK2D transcript 

(x-axis). Each circle represents an individual ASO. As further described in Example 2, the 

HEK293 cells were treated with 25 µM of ASO and the CAMK2D mRNA expression 

(normalized to GAPDH) is shown as a percent of the control.  

[0025]   FIG. 3 shows certain exemplary ASOs with their design. Each column of FIG. 3 

shows the SEQ ID NO for the ASO sequence only, the target start and end positions on 

the CAMK2D pre-mRNA sequence (where the ASO binds to multiple sites (see FIG. 1B), 

exemplary target start and end positions are provided), the ASO design number (DES 

No.), the ASO sequence with a design, and the ASO number (ASO No.).  

[0026]   FIG. 4 shows the percent reduction of CAMK2D mRNA expression in both 

HEK293 cells and human inducible pluripotent stem cell-derived cardiomyocytes 

(hiPSC-CM) after in vitro culture with various ASOs as described in Examples 2 and 3. 

The cells were treated with 25 µM (HEK293) or 500 nM (hiPSC-CM) of ASO and the 

CAMK2D mRNA expression (normalized to GAPDH) is shown as a percent of the 
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with reduced ejection fraction (HFrEF), a heart failure with preserved ejection fraction

(HFpEF), a heart failure with mid-range ejection fraction (HFmrEF), a hypertrophic
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cardiomyopathy (HCM), a hypertensive heart disease (HHD), or hypertensive

hypertrophic cardiomyopathy.

[0022] In some embodiments, the subject is a human. In some embodiments, the ASO, the

conjugate, or the pharmaceutical composition of the present disclosure is administered

intracardially, orally, parenterally, intrathecally, intra-cerebroventricularly, pulmorarily,

topically, or intraventricularly.

BRIEF DESCRIPTION OF FIGURES

[0023] FIGs. 1A and 1B show exemplary ASOs targeting the CAMK2D pre-mRNA. FIG.

1A shows the ASOs targeting a single site within the CAMK2D pre-mRNA. FIG. 1B

shows the ASOs targeting multiple sites (i.e., two or three) within the CAMK2D pre-

mRNA. Each column of FIGs. 1A and 1B show the SEQ ID number designated for the

sequence only of the ASO, the target start and end positions on the CAMK2D pre-mRNA

sequence (for FIG. 1B, the multiple target sites are identified as #1, #2, or #3), the ASO

sequence without any particular design or chemical structure, the ASO number (ASO

No.), and the ASO sequence with a chemical structure.

[0024] FIG. 2 shows both the percent reduction of CAMK2D mRNA expression in

HEK293 cells (y-axis) and the relative position of the ASOs on the CAMK2D transcript

(x-axis). Each circle represents an individual ASO. As further described in Example 2, the

HEK293 cells were treated with 25 µM of ASO and the CAMK2D mRNA expression

(normalized to GAPDH) is shown as a percent of the control.

[0025] FIG. 3 shows certain exemplary ASOs with their design. Each column of FIG. 3

shows the SEQ ID NO for the ASO sequence only, the target start and end positions on

the CAMK2D pre-mRNA sequence (where the ASO binds to multiple sites (see FIG. 1B),

exemplary target start and end positions are provided), the ASO design number (DES

No.), the ASO sequence with a design, and the ASO number (ASO No.).

[0026] FIG. 4 shows the percent reduction of CAMK2D mRNA expression in both

HEK293 cells and human inducible pluripotent stem cell-derived cardiomyocytes

(hiPSC-CM) after in vitro culture with various ASOs as described in Examples 2 and 3.

The cells were treated with 25 µM (HEK293) or 500 nM (hiPSC-CM) of ASO and the

CAMK2D mRNA expression (normalized to GAPDH) is shown as a percent of the
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control. Where no value is provided, the particular ASO was not tested under the 

particular conditions.  

[0027]   FIG. 5 shows the potency of exemplary ASOs on CAMK2D mRNA expression 

level in C57BL/6JBom mice one week after subcutaneous administration. CAMK2D 

mRNA expression level was normalized to GAPDH and then shown relative to the 

control group (i.e., saline treated samples).   

DETAILED DESCRIPTION OF DISCLOSURE 

I.  Definitions  

[0028]   It is to be noted that the term "a" or "an" entity refers to one or more of that entity; 

for example, "a nucleotide sequence," is understood to represent one or more nucleotide 

sequences. As such, the terms "a" (or "an"), "one or more," and "at least one" can be used 

interchangeably herein.  

[0029]   Furthermore, "and/or" where used herein is to be taken as specific disclosure of 

each of the two specified features or components with or without the other. Thus, the term 

"and/or" as used in a phrase such as "A and/or B" herein is intended to include "A and B," 

"A or B," "A" (alone), and "B" (alone). Likewise, the term "and/or" as used in a phrase 

such as "A, B, and/or C" is intended to encompass each of the following aspects: A, B, 

and C; A, B, or C; A or C; A or B; B or C; A and C; A and B; B and C; A (alone); B 

(alone); and C (alone).  

[0030]   It is understood that wherever aspects are described herein with the language 

"comprising," otherwise analogous aspects described in terms of "consisting of" and/or 

"consisting essentially of" are also provided.  

[0031]   Unless defined otherwise, all technical and scientific terms used herein have the 

same meaning as commonly understood by one of ordinary skill in the art to which this 

disclosure is related. For example, the Concise Dictionary of Biomedicine and Molecular 

Biology, Juo, Pei-Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular 

Biology, 3rd ed., 1999, Academic Press; and the Oxford Dictionary Of Biochemistry And 

Molecular Biology, Revised, 2000, Oxford University Press, provide one of skill with a 

general dictionary of many of the terms used in this disclosure.  

[0032]   Units, prefixes, and symbols are denoted in their Système International de Unites 

(SI) accepted form. Numeric ranges are inclusive of the numbers defining the range. 

Unless otherwise indicated, nucleotide sequences are written left to right in 5' to 3' 
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control. Where no value is provided, the particular ASO was not tested under the
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particular conditions.

[0027] FIG. 5 shows the potency of exemplary ASOs on CAMK2D mRNA expression

level in C57BL/6JBom mice one week after subcutaneous administration. CAMK2D

mRNA expression level was normalized to GAPDH and then shown relative to the
2019226001 23

control group (i.e., saline treated samples).

DETAILED DESCRIPTION OF DISCLOSURE

I. Definitions

[0028] It is to be noted that the term "a" or "an" entity refers to one or more of that entity;

for example, "a nucleotide sequence," is understood to represent one or more nucleotide

sequences. As such, the terms "a" (or "an"), "one or more," and "at least one" can be used

interchangeably herein.

[0029] Furthermore, "and/or" where used herein is to be taken as specific disclosure of

each of the two specified features or components with or without the other. Thus, the term

"and/or" as used in a phrase such as "A and/or B" herein is intended to include "A and B,"

"A or B," "A" (alone), and "B" (alone). Likewise, the term "and/or" as used in a phrase

such as "A, B, and/or C" is intended to encompass each of the following aspects: A, B,

and C; A, B, or C; A or C; A or B; B or C; A and C; A and B; B and C; A (alone); B

(alone); and C (alone).

[0030] It is understood that wherever aspects are described herein with the language

"comprising," otherwise analogous aspects described in terms of "consisting of" and/or

"consisting essentially of" are also provided.

[0031] Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which this

disclosure is related. For example, the Concise Dictionary of Biomedicine and Molecular

Biology, Juo, Pei-Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular

Biology, 3rd ed., 1999, Academic Press; and the Oxford Dictionary Of Biochemistry And

Molecular Biology, Revised, 2000, Oxford University Press, provide one of skill with a

general dictionary of many of the terms used in this disclosure.

[0032] Units, prefixes, and symbols are denoted in their Système International de Unites

(SI) accepted form. Numeric ranges are inclusive of the numbers defining the range.

Unless otherwise indicated, nucleotide sequences are written left to right in 5' to 3'
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orientation. Amino acid sequences are written left to right in amino to carboxy 

orientation. The headings provided herein are not limitations of the various aspects of the 

disclosure, which can be had by reference to the specification as a whole. Accordingly, 

the terms defined immediately below are more fully defined by reference to the 

specification in its entirety.  

[0033]   The term "about" is used herein to mean approximately, roughly, around, or in the 

regions of. When the term "about" is used in conjunction with a numerical range, it 

modifies that range by extending the boundaries above and below the numerical values 

set forth. In general, the term "about" can modify a numerical value above and below the 

stated value by a variance of, e.g., 10 percent, up or down (higher or lower). For example, 

if it is stated that "the ASO reduces expression of CAMK2d protein in a cell following 

administration of the ASO by at least about 60%," it is implied that the CAMK2D levels 

are reduced by a range of 50% to 70%. 

[0034]   The term "nucleic acids" or "nucleotides" is intended to encompass plural nucleic 

acids. In some embodiments, the term "nucleic acids" or "nucleotides" refers to a target 

sequence, e.g., pre-mRNAs, mRNAs, or DNAs in vivo or in vitro. When the term refers to 

the nucleic acids or nucleotides in a target sequence, the nucleic acids or nucleotides can 

be naturally occurring sequences within a cell. In other embodiments, "nucleic acids" or 

"nucleotides" refer to a sequence in the ASOs of the disclosure. When the term refers to a 

sequence in the ASOs, the nucleic acids or nucleotides are not naturally occurring, i.e., 

chemically synthesized, enzymatically produced, recombinantly produced, or any 

combination thereof. In one embodiment, the nucleic acids or nucleotides in the ASOs are 

produced synthetically or recombinantly, but are not a naturally occurring sequence or a 

fragment thereof. In another embodiment, the nucleic acids or nucleotides in the ASOs 

are not naturally occurring because they contain at least one nucleotide analog that is not 

naturally occurring in nature. The term "nucleic acid" or "nucleoside" refers to a single 

nucleic acid segment, e.g., a DNA, an RNA, or an analog thereof, present in a 

polynucleotide. "Nucleic acid" or "nucleoside" includes naturally occurring nucleic acids 

or non-naturally occurring nucleic acids. In some embodiments, the terms "nucleotide", 

"unit" and "monomer" are used interchangeably. It will be recognized that when referring 

to a sequence of nucleotides or monomers, what is referred to is the sequence of bases, 

such as A, T, G, C or U, and analogs thereof.  

[0035]   The term "nucleotide" as used herein, refers to a glycoside comprising a sugar 

moiety, a base moiety and a covalently linked group (linkage group), such as a phosphate 
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orientation. Amino acid sequences are written left to right in amino to carboxy

orientation. The headings provided herein are not limitations of the various aspects of the
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disclosure, which can be had by reference to the specification as a whole. Accordingly,

the terms defined immediately below are more fully defined by reference to the

specification in its entirety.

[0033] The term "about" is used herein to mean approximately, roughly, around, or in the

regions of. When the term "about" is used in conjunction with a numerical range, it

modifies that range by extending the boundaries above and below the numerical values

set forth. In general, the term "about" can modify a numerical value above and below the

stated value by a variance of, e.g., 10 percent, up or down (higher or lower). For example,

if it is stated that "the ASO reduces expression of CAMK2d protein in a cell following

administration of the ASO by at least about 60%," it is implied that the CAMK2D levels

are reduced by a range of 50% to 70%.

[0034] The term "nucleic acids" or "nucleotides" is intended to encompass plural nucleic

acids. In some embodiments, the term "nucleic acids" or "nucleotides" refers to a target

sequence, e.g., pre-mRNAs, mRNAs, or DNAs in vivo or in vitro. When the term refers to

the nucleic acids or nucleotides in a target sequence, the nucleic acids or nucleotides can

be naturally occurring sequences within a cell. In other embodiments, "nucleic acids" or

"nucleotides" refer to a sequence in the ASOs of the disclosure. When the term refers to a

sequence in the ASOs, the nucleic acids or nucleotides are not naturally occurring, i.e.,

chemically synthesized, enzymatically produced, recombinantly produced, or any

combination thereof. In one embodiment, the nucleic acids or nucleotides in the ASOs are

produced synthetically or recombinantly, but are not a naturally occurring sequence or a

fragment thereof. In another embodiment, the nucleic acids or nucleotides in the ASOs

are not naturally occurring because they contain at least one nucleotide analog that is not

naturally occurring in nature. The term "nucleic acid" or "nucleoside" refers to a single

nucleic acid segment, e.g., a DNA, an RNA, or an analog thereof, present in a

polynucleotide. "Nucleic acid" or "nucleoside" includes naturally occurring nucleic acids

or non-naturally occurring nucleic acids. In some embodiments, the terms "nucleotide",

"unit" and "monomer" are used interchangeably. It will be recognized that when referring

to a sequence of nucleotides or monomers, what is referred to is the sequence of bases,

such as A, T, G, C or U, and analogs thereof.

[0035] The term "nucleotide" as used herein, refers to a glycoside comprising a sugar

moiety, a base moiety and a covalently linked group (linkage group), such as a phosphate
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or phosphorothioate internucleotide linkage group, and covers both naturally occurring 

nucleotides, such as DNA or RNA, and non-naturally occurring nucleotides comprising 

modified sugar and/or base moieties, which are also referred to as "nucleotide analogs" 

herein. Herein, a single nucleotide (unit) can also be referred to as a monomer or nucleic 

acid unit. In certain embodiments, the term "nucleotide analogs" refers to nucleotides 

having modified sugar moieties. Non-limiting examples of the nucleotides having 

modified sugar moieties (e.g., LNA) are disclosed elsewhere herein. In other 

embodiments, the term "nucleotide analogs" refers to nucleotides having modified 

nucleobase moieties. The nucleotides having modified nucleobase moieties include, but 

are not limited to, 5-methyl-cytosine, isocytosine, pseudoisocytosine, 5-bromouracil, 5-

propynyluracil, 6-aminopurine, 2-aminopurine, inosine, diaminopurine, and 2-chloro-6-

aminopurine. 

[0036]   The term "nucleoside" as used herein is used to refer to a glycoside comprising a 

sugar moiety and a base moiety, and can therefore be used when referring to the 

nucleotide units, which are covalently linked by the internucleotide linkages between the 

nucleotides of the ASO. In the field of biotechnology, the term "nucleotide" is often used 

to refer to a nucleic acid monomer or unit. In the context of an ASO, the term 

"nucleotide" can refer to the base alone, i.e., a nucleobase sequence comprising cytosine 

(DNA and RNA), guanine (DNA and RNA), adenine (DNA and RNA), thymine (DNA) 

and uracil (RNA), in which the presence of the sugar backbone and internucleotide 

linkages are implicit. Likewise, particularly in the case of oligonucleotides where one or 

more of the internucleotide linkage groups are modified, the term "nucleotide" can refer 

to a "nucleoside." For example the term "nucleotide" can be used, even when specifying 

the presence or nature of the linkages between the nucleosides.  

[0037]   The term "nucleotide length" as used herein means the total number of the 

nucleotides (monomers) in a given sequence. For example, the sequence of 

tacatattatattactcctc  (SEQ ID NO: 158) has 20 nucleotides; thus the nucleotide length of 

the sequence is 20. The term "nucleotide length" is therefore used herein interchangeably 

with "nucleotide number." 

[0038]   As one of ordinary skill in the art would recognize, the 5' terminal nucleotide of an 

oligonucleotide does not comprise a 5' internucleotide linkage group, although it can 

comprise a 5' terminal group.  

[0039]   As used herein, the term "alkyl", alone or in combination, signifies a straight-chain 

or branched-chain alkyl group with 1 to 8 carbon atoms, particularly a straight or 
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or phosphorothioate internucleotide linkage group, and covers both naturally occurringJun 2025

nucleotides, such as DNA or RNA, and non-naturally occurring nucleotides comprising

modified sugar and/or base moieties, which are also referred to as "nucleotide analogs"

herein. Herein, a single nucleotide (unit) can also be referred to as a monomer or nucleic

acid unit. In certain embodiments, the term "nucleotide analogs" refers to nucleotides
2019226001 23

having modified sugar moieties. Non-limiting examples of the nucleotides having

modified sugar moieties (e.g., LNA) are disclosed elsewhere herein. In other

embodiments, the term "nucleotide analogs" refers to nucleotides having modified

nucleobase moieties. The nucleotides having modified nucleobase moieties include, but

are not limited to, 5-methyl-cytosine, isocytosine, pseudoisocytosine, 5-bromouracil, 5-

propynyluracil, 6-aminopurine, 2-aminopurine, inosine, diaminopurine, and 2-chloro-6-

aminopurine.

[0036] The term "nucleoside" as used herein is used to refer to a glycoside comprising a

sugar moiety and a base moiety, and can therefore be used when referring to the

nucleotide units, which are covalently linked by the internucleotide linkages between the

nucleotides of the ASO. In the field of biotechnology, the term "nucleotide" is often used

to refer to a nucleic acid monomer or unit. In the context of an ASO, the term

"nucleotide" can refer to the base alone, i.e., a nucleobase sequence comprising cytosine

(DNA and RNA), guanine (DNA and RNA), adenine (DNA and RNA), thymine (DNA)

and uracil (RNA), in which the presence of the sugar backbone and internucleotide

linkages are implicit. Likewise, particularly in the case of oligonucleotides where one or

more of the internucleotide linkage groups are modified, the term "nucleotide" can refer

to a "nucleoside." For example the term "nucleotide" can be used, even when specifying

the presence or nature of the linkages between the nucleosides.

[0037] The term "nucleotide length" as used herein means the total number of the

nucleotides (monomers) in a given sequence. For example, the sequence of

tacatattatattactcctc (SEQ ID NO: 158) has 20 nucleotides; thus the nucleotide length of

the sequence is 20. The term "nucleotide length" is therefore used herein interchangeably

with "nucleotide number."

[0038] As one of ordinary skill in the art would recognize, the 5' terminal nucleotide of an

oligonucleotide does not comprise a 5' internucleotide linkage group, although it can

comprise a 5' terminal group.

[0039] As used herein, the term "alkyl", alone or in combination, signifies a straight-chain

or branched-chain alkyl group with 1 to 8 carbon atoms, particularly a straight or



- 13 - 
branched-chain alkyl group with 1 to 6 carbon atoms and more particularly a straight or 

branched-chain alkyl group with 1 to 4 carbon atoms. Examples of straight-chain and 

branched-chain C1-C8 alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 

tert-butyl, the isomeric pentyls, the isomeric hexyls, the isomeric heptyls and the isomeric 

octyls, particularly methyl, ethyl, propyl, butyl and pentyl. Particular examples of alkyl 

are methyl.  Further examples of alkyl are mono, di or trifluoro methyl, ethyl or propyl, 

such as cyclopropyl (cPr), or mono, di or tri fluoro cycloproyl. 

[0040]   The term "alkoxy", alone or in combination, signifies a group of the formula alkyl-

O- in which the term "alkyl" has the previously given significance, such as methoxy, 

ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec.butoxy and tert.butoxy. 

Particular "alkoxy" are methoxy. 

[0041]   The term "oxy", alone or in combination, signifies the -O- group. 

[0042]   The term "alkenyl", alone or in combination, signifies a straight-chain or branched 

hydrocarbon residue comprising an olefinic bond and up to 8, preferably up to 6, 

particularly preferred up to 4 carbon atoms. Examples of alkenyl groups are ethenyl, 1-

propenyl, 2-propenyl, isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl and isobutenyl.  

[0043]   The term "alkynyl", alone or in combination, signifies a straight-chain or branched 

hydrocarbon residue comprising a triple bond and up to 8, preferably up to 6, particularly 

preferred up to 4 carbon atoms. 

[0044]   The terms ""halogen"" or ""halo"", alone or in combination, signifies fluorine, 

chlorine, bromine or iodine and particularly fluorine, chlorine or bromine, more 

particularly fluorine and chlorine, such as fluorine. The term "halo", in combination with 

another group, denotes the substitution of said group with at least one halogen, 

particularly substituted with one to five halogens, particularly one to four halogens, i.e., 

one, two, three or four halogens. The terms "hydroxyl" and "hydroxy", alone or in 

combination, signify the -OH group. 

[0045]   The terms "thiohydroxyl" and "thiohydroxy", alone or in combination, signify the -

SH group. 

[0046]   The term "carbonyl", alone or in combination, signifies the -C(O)- group. 

[0047]   The term "carboxy" or "carboxyl", alone or in combination, signifies the -COOH 

group. 

[0048]   The term "amino", alone or in combination, signifies the primary amino group (-

NH2), the secondary amino group (-NH-), or the tertiary amino group (-N-). 
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branched-chain alkyl group with 1 to 4 carbon atoms. Examples of straight-chain and

branched-chain C1-C alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, isobutyl,

tert-butyl, the isomeric pentyls, the isomeric hexyls, the isomeric heptyls and the isomeric

octyls, particularly methyl, ethyl, propyl, butyl and pentyl. Particular examples of alkyl
2019226001 23

are methyl. Further examples of alkyl are mono, di or trifluoro methyl, ethyl or propyl,

such as cyclopropyl (cPr), or mono, di or tri fluoro cycloproyl.

[0040] The term "alkoxy", alone or in combination, signifies a group of the formula alkyl-

O- in which the term "alkyl" has the previously given significance, such as methoxy,

ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec.butoxy and tert.butoxy.

Particular "alkoxy" are methoxy.

[0041] The term "oxy", alone or in combination, signifies the -0- group.

[0042] The term "alkenyl", alone or in combination, signifies a straight-chain or branched

hydrocarbon residue comprising an olefinic bond and up to 8, preferably up to 6,

particularly preferred up to 4 carbon atoms. Examples of alkenyl groups are ethenyl, 1-

propenyl, 2-propenyl, isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl and isobutenyl.

[0043] The term "alkynyl", alone or in combination, signifies a straight-chain or branched

hydrocarbon residue comprising a triple bond and up to 8, preferably up to 6, particularly

preferred up to 4 carbon atoms.

[0044] The terms ""halogen"" or ""halo"", alone or in combination, signifies fluorine,

chlorine, bromine or iodine and particularly fluorine, chlorine or bromine, more

particularly fluorine and chlorine, such as fluorine. The term "halo", in combination with

another group, denotes the substitution of said group with at least one halogen,

particularly substituted with one to five halogens, particularly one to four halogens, i.e.,

one, two, three or four halogens. The terms "hydroxyl" and "hydroxy", alone or in

combination, signify the -OH group.

[0045] The terms "thiohydroxyl" and "thiohydroxy", alone or in combination, signify the -

SH group.

[0046] The term "carbonyl", alone or in combination, signifies the -C(O)- group.

[0047] The term "carboxy" or "carboxyl", alone or in combination, signifies the -COOH

group.

[0048] The term "amino", alone or in combination, signifies the primary amino group (-

NH2), the secondary amino group (-NH-), or the tertiary amino group (-N-).
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[0049]   The term "alkylamino", alone or in combination, signifies an amino group as 

defined above substituted with one or two alkyl groups as defined above. 

[0050]   The term "aminocarbonyl, alone or in combination, signifies the -C(O)-NH2 group. 

[0051]   The term "sulfonyl", alone or in combination, means the -SO2 group. 

[0052]   The term "sulfinyl", alone or in combination, signifies the -SO- group. 

[0053]   The term "sulfanyl", alone or in combination, signifies the -S- group. 

[0054]   The term "cyano", alone or in combination, signifies the -CN group. 

[0055]   The term "azido", alone or in combination, signifies the -N3 group. 

[0056]   The term "nitro", alone or in combination, signifies the NO2 group. 

[0057]   The term "formyl" alone or in combination, signifies the -C(O)H group. 

[0058]   The term "aryl", alone or in combination, denotes a monovalent aromatic 

carbocyclic mono- or bicyclic ring system comprising 6 to 10 carbon ring atoms, 

optionally substituted with 1 to 3 substituents independently selected from halogen, 

hydroxyl, alkyl, alkenyl, alkynyl, alkoxy, alkoxyalkyl, alkenyloxy, carboxyl, 

alkoxycarbonyl, alkylcarbonyl and formyl. Examples of aryl include phenyl and naphthyl. 

in particular phenyl. 

[0059]   The term "heteroaryl", alone or in combination, denotes a monovalent aromatic 

heterocyclic mono- or bicyclic ring system of 5 to 12 ring atoms, comprising 1, 2, 3 or 4 

heteroatoms selected from N, O and S, the remaining ring atoms being carbon, optionally 

substituted with 1 to 3 substituents independently selected from halogen, hydroxyl, alkyl, 

alkenyl, alkynyl, alkoxy, alkoxyalkyl, alkenyloxy, carboxyl, alkoxycarbonyl, 

alkylcarbonyl and formyl. Examples of heteroaryl include pyrrolyl, furanyl, thienyl, 

imidazolyl, oxazolyl, thiazolyl, triazolyl, oxadiazolyl, thiadiazolyl, tetrazolyl, pyridinyl, 

pyrazinyl, pyrazolyl, pyridazinyl, pyrimidinyl, triazinyl, azepinyl, diazepinyl, isoxazolyl, 

benzofuranyl, isothiazolyl, benzothienyl, indolyl, isoindolyl, isobenzofuranyl, 

benzimidazolyl, benzoxazolyl, benzoisoxazolyl, benzothiazolyl, benzoisothiazolyl, 

benzooxadiazolyl, benzothiadiazolyl, benzotriazolyl, purinyl, quinolinyl, isoquinolinyl, 

quinazolinyl, quinoxalinyl, carbazolyl, or acridinyl. 

[0060]   The term "heterocycle", alone or in combination, denotes a monovalent non-

aromatic heterocyclic mono- or bicyclic ring system of 5 to 12 ring atoms, comprising 1, 

2, 3 or 4 heteroatoms selected from N, O and S, the remaining ring atoms being carbon, 

optionally substituted with 1 to 3 substituents independently selected from halogen, 

hydroxyl, alkyl, alkenyl, alkynyl, alkoxy, alkoxyalkyl, alkenyloxy, carboxyl, 

alkoxycarbonyl, alkylcarbonyl and formyl. 
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[0049] The term "alkylamino", alone or in combination, signifies an amino group as

defined above substituted with one or two alkyl groups as defined above.
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[0050] The term "aminocarbonyl, alone or in combination, signifies the -C(O)-NH2 group.

[0051] The term "sulfonyl", alone or in combination, means the -SO2 group.

[0052] The term "sulfinyl", alone or in combination, signifies the -SO- group.

[0053] The term "sulfanyl", alone or in combination, signifies the -S- group.

[0054] The term "cyano", alone or in combination, signifies the -CN group.

[0055] The term "azido", alone or in combination, signifies the -N3 group.

[0056] The term "nitro", alone or in combination, signifies the NO2 group.

[0057] The term "formyl" alone or in combination, signifies the -C(O)H group.

[0058] The term "aryl", alone or in combination, denotes a monovalent aromatic

carbocyclic mono- or bicyclic ring system comprising 6 to 10 carbon ring atoms,

optionally substituted with 1 to 3 substituents independently selected from halogen,

hydroxyl, alkyl, alkenyl, alkynyl, alkoxy, alkoxyalkyl, alkenyloxy, carboxyl,

alkoxycarbonyl, alkylcarbonyl and formyl. Examples of aryl include phenyl and naphthyl.

in particular phenyl.

[0059] The term "heteroaryl", alone or in combination, denotes a monovalent aromatic

heterocyclic mono- or bicyclic ring system of 5 to 12 ring atoms, comprising 1, 2, 3 or 4

heteroatoms selected from N, O and S, the remaining ring atoms being carbon, optionally

substituted with 1 to 3 substituents independently selected from halogen, hydroxyl, alkyl,

alkenyl, alkynyl, alkoxy, alkoxyalkyl, alkenyloxy, carboxyl, alkoxycarbonyl,

alkylcarbonyl and formyl. Examples of heteroaryl include pyrrolyl, furanyl, thienyl,

imidazolyl, oxazolyl, thiazolyl, triazolyl, oxadiazolyl, thiadiazolyl, tetrazolyl, pyridinyl,

pyrazinyl, pyrazolyl, pyridazinyl, pyrimidinyl, triazinyl, azepinyl, diazepinyl, isoxazolyl,

benzofuranyl, isothiazolyl, benzothienyl, indolyl, isoindolyl, isobenzofuranyl,

benzimidazolyl, benzoxazolyl, benzoisoxazolyl, benzothiazolyl, benzoisothiazolyl,

benzooxadiazolyl, benzothiadiazolyl, benzotriazolyl, purinyl, quinolinyl, isoquinolinyl,

quinazolinyl, quinoxalinyl, carbazolyl, or acridinyl.

[0060] The term "heterocycle", alone or in combination, denotes a monovalent non-

aromatic heterocyclic mono- or bicyclic ring system of 5 to 12 ring atoms, comprising 1,

2, 3 or 4 heteroatoms selected from N, O and S, the remaining ring atoms being carbon,

optionally substituted with 1 to 3 substituents independently selected from halogen,

hydroxyl, alkyl, alkenyl, alkynyl, alkoxy, alkoxyalkyl, alkenyloxy, carboxyl,

alkoxycarbonyl, alkylcarbonyl and formyl.
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[0061]   The term "protecting group", alone or in combination, signifies a group which 

selectively blocks a reactive site in a multifunctional compound such that a chemical 

reaction can be carried out selectively at another unprotected reactive site. Protecting 

groups can be removed. Exemplary protecting groups are amino-protecting groups, 

carboxy-protecting groups or hydroxy-protecting groups. 

[0062]   If one of the starting materials or compounds of the invention contain one or more 

functional groups which are not stable or are reactive under the reaction conditions of one 

or more reaction steps, appropriate protecting groups (as described e.g., in "Protective 

Groups in Organic Chemistry" by T. W. Greene and P. G. M. Wuts, 3rd Ed., 1999, Wiley, 

New York) can be introduced before the critical step applying methods well known in the 

art. Such protecting groups can be removed at a later stage of the synthesis using standard 

methods described in the literature. Examples of protecting groups are tert-

butoxycarbonyl (Boc), 9-fluorenylmethyl carbamate (Fmoc), 2-trimethylsilylethyl 

carbamate (Teoc), carbobenzyloxy (Cbz) and p-methoxybenzyloxycarbonyl (Moz). 

[0063]   The compounds described herein can contain several asymmetric centers and can 

be present in the form of optically pure enantiomers, mixtures of enantiomers such as, for 

example, racemates, mixtures of diastereoisomers, diastereoisomeric racemates or 

mixtures of diastereoisomeric racemates. 

[0064]   The term "asymmetric carbon atom" means a carbon atom with four different 

substituents. According to the Cahn-Ingold-Prelog Convention an asymmetric carbon 

atom can be of the "R" or "S" configuration. 

[0065]   As used herein, the term "bicyclic sugar" refers to a modified sugar moiety 

comprising a 4 to 7 membered ring comprising a bridge connecting two atoms of the 4 to 

7 membered ring to form a second ring, resulting in a bicyclic structure. In some 

embodiments, the bridge connects the C2' and C4' of the ribose sugar ring of a nucleoside 

(i.e., 2'-4' bridge), as observed in LNA nucleosides.  

[0066]   As used herein, a "coding region" or "coding sequence" is a portion of 

polynucleotide which consists of codons translatable into amino acids. Although a "stop 

codon" (TAG, TGA, or TAA) is typically not translated into an amino acid, it can be 

considered to be part of a coding region, but any flanking sequences, for example 

promoters, ribosome binding sites, transcriptional terminators, introns, untranslated 

regions ("UTRs"), and the like, are not part of a coding region. The boundaries of a 

coding region are typically determined by a start codon at the 5' terminus, encoding the 
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[0061] The term "protecting group", alone or in combination, signifies a group which

selectively blocks a reactive site in a multifunctional compound such that a chemical
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reaction can be carried out selectively at another unprotected reactive site. Protecting

groups can be removed. Exemplary protecting groups are amino-protecting groups,

carboxy-protecting groups or hydroxy-protecting groups.

[0062] If one of the starting materials or compounds of the invention contain one or more

functional groups which are not stable or are reactive under the reaction conditions of one

or more reaction steps, appropriate protecting groups (as described e.g., in "Protective

Groups in Organic Chemistry" by T. W. Greene and P. G. M. Wuts, 3rd Ed., 1999, Wiley,

New York) can be introduced before the critical step applying methods well known in the

art. Such protecting groups can be removed at a later stage of the synthesis using standard

methods described in the literature. Examples of protecting groups are tert-

butoxycarbonyl (Boc), 9-fluorenylmethyl carbamate (Fmoc), 2-trimethylsilylethyl

carbamate (Teoc), carbobenzyloxy (Cbz) and p-methoxybenzyloxycarbonyl (Moz).

[0063] The compounds described herein can contain several asymmetric centers and can

be present in the form of optically pure enantiomers, mixtures of enantiomers such as, for

example, racemates, mixtures of diastereoisomers, diastereoisomeric racemates or

mixtures of diastereoisomeric racemates.

[0064] The term "asymmetric carbon atom" means a carbon atom with four different

substituents. According to the Cahn-Ingold-Prelog Convention an asymmetric carbon

atom can be of the "R" or "S" configuration.

[0065] As used herein, the term "bicyclic sugar" refers to a modified sugar moiety

comprising a 4 to 7 membered ring comprising a bridge connecting two atoms of the 4 to

7 membered ring to form a second ring, resulting in a bicyclic structure. In some

embodiments, the bridge connects the C2' and C4' of the ribose sugar ring of a nucleoside

(i.e., 2'-4' bridge), as observed in LNA nucleosides.

[0066] As used herein, a "coding region" or "coding sequence" is a portion of

polynucleotide which consists of codons translatable into amino acids. Although a "stop

codon" (TAG, TGA, or TAA) is typically not translated into an amino acid, it can be

considered to be part of a coding region, but any flanking sequences, for example

promoters, ribosome binding sites, transcriptional terminators, introns, untranslated

regions ("UTRs"), and the like, are not part of a coding region. The boundaries of a

coding region are typically determined by a start codon at the 5' terminus, encoding the
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amino terminus of the resultant polypeptide, and a translation stop codon at the 3' 

terminus, encoding the carboxyl terminus of the resulting polypeptide.  

[0067]   The term "non-coding region" as used herein means a nucleotide sequence that is 

not a coding region. Examples of non-coding regions include, but are not limited to, 

promoters, ribosome binding sites, transcriptional terminators, introns, untranslated 

regions ("UTRs"), non-coding exons and the like. Some of the exons can be wholly or 

part of the 5' untranslated region (5' UTR) or the 3' untranslated region (3' UTR) of each 

transcript. The untranslated regions are important for efficient translation of the transcript 

and for controlling the rate of translation and half-life of the transcript.  

[0068]   The term "region" when used in the context of a nucleotide sequence refers to a 

section of that sequence. For example, the phrase "region within a nucleotide sequence" 

or "region within the complement of a nucleotide sequence" refers to a sequence shorter 

than the nucleotide sequence, but longer than at least 10 nucleotides located within the 

particular nucleotide sequence or the complement of the nucleotides sequence, 

respectively. The term "sub-sequence" or "subsequence" can also refer to a region of a 

nucleotide sequence.  

[0069]   The term "downstream," when referring to a nucleotide sequence, means that a 

nucleic acid or a nucleotide sequence is located 3' to a reference nucleotide sequence. In 

certain embodiments, downstream nucleotide sequences relate to sequences that follow 

the starting point of transcription. For example, the translation initiation codon of a gene 

is located downstream of the start site of transcription.  

[0070]   The term "upstream" refers to a nucleotide sequence that is located 5' to a reference 

nucleotide sequence.  

[0071]   As used herein, the term "regulatory region" refers to nucleotide sequences located 

upstream (5' non-coding sequences), within, or downstream (3' non-coding sequences) of 

a coding region, and which influence the transcription, RNA processing, stability, or 

translation of the associated coding region. Regulatory regions can include promoters, 

translation leader sequences, introns, polyadenylation recognition sequences, RNA 

processing sites, effector binding sites, UTRs, and stem-loop structures. If a coding region 

is intended for expression in a eukaryotic cell, a polyadenylation signal and transcription 

termination sequence will usually be located 3' to the coding sequence.  

[0072]   The term "transcript" as used herein can refer to a primary transcript that is 

synthesized by transcription of DNA and becomes a messenger RNA (mRNA) after 

processing, i.e., a precursor messenger RNA (pre-mRNA), and the processed mRNA 
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amino terminus of the resultant polypeptide, and a translation stop codon at the 3'Jun 2025

terminus, encoding the carboxyl terminus of the resulting polypeptide.

[0067] The term "non-coding region" as used herein means a nucleotide sequence that is

not a coding region. Examples of non-coding regions include, but are not limited to,

promoters, ribosome binding sites, transcriptional terminators, introns, untranslated
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regions ("UTRs"), non-coding exons and the like. Some of the exons can be wholly or

part of the 5' untranslated region (5' UTR) or the 3' untranslated region (3' UTR) of each

transcript. The untranslated regions are important for efficient translation of the transcript

and for controlling the rate of translation and half-life of the transcript.

[0068] The term "region" when used in the context of a nucleotide sequence refers to a

section of that sequence. For example, the phrase "region within a nucleotide sequence"

or "region within the complement of a nucleotide sequence" refers to a sequence shorter

than the nucleotide sequence, but longer than at least 10 nucleotides located within the

particular nucleotide sequence or the complement of the nucleotides sequence,

respectively. The term "sub-sequence" or "subsequence" can also refer to a region of a

nucleotide sequence.

[0069] The term "downstream," when referring to a nucleotide sequence, means that a

nucleic acid or a nucleotide sequence is located 3' to a reference nucleotide sequence. In

certain embodiments, downstream nucleotide sequences relate to sequences that follow

the starting point of transcription. For example, the translation initiation codon of a gene

is located downstream of the start site of transcription.

[0070] The term "upstream" refers to a nucleotide sequence that is located 5' to a reference

nucleotide sequence.

[0071] As used herein, the term "regulatory region" refers to nucleotide sequences located

upstream (5' non-coding sequences), within, or downstream (3' non-coding sequences) of

a coding region, and which influence the transcription, RNA processing, stability, or

translation of the associated coding region. Regulatory regions can include promoters,

translation leader sequences, introns, polyadenylation recognition sequences, RNA

processing sites, effector binding sites, UTRs, and stem-loop structures. If a coding region

is intended for expression in a eukaryotic cell, a polyadenylation signal and transcription

termination sequence will usually be located 3' to the coding sequence.

[0072] The term "transcript" as used herein can refer to a primary transcript that is

synthesized by transcription of DNA and becomes a messenger RNA (mRNA) after

processing, i.e., a precursor messenger RNA (pre-mRNA), and the processed mRNA
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itself. The term "transcript" can be interchangeably used with "pre-mRNA" and "mRNA." 

After DNA strands are transcribed to primary transcripts, the newly synthesized primary 

transcripts are modified in several ways to be converted to their mature, functional forms 

to produce different proteins and RNAs such as mRNA, tRNA, rRNA, lncRNA, miRNA 

and others. Thus, the term "transcript" can include exons, introns, 5' UTRs, and 3' UTRs.  

[0073]   The term "expression" as used herein refers to a process by which a polynucleotide 

produces a gene product, for example, a RNA or a polypeptide. It includes, without 

limitation, transcription of the polynucleotide into messenger RNA (mRNA) and the 

translation of an mRNA into a polypeptide. Expression produces a "gene product." As 

used herein, a gene product can be either a nucleic acid, e.g., a messenger RNA produced 

by transcription of a gene, or a polypeptide which is translated from a transcript. Gene 

products described herein further include nucleic acids with post transcriptional 

modifications, e.g., polyadenylation or splicing, or polypeptides with post translational 

modifications, e.g., methylation, glycosylation, the addition of lipids, association with 

other protein subunits, or proteolytic cleavage.  

[0074]   The terms "identical" or percent "identity" in the context of two or more nucleic 

acids refer to two or more sequences that are the same or have a specified percentage of 

nucleotides or amino acid residues that are the same, when compared and aligned 

(introducing gaps, if necessary) for maximum correspondence, not considering any 

conservative amino acid substitutions as part of the sequence identity. The percent 

identity can be measured using sequence comparison software or algorithms or by visual 

inspection. Various algorithms and software are known in the art that can be used to 

obtain alignments of amino acid or nucleotide sequences.  

[0075]   One such non-limiting example of a sequence alignment algorithm is the algorithm 

described in Karlin et al., 1990, Proc. Natl. Acad. Sci., 87:2264-2268, as modified in 

Karlin et al., 1993, Proc. Natl. Acad. Sci., 90:5873-5877, and incorporated into the 

NBLAST and XBLAST programs (Altschul et al., 1991, Nucleic Acids Res., 25:3389-

3402). In certain embodiments, Gapped BLAST can be used as described in Altschul et 

al., 1997, Nucleic Acids Res. 25:3389-3402. BLAST-2, WU-BLAST-2 (Altschul et al., 

1996, Methods in Enzymology, 266:460-480), ALIGN, ALIGN-2 (Genentech, South San 

Francisco, California) or Megalign (DNASTAR) are additional publicly available 

software programs that can be used to align sequences. In certain embodiments, the 

percent identity between two nucleotide sequences is determined using the GAP program 

in the GCG software package (e.g., using a NWSgapdna.CMP matrix and a gap weight of 
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After DNA strands are transcribed to primary transcripts, the newly synthesized primary

transcripts are modified in several ways to be converted to their mature, functional forms

to produce different proteins and RNAs such as mRNA, tRNA, rRNA, IncRNA, miRNA

and others. Thus, the term "transcript" can include exons, introns, 5' UTRs, and 3' UTRs.
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[0073] The term "expression" as used herein refers to a process by which a polynucleotide

produces a gene product, for example, a RNA or a polypeptide. It includes, without

limitation, transcription of the polynucleotide into messenger RNA (mRNA) and the

translation of an mRNA into a polypeptide. Expression produces a "gene product." As

used herein, a gene product can be either a nucleic acid, e.g., a messenger RNA produced

by transcription of a gene, or a polypeptide which is translated from a transcript. Gene

products described herein further include nucleic acids with post transcriptional

modifications, e.g., polyadenylation or splicing, or polypeptides with post translational

modifications, e.g., methylation, glycosylation, the addition of lipids, association with

other protein subunits, or proteolytic cleavage.

[0074] The terms "identical" or percent "identity" in the context of two or more nucleic

acids refer to two or more sequences that are the same or have a specified percentage of

nucleotides or amino acid residues that are the same, when compared and aligned

(introducing gaps, if necessary) for maximum correspondence, not considering any

conservative amino acid substitutions as part of the sequence identity. The percent

identity can be measured using sequence comparison software or algorithms or by visual

inspection. Various algorithms and software are known in the art that can be used to

obtain alignments of amino acid or nucleotide sequences.

[0075] One such non-limiting example of a sequence alignment algorithm is the algorithm

described in Karlin et al., 1990, Proc. Natl. Acad. Sci., 87:2264-2268, as modified in

Karlin et al., 1993, Proc. Natl. Acad. Sci., 90:5873-5877, and incorporated into the

NBLAST and XBLAST programs (Altschul et al., 1991, Nucleic Acids Res., 25:3389-

3402). In certain embodiments, Gapped BLAST can be used as described in Altschul et

al., 1997, Nucleic Acids Res. 25:3389-3402. BLAST-2, WU-BLAST-2 (Altschul et al.,

1996, Methods in Enzymology, 266:460-480), ALIGN, ALIGN-2 (Genentech, South San

Francisco, California) or Megalign (DNASTAR) are additional publicly available

software programs that can be used to align sequences. In certain embodiments, the

percent identity between two nucleotide sequences is determined using the GAP program

in the GCG software package (e.g., using a NWSgapdna.CMP matrix and a gap weight of
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40, 50, 60, 70, or 90 and a length weight of 1, 2, 3, 4, 5, or 6). In certain alternative 

embodiments, the GAP program in the GCG software package, which incorporates the 

algorithm of Needleman and Wunsch (J. Mol. Biol. (48):444-453 (1970)) can be used to 

determine the percent identity between two amino acid sequences (e.g., using either a 

BLOSUM 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 

and a length weight of 1, 2, 3, 4, 5). Alternatively, in certain embodiments, the percent 

identity between nucleotide or amino acid sequences is determined using the algorithm of 

Myers and Miller (CABIOS, 4:11-17 (1989)). For example, the percent identity can be 

determined using the ALIGN program (version 2.0) and using a PAM120 with residue 

table, a gap length penalty of 12 and a gap penalty of 4. One skilled in the art can 

determine appropriate parameters for maximal alignment by particular alignment 

software. In certain embodiments, the default parameters of the alignment software are 

used.  

[0076]   In certain embodiments, the percentage identity "X" of a first nucleotide sequence 

to a second nucleotide sequence is calculated as 100 x (Y/Z), where Y is the number of 

amino acid residues scored as identical matches in the alignment of the first and second 

sequences (as aligned by visual inspection or a particular sequence alignment program) 

and Z is the total number of residues in the second sequence. If the length of a first 

sequence is longer than the second sequence, the percent identity of the first sequence to 

the second sequence will be higher than the percent identity of the second sequence to the 

first sequence.  

[0077]   Different regions within a single polynucleotide target sequence that align with a 

polynucleotide reference sequence can each have their own percent sequence identity. It 

is noted that the percent sequence identity value is rounded to the nearest tenth. For 

example, 80.11, 80.12, 80.13, and 80.14 are rounded down to 80.1, while 80.15, 80.16, 

80.17, 80.18, and 80.19 are rounded up to 80.2. It also is noted that the length value will 

always be an integer.  

[0078]   As used herein, the terms "homologous" and "homology" are interchangeable with 

the terms "identity" and "identical."  

[0079]   The term "naturally occurring variant thereof" refers to variants of the CAMK2D 

polypeptide sequence or CAMK2D nucleic acid sequence (e.g., transcript) which exist 

naturally within the defined taxonomic group, such as mammalian, such as mouse, 

monkey, and human. Typically, when referring to "naturally occurring variants" of a 

polynucleotide the term also can encompass any allelic variant of the CAMK2D-encoding 
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40, 50, 60, 70, or 90 and a length weight of 1, 2, 3, 4, 5, or 6). In certain alternative

embodiments, the GAP program in the GCG software package, which incorporates the
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algorithm of Needleman and Wunsch (J. Mol. Biol. (48):444-453 (1970)) can be used to

determine the percent identity between two amino acid sequences (e.g., using either a

BLOSUM 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4

and a length weight of 1, 2, 3, 4, 5). Alternatively, in certain embodiments, the percent

identity between nucleotide or amino acid sequences is determined using the algorithm of

Myers and Miller (CABIOS, 4:11-17 (1989)). For example, the percent identity can be

determined using the ALIGN program (version 2.0) and using a PAM120 with residue

table, a gap length penalty of 12 and a gap penalty of 4. One skilled in the art can

determine appropriate parameters for maximal alignment by particular alignment

software. In certain embodiments, the default parameters of the alignment software are

used.

[0076] In certain embodiments, the percentage identity "X" of a first nucleotide sequence

to a second nucleotide sequence is calculated as 100 X (Y/Z), where Y is the number of

amino acid residues scored as identical matches in the alignment of the first and second

sequences (as aligned by visual inspection or a particular sequence alignment program)

and Z is the total number of residues in the second sequence. If the length of a first

sequence is longer than the second sequence, the percent identity of the first sequence to

the second sequence will be higher than the percent identity of the second sequence to the

first sequence.

[0077] Different regions within a single polynucleotide target sequence that align with a

polynucleotide reference sequence can each have their own percent sequence identity. It

is noted that the percent sequence identity value is rounded to the nearest tenth. For

example, 80.11, 80.12, 80.13, and 80.14 are rounded down to 80.1, while 80.15, 80.16,

80.17, 80.18, and 80.19 are rounded up to 80.2. It also is noted that the length value will

always be an integer.

[0078] As used herein, the terms "homologous" and "homology" are interchangeable with

the terms "identity" and "identical."

[0079] The term "naturally occurring variant thereof" refers to variants of the CAMK2D

polypeptide sequence or CAMK2D nucleic acid sequence (e.g., transcript) which exist

naturally within the defined taxonomic group, such as mammalian, such as mouse,

monkey, and human. Typically, when referring to "naturally occurring variants" of a

polynucleotide the term also can encompass any allelic variant of the CAMK2D-encoding
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genomic DNA which is found at Chromosomal position 4q26 (i.e., residues 113,451,032 

to 113,761,927 of GenBank Accession No. NC_000004.12) by chromosomal 

translocation or duplication, and the RNA, such as mRNA derived therefrom. "Naturally 

occurring variants" can also include variants derived from alternative splicing of the 

CAMK2D mRNA. When referenced to a specific polypeptide sequence, e.g., the term also 

includes naturally occurring forms of the protein, which can therefore be processed, e.g., 

by co- or post-translational modifications, such as signal peptide cleavage, proteolytic 

cleavage, glycosylation, etc.  

[0080]   In determining the degree of "complementarity" between the ASOs of the 

disclosure (or regions thereof) and the target region of the nucleic acid which encodes 

mammalian CAMK2D (e.g., the CAMK2D gene), such as those disclosed herein, the 

degree of "complementarity" (also, "homology" or "identity") is expressed as the 

percentage identity (or percentage homology) between the sequence of the ASO (or 

region thereof) and the sequence of the target region (or the reverse complement of the 

target region) that best aligns therewith. The percentage is calculated by counting the 

number of aligned bases that are identical between the two sequences, dividing by the 

total number of contiguous monomers in the ASO, and multiplying by 100. In such a 

comparison, if gaps exist, it is preferable that such gaps are merely mismatches rather 

than areas where the number of monomers within the gap differs between the ASO of the 

disclosure and the target region.  

[0081]   The term "complement" as used herein indicates a sequence that is complementary 

to a reference sequence. It is well known that complementarity is the base principle of 

DNA replication and transcription as it is a property shared between two DNA or RNA 

sequences, such that when they are aligned antiparallel to each other, the nucleotide bases 

at each position in the sequences will be complementary, much like looking in the mirror 

and seeing the reverse of things. Therefore, for example, the complement of a sequence of 

5'"ATGC"3' can be written as 3'"TACG"5' or 5'"GCAT"3'. The terms "reverse 

complement", "reverse complementary", and "reverse complementarity" as used herein 

are interchangeable with the terms "complement", "complementary", and 

"complementarity." In some embodiments, the term "complementary" refers to 100% 

match or complementarity (i.e., fully complementary) to a contiguous nucleic acid 

sequence within a CAMK2D transcript.  In some embodiments, the term 

"complementary" refers to at least about 80%, at least about 85%, at least about 90%, at 

least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 
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genomic DNA which is found at Chromosomal position 4q26 (i.e., residues 113,451,0322025

to 113,761,927 of GenBank Accession No. NC_000004.12) by chromosomal

translocation or duplication, and the RNA, such as mRNA derived therefrom. "Naturally

occurring variants" can also include variants derived from alternative splicing of the
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CAMK2D mRNA. When referenced to a specific polypeptide sequence, e.g., the term also

includes naturally occurring forms of the protein, which can therefore be processed, e.g.,

by co- or post-translational modifications, such as signal peptide cleavage, proteolytic

cleavage, glycosylation, etc.

[0080] In determining the degree of "complementarity" between the ASOs of the

disclosure (or regions thereof) and the target region of the nucleic acid which encodes

mammalian CAMK2D (e.g., the CAMK2D gene), such as those disclosed herein, the

degree of "complementarity" (also, "homology" or "identity") is expressed as the

percentage identity (or percentage homology) between the sequence of the ASO (or

region thereof) and the sequence of the target region (or the reverse complement of the

target region) that best aligns therewith. The percentage is calculated by counting the

number of aligned bases that are identical between the two sequences, dividing by the

total number of contiguous monomers in the ASO, and multiplying by 100. In such a

comparison, if gaps exist, it is preferable that such gaps are merely mismatches rather

than areas where the number of monomers within the gap differs between the ASO of the

disclosure and the target region.

[0081] The term "complement" as used herein indicates a sequence that is complementary

to a reference sequence. It is well known that complementarity is the base principle of

DNA replication and transcription as it is a property shared between two DNA or RNA

sequences, such that when they are aligned antiparallel to each other, the nucleotide bases

at each position in the sequences will be complementary, much like looking in the mirror

and seeing the reverse of things. Therefore, for example, the complement of a sequence of

5"ATGC"3' can be written as 3"TACG"5' or 5"GCAT"3'. The terms "reverse

complement", "reverse complementary", and "reverse complementarity" as used herein

are interchangeable with the terms "complement", "complementary", and

"complementarity." In some embodiments, the term "complementary" refers to 100%

match or complementarity (i.e., fully complementary) to a contiguous nucleic acid

sequence within a CAMK2D transcript. In some embodiments, the term

"complementary" refers to at least about 80%, at least about 85%, at least about 90%, at

least about 91%, at least about 92%, at least about 93%, at least about 94%, at least about
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95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99% 

match or complementarity to a contiguous nucleic acid sequence within a CAMK2D 

transcript.  

[0082]   The terms "corresponding to" and "corresponds to," when referencing two separate 

nucleic acid or nucleotide sequences can be used to clarify regions of the sequences that 

correspond or are similar to each other based on homology and/or functionality, although 

the nucleotides of the specific sequences can be numbered differently. For example, 

different isoforms of a gene transcript can have similar or conserved portions of 

nucleotide sequences whose numbering can differ in the respective isoforms based on 

alternative splicing and/or other modifications. In addition, it is recognized that different 

numbering systems can be employed when characterizing a nucleic acid or nucleotide 

sequence (e.g., a gene transcript and whether to begin numbering the sequence from the 

translation start codon or to include the 5'UTR). Further, it is recognized that the nucleic 

acid or nucleotide sequence of different variants of a gene or gene transcript can vary. As 

used herein, however, the regions of the variants that share nucleic acid or nucleotide 

sequence homology and/or functionality are deemed to "correspond" to one another. For 

example, a nucleotide sequence of a CAMK2D transcript corresponding to nucleotides X 

to Y of SEQ ID NO: 1 ("reference sequence") refers to an CAMK2d transcript sequence 

(e.g., CAMK2D pre-mRNA or mRNA) that has an identical sequence or a similar 

sequence to nucleotides X to Y of SEQ ID NO: 1, wherein X is the start site and Y is the 

end site (as shown in FIGs. 1A and 1B). A person of ordinary skill in the art can identify 

the corresponding X and Y residues in the CAMK2D transcript sequence by aligning the 

CAMK2D transcript sequence with SEQ ID NO: 1.  

[0083]   The terms "corresponding nucleotide analog" and "corresponding nucleotide" are 

intended to indicate that the nucleobase in the nucleotide analog and the naturally 

occurring nucleotide have the same pairing, or hybridizing, ability. For example, when 

the 2-deoxyribose unit of the nucleotide is linked to an adenine, the "corresponding 

nucleotide analog" contains a pentose unit (different from 2-deoxyribose) linked to an 

adenine.  

[0084]   The term "DES Number" or "DES No." as used herein refers to a unique number 

given to a nucleotide sequence having a specific pattern of nucleosides (e.g., DNA) and 

nucleoside analogs (e.g., LNA). As used herein, the design of an ASO is shown by a 

combination of upper case letters and lower case letters. For example, DES-0231 refers to 

an ASO sequence of tacatattatattactcctc (SEQ ID NO: 158) with an ASO design of 
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95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%

match or complementarity to a contiguous nucleic acid sequence within a CAMK2D
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transcript.

[0082] The terms "corresponding to" and "corresponds to," when referencing two separate

nucleic acid or nucleotide sequences can be used to clarify regions of the sequences that

correspond or are similar to each other based on homology and/or functionality, although

the nucleotides of the specific sequences can be numbered differently. For example,

different isoforms of a gene transcript can have similar or conserved portions of

nucleotide sequences whose numbering can differ in the respective isoforms based on

alternative splicing and/or other modifications. In addition, it is recognized that different

numbering systems can be employed when characterizing a nucleic acid or nucleotide

sequence (e.g., a gene transcript and whether to begin numbering the sequence from the

translation start codon or to include the 5'UTR). Further, it is recognized that the nucleic

acid or nucleotide sequence of different variants of a gene or gene transcript can vary. As

used herein, however, the regions of the variants that share nucleic acid or nucleotide

sequence homology and/or functionality are deemed to "correspond" to one another. For

example, a nucleotide sequence of a CAMK2D transcript corresponding to nucleotides X

to Y of SEQ ID NO: 1 ("reference sequence") refers to an CAMK2d transcript sequence

(e.g., CAMK2D pre-mRNA or mRNA) that has an identical sequence or a similar

sequence to nucleotides X to Y of SEQ ID NO: 1, wherein X is the start site and Y is the

end site (as shown in FIGs. 1A and 1B). A person of ordinary skill in the art can identify

the corresponding X and Y residues in the CAMK2D transcript sequence by aligning the

CAMK2D transcript sequence with SEQ ID NO: 1.

[0083] The terms "corresponding nucleotide analog" and "corresponding nucleotide" are

intended to indicate that the nucleobase in the nucleotide analog and the naturally

occurring nucleotide have the same pairing, or hybridizing, ability. For example, when

the 2-deoxyribose unit of the nucleotide is linked to an adenine, the "corresponding

nucleotide analog" contains a pentose unit (different from 2-deoxyribose) linked to an

adenine.

[0084] The term "DES Number" or "DES No." as used herein refers to a unique number

given to a nucleotide sequence having a specific pattern of nucleosides (e.g., DNA) and

nucleoside analogs (e.g., LNA). As used herein, the design of an ASO is shown by a

combination of upper case letters and lower case letters. For example, DES-0231 refers to

an ASO sequence of tacatattatattactcctc (SEQ ID NO: 158) with an ASO design of
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LLLDDDDDDDDDDDDDDLLL (i.e., TACatattatattactcCTC), wherein the L (i.e., upper 

case letter) indicates a nucleoside analog (e.g., LNA) and the D (i.e., lower case letter) 

indicates a nucleoside (e.g., DNA). 

[0085]   The annotation of ASO chemistry is as follows Beta-D-oxy LNA nucleotides are 

designated by OxyB where B designates a nucleotide base such as thymine (T), uridine 

(U), cytosine (C), 5-methylcytosine (MC), adenine (A) or guanine (G), and thus include 

OxyA, OxyT, OxyMC, OxyC and OxyG. DNA nucleotides are designated by DNAb, 

where the lower case b designates a nucleotide base such as thymine (T), uridine (U), 

cytosine (C), 5-methylcytosine (Mc), adenine (A) or guanine (G), and thus include 

DNAa, DNAt, DNA and DNAg. The letter M before C or c indicates 5-methylcytosine. 

The letter "s" indicates a phosphorothioate internucleotide linkage. 

[0086]   The term "ASO Number" or "ASO No." as used herein refers to a unique number 

given to a nucleotide sequence having the detailed chemical structure of the components, 

e.g., nucleosides (e.g., DNA), nucleoside analogs (e.g., beta-D-oxy-LNA), nucleobase 

(e.g., A, T, G, C, U, or MC), and backbone structure (e.g., phosphorothioate or 

phosphorodiester). For example, ASO-0231 can refer to OxyTs OxyAs OxyMCs DNAas 

DNAts DNAas DNAts DNAts DNAas DNAts DNAas DNAts DNAts DNAas DNAcs 

DNAts DNAcs OxyMCs OxyTs OxyMC.  

[0087]   "Potency" is normally expressed as an IC50 or EC50 value, in µM, nM or pM unless 

otherwise stated. Potency can also be expressed in terms of percent inhibition. IC50 is the 

median inhibitory concentration of a therapeutic molecule. EC50 is the median effective 

concentration of a therapeutic molecule relative to a vehicle or control (e.g., saline). In 

functional assays, IC50 is the concentration of a therapeutic molecule that reduces a 

biological response, e.g., transcription of mRNA or protein expression, by 50% of the 

biological response that is achieved by the therapeutic molecule. In functional assays, 

EC50 is the concentration of a therapeutic molecule that produces 50% of the biological 

response, e.g., transcription of mRNA or protein expression. IC50 or EC50 can be 

calculated by any number of means known in the art.  

[0088]   As used herein, the term "inhibiting," e.g., the expression of CAMK2D gene 

transcript and/or CAMK2D protein refers to the ASO reducing the expression of the 

CAMK2D gene transcript and/or CAMK2D protein in a cell or a tissue. In some 

embodiments, the term "inhibiting" refers to complete inhibition (100% inhibition or non-

detectable level) of CAMK2D gene transcript or CAMK2D protein. In other 

embodiments, the term "inhibiting" refers to at least 5%, at least 10%, at least 15%, at 
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LLLDDDDDDDDDDDDDDLLL (i.e., TACatattatattacteCTC), wherein the L (i.e., upper

case letter) indicates a nucleoside analog (e.g., LNA) and the D (i.e., lower case letter)
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indicates a nucleoside (e.g., DNA).

[0085] The annotation of ASO chemistry is as follows Beta-D-oxy LNA nucleotides are

designated by OxyB where B designates a nucleotide base such as thymine (T), uridine

(U), cytosine (C), 5-methylcytosine (MC), adenine (A) or guanine (G), and thus include

OxyA, OxyT, OxyMC, OxyC and OxyG. DNA nucleotides are designated by DNAb,

where the lower case b designates a nucleotide base such as thymine (T), uridine (U),

cytosine (C), 5-methylcytosine (Mc), adenine (A) or guanine (G), and thus include

DNAa, DNAt, DNA and DNAg. The letter M before C or c indicates 5-methylcytosine.

The letter "s" indicates a phosphorothioate internucleotide linkage.

[0086] The term "ASO Number" or "ASO No." as used herein refers to a unique number

given to a nucleotide sequence having the detailed chemical structure of the components,

e.g., nucleosides (e.g., DNA), nucleoside analogs (e.g., beta-D-oxy-LNA), nucleobase

(e.g., A, T, G, C, U, or MC), and backbone structure (e.g., phosphorothioate or

phosphorodiester). For example, ASO-0231 can refer to OxyTs OxyAs OxyMCs DNAas

DNAts DNAas DNAts DNAts DNAas DNAts DNAas DNAts DNAts DNAas DNAcs

DNAts DNAcs OxyMCs OxyTs OxyMC.

[0087] "Potency" is normally expressed as an IC or EC value, in µM, nM or pM unless

otherwise stated. Potency can also be expressed in terms of percent inhibition. IC is the

median inhibitory concentration of a therapeutic molecule. EC is the median effective

concentration of a therapeutic molecule relative to a vehicle or control (e.g., saline). In

functional assays, IC is the concentration of a therapeutic molecule that reduces a

biological response, e.g., transcription of mRNA or protein expression, by 50% of the

biological response that is achieved by the therapeutic molecule. In functional assays,

EC is the concentration of a therapeutic molecule that produces 50% of the biological

response, e.g., transcription of mRNA or protein expression. IC or EC can be

calculated by any number of means known in the art.

[0088] As used herein, the term "inhibiting," e.g., the expression of CAMK2D gene

transcript and/or CAMK2D protein refers to the ASO reducing the expression of the

CAMK2D gene transcript and/or CAMK2D protein in a cell or a tissue. In some

embodiments, the term "inhibiting" refers to complete inhibition (100% inhibition or non-

detectable level) of CAMK2D gene transcript or CAMK2D protein. In other

embodiments, the term "inhibiting" refers to at least 5%, at least 10%, at least 15%, at
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least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 

50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95% or at least 99% 

inhibition of CAMK2D gene transcript and/or CAMK2D protein expression in a cell or a 

tissue. 

[0089]   By "subject" or "individual" or "animal" or "patient" or "mammal," is meant any 

subject, particularly a mammalian subject, for whom diagnosis, prognosis, or therapy is 

desired. Mammalian subjects include humans, domestic animals, farm animals, sports 

animals, and zoo animals including, e.g., humans, non-human primates, dogs, cats, guinea 

pigs, rabbits, rats, mice, horses, cattle, bears, and so on.  

[0090]   The term "pharmaceutical composition" refers to a preparation which is in such 

form as to permit the biological activity of the active ingredient to be effective, and which 

contains no additional components which are unacceptably toxic to a subject to which the 

composition would be administered. Such composition can be sterile.  

[0091]   An "effective amount" of an ASO as disclosed herein is an amount sufficient to 

carry out a specifically stated purpose. An "effective amount" can be determined 

empirically and in a routine manner, in relation to the stated purpose.  

[0092]   Terms such as "treating" or "treatment" or "to treat" or "alleviating" or "to alleviate" 

refer to both (1) therapeutic measures that cure, slow down, lessen symptoms of, and/or 

halt progression of a diagnosed pathologic condition or disorder and (2) prophylactic or 

preventative measures that prevent and/or slow the development of a targeted pathologic 

condition or disorder. Thus, those in need of treatment include those already with the 

disorder; those prone to have the disorder; and those in whom the disorder is to be 

prevented. In certain embodiments, a subject is successfully "treated" for a disease or 

condition disclosed elsewhere herein according to the methods provided herein if the 

patient shows, e.g., total, partial, or transient alleviation or elimination of symptoms 

associated with the disease or disorder.  

II.  Antisense Oligonucleotides 

[0093]   The present disclosure employs antisense oligonucleotides (ASOs) for use in 

modulating the function of nucleic acid molecules encoding mammalian CAMK2D, such 

as the CAMK2D nucleic acid, e.g., CAMK2D transcript, including CAMK2D pre-mRNA, 

and CAMK2D mRNA, or naturally occurring variants of such nucleic acid molecules 

encoding mammalian CAMK2D. The term "ASO" in the context of the present 
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least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least

50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95% or at least 99%
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inhibition of CAMK2D gene transcript and/or CAMK2D protein expression in a cell or a

tissue.

[0089] By "subject" or "individual" or "animal" or "patient" or "mammal," is meant any

subject, particularly a mammalian subject, for whom diagnosis, prognosis, or therapy is

desired. Mammalian subjects include humans, domestic animals, farm animals, sports

animals, and ZOO animals including, e.g., humans, non-human primates, dogs, cats, guinea

pigs, rabbits, rats, mice, horses, cattle, bears, and so on.

[0090] The term "pharmaceutical composition" refers to a preparation which is in such

form as to permit the biological activity of the active ingredient to be effective, and which

contains no additional components which are unacceptably toxic to a subject to which the

composition would be administered. Such composition can be sterile.

[0091] An "effective amount" of an ASO as disclosed herein is an amount sufficient to

carry out a specifically stated purpose. An "effective amount" can be determined

empirically and in a routine manner, in relation to the stated purpose.

[0092] Terms such as "treating" or "treatment" or "to treat" or "alleviating" or "to alleviate"

refer to both (1) therapeutic measures that cure, slow down, lessen symptoms of, and/or

halt progression of a diagnosed pathologic condition or disorder and (2) prophylactic or

preventative measures that prevent and/or slow the development of a targeted pathologic

condition or disorder. Thus, those in need of treatment include those already with the

disorder; those prone to have the disorder; and those in whom the disorder is to be

prevented. In certain embodiments, a subject is successfully "treated" for a disease or

condition disclosed elsewhere herein according to the methods provided herein if the

patient shows, e.g., total, partial, or transient alleviation or elimination of symptoms

associated with the disease or disorder.

II. Antisense Oligonucleotides

[0093] The present disclosure employs antisense oligonucleotides (ASOs) for use in

modulating the function of nucleic acid molecules encoding mammalian CAMK2D, such

as the CAMK2D nucleic acid, e.g., CAMK2D transcript, including CAMK2D pre-mRNA,

and CAMK2D mRNA, or naturally occurring variants of such nucleic acid molecules

encoding mammalian CAMK2D. The term "ASO" in the context of the present
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disclosure, refers to a molecule formed by covalent linkage of two or more nucleotides 

(i.e., an oligonucleotide).  

[0094]   The ASO comprises a contiguous nucleotide sequence of from about 10 to about 

30, such as 10–20, 14–20, 16–20, or 15–25, nucleotides in length. The terms "antisense 

ASO," "antisense oligonucleotide," and "oligomer" as used herein are interchangeable 

with the term "ASO."  

[0095]   A reference to a SEQ ID number includes a particular nucleobase sequence, but 

does not include any design or full chemical structure. Furthermore, the ASOs disclosed 

in the figures herein show a representative design, but are not limited to the specific 

design shown in the Figures unless otherwise indicated. Herein, a single nucleotide (unit) 

can also be referred to as a monomer or unit. When this specification refers to a specific 

ASO number, the reference includes the sequence, the specific ASO design, and the 

chemical structure. When this specification refers to a specific DES number, the reference 

includes the sequence and the specific ASO design. For example, when a claim (or this 

specification) refers to SEQ ID NO: 158, it includes the nucleotide sequence of 

tacatattatattactcctc only. When a claim (or the specification) refers to DES-0231, it 

includes the nucleotide sequence of tacatattatattactcctc with the ASO design of 

TACatattatattactcCTC. Alternatively, the design of ASO-0231 can also be written as SEQ 

ID NO: 158, wherein each of the first nucleotide, the second nucleotide, the third 

nucleotide, the 18th nucleotide, the 19th nucleotide, and the 20th nucleotide from the 5' end 

is a modified nucleotide, e.g., LNA, and each of the other nucleotides is a non-modified 

nucleotide (e.g., DNA). The ASO number includes the sequence and the ASO design, as 

well as the specific details of the ASO. Therefore, for instance, ASO-0231 referred to in 

this application indicates OxyTs OxyAs OxyMCs DNAas DNAts DNAas DNAts DNAts 

DNAas DNAts DNAas DNAts DNAts DNAas DNAcs DNAts DNAcs OxyMCs OxyTs 

OxyMC, wherein "s" indicates phosphorothioate linkage.  

[0096]   In various embodiments, the ASO of the disclosure does not comprise RNA (units). 

In some embodiments, the ASO comprises one or more DNA units. In one embodiment, 

the ASO according to the disclosure is a linear molecule or is synthesized as a linear 

molecule. In some embodiments, the ASO is a single stranded molecule, and does not 

comprise short regions of, for example, at least 3, 4 or 5 contiguous nucleotides, which 

are complementary to equivalent regions within the same ASO (i.e. duplexes) - in this 

regard, the ASO is not (essentially) double stranded. In some embodiments, the ASO is 

essentially not double stranded. In some embodiments, the ASO is not a siRNA. In 
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disclosure, refers to a molecule formed by covalent linkage of two or more nucleotides

(i.e., an oligonucleotide).
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[0094] The ASO comprises a contiguous nucleotide sequence of from about 10 to about

30, such as 10-20, 14-20, 16-20, or 15-25, nucleotides in length. The terms "antisense

ASO," "antisense oligonucleotide," and "oligomer" as used herein are interchangeable

with the term "ASO."

[0095] A reference to a SEQ ID number includes a particular nucleobase sequence, but

does not include any design or full chemical structure. Furthermore, the ASOs disclosed

in the figures herein show a representative design, but are not limited to the specific

design shown in the Figures unless otherwise indicated. Herein, a single nucleotide (unit)

can also be referred to as a monomer or unit. When this specification refers to a specific

ASO number, the reference includes the sequence, the specific ASO design, and the

chemical structure. When this specification refers to a specific DES number, the reference

includes the sequence and the specific ASO design. For example, when a claim (or this

specification) refers to SEQ ID NO: 158, it includes the nucleotide sequence of

tacatattatattactcctc only. When a claim (or the specification) refers to DES-0231, it

includes the nucleotide sequence of tacatattatattactcctc with the ASO design of

TACatattatattactcCTC Alternatively, the design of ASO-0231 can also be written as SEQ

ID NO: 158, wherein each of the first nucleotide, the second nucleotide, the third

nucleotide, the 18th nucleotide, the 19th nucleotide, and the 20th nucleotide from the 5' end

is a modified nucleotide, e.g., LNA, and each of the other nucleotides is a non-modified

nucleotide (e.g., DNA). The ASO number includes the sequence and the ASO design, as

well as the specific details of the ASO. Therefore, for instance, ASO-0231 referred to in

this application indicates OxyTs OxyAs OxyMCs DNAas DNAts DNAas DNAts DNAts

DNAas DNAts DNAas DNAts DNAts DNAas DNAcs DNAts DNAcs OxyMCs OxyTs

OxyMC, wherein "s" indicates phosphorothioate linkage.

[0096] In various embodiments, the ASO of the disclosure does not comprise RNA (units).

In some embodiments, the ASO comprises one or more DNA units. In one embodiment,

the ASO according to the disclosure is a linear molecule or is synthesized as a linear

molecule. In some embodiments, the ASO is a single stranded molecule, and does not

comprise short regions of, for example, at least 3, 4 or 5 contiguous nucleotides, which

are complementary to equivalent regions within the same ASO (i.e. duplexes) - in this

regard, the ASO is not (essentially) double stranded. In some embodiments, the ASO is

essentially not double stranded. In some embodiments, the ASO is not a siRNA. In
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various embodiments, the ASO of the disclosure can consist entirely of the contiguous 

nucleotide region. Thus, in some embodiments the ASO is not substantially self-

complementary.  

[0097]   In other embodiments, the present disclosure includes fragments of ASOs. For 

example, the disclosure includes at least one nucleotide, at least two contiguous 

nucleotides, at least three contiguous nucleotides, at least four contiguous nucleotides, at 

least five contiguous nucleotides, at least six contiguous nucleotides, at least seven 

contiguous nucleotides, at least eight contiguous nucleotides, or at least nine contiguous 

nucleotides of the ASOs disclosed herein. Fragments of any of the sequences disclosed 

herein are contemplated as part of the disclosure. 

II.A. The Target 

[0098]   Suitably the ASO of the disclosure is capable of down-regulating (e.g., reducing or 

removing) expression of the CAMK2D mRNA or protein. In this regard, the ASO of the 

disclosure can affect indirect inhibition of CAMK2D protein through the reduction in 

CAMK2D mRNA levels, typically in a mammalian cell, such as a human cell, such as a 

cardiocyte. In particular, the present disclosure is directed to ASOs that target one or 

more regions of the CAMK2D pre-mRNA (e.g., intron regions, exon regions, and/or 

exon-intron junction regions). Unless indicated otherwise, the term "CAMK2D," as used 

herein, can refer to CAMK2D from one or more species (e.g., humans, non-human 

primates, dogs, cats, guinea pigs, rabbits, rats, mice, horses, cattle, and bears).  

[0099]   Calcium/calmodulin-dependent protein kinase type II delta (CAMK2D) is also 

known as CaM kinase II subunit delta and CamK-II subunit delta. Synonyms of 

CAMK2D are known and include CaMKIIδ or CAMKD. The sequence for the human 

CAMK2D gene can be found under publicly available GenBank Accession Number 

NC_000004.12. The sequence for the human CAMK2D pre-mRNA transcript (SEQ ID 

NO: 1) corresponds to the reverse complement of residues 113,451,032 – 113,761,927 of 

NC_000004.12. The CAMK2D mRNA sequence (GenBank Accession No. 

NM_001221.3) is provided in SEQ ID NO: 2, except that the nucleotide "t" in SEQ ID 

NO: 2 is shown as "u" in the mRNA. The sequence for human CAMK2D protein can be 

found under publicly available Accession Numbers: Q13557 (canonical sequence, SEQ 

ID NO: 3), A8MVS8, Q52PK4, Q59G21, Q8N553, Q9UGH6, Q9UQE9, each of which is 

incorporated by reference herein in its entirety.  
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various embodiments, the ASO of the disclosure can consist entirely of the contiguous

nucleotide region. Thus, in some embodiments the ASO is not substantially self-
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complementary.

[0097] In other embodiments, the present disclosure includes fragments of ASOs. For

example, the disclosure includes at least one nucleotide, at least two contiguous

nucleotides, at least three contiguous nucleotides, at least four contiguous nucleotides, at

least five contiguous nucleotides, at least six contiguous nucleotides, at least seven

contiguous nucleotides, at least eight contiguous nucleotides, or at least nine contiguous

nucleotides of the ASOs disclosed herein. Fragments of any of the sequences disclosed

herein are contemplated as part of the disclosure.

II.A. The Target

[0098] Suitably the ASO of the disclosure is capable of down-regulating (e.g., reducing or

removing) expression of the CAMK2D mRNA or protein. In this regard, the ASO of the

disclosure can affect indirect inhibition of CAMK2D protein through the reduction in

CAMK2D mRNA levels, typically in a mammalian cell, such as a human cell, such as a

cardiocyte. In particular, the present disclosure is directed to ASOs that target one or

more regions of the CAMK2D pre-mRNA (e.g., intron regions, exon regions, and/or

exon-intron junction regions). Unless indicated otherwise, the term "CAMK2D," as used

herein, can refer to CAMK2D from one or more species (e.g., humans, non-human

primates, dogs, cats, guinea pigs, rabbits, rats, mice, horses, cattle, and bears).

[0099] Calcium/calmodulin-dependent protein kinase type II delta (CAMK2D) is also

known as CaM kinase II subunit delta and CamK-II subunit delta. Synonyms of

CAMK2D are known and include CaMKII or CAMKD. The sequence for the human

CAMK2D gene can be found under publicly available GenBank Accession Number

NC_000004.12. The sequence for the human CAMK2D pre-mRNA transcript (SEQ ID

NO: 1) corresponds to the reverse complement of residues 113,451,032 - 113,761,927 of

NC_000004.12. The CAMK2D mRNA sequence (GenBank Accession No.

NM_001221.3) is provided in SEQ ID NO: 2, except that the nucleotide "t" in SEQ ID

NO: 2 is shown as "u" in the mRNA. The sequence for human CAMK2D protein can be

found under publicly available Accession Numbers: Q13557 (canonical sequence, SEQ

ID NO: 3), A8MVS8, Q52PK4, Q59G21, Q8N553, Q9UGH6, Q9UQE9, each of which is

incorporated by reference herein in its entirety.
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[0100]   Natural variants of the human CAMK2D gene product are known. For example, 

natural variants of human CAMK2D protein can contain one or more amino acid 

substitutions selected from: D167E, Q463E, and T493I, and any combinations thereof. 

Additional variants of human CAMK2D protein resulting from alternative splicing are 

also known in the art. CAMK2D Isoform Delta 3 (identifier: Q13557-3 at UniProt) differs 

from the canonical sequence (SEQ ID NO: 3) as follows: 328-328: K → 

KKRKSSSSVQMM. The sequence of CAMK2D Isoform Delta 4 (identifier: Q13557-4) 

differs from the canonical sequence (SEQ ID NO: 3) as follows: 328-328: K → 

KINNKANVVTSPKENIPTPAL. The sequence of CAMK2D Isoform Delta 6 (identifier: 

Q13557-8) differs from the canonical sequence (SEQ ID NO: 3) as follows: 479-499: 

Missing. The sequence of CAMK2D Isoform Delta 7 (identifier: Q13557-9) differs from 

the canonical sequence (SEQ ID NO: 3) as follows: 328-328: K → KKRKSSSSVQMM 

and 479-499: Missing. The sequence of CAMK2D Isoform Delta 8 (identifier: Q13557-5) 

differs from the canonical sequence (SEQ ID NO: 3) as follows: 328-328: K → 

KINNKANVVTSPKENIPTPAL and 479-499: Missing. The sequence of CAMK2D 

Isoform Delta 9 (identifier: Q13557-6) differs from the canonical sequence (SEQ ID NO: 

3) as follows: 329-329: E → EPQTTVIHNPDGNKE. The sequence of CAMK2D 

Isoform Delta 10 (identifier: Q13557-10) differs from the canonical sequence (SEQ ID 

NO: 3) as follows: 329-329: E → EPQTTVIHNPDGNKE and 479-499: Missing. The 

sequence of CAMK2D Isoform Delta 11 (identifier: Q13557-11) differs from the 

canonical sequence (SEQ ID NO: 3) as follows: 328-328: K → 

KKRKSSSSVQMMEPQTTVIHNPDGNK. The sequence of CAMK2D Isoform Delta 12 

(identifier: Q13557-12) differs from the canonical sequence (SEQ ID NO: 3) as follows: 

478-478: K → N and 479-499: Missing. Therefore, the ASOs of the present disclosure 

can be designed to reduce or inhibit expression of the natural variants of the CAMK2D 

protein.  

[0101]   An example of a target nucleic acid sequence of the ASOs is CAMK2D pre-mRNA. 

SEQ ID NO: 1 represents a human CAMK2D genomic sequence (i.e., reverse 

complement of nucleotides 113,451,032 to 113,761,927 of GenBank Accession No. 

NC_000004.12). SEQ ID NO: 1 is identical to a CAMK2D pre-mRNA sequence except 

that nucleotide "t" in SEQ ID NO: 1 is shown as "u" in pre-mRNA. In certain 

embodiments, the "target nucleic acid" comprises an intron of a CAMK2D protein-

encoding nucleic acids or naturally occurring variants thereof, and RNA nucleic acids 

derived therefrom, e.g., pre-mRNA. In other embodiments, the target nucleic acid 
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[0100] Natural variants of the human CAMK2D gene product are known. For example,

natural variants of human CAMK2D protein can contain one or more amino acid
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substitutions selected from: D167E, Q463E, and T493I, and any combinations thereof.

Additional variants of human CAMK2D protein resulting from alternative splicing are

also known in the art. CAMK2D Isoform Delta 3 (identifier: Q13557-3 at UniProt) differs

from the canonical sequence (SEQ ID NO: 3) as follows: 328-328: K

KKRKSSSSVQMM. The sequence of CAMK2D Isoform Delta 4 (identifier: Q13557-4)

differs from the canonical sequence (SEQ ID NO: 3) as follows: 328-328: K

KINNKANVVTSPKENIPTPAL. The sequence of CAMK2D Isoform Delta 6 (identifier:

Q13557-8) differs from the canonical sequence (SEQ ID NO: 3) as follows: 479-499:

Missing. The sequence of CAMK2D Isoform Delta 7 (identifier: Q13557-9) differs from

the canonical sequence (SEQ ID NO: 3) as follows: 328-328: K KKRKSSSSVQMM
and 479-499: Missing. The sequence of CAMK2D Isoform Delta 8 (identifier: Q13557-5)

differs from the canonical sequence (SEQ ID NO: 3) as follows: 328-328: K

KINNKANVVTSPKENIPTPAL and 479-499: Missing. The sequence of CAMK2D

Isoform Delta 9 (identifier: Q13557-6) differs from the canonical sequence (SEQ ID NO:

3) as follows: 329-329: E EPQTTVIHNPDGNKE. The sequence of CAMK2D

Isoform Delta 10 (identifier: Q13557-10) differs from the canonical sequence (SEQ ID

NO: 3) as follows: 329-329: E EPQTTVIHNPDGNKE and 479-499: Missing. The

sequence of CAMK2D Isoform Delta 11 (identifier: Q13557-11) differs from the

canonical sequence (SEQ ID NO: 3) as follows: 328-328: K

KKRKSSSSVQMMEPQTTVIHNPDGNK The sequence of CAMK2D Isoform Delta 12

(identifier: Q13557-12) differs from the canonical sequence (SEQ ID NO: 3) as follows:

478-478: K N and 479-499: Missing. Therefore, the ASOs of the present disclosure

can be designed to reduce or inhibit expression of the natural variants of the CAMK2D

protein.

[0101] An example of a target nucleic acid sequence of the ASOs is CAMK2D pre-mRNA.

SEQ ID NO: 1 represents a human CAMK2D genomic sequence (i.e., reverse

complement of nucleotides 113,451,032 to 113,761,927 of GenBank Accession No.

NC_000004.12). SEQ ID NO: 1 is identical to a CAMK2D pre-mRNA sequence except

that nucleotide "t" in SEQ ID NO: 1 is shown as "u" in pre-mRNA. In certain

embodiments, the "target nucleic acid" comprises an intron of a CAMK2D protein-

encoding nucleic acids or naturally occurring variants thereof, and RNA nucleic acids

derived therefrom, e.g., pre-mRNA. In other embodiments, the target nucleic acid
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comprises an exon region of a CAMK2D protein-encoding nucleic acids or naturally 

occurring variants thereof, and RNA nucleic acids derived therefrom, e.g., pre-mRNA. In 

yet other embodiments, the target nucleic acid comprises an exon-intron junction of a 

CAMK2D protein-encoding nucleic acids or naturally occurring variants thereof, and 

RNA nucleic acids derived therefrom, e.g., pre-mRNA. In some embodiments, for 

example when used in research or diagnostics the "target nucleic acid" can be a cDNA or 

a synthetic oligonucleotide derived from the above DNA or RNA nucleic acid targets. 

The human CAMK2D protein sequence encoded by the CAMK2D pre-mRNA is shown 

as SEQ ID NO: 3. In other embodiments, the target nucleic acid comprises an 

untranslated region of a CAMK2D protein-encoding nucleic acids or naturally occurring 

variants thereof, e.g., 5' UTR, 3' UTR, or both.   

[0102]   In some embodiments, an ASO of the disclosure hybridizes to a region within the 

introns of a CAMK2D transcript, e.g., SEQ ID NO: 1. In certain embodiments, an ASO of 

the disclosure hybridizes to a region within the exons of a CAMK2D transcript, e.g., SEQ 

ID NO: 1. In other embodiments, an ASO of the disclosure hybridizes to a region within 

the exon-intron junction of a CAMK2D transcript, e.g., SEQ ID NO: 1. In some 

embodiments, an ASO of the disclosure hybridizes to a region within a CAMK2D 

transcript (e.g., an intron, exon, or exon-intron junction), e.g., SEQ ID NO: 1, wherein the 

ASO has a design according to formula: 5' A-B-C 3' as described elsewhere herein (e.g., 

Section II.G).  

[0103]   In some embodiments, the ASO targets a mRNA encoding a particular isoform of 

CAMK2D protein (e.g., Isoform Delta 3-12). In some embodiments, the ASO targets all 

isoforms of CAMK2D protein. In other embodiments, the ASO targets two isoforms (e.g., 

Isoform Delta 3 and Isoform Delta 7, Isoform Delta 4 and Isoform Delta 8, and Isoform 

Delta 9 and Isoform Delta 10) of CAMK2D protein. 

[0104]   In some embodiments, the ASO comprises a contiguous nucleotide sequence (e.g., 

10 to 30 nucleotides in length) that are complementary to a nucleic acid sequence within a 

CAMK2D transcript, e.g., a region corresponding to SEQ ID NO: 1. In some 

embodiments, the ASO comprises a contiguous nucleotide sequence that hybridizes to a 

nucleic acid sequence, or a region within the sequence, of a CAMK2D transcript ("target 

region"), wherein the nucleic acid sequence corresponds to nucleotides (i) nucleotides 

625 – 842 of SEQ ID NO: 1; (ii) nucleotides 1,398 – 59,755 of SEQ ID NO: 1; (iii) 

nucleotides 61,817 – 104,725 of SEQ ID NO: 1; (iv) nucleotides 112,162 – 118,021 of 

SEQ ID NO: 1; (v) nucleotides 119,440 – 135,219 of SEQ ID NO: 1; (vi) nucleotides 
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comprises an exon region of a CAMK2D protein-encoding nucleic acids or naturally

occurring variants thereof, and RNA nucleic acids derived therefrom, e.g., pre-mRNA. In
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yet other embodiments, the target nucleic acid comprises an exon-intron junction of a

CAMK2D protein-encoding nucleic acids or naturally occurring variants thereof, and

RNA nucleic acids derived therefrom, e.g., pre-mRNA. In some embodiments, for

example when used in research or diagnostics the "target nucleic acid" can be a cDNA or

a synthetic oligonucleotide derived from the above DNA or RNA nucleic acid targets.

The human CAMK2D protein sequence encoded by the CAMK2D pre-mRNA is shown

as SEQ ID NO: 3. In other embodiments, the target nucleic acid comprises an

untranslated region of a CAMK2D protein-encoding nucleic acids or naturally occurring

variants thereof, e.g., 5' UTR, 3' UTR, or both.

[0102] In some embodiments, an ASO of the disclosure hybridizes to a region within the

introns of a CAMK2D transcript, e.g., SEQ ID NO: 1. In certain embodiments, an ASO of

the disclosure hybridizes to a region within the exons of a CAMK2D transcript, e.g., SEQ

ID NO: 1. In other embodiments, an ASO of the disclosure hybridizes to a region within

the exon-intron junction of a CAMK2D transcript, e.g., SEQ ID NO: 1. In some

embodiments, an ASO of the disclosure hybridizes to a region within a CAMK2D

transcript (e.g., an intron, exon, or exon-intron junction), e.g., SEQ ID NO: 1, wherein the

ASO has a design according to formula: 5' A-B-C 3' as described elsewhere herein (e.g.,

Section II.G).

[0103] In some embodiments, the ASO targets a mRNA encoding a particular isoform of

CAMK2D protein (e.g., Isoform Delta 3-12). In some embodiments, the ASO targets all

isoforms of CAMK2D protein. In other embodiments, the ASO targets two isoforms (e.g.,

Isoform Delta 3 and Isoform Delta 7, Isoform Delta 4 and Isoform Delta 8, and Isoform

Delta 9 and Isoform Delta 10) of CAMK2D protein.

[0104] In some embodiments, the ASO comprises a contiguous nucleotide sequence (e.g.,

10 to 30 nucleotides in length) that are complementary to a nucleic acid sequence within a

CAMK2D transcript, e.g., a region corresponding to SEQ ID NO: 1. In some

embodiments, the ASO comprises a contiguous nucleotide sequence that hybridizes to a

nucleic acid sequence, or a region within the sequence, of a CAMK2D transcript ("target

region"), wherein the nucleic acid sequence corresponds to nucleotides (i) nucleotides

625 - 842 of SEQ ID NO: 1; (ii) nucleotides 1,398 - 59,755 of SEQ ID NO: 1; (iii)

nucleotides 61,817 - 104,725 of SEQ ID NO: 1; (iv) nucleotides 112,162 - 118,021 of

SEQ ID NO: 1; (v) nucleotides 119,440 - 135,219 of SEQ ID NO: 1; (vi) nucleotides
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137,587 – 157,856 of SEQ ID NO: 1; (vii) nucleotides 159,191 – 266,174 of SEQ ID NO: 

1; and (viii) nucleotides 272,788 – 310,949 of SEQ ID NO: 1, and wherein, optionally, 

the ASO has one of the designs described herein (e.g., Section II.G) or a chemical 

structure shown elsewhere herein (e.g., FIGs. 1A and 1B).  

[0105]   In some embodiments, the target region corresponds to nucleotides 725 – 742 of 

SEQ ID NO: 1. In other embodiments, the target region corresponds to nucleotides 1,498 

– 59,655 of SEQ ID NO: 1. In certain embodiments, the target region corresponds to 

nucleotides 61,917 – 104,625 of SEQ ID NO: 1. In some embodiments, the target region 

corresponds to nucleotides 112,262 – 117,921 of SEQ ID NO: 1. In some embodiments, 

the target region corresponds to nucleotides 119,540 – 135,119 of SEQ ID NO: 1. In 

further embodiments, the target region corresponds to nucleotides 137,687 – 157,756 of 

SEQ ID NO: 1. In certain embodiments, the target region corresponds to nucleotides 

159,291 – 266,074 of SEQ ID NO: 1. In some embodiments, the target region 

corresponds to nucleotides 272,888 – 310,849 of SEQ ID NO: 1.  

[0106]   In some embodiments, the target region corresponds to nucleotides 725 – 742 of 

SEQ ID NO: 1 ± 10, ± 20, ± 30, ± 40, ± 50, ± 60, ± 70, ± 80, or ± 90 nucleotides at the 3' 

end and/or the 5' end. In other embodiments, the target region corresponds to nucleotides 

1,498 – 59,655 of SEQ ID NO: 1 ± 10, ± 20, ± 30, ± 40, ± 50, ± 60, ± 70, ± 80, or ± 90 

nucleotides at the 3' end and/or the 5' end. In certain embodiments, the target region 

corresponds to nucleotides 61,917 – 104,625 of SEQ ID NO: 1 ± 10, ± 20, ± 30, ± 40, ± 

50, ± 60, ± 70, ± 80, or ± 90 nucleotides at the 3' end and/or the 5' end. In some 

embodiments, the target region corresponds to nucleotides 112,262 – 117,921 of SEQ ID 

NO: 1 ± 10, ± 20, ± 30, ± 40, ± 50, ± 60, ± 70, ± 80, or ± 90 nucleotides at the 3' end 

and/or the 5' end. In some embodiments, the target region corresponds to nucleotides 

119,540 – 135,119 of SEQ ID NO: 1 ± 10, ± 20, ± 30, ± 40, ± 50, ± 60, ± 70, ± 80, or ± 

90 nucleotides at the 3' end and/or the 5' end. In further embodiments, the target region 

corresponds to nucleotides 137,687 – 157,756 of SEQ ID NO: 1 ± 10, ± 20, ± 30, ± 40, ± 

50, ± 60, ± 70, ± 80, or ± 90 nucleotides at the 3' end and/or the 5' end. In certain 

embodiments, the target region corresponds to nucleotides 159,291 – 266,074 of SEQ ID 

NO: 1 ± 10, ± 20, ± 30, ± 40, ± 50, ± 60, ± 70, ± 80, or ± 90 nucleotides at the 3' end 

and/or the 5' end. In some embodiments, the target region corresponds to nucleotides 

272,888 – 310,849 of SEQ ID NO: 1 ± 10, ± 20, ± 30, ± 40, ± 50, ± 60, ± 70, ± 80, or ± 

90 nucleotides at the 3' end and/or the 5' end.       
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137,587 - 157,856 of SEQ ID NO: 1; (vii) nucleotides 159,191 - 266,174 of SEQ ID NO:

1; and (viii) nucleotides 272,788 - 310,949 of SEQ ID NO: 1, and wherein, optionally,
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the ASO has one of the designs described herein (e.g., Section II.G) or a chemical

structure shown elsewhere herein (e.g., FIGs. 1A and 1B).

[0105] In some embodiments, the target region corresponds to nucleotides 725 - 742 of

SEQ ID NO: 1. In other embodiments, the target region corresponds to nucleotides 1,498

59,655 of SEQ ID NO: 1. In certain embodiments, the target region corresponds to

nucleotides 61,917 - 104,625 of SEQ ID NO: 1. In some embodiments, the target region

corresponds to nucleotides 112,262 - 117,921 of SEQ ID NO: 1. In some embodiments,

the target region corresponds to nucleotides 119,540 - 135,119 of SEQ ID NO: 1. In

further embodiments, the target region corresponds to nucleotides 137,687 - 157,756 of

SEQ ID NO: 1. In certain embodiments, the target region corresponds to nucleotides

159,291 - 266,074 of SEQ ID NO: 1. In some embodiments, the target region

corresponds to nucleotides 272,888 - 310,849 of SEQ ID NO: 1.

[0106] In some embodiments, the target region corresponds to nucleotides 725 - 742 of

SEQ ID NO: 1 ± 10, ± 20, ± 30, ± 40, ± 50, ± 60, ± 70, ± 80, or ± 90 nucleotides at the 3'

end and/or the 5' end. In other embodiments, the target region corresponds to nucleotides

1,498 - 59,655 of SEQ ID NO: 1 ± 10, ± 20, ± 30, ± 40, ± 50, ± 60, ± 70, ± 80, or ± 90

nucleotides at the 3' end and/or the 5' end. In certain embodiments, the target region

corresponds to nucleotides 61,917 - 104,625 of SEQ ID NO: 1 ± 10, ± 20, ± 30, ± 40, ±

50, ± 60, ± 70, ± 80, or ± 90 nucleotides at the 3' end and/or the 5' end. In some

embodiments, the target region corresponds to nucleotides 112,262 - 117,921 of SEQ ID

NO: 1 ± 10, ± 20, ± 30, ± 40, ± 50, ± 60, ± 70, ± 80, or ± 90 nucleotides at the 3' end

and/or the 5' end. In some embodiments, the target region corresponds to nucleotides

119,540 - 135,119 of SEQ ID NO: 1 ± 10, ± 20, ± 30, ± 40, ± 50, ± 60, ± 70, ± 80, or ±

90 nucleotides at the 3' end and/or the 5' end. In further embodiments, the target region

corresponds to nucleotides 137,687 - 157,756 of SEQ ID NO: 1 ± 10, ± 20, ± 30, ± 40, ±

50, ± 60, ± 70, ± 80, or ± 90 nucleotides at the 3' end and/or the 5' end. In certain

embodiments, the target region corresponds to nucleotides 159,291 - 266,074 of SEQ ID

NO: 1 ± 10, ± 20, ± 30, ± 40, ± 50, ± 60, ± 70, ± 80, or ± 90 nucleotides at the 3' end

and/or the 5' end. In some embodiments, the target region corresponds to nucleotides

272,888 - 310,849 of SEQ ID NO: 1 ± 10, ± 20, ± 30, ± 40, ± 50, ± 60, ± 70, ± 80, or ±

90 nucleotides at the 3' end and/or the 5' end.
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[0107]   In some embodiments, the ASO of the present disclosure hybridizes to multiple 

target regions within the CAMK2D transcript (e.g., pre-mRNA, SEQ ID NO: 1). In some 

embodiments, the ASO hybridizes to two different target regions within the CAMK2D 

transcript. In some embodiments, the ASO hybridizes to three different target regions 

within the CAMK2D transcript. The sequences of exemplary ASOs that hybridizes to 

multiple target regions, and the start/end sites of the different target regions are provided 

in FIG. 1B. In some embodiments, the ASOs that hybridizes to multiple regions within 

the CAMK2D transcript (e.g., pre-mRNA, SEQ ID NO: 1) are more potent (e.g., having 

lower EC50) at reducing CAMK2D expression compared to ASOs that hybridizes to a 

single region within the CAMK2D transcript (e.g., pre-mRNA, SEQ ID NO: 1).  

[0108]   In some embodiments, the ASO of the disclosure is capable of hybridizing to the 

target nucleic acid (e.g., CAMK2D transcript) under physiological condition, i.e., in vivo 

condition. In some embodiments, the ASO of the disclosure is capable of hybridizing to 

the target nucleic acid (e.g., CAMK2D transcript) in vitro. In some embodiments, the 

ASO of the disclosure is capable of hybridizing to the target nucleic acid (e.g., CAMK2D 

transcript) in vitro under stringent conditions. Stringency conditions for hybridization in 

vitro are dependent on, inter alia, productive cell uptake, RNA accessibility, temperature, 

free energy of association, salt concentration, and time (see, e.g., Stanley T Crooke, 

Antisense Drug Technology: Principles, Strategies and Applications, 2nd Edition, CRC 

Press (2007)). Generally, conditions of high to moderate stringency are used for in vitro 

hybridization to enable hybridization between substantially similar nucleic acids, but not 

between dissimilar nucleic acids. An example of stringent hybridization conditions 

includes hybridization in 5X saline-sodium citrate (SSC) buffer (0.75 M sodium 

chloride/0.075 M sodium citrate) for 1 hour at 40°C, followed by washing the sample 10 

times in 1X SSC at 40°C and 5 times in 1X SSC buffer at room temperature. In vivo 

hybridization conditions consist of intracellular conditions (e.g., physiological pH and 

intracellular ionic conditions) that govern the hybridization of antisense oligonucleotides 

with target sequences. In vivo conditions can be mimicked in vitro by relatively low 

stringency conditions. For example, hybridization can be carried out in vitro in 2X SSC 

(0.3 M sodium chloride/0.03 M sodium citrate), 0.1% SDS at 37°C. A wash solution 

containing 4X SSC, 0.1% SDS can be used at 37°C, with a final wash in 1X SSC at 45°C.  

[0109]   In some embodiments, the ASO of the present disclosure is capable of targeting a 

CAMK2D transcript from one or more species (e.g., humans, non-human primates, dogs, 

cats, guinea pigs, rabbits, rats, mice, horses, cattle, and bears). In certain embodiments, 
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[0107] In some embodiments, the ASO of the present disclosure hybridizes to multiple

target regions within the CAMK2D transcript (e.g., pre-mRNA, SEQ ID NO: 1). In some
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embodiments, the ASO hybridizes to two different target regions within the CAMK2D

transcript. In some embodiments, the ASO hybridizes to three different target regions

within the CAMK2D transcript. The sequences of exemplary ASOs that hybridizes to

multiple target regions, and the start/end sites of the different target regions are provided

in FIG. 1B. In some embodiments, the ASOs that hybridizes to multiple regions within

the CAMK2D transcript (e.g., pre-mRNA, SEQ ID NO: 1) are more potent (e.g., having

lower EC50) at reducing CAMK2D expression compared to ASOs that hybridizes to a

single region within the CAMK2D transcript (e.g., pre-mRNA, SEQ ID NO: 1).

[0108] In some embodiments, the ASO of the disclosure is capable of hybridizing to the

target nucleic acid (e.g., CAMK2D transcript) under physiological condition, i.e., in vivo

condition. In some embodiments, the ASO of the disclosure is capable of hybridizing to

the target nucleic acid (e.g., CAMK2D transcript) in vitro. In some embodiments, the

ASO of the disclosure is capable of hybridizing to the target nucleic acid (e.g., CAMK2D

transcript) in vitro under stringent conditions. Stringency conditions for hybridization in

vitro are dependent on, inter alia, productive cell uptake, RNA accessibility, temperature,

free energy of association, salt concentration, and time (see, e.g., Stanley T Crooke,

Antisense Drug Technology: Principles, Strategies and Applications, 2 Edition, CRC

Press (2007)). Generally, conditions of high to moderate stringency are used for in vitro

hybridization to enable hybridization between substantially similar nucleic acids, but not

between dissimilar nucleic acids. An example of stringent hybridization conditions

includes hybridization in 5X saline-sodium citrate (SSC) buffer (0.75 M sodium

chloride/0.075 M sodium citrate) for 1 hour at 40°C, followed by washing the sample 10

times in 1X SSC at 40°C and 5 times in 1X SSC buffer at room temperature. In vivo

hybridization conditions consist of intracellular conditions (e.g., physiological pH and

intracellular ionic conditions) that govern the hybridization of antisense oligonucleotides

with target sequences. In vivo conditions can be mimicked in vitro by relatively low

stringency conditions. For example, hybridization can be carried out in vitro in 2X SSC

(0.3 M sodium chloride/0.03 M sodium citrate), 0.1% SDS at 37°C. A wash solution

containing 4X SSC, 0.1% SDS can be used at 37°C, with a final wash in 1X SSC at 45°C.

[0109] In some embodiments, the ASO of the present disclosure is capable of targeting a

CAMK2D transcript from one or more species (e.g., humans, non-human primates, dogs,

cats, guinea pigs, rabbits, rats, mice, horses, cattle, and bears). In certain embodiments,
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the ASO disclosed herein is capable of targeting both human and rodent (e.g., mice or 

rats) CAMK2D transcript. Accordingly, in some embodiments, the ASO is capable of 

down-regulating (e.g., reducing or removing) expression of the CAMK2D mRNA or 

protein both in humans and in rodents (e.g., mice or rats).  

[0110]   Sequences of mouse CAMK2D transcript are known in the art. For instance, the 

sequence for the mouse CAMK2D gene can be found under publicly available GenBank 

Accession Number NC_000069.6. The sequence for the mouse CAMK2D pre-mRNA 

transcript corresponds to residues 126,596,354 – 126,846,326 of NC_000069.6. The 

sequences for mouse CAMK2D mRNA transcript (both canonical and variants) are known 

and available as Accession Numbers NM_001025438.2 (canonical sequence), 

NM_001025439.2, NM_001293663.1, NM_001293664.1, NM_023813.4, 

NM_001346635.1, NM_001346636.1, NM_001293665.1, XM_006500836.3, 

XM_006500833.3, XM_006500835.3, XM_017319415.1, XM_006500818.3, 

XM_017319417.1, XM_017319418.1, XM_017319420.1, NM_001293666.1, 

XM_006500819.3, XM_017319416.1, XM_006500820.3, XM_006500822.3, 

XM_006500823.3, XM_006500824.3, XM_017319419.1, XM_006500826.3, 

XM_006500825.3, XM_006500829.3, BC052894.1, XM_006500831.3, 

XM_006500832.3, XM_017319422.1, XM_006500834.3, XM_006500839.3, and 

XM_017319421.1. .  The sequence of mouse CAMK2D protein can be found under 

publicly available Accession Numbers: Q6PHZ2 (canonical sequence), Q3UF87, 

Q3UQH9, Q5DTK4, Q8CAC5, and Q9CZE2, each of which is incorporated by reference 

herein in its entirety. Three isoforms of the mouse CAMK2D protein are known. The 

sequence of CAMK2D Isoform Delta 6  differs from the canonical sequence as follows: 

478-478: K → N and 479-499: Missing. The sequence of CAMK2D Isoform Delta 10 

differs from the canonical as follows: 329-329: E → EPQTTVIHNPDGNKE; 478-478: K 

→ N; and 479-499: Missing. The sequence of CAMK2D Isoform Delta 5 differs from the 

canonical sequence (as follows: 328-328: K → 

KINNKANVVTSPKENIPTPALEPQTTVIHNPDGNK; 478-478: K → N; and 479-499: 

Missing.  

[0111]   Sequences of rat CAMK2D transcript are also known in the art. The rat CAMK2D 

gene can be found under publicly available GenBank Accession Number NC_005101.4. 

The sequence for the rat CAMK2D pre-mRNA transcript corresponds to residues 

230,900,907 – 231,132,207 of NC_005101.4. The sequences for rat CAMK2D mRNA 

transcript (both canonical and variants) are known and available as Accession Number 
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the ASO disclosed herein is capable of targeting both human and rodent (e.g., mice orJun 2025

rats) CAMK2D transcript. Accordingly, in some embodiments, the ASO is capable of

down-regulating (e.g., reducing or removing) expression of the CAMK2D mRNA or

protein both in humans and in rodents (e.g., mice or rats).

[0110] Sequences of mouse CAMK2D transcript are known in the art. For instance, the
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sequence for the mouse CAMK2D gene can be found under publicly available GenBank

Accession Number NC_000069.6. The sequence for the mouse CAMK2D pre-mRNA

transcript corresponds to residues 126,596,354 126,846,326 of NC_000069.6. The

sequences for mouse CAMK2D mRNA transcript (both canonical and variants) are known

and available as Accession Numbers NM_001025438.2 (canonical sequence),

NM_001025439.2, NM_001293663.1, NM_001293664.1, NM_023813.4,

NM_001346635.1, NM_001346636.1, NM_001293665.1, XM_006500836.3,

XM_006500833.3, XM_006500835.3, XM_017319415.1, XM_006500818.3,

XM_017319417.1, XM_017319418.1, XM_017319420.1, NM_001293666.1,

XM_006500819.3, XM_017319416.1, XM_006500820.3, XM_006500822.3,

XM_006500823.3, XM_006500824.3, XM_017319419.1, XM_006500826.3,

XM_006500825.3, XM_006500829.3, BC052894.1, XM_006500831.3,

XM_006500832.3, XM_017319422.1, XM_006500834.3, XM_006500839.3, and

XM_017319421.1. The sequence of mouse CAMK2D protein can be found under

publicly available Accession Numbers: Q6PHZ2 (canonical sequence), Q3UF87,

Q3UQH9, Q5DTK4, Q8CAC5, and Q9CZE2, each of which is incorporated by reference

herein in its entirety. Three isoforms of the mouse CAMK2D protein are known. The

sequence of CAMK2D Isoform Delta 6 differs from the canonical sequence as follows:

478-478: K N and 479-499: Missing. The sequence of CAMK2D Isoform Delta 10

differs from the canonical as follows: 329-329: E EPQTTVIHNPDGNKE; 478-478: K

N; and 479-499: Missing. The sequence of CAMK2D Isoform Delta 5 differs from the

canonical sequence (as follows: 328-328: K
KINNKANVVTSPKENIPTPALEPQTTVIHNPDGNK; 478-478: K N; and 479-499:

Missing.

[0111] Sequences of rat CAMK2D transcript are also known in the art. The rat CAMK2D

gene can be found under publicly available GenBank Accession Number NC_005101.4.

The sequence for the rat CAMK2D pre-mRNA transcript corresponds to residues

230,900,907 231,132,207 of NC_005101.4. The sequences for rat CAMK2D mRNA

transcript (both canonical and variants) are known and available as Accession Number
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NM_012519.2 (canonical sequence), BC107562.1, XM_017590621.1, XM_017590605.1, 

XM_008761452.1, XM_017590606.1, XM_017590607.1, XM_017590608.1, 

XM_017590610.1, XM_017590611.1, XM_017590612.1, XM_006233285.3, 

XM_017590614.1, XM_017590615.1, XM_017590616.1, XM_017590613.1, 

XM_017590617.1, XM_017590618.1, XM_017590604.1, XM_017590609.1, 

XM_017590624.1, XM_017590625.1, XM_017590619.1, XM_017590620.1, 

XM_017590622.1, and. XM_017590623.1.  The sequence of rat CAMK2D protein can 

be found under publicly available Accession Numbers: P15791 (canonical sequence), 

P97915, P97916, Q3B7L0, Q63904, Q63905, Q63906, Q63907, and Q63908, each of 

which is incorporated by reference herein in its entirety. Six isoforms of rat CAMK2D 

protein are known. The sequence of CAMK2D Isoform Delta 2 differs from the canonical 

sequence  as follows: 329-362: Missing. The sequence of CAMK2D Isoform Delta 3 

differs from the canonical sequence as follows: 329-335: INNKANV → KRKSSSV; 337-

359: Missing; and 360-362: GNK → QMM. The sequence of CAMK2D Isoform Delta 4 

differs from the canonical sequence as follows: 349-362: Missing. The sequence of 

CAMK2D Isoform Delta 5 differs from the canonical sequence as follows: 329-362: 

Missing and 512-533: KPPCIPNGKENFSGGTSLWQNI → N. The sequence of 

CAMK2D Isoform Delta 6 differs from the canonical sequence as follows: 512-533: 

KPPCIPNGKENFSGGTSLWQNI → N. The sequence of CAMK2D Isoform Delta 7 

differs from the canonical sequence as follows: 349-362: Missing and 512-533: 

KPPCIPNGKENFSGGTSLWQNI → N.  

II.B.  ASO Sequences 

[0112]   The ASOs of the disclosure comprise a contiguous nucleotide sequence which 

corresponds to the complement of a region of CAMK2D transcript, e.g., a nucleotide 

sequence corresponding to SEQ ID NO: 1.  

[0113]   In certain embodiments, the disclosure provides an ASO from 10 – 30, such as 10 – 

15 nucleotides, 10 – 20 nucleotides, or 10 – 25 nucleotides in length, wherein the 

contiguous nucleotide sequence has at least about 80%, at least about 85%, at least about 

90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at 

least about 99%, or about 100% sequence identity to a region within the complement of a 

CAMK2D transcript, such as SEQ ID NO: 1 or naturally occurring variant thereof. Thus, 

for example, the ASO hybridizes to a single stranded nucleic acid molecule having the 

sequence of SEQ ID NO: 1 or a portion thereof.  
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NM_012519.2 (canonical sequence), BC107562.1, XM_017590621.1, XM_017590605.1,

XM_008761452.1, XM_017590606.1, XM_017590607.1, XM_017590608.1,
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XM_017590610.1, XM_017590611.1, XM_017590612.1, XM_006233285.3,

XM_017590614.1, XM_017590615.1, XM_017590616.1, XM_017590613.1,

XM_017590617.1, XM_017590618.1, XM_017590604.1, XM_017590609.1,

XM_017590624.1, XM_017590625.1, XM_017590619.1, XM_017590620.1,

XM_017590622.1, and. XM_017590623.1. The sequence of rat CAMK2D protein can

be found under publicly available Accession Numbers: P15791 (canonical sequence),

P97915, P97916, Q3B7L0, Q63904, Q63905, Q63906, Q63907, and Q63908, each of

which is incorporated by reference herein in its entirety. Six isoforms of rat CAMK2D

protein are known. The sequence of CAMK2D Isoform Delta 2 differs from the canonical

sequence as follows: 329-362: Missing. The sequence of CAMK2D Isoform Delta 3

differs from the canonical sequence as follows: 329-335: INNKANV KRKSSSV; 337-

359: Missing; and 360-362: GNK QMM. The sequence of CAMK2D Isoform Delta 4

differs from the canonical sequence as follows: 349-362: Missing. The sequence of

CAMK2D Isoform Delta 5 differs from the canonical sequence as follows: 329-362:

Missing and 512-533: KPPCIPNGKENFSGGTSLWQNI N. The sequence of

CAMK2D Isoform Delta 6 differs from the canonical sequence as follows: 512-533:

N. The sequence of CAMK2D Isoform Delta 7

differs from the canonical sequence as follows: 349-362: Missing and 512-533:

KPPCIPNGKENFSGGTSLWQNI N.

II.B. ASO Sequences

[0112] The ASOs of the disclosure comprise a contiguous nucleotide sequence which

corresponds to the complement of a region of CAMK2D transcript, e.g., a nucleotide

sequence corresponding to SEQ ID NO: 1.

[0113] In certain embodiments, the disclosure provides an ASO from 10 - 30, such as 10 -

15 nucleotides, 10 - 20 nucleotides, or 10 - 25 nucleotides in length, wherein the

contiguous nucleotide sequence has at least about 80%, at least about 85%, at least about

90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at

least about 99%, or about 100% sequence identity to a region within the complement of a

CAMK2D transcript, such as SEQ ID NO: 1 or naturally occurring variant thereof. Thus,

for example, the ASO hybridizes to a single stranded nucleic acid molecule having the

sequence of SEQ ID NO: 1 or a portion thereof.
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[0114]   The ASO can comprise a contiguous nucleotide sequence which is fully 

complementary (perfectly complementary) to the equivalent region of a nucleic acid 

which encodes a mammalian CAMK2D protein (e.g., SEQ ID NO: 1). The ASO can 

comprise a contiguous nucleotide sequence which is fully complementary (perfectly 

complementary) to a nucleic acid sequence, or a region within the sequence, 

corresponding to nucleotides X-Y of SEQ ID NO: 1, wherein X and Y are the start site 

and the end site, respectively, as shown in FIGs. 1A and 1B.  

[0115]   In some embodiments, the nucleotide sequence of the ASOs of the disclosure or the 

contiguous nucleotide sequence has at least about 80% sequence identity to a sequence 

selected from SEQ ID NOs: 4 to 1713 (i.e., the sequences in FIGs. 1A and 1B), such as at 

least about 80%, at least about 85%, at least about 90%, at least about 91%, at least about 

92%, at least about 93%, at least about 94%, at least about 95%, at least about 96% 

sequence identity, at least about 97% sequence identity, at least about 98% sequence 

identity, at least about 99% sequence identity, such as about 100% sequence identity 

(homologous). In some embodiments, the ASO has a design described elsewhere herein 

(e.g., Section II.G) or a chemical structure shown elsewhere herein (e.g., FIGs. 1A and 

1B).  

[0116]   In some embodiments the ASO (or contiguous nucleotide portion thereof) is 

selected from, or comprises, one of the sequences selected from the group consisting of 

SEQ ID NOs: 4 to 1713 or a region of at least 10 contiguous nucleotides thereof, wherein 

the ASO (or contiguous nucleotide portion thereof) can optionally comprise one, two, 

three, or four mismatches when compared to the corresponding CAMK2D transcript.  

[0117]   In some embodiments, the ASO comprises a sequence selected from the group 

consisting of SEQ ID NO: 254, SEQ ID NO: 27, SEQ ID NO: 114, SEQ ID NO: 158, 

SEQ ID NO: 190, SEQ ID NO: 327, SEQ ID NO: 463, SEQ ID NO: 513, SEQ ID NO: 

516, SEQ ID NO: 519, SEQ ID NO: 657, SEQ ID NO: 659, SEQ ID NO: 827, SEQ ID 

NO: 1249, SEQ ID NO: 1326, SEQ ID NO: 1409, SEQ ID NO: 1524, SEQ ID NO: 1530, 

SEQ ID NO: 1662, and SEQ ID NO: 1676.  

[0118]   In some embodiments, the ASO comprises a sequence selected from the group 

consisting of SEQ ID NO: 55, SEQ ID NO: 61, SEQ ID NO: 63, SEQ ID NO: 71, SEQ 

ID NO: 75, SEQ ID NO: 79, SEQ ID NO: 84, SEQ ID NO: 85, SEQ ID NO: 92, SEQ ID 

NO: 102, SEQ ID NO: 105, SEQ ID NO: 128, SEQ ID NO: 130, SEQ ID NO: 133, SEQ 

ID NO: 138, SEQ ID NO: 161, SEQ ID NO: 178, SEQ ID NO: 180, SEQ ID NO: 186, 

SEQ ID NO: 195, SEQ ID NO: 200, SEQ ID NO: 202, SEQ ID NO: 234, SEQ ID NO: 
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[0114] The ASO can comprise a contiguous nucleotide sequence which is fully

complementary (perfectly complementary) to the equivalent region of a nucleic acid
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which encodes a mammalian CAMK2D protein (e.g., SEQ ID NO: 1). The ASO can

comprise a contiguous nucleotide sequence which is fully complementary (perfectly

complementary) to a nucleic acid sequence, or a region within the sequence,

corresponding to nucleotides X-Y of SEQ ID NO: 1, wherein X and Y are the start site

and the end site, respectively, as shown in FIGs. 1A and 1B.

[0115] In some embodiments, the nucleotide sequence of the ASOs of the disclosure or the

contiguous nucleotide sequence has at least about 80% sequence identity to a sequence

selected from SEQ ID NOs: 4 to 1713 (i.e., the sequences in FIGs. 1A and 1B), such as at

least about 80%, at least about 85%, at least about 90%, at least about 91%, at least about

92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%

sequence identity, at least about 97% sequence identity, at least about 98% sequence

identity, at least about 99% sequence identity, such as about 100% sequence identity

(homologous). In some embodiments, the ASO has a design described elsewhere herein

(e.g., Section II.G) or a chemical structure shown elsewhere herein (e.g., FIGs. 1A and

1B).

[0116] In some embodiments the ASO (or contiguous nucleotide portion thereof) is

selected from, or comprises, one of the sequences selected from the group consisting of

SEQ ID NOs: 4 to 1713 or a region of at least 10 contiguous nucleotides thereof, wherein

the ASO (or contiguous nucleotide portion thereof) can optionally comprise one, two,

three, or four mismatches when compared to the corresponding CAMK2D transcript.

[0117] In some embodiments, the ASO comprises a sequence selected from the group

consisting of SEQ ID NO: 254, SEQ ID NO: 27, SEQ ID NO: 114, SEQ ID NO: 158,

SEQ ID NO: 190, SEQ ID NO: 327, SEQ ID NO: 463, SEQ ID NO: 513, SEQ ID NO:

516, SEQ ID NO: 519, SEQ ID NO: 657, SEQ ID NO: 659, SEQ ID NO: 827, SEQ ID

NO: 1249, SEQ ID NO: 1326, SEQ ID NO: 1409, SEQ ID NO: 1524, SEQ ID NO: 1530,

SEQ ID NO: 1662, and SEQ ID NO: 1676.

[0118] In some embodiments, the ASO comprises a sequence selected from the group

consisting of SEQ ID NO: 55, SEQ ID NO: 61, SEQ ID NO: 63, SEQ ID NO: 71, SEQ

ID NO: 75, SEQ ID NO: 79, SEQ ID NO: 84, SEQ ID NO: 85, SEQ ID NO: 92, SEQ ID

NO: 102, SEQ ID NO: 105, SEQ ID NO: 128, SEQ ID NO: 130, SEQ ID NO: 133, SEQ

ID NO: 138, SEQ ID NO: 161, SEQ ID NO: 178, SEQ ID NO: 180, SEQ ID NO: 186,

SEQ ID NO: 195, SEQ ID NO: 200, SEQ ID NO: 202, SEQ ID NO: 234, SEQ ID NO:
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264, SEQ ID NO: 387, SEQ ID NO: 390, SEQ ID NO: 396, SEQ ID NO: 441, SEQ ID 

NO: 446, SEQ ID NO: 457, SEQ ID NO: 467, SEQ ID NO: 523, SEQ ID NO: 524, SEQ 

ID NO: 636, SEQ ID NO: 640, SEQ ID NO: 700, SEQ ID NO: 740, SEQ ID NO: 832, 

SEQ ID NO: 965, SEQ ID NO: 1015, SEQ ID NO: 1065, SEQ ID NO: 1071, SEQ ID 

NO: 1155, SEQ ID NO: 1475, SEQ ID NO: 1508, SEQ ID NO: 1685, SEQ ID NO: 1686, 

SEQ ID NO: 1687, SEQ ID NO: 1688, and SEQ ID NO: 1690.  

[0119]   In some embodiments, the ASOs of the disclosure bind to the target nucleic acid 

sequence (e.g., CAMK2D transcript) and are capable of inhibiting or reducing expression 

of the CAMK2D transcript by at least 10% or 20% compared to the normal (i.e., control) 

expression level in the cell, e.g., at least about 30%, at least about 40%, at least about 

50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, at 

least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 

99%, or about 100% compared to the normal expression level (e.g., expression level in 

cells that have not been exposed to the ASO).  

[0120]   In some embodiments, the ASOs of the disclosure are capable of reducing 

expression of CAMK2D mRNA in vitro by at least about 20%, at least about 30%, at least 

about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, 

at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least 

about 98%, at least about 99%, or about 100% in HEK293 cells when the cells are in 

contact with 25 µM of the ASO compared to HEK293 cells that are not in contact with 

the ASO (e.g., contact with saline).  

[0121]   In some embodiments, the ASOs of the disclosure are capable of reducing 

expression of CAMK2D mRNA in vitro by at least about 20%, at least about 30%, at least 

about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, 

at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least 

about 98%, at least about 99%, or about 100% in human inducible pluripotent stem cell-

derived cardiomyocytes (hiPSC-CM) cells when the cells are in contact with 500 nM of 

the ASO compared to hiPSC-CM cells that are not in contact with the ASO (e.g., contact 

with saline). 

[0122]   In certain embodiments, the ASO of the disclosure has at least one property 

selected from the group consisting of: (i) reducing an mRNA level encoding CAMK2D in 

Inducible Pluripotent Stem Cell-Derived Cardiomyocytes (hiPSC-CM); (ii) reducing a 

protein level of CAMK2D in hiPSC-CM; (iii) reducing, ameliorating, or treating one or 

more symptoms of a cardiovascular disease or disorder, and (iv) any combination thereof.   
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264, SEQ ID NO: 387, SEQ ID NO: 390, SEQ ID NO: 396, SEQ ID NO: 441, SEQ ID

NO: 446, SEQ ID NO: 457, SEQ ID NO: 467, SEQ ID NO: 523, SEQ ID NO: 524, SEQ
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ID NO: 636, SEQ ID NO: 640, SEQ ID NO: 700, SEQ ID NO: 740, SEQ ID NO: 832,

SEQ ID NO: 965, SEQ ID NO: 1015, SEQ ID NO: 1065, SEQ ID NO: 1071, SEQ ID

NO: 1155, SEQ ID NO: 1475, SEQ ID NO: 1508, SEQ ID NO: 1685, SEQ ID NO: 1686,

SEQ ID NO: 1687, SEQ ID NO: 1688, and SEQ ID NO: 1690.

[0119] In some embodiments, the ASOs of the disclosure bind to the target nucleic acid

sequence (e.g., CAMK2D transcript) and are capable of inhibiting or reducing expression

of the CAMK2D transcript by at least 10% or 20% compared to the normal (i.e., control)

expression level in the cell, e.g., at least about 30%, at least about 40%, at least about

50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, at

least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about

99%, or about 100% compared to the normal expression level (e.g., expression level in

cells that have not been exposed to the ASO).

[0120] In some embodiments, the ASOs of the disclosure are capable of reducing

expression of CAMK2D mRNA in vitro by at least about 20%, at least about 30%, at least

about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%,

at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least

about 98%, at least about 99%, or about 100% in HEK293 cells when the cells are in

contact with 25 µM of the ASO compared to HEK293 cells that are not in contact with

the ASO (e.g., contact with saline).

[0121] In some embodiments, the ASOs of the disclosure are capable of reducing

expression of CAMK2D mRNA in vitro by at least about 20%, at least about 30%, at least

about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%,

at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least

about 98%, at least about 99%, or about 100% in human inducible pluripotent stem cell-

derived cardiomyocytes (hiPSC-CM) cells when the cells are in contact with 500 nM of

the ASO compared to hiPSC-CM cells that are not in contact with the ASO (e.g., contact

with saline).

[0122] In certain embodiments, the ASO of the disclosure has at least one property

selected from the group consisting of: (i) reducing an mRNA level encoding CAMK2D in

Inducible Pluripotent Stem Cell-Derived Cardiomyocytes (hiPSC-CM); (ii) reducing a

protein level of CAMK2D in hiPSC-CM; (iii) reducing, ameliorating, or treating one or

more symptoms of a cardiovascular disease or disorder, and (iv) any combination thereof.
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[0123]   In some embodiments, the ASO can tolerate 1, 2, 3, or 4 (or more) mismatches, 

when hybridizing to the target sequence and still sufficiently bind to the target to show 

the desired effect, i.e., down-regulation of the target mRNA and/or protein. Mismatches 

can, for example, be compensated by increased length of the ASO nucleotide sequence 

and/or an increased number of nucleotide analogs, which are disclosed elsewhere herein.  

[0124]   In some embodiments, the ASO of the disclosure comprises no more than 3 

mismatches when hybridizing to the target sequence. In other embodiments, the 

contiguous nucleotide sequence comprises no more than 2 mismatches when hybridizing 

to the target sequence. In other embodiments, the contiguous nucleotide sequence 

comprises no more than 1 mismatch when hybridizing to the target sequence.  

II.C. ASO Length 

[0125]   The ASOs can comprise a contiguous nucleotide sequence of a total of 10, 11, 12, 

13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 contiguous 

nucleotides in length. It should be understood that when a range is given for an ASO, or 

contiguous nucleotide sequence length, the range includes the lower and upper lengths 

provided in the range, for example from (or between) 10–30, includes both 10 and 30. 

[0126]   In some embodiments, the ASOs comprise a contiguous nucleotide sequence of a 

total of about 14-20, 14, 15, 16, 17, 18, 19, or 20 contiguous nucleotides in length.  

II.D. Nucleosides and Nucleoside analogs 

[0127]   In one aspect of the disclosure, the ASOs comprise one or more non-naturally 

occurring nucleoside analogs. "Nucleoside analogs" as used herein are variants of natural 

nucleosides, such as DNA or RNA nucleosides, by virtue of modifications in the sugar 

and/or base moieties. Analogs could in principle be merely "silent" or "equivalent" to the 

natural nucleosides in the context of the oligonucleotide, i.e. have no functional effect on 

the way the oligonucleotide works to inhibit target gene expression. Such "equivalent" 

analogs can nevertheless be useful if, for example, they are easier or cheaper to 

manufacture, or are more stable to storage or manufacturing conditions, or represent a tag 

or label. In some embodiments, however, the analogs will have a functional effect on the 

way in which the ASO works to inhibit expression; for example by producing increased 

binding affinity to the target and/or increased resistance to intracellular nucleases and/or 

increased ease of transport into the cell. Specific examples of nucleoside analogs are 

described by e.g. Freier & Altmann; Nucl. Acid Res., 1997, 25, 4429-4443 and Uhlmann; 
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[0123] In some embodiments, the ASO can tolerate 1, 2, 3, or 4 (or more) mismatches,Jun 2025

when hybridizing to the target sequence and still sufficiently bind to the target to show

the desired effect, i.e., down-regulation of the target mRNA and/or protein. Mismatches

can, for example, be compensated by increased length of the ASO nucleotide sequence

and/or an increased number of nucleotide analogs, which are disclosed elsewhere herein.
2019226001 23

[0124] In some embodiments, the ASO of the disclosure comprises no more than 3

mismatches when hybridizing to the target sequence. In other embodiments, the

contiguous nucleotide sequence comprises no more than 2 mismatches when hybridizing

to the target sequence. In other embodiments, the contiguous nucleotide sequence

comprises no more than 1 mismatch when hybridizing to the target sequence.

II.C. ASO Length

[0125] The ASOs can comprise a contiguous nucleotide sequence of a total of 10, 11, 12,

13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 contiguous

nucleotides in length. It should be understood that when a range is given for an ASO, or

contiguous nucleotide sequence length, the range includes the lower and upper lengths

provided in the range, for example from (or between) 10-30, includes both 10 and 30.

[0126] In some embodiments, the ASOs comprise a contiguous nucleotide sequence of a

total of about 14-20, 14, 15, 16, 17, 18, 19, or 20 contiguous nucleotides in length.

II.D. Nucleosides and Nucleoside analogs

[0127] In one aspect of the disclosure, the ASOs comprise one or more non-naturally

occurring nucleoside analogs. "Nucleoside analogs" as used herein are variants of natural

nucleosides, such as DNA or RNA nucleosides, by virtue of modifications in the sugar

and/or base moieties. Analogs could in principle be merely "silent" or "equivalent" to the

natural nucleosides in the context of the oligonucleotide, i.e. have no functional effect on

the way the oligonucleotide works to inhibit target gene expression. Such "equivalent"

analogs can nevertheless be useful if, for example, they are easier or cheaper to

manufacture, or are more stable to storage or manufacturing conditions, or represent a tag

or label. In some embodiments, however, the analogs will have a functional effect on the

way in which the ASO works to inhibit expression; for example by producing increased

binding affinity to the target and/or increased resistance to intracellular nucleases and/or

increased ease of transport into the cell. Specific examples of nucleoside analogs are

described by e.g. Freier & Altmann; Nucl. Acid Res., 1997, 25, 4429-4443 and Uhlmann;
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Curr. Opinion in Drug Development, 2000, 3(2), 293-213, and in Scheme 1. The ASOs of 

the present disclosure can contain more than one, more than two, more than three, more 

than four, more than five, more than six, more than seven, more than eight, more than 

nine, more than 10, more than 11, more than 12, more than 13, more than 14, more than 

15, more than 16, more than 18, more than 19, or more than 20 nucleoside analogs. In 

some embodiments, the nucleoside analogs in the ASOs are the same. In other 

embodiments, the nucleoside analogs in the ASOs are different. The nucleotide analogs in 

the ASOs can be any one of or combination of the following nucleoside analogs. 

  II.D.1. Nucleobase 

[0128]   The term nucleobase includes the purine (e.g., adenine and guanine) and pyrimidine 

(e.g., uracil, thymine and cytosine) moiety present in nucleosides and nucleotides which 

form hydrogen bonds in nucleic acid hybridization. In the context of the present 

disclosure, the term nucleobase also encompasses modified nucleobases which may differ 

from naturally occurring nucleobases, but are functional during nucleic acid 

hybridization. In some embodiments, the nucleobase moiety is modified by modifying or 

replacing the nucleobase. In this context, "nucleobase" refers to both naturally occurring 

nucleobases such as adenine, guanine, cytosine, thymidine, uracil, xanthine and 

hypoxanthine, as well as non-naturally occurring variants. Such variants are for example 

described in Hirao et al., (2012) Accounts of Chemical Research vol 45 page 2055 and 

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

[0129]   In a some embodiments, the nucleobase moiety is modified by changing the purine 

or pyrimidine into a modified purine or pyrimidine, such as substituted purine or 

substituted pyrimidine, such as a nucleobase selected from isocytosine, 

pseudoisocytosine, 5-methyl-cytosine, 5-thiozolo-cytosine, 5-propynyl-cytosine, 5-

propynyl-uracil, 5-bromouracil, 5-thiazolo-uracil, 2-thio-uracil, 2'thio-thymine, inosine, 

diaminopurine, 6-aminopurine, 2-aminopurine, 2,6-diaminopurine, and 2-chloro-6-

aminopurine.  

[0130]   The nucleobase moieties may be indicated by the letter code for each corresponding 

nucleobase, e.g., A, T, G, C, or U, wherein each letter may optionally include modified 

nucleobases of equivalent function. For example, in the exemplified oligonucleotides, the 

nucleobase moieties are selected from A, T, G, C, and 5-methyl-cytosine. Optionally, for 

LNA gapmers, 5-methyl-cytosine LNA nucleosides may be used.  
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Curr. Opinion in Drug Development, 2000, 3(2), 293-213, and in Scheme 1. The ASOs of

the present disclosure can contain more than one, more than two, more than three, more
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than four, more than five, more than six, more than seven, more than eight, more than

nine, more than 10, more than 11, more than 12, more than 13, more than 14, more than

15, more than 16, more than 18, more than 19, or more than 20 nucleoside analogs. In

some embodiments, the nucleoside analogs in the ASOs are the same. In other

embodiments, the nucleoside analogs in the ASOs are different. The nucleotide analogs in

the ASOs can be any one of or combination of the following nucleoside analogs.

II.D.1. Nucleobase

[0128] The term nucleobase includes the purine (e.g., adenine and guanine) and pyrimidine

(e.g., uracil, thymine and cytosine) moiety present in nucleosides and nucleotides which

form hydrogen bonds in nucleic acid hybridization. In the context of the present

disclosure, the term nucleobase also encompasses modified nucleobases which may differ

from naturally occurring nucleobases, but are functional during nucleic acid

hybridization. In some embodiments, the nucleobase moiety is modified by modifying or

replacing the nucleobase. In this context, "nucleobase" refers to both naturally occurring

nucleobases such as adenine, guanine, cytosine, thymidine, uracil, xanthine and

hypoxanthine, as well as non-naturally occurring variants. Such variants are for example

described in Hirao et al., (2012) Accounts of Chemical Research vol 45 page 2055 and

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

[0129] In a some embodiments, the nucleobase moiety is modified by changing the purine

or pyrimidine into a modified purine or pyrimidine, such as substituted purine or

substituted pyrimidine, such as a nucleobase selected from isocytosine,

pseudoisocytosine, 5-methyl-cytosine, 5-thiozolo-cytosine, 5-propynyl-cytosine, 5-

propynyl-uracil, 5-bromouracil, 5-thiazolo-uracil, 2-thio-uracil, 2'thio-thymine, inosine,

diaminopurine, 6-aminopurine, 2-aminopurine, 2,6-diaminopurine, and 2-chloro-6-

aminopurine.

[0130] The nucleobase moieties may be indicated by the letter code for each corresponding

nucleobase, e.g., A, T, G, C, or U, wherein each letter may optionally include modified

nucleobases of equivalent function. For example, in the exemplified oligonucleotides, the

nucleobase moieties are selected from A, T, G, C, and 5-methyl-cytosine. Optionally, for

LNA gapmers, 5-methyl-cytosine LNA nucleosides may be used.
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  II.D.2. Sugar Modification 

[0131]   The ASO of the disclosure can comprise one or more nucleosides which have a 

modified sugar moiety, i.e. a modification of the sugar moiety when compared to the 

ribose sugar moiety found in DNA and RNA. Numerous nucleosides with modification of 

the ribose sugar moiety have been made, primarily with the aim of improving certain 

properties of oligonucleotides, such as affinity and/or nuclease resistance.  

[0132]   Such modifications include those where the ribose ring structure is modified, e.g. 

by replacement with a hexose ring (HNA), or a bicyclic ring, which typically have a 

biradical bridge between the C2' and C4' carbons on the ribose ring (LNA), or an 

unlinked ribose ring which typically lacks a bond between the C2' and C3' carbons (e.g., 

UNA). Other sugar modified nucleosides include, for example, bicyclohexose nucleic 

acids (WO2011/017521) or tricyclic nucleic acids (WO2013/154798). Modified 

nucleosides also include nucleosides where the sugar moiety is replaced with a non-sugar 

moiety, for example in the case of peptide nucleic acids (PNA), or morpholino nucleic 

acids.  

[0133]   Sugar modifications also include modifications made via altering the substituent 

groups on the ribose ring to groups other than hydrogen, or the 2'-OH group naturally 

found in RNA nucleosides. Substituents may, for example be introduced at the 2', 3', 4', or 

5' positions. Nucleosides with modified sugar moieties also include 2' modified 

nucleosides, such as 2' substituted nucleosides. Indeed, much focus has been spent on 

developing 2' substituted nucleosides, and numerous 2' substituted nucleosides have been 

found to have beneficial properties when incorporated into oligonucleotides, such as 

enhanced nucleoside resistance and enhanced affinity. 

  II.D.2.a 2' modified nucleosides 

[0134]   A 2' sugar modified nucleoside is a nucleoside which has a substituent other than H 

or –OH at the 2' position (2' substituted nucleoside) or comprises a 2' linked biradical, and 

includes 2' substituted nucleosides and LNA (2' – 4' biradical bridged) nucleosides. For 

example, the 2' modified sugar may provide enhanced binding affinity (e.g., affinity 

enhancing 2' sugar modified nucleoside) and/or increased nuclease resistance to the 

oligonucleotide. Examples of 2' substituted modified nucleosides are 2'-O-alkyl-RNA, 2'-

O-methyl-RNA, 2'-alkoxy-RNA, 2'-O-methoxyethyl-RNA (MOE), 2'-amino-DNA, 2'-

Fluoro-RNA, 2'-Fluro-DNA, arabino nucleic acids (ANA), and 2'-Fluoro-ANA 

nucleoside. For further examples, please see, e.g., Freier & Altmann; Nucl. Acid Res., 
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II.D.2. Sugar Modification

[0131] The ASO of the disclosure can comprise one or more nucleosides which have a
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modified sugar moiety, i.e. a modification of the sugar moiety when compared to the

ribose sugar moiety found in DNA and RNA. Numerous nucleosides with modification of

the ribose sugar moiety have been made, primarily with the aim of improving certain

properties of oligonucleotides, such as affinity and/or nuclease resistance.

[0132] Such modifications include those where the ribose ring structure is modified, e.g.

by replacement with a hexose ring (HNA), or a bicyclic ring, which typically have a

biradical bridge between the C2' and C4' carbons on the ribose ring (LNA), or an

unlinked ribose ring which typically lacks a bond between the C2' and C3' carbons (e.g.,

UNA). Other sugar modified nucleosides include, for example, bicyclohexose nucleic

acids (WO2011/017521) or tricyclic nucleic acids (WO2013/154798). Modified

nucleosides also include nucleosides where the sugar moiety is replaced with a non-sugar

moiety, for example in the case of peptide nucleic acids (PNA), or morpholino nucleic

acids.

[0133] Sugar modifications also include modifications made via altering the substituent

groups on the ribose ring to groups other than hydrogen, or the 2'-OH group naturally

found in RNA nucleosides. Substituents may, for example be introduced at the 2', 3', 4', or

5' positions. Nucleosides with modified sugar moieties also include 2' modified

nucleosides, such as 2' substituted nucleosides. Indeed, much focus has been spent on

developing 2' substituted nucleosides, and numerous 2' substituted nucleosides have been

found to have beneficial properties when incorporated into oligonucleotides, such as

enhanced nucleoside resistance and enhanced affinity.

II.D.2.a 2' modified nucleosides

[0134] A 2' sugar modified nucleoside is a nucleoside which has a substituent other than H

or -OH at the 2' position (2' substituted nucleoside) or comprises a 2' linked biradical, and

includes 2' substituted nucleosides and LNA (2' 4' biradical bridged) nucleosides. For

example, the 2' modified sugar may provide enhanced binding affinity (e.g., affinity

enhancing 2' sugar modified nucleoside) and/or increased nuclease resistance to the

oligonucleotide. Examples of 2' substituted modified nucleosides are 2'-O-alkyl-RNA, 2'-

O-methyl-RNA, 2'-alkoxy-RNA, 2'-O-methoxyethyl-RNA (MOE), 2'-amino-DNA, 2'-

Fluoro-RNA, 2'-Fluro-DNA, arabino nucleic acids (ANA), and 2'-Fluoro-ANA

nucleoside. For further examples, please see, e.g., Freier & Altmann; Nucl. Acid Res.,
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1997, 25, 4429-4443; Uhlmann, Curr. Opinion in Drug Development, 2000, 3(2), 293-

213; and Deleavey and Damha, Chemistry and Biology 2012, 19, 937. Below are 

illustrations of some 2' substituted modified nucleosides.  

 

 
 

  II.D.2.b Locked Nucleic Acid Nucleosides (LNA). 

[0135]   LNA nucleosides are 2'-sugar modified nucleosides which comprise a linker group 

(referred to as a biradical or a bridge) between C2' and C4' of the ribose sugar ring of a 

nucleoside (i.e., 2'-4' bridge), which restricts or locks the conformation of the ribose ring. 

These nucleosides are also termed bridged nucleic acid or bicyclic nucleic acid (BNA) in 

the literature. The locking of the conformation of the ribose is associated with an 

enhanced affinity of hybridization (duplex stabilization) when the LNA is incorporated 

into an oligonucleotide for a complementary RNA or DNA molecule. This can be 

routinely determined by measuring the melting temperature of the 

oligonucleotide/complement duplex. 

[0136]   Non limiting, exemplary LNA nucleosides are disclosed in WO 99/014226, WO 

00/66604, WO 98/039352 , WO 2004/046160, WO 00/047599, WO 2007/134181, WO 

2010/077578, WO 2010/036698, WO 2007/090071, WO 2009/006478, WO 

2011/156202, WO 2008/154401,  WO 2009/067647, WO 2008/150729,  Morita et al., 

Bioorganic & Med.Chem. Lett. 12, 73-76, Seth et al., J. Org. Chem. 2010, Vol 75(5) pp. 

1569-81, and Mitsuoka et al., Nucleic Acids Research 2009, 37(4), 1225-1238. 

[0137]   The 2'-4' bridge comprises 1 to 4 bridging atoms and is in particular of formula -X-

Y- wherein 
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1997, 25, 4429-4443; Uhlmann, Curr. Opinion in Drug Development, 2000, 3(2), 293-

213; and Deleavey and Damha, Chemistry and Biology 2012, 19, 937. Below are
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illustrations of some 2' substituted modified nucleosides.
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O OCH o F oVV M VV
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II.D.2.b Locked Nucleic Acid Nucleosides (LNA).

[0135] LNA nucleosides are 2'-sugar modified nucleosides which comprise a linker group

(referred to as a biradical or a bridge) between C2' and C4' of the ribose sugar ring of a

nucleoside (i.e., 2'-4' bridge), which restricts or locks the conformation of the ribose ring.

These nucleosides are also termed bridged nucleic acid or bicyclic nucleic acid (BNA) in

the literature. The locking of the conformation of the ribose is associated with an

enhanced affinity of hybridization (duplex stabilization) when the LNA is incorporated

into an oligonucleotide for a complementary RNA or DNA molecule. This can be

routinely determined by measuring the melting temperature of the

oligonucleotide/complement duplex.

[0136] Non limiting, exemplary LNA nucleosides are disclosed in WO 99/014226, WO

00/66604, WO 98/039352, WO 2004/046160, WO 00/047599, WO 2007/134181, WO

2010/077578, WO 2010/036698, WO 2007/090071, WO 2009/006478, WO

2011/156202, WO 2008/154401, WO 2009/067647, WO 2008/150729, Morita et al.,

Bioorganic & Med. Chem. Lett. 12, 73-76, Seth et al., J. Org. Chem. 2010, Vol 75(5) pp.

1569-81, and Mitsuoka et al., Nucleic Acids Research 2009, 37(4), 1225-1238.

[0137] The 2'-4' bridge comprises 1 to 4 bridging atoms and is in particular of formula -X-

Y- wherein
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[0138]   X is oxygen, sulfur, -CRaRb-, -C(Ra)=C(Rb), -C(=CRaRb)-, -C(Ra)=N, -Si(Ra)2-, -

SO2-, -NRa-; -O-NRa-, -NRa-O-, >C=J, Se; –cPr-, -O-NRa-, NRa-CRaRb-, -N(Ra)-O-, or -

O-CRaRb-;  

[0139]   Y is oxygen, sulfur, -(CRaRb)n -, -CRaRb-O-CRaRb-, -C(Ra)=C(Rb) , -C(Ra)=N , -

Si(Ra)2-, -SO2-, -NRa-,  or >C=J Se; –cPr-, -O-NRa-,-O-CRaRb-, or NRa-CRaRb-; wherein 

n is 1 or 2;  

[0140]   with the proviso that -X-Y- is not -O-O-, Si(Ra)2-Si(Ra)2-, -SO2-SO2-, -

C(Ra)=C(Rb)-C(Ra)=C(Rb), -C(Ra)=N-C(Ra)=N-, -C(Ra)=N-C(Ra)=C(Rb), -C(Ra)=C(Rb)-

C(Ra)=N-, or -Se-Se-; 

[0141]   J is oxygen, sulfur, CH2, or =N(Ra); 

[0142]   Ra and Rb are independently selected from hydrogen, halogen, hydroxyl, cyano, 

thiohydroxyl, optionally substituted alkyl, optionally substituted alkenyl, optionally 

substituted alkynyl, optionally substituted alkoxy, alkoxyalkyl, alkenyloxy, carboxyl, 

alkoxycarbonyl, alkylcarbonyl, formyl, aryl, heterocycle, amino, alkylamino, carbamoyl, 

alkylaminocarbonyl,  aminoalkylaminocarbonyl, alkylaminoalkylaminocarbonyl, 

alkylcarbonylamino, carbamido, alkanoyloxy, sulfone alkylsulfonyloxy, nitro, azido, 

thiolsulfidealkylsulfanyl, aryloxycarbonyl, aryloxy, arylcarbonyl, heteroaryl, 

heteroaryloxycarbonyl, heteroaryloxy, heteroarylcarbonyl, -OC(=Xa)Rc, -OC(=Xa)NRcRd 

and -NReC(=Xa)NRcRd; or two geminal Ra and Rb together form optionally substituted 

methylene; wherein substituted alkyl, substituted alkenyl, substituted alkynyl, substituted 

alkoxy and substituted methylene are alkyl, alkenyl, alkynyl and methylene substituted 

with 1 to 3 substituents independently selected from halogen, hydroxyl, alkyl, alkenyl, 

alkynyl, alkoxy, alkoxyalkyl, alkenyloxy, carboxyl, alkoxycarbonyl, alkylcarbonyl, 

formyl, heterocycle, aryl, and heteroaryl; 

Xa is oxygen, sulfur or -NRc; 

Rc, Rd, and Re are independently hydrogen or alkyl; and 

n is 1, 2 or 3. 

[0143]   In some embodiments, X is oxygen, sulfur, -NRa-, -CRaRb- or -C(=CRaRb)-, 

particularly oxygen, sulfur, -NH-, -CH2- or -C(=CH2)-, more particularly oxygen. 

[0144]   In some embodiments, Y is -CRaRb-, -CRaRb-CRaRb- or -CRaRb-CRaRb-CRaRb-, 

particularly -CH2-CHCH3-, -CHCH3-CH2-, CH2-CH2- or -CH2-CH2-CH2-. 

[0145]   In some embodiments, -X-Y- is -O-(CRaRb)n-, -S-CRaRb-, -N(Ra)CRaRb-, -CRaRb-

CRaRb-, -O-CRaRb-O-CRaRb-, -CRaRb-O-CRaRb-, -C(=CRaRb)-CRaRb-, -N(Ra)CRaRb-, -

O-N(Ra)CRaRb-, or -N(Ra)-O-CRaRb-. 
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[0138] X is oxygen, sulfur, -CRR, -C(R)=C(R), -C(=CRR)-, -C(R)=N, -Si(R)2-, -Jun 2025

SO2-, -NR; -O-NR-, -NR-0-, >C=J, Se; -cPr-, -O-NR, NR-CRR-, -N(R)-O-, or -

O-CRR-;

[0139] Y is oxygen, sulfur, -(CRR)n -, -CRR-O-CRR, -C(Rª)=C(R), -C(R)=N ,

Si(R)2-, -SO2-, -NR-, or >C=J Se; -cPr-, -O-NR-,-O-CRR, or NR-CRR; wherein
2019226001 23

n is 1 or 2;

[0140] with the proviso that -X-Y- is not -0-0-, Si(R)-Si(R)-, -SO2-SO2-, -

-C(R°)=N-C(R)=N-, -C(R°)=N-C(R*)=C(R), -C(R)=C(R)-

C(R)=N-, or -Se-Se-;

[0141] J is oxygen, sulfur, CH, or =N(R);

[0142] Rª and R are independently selected from hydrogen, halogen, hydroxyl, cyano,

thiohydroxyl, optionally substituted alkyl, optionally substituted alkenyl, optionally

substituted alkynyl, optionally substituted alkoxy, alkoxyalkyl, alkenyloxy, carboxyl,

alkoxycarbonyl, alkylcarbonyl, formyl, aryl, heterocycle, amino, alkylamino, carbamoyl,

alkylaminocarbonyl, aminoalkylaminocarbonyl, alkylaminoalkylaminocarbony1,

alkylcarbonylamino, carbamido, alkanoyloxy, sulfone alkylsulfonyloxy, nitro, azido,

thiolsulfidealkylsulfanyl, aryloxycarbonyl, aryloxy, arylcarbonyl, heteroaryl,

heteroaryloxycarbonyl, heteroaryloxy, heteroarylcarbonyl, -OC(=X)R, -OC(=Xª)NR°R

and -NR°C(=Xº)NR°R; or two geminal Rª and R together form optionally substituted

methylene; wherein substituted alkyl, substituted alkenyl, substituted alkynyl, substituted

alkoxy and substituted methylene are alkyl, alkenyl, alkynyl and methylene substituted

with 1 to 3 substituents independently selected from halogen, hydroxyl, alkyl, alkenyl,

alkynyl, alkoxy, alkoxyalkyl, alkenyloxy, carboxyl, alkoxycarbonyl, alkylcarbonyl,

formyl, heterocycle, aryl, and heteroaryl;

X is oxygen, sulfur or -NRc;

R, R, and Re are independently hydrogen or alkyl; and

n is 1, 2 or 3.

[0143] In some embodiments, X is oxygen, sulfur, -NR, -CRRb- or -C(=CRR),

particularly oxygen, sulfur, -NH-, -CH- or -C(=CH)-, more particularly oxygen.

[0144] In some embodiments, Y is -CRR, -CRRb-CRR- or

particularly -CH-CHCH-, -CHCH-CH-, CH-CH- or -CH-CH-CH-.

[0145] In some embodiments, -X-Y- is -O-(CRR)n-, -S-CRR, -N(R)CRR-, -CRR-

CRR-, -O-CRºR-O-CRR, -CRR-O-CRR, -C(=CRªR)-CRR, -N(R)CRR-,

O-N(R)CRR-, or -N(R°)-O-CRR.
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[0146]   In some embodiments, Ra and Rb are independently selected from the group 

consisting of hydrogen, halogen, hydroxyl, alkyl and alkoxyalkyl, in particular, hydrogen, 

alkyl and alkoxyalkyl. 

[0147]   In some embodiments, Ra and Rb are independently selected from the group 

consisting of hydrogen, halogen, such as fluoro, hydroxyl, methyl and -CH2-O-CH3, in 

particular, hydrogen, methyl and -CH2-O-CH3. 

[0148]   In some embodiments, Ra is hydrogen or alkyl, in particular, hydrogen or methyl. 

[0149]   In some embodiments, Rb is hydrogen or alkyl, in particular hydrogen or methyl.  

In some embodiments, one or both of Ra and Rb are hydrogen. In certain embodiments, 

only one of Ra and Rb is hydrogen. In some embodiments, one of Ra and Rb is methyl and 

the other one is hydrogen. In other embodiments, Ra and Rb are both methyl at the same 

time. 

[0150]   In a particular embodiment of the invention, -X-Y- is -O-CH2-, -S-CH2-, -S-

CH(CH3)-, -NH-CH2-, -O-CH2CH2-, -O-CH(CH2-O-CH3)-, -O-CH(CH2CH3)-, -O-

CH(CH3)-, -O-CH2-O-CH2-, -O-CH2-O-CH2-, -CH2-O-CH2-, -C(=CH2)CH2-, -

C(=CH2)CH(CH3)-, -N(-O-CH3)- or -N(CH3)-; 

[0151]   In some embodiments, -X-Y- is -O-CRaRb- wherein Ra and Rb are independently 

selected from the group consisting of hydrogen, alkyl and alkoxyalkyl, in particular, 

hydrogen, methyl and -CH2-O-CH3. 

[0152]   In some embodiments, -X-Y- is -O-CH2- or -O-CH(CH3)-, particularly -O-CH2-. 

[0153]   The 2'- 4' bridge can be positioned either below the plane of the ribose ring (beta-D- 

configuration), or above the plane of the ring (alpha-L- configuration), as illustrated in 

formula (A) and formula (B) respectively. 

[0154]   In some embodiments, the modified nucleoside or the LNA nucleosides of the ASO 

of the disclosure has a general structure of the formula II or III: 

 or  

Formula II  Formula III 

wherein  

W is selected from -O-, -S-, -N(Ra)-, -C(RaRb)-, in particular –O-;  
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[0146] In some embodiments, Rª and R are independently selected from the group

consisting of hydrogen, halogen, hydroxyl, alkyl and alkoxyalkyl, in particular, hydrogen,

2019226001 23 Jun 2025

alkyl and alkoxyalkyl.

[0147] In some embodiments, Rª and R are independently selected from the group

consisting of hydrogen, halogen, such as fluoro, hydroxyl, methyl and -CH-O-CH, in

particular, hydrogen, methyl and -CH-O-CH.

[0148] In some embodiments, Rª is hydrogen or alkyl, in particular, hydrogen or methyl.

[0149] In some embodiments, R is hydrogen or alkyl, in particular hydrogen or methyl.

In some embodiments, one or both of Rª and R are hydrogen. In certain embodiments,

only one of Rª and R is hydrogen. In some embodiments, one of Rª and R is methyl and

the other one is hydrogen. In other embodiments, Rª and R are both methyl at the same

time.

[0150] In a particular embodiment of the invention, -X-Y- is -O-CH-, -S-CH-, -S-

CH(CH)-, -NH-CH-, -O-CHCH-, -O-CH(CH-O-CH)-, -O-CH(CHCH)-, -O-

CH(CH)-, -O-CH-O-CH-, -O-CH-O-CH-, -CH-O-CH-, -C(=CH)CH-, -

C(=CH)CH(CH)-, -N(-O-CH)- or -N(CH)-;

[0151] In some embodiments, -X-Y- is -O-CRR- wherein Rª and R are independently

selected from the group consisting of hydrogen, alkyl and alkoxyalkyl, in particular,

hydrogen, methyl and -CH-O-CH.

[0152] In some embodiments, -X-Y- is -O-CH- or -O-CH(CH)-, particularly -O-CH-.

[0153] The 2'-4' bridge can be positioned either below the plane of the ribose ring (beta-D-

configuration), or above the plane of the ring (alpha-L- configuration), as illustrated in

formula (A) and formula (B) respectively.

[0154] In some embodiments, the modified nucleoside or the LNA nucleosides of the ASO

of the disclosure has a general structure of the formula II or III:

RZ R*

W
B

Y X

R² W
BR³

R1

Z*

Z
R¹

Y X R
R*

ß-D R³
R²

Z* -L
or

Formula II Formula III

wherein

W is selected from -0-, -S-, -N(R)-, -C(RR)-, in particular -0-;
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B is a nucleobase or a modified nucleobase moiety;  

Z is an internucleoside linkage to an adjacent nucleoside or a 5'-terminal group;  

Z* is an internucleoside linkage to an adjacent nucleoside or a 3'-terminal group;  

R1, R2, R3, R5 and R5* are independently selected from hydrogen, halogen, alkyl, alkenyl, 

alkynyl, hydroxy, alkoxy, alkoxyalkyl, alkenyloxy, carboxyl, alkoxycarbonyl, 

alkylcarbonyl, formyl, azide, heterocycle and aryl; and  

X, Y, Ra and Rb are as defined herein. 

[0155]   In some embodiments, –X-Y-, Ra is hydrogen or alkyl, in particular hydrogen or 

methyl. In some embodiments of –X-Y-, Rb is hydrogen  or alkyl, in particular hydrogen 

or methyl.  In other embodiments of –X-Y-, one or both of Ra and Rb are hydrogen. In 

further embodiments of –X-Y-, only one of Ra and Rb is hydrogen. In some embodiments 

of –X-Y-, one of Ra and Rb is methyl and the other one is hydrogen. In certain 

embodiments of –X-Y-, Ra and Rb are both methyl at the same time. 

[0156]   In some embodiments, –X-, Ra is hydrogen or alkyl, in particular hydrogen or 

methyl.  In some embodiments of –X-, Rb is hydrogen or alkyl, in particular hydrogen or 

methyl.  In other embodiments of –X-, one or both of Ra and Rb are hydrogen. In certain 

embodiments of –X-, only one of Ra and Rb is hydrogen. In certain embodiments of –X-, 

one of Ra and Rb is methyl and the other one is hydrogen.  In other embodiments of –X-, 

Ra and Rb are both methyl at the same time. 

[0157]   In some embodiments, –Y-, Ra is hydrogen or alkyl, in particular hydrogen or 

methyl. In certain embodiments of –Y-, Rb is hydrogen  or alkyl, in particular hydrogen or 

methyl.  In other embodiments of –Y-, one or both of Ra and Rb are hydrogen. In some 

embodiments of –Y-, only one of Ra and Rb is hydrogen. In other embodiments of –Y-, 

one of Ra and Rb is methyl and the other one is hydrogen. In some embodiments of –Y-, 

Ra and Rb are both methyl at the same time. 

[0158]   In some embodiments, R1, R2, R3, R5 and R5* are independently selected from 

hydrogen and alkyl, in particular hydrogen and methyl. 

[0159]   In some embodiments, R1, R2, R3, R5 and R5* are all hydrogen at the same time. 

[0160]   In some embodiments, R1, R2, R3, are all hydrogen at the same time, one of R5 and 

R5* is hydrogen and the other one is as defined above, in particular alkyl, more 

particularly methyl. 

[0161]   In some embodiments, R1, R2, R3, are all hydrogen at the same time, one of R5 and 

R5* is hydrogen and the other one is azide.. 
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B is a nucleobase or a modified nucleobase moiety;Jun 2025

Z is an internucleoside linkage to an adjacent nucleoside or a 5'-terminal group;

Z* is an internucleoside linkage to an adjacent nucleoside or a 3'-terminal group;

R¹, R², R³, R and R* are independently selected from hydrogen, halogen, alkyl, alkenyl,

alkynyl, hydroxy, alkoxy, alkoxyalkyl, alkenyloxy, carboxyl, alkoxycarbonyl,
2019226001 23

alkylcarbonyl, formyl, azide, heterocycle and aryl; and

X, Y, Rª and R are as defined herein.

[0155] In some embodiments, -X-Y-, Rª is hydrogen or alkyl, in particular hydrogen or

methyl. In some embodiments of -X-Y-, R is hydrogen or alkyl, in particular hydrogen

or methyl. In other embodiments of -X-Y-, one or both of Rª and R are hydrogen. In

further embodiments of -X-Y-, only one of Rª and R is hydrogen. In some embodiments

of -X-Y-, one of Rª and R is methyl and the other one is hydrogen. In certain

embodiments of -X-Y-, Rª and R are both methyl at the same time.

[0156] In some embodiments, -X-, R is hydrogen or alkyl, in particular hydrogen or

methyl. In some embodiments of -X-, R is hydrogen or alkyl, in particular hydrogen or

methyl. In other embodiments of -X-, one or both of Rª and R are hydrogen. In certain

embodiments of -X-, only one of Rª and R is hydrogen. In certain embodiments of -X-,

one of Rª and R is methyl and the other one is hydrogen. In other embodiments of -X-,

Rª and R are both methyl at the same time.

[0157] In some embodiments, -Y-, R is hydrogen or alkyl, in particular hydrogen or

methyl. In certain embodiments of -Y-, R is hydrogen or alkyl, in particular hydrogen or

methyl. In other embodiments of -Y-, one or both of Rª and R are hydrogen. In some

embodiments of -Y-, only one of Rª and R is hydrogen. In other embodiments of -Y-,

one of Rª and R is methyl and the other one is hydrogen. In some embodiments of -Y-,

Rª and R are both methyl at the same time.

[0158] In some embodiments, R¹, R², R³, R and R* are independently selected from

hydrogen and alkyl, in particular hydrogen and methyl.

[0159] In some embodiments, R¹, R², R³, R and R* are all hydrogen at the same time.

[0160] In some embodiments, R¹, R², R³, are all hydrogen at the same time, one of R and

R* is hydrogen and the other one is as defined above, in particular alkyl, more

particularly methyl.

[0161] In some embodiments, R¹, R², R³, are all hydrogen at the same time, one of R and

R* is hydrogen and the other one is azide..
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[0162]   In some embodiments, -X-Y- is -O-CH2-, W is oxygen and R1, R2, R3, R5 and R5* 

are all hydrogen at the same time. Such LNA nucleosides are disclosed in WO 

99/014226, WO 00/66604, WO 98/039352 and WO 2004/046160, which are all hereby 

incorporated by reference, and include what are commonly known in the art as beta-D-

oxy LNA and alpha-L-oxy LNA nucleosides. 

[0163]   In some embodiments, -X-Y- is -S-CH2-, W is oxygen and R1, R2, R3, R5 and R5* 

are all hydrogen at the same time. Such thio LNA nucleosides are disclosed in WO 

99/014226 and WO 2004/046160 which are hereby incorporated by reference. 

[0164]   In some embodiments, -X-Y- is -NH-CH2-, W is oxygen and R1, R2, R3, R5 and R5* 

are all hydrogen at the same time. Such amino LNA nucleosides are disclosed in WO 

99/014226 and WO 2004/046160, which are hereby incorporated by reference. 

[0165]   In some embodiments, -X-Y- is -O-CH2CH2- or -OCH2CH2CH2-, W is oxygen, and 

R1, R2, R3, R5 and R5* are all hydrogen at the same time. Such LNA nucleosides are 

disclosed in WO 00/047599 and Morita et al., Bioorganic & Med.Chem. Lett. 12, 73-76, 

which are hereby incorporated by reference, and include what are commonly known in 

the art as 2'-O-4'C-ethylene bridged nucleic acids (ENA). 

[0166]   In some embodiments, -X-Y- is -O-CH2-, W is oxygen, R1, R2, R3 are all hydrogen 

at the same time, one of R5 and R5* is hydrogen and the other one is not hydrogen, such as 

alkyl, for example methyl. Such 5' substituted LNA nucleosides are disclosed in WO 

2007/134181, which is hereby incorporated by reference. 

[0167]   In some embodiments, -X-Y- is -O-CRaRb-, wherein one or both of Ra and Rb are 

not hydrogen, in particular alkyl such as methyl, W is oxygen, R1, R2, R3 are all hydrogen 

at the same time, one of R5 and R5* is hydrogen and the other one is not hydrogen, in 

particular alkyl, for example methyl. Such bis modified LNA nucleosides are disclosed in 

WO 2010/077578, which is hereby incorporated by reference. 

[0168]   In some embodiments, -X-Y- is -O-CH(CH2-O-CH3)- ("2' O-methoxyethyl bicyclic 

nucleic acid",  Seth et al., J. Org. Chem. 2010, Vol 75(5) pp. 1569-81). 

[0169]   In some embodiments,, -X-Y- is -O-CHRa-, W is oxygen and R1, R2, R3, R5 and R5* 

are all hydrogen at the same time. Such 6'-substituted LNA nucleosides are disclosed in 

WO 2010/036698 and WO 2007/090071, which are both hereby incorporated by 

reference. In such 6'-substituted LNA nucleosides, Ra is in particular C1-C6 alkyl, such as 

methyl. 
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[0162] In some embodiments, -X-Y- is -O-CH-, W is oxygen and R¹, R², R³, R and R*Jun 2025

are all hydrogen at the same time. Such LNA nucleosides are disclosed in WO

99/014226, WO 00/66604, WO 98/039352 and WO 2004/046160, which are all hereby

incorporated by reference, and include what are commonly known in the art as beta-D-

oxy LNA and alpha-L-oxy LNA nucleosides.
2019226001 23

[0163] In some embodiments, -X-Y- is -S-CH-, W is oxygen and R¹, R², R³, R and R*

are all hydrogen at the same time. Such thio LNA nucleosides are disclosed in WO

99/014226 and WO 2004/046160 which are hereby incorporated by reference.

[0164] In some embodiments, -X-Y- is -NH-CH-, W is oxygen and R¹, R², R³, R and R*

are all hydrogen at the same time. Such amino LNA nucleosides are disclosed in WO

99/014226 and WO 2004/046160, which are hereby incorporated by reference.

[0165] In some embodiments, -X-Y- is -O-CHCH- or -OCHCHCH-, W is oxygen, and

R¹, R², R³, R and R* are all hydrogen at the same time. Such LNA nucleosides are

disclosed in WO 00/047599 and Morita et al., Bioorganic & Chem. Lett. 12, 73-76,

which are hereby incorporated by reference, and include what are commonly known in

the art as 2'-O-4'C-ethylene bridged nucleic acids (ENA).

[0166] In some embodiments, -X-Y- is -O-CH-, W is oxygen, R¹, R², R³ are all hydrogen

at the same time, one of R and R* is hydrogen and the other one is not hydrogen, such as

alkyl, for example methyl. Such 5' substituted LNA nucleosides are disclosed in WO

2007/134181, which is hereby incorporated by reference.

[0167] In some embodiments, -X-Y- is -0-CRR, wherein one or both of Rª and R are

not hydrogen, in particular alkyl such as methyl, W is oxygen, R¹, R², R³ are all hydrogen

at the same time, one of R and R* is hydrogen and the other one is not hydrogen, in

particular alkyl, for example methyl. Such bis modified LNA nucleosides are disclosed in

WO 2010/077578, which is hereby incorporated by reference.

[0168] In some embodiments, -X-Y- is -O-CH(CH-O-CH)- ("2' O-methoxyethyl bicyclic

nucleic acid", Seth et al., J. Org. Chem. 2010, Vol 75(5) pp. 1569-81).

[0169] In some embodiments,, -X-Y- is -O-CHR, W is oxygen and R¹, R², R³, R and R*

are all hydrogen at the same time. Such 6'-substituted LNA nucleosides are disclosed in

WO 2010/036698 and WO 2007/090071, which are both hereby incorporated by

reference. In such 6'-substituted LNA nucleosides, Rª is in particular C1-C6 alkyl, such as

methyl.
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[0170]   In some embodiments, -X-Y- is -O-CH(CH2-O-CH3)-, W is oxygen and R1, R2, R3, 

R5 and R5* are all hydrogen at the same time. Such LNA nucleosides are also known in 

the art as cyclic MOEs (cMOE) and are disclosed in WO 2007/090071. 

[0171]   In some embodiments, -X-Y- is -O-CH(CH3)-. 

[0172]   In some embodiments, -X-Y- is -O-CH2-O-CH2- (Seth et al., J. Org. Chem 2010 op. 

cit.) 

[0173]   In some embodiments, -X-Y- is -O-CH(CH3)-, W is oxygen and R1, R2, R3, R5 and 

R5* are all hydrogen at the same time. Such 6'-methyl LNA nucleosides are also known in 

the art as cET nucleosides, and may be either (S)-cET or (R)-cET diastereoisomers, as 

disclosed in WO 2007/090071 (beta-D) and WO 2010/036698 (alpha-L) which are both 

hereby incorporated by reference.  

[0174]   In some embodiments, -X-Y- is -O-CRaRb-, wherein neither Ra nor Rb is hydrogen, 

W is oxygen, and R1, R2, R3, R5 and R5* are all hydrogen at the same time. In certain 

embodiments, Ra and Rb are both alkyl at the same time, in particular both methyl at the 

same time. Such 6'-di-substituted LNA nucleosides are disclosed in WO 2009/006478 

which is hereby incorporated by reference. 

[0175]   In some embodiments, -X-Y- is -S-CHRa-, W is oxygen, and R1, R2, R3, R5 and R5* 

are all hydrogen at the same time. Such 6'-substituted thio LNA nucleosides are disclosed 

in WO 2011/156202,  which is hereby incorporated by reference. In certain embodiments 

of such 6'-substituted thio LNA, Ra is alkyl, in particular methyl. 

[0176]   In some embodiments, -X-Y- is -C(=CH2)C(RaRb)-, such as, W is oxygen, and R1, 

R2, R3, R5 and R5* are all hydrogen at the same time. Such vinyl carbo LNA nucleosides 

are disclosed in WO 2008/154401 and WO 2009/067647, which are both hereby 

incorporated by reference. 

[0177]   In some embodiments, -X-Y- is -N(ORa)-CH2-, W is oxygen and R1, R2, R3, R5 and 

R5* are all hydrogen at the same time. In some embodiments, Ra is alkyl such as methyl. 

Such LNA nucleosides are also known as N substituted LNAs and are disclosed in WO 

2008/150729, which is hereby incorporated by reference. 

[0178]   In some embodiments, -X-Y- is -O-NCH3- (Seth et al., J. Org. Chem 2010 op. cit.). 

[0179]   In some embodiments, -X-Y- is ON(Ra)- –N(Ra)-O-,-NRa-CRaRb-CRaRb-, or –NRa-

CRaRb-,  W is oxygen, and R1, R2, R3, R5 and R5* are all hydrogen at the same time. In 

certain embodiments, Ra is alkyl, such as methyl. (Seth et al., J. Org. Chem 2010 op. cit.).  

[0180]   In some embodiments, R5 and R5* are both hydrogen at the same time. In other 

embodiments, one of R5 and R5* is hydrogen and the other one is alkyl, such as methyl. In 

20
19

22
60

01
   

  2
3 

Ju
n 

20
25

-41-

[0170] In some embodiments, -X-Y- is -O-CH(CH-O-CH)-, W is oxygen and R¹, R², R³,

R and R* are all hydrogen at the same time. Such LNA nucleosides are also known in

2019226001 23 Jun 2025

the art as cyclic MOEs (cMOE) and are disclosed in WO 2007/090071.

[0171] In some embodiments, -X-Y- is -O-CH(CH)-.

[0172] In some embodiments, -X-Y- is -O-CH.O-CH- (Seth et al., J. Org. Chem 2010 op.

cit.)

[0173] In some embodiments, -X-Y- is -O-CH(CH)-, W is oxygen and R¹, R², R³, R and

R* are all hydrogen at the same time. Such 6'-methyl LNA nucleosides are also known in

the art as cET nucleosides, and may be either (S)-cET or (R)-cET diastereoisomers, as

disclosed in WO 2007/090071 (beta-D) and WO 2010/036698 (alpha-L) which are both

hereby incorporated by reference.

[0174] In some embodiments, -X-Y- is -0-CRR, wherein neither Rª nor R is hydrogen,

W is oxygen, and R¹, R², R³, R and R* are all hydrogen at the same time. In certain

embodiments, Rª and R are both alkyl at the same time, in particular both methyl at the

same time. Such 6'-di-substituted LNA nucleosides are disclosed in WO 2009/006478

which is hereby incorporated by reference.

[0175] In some embodiments, -X-Y- is -S-CHR, W is oxygen, and R¹, R², R³, R and R*

are all hydrogen at the same time. Such 6'-substituted thio LNA nucleosides are disclosed

in WO 2011/156202, which is hereby incorporated by reference. In certain embodiments

of such 6'-substituted thio LNA, Rª is alkyl, in particular methyl.

[0176] In some embodiments, -X-Y- is -C(=CH)C(RR), such as, W is oxygen, and R¹,

R², R³, R and R* are all hydrogen at the same time. Such vinyl carbo LNA nucleosides

are disclosed in WO 2008/154401 and WO 2009/067647, which are both hereby

incorporated by reference.

[0177] In some embodiments, -X-Y- is -N(OR)-CH-, W is oxygen and R¹, R², R³, R and

R* are all hydrogen at the same time. In some embodiments, Rª is alkyl such as methyl.

Such LNA nucleosides are also known as N substituted LNAs and are disclosed in WO

2008/150729, which is hereby incorporated by reference.

[0178] In some embodiments, -X-Y- is -O-NCH3- (Seth et al., J. Org. Chem 2010 op. cit.).

[0179]

In some embodiments, -X-Y- is or -NR-
CRR-, W is oxygen, and R¹, R², R³, R and R* are all hydrogen at the same time. In

certain embodiments, Rª is alkyl, such as methyl. (Seth et al., J. Org. Chem 2010 op. cit.).

[0180] In some embodiments, R and R* are both hydrogen at the same time. In other

embodiments, one of R and R* is hydrogen and the other one is alkyl, such as methyl. In
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such embodiments, R1, R2 and R3 can be in particular hydrogen and -X-Y- can be in 

particular -O-CH2- or -O-CHC(Ra)3-, such as -O-CH(CH3)-.   

[0181]   In some embodiments, -X-Y- is -CRaRb-O-CRaRb-, such as -CH2-O-CH2-, W is 

oxygen and R1, R2, R3, R5 and R5* are all hydrogen at the same time. In such 

embodiments, Ra can be in particular alkyl such as methyl. Such LNA nucleosides are 

also known as conformationally restricted nucleotides (CRNs) and are disclosed in WO 

2013/036868, which is hereby incorporated by reference. 

[0182]   In some embodiments, -X-Y- is -O-CRaRb-O-CRaRb-, such as -O-CH2-O-CH2-, W 

is oxygen and R1, R2, R3, R5 and R5* are all hydrogen at the same time. In certain 

embodiments, Ra can be in particular alkyl such as methyl. Such LNA nucleosides are 

also known as COC nucleotides and are disclosed in Mitsuoka et al., Nucleic Acids 

Research 2009, 37(4), 1225-1238, which is hereby incorporated by reference. 

[0183]   It will be recognized than, unless specified, the LNA nucleosides may be in the 

beta-D or alpha-L stereoisoform. 

[0184]   Certain examples of LNA nucleosides are presented in Scheme 1.  
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such embodiments, R¹, R² and R³ can be in particular hydrogen and -X-Y- can be inJun 2025

particular -O-CH- or -O-CHC(R), such as -O-CH(CH)-.

[0181] In some embodiments, -X-Y- is -CRR-O-CRR, such as -CH-O-CH-, W is

oxygen and R¹, R², R³, R and R* are all hydrogen at the same time. In such

embodiments, Rª can be in particular alkyl such as methyl. Such LNA nucleosides are

2019226001 23

also known as conformationally restricted nucleotides (CRNs) and are disclosed in WO

2013/036868, which is hereby incorporated by reference.

[0182] In some embodiments, -X-Y- is -O-CRªR-O-CRR, such as -O-CH-O-CH-, W

is oxygen and R¹, R², R³, R and R* are all hydrogen at the same time. In certain

embodiments, Rª can be in particular alkyl such as methyl. Such LNA nucleosides are

also known as COC nucleotides and are disclosed in Mitsuoka et al., Nucleic Acids

Research 2009, 37(4), 1225-1238, which is hereby incorporated by reference.

[0183] It will be recognized than, unless specified, the LNA nucleosides may be in the

beta-D or alpha-L stereoisoform.

[0184] Certain examples of LNA nucleosides are presented in Scheme 1.
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Scheme 1 

 
[0185]   As illustrated elsewhere, in some embodiments of the disclosure the LNA 

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

II.E.  Nuclease mediated degradation 

[0186]   Nuclease mediated degradation refers to an oligonucleotide capable of mediating 

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

sequence. 

[0187]   In some embodiments, the oligonucleotide may function via nuclease mediated 

degradation of the target nucleic acid, where the oligonucleotides of the disclosure are 

capable of recruiting a nuclease, particularly and endonuclease, preferably 

endoribonuclease (RNase), such as RNase H. Examples of oligonucleotide designs which 
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Scheme 12025
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[0185] As illustrated elsewhere, in some embodiments of the disclosure the LNA

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

II.E. Nuclease mediated degradation

[0186] Nuclease mediated degradation refers to an oligonucleotide capable of mediating

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

sequence.

[0187] In some embodiments, the oligonucleotide may function via nuclease mediated

degradation of the target nucleic acid, where the oligonucleotides of the disclosure are

capable of recruiting a nuclease, particularly and endonuclease, preferably

endoribonuclease (RNase), such as RNase H. Examples of oligonucleotide designs which
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operate via nuclease mediated mechanisms are oligonucleotides which typically comprise 

a region of at least 5 or 6 DNA nucleosides and are flanked on one side or both sides by 

affinity enhancing nucleosides, for example gapmers, headmers and tailmers.  

II.F. RNase H Activity and Recruitment 

[0188]   The RNase H activity of an antisense oligonucleotide refers to its ability to recruit 

RNase H when in a duplex with a complementary RNA molecule and induce degradation 

of the complementary RNA molecule. WO01/23613 provides in vitro methods for 

determining RNaseH activity, which may be used to determine the ability to recruit 

RNaseH. Typically, an oligonucleotide is deemed capable of recruiting RNase H if, when 

provided with a complementary target nucleic acid sequence, it has an initial rate, as 

measured in pmol/l/min, of at least 5%, such as at least 10% or more than 20% of the of 

the initial rate determined when using a oligonucleotide having the same base sequence as 

the modified oligonucleotide being tested, but containing only DNA monomers, with 

phosphorothioate linkages between all monomers in the oligonucleotide, and using the 

methodology provided by Example 91 - 95 of WO01/23613.  

[0189]   In some embodiments, an oligonucleotide is deemed essentially incapable of 

recruiting RNaseH if, when provided with the complementary target nucleic acid, the 

RNaseH initial rate, as measured in pmol/l/min, is less than 20%, such as less than 

10%,such as less than 5% of the initial rate determined when using a oligonucleotide 

having the same base sequence as the oligonucleotide being tested, but containing only 

DNA monomers, with no 2' substitutions, with phosphorothioate linkages between all 

monomers in the oligonucleotide, and using the methodology provided by Example 91 - 

95 of WO01/23613.  

II.G. ASO Design 

[0190]   The ASO of the disclosure can comprise a nucleotide sequence which comprises 

both nucleosides and nucleoside analogs, and can be in the form of a gapmer, blockmer, 

mixmer, headmer, tailmer, or totalmer. Examples of configurations of a gapmer, 

blockmer, mixmer, headmer, tailmer, or totalmer that can be used with the ASO of the 

disclosure are described in U.S. Patent Appl. Publ. No. 2012/0322851.  

[0191]   The term "gapmer" as used herein refers to an antisense oligonucleotide which 

comprises a region of RNase H recruiting oligonucleotides (gap) which is flanked 5' and 

3' by one or more affinity enhancing modified nucleosides (flanks). The terms 
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operate via nuclease mediated mechanisms are oligonucleotides which typically comprise

a region of at least 5 or 6 DNA nucleosides and are flanked on one side or both sides by

2019226001 23 Jun 2025

affinity enhancing nucleosides, for example gapmers, headmers and tailmers.

II.F. RNase H Activity and Recruitment

[0188] The RNase H activity of an antisense oligonucleotide refers to its ability to recruit

RNase H when in a duplex with a complementary RNA molecule and induce degradation

of the complementary RNA molecule. WO01/23613 provides in vitro methods for

determining RNaseH activity, which may be used to determine the ability to recruit

RNaseH. Typically, an oligonucleotide is deemed capable of recruiting RNase H if, when

provided with a complementary target nucleic acid sequence, it has an initial rate, as

measured in pmol/l/min, of at least 5%, such as at least 10% or more than 20% of the of

the initial rate determined when using a oligonucleotide having the same base sequence as

the modified oligonucleotide being tested, but containing only DNA monomers, with

phosphorothioate linkages between all monomers in the oligonucleotide, and using the

methodology provided by Example 91 - 95 of WO01/23613.

[0189] In some embodiments, an oligonucleotide is deemed essentially incapable of

recruiting RNaseH if, when provided with the complementary target nucleic acid, the

RNaseH initial rate, as measured in pmol/l/min, is less than 20%, such as less than

10%,such as less than 5% of the initial rate determined when using a oligonucleotide

having the same base sequence as the oligonucleotide being tested, but containing only

DNA monomers, with no 2' substitutions, with phosphorothioate linkages between all

monomers in the oligonucleotide, and using the methodology provided by Example 91 -

95 of WO01/23613.

II.G. ASO Design

[0190] The ASO of the disclosure can comprise a nucleotide sequence which comprises

both nucleosides and nucleoside analogs, and can be in the form of a gapmer, blockmer,

mixmer, headmer, tailmer, or totalmer. Examples of configurations of a gapmer,

blockmer, mixmer, headmer, tailmer, or totalmer that can be used with the ASO of the

disclosure are described in U.S. Patent Appl. Publ. No. 2012/0322851.

[0191] The term "gapmer" as used herein refers to an antisense oligonucleotide which

comprises a region of RNase H recruiting oligonucleotides (gap) which is flanked 5' and

3' by one or more affinity enhancing modified nucleosides (flanks). The terms
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"headmers" and "tailmers" are oligonucleotides capable of recruiting RNase H where one 

of the flanks is missing, i.e., only one of the ends of the oligonucleotide comprises 

affinity enhancing modified nucleosides. For headmers, the 3' flank is missing (i.e., the 5' 

flank comprise affinity enhancing modified nucleosides) and for tailmers, the 5' flank is 

missing (i.e., the 3' flank comprises affinity enhancing modified nucleosides). The term 

"LNA gapmer" is a gapmer oligonucleotide wherein at least one of the affinity enhancing 

modified nucleosides is an LNA nucleoside. The term "mixed wing gapmer" refers to an 

LNA gapmer wherein the flank regions comprise at least one LNA nucleoside and at least 

one DNA nucleoside or non-LNA modified nucleoside, such as at least one 2' substituted 

modified nucleoside, such as, for example, 2'-O-alkyl-RNA, 2'-O-methyl-RNA, 2'-

alkoxy-RNA, 2'-O-methoxyethyl-RNA (MOE), 2'-amino-DNA, 2'-Fluoro-RNA, 2'-Fluro-

DNA, arabino nucleic acid (ANA),  and 2'-Fluoro-ANA nucleoside(s).  

[0192]   Other "chimeric" ASOs, called "mixmers", consist of an alternating composition of 

(i) DNA monomers or nucleoside analog monomers recognizable and cleavable by 

RNase, and (ii) non-RNase recruiting nucleoside analog monomers.  

[0193]   A "totalmer" is a single stranded ASO which only comprises non-naturally 

occurring nucleotides or nucleotide analogs.  

[0194]   In some embodiments, in addition to enhancing affinity of the ASO for the target 

region, some nucleoside analogs also mediate RNase (e.g., RNaseH) binding and 

cleavage. Since α-L-LNA monomers recruit RNaseH activity to a certain extent, in some 

embodiments, gap regions (e.g., region B as referred to herein) of ASOs containing α-L-

LNA monomers consist of fewer monomers recognizable and cleavable by the RNaseH, 

and more flexibility in the mixmer construction is introduced.  

II.G.1. Gapmer Design 

[0195]   In some embodiments, the ASO of the disclosure is a gapmer and comprises a 

contiguous stretch of nucleotides (e.g., one or more DNA) which is capable of recruiting 

an RNase, such as RNaseH, referred to herein in as region B (B), wherein region B is 

flanked at both 5' and 3' by regions of nucleoside analogs 5' and 3' to the contiguous 

stretch of nucleotides of region B– these regions are referred to as regions A (A) and C 

(C), respectively. In some embodiments, the nucleoside analogs are sugar modified 

nucleosides (e.g., high affinity sugar modified nucleosides). In certain embodiments, the 

sugar modified nucleosides of regions A and C enhance the affinity of the ASO for the 

target nucleic acid (i.e., affinity enhancing 2' sugar modified nucleosides). In some 
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"headmers" and "tailmers" are oligonucleotides capable of recruiting RNase H where one
23 Jun 2025

of the flanks is missing, i.e., only one of the ends of the oligonucleotide comprises

affinity enhancing modified nucleosides. For headmers, the 3' flank is missing (i.e., the 5'

flank comprise affinity enhancing modified nucleosides) and for tailmers, the 5' flank is

missing (i.e., the 3' flank comprises affinity enhancing modified nucleosides). The term

"LNA gapmer" is a gapmer oligonucleotide wherein at least one of the affinity enhancing

modified nucleosides is an LNA nucleoside. The term "mixed wing gapmer" refers to an
2019226001

LNA gapmer wherein the flank regions comprise at least one LNA nucleoside and at least

one DNA nucleoside or non-LNA modified nucleoside, such as at least one 2' substituted

modified nucleoside, such as, for example, 2'-O-alkyl-RNA, 2'-O-methyl-RNA, 2'-

alkoxy-RNA, 2'-O-methoxyethyl-RNA (MOE), 2'-amino-DNA, 2'-Fluoro-RNA, 2'-Fluro-

DNA, arabino nucleic acid (ANA), and 2'-Fluoro-ANA nucleoside(s).

[0192] Other "chimeric" ASOs, called "mixmers", consist of an alternating composition of

(i) DNA monomers or nucleoside analog monomers recognizable and cleavable by

RNase, and (ii) non-RNase recruiting nucleoside analog monomers.

[0193] A "totalmer" is a single stranded ASO which only comprises non-naturally

occurring nucleotides or nucleotide analogs.

[0194] In some embodiments, in addition to enhancing affinity of the ASO for the target

region, some nucleoside analogs also mediate RNase (e.g., RNaseH) binding and

cleavage. Since -L-LNA monomers recruit RNaseH activity to a certain extent, in some

embodiments, gap regions (e.g., region B as referred to herein) of ASOs containing -L-

LNA monomers consist of fewer monomers recognizable and cleavable by the RNaseH,

and more flexibility in the mixmer construction is introduced.

II.G.1. Gapmer Design

[0195] In some embodiments, the ASO of the disclosure is a gapmer and comprises a

contiguous stretch of nucleotides (e.g., one or more DNA) which is capable of recruiting

an RNase, such as RNaseH, referred to herein in as region B (B), wherein region B is

flanked at both 5' and 3' by regions of nucleoside analogs 5' and 3' to the contiguous

stretch of nucleotides of region B- these regions are referred to as regions A (A) and C

(C), respectively. In some embodiments, the nucleoside analogs are sugar modified

nucleosides (e.g., high affinity sugar modified nucleosides). In certain embodiments, the

sugar modified nucleosides of regions A and C enhance the affinity of the ASO for the

target nucleic acid (i.e., affinity enhancing 2' sugar modified nucleosides). In some
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embodiments, the sugar modified nucleosides are 2' sugar modified nucleosides, such as 

high affinity 2' sugar modifications, such as LNA or 2'-MOE.  

[0196]   In a gapmer, the 5' and 3' most nucleosides of region B are DNA nucleosides, and 

are positioned adjacent to nucleoside analogs (e.g., high affinity sugar modified 

nucleosides) of regions A and C, respectively. In some embodiments, regions A and C 

can be further defined by having nucleoside analogs at the end most distant from region B 

(i.e., at the 5' end of region A and at the 3' end of region C).   

[0197]   In some embodiments, the ASOs of the present disclosure comprise a nucleotide 

sequence of formula (5' to 3') A-B-C, wherein: (A) (5' region or a first wing sequence) 

comprises at least one nucleoside analog (e.g., 3-5 LNA units); (B) comprises at least four 

consecutive nucleosides (e.g., 4-24 DNA units), which are capable of recruiting RNase 

(when formed in a duplex with a complementary RNA molecule, such as the pre-mRNA 

or mRNA target); and (C) (3' region or a second wing sequence) comprises at least one 

nucleoside analog (e.g., 3-5 LNA units). 

[0198]   In some embodiments, region A comprises 3-5 nucleotide analogs, such as LNA, 

region B consists of 6-24 (e.g., 6, 7, 8, 9, 10, 11, 12, 13, or 14) DNA units, and region C 

consists of 3 or 4 nucleotide analogs, such as LNA. Such designs include (A-B-C) 3-14-3, 

3-11-3, 3-12-3, 3-13-3, 4-9-4, 4-10-4, 4-11-4, 4-12-4, and 5-10-5 . In some embodiments, 

the ASO has a design of LLLDnLLL, LLLLDnLLLL, or LLLLLDnLLLLL, wherein the L 

is a nucleoside analog, the D is DNA, and n can be any integer between 4 and 24. In some 

embodiments, n can be any integer between 6 and 14. In some embodiments, n can be any 

integer between 8 and 12.  

[0199]   Further gapmer designs are disclosed in WO2004/046160, WO 2007/146511, and 

WO2008/113832, each of which is hereby incorporated by reference in its entirety.  

II.H. Internucleotide Linkages 

[0200]   The monomers of the ASOs described herein are coupled together via linkage 

groups. Suitably, each monomer is linked to the 3' adjacent monomer via a linkage group.  

[0201]   The person having ordinary skill in the art would understand that, in the context of 

the present disclosure, the 5' monomer at the end of an ASO does not comprise a 5' 

linkage group, although it may or may not comprise a 5' terminal group.  

[0202]   The terms "linkage group" or "internucleoside linkage" are intended to mean a 

group capable of covalently coupling together two nucleosides. Specific and preferred 

examples include phosphate groups and phosphorothioate groups.  
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embodiments, the sugar modified nucleosides are 2' sugar modified nucleosides, such as

high affinity 2' sugar modifications, such as LNA or 2'-MOE.
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[0196] In a gapmer, the 5' and 3' most nucleosides of region B are DNA nucleosides, and

are positioned adjacent to nucleoside analogs (e.g., high affinity sugar modified

nucleosides) of regions A and C, respectively. In some embodiments, regions A and C

can be further defined by having nucleoside analogs at the end most distant from region B

(i.e., at the 5' end of region A and at the 3' end of region C).

[0197] In some embodiments, the ASOs of the present disclosure comprise a nucleotide

sequence of formula (5' to 3') A-B-C, wherein: (A) (5' region or a first wing sequence)

comprises at least one nucleoside analog (e.g., 3-5 LNA units); (B) comprises at least four

consecutive nucleosides (e.g., 4-24 DNA units), which are capable of recruiting RNase

(when formed in a duplex with a complementary RNA molecule, such as the pre-mRNA

or mRNA target); and (C) (3' region or a second wing sequence) comprises at least one

nucleoside analog (e.g., 3-5 LNA units).

[0198] In some embodiments, region A comprises 3-5 nucleotide analogs, such as LNA,

region B consists of 6-24 (e.g., 6, 7, 8, 9, 10, 11, 12, 13, or 14) DNA units, and region C

consists of 3 or 4 nucleotide analogs, such as LNA. Such designs include (A-B-C) 3-14-3,

3-11-3, 3-12-3, 3-13-3, 4-9-4, 4-10-4, 4-11-4, 4-12-4, and 5-10-5. In some embodiments,

the ASO has a design of LLLDLLL, LLLLDLLLL, or LLLLLDLLLLL, wherein the L

is a nucleoside analog, the D is DNA, and n can be any integer between 4 and 24. In some

embodiments, n can be any integer between 6 and 14. In some embodiments, n can be any

integer between 8 and 12.

[0199] Further gapmer designs are disclosed in WO2004/046160, WO 2007/146511, and

WO2008/113832, each of which is hereby incorporated by reference in its entirety.

II.H. Internucleotide Linkages

[0200] The monomers of the ASOs described herein are coupled together via linkage

groups. Suitably, each monomer is linked to the 3' adjacent monomer via a linkage group.

[0201] The person having ordinary skill in the art would understand that, in the context of

the present disclosure, the 5' monomer at the end of an ASO does not comprise a 5'

linkage group, although it may or may not comprise a 5' terminal group.

[0202] The terms "linkage group" or "internucleoside linkage" are intended to mean a

group capable of covalently coupling together two nucleosides. Specific and preferred

examples include phosphate groups and phosphorothioate groups.
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[0203]   The nucleosides of the ASO of the disclosure or contiguous nucleosides sequence 

thereof are coupled together via linkage groups. Suitably each nucleoside is linked to the 

3' adjacent nucleoside via a linkage group.  

[0204]   In some embodiments, the internucleoside linkage is modified from its normal 

phosphodiester to one that is more resistant to nuclease attack, such as phosphorothioate, 

which is cleavable by RNaseH, also allows that route of antisense inhibition in reducing 

the expression of the target gene. In some embodiments, at least 75%, at least 80%, at 

least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 

95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of internucleoside 

linkages are modified.  

II.I.  Conjugates 

[0205]   The term conjugate as used herein refers to an ASO which is covalently linked to a 

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

[0206]   Conjugation of the ASO of the disclosure to one or more non-nucleotide moieties 

may improve the pharmacology of the ASO, e.g., by affecting the activity, cellular 

distribution, cellular uptake, or stability of the ASO. In some embodiments, the non-

nucleotide moieties modify or enhance the pharmacokinetic properties of the ASO by 

improving cellular distribution, bioavailability, metabolism, excretion, permeability, 

and/or cellular uptake of the ASO. In certain embodiments, the non-nucleotide moieties 

may target the ASO to a specific organ, tissue, or cell type and thereby enhance the 

effectiveness of the ASO in that organ, tissue, or cell type. In other embodiments, the 

non-nucleotide moieties reduce the activity of the ASO in non-target cell types, tissues, or 

organs, e.g., off target activity or activity in non-target cell types, tissues, or organs. WO 

93/07883 and WO2013/033230 provides suitable conjugate moieties. Further suitable 

conjugate moieties are those capable of binding to the asialoglycoprotein receptor 

(ASGPr). In particular, tri-valent N-acetylgalactosamine conjugate moieties are suitable 

for binding to the ASGPr, see, e.g., WO 2014/076196, WO 2014/207232, and WO 

2014/179620, each of which are hereby incorporated by reference. 

[0207]   In some embodiments, the non-nucleotide moiety (conjugate moiety) is selected 

from the group consisting of carbohydrates, cell surface receptor ligands, drug substances, 

hormones, lipophilic substances, polymers, proteins, peptides, toxins (e.g., bacterial 

toxins), vitamins, viral proteins (e.g., capsids), and combinations thereof. 
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[0203] The nucleosides of the ASO of the disclosure or contiguous nucleosides sequence

thereof are coupled together via linkage groups. Suitably each nucleoside is linked to the
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3' adjacent nucleoside via a linkage group.

[0204] In some embodiments, the internucleoside linkage is modified from its normal

phosphodiester to one that is more resistant to nuclease attack, such as phosphorothioate,

which is cleavable by RNaseH, also allows that route of antisense inhibition in reducing

the expression of the target gene. In some embodiments, at least 75%, at least 80%, at

least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of internucleoside

linkages are modified.

II.I. Conjugates

[0205] The term conjugate as used herein refers to an ASO which is covalently linked to a

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

[0206] Conjugation of the ASO of the disclosure to one or more non-nucleotide moieties

may improve the pharmacology of the ASO, e.g., by affecting the activity, cellular

distribution, cellular uptake, or stability of the ASO. In some embodiments, the non-

nucleotide moieties modify or enhance the pharmacokinetic properties of the ASO by

improving cellular distribution, bioavailability, metabolism, excretion, permeability,

and/or cellular uptake of the ASO. In certain embodiments, the non-nucleotide moieties

may target the ASO to a specific organ, tissue, or cell type and thereby enhance the

effectiveness of the ASO in that organ, tissue, or cell type. In other embodiments, the

non-nucleotide moieties reduce the activity of the ASO in non-target cell types, tissues, or

organs, e.g., off target activity or activity in non-target cell types, tissues, or organs. WO

93/07883 and WO2013/033230 provides suitable conjugate moieties. Further suitable

conjugate moieties are those capable of binding to the asialoglycoprotein receptor

(ASGPr). In particular, tri-valent N-acetylgalactosamine conjugate moieties are suitable

for binding to the ASGPr, see, e.g., WO 2014/076196, WO 2014/207232, and WO

2014/179620, each of which are hereby incorporated by reference.

[0207] In some embodiments, the non-nucleotide moiety (conjugate moiety) is selected

from the group consisting of carbohydrates, cell surface receptor ligands, drug substances,

hormones, lipophilic substances, polymers, proteins, peptides, toxins (e.g., bacterial

toxins), vitamins, viral proteins (e.g., capsids), and combinations thereof.
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II.J. Activated ASOs 

[0208]   The term "activated ASO," as used herein, refers to an ASO that is covalently 

linked (i.e., functionalized) to at least one functional moiety that permits covalent linkage 

of the ASO to one or more conjugated moieties, i.e., moieties that are not themselves 

nucleic acids or monomers, to form the conjugates herein described. Typically, a 

functional moiety will comprise a chemical group that is capable of covalently bonding to 

the ASO via, e.g., a 3'-hydroxyl group or the exocyclic NH2 group of the adenine base, a 

spacer that can be hydrophilic and a terminal group that is capable of binding to a 

conjugated moiety (e.g., an amino, sulfhydryl or hydroxyl group). In some embodiments, 

this terminal group is not protected, e.g., is an NH2 group. In other embodiments, the 

terminal group is protected, for example, by any suitable protecting group such as those 

described in "Protective Groups in Organic Synthesis" by Theodora W Greene and Peter 

G M Wuts, 3rd edition (John Wiley & Sons, 1999), which is hereby incorporated by 

reference.  

[0209]   In some embodiments, ASOs of the disclosure are functionalized at the 5' end in 

order to allow covalent attachment of the conjugated moiety to the 5' end of the ASO. In 

other embodiments, ASOs of the disclosure can be functionalized at the 3' end. In still 

other embodiments, ASOs of the disclosure can be functionalized along the backbone or 

on the heterocyclic base moiety. In yet other embodiments, ASOs of the disclosure can be 

functionalized at more than one position independently selected from the 5' end, the 3' 

end, the backbone and the base.  

[0210]   In some embodiments, activated ASOs of the disclosure are synthesized by 

incorporating during the synthesis one or more monomers that is covalently attached to a 

functional moiety. In other embodiments, activated ASOs of the disclosure are 

synthesized with monomers that have not been functionalized, and the ASO is 

functionalized upon completion of synthesis.  

III. Pharmaceutical Compositions and Administration Routes 

[0211]   The ASO of the disclosure can be used in pharmaceutical formulations and 

compositions. In some embodiments, such compositions comprise a pharmaceutically 

acceptable diluent, carrier, salt, or adjuvant. In certain embodiments, a pharmaceutically 

acceptable salt comprises a sodium salt, a potassium salt, or an ammonium salt 
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II.J. Activated ASOs

[0208] The term "activated ASO," as used herein, refers to an ASO that is covalently
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linked (i.e., functionalized) to at least one functional moiety that permits covalent linkage

of the ASO to one or more conjugated moieties, i.e., moieties that are not themselves

nucleic acids or monomers, to form the conjugates herein described. Typically, a

functional moiety will comprise a chemical group that is capable of covalently bonding to

the ASO via, e.g., a 3'-hydroxyl group or the exocyclic NH group of the adenine base, a

spacer that can be hydrophilic and a terminal group that is capable of binding to a

conjugated moiety (e.g., an amino, sulfhydryl or hydroxyl group). In some embodiments,

this terminal group is not protected, e.g., is an NH group. In other embodiments, the

terminal group is protected, for example, by any suitable protecting group such as those

described in "Protective Groups in Organic Synthesis" by Theodora W Greene and Peter

G M Wuts, 3rd edition (John Wiley & Sons, 1999), which is hereby incorporated by

reference.

[0209] In some embodiments, ASOs of the disclosure are functionalized at the 5' end in

order to allow covalent attachment of the conjugated moiety to the 5' end of the ASO. In

other embodiments, ASOs of the disclosure can be functionalized at the 3' end. In still

other embodiments, ASOs of the disclosure can be functionalized along the backbone or

on the heterocyclic base moiety. In yet other embodiments, ASOs of the disclosure can be

functionalized at more than one position independently selected from the 5' end, the 3'

end, the backbone and the base.

[0210] In some embodiments, activated ASOs of the disclosure are synthesized by

incorporating during the synthesis one or more monomers that is covalently attached to a

functional moiety. In other embodiments, activated ASOs of the disclosure are

synthesized with monomers that have not been functionalized, and the ASO is

functionalized upon completion of synthesis.

III. Pharmaceutical Compositions and Administration Routes

[0211] The ASO of the disclosure can be used in pharmaceutical formulations and

compositions. In some embodiments, such compositions comprise a pharmaceutically

acceptable diluent, carrier, salt, or adjuvant. In certain embodiments, a pharmaceutically

acceptable salt comprises a sodium salt, a potassium salt, or an ammonium salt
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[0212]   The ASO of the disclosure can be included in a unit formulation such as in a 

pharmaceutically acceptable carrier or diluent in an amount sufficient to deliver to a 

patient a therapeutically effective amount without causing serious side effects in the 

treated patient. However, in some forms of therapy, serious side effects may be 

acceptable in terms of ensuring a positive outcome to the therapeutic treatment.  

[0213]   The formulated drug may comprise pharmaceutically acceptable binding agents and 

adjuvants. Capsules, tablets, or pills can contain for example the following compounds: 

microcrystalline cellulose, gum or gelatin as binders; starch or lactose as excipients; 

stearates as lubricants; various sweetening or flavoring agents. For capsules, the dosage 

unit can contain a liquid carrier like fatty oils. Likewise, coatings of sugar or enteric 

agents can be part of the dosage unit. The ASO formulations can also be emulsions of the 

active pharmaceutical ingredients and a lipid forming a micellular emulsion.  

[0214]   The pharmaceutical compositions of the present disclosure can be administered in a 

number of ways depending upon whether local or systemic treatment is desired and upon 

the area to be treated. Administration can be (a) oral; (b) pulmonary, e.g., by inhalation or 

insufflation of powders or aerosols, including by nebulizer; intratracheal, intranasal, (c) 

topical including epidermal, transdermal, ophthalmic and to mucous membranes 

including vaginal and rectal delivery; or (d) parenteral including intravenous, intraarterial, 

subcutaneous, intraperitoneal or intramuscular injection or infusion; or intracranial, e.g., 

intrathecal, intra-cerebroventricular, or intraventricular, administration. In some 

embodiments, the ASO is administered intravenously, intraperitoneally, orally, topically, 

or as a bolus injection or administered directly in to the target organ. In some 

embodiments, the ASO is administered intracardially or intraventricularly as a bolus 

injection. In some embodiments, the ASO is administered subcutaneously. In some 

embodiments, the ASO is administered orally.  

[0215]   Pharmaceutical compositions and formulations for topical administration can 

include transdermal patches, ointments, lotions, creams, gels, drops, sprays, suppositories, 

liquids and powders. Conventional pharmaceutical carriers, aqueous, powder or oily 

bases, thickeners and the like may be necessary or desirable. Examples of topical 

formulations include those in which the ASO of the disclosure are in admixture with a 

topical delivery agent such as lipids, liposomes, fatty acids, fatty acid esters, steroids, 

chelating agents and surfactants. Compositions and formulations for oral administration 

include but are not limited to powders or granules, microparticulates, nanoparticulates, 

suspensions or solutions in water or non-aqueous media, capsules, gel capsules, sachets, 
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[0212] The ASO of the disclosure can be included in a unit formulation such as in a

pharmaceutically acceptable carrier or diluent in an amount sufficient to deliver to a
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patient a therapeutically effective amount without causing serious side effects in the

treated patient. However, in some forms of therapy, serious side effects may be

acceptable in terms of ensuring a positive outcome to the therapeutic treatment.

[0213] The formulated drug may comprise pharmaceutically acceptable binding agents and

adjuvants. Capsules, tablets, or pills can contain for example the following compounds:

microcrystalline cellulose, gum or gelatin as binders; starch or lactose as excipients;

stearates as lubricants; various sweetening or flavoring agents. For capsules, the dosage

unit can contain a liquid carrier like fatty oils. Likewise, coatings of sugar or enteric

agents can be part of the dosage unit. The ASO formulations can also be emulsions of the

active pharmaceutical ingredients and a lipid forming a micellular emulsion.

[0214] The pharmaceutical compositions of the present disclosure can be administered in a

number of ways depending upon whether local or systemic treatment is desired and upon

the area to be treated. Administration can be (a) oral; (b) pulmonary, e.g., by inhalation or

insufflation of powders or aerosols, including by nebulizer; intratracheal, intranasal, (c)

topical including epidermal, transdermal, ophthalmic and to mucous membranes

including vaginal and rectal delivery; or (d) parenteral including intravenous, intraarterial,

subcutaneous, intraperitoneal or intramuscular injection or infusion; or intracranial, e.g.,

intrathecal, intra-cerebroventricular, or intraventricular, administration. In some

embodiments, the ASO is administered intravenously, intraperitoneally, orally, topically,

or as a bolus injection or administered directly in to the target organ. In some

embodiments, the ASO is administered intracardially or intraventricularly as a bolus

injection. In some embodiments, the ASO is administered subcutaneously. In some

embodiments, the ASO is administered orally.

[0215] Pharmaceutical compositions and formulations for topical administration can

include transdermal patches, ointments, lotions, creams, gels, drops, sprays, suppositories,

liquids and powders. Conventional pharmaceutical carriers, aqueous, powder or oily

bases, thickeners and the like may be necessary or desirable. Examples of topical

formulations include those in which the ASO of the disclosure are in admixture with a

topical delivery agent such as lipids, liposomes, fatty acids, fatty acid esters, steroids,

chelating agents and surfactants. Compositions and formulations for oral administration

include but are not limited to powders or granules, microparticulates, nanoparticulates,

suspensions or solutions in water or non-aqueous media, capsules, gel capsules, sachets,
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tablets or minitablets. Compositions and formulations for parenteral, intrathecal, intra-

cerebroventricular, or intraventricular administration can include sterile aqueous solutions 

which can also contain buffers, diluents and other suitable additives such as, but not 

limited to, penetration enhancers, carrier compounds and other pharmaceutically 

acceptable carriers or excipients.  

[0216]   Pharmaceutical compositions of the present disclosure include, but are not limited 

to, solutions, emulsions, and liposome-containing formulations. These compositions may 

be generated from a variety of components that include, but are not limited to, preformed 

liquids, self-emulsifying solids and self-emulsifying semisolids. Delivery of drug to the 

target tissue can be enhanced by carrier-mediated delivery including, but not limited to, 

cationic liposomes, cyclodextrins, porphyrin derivatives, branched chain dendrimers, 

polyethylenimine polymers, nanoparticles and microspheres (Dass CR. J Pharm 

Pharmacol 2002; 54(l):3-27).  

[0217]   The pharmaceutical formulations of the present disclosure, which can conveniently 

be presented in unit dosage form, can be prepared according to conventional techniques 

well known in the pharmaceutical industry. Such techniques include the step of bringing 

into association the active ingredients with the pharmaceutical carrier(s) or excipient(s). 

In general the formulations are prepared by uniformly and intimately bringing into 

association the active ingredients with liquid carriers or finely divided solid carriers or 

both, and then, if necessary, shaping the product.  

[0218]   For parenteral, subcutaneous, intradermal, or topical administration the formulation 

can include a sterile diluent, buffers, regulators of tonicity and antibacterials. The active 

ASOs can be prepared with carriers that protect against degradation or immediate 

elimination from the body, including implants or microcapsules with controlled release 

properties. For intravenous administration the carriers can be physiological saline or 

phosphate buffered saline. International Publication No. WO2007/031091 (A2), 

published March 22, 2007, further provides suitable pharmaceutically acceptable diluent, 

carrier and adjuvants - which are hereby incorporated by reference.  

IV.  Diagnostics 

[0219]   This disclosure further provides a diagnostic method useful during diagnosis of 

cardiovascular diseases, e.g., a heart failure. Non-limiting examples of cardiovascular 

diseases that can be diagnosed with the present ASOs include, but are not limited to, 

coronary artery disease, stroke, heart failure, hypertensive heart disease, rheumatic heart 
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tablets or minitablets. Compositions and formulations for parenteral, intrathecal, intra-Jun 2025

cerebroventricular, or intraventricular administration can include sterile aqueous solutions

which can also contain buffers, diluents and other suitable additives such as, but not

limited to, penetration enhancers, carrier compounds and other pharmaceutically

acceptable carriers or excipients.
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[0216] Pharmaceutical compositions of the present disclosure include, but are not limited

to, solutions, emulsions, and liposome-containing formulations. These compositions may

be generated from a variety of components that include, but are not limited to, preformed

liquids, self-emulsifying solids and self-emulsifying semisolids. Delivery of drug to the

target tissue can be enhanced by carrier-mediated delivery including, but not limited to,

cationic liposomes, cyclodextrins, porphyrin derivatives, branched chain dendrimers,

polyethylenimine polymers, nanoparticles and microspheres (Dass CR. J Pharm

Pharmacol 2002; 54(1):3-27).

[0217] The pharmaceutical formulations of the present disclosure, which can conveniently

be presented in unit dosage form, can be prepared according to conventional techniques

well known in the pharmaceutical industry. Such techniques include the step of bringing

into association the active ingredients with the pharmaceutical carrier(s) or excipient(s).

In general the formulations are prepared by uniformly and intimately bringing into

association the active ingredients with liquid carriers or finely divided solid carriers or

both, and then, if necessary, shaping the product.

[0218] For parenteral, subcutaneous, intradermal, or topical administration the formulation

can include a sterile diluent, buffers, regulators of tonicity and antibacterials. The active

ASOs can be prepared with carriers that protect against degradation or immediate

elimination from the body, including implants or microcapsules with controlled release

properties. For intravenous administration the carriers can be physiological saline or

phosphate buffered saline. International Publication No. WO2007/031091 (A2),

published March 22, 2007, further provides suitable pharmaceutically acceptable diluent,

carrier and adjuvants - which are hereby incorporated by reference.

IV. Diagnostics

[0219] This disclosure further provides a diagnostic method useful during diagnosis of

cardiovascular diseases, e.g., a heart failure. Non-limiting examples of cardiovascular

diseases that can be diagnosed with the present ASOs include, but are not limited to,

coronary artery disease, stroke, heart failure, hypertensive heart disease, rheumatic heart
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disease, cardiomyopathy, heart arrhythmia, congenital heart disease, valvular heart 

disease carditis, aortic aneurysms, peripheral artery disease, thromboembolic disease, and 

venous thrombosis. In some embodiments, heart failure comprises a left-sided heart 

failure, a right-sided heart failure, a congestive heart failure, a heart failure with reduced 

ejection fraction (HFrEF), a heart failure with preserved ejection fraction (HFpEF), a 

heart failure with mid-range ejection fraction (HFmrEF), a hypertrophic cardiomyopathy 

(HCM), a hypertensive heart disease (HHD), or hypertensive hypertrophic 

cardiomyopathy.   

[0220]   The ASOs of the disclosure can be used to measure expression of CAMK2D 

transcript in a tissue or body fluid from an individual and comparing the measured 

expression level with a standard CAMK2D transcript expression level in normal tissue or 

body fluid, whereby an increase in the expression level compared to the standard is 

indicative of a disorder treatable by an ASO of the disclosure.  

[0221]   The ASOs of the disclosure can be used to assay CAMK2D transcript levels in a 

biological sample using any methods known to those of skill in the art. (Touboul et. al., 

Anticancer Res. (2002) 22 (6A): 3349-56; Verjout et. al., Mutat. Res. (2000) 640: 127-

38); Stowe et. al., J. Virol. Methods (1998) 75 (1): 93-91).  

[0222]   The term "biological sample" refers to any biological sample obtained from an 

individual, cell line, tissue culture, or other source of cells potentially expressing 

CAMK2D transcript. Methods for obtaining such a biological sample from mammals are 

well known in the art.  

V.  Kits comprising ASOs 

[0223]   This disclosure further provides kits that comprise an ASO of the disclosure 

described herein and that can be used to perform the methods described herein. In certain 

embodiments, a kit comprises at least one ASO in one or more containers. In some 

embodiments, the kits contain all of the components necessary and/or sufficient to 

perform a detection assay, including all controls, directions for performing assays, and 

any necessary software for analysis and presentation of results. One skilled in the art will 

readily recognize that the disclosed ASO can be readily incorporated into one of the 

established kit formats which are well known in the art.  
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disease, cardiomyopathy, heart arrhythmia, congenital heart disease, valvular heart

disease carditis, aortic aneurysms, peripheral artery disease, thromboembolic disease, and
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venous thrombosis. In some embodiments, heart failure comprises a left-sided heart

failure, a right-sided heart failure, a congestive heart failure, a heart failure with reduced

ejection fraction (HFrEF), a heart failure with preserved ejection fraction (HFpEF), a

heart failure with mid-range ejection fraction (HFmrEF), a hypertrophic cardiomyopathy

(HCM), a hypertensive heart disease (HHD), or hypertensive hypertrophic

cardiomyopathy.

[0220] The ASOs of the disclosure can be used to measure expression of CAMK2D

transcript in a tissue or body fluid from an individual and comparing the measured

expression level with a standard CAMK2D transcript expression level in normal tissue or

body fluid, whereby an increase in the expression level compared to the standard is

indicative of a disorder treatable by an ASO of the disclosure.

[0221] The ASOs of the disclosure can be used to assay CAMK2D transcript levels in a

biological sample using any methods known to those of skill in the art. (Touboul et. al.,

Anticancer Res. (2002) 22 (6A): 3349-56; Verjout et. al., Mutat. Res. (2000) 640: 127-

38); Stowe et. al., J. Virol. Methods (1998) 75 (1): 93-91).

[0222] The term "biological sample" refers to any biological sample obtained from an

individual, cell line, tissue culture, or other source of cells potentially expressing

CAMK2D transcript. Methods for obtaining such a biological sample from mammals are

well known in the art.

V. Kits comprising ASOs

[0223] This disclosure further provides kits that comprise an ASO of the disclosure

described herein and that can be used to perform the methods described herein. In certain

embodiments, a kit comprises at least one ASO in one or more containers. In some

embodiments, the kits contain all of the components necessary and/or sufficient to

perform a detection assay, including all controls, directions for performing assays, and

any necessary software for analysis and presentation of results. One skilled in the art will

readily recognize that the disclosed ASO can be readily incorporated into one of the

established kit formats which are well known in the art.



- 52 - 
VI.  Methods of Using  

[0224]   The ASOs of the disclosure can be utilized as research reagents for, for example, 

diagnostics, therapeutics, and prophylaxis.  

[0225]   In research, such ASOs can be used to specifically inhibit the synthesis of 

CAMK2D protein (typically by degrading or inhibiting the mRNA and thereby prevent 

protein formation) in cells and experimental animals thereby facilitating functional 

analysis of the target or an appraisal of its usefulness as a target for therapeutic 

intervention. Further provided are methods of down-regulating the expression of 
CAMK2D mRNA and/or CAMK2D protein in cells or tissues comprising contacting the 

cells or tissues, in vitro or in vivo, with an effective amount of one or more of the ASOs, 

conjugates or compositions of the disclosure.  

[0226]   In diagnostics, the ASOs can be used to detect and quantitate CAMK2D transcript 

expression in cell and tissues by northern blotting, in-situ hybridization, or similar 

techniques.  

[0227]   For therapeutics, an animal or a human, suspected of having a disease or disorder, 

which can be treated by modulating the expression of CAMK2D transcript and/or 

CAMK2D protein is treated by administering ASOs in accordance with this disclosure. 

Further provided are methods of treating a mammal, such as treating a human, suspected 

of having or being prone to a disease or condition, associated with increased expression 

of CAMK2D transcript and/or CAMK2D protein by administering a therapeutically or 

prophylactically effective amount of one or more of the ASOs or compositions of the 

disclosure. The ASO, a conjugate, or a pharmaceutical composition according to the 

disclosure is typically administered in an effective amount. In some embodiments, the 

ASO or conjugate of the disclosure is used in therapy.  

[0228]   The disclosure further provides for an ASO according to the disclosure, for use for 

the treatment of one or more of the cardiovascular diseases referred to herein, such as a 

disease selected from a coronary artery disease, stroke, heart failure, hypertensive heart 

disease, rheumatic heart disease, cardiomyopathy, heart arrhythmia, congenital heart 

disease, valvular heart disease carditis, aortic aneurysms, peripheral artery disease, 

thromboembolic disease, and venous thrombosis.  

[0229]   In certain embodiments, the disease, disorder, or condition is associated with 

overexpression of CAMK2D gene transcript and/or CAMK2D protein.  
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VI. Methods of Using

[0224] The ASOs of the disclosure can be utilized as research reagents for, for example,
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diagnostics, therapeutics, and prophylaxis.

[0225] In research, such ASOs can be used to specifically inhibit the synthesis of

CAMK2D protein (typically by degrading or inhibiting the mRNA and thereby prevent

protein formation) in cells and experimental animals thereby facilitating functional

analysis of the target or an appraisal of its usefulness as a target for therapeutic

intervention. Further provided are methods of down-regulating the expression of

CAMK2D mRNA and/or CAMK2D protein in cells or tissues comprising contacting the

cells or tissues, in vitro or in vivo, with an effective amount of one or more of the ASOs,

conjugates or compositions of the disclosure.

[0226] In diagnostics, the ASOs can be used to detect and quantitate CAMK2D transcript

expression in cell and tissues by northern blotting, in-situ hybridization, or similar

techniques.

[0227] For therapeutics, an animal or a human, suspected of having a disease or disorder,

which can be treated by modulating the expression of CAMK2D transcript and/or

CAMK2D protein is treated by administering ASOs in accordance with this disclosure.

Further provided are methods of treating a mammal, such as treating a human, suspected

of having or being prone to a disease or condition, associated with increased expression

of CAMK2D transcript and/or CAMK2D protein by administering a therapeutically or

prophylactically effective amount of one or more of the ASOs or compositions of the

disclosure. The ASO, a conjugate, or a pharmaceutical composition according to the

disclosure is typically administered in an effective amount. In some embodiments, the

ASO or conjugate of the disclosure is used in therapy.

[0228] The disclosure further provides for an ASO according to the disclosure, for use for

the treatment of one or more of the cardiovascular diseases referred to herein, such as a

disease selected from a coronary artery disease, stroke, heart failure, hypertensive heart

disease, rheumatic heart disease, cardiomyopathy, heart arrhythmia, congenital heart

disease, valvular heart disease carditis, aortic aneurysms, peripheral artery disease,

thromboembolic disease, and venous thrombosis.

[0229] In certain embodiments, the disease, disorder, or condition is associated with

overexpression of CAMK2D gene transcript and/or CAMK2D protein.
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[0230]   The disclosure also provides for methods of inhibiting (e.g., by reducing) the 

expression of CAMK2D gene transcript and/or CAMK2D protein in a cell or a tissue, the 

method comprising contacting the cell or tissue, in vitro or in vivo, with an effective 

amount of one or more ASOs, conjugates, or pharmaceutical compositions thereof, of the 

disclosure to affect degradation of expression of CAMK2D gene transcript thereby 

reducing CAMK2D protein.  

[0231]   The disclosure also provides for the use of the ASO or conjugate of the disclosure 

as described for the manufacture of a medicament for the treatment of a disorder as 

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

[0232]   The disclosure further provides for a method for inhibiting or reducing CAMK2D 

protein in a cell which is expressing CAMK2D comprising administering an ASO or a 

conjugate according to the disclosure to the cell so as to affect the inhibition or reduction 

of CAMK2D protein in the cell.  

[0233]   The disclosure includes a method of reducing, ameliorating, preventing, or treating 

hyperexcitability of motor neurons (e.g., such as those found in cardiomyocytes) in a 

subject in need thereof comprising administering an ASO or a conjugate according to the 

disclosure.  

[0234]   The disclosure also provides for a method for treating a disorder as referred to 

herein the method comprising administering an ASO or a conjugate according to the 

disclosure as herein described and/or a pharmaceutical composition according to the 

disclosure to a patient in need thereof.  

[0235]   The ASOs and other compositions according to the disclosure can be used for the 

treatment of conditions associated with over expression of CAMK2D protein.  

[0236]   Generally stated, one aspect of the disclosure is directed to a method of treating a 

mammal suffering from or susceptible to conditions associated with abnormal levels of 

CAMK2D, comprising administering to the mammal and therapeutically effective amount 

of an ASO targeted to CAMK2D transcript that comprises one or more LNA units. The 

ASO, a conjugate, or a pharmaceutical composition according to the disclosure is 

typically administered in an effective amount.  

[0237]   An interesting aspect of the disclosure is directed to the use of an ASO (compound) 

as defined herein or a conjugate as defined herein for the preparation of a medicament for 

the treatment of a disease, disorder or condition as referred to herein.  

[0238]   The methods of the disclosure can be employed for treatment or prophylaxis against 

diseases caused by abnormal levels of CAMK2D protein. In some embodiments, diseases 
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[0230] The disclosure also provides for methods of inhibiting (e.g., by reducing) theJun 2025

expression of CAMK2D gene transcript and/or CAMK2D protein in a cell or a tissue, the

method comprising contacting the cell or tissue, in vitro or in vivo, with an effective

amount of one or more ASOs, conjugates, or pharmaceutical compositions thereof, of the

disclosure to affect degradation of expression of CAMK2D gene transcript thereby
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reducing CAMK2D protein.

[0231] The disclosure also provides for the use of the ASO or conjugate of the disclosure

as described for the manufacture of a medicament for the treatment of a disorder as

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

[0232] The disclosure further provides for a method for inhibiting or reducing CAMK2D

protein in a cell which is expressing CAMK2D comprising administering an ASO or a

conjugate according to the disclosure to the cell so as to affect the inhibition or reduction

of CAMK2D protein in the cell.

[0233] The disclosure includes a method of reducing, ameliorating, preventing, or treating

hyperexcitability of motor neurons (e.g., such as those found in cardiomyocytes) in a

subject in need thereof comprising administering an ASO or a conjugate according to the

disclosure.

[0234] The disclosure also provides for a method for treating a disorder as referred to

herein the method comprising administering an ASO or a conjugate according to the

disclosure as herein described and/or a pharmaceutical composition according to the

disclosure to a patient in need thereof.

[0235] The ASOs and other compositions according to the disclosure can be used for the

treatment of conditions associated with over expression of CAMK2D protein.

[0236] Generally stated, one aspect of the disclosure is directed to a method of treating a

mammal suffering from or susceptible to conditions associated with abnormal levels of

CAMK2D, comprising administering to the mammal and therapeutically effective amount

of an ASO targeted to CAMK2D transcript that comprises one or more LNA units. The

ASO, a conjugate, or a pharmaceutical composition according to the disclosure is

typically administered in an effective amount.

[0237] An interesting aspect of the disclosure is directed to the use of an ASO (compound)

as defined herein or a conjugate as defined herein for the preparation of a medicament for

the treatment of a disease, disorder or condition as referred to herein.

[0238] The methods of the disclosure can be employed for treatment or prophylaxis against

diseases caused by abnormal levels of CAMK2D protein. In some embodiments, diseases
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caused by abnormal levels of CAMK2D protein are cardiovascular diseases. In certain 

embodiments, cardiovascular diseases can include a coronary artery disease, stroke, heart 

failure, hypertensive heart disease, rheumatic heart disease, cardiomyopathy, heart 

arrhythmia, congenital heart disease, valvular heart disease carditis, aortic aneurysms, 

peripheral artery disease, thromboembolic disease, and venous thrombosis.  

[0239]   In certain embodiments, the cardiovascular disease is a heart failure, which can 

include a left-sided heart failure, a right-sided heart failure, congestive heart failure, a 

heart failure with reduced ejection fraction (HFrEF), a heart failure with preserved 

ejection fraction (HFpEF), a heart failure with mid-range ejection fraction (HFmrEF), a 

hypertrophic cardiomyopathy (HCM), a hypertensive heart disease (HHD), or 

hypertensive hypertrophic cardiomyopathy.  

[0240]   Alternatively stated, in some embodiments, the disclosure is furthermore directed to 

a method for treating abnormal levels of CAMK2D protein, the method comprising 

administering a ASO of the disclosure, or a conjugate of the disclosure or a 

pharmaceutical composition of the disclosure to a patient in need thereof.  

[0241]   The disclosure also relates to an ASO, a composition or a conjugate as defined 

herein for use as a medicament.  

[0242]   The disclosure further relates to use of a compound, composition, or a conjugate as 

defined herein for the manufacture of a medicament for the treatment of abnormal levels 

of CAMK2D protein or expression of mutant forms of CAMK2D protein (such as allelic 

variants, wherein the allelic variants are associated with one of the diseases referred to 

herein).  

[0243]   A patient who is in need of treatment is a patient suffering from or likely to suffer 

from the disease or disorder.  

[0244]   The practice of the present disclosure will employ, unless otherwise indicated, 

conventional techniques of cell biology, cell culture, molecular biology, transgenic 

biology, microbiology, recombinant DNA, and immunology, which are within the skill of 

the art. Such techniques are explained fully in the literature. See, for example, Sambrook 

et al., ed. (1989) Molecular Cloning A Laboratory Manual (2nd ed.; Cold Spring Harbor 

Laboratory Press); Sambrook et al., ed. (1992) Molecular Cloning: A Laboratory Manual, 

(Cold Springs Harbor Laboratory, NY); D. N. Glover ed., (1985) DNA Cloning, Volumes 

I and II; Gait, ed. (1984) Oligonucleotide Synthesis; Mullis et al. U.S. Pat. No. 4,683,195; 

Hames and Higgins, eds. (1984) Nucleic Acid Hybridization; Hames and Higgins, eds. 

(1984) Transcription And Translation; Freshney (1987) Culture Of Animal Cells (Alan R. 
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caused by abnormal levels of CAMK2D protein are cardiovascular diseases. In certain

embodiments, cardiovascular diseases can include a coronary artery disease, stroke, heart
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failure, hypertensive heart disease, rheumatic heart disease, cardiomyopathy, heart

arrhythmia, congenital heart disease, valvular heart disease carditis, aortic aneurysms,

peripheral artery disease, thromboembolic disease, and venous thrombosis.

[0239] In certain embodiments, the cardiovascular disease is a heart failure, which can

include a left-sided heart failure, a right-sided heart failure, congestive heart failure, a

heart failure with reduced ejection fraction (HFrEF), a heart failure with preserved

ejection fraction (HFpEF), a heart failure with mid-range ejection fraction (HFmrEF), a

hypertrophic cardiomyopathy (HCM), a hypertensive heart disease (HHD), or

hypertensive hypertrophic cardiomyopathy.

[0240] Alternatively stated, in some embodiments, the disclosure is furthermore directed to

a method for treating abnormal levels of CAMK2D protein, the method comprising

administering a ASO of the disclosure, or a conjugate of the disclosure or a

pharmaceutical composition of the disclosure to a patient in need thereof.

[0241] The disclosure also relates to an ASO, a composition or a conjugate as defined

herein for use as a medicament.

[0242] The disclosure further relates to use of a compound, composition, or a conjugate as

defined herein for the manufacture of a medicament for the treatment of abnormal levels

of CAMK2D protein or expression of mutant forms of CAMK2D protein (such as allelic

variants, wherein the allelic variants are associated with one of the diseases referred to

herein).

[0243] A patient who is in need of treatment is a patient suffering from or likely to suffer

from the disease or disorder.

[0244] The practice of the present disclosure will employ, unless otherwise indicated,

conventional techniques of cell biology, cell culture, molecular biology, transgenic

biology, microbiology, recombinant DNA, and immunology, which are within the skill of

the art. Such techniques are explained fully in the literature. See, for example, Sambrook

et al., ed. (1989) Molecular Cloning A Laboratory Manual (2nd ed.; Cold Spring Harbor

Laboratory Press); Sambrook et al., ed. (1992) Molecular Cloning: A Laboratory Manual,

(Cold Springs Harbor Laboratory, NY); D.N. Glover ed., (1985) DNA Cloning, Volumes

I and II; Gait, ed. (1984) Oligonucleotide Synthesis; Mullis et al. U.S. Pat. No. 4,683,195;

Hames and Higgins, eds. (1984) Nucleic Acid Hybridization; Hames and Higgins, eds.

(1984) Transcription And Translation; Freshney (1987) Culture Of Animal Cells (Alan R.
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Liss, Inc.); Immobilized Cells And Enzymes (IRL Press) (1986); Perbal (1984) A 

Practical Guide To Molecular Cloning; the treatise, Methods In Enzymology (Academic 

Press, Inc., N.Y.); Miller and Calos eds. (1987) Gene Transfer Vectors For Mammalian 

Cells, (Cold Spring Harbor Laboratory); Wu et al., eds., Methods In Enzymology, Vols. 

154 and 155; Mayer and Walker, eds. (1987) Immunochemical Methods In Cell And 

Molecular Biology (Academic Press, London); Weir and Blackwell, eds., (1986) 

Handbook Of Experimental Immunology, Volumes I-IV; Manipulating the Mouse 

Embryo, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., (1986); ); 

Crooke, Antisense drug Technology: Principles, Strategies and Applications, 2nd Ed. CRC 

Press (2007) and in Ausubel et al. (1989) Current Protocols in Molecular Biology (John 

Wiley and Sons, Baltimore, Md.).  

[0245]   All of the references cited above, as well as all references cited herein, are 

incorporated herein by reference in their entireties.  

[0246]   The following examples are offered by way of illustration and not by way of 

limitation.  

EXAMPLES 

Example 1: Construction of ASOs 

[0247]   Antisense oligonucleotides described herein were designed to target various regions 

in the CAMK2D pre-mRNA (SEQ ID NO: 1). SEQ ID NO: 1 shows the genomic 

CAMK2D sequence, which corresponds to the reverse complement of residues 

113,451,032 to 113,761,927 of GenBank Accession No. NC_000004.12. For example, the 

ASOs were constructed to target the regions denoted using the start and end sites of SEQ 

ID NO: 1, as shown in FIGs. 1A and 1B. The exemplary sequences of the ASOs of the 

present disclosure are provided in FIGs. 1A and 1B. In some embodiments, the ASOs 

were designed to be gapmers as shown in FIG. 3. The disclosed gapmers were 

constructed to contain locked nucleic acids – LNAs (upper case letters). For example, a 

gapmer can have beta-deoxy LNA at the 5' end and the 3' end and have a 

phosphorothioate backbone. But the LNA can also be substituted with any other 

nucleoside analogs and the backbone can be other types of backbones (e.g., 

phosphodiester linkage, a phosphotriester linkage, a methylphosphonate linkage, a 

phosphoroamidate linkage, or any combinations thereof).  
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Liss, Inc.); Immobilized Cells And Enzymes (IRL Press) (1986); Perbal (1984) A

Practical Guide To Molecular Cloning; the treatise, Methods In Enzymology (Academic
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Press, Inc., N.Y.); Miller and Calos eds. (1987) Gene Transfer Vectors For Mammalian

Cells, (Cold Spring Harbor Laboratory); Wu et al., eds., Methods In Enzymology, Vols.

154 and 155; Mayer and Walker, eds. (1987) Immunochemical Methods In Cell And

Molecular Biology (Academic Press, London); Weir and Blackwell, eds., (1986)

Handbook Of Experimental Immunology, Volumes I-IV; Manipulating the Mouse

Embryo, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., (1986); );

Crooke, Antisense drug Technology: Principles, Strategies and Applications, 2 Ed. CRC

Press (2007) and in Ausubel et al. (1989) Current Protocols in Molecular Biology (John

Wiley and Sons, Baltimore, Md.).

[0245] All of the references cited above, as well as all references cited herein, are

incorporated herein by reference in their entireties.

[0246] The following examples are offered by way of illustration and not by way of

limitation.

EXAMPLES

Example 1: Construction of ASOs

[0247] Antisense oligonucleotides described herein were designed to target various regions

in the CAMK2D pre-mRNA (SEQ ID NO: 1). SEQ ID NO: 1 shows the genomic

CAMK2D sequence, which corresponds to the reverse complement of residues

113,451,032 to 113,761,927 of GenBank Accession No. NC_000004.12. For example, the

ASOs were constructed to target the regions denoted using the start and end sites of SEQ

ID NO: 1, as shown in FIGs. 1A and 1B. The exemplary sequences of the ASOs of the

present disclosure are provided in FIGs. 1A and 1B. In some embodiments, the ASOs

were designed to be gapmers as shown in FIG. 3. The disclosed gapmers were

constructed to contain locked nucleic acids - LNAs (upper case letters). For example, a

gapmer can have beta-deoxy LNA at the 5' end and the 3' end and have a

phosphorothioate backbone. But the LNA can also be substituted with any other

nucleoside analogs and the backbone can be other types of backbones (e.g.,

phosphodiester linkage, a phosphotriester linkage, a methylphosphonate linkage, a

phosphoroamidate linkage, or any combinations thereof).
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[0248]   The ASOs were synthesized using methods well known in the art. Exemplary 

methods of preparing such ASOs are described in Barciszewski et al., Chapter 10 – " 

Locked Nucleic Acid Aptamers" in Nucleic Acid and Peptide Aptamers: Methods and 

Protocols, vol. 535, Gunter Mayer (ed.) (2009), the entire contents of which is hereby 

expressly incorporated by reference herein.  

Example 2: qPCR assay to measure reduction of CAMK2D mRNA in HEK293 cells 

[0249]   The ASOs of the present disclosure were tested for their ability to reduce CAMK2D 

mRNA expression in human embryonic kidney cells (HEK293) (European Collection of 

Authenticated Cell Cultures (ECACC), catalog no. 85120602). The HEK293 cells were 

grown in cell culture media (DMEM AQ D0819, 10% FBS, and Pen/Strep). Every 5 days, 

cells were trypsinized by washing with Phosphate Buffered Saline (PBS), followed by 

addition of 0.25% Trypsin-EDTA solution, 2-3 minutes incubation at 37°C, and 

trituration before cell seeding. Cells were maintained in culture for up to 15 passages. 

[0250]   For experimental use, 3,500 cells per well were seeded in 96 well plates in 100 µL 

growth media. ASOs were prepared from a 750 µM stock and dissolved in PBS. 

Approximately 24 hours after seeding the cells, ASOs were added to the cells at a final 

concentration of 25 µM. Cells were then incubated for 3 days without any media change. 

After incubation, cells were harvested by removal of media followed by addition of 125 

µL PURELINK®Pro 96 Lysis buffer and 125 µL 70% ethanol. Then, RNA was purified 

according to the manufacture’s instruction and eluted in a final volume of 50 µL water, 

resulting in an RNA concentration of 10-20 ng/µL. Next, RNA was diluted 10 fold in 

water prior to the one-step qPCR reaction.  

[0251]   For the one-step qPCR reaction, qPCR-mix (qScriptTMXLE 1-step RT-qPCR 

TOUGHMIX®Low ROX from QauntaBio) was mixed with two Taqman probes at a ratio 

10:1:1 (qPCR mix: probe1:probe2) to generate the mastermix. Taqman probes were 

acquired from LifeTechnologies: CAMK2D_ Hs009943538_m1; GAPDH 4325792. The 

mastermix (6 µL) and RNA (4µL, 1-2 ng/µL) were then mixed in a qPCR plate 

(MICROAMP® optical 384 well, catalog no. 4309849). After sealing the plate, the plate 

was given a quick spin, 1000g for 1 minute at RT, and transferred to a ViiaTM 7 system 

(Applied Biosystems, Thermo)., The following PCR conditions were used: 50°C for 15 

minutes; 95°C for 3 minutes; 40 cycles of: 95°C for 5 sec, followed by a temperature 

decrease of 1.6 °C/sec, followed by 60 °C for 45 sec. The data was analyzed using the 
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[0248] The ASOs were synthesized using methods well known in the art. Exemplary

methods of preparing such ASOs are described in Barciszewski et al., Chapter 10 - "
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Locked Nucleic Acid Aptamers" in Nucleic Acid and Peptide Aptamers: Methods and

Protocols, vol. 535, Gunter Mayer (ed.) (2009), the entire contents of which is hereby

expressly incorporated by reference herein.

Example 2: qPCR assay to measure reduction of CAMK2D mRNA in HEK293 cells

[0249] The ASOs of the present disclosure were tested for their ability to reduce CAMK2D

mRNA expression in human embryonic kidney cells (HEK293) (European Collection of

Authenticated Cell Cultures (ECACC), catalog no. 85120602). The HEK293 cells were

grown in cell culture media (DMEM AQ D0819, 10% FBS, and Pen/Strep). Every 5 days,

cells were trypsinized by washing with Phosphate Buffered Saline (PBS), followed by

addition of 0.25% Trypsin-EDTA solution, 2-3 minutes incubation at 37°C, and

trituration before cell seeding. Cells were maintained in culture for up to 15 passages.

[0250] For experimental use, 3,500 cells per well were seeded in 96 well plates in 100 µL

growth media. ASOs were prepared from a 750 µM stock and dissolved in PBS.

Approximately 24 hours after seeding the cells, ASOs were added to the cells at a final

concentration of 25 µM. Cells were then incubated for 3 days without any media change.

After incubation, cells were harvested by removal of media followed by addition of 125

µL PURELINK®Pro 96 Lysis buffer and 125 µL 70% ethanol. Then, RNA was purified

according to the manufacture's instruction and eluted in a final volume of 50 µL water,

resulting in an RNA concentration of 10-20 ng/µL. Next, RNA was diluted 10 fold in

water prior to the one-step qPCR reaction.

[0251] For the one-step qPCR reaction, qPCR-mix (qScriptTMXLE 1-step RT-qPCR

TOUGHMIX®Low ROX from QauntaBio) was mixed with two Taqman probes at a ratio

10:1:1 (qPCR mix: probe1:probe2) to generate the mastermix. Taqman probes were

acquired from LifeTechnologies: CAMK2D_Hs009943538_m1; GAPDH 4325792. The

mastermix (6 µL) and RNA (4µL, 1-2 ng/µL) were then mixed in a qPCR plate

(MICROAMP® optical 384 well, catalog no. 4309849). After sealing the plate, the plate

was given a quick spin, 1000g for 1 minute at RT, and transferred to a ViiaTM 7 system

(Applied Biosystems, Thermo)., The following PCR conditions were used: 50°C for 15

minutes; 95°C for 3 minutes; 40 cycles of: 95°C for 5 sec, followed by a temperature

decrease of 1.6 °C/sec, followed by 60 °C for 45 sec. The data was analyzed using the
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QuantStudio™ Real_time PCR Software. The percent inhibition for the ASO treated 

samples was calculated relative to the control treated samples. Results are shown in FIGs. 

2 and 4.  

Example 3: QUANTIGENE® Analysis (96-well assay) to Measure CAMK2D mRNA Reduction 
in Human Inducible Pluripotent Stem Cell-Derived Cardiomyocytes (hiPSC-CM) 

[0252]   The ability of ASOs to reduce human CAMK2D mRNA was measured in vitro by 

QUANTIGENE® analysis. Human inducible pluripotent stem cell-derived 

cardiomyocytes (hiPSC-CMs) from Cellular Dynamics International ("iCell2") cells were 

thawed, plated, and cultured per the manufacturer's instructions. These cardiomyocytes 

are derived from human induced pluripotent stem cells, which were first successfully 

differentiated into functional cardiomyocytes back in 2009. Zhang et al., Circ Res 

104(4):230-41 (2009). Since then, hiPSC-CMs have been used to study various aspects of 

the human heart and related diseases. Because these cells bear the genetic traits of the 

human donors from whom they are obtained, they are often to be better predictors of 

human physiology or pathophysiology compared to existing animal models.  Blazeski et 

al., Prog Biophys Mol Biol 110:166-177 (2012).  

[0253]   Workflow: Prior to cell seeding, pre-collagen-coated 96-well plates were coated 

with fibronectin as follows. Fibronectin (1 mg/mL) was diluted 1:100 in PBS (-Ca2+, -

Mg2+) and 50 µL of dilute fibronectin solution was added to each well of the 96-well 

plate. The plate was gently shaken horizontally to ensure an even coating of fibronectin 

on the bottom of each well. Then the plates were incubated at 37°C for 90 minutes. Cells 

were added to the plates immediately following aspiration of the fibronectin solution as 

per the manufacturer's instructions. Cells were seeded at 30,000 cells/well in 100 µL of 

the manufacturer's Plating Media and then incubated at 37°C and 5% CO2 for 4 hours. 

Then the Plating Media was aspirated and replaced with 100 µL of the manufacturer's 

Maintenance Media. Cells were incubated at 37°C and 5% CO2 with media exchange 

every other day. The ASOs were diluted in water and added to cells at DIV08 (i.e., 8 days 

post plating). The cells were then incubated at 37°C and 5% CO2 for 3 days following 

ASO addition to achieve steady state reduction of mRNA. 

[0254]   After the incubation, the media was removed and cells were lysed as follows. 

Working cell lysis buffer was made by adding 1 part proteinase K to 99 parts of 

QUANTIGENE® 3x lysis buffer and then diluting 1:3 in dH2O. The working lysis buffer 
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QuantStudio Real_time PCR Software. The percent inhibition for the ASO treated

samples was calculated relative to the control treated samples. Results are shown in FIGs.

2 and 4.
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Example 3: QUANTIGENE® Analysis (96-well assay) to Measure CAMK2D mRNA Reduction

in Human Inducible Pluripotent Stem Cell-Derived Cardiomyocytes (hiPSC-CM)

[0252] The ability of ASOs to reduce human CAMK2D mRNA was measured in vitro by

QUANTIGENE® analysis. Human inducible pluripotent stem cell-derived

cardiomyocytes (hiPSC-CMs) from Cellular Dynamics International ("iCell²") cells were

thawed, plated, and cultured per the manufacturer's instructions. These cardiomyocytes

are derived from human induced pluripotent stem cells, which were first successfully

differentiated into functional cardiomyocytes back in 2009. Zhang et al., Circ Res

104(4):230-41 (2009). Since then, hiPSC-CMs have been used to study various aspects of

the human heart and related diseases. Because these cells bear the genetic traits of the

human donors from whom they are obtained, they are often to be better predictors of

human physiology or pathophysiology compared to existing animal models. Blazeski et

al., Prog Biophys Mol Biol 110:166-177 (2012).

[0253] Workflow: Prior to cell seeding, pre-collagen-coated 96-well plates were coated

with fibronectin as follows. Fibronectin (1 mg/mL) was diluted 1:100 in PBS (-Ca²,

Mg²) and 50 µL of dilute fibronectin solution was added to each well of the 96-well

plate. The plate was gently shaken horizontally to ensure an even coating of fibronectin

on the bottom of each well. Then the plates were incubated at 37°C for 90 minutes. Cells

were added to the plates immediately following aspiration of the fibronectin solution as

per the manufacturer's instructions. Cells were seeded at 30,000 cells/well in 100 µL of

the manufacturer's Plating Media and then incubated at 37°C and 5% CO for 4 hours.

Then the Plating Media was aspirated and replaced with 100 µL of the manufacturer's

Maintenance Media. Cells were incubated at 37°C and 5% CO with media exchange

every other day. The ASOs were diluted in water and added to cells at DIV08 (i.e., 8 days

post plating). The cells were then incubated at 37°C and 5% CO for 3 days following

ASO addition to achieve steady state reduction of mRNA.

[0254] After the incubation, the media was removed and cells were lysed as follows.

Working cell lysis buffer was made by adding 1 part proteinase K to 99 parts of

QUANTIGENE® 3x lysis buffer and then diluting 1:3 in dH2O. The working lysis buffer
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was added to the plates at 220 uL/well. After adding lysis buffer, the plate was shaken on 

a plate shaker for 10 minutes are medium speed (i.e., speed 5-6 out of 10). The plates 

were then incubated at 55°C for 30 minute. Following this incubation, the lysates were 

either frozen at -80°C or assayed immediately. Measurement of lysate mRNA was 

performed using the QUANTIGENE® 2.0 Reagent System (AFFYMETRIX®), which 

quantifies RNA using a branched DNA signal amplification method reliant on the 

specifically-designed target RNA capture probe set. 

[0255]   Assay: Each well of the capture plate (96-well polystyrene plate coated with 

capture probes) was loaded with 20 uL of working probe set. Working probe set reagents 

were generated by combining nuclease-free water (12.05 µL), lysis mixture (6.65 µL), 

blocking reagent (1 µL), and specific 2.0 probe set (0.3 µL) (human CAMK2D catalogue 

#SA-3000428 or human POLR2A catalogue #SA-10004) per manufacturer's instructions 

(QUANTIGENE® 2.0 AFFYMETRIX®). The cell lysates (or 1x lysis buffer for use in 

background control blank wells) were then added to the capture plates at a volume of 80 

µL/well, giving 100 uL of total fluid per well. The plates were sealed using the 

QUANTIGENE® foil seal in combination with a hand crank sealer. Plates were 

centrifuged at 240g for 60 seconds and then incubated for 16-20 hours at 55oC to 

hybridize (target RNA capture). 

[0256]   Signal amplification and detection of target RNA began by washing plates with 

wash buffer 3 times (200, 300, and 300 µL/well in series, with buffer removal between 

each step) to remove any unbound material, followed by an upside-down centrifugation 

step for 1 min at 240g to dry the wells. Next, the 2.0 Pre-Amplifier hybridization reagent 

(100 µL/well) was added, incubated at 55oC for 1 hour, then aspirated, and wash buffer 

was added and aspirated 3 times (200, 300, and 300 uL/well in series, with buffer removal 

between each step), followed by an upside-down centrifugation step for 1 min at 240g to 

dry the wells. The 2.0 Amplifier hybridization reagent was then added (100 µL/well), 

incubated for 1 hour at 55oC, and then the wash, aspiration, and drying steps were 

repeated as described above. The 2.0 Label Probe hybridization reagent was added next 

(100 µL/well), incubated for 1 hour at 50oC, and then the wash, aspiration, and drying 

steps were repeated as described previously. Then the 2.0 Substrate was added (100 

µL/well) to the plates. Plates were incubated for 5 minutes at room temperature and then 

imaged on a PerkinElmer Envision multilabel plate reader in luminometer mode within 

15 minutes. 
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was added to the plates at 220 uL/well. After adding lysis buffer, the plate was shaken on

a plate shaker for 10 minutes are medium speed (i.e., speed 5-6 out of 10). The plates
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were then incubated at 55°C for 30 minute. Following this incubation, the lysates were

either frozen at -80°C or assayed immediately. Measurement of lysate mRNA was

performed using the QUANTIGENE® 2.0 Reagent System (AFFYMETRIX®), which

quantifies RNA using a branched DNA signal amplification method reliant on the

specifically-designed target RNA capture probe set.

[0255] Assay: Each well of the capture plate (96-well polystyrene plate coated with

capture probes) was loaded with 20 uL of working probe set. Working probe set reagents

were generated by combining nuclease-free water (12.05 µL), lysis mixture (6.65 µL),

blocking reagent (1 µL), and specific 2.0 probe set (0.3 µL) (human CAMK2D catalogue

#SA-3000428 or human POLR2A catalogue #SA-10004) per manufacturer's instructions

(QUANTIGENE® 2.0 AFFYMETRIX®). The cell lysates (or 1x lysis buffer for use in

background control blank wells) were then added to the capture plates at a volume of 80

µL/well, giving 100 uL of total fluid per well. The plates were sealed using the

QUANTIGENE® foil seal in combination with a hand crank sealer. Plates were

centrifuged at 240g for 60 seconds and then incubated for 16-20 hours at 55°C to

hybridize (target RNA capture).

[0256] Signal amplification and detection of target RNA began by washing plates with

wash buffer 3 times (200, 300, and 300 µL/well in series, with buffer removal between

each step) to remove any unbound material, followed by an upside-down centrifugation

step for 1 min at 240g to dry the wells. Next, the 2.0 Pre-Amplifier hybridization reagent

(100 µL/well) was added, incubated at 55°C for 1 hour, then aspirated, and wash buffer

was added and aspirated 3 times (200, 300, and 300 uL/well in series, with buffer removal

between each step), followed by an upside-down centrifugation step for 1 min at 240g to

dry the wells. The 2.0 Amplifier hybridization reagent was then added (100 µL/well),

incubated for 1 hour at 55°C, and then the wash, aspiration, and drying steps were

repeated as described above. The 2.0 Label Probe hybridization reagent was added next

(100 µL/well), incubated for 1 hour at 50°C, and then the wash, aspiration, and drying

steps were repeated as described previously. Then the 2.0 Substrate was added (100

µL/well) to the plates. Plates were incubated for 5 minutes at room temperature and then

imaged on a PerkinElmer Envision multilabel plate reader in luminometer mode within

15 minutes.
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[0257]   Data determination: For the gene of interest, the average assay background signal 

was subtracted from the average signal of each technical replicate. The background-

subtracted, average signals for the gene of interest were then normalized to the 

background-subtracted average signal for the housekeeping POLR2A mRNA. The 

percent inhibition for the treated sample was calculated relative to the control treated 

sample lysate. Results of QUANTIGENE® assays for cells treated with the ASOs at a 

concentration of 500 nM are provided in FIG. 4.  

Example 4: Analysis of CAMK2D mRNA Redudction In Vivo 

[0258]   To evaluate the potency of the ASOs in reducing CAMK2D mRNA level in vivo, 

female C57BL/6JBom mice were subcutaneously administered with one of the ASOs 

shown in FIG. 5. The ASOs were administered at a dose of 30 mg/kg/day for three 

consecutive days (day 1, 2, and 3). The mice were observed with regards to behavioral 

and body weight changes. Mice were sacrificed on day 8 and cardiac tissue was harvested 

for RNA isolation and analysis as described below.  

[0259]   MagNA Pure tissue lysis buffer (Roche) was added to the cardaic tissue section and 

homogenized using stainless steel beads until a uniform lysate was obtained. Incubation 

for 30 minutes at room temperature completed lysis. RNA was isolated using the MagNA 

Pure96 (Roche) with the Cellular RNA Large Volume Kit. 

[0260]   The RNA concentration was normalized to 5 ng/µl and one-step qPCR was 

performed using 20 ng RNA, qPCR Taqman Mastermix, and the following Taqman 

probes: CAMK2D (Thermo Mm00499266_m1) and GAPDH (Thermo 4352339E). 

[0261]   PCR conditions were as follows: 50°C for 15 minutes; 95°C for 3 minutes; 40 

cycles of: 95°C for 5 sec. The data was analyzed using the QUANTSTUDIOTM Real-time 

PCR Software. The percent inhibition for the ASO treated samples was calculated relative 

to saline treated samples. 

[0262]   As shown in FIG. 5, all the ASOs tested were able to decrease CAMK2D mRNA 

level when administered to the C57BL/6JBom mice. Collectively, the results provided 

herein demonstrate the potency of the ASOs both in vitro and in vivo, and support that 

CAMK2D-specific ASOs are disease-modifying therapeutics for the treatment of various 

medical disorders, such as cardiovascular-related diseases or disorders.  

[0263]   This PCT application claims priority benefit of U.S. Provisional Application Nos. 

62/633,502, filed February 21, 2018; 62/635,954, filed February 27, 2018; 62/665,998 
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[0257] Data determination: For the gene of interest, the average assay background signal

was subtracted from the average signal of each technical replicate. The background-
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subtracted, average signals for the gene of interest were then normalized to the

background-subtracted average signal for the housekeeping POLR2A mRNA. The

percent inhibition for the treated sample was calculated relative to the control treated

sample lysate. Results of QUANTIGENE® assays for cells treated with the ASOs at a

concentration of 500 nM are provided in FIG. 4.

Example 4: Analysis of CAMK2D mRNA Redudction In Vivo

[0258] To evaluate the potency of the ASOs in reducing CAMK2D mRNA level in vivo,

female C57BL/6JBom mice were subcutaneously administered with one of the ASOs

shown in FIG. 5. The ASOs were administered at a dose of 30 mg/kg/day for three

consecutive days (day 1, 2, and 3). The mice were observed with regards to behavioral

and body weight changes. Mice were sacrificed on day 8 and cardiac tissue was harvested

for RNA isolation and analysis as described below.

[0259] MagNA Pure tissue lysis buffer (Roche) was added to the cardaic tissue section and

homogenized using stainless steel beads until a uniform lysate was obtained. Incubation

for 30 minutes at room temperature completed lysis. RNA was isolated using the MagNA

Pure96 (Roche) with the Cellular RNA Large Volume Kit.

[0260] The RNA concentration was normalized to 5 ng/µl and one-step qPCR was

performed using 20 ng RNA, qPCR Taqman Mastermix, and the following Taqman

probes: CAMK2D (Thermo Mm00499266_m1) and GAPDH (Thermo 4352339E).

[0261] PCR conditions were as follows: 50°C for 15 minutes; 95°C for 3 minutes; 40

cycles of: 95°C for 5 sec. The data was analyzed using the QUANTSTUDIO Real-time

PCR Software. The percent inhibition for the ASO treated samples was calculated relative

to saline treated samples.

[0262] As shown in FIG. 5, all the ASOs tested were able to decrease CAMK2D mRNA

level when administered to the C57BL/6JBom mice. Collectively, the results provided

herein demonstrate the potency of the ASOs both in vitro and in vivo, and support that

CAMK2D-specific ASOs are disease-modifying therapeutics for the treatment of various

medical disorders, such as cardiovascular-related diseases or disorders.

[0263] This PCT application claims priority benefit of U.S. Provisional Application Nos.

62/633,502, filed February 21, 2018; 62/635,954, filed February 27, 2018; 62/665,998
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filed May 2, 2018; and 62/778,679, filed December 12, 2018, each of which is 

incorporated herein by reference in its entirety. 
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filed May 2, 2018; and 62/778,679, filed December 12, 2018, each of which is

incorporated herein by reference in its entirety.
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The claims defining the invention are as follows: 

1. An antisense oligonucleotide (ASO) comprising a contiguous nucleotide sequence of 

10 to 30 nucleotides in length, wherein the ASO is capable of reducing a 

calcium/calmodulin-dependent protein kinase type II delta (CAMK2D) protein and/or 

CAMK2D transcript expression in a cell expressing the CAMK2D protein and/or 

CAMK2D transcript, and wherein the contiguous nucleotide sequence comprises the 

sequence set forth in SEQ ID NO: 1688, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID 

NO: 27, SEQ ID NO: 114, SEQ ID NO: 158, SEQ ID NO: 190, SEQ ID NO: 327, 

SEQ ID NO: 463, SEQ ID NO: 513, SEQ ID NO: 516, SEQ ID NO: 519, SEQ ID 

NO: 657, SEQ ID NO: 659, SEQ ID NO: 822, SEQ ID NO: 827, SEQ ID NO: 981, 

SEQ ID NO: 982, SEQ ID NO: 983, SEQ ID NO: 984, SEQ ID NO: 986, SEQ ID 

NO: 989, SEQ ID NO: 1247, SEQ ID NO: 1249, SEQ ID NO: 1326, SEQ ID NO: 

1359, SEQ ID NO: 1363, SEQ ID NO: 1371, SEQ ID NO: 1387, SEQ ID NO: 1389, 

SEQ ID NO: 1390, SEQ ID NO: 1409, SEQ ID NO: 1415, SEQ ID NO: 1420, SEQ 

ID NO: 1429, SEQ ID NO: 1524, SEQ ID NO: 1530, SEQ ID NO: 1659, SEQ ID 

NO: 1662, SEQ ID NO: 1663, SEQ ID NO: 1676, SEQ ID NO: 1685, SEQ ID NO: 

1686, SEQ ID NO: 1687, or SEQ ID NO: 1690; 

and wherein the ASO comprises at least one nucleoside analog and is a gapmer.  

2.  The ASO of claim 1, wherein the cell is a human cell.  

3. The ASO of claim 2, wherein (i) the CAMK2D protein expression is reduced by at least 

about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, 

at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least 

about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, 

or about 100% when the human cell is contacted with the ASO compared to CAMK2D 

protein expression in a corresponding human cell that is not contacted with the ASO; (ii) 

the CAMK2D transcript expression is reduced by at least about 30%, at least about 35%, 

at least about 40%, at least about 45%, at least about 50%, at least about 55%, at least 

about 60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, 

at least about 85%, at least about 90%, at least about 95%, or about 100% when the 

human cell is contacted with the ASO compared to CAMK2D transcript expression in a 

corresponding human cell that is not contacted with the ASO; or (iii) both (i) and (ii).  
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The claims defining the invention are as follows:

1. An antisense oligonucleotide (ASO) comprising a contiguous nucleotide sequence of
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10 to 30 nucleotides in length, wherein the ASO is capable of reducing a

calcium/calmodulin-dependent protein kinase type II delta (CAMK2D) protein and/or

CAMK2D transcript expression in a cell expressing the CAMK2D protein and/or

CAMK2D transcript, and wherein the contiguous nucleotide sequence comprises the

sequence set forth in SEQ ID NO: 1688, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID

NO: 27, SEQ ID NO: 114, SEQ ID NO: 158, SEQ ID NO: 190, SEQ ID NO: 327,

SEQ ID NO: 463, SEQ ID NO: 513, SEQ ID NO: 516, SEQ ID NO: 519, SEQ ID

NO: 657, SEQ ID NO: 659, SEQ ID NO: 822, SEQ ID NO: 827, SEQ ID NO: 981,

SEQ ID NO: 982, SEQ ID NO: 983, SEQ ID NO: 984, SEQ ID NO: 986, SEQ ID

NO: 989, SEQ ID NO: 1247, SEQ ID NO: 1249, SEQ ID NO: 1326, SEQ ID NO:

1359, SEQ ID NO: 1363, SEQ ID NO: 1371, SEQ ID NO: 1387, SEQ ID NO: 1389,

SEQ ID NO: 1390, SEQ ID NO: 1409, SEQ ID NO: 1415, SEQ ID NO: 1420, SEQ

ID NO: 1429, SEQ ID NO: 1524, SEQ ID NO: 1530, SEQ ID NO: 1659, SEQ ID

NO: 1662, SEQ ID NO: 1663, SEQ ID NO: 1676, SEQ ID NO: 1685, SEQ ID NO:

1686, SEQ ID NO: 1687, or SEQ ID NO: 1690;

and wherein the ASO comprises at least one nucleoside analog and is a gapmer.

2. The ASO of claim 1, wherein the cell is a human cell.

3. The ASO of claim 2, wherein (i) the CAMK2D protein expression is reduced by at least

about 30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%,

at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least

about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%,

or about 100% when the human cell is contacted with the ASO compared to CAMK2D

protein expression in a corresponding human cell that is not contacted with the ASO; (ii)

the CAMK2D transcript expression is reduced by at least about 30%, at least about 35%,

at least about 40%, at least about 45%, at least about 50%, at least about 55%, at least

about 60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%,

at least about 85%, at least about 90%, at least about 95%, or about 100% when the

human cell is contacted with the ASO compared to CAMK2D transcript expression in a

corresponding human cell that is not contacted with the ASO; or (iii) both (i) and (ii).
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4. The ASO of any one of claims 1 to 3, wherein the ASO has a design of LLLDnLLL, 

LLLLDnLLLL, or LLLLLDnLLLLL, wherein the L is a nucleoside analog, the D is DNA, 

and n can be any integer between 4 and 24.  

5. The ASO of any one of claims 1 to 4, wherein the nucleoside analog comprises a 2'-O-

alkyl-RNA; 2'-O-methyl RNA (2'-OMe); 2'-alkoxy-RNA; 2'-O-methoxyethyl-RNA (2'-

MOE); 2'-amino-DNA; 2'-fluro-RNA; 2'-fluoro-DNA; arabino nucleic acid (ANA); 2'-

fluoro-ANA; or bicyclic nucleoside analog.  

6.  The ASO of any one of claims 1 to 5, wherein one or more of the nucleoside analog is a 

sugar modified nucleoside.  

7.  The ASO of claim 6, wherein the sugar modified nucleoside is an affinity enhancing 2' 

sugar modified nucleoside.  

8. The ASO of claim 7, wherein the affinity enhancing 2' sugar modified nucleoside is a 

locked nucleic acid (LNA), wherein the LNA is selected from the group consisting of 

constrained ethyl nucleoside (cEt), 2',4'-constrained 2′-O-methoxyethyl (cMOE), α-L-

LNA, β-D-LNA, 2'-O,4'-C-ethylene-bridged nucleic acids (ENA), amino-LNA, oxy-

LNA, thio-LNA, or any combination thereof.   

9. The ASO of any one of claims 1 to 8, wherein the ASO comprises one or more 5'-methyl-

cytosine nucleobases.  

10. The ASO of any one of claims 1 to 9, which has a design selected from the group 

consisting of the designs in Fig. 3, wherein the upper letter is a sugar modified nucleoside 

and the lower case letter is DNA.  

11. The ASO of any one of claims 1 to 10, wherein the cell comprises a hiPSC-CM cell 

which is expressing the CAMK2D protein and/or CAMK2D transcript.  

12. The ASO of any one of claims 1 to 11, wherein the nucleotide sequence comprises one or 

more modified internucleoside linkages. 

13. The ASO of any one of claims 1 to 12, wherein the one or more modified internucleoside 

linkages is a phosphorothioate linkage.  
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4. The ASO of any one of claims 1 to 3, wherein the ASO has a design of LLLDLLL,

LLLLDLLLL, or LLLLLDLLLLL, wherein the L is a nucleoside analog, the D is DNA,
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and n can be any integer between 4 and 24.

5. The ASO of any one of claims 1 to 4, wherein the nucleoside analog comprises a 2'-O-

alkyl-RNA; 2'-O-methyl RNA (2'-OMe); 2'-alkoxy-RNA; 2'-O-methoxyethyl-RNA (2'-

MOE); 2'-amino-DNA; 2'-fluro-RNA; 2'-fluoro-DNA; arabino nucleic acid (ANA); 2'-

fluoro-ANA; or bicyclic nucleoside analog.

6. The ASO of any one of claims 1 to 5, wherein one or more of the nucleoside analog is a

sugar modified nucleoside.

7. The ASO of claim 6, wherein the sugar modified nucleoside is an affinity enhancing 2'

sugar modified nucleoside.

8. The ASO of claim 7, wherein the affinity enhancing 2' sugar modified nucleoside is a

locked nucleic acid (LNA), wherein the LNA is selected from the group consisting of

constrained ethyl nucleoside (cEt), 2',4'-constrained 2'-O-methoxyethyl (cMOE), -L-

LNA, -D-LNA, 2'-O,4'-C-ethylene-bridged nucleic acids (ENA), amino-LNA, oxy-

LNA, thio-LNA, or any combination thereof.

9. The ASO of any one of claims 1 to 8, wherein the ASO comprises one or more 5'-methyl-

cytosine nucleobases.

10. The ASO of any one of claims 1 to 9, which has a design selected from the group

consisting of the designs in Fig. 3, wherein the upper letter is a sugar modified nucleoside

and the lower case letter is DNA.

11. The ASO of any one of claims 1 to 10, wherein the cell comprises a hiPSC-CM cell

which is expressing the CAMK2D protein and/or CAMK2D transcript.

12. The ASO of any one of claims 1 to 11, wherein the nucleotide sequence comprises one or

more modified internucleoside linkages.

13. The ASO of any one of claims 1 to 12, wherein the one or more modified internucleoside

linkages is a phosphorothioate linkage.



- 63 - 
14. The ASO of claim 12 or 13, wherein at least 75%, at least 80%, at least 85%, at least 

90%, at least 95%, or 100% of internucleoside linkages are modified.  

15. The ASO of claim 14, wherein each of the internucleoside linkages in the ASO is a 

phosphorothioate linkage.  

16. A conjugate comprising the ASO of any one of claims 1 to 15, wherein the ASO is 

covalently attached to at least one non-nucleotide or non-polynucleotide moiety, wherein 

the non-nucleotide or non-polynucleotide moiety comprises a protein, a fatty acid chain, a 

sugar residue, a glycoprotein, a polymer, or any combinations thereof.  

17. A pharmaceutical composition comprising the ASO of any one of claims 1 to 15 or the 

conjugate of claim 16, and a pharmaceutically acceptable diluent, carrier, salt, or 

adjuvant, wherein the pharmaceutically acceptable salt comprises a sodium salt, a 

potassium salt, an ammonium salt, or any combination thereof.  

18. The pharmaceutical composition of claim 17, which further comprises at least one further 

therapeutic agent, wherein the further therapeutic agent is a CAMK2D antagonist.  

19. A kit comprising the ASO of any one of claims 1 to 15, the conjugate of claim 16, or the 

pharmaceutical composition of any one of claims 17 or 18, and instructions for use.  

20. A method of inhibiting or reducing CAMK2D protein expression in a cell, comprising 

administering the ASO of any one of claims 1 to 15, the conjugate of claim 16, or the 

pharmaceutical composition of any one of claims 17 or 18 to the cell expressing 

CAMK2D protein, wherein the CAMK2D protein expression in the cell is inhibited or 

reduced after the administration.  

21.       The method of claim 20, wherein the cell is a cardiac cell.  

22. The method of claim 21, wherein the cell is a hiPSC-CM. 

23. A method of reducing, ameliorating, or treating one or more symptoms of a 

cardiovascular disease or disorder in a subject in need thereof, comprising administering 

an effective amount of the ASO of any one of claims 1 to 15, the conjugate of claim 16, 

or the pharmaceutical composition of any one of claims 17 or 18 to the subject.  
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14. The ASO of claim 12 or 13, wherein at least 75%, at least 80%, at least 85%, at least

90%, at least 95%, or 100% of internucleoside linkages are modified.
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15. The ASO of claim 14, wherein each of the internucleoside linkages in the ASO is a

phosphorothioate linkage.

16. A conjugate comprising the ASO of any one of claims 1 to 15, wherein the ASO is

covalently attached to at least one non-nucleotide or non-polynucleotide moiety, wherein

the non-nucleotide or non-polynucleotide moiety comprises a protein, a fatty acid chain, a

sugar residue, a glycoprotein, a polymer, or any combinations thereof.

17. A pharmaceutical composition comprising the ASO of any one of claims 1 to 15 or the

conjugate of claim 16, and a pharmaceutically acceptable diluent, carrier, salt, or

adjuvant, wherein the pharmaceutically acceptable salt comprises a sodium salt, a

potassium salt, an ammonium salt, or any combination thereof.

18. The pharmaceutical composition of claim 17, which further comprises at least one further

therapeutic agent, wherein the further therapeutic agent is a CAMK2D antagonist.

19. A kit comprising the ASO of any one of claims 1 to 15, the conjugate of claim 16, or the

pharmaceutical composition of any one of claims 17 or 18, and instructions for use.

20. A method of inhibiting or reducing CAMK2D protein expression in a cell, comprising

administering the ASO of any one of claims 1 to 15, the conjugate of claim 16, or the

pharmaceutical composition of any one of claims 17 or 18 to the cell expressing

CAMK2D protein, wherein the CAMK2D protein expression in the cell is inhibited or

reduced after the administration.

21. The method of claim 20, wherein the cell is a cardiac cell.

22. The method of claim 21, wherein the cell is a hiPSC-CM.

23. A method of reducing, ameliorating, or treating one or more symptoms of a

cardiovascular disease or disorder in a subject in need thereof, comprising administering

an effective amount of the ASO of any one of claims 1 to 15, the conjugate of claim 16,

or the pharmaceutical composition of any one of claims 17 or 18 to the subject.
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24. Use of the ASO of any one of claims 1 to 15, the conjugate of claim 16, or the 

pharmaceutical composition of any one of claims 17 or 18 for the manufacture of a 

medicament for the treatment of a cardiovascular disease or disorder in a subject in need 

thereof.  

25. The ASO of any one of claims 1 to 15, the conjugate of claim 16, or the pharmaceutical 

composition of any one of claims 17 or 18 when used in therapy of a cardiovascular 

disease or disorder in a subject in need thereof.   

26. The method of claim 23, the use of claim 24, or the ASO when used of claim 27, wherein 

the cardiovascular disease or disorder comprises a coronary artery disease, stroke, heart 

failure, hypertensive heart disease, rheumatic heart disease, cardiomyopathy, heart 

arrhythmia, congenital heart disease, valvular heart disease carditis, aortic aneurysms, 

peripheral artery disease, thromboembolic disease, venous thrombosis, or any 

combination thereof.  

27. The method, use, or ASO of claim 26, wherein the cardiovascular disease or disorder is 

heart failure, wherein the heart failure comprises a left-sided heart failure, a right-sided 

heart failure, a congestive heart failure, a heart failure with reduced ejection fraction 

(HFrEF), a heart failure with preserved ejection fraction (HFpEF), a heart failure with 

mid-range ejection fraction (HFmrEF), a hypertrophic cardiomyopathy (HCM), a 

hypertensive heart disease (HHD), or hypertensive hypertrophic cardiomyopathy.  

28. The method of any one of claims 23, 26, and 27, the use of any one of claims 24, 26, and 

27, or the ASO when used of any one of claims 25 to 27, wherein the ASO, the conjugate, 

or the pharmaceutical composition is administered intracardially, orally, parenterally, 

intrathecally, intra-cerebroventricularly, pulmorarily, topically, or intraventricularly.  
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24. Use of the ASO of any one of claims 1 to 15, the conjugate of claim 16, or the

pharmaceutical composition of any one of claims 17 or 18 for the manufacture of a
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medicament for the treatment of a cardiovascular disease or disorder in a subject in need

thereof.

25. The ASO of any one of claims 1 to 15, the conjugate of claim 16, or the pharmaceutical

composition of any one of claims 17 or 18 when used in therapy of a cardiovascular

disease or disorder in a subject in need thereof.

26. The method of claim 23, the use of claim 24, or the ASO when used of claim 27, wherein

the cardiovascular disease or disorder comprises a coronary artery disease, stroke, heart

failure, hypertensive heart disease, rheumatic heart disease, cardiomyopathy, heart

arrhythmia, congenital heart disease, valvular heart disease carditis, aortic aneurysms,

peripheral artery disease, thromboembolic disease, venous thrombosis, or any

combination thereof.

27. The method, use, or ASO of claim 26, wherein the cardiovascular disease or disorder is

heart failure, wherein the heart failure comprises a left-sided heart failure, a right-sided

heart failure, a congestive heart failure, a heart failure with reduced ejection fraction

(HFrEF), a heart failure with preserved ejection fraction (HFpEF), a heart failure with

mid-range ejection fraction (HFmrEF), a hypertrophic cardiomyopathy (HCM), a

hypertensive heart disease (HHD), or hypertensive hypertrophic cardiomyopathy.

28. The method of any one of claims 23, 26, and 27, the use of any one of claims 24, 26, and

27, or the ASO when used of any one of claims 25 to 27, wherein the ASO, the conjugate,

or the pharmaceutical composition is administered intracardially, orally, parenterally,

intrathecally, intra-cerebroventricularly, pulmorarily, topically, or intraventricularly.



FIG. 1A

SEQ

Start

End

ASO

ID

(SEQ ID

(SEQ ID

ASO Sequence

ASO with Chemical Structure

No.

No.

NO: 1)

NO: 1)

CGAAAGTAGCT

ASO-

OxyMCs OxyGs OxyAs OxyAs DNAas DNAgs DNAts DNAas DNAgs DNAcs

4

725

739

CGCC

0095

DNAts DNAmcs DNAgs OxyMCs OxyMC

CCGAAAGTAGC

ASO-

OxyMCs DNAmcs DNAgs DNAas DNAas DNAas DNAgs DNAts DNAas DNAgs

5

725

740

TCGCC

0096

DNAcs DNAts DNAmcs DNAgs OxyMCs OxyMC

CGAAAGTAGCT

ASO-

OxyMCs OxyGs OxyAs OxyAs DNAas DNAgs DNAts DNAas DNAgs DNAcs

6

726

739

CGC

0097

OxyTs OxyMCs OxyGs OxyMC

CCGAAAGTAGC

ASO-

OxyMCs OxyMCs DNAgs DNAas DNAas DNAas DNAgs DNAts DNAas DNAgs

7

726

740

TCGC

0098
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FIG. 3

Start End
SEQ DES(SEQ ID (SEQ ID ASO with Design ASO No.
ID No. No.

NO: 1) NO: 1)

DES- ASO-24 2566 2583 GAtaatttggcagCATA
0002 0002

DES- ASO-
25 2566 2584

0003
TGAtaattttggcagcATA

0003

DES- ASO-
27 2567 2584

0005
TGAtaattttggcagCAT

0005

DES- ASO-
55 3576 3593 ATTTgcaataaataTGGA

0135 0135

DES- ASO-61 5256 5274 GATTtattttcagtaTTTC
0141 0141

DES- ASO-
63 6204 6221 ACTTtatataatttGACA

0143 0143

DES- ASO-71 8068 8085 TTTCtttaaatcaaTACT
0150 0150

DES- ASO-75 9246 9263 TGTAtagtgagataTTTT
0154 0154

DES- ASO-
79 10665 10684 GAAAttcaaattatccAGAA

0158 0158

DES- ASO-
84 12135 12154

0162
AGAAaatactgaattaTAC

0162

DES- ASO-85 12329 12346
0163

GTAGaatggatcaaAATT
0163

DES- ASO-
92 14390 14407 ATCTtagtttggaTTTG

0170 0170

DES- ASO-
102 17218 17235

0179
ACAGttttatagatAAGA

0179

DES- ASO-
105 17708 17725 AGTCattaattcttTATC

0182 0182

DES- ASO-
114 21808 21826

0190
TCCtttgtatttcttgAAT

0190

DES- ASO-
128 26381 26397 GAGAtcaataaagTATA

0203 0203

DES- ASO-
130 28249 28265 AGATatagttactTAAC

0208 0208

DES- ASO-
138 29430 29446

0212
AATAttattggttGAGC

0212

DES- ASO-
158 35743 35762 TACatattatattactcCTC

0231 0231
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FIG. 3

Start End
SEQ DES(SEQ ID (SEQ ID ASO with Design ASO No.
ID No. No.

NO: 1) NO: 1)

DES- ASO-24 2566 2583 GAtaattttggcagCATA
0002 0002

DES- ASO-25 2566 2584
0003

TGAtaattttggcagcATA
0003

DES- ASO-
27 2567 2584

0005
TGAtaattttggcagCAT

0005

DES- ASO-55 3576 3593
0135

ATTTgcaataaataTGGA
0135

DES- ASO-61 5256 5274
0141

GATTtatttcagtaTTTG
0141

DES- ASO-63 6204 6221 ACTTtatataatttGACA
0143 0143

DES- ASO-71 8068 8085 TTTCtttaaatcaaTACT
0150 0150

DES- ASO-75 9246 9263
0154

TGTAtagtgagataTTTT
0154

DES- ASO-79 10665 10684 GAAAttcaaattatccAGAA
0158 0158

DES- ASO-84 12135 12154
0162

AGAAaatactgaattaTACA
0162

DES- ASO-85 12329 12346
0163

GTAGaatggatcaaAATT
0163

DES- ASO-92 14390 14407
0170

ATCTtagttttggaTTTG
0170

DES- ASO-102 17218 17235
0179

ACAGttttatagatAAGA
0179

DES- ASO-105 17708 17725 AGTCattaattcttTATC
0182 0182

DES- ASO-114 21808 21826
0190

TCCtttgtatttcttgAAT
0190

DES- ASO-128 26381 26397 GAGAtcaataaagTATA
0203 0203

DES- ASO-130 28249 28265 AGATatagttactTAAC
0208 0208

DES- ASO-138 29430 29446 AATAttattggttGAGC
0212 0212

DES- ASO-158 35743 35762 TACatattatattactcCTC
0231 0231
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FIG. 3 (cont.)

Start End
SEQ DES(SEQ ID (SEQ ID ASO with Design ASO No.
ID No. No.

NO: 1) NO: 1)

DES- ASO-161 37100 37119 ATTTagcacatacattTAAC
0234 0234

DES- ASO-
178 41742 41758

0249
CACAaatcattagTCTA

0249

DES- ASO-180 42531 42548 TTCAtattatgctg TTTT
0251 0251

DES- ASO-186 44345 44361 AAAGtgagtgttaAGGT
0257 0257

DES- ASO-
190 46568 46586 TGTttctaggtttcatTTT

0261 0261

DES- ASO-195 47770 47788
0265

TAATttatcatgtatTCAG
0265

DES- ASO-
200 49272 49289

0270
GAAAtctgtgaataCTTT

0270

DES- ASO-
202 50024 50041 CATTaaatatacttGTTC

0272 0272

DES- ASO-
234 58780 58796

0304
GTTGagaatacagATTG

0304

DES- ASO-
264 69068 69086 ATACattttacattaTTCT

0332 0332

DES- ASO-
327 84562 84581 TTTgtttcaccattttaTAC

0409 0409

DES- ASO-
387 102012 102030 GAAAtgtaacttgttGAGT

0467 0467

DES- ASO-
390 102013 102030

0473
GAAAtgtaacttgtTGAG

0473

DES- ASO-
396 102015 102032

0485
TAGAaatgtaacttGTTG

0485

DES- ASO-
441 103690 103708 AAATcgttctttacaTGAA

0570 0570

DES- ASO-
446 104608 104625 ATTAttatggtgttTTGT

0574 0574

DES- ASO-457 114694 114710
0583

TAGAtttataaggATTG
0583

DES- ASO-
463 116502 116519

0589
TTTatgaagtttctgTGC

0589

DES- ASO-
467 117904 117921 GTCTtatattacatCAAA

0593 0593

DES- ASO-
513 131977 131995

0637
GTGgagatttaggataTTG

0637
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FIG. 3 (cont.)

Start End
SEQ DES(SEQ ID (SEQ ID ASO with Design ASO No.
ID No. No.

NO: 1) NO: 1)

DES- ASO-161 37100 37119 ATTTagcacatacattTAAC
0234 0234

DES- ASO-178 41742 41758
0249

CACAaatcattagTCTA
0249

DES- ASO-180 42531 42548
0251

TTCAtattatgctgTTTT
0251

DES- ASO-186 44345 44361 AAAGtgagtgttaAGGT
0257 0257

DES- ASO-190 46568 46586
0261

TGTttctaggtttcatTTT
0261

DES- ASO-195 47770 47788
0265

TAATttatcatgtatTCAG
0265

DES- ASO-200 49272 49289
0270

GAAAtctgtgaataCTTT
0270

DES- ASO-202 50024 50041 CATTaaatatacttGTTC
0272 0272

DES- ASO-234 58780 58796
0304

GTTGagaatacagATTG
0304

DES- ASO-264 69068 69086 ATACattttacattaTTCT
0332 0332

DES- ASO-327 84562 84581
0409

TTTgtttcaccatttaTAC
0409

DES- ASO-387 102012 102030
0467

GAAAtgtaacttgttGAGT
0467

DES- ASO-390 102013 102030
0473

GAAAtgtaacttgtTGAG
0473

DES- ASO-396 102015 102032
0485

TAGAaatgtaacttGTTG
0485

DES- ASO-441 103690 103708
0570

AAATcgttctttacaTGAA
0570

DES- ASO-446 104608 104625 ATTAttatggtgttTTGT
0574 0574

DES- ASO-457 114694 114710
0583

TAGAtttataaggATTG
0583

DES- ASO-463 116502 116519
0589

TTTatgaagtttctgTGG
0589

DES- ASO-467 117904 117921 GTCTtatattacatCAAA
0593 0593

DES- ASO-513 131977 131995 GTGgagattaggataTTG
0637 0637
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FIG. 3 (cont.)

Start End
SEQ DES(SEQ ID (SEQ ID ASO with Design ASO No.
ID No. No.

NO: 1) NO: 1)

DES- ASO-516 131978 131997 CAGtggagatttaggatATT
0643 0643

DES- ASO-
519 131980 131997

0649
CAGtggagatttaggATA

0649

DES- ASO-
523 132017 132034 TGTAtaattcacaaTGTT

0657 0657

DES- ASO-524 132017 132035 ATGTataattcacaaTGTT
0659 0659

DES- ASO-
636 157447 157465 TTTAttaatctcattTACT

0769 0769

DES- ASO-
640 159834 159851 ACACtattttagttCTTT

0773 0773

DES- ASO-
657 165142 165160

0788
ATTtattgagtacaggCAG

0788

DES- ASO-
659 166220 166239 ATGgtctattaaatgtgCAA

0790 0790

DES- ASO-
700 176162 176178 GTATagtatagatTAGT

0836 0836

DES- ASO-
740 184958 184975 TTGTttagtattcaTTTC

0874 0874

DES- ASO-
822 209852 209868 TGccactatgtcttCAA

0951 0951

DES- ASO-827 210416 210435 TTAgatattcattgttcAGT
0956 0956

DES- ASO-
832 211327 211344 TTTTaatttcaaccAGTA

0960 0960

DES- ASO-
965 216411 216429 TTTAactttactataTTGG

1081 1081

DES- ASO-981 220916 220933 CAAcaaccatttatAGCA
1096 1096

DES- ASO-
982 220916 220934 TCaacaaccatttataGCA

1097 1097

DES- ASO-
983 220917 220934 TCAAcaaccatttatAGC

1098 1098

DES- ASO-984 220917 220935 GTCaacaaccatttataGC
1099 1099

DES- ASO-
986 220918 220935 GTCAacaaccatttaTAG

1101 1101

DES- ASO-
989 220919 220936 TGTCaacaaccatttaTA

1104 1104

wo 2019/165067 PCT/US2019/018947

99/103

FIG. 3 (cont.)

Start End
SEQ DES(SEQ ID (SEQ ID ASO with Design ASO No.
ID No. No.

NO: 1) NO: 1)

DES- ASO-
516 131978 131997

0643
CAGtggagatttaggatATT

0643

DES- ASO-519 131980 131997
0649

CAGtggagatttaggATA
0649

DES- ASO-523 132017 132034 TGTAtaattcacaaTGTT
0657 0657

DES- ASO-524 132017 132035 ATGTataattcacaaTGTT
0659 0659

DES- ASO-
636 157447 157465 TTTAttaatctcattTACT

0769 0769

DES- ASO-
640 159834 159851

0773
ACACtattttagttCTTT

0773

DES- ASO-657 165142 165160
0788

ATTtattgagtacaggCAG
0788

DES- ASO-659 166220 166239
0790

ATGgtctattaaatgtgCAA
0790

DES- ASO-700 176162 176178
0836

GTATagtatagatTAGT
0836

DES- ASO-740 184958 184975
0874

TTGTttagtattcaTTTC
0874

DES- ASO-
822 209852 209868

0951
TGccactatgtcttCAA

0951

DES- ASO-827 210416 210435
0956

TTAgatattcattgttcAGT
0956

DES- ASO-
832 211327 211344 TTTTaatttcaaccAGTA

0960 0960

DES- ASO-965 216411 216429 TTTAacttactataTTGG
1081 1081

DES- ASO-981 220916 220933 CAAcaaccatttatAGCA
1096 1096

DES- ASO-982 220916 220934 TCaacaaccatttataGCA
1097 1097

DES- ASO-983 220917 220934 TCAAcaaccatttatAGC
1098 1098

DES- ASO-
984 220917 220935 GTCaacaaccattataGC

1099 1099

DES- ASO-986 220918 220935 GTCAacaaccatttaTAG
1101 1101

DES- ASO-989 220919 220936 TGTCaacaaccatttaTA
1104 1104
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FIG. 3 (cont.)

Start End
SEQ DES(SEQ ID (SEQ ID ASO with Design ASO No.
ID No. No.

NO: 1) NO: 1)

DES- ASO-
1015 223970 223987 TCAAtgtttccaaaCAAT

1131 1131

DES- ASO-
1065 227969 227987

1179
ATTAtctattatgttGTTT

1179

DES- ASO-1071 229629 229646 TCTTttctattaccATTC
1185 1185

DES- ASO-1155 244274 244291 GTAGaatatagagaATGA
1266 1266

DES- ASO-
1247 248053 248069 TCaagcagtctacaGTC

1357 1357

DES- ASO-
1249 248054 248070

1359
TTCaagcagtctacAGT

1359

DES- ASO-
1326 251988 252004

1435
CAGttgtgtttattGGA

1435

DES- ASO-1359 253080 253097 ATTAattaattcccAAGA
1468 1468

DES- ASO-1363 253647 253664
1472

CttttctgaattgaCCAG
1472

DES- ASO-
1371 253676 253691

1480
ATCAtctgaacacTCG

1480

DES- ASO-1387 256887 256904
1495

TttgttgtttatctGTGG
1495

DES- ASO-
1389 256888 256905 CtttgttgtttatcTGTG

1497 1497

DES- ASO-
1390 256889 256906

1498
GCtttgttgtttatctGT

1498

DES- ASO-1409 258296 258315
1517

TAAtcactataatttgaGGC
1517

DES- ASO-1415 258714 258732 GCAAaagaccttattctTG
1523 1523

DES- ASO-
1420 258716 258732 GCAAaagaccttatTCT

1528 1528

DES- ASO-1429 258966 258982
1537

TCagggttgtggaTTAC
1537

DES- ASO-
1475 261720 261737

1582
TCATtattagttgtCATT

1582

DES- ASO-
1508 277421 277440

1612
ATTGtatttcttgattTTAC

1612

DES- ASO-
1524 282021 282039 GTTattattattttcaGGT

1627 1627
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FIG. 3 (cont.)

Start End
SEQ DES(SEQ ID (SEQ ID ASO with Design ASO No.
ID No. No.

NO: 1) NO: 1)

DES- ASO-1015 223970 223987 TCAAtgtttccaaaCAAT
1131 1131

DES- ASO-1065 227969 227987
1179

ATTAtctattatgttGTTT
1179

DES- ASO-1071 229629 229646 TCTTttctattaccATTC
1185 1185

DES- ASO-1155 244274 244291 GTAGaatatagagaATGA
1266 1266

DES- ASO-
1247 248053 248069 TCaagcagtctacaGTC

1357 1357

DES- ASO-
1249 248054 248070

1359
TTCaagcagtctacAGT

1359

DES- ASO-1326 251988 252004
1435

CAGttgtgtttattGGA
1435

DES- ASO-1359 253080 253097 ATTAattaattcccAAGA
1468 1468

DES- ASO-1363 253647 253664
1472

CttttctgaattgaCCAG
1472

DES- ASO-1371 253676 253691
1480

ATCAtctgaacacTCG
1480

DES- ASO-1387 256887 256904
1495

TttgttgtttatctGTGG
1495

DES- ASO-
1389 256888 256905

1497
CtttgttgtttatcTGTG

1497

DES- ASO-1390 256889 256906
1498

GCtttgttgtttatctGT
1498

DES- ASO-1409 258296 258315
1517

TAAtcactataatttgaGGC
1517

DES- ASO-
1415 258714 258732 GCAAaagaccttattctTG

1523 1523

DES- ASO-1420 258716 258732 GCAAaagaccttatTCT
1528 1528

DES- ASO-1429 258966 258982
1537

TCaggtttgtggaTTAC
1537

DES- ASO-1475 261720 261737
1582

TCATtattagttgtCATT
1582

DES- ASO-1508 277421 277440
1612

ATTGtatttcttgattTTAC
1612

DES- ASO-1524 282021 282039 GTTattattatttcaGGT
1627 1627
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FIG. 3 (cont.)

Start End
SEQ DES(SEQ ID (SEQ ID ASO with Design ASO No.
ID No. No.

NO: 1) NO: 1)

DES- ASO-
1530 283532 283549 TGTtagttttattctCAG

1632 1632

DES- ASO-
1659 308035 308052

1756
GatgtgaattttcCAGT

1756

DES- ASO-
1662 308896 308912

1759
AGGactgtgaattaCTA

1759

DES- ASO-
1663 309052 309069 ATCagaaaagcttcAACC

1760 1760

DES- ASO-
1676 309428 309444 TATatacagtgtccCAT

1773 1773

DES- ASO-
1685 309482 309501 CACAaatttattaactCTTA

1782 1782

DES- ASO-
1686 309483 309501 CACAaatttattaacTCTT

1783 1783

DES- ASO-
1687 309483 309502 TCACaaatttattaacTCTT

1784 1784

DES- ASO-
1688 309484 309501 CACAaatttattaaCTCT

1785 1785

DES- ASO-
1690 309484 309503 ATCAcaaatttattaaCTCT

1787 1787
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FIG. 3 (cont.)

Start End
SEQ DES(SEQ ID (SEQ ID ASO with Design ASO No.
ID No. No.

NO: 1) NO: 1)

DES- ASO-1530 283532 283549 TGTtagttttattctCAG
1632 1632

DES- ASO-1659 308035 308052
1756

GatgtgaatttttcCAGT
1756

DES- ASO-1662 308896 308912
1759

AGGactgtgaattaCTA
1759

DES- ASO-1663 309052 309069 ATCagaaaagcttcAACC
1760 1760

DES- ASO-1676 309428 309444
1773

TATatacagtgtccCAT
1773

DES- ASO-1685 309482 309501 CACAaatttattaactCTTA
1782 1782

DES- ASO-1686 309483 309501 CACAaatttattaacTCTT
1783 1783

DES- ASO-1687 309483 309502 TCACaaatttattaacTCTT
1784 1784

DES- ASO-1688 309484 309501 CACAaatttattaaCTCT
1785 1785

DES- ASO-1690 309484 309503 ATCAcaaatttattaaCTCT
1787 1787
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FIG. 4

Single point, 500 nM,
Single point, 25 uM,

ASO_NO human iPSC-CM,
HEK293, mRNA, %UTC

mRNA, %UTC

ASO-0003 12.99

ASO-0005 12.40

ASO-0190 17.39

ASO-0231 2.69 12.27

ASO-0261 7.88 43.24

ASO-0409 18.68

ASO-0589 17.40

ASO-0637 4.23 17.48

ASO-0643 10.78

ASO-0649 8.04

ASO-0788 13.01

ASO-0790 11.02

ASO-0956 5.12 15.39

ASO-1359 14.79 19.47

ASO-1435 6,76 12.42

ASO-1517 19.20

ASO-1627 10.31

ASO-1632 13.79

ASO-1759 12.88

ASO-1773 12.70
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FIG. 4

Single point, 500 nM,

ASO_NO
Single point, 25 µM,

human iPSC-CM,
HEK293, mRNA, %UTC

mRNA, %UTC

ASO-0003 12.99
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ASO-0190 17.39

ASO-0231 2.69 12.27

ASO-0261 7.88 43.24
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ASO-0589 17.40

ASO-0637 4.23 17.48

ASO-0643 10.78

ASO-0649 8.04

ASO-0788 13.01

ASO-0790 11.02

ASO-0956 5.12 15.39

ASO-1359 14.79 19.47

ASO-1435 6.76 12.42

ASO-1517 19.20
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FIG. 5

ASO_NO CAMK2D/GAPDH (% ctrl)
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                         SEQUENCE LISTING 

<110>  BRISTOL-MYERS SQUIBB COMPANY 
       ROCHE INNOVATION CENTER COPENHAGEN A/S 

<120>  CAMK2D ANTISENSE OLIGONUCLEOTIDES AND USES THEREOF 

<130>  3338.102PC04/ELE/C-K/DKC 

<150>  US 62/633,502 
<151>  2018-02-21 

<150>  US 62/635,954 
<151>  2018-02-27 

<150>  US 62/665,998 
<151>  2018-05-02 

<150>  US 62/778,679 
<151>  2018-12-12 

<160>  1713   

<170>  PatentIn version 3.5 

<210>  1 
<211>  310896 
<212>  DNA 
<213>  Homo Sapiens 

<400>  1 
aaaggaggga gtgcgagaga tccacgaagg gacaggcttg gagtcgctag agggaggtgt       60 

gggaccagcg aggagggggc ttcgccaggg agggggtgct ggcaggcgga gggagcggcg      120 

ggaggaggcg ccggaggagg agacggaggc ctggggacgg cagaagaggc ttcgcctgag      180 

ccgagcgctc tttctctcgc cgcgccgtct tgaagccgcg cgggctcgtg agcagcgcga      240 

ggccgccaag gtgcctcgct tcgccggagc cgctgccgcc cgccggaggg aagccggcct      300 

cgggcgcgca cgctcgtcgg agccccggcg cgccccgcgc ctgagcctgc tgacagcggc      360 

cgctgggctc aggctgtccg ctctgggctc cgcggcctcg gccccgctgc actccacctc      420 

cgccccctcg gactccctcc cctctgcttc tactcctcct gctccagtgc ggatcgtttc      480 

gcaactgctt gccactcgtc ccgtgcctgg ctgtttttcc atttcccggc cccctcttct      540 

tgagtacttt accccctgca tttggggaca gggactggaa aaggggcggg tggagcgtcc      600 

agtggagaag aaggaagcga ggcccgcagg aggaggagga tcggcggact gtggggagga      660 

gaccccacgc caccctttct ggtcatctcc cctcccgccc cgcccctgcg cacactccct      720 

cgcgggcgag ctactttcgg accaggaaag taagagcggc cctgggtgac agcgccgcgg      780 

ggccagtccc ggggttagcc gcgcgtctgc tcgcttctgg tccgtcgcgc tcccagccag      840 

ggcacagccc ggaccgagga tggcttcgac cacaacctgc accaggttca cggacgagta      900 

tcagcttttc gaggagcttg gaaagtaagc acctttgccc ggcatccgca tatccccttt      960 
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SEQUENCE LISTING

<110> BRISTOL-MYERS SQUIBB COMPANY
ROCHE INNOVATION CENTER COPENHAGEN A/S

<120> CAMK2D ANTISENSE OLIGONUCLEOTIDES AND USES THEREOF

<130> 3338.102PC04/ELE/C-K/DKC

<150> US 62/633,502
<151> 2018-02-21

<150> US 62/635,954

<151> 2018-02-27

<150> US 62/665,998
<151> 2018-05-02

<150> US 62/778,679
<151> 2018-12-12

<160> 1713

<170> PatentIn version 3.5

<210> 1

<211> 310896
<212> DNA
<213> Homo Sapiens

<400> 1

aaaggaggga gtgcgagaga tccacgaagg gacaggcttg gagtcgctag agggaggtgt 60

gggaccagcg aggagggggc ttcgccaggg agggggtgct ggcaggcgga gggagcggcg 120

ggaggaggcg ccggaggagg agacggaggc ctggggacgg cagaagaggc ttcgcctgag 180

ccgagcgctc tttctctcgc cgcgccgtct tgaagccgcg cgggctcgtg agcagcgcga 240

ggccgccaag gtgcctcgct tcgccggagc cgctgccgcc cgccggaggg aagccggcct 300

cgggcgcgca cgctcgtcgg agccccggcg cgccccgcgc ctgagcctgc tgacagcggc 360

cgctgggctc aggctgtccg ctctgggctc cgcggcctcg gccccgctgc actccacctc 420

cgccccctcg gactccctcc cctctgcttc tactcctcct gctccagtgc ggatcgtttc 480

gcaactgctt gccactcgtc ccgtgcctgg ctgtttttcc atttcccggc cccctcttct 540

tgagtacttt accccctgca tttggggaca gggactggaa aaggggcggg tggagcgtcc 600

agtggagaag aaggaagcga ggcccgcagg aggaggagga tcggcggact gtggggagga 660

gaccccacgc caccctttct ggtcatctcc cctcccgccc cgcccctgcg cacactcect 720

cgcgggcgag ctactttcgg accaggaaag taagagcggc cctgggtgac agcgccgcgg 780

ggccagtccc ggggttagcc gcgcgtctgc tcgcttctgg tccgtcgcgc tcccagccag 840

ggcacageee ggaccgagga tggcttcgac cacaacctgc accaggttca cggacgagta 900

tcagcttttc gaggagcttg gaaagtaage acctttgccc ggcatccgca tatccccttt 960
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ccagctgagg gcgggtcgcg ttgcccccga cccaccggcc tccgtcttgg ggcgagggag     1020 

tttgggagag gaatgggagg agggcccctg gtttgtcagc tctggggaag gtgctgtctt     1080 

aataaaggga gggagcacag aaggggtagg acccttactc caactgtggc tcattttgat     1140 

ggtccctagc ccaccttctc ccggtccccc accctcctgc actgagagac ttagtgaatt     1200 

tacgatctct gcagttgtag ctatcatcct gagaagtgtg cgcgcgcgcc tgtgtgtaat     1260 

gtgtgtttgg agaggaaatt agaacccatg taaaatgcaa catagatcat gttttctgta     1320 

aatagagatg cctcctggtt agccggcgtg tcggccgtat gacccaggta ctgatgagaa     1380 

ctcacagcct cagacggtgc catatttatt gatgccgaaa gttcaacttg gcatagagtc     1440 

tatttcgcat ccagtagttg ttctgtccag gaaaagggcc acccaacaga acccaacccc     1500 

ttgccctata tccagtgttg ttctttgcac cagattaccg ctcaccatca ttcttcctag     1560 

gatttacgtg tgcatctttg cgttctctgg gaggatttat ttatacaggc aacggaaaag     1620 

ccctctggag actgagagcg ctcttaagcg tagcctagca ttgtgtaaaa ccacctcctt     1680 

cacccgactg gcagaactac ttggagatgt tagggaagga ggcaggagac ctactgagga     1740 

cttatgcaaa gggacctagg ggccaagccg tgaatgctga tttttgtagc atggaaccca     1800 

aacccaattc ctctttcact agtttcgact gttactttta tgaaaggagt gcgtttatat     1860 

gtatgttgtt ggtttatact gtaattaaag gaaaggtaaa tatttttaaa agtaataaaa     1920 

attacatatg tatatattgt ctggtgttaa aacatggaga atatgtcgga agagcagctt     1980 

aattcaaatc tctcccctcc cccagtccaa aacaaggcat agagaaatca ccataccagg     2040 

atttgttaaa ccacactaat gtgctcaaga tttatatttt aatgaaaata atcgtcatgt     2100 

ttacttactt ggaaccacat taattttttg tttcctacca aaataagtag gcagcagatt     2160 

tttttgctgc tcctcgtctg ctctgttctg tgcagggttt ttctcagagc atttggtgct     2220 

gtgagtgtga actgtaaaat gttttcaaat ttcttgtgca aacaagagcg gtcataattg     2280 

gcagttcctt tcattttgtt gattaataat gtgtgctccc agttaaataa aatttacttt     2340 

tattcttcaa cattaaagaa agtctgggtt tccaggaaga attgttcatt tactggatat     2400 

tactgtactt cactggcaat ccactaaaat caataaaaat gctcagattt tataaatttt     2460 

taatgaaata ttatatctgt tatattaatg acctgctaat tattggtttc caggggggca     2520 

ttctcagtgg tgagaagatg tatgaaaatt cctactggac aagaatatgc tgccaaaatt     2580 

atcaacacca aaaagctttc tgctaggggt gggtattttc aaccacatat attggttaat     2640 

tttgtatttg tcatgttgat tataggttct gttgtatgta aatatatcat gtagttataa     2700 

ctgaacttta gacttaggta tcatattata tattaagatt attttcttcc tgaatgcttc     2760 

ttggtctgta cagcttaaaa atacatggaa agatataatt attatttgat acattgctat     2820 

taaaattcta tctgtcctat gagcaatagc atgaataact atattttaaa gcaaataaat     2880 
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ccagctgagg gcgggtcgcg ttgcccccga cccaccggcc tccgtcttgg ggcgagggag 1020

tttgggagag gaatgggagg agggcccctg gtttgtcagc tctggggaag gtgctgtctt 1080

aataaaggga gggagcacag aaggggtagg accettactc caactgtggc tcattttgat 1140

ggtccctagc ccaccttctc ccggtccccc accctcctgc actgagagac ttagtgaatt 1200

tacgatctct gcagttgtag ctatcatcct gagaagtgtg cgcgcgcgcc tgtgtgtaat 1260

gtgtgtttgg agaggaaatt agaacccatg taaaatgcaa catagatcat gttttctgta 1320

aatagagatg cctcctggtt agccggcgtg tcggccgtat gacccaggta ctgatgagaa 1380

ctcacageet cagacggtgc catatttatt gatgccgaaa gttcaacttg gcatagagtc 1440

tatttcgcat ccagtagttg ttctgtccag gaaaagggcc acccaacaga acccaac 1500

ttgccctata tccagtgttg ttctttgcac cagattaccg ctcaccatca ttcttcctag 1560

gatttacgtg tgcatctttg cgttctctgg gaggatttat ttatacaggc aacggaaaag 1620

ccctctggag actgagagcg ctcttaagcg tagcctagca ttgtgtaaaa ccacctcctt 1680

cacccgactg gcagaactac ttggagatgt tagggaagga ggcaggagac ctactgagga 1740

cttatgcaaa gggacctagg ggccaagccg tgaatgctga tttttgtagc atggaaccca 1800

aacccaattc ctctttcact agtttcgact gttactttta tgaaaggagt gcgtttatat 1860

gtatgttgtt ggtttatact gtaattaaag gaaaggtaaa tatttttaaa agtaataaaa 1920

attacatatg tatatattgt ctggtgttaa aacatggaga atatgtcgga agagcagctt 1980

aattcaaatc tctcccctcc cccagtccaa aacaaggcat agagaaatca ccataccagg 2040

atttgttaaa ccacactaat gtgctcaaga tttatatttt aatgaaaata atcgtcatgt 2100

ttacttactt ggaaccacat taattttttg tttcctacca aaataagtag gcagcagatt 2160

tttttgctgc tcctcgtctg ctctgttctg tgcagggttt ttctcagage atttggtgct 2220

gtgagtgtga actgtaaaat gttttcaaat ttcttgtgca aacaagagcg gtcataattg 2280

gcagttcctt tcattttgtt gattaataat gtgtgctccc agttaaataa aatttacttt 2340

tattcttcaa cattaaagaa agtctgggtt tccaggaaga attgttcatt tactggatat 2400

tactgtactt cactggcaat ccactaaaat caataaaaat gctcagattt tataaatttt 2460

taatgaaata ttatatctgt tatattaatg acctgctaat tattggtttc caggggggca 2520

ttctcagtgg tgagaagatg tatgaaaatt cctactggac aagaatatga tgccaaaatt 2580

atcaacacca aaaagctttc tgctaggggt gggtattttc aaccacatat attggttaat 2640

tttgtatttg tcatgttgat tataggttct gttgtatgta aatatatcat gtagttataa 2700

ctgaacttta gacttaggta tcatattata tattaagatt attttcttcc tgaatgcttc 2760

ttggtctgta cagcttaaaa atacatggaa agatataatt attatttgat acattgctat 2820

taaaattcta tctgtcctat gagcaatage atgaataact atattttaaa gcaaataaat 2880
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gtcaggtgca ttttgcttat agtttaagta taaaacaact tttagaccat ggaatggaaa     2940 

aatataagtc tcacaactgt cataattccc ttttgctttt gagagggaag taggtcatag     3000 

ctcagttgaa tcatacattt caattgtagt tacacttgaa cttaattcat caaggtatat     3060 

ttaacagtaa tagctttggt aagaaaattt atgattgcta tattctagga agtttagttt     3120 

tattttgatg tttctgtgtg cagctcagac cttggtcttc gcattaaggc ttcacacaga     3180 

ctcatgtaat gtattttaca catgtagttt ataggtacag agataattca tactcgtaaa     3240 

atagctgttg acataaccaa aaaacttgga gggctctcac tgcattcttt ttatttagta     3300 

gaactcatgc aaaagtactt acgctgaaat gttaggcatt ccaattattg tgggcacgtg     3360 

tctgaggtat ttccatggga atttatggta taaaaatgaa atgaaaatga acaaaatacc     3420 

atagtgtacg ctcatctcag tgacctggtt tattttaagt aatgagagaa gaaattccat     3480 

taggtttagt tttcctcatt taatatgtct tttcaaaagt gcttcttacc aaaatcctgg     3540 

catcattgct ttcggtctct gccatgatta gtttttccat atttattgca aattctactt     3600 

ttaacatgca ttttaggttt aggttggtat tttagtttat ccattcacat gggttgttgt     3660 

tttaatttcc ttcatctgat tttgacatga ttctgagaaa gatctataaa gtaaccagca     3720 

ccatagaatc atggtatgaa aactaatgag aagaatatta tgttaattat gttctcttag     3780 

tctctactcc acagaaaggt tttaacaatg aaaaggaatt gctaaactat aagtgacatt     3840 

ttaatttaaa aaaatgaaaa tgtgtagtta gaatctttca gtgcttctct tattttcttc     3900 

tgtgtgctag atacttttgg ctgtggtggg ggtatcattt cttttgaaag cattacaata     3960 

cctattccaa gatttttggt ggtgtttctt tcaaaacaaa tcagtgtagt gcttcacttt     4020 

tactaacttt cttaattaga gccatccctc ttcactcatc tgaatttgtc ctccctaaat     4080 

cagaataaca aatgtactta tccctggtca catacatttt actctctttt cccttcaatc     4140 

tgtggagaag aagccttctt tggcctgatg gaatcttttc tccttgctac tccaccagtg     4200 

tttccttact tgctcatatt ctgcttcaaa gaactaccta catgtcccaa agctttttac     4260 

cgcttctgga tgtaatgatt ttcattattc tacttagaaa aaggaactag ggtgaagagt     4320 

taggagacat tcttcttgcc cgttttctgc aatttttttt ccttgtgact ttgggcaagt     4380 

ttcttaacct gttgtaggtt aacgtaccta agagtgagct ggtggtgaag aacattatta     4440 

acgctgcaac cagaagctct tgagtttaac ttctgctgcc catacctact ggctgtgtga     4500 

tcttgagcac attaactagt ttctctgagc ctcagtttct tcatctgtaa aatagcagta     4560 

ataacagaac ccttcctcat agggttttgt gtggaatgaa tgaattaaca tagcatagaa     4620 

cagcacctgc cccactatat gcagtcaatg aatattatct gctattatta tctaataaaa     4680 

ttgtcataat gatcaaatta gattactttt atgaaagaac ttataaatcc agtggcagcc     4740 

ttgatttagc tgtgagaact acgtttgaat ctttgctcta ctacttaggc ataaatttcg     4800 
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gtcaggtgca ttttgcttat agtttaagta taaaacaact tttagaccat ggaatggaaa 2940

aatataagtc tcacaactgt cataattccc ttttgctttt gagagggaag taggtcatag 3000

ctcagttgaa tcatacattt caattgtagt tacacttgaa cttaattcat caaggtatat 3060

ttaacagtaa tagctttggt aagaaaattt atgattgcta tattctagga agtttagttt 3120

tattttgatg tttctgtgtg cagctcagac cttggtcttc gcattaaggc ttcacacaga 3180

ctcatgtaat gtattttaca catgtagttt ataggtacag agataattca tactcgtaaa 3240

atagctgttg acataaccaa aaaacttgga gggctctcac tgcattcttt ttatttagta 3300

gaactcatgc aaaagtactt acgctgaaat gttaggcatt ccaattattg tgggcacgtg 3360

tctgaggtat ttccatggga atttatggta taaaaatgaa atgaaaatga acaaaatacc 3420

atagtgtacg ctcatctcag tgacctggtt tattttaagt aatgagagaa gaaattccat 3480

taggtttagt tttcctcatt taatatgtct tttcaaaagt gcttcttacc aaaatcctgg 3540

catcattgct ttcggtctct gccatgatta gtttttccat atttattgca aattctactt 3600

ttaacatgca ttttaggttt aggttggtat tttagtttat ccattcacat gggttgttgt 3660

tttaatttcc ttcatctgat tttgacatga ttctgagaaa gatctataaa gtaaccagca 3720

ccatagaatc atggtatgaa aactaatgag aagaatatta tgttaattat gttctcttag 3780

tctctactcc acagaaaggt tttaacaatg aaaaggaatt gctaaactat aagtgacatt 3840

ttaatttaaa aaaatgaaaa tgtgtagtta gaatctttca gtgcttctct tattttcttc 3900

tgtgtgctag atacttttgg ctgtggtggg ggtatcattt cttttgaaag cattacaata 3960

cctattccaa gatttttggt ggtgtttctt tcaaaacaaa tcagtgtagt gcttcacttt 4020

tactaacttt cttaattaga gccatccctc ttcactcatc tgaatttgtc ctccctaaat 4080

cagaataaca aatgtactta tccctggtca catacatttt actctctttt cccttcaatc 4140

tgtggagaag aagccttctt tggcctgatg gaatcttttc tccttgctac tccaccagtg 4200

tttccttact tgctcatatt ctgcttcaaa gaactaccta catgtcccaa agctttttac 4260

cgcttctgga tgtaatgatt ttcattatto tacttagaaa aaggaactag ggtgaagagt 4320

taggagacat tcttcttgcc cgttttctgc aatttttttt ccttgtgact ttgggcaagt 4380

ttcttaacct gttgtaggtt aacgtaccta agagtgagct ggtggtgaag aacattatta 4440

acgctgcaac cagaagctct tgagtttaac ttctgctgcc catacctact ggctgtgtga 4500

tcttgagcac attaactagt ttctctgagc ctcagtttct tcatctgtaa aatagcagta 4560

ataacagaac ccttcctcat agggttttgt gtggaatgaa tgaattaaca tagcatagaa 4620

cagcacctgc cccactatat gcagtcaatg aatattatct gctattatta tctaataaaa 4680

ttgtcataat gatcaaatta gattactttt atgaaagaac ttataaatcc agtggcagcc 4740

ttgatttagc tgtgagaact acgtttgaat ctttgctcta ctacttaggc ataaatttcg 4800
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tttagtctct ttccttttct ggatatcagg ttcttcatca gtaaaatggg aaatcatact     4860 

catggagtct catggggtgt tctgaggatt cagggaattc aatgagaatc atttcttaaa     4920 

ctgcaaagta ttgtgtcaat tttacctctt attattgttc tcctgaaaaa ttacagaact     4980 

tttccttcaa aatggtcaac aattttattt tatattgtca cactaatcag aactggttgt     5040 

agaatatttg tgcctttgaa tgaatacgtt tgtttaactt gtactcatat tgaattataa     5100 

actcttgaag aagaaaatac catgctttca ttttttgata caacattcca cagaattgag     5160 

agcatagaag gggctcagta cagagtaaca agaatcaaat gtggttgtta aatgacttgt     5220 

aagagttaag tacttaattt actcctaaca acaagcaaat actgaaaata aatccgtgaa     5280 

gtagtatatt aagaggatat gtcttaacct atgaagtctt ttaataacac tcatttcaga     5340 

gaagatgata caaatcattt ttgcagaaaa atttttaaaa taatgaatac gttcaaaggc     5400 

aaatgtagaa agaattgcaa aatagtatgc ttgttttttc taaggtactg atttttgaga     5460 

gttgcatatg gaagcttttg tggagcatac tttttttgtg caaatttttg tttgtatttg     5520 

aaattccatg actctgtata cccaagcctt tagtctattt gttttaaaga ccaggcaggt     5580 

cctccaactc cactaatgtt ctttaaatgt aacattacag ctgaaaaaga aagggctatt     5640 

gttaataaat ctaagaccat gagggaattg ccaaagattt ggctacattc ctgcataaat     5700 

ttgcacatcc aactatacta tcaaccaggc atttttctgt gcctagattt taatggattt     5760 

ccagcagaca gtttcagttg tatttcctct cagctgttag tcatacatac catatttggg     5820 

gaactctgag tcaattgaag aatttcttac cttttgtgtt agcatgtgcg tgcatagaac     5880 

attcattata ctgagcatgt agatgggtac actcatatat aatttggctt attttgaaaa     5940 

taagtagtat ggaagcatct caagcatctt atattttata tgtaatttct atcttctaaa     6000 

aagtttttgt tagatgggca ttgagggcat gcttagtaaa tgttgaatag tgataataga     6060 

atttttgcct tatattttca tgagaattag aaattacgcc attttaatcc caagcacagt     6120 

tagattagta cttaacaaaa gccaattttt ttctgctgct ttgatattct gtttatttat     6180 

acatgtttag aactgtacac tgttgtcaaa ttatataaag tccaagaaga gctgtgactg     6240 

cagttcagaa tccagtggac tgatggttct gatggcagat aatttagaaa tagtacctgt     6300 

gatttatttt gcatttcaaa gcctcgtggt ggtaaaatat tttatgtgga agtaatggct     6360 

tcttgacatt catctcccag tgtatttctt gatcgttaga aaccatttga ctattacata     6420 

gattctgatg tgtcacagtc actgtttttg taaaatataa tacattatag tatagggtta     6480 

aaaaataagt tattacaact gtattttacc tctactccat tgctaaagtt aaaagggatt     6540 

tcattttata tttctgtaaa acttcaggct taatcagtta agtcattttg atattctttg     6600 

attttactag ttttattaat tcctaaattg gtgatattag tagtacatga atcaggactt     6660 

tataaaacta cttgaccatg tatgcaaaat taggcctcat ctataaaatc taaatgtttt     6720 
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tttagtctct ttccttttct ggatatcagg ttcttcatca gtaaaatggg aaatcatact 4860

catggagtct catggggtgt tctgaggatt cagggaattc aatgagaatc atttcttaaa 4920

ctgcaaagta ttgtgtcaat tttacctctt attattgttc tcctgaaaaa ttacagaact 4980

tttccttcaa aatggtcaac aattttattt tatattgtca cactaatcag aactggttgt 5040

agaatatttg tgcctttgaa tgaatacgtt tgtttaactt gtactcatat tgaattataa 5100

actcttgaag aagaaaatac catgctttca ttttttgata caacattcca cagaattgag 5160

agcatagaag gggctcagta cagagtaaca agaatcaaat gtggttgtta aatgacttgt 5220

aagagttaag tacttaattt actcctaaca acaagcaaat actgaaaata aatccgtgaa 5280

gtagtatatt aagaggatat gtcttaacct atgaagtctt ttaataacac tcatttcaga 5340

gaagatgata caaatcattt ttgcagaaaa atttttaaaa taatgaatac gttcaaagga 5400

aaatgtagaa agaattgcaa aatagtatga ttgttttttc taaggtactg atttttgaga 5460

gttgcatatg gaagcttttg tggagcatac tttttttgtg caaatttttg tttgtatttg 5520

aaattccatg actctgtata cccaagcctt tagtctattt gttttaaaga ccaggcaggt 5580

cctccaactc cactaatgtt ctttaaatgt aacattacag ctgaaaaaga aagggctatt 5640

gttaataaat ctaagaccat gagggaattg ccaaagattt ggctacattc ctgcataaat 5700

ttgcacatcc aactatacta tcaaccaggc atttttctgt gcctagattt taatggattt 5760

ccagcagaca gtttcagttg tatttcctct cagctgttag tcatacatac catatttggg 5820

gaactctgag tcaattgaag aatttcttac cttttgtgtt agcatgtgcg tgcatagaac 5880

attcattata ctgagcatgt agatgggtac actcatatat aatttggctt attttgaaaa 5940

taagtagtat ggaagcatct caagcatctt atattttata tgtaatttct atcttctaaa 6000

aagtttttgt tagatgggca ttgagggcat gcttagtaaa tgttgaatag tgataataga 6060

atttttgcct tatattttca tgagaattag aaattacgcc attttaatcc caagcacagt 6120

tagattagta cttaacaaaa gccaattttt ttctgctgct ttgatattct gtttatttat 6180

acatgtttag aactgtacac tgttgtcaaa ttatataaag tccaagaaga gctgtgactg 6240

cagttcagaa tccagtggac tgatggttct gatggcagat aatttagaaa tagtacctgt 6300

gatttatttt gcatttcaaa gcctcgtggt ggtaaaatat tttatgtgga agtaatggct 6360

tcttgacatt catctcccag tgtatttctt gatcgttaga aaccatttga ctattacata 6420

gattctgatg tgtcacagtc actgtttttg taaaatataa tacattatag tatagggtta 6480

aaaaataagt tattacaact gtattttacc tctactccat tgctaaagtt aaaagggatt 6540

tcattttata tttctgtaaa acttcaggct taatcagtta agtcattttg atattctttg 6600

attttactag ttttattaat tcctaaattg gtgatattag tagtacatga atcaggactt 6660

tataaaacta cttgaccatg tatgcaaaat taggcctcat ctataaaatc taaatgtttt 6720
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gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtatccct aagtaacctt ttttgatgtt     6780 

gtaaaaggga tgttaaaaac taattcttgc tacttttctt ttatttttgg cttccaggca     6840 

gtcaagaaag tactgtaatt tctcaacttc atggttactt gtcttgaatt ggaagtagaa     6900 

ctgagactat gtagatggat taagttctga ttatacatta ttgatttggc aaattggaac     6960 

aatttggaca aattaaaatt tgaaggtttc ttggcaagaa caacatttta agaaaaaaat     7020 

tagtaaatca tttttatatt tgtacataga atctccacaa ctcttcagtt atggacccag     7080 

aagtggcatg tgtcatcctt attattttgt atcctttact tacgtttagt tgtatttaca     7140 

ttcttctata ggtcttgata ttaaacattc attttcttct ttcattgaat gaaagcatta     7200 

ctgctcttca gaactagtta ggagacacaa ataataaaaa aaaaaagtat atccacactt     7260 

ccaggaaata atagaattct tttctgtatt tcattaaatg aagaaaataa agaaagtggt     7320 

tgtcaggtgc catactgtga tattaataac tagtgtaaac ctctacctga ttgtgtgaga     7380 

actttgttta gacaattaga ttaatacttc tcatttccat tgaaatgttg aataaactga     7440 

atataaaaat taaaatttag caatatgtca ccttttatgg atctttttaa tggtaataat     7500 

cacgaattac tagaaatctt acatgtactg ggcttttctt gggcatctaa cttttttgtt     7560 

aactagaatt ttaatttatt tttaaagtct tccttgggct tatactgagg ttgactcata     7620 

gtatttctag ggctggattg gtatattttt taacatcagt cttccccatt tattagggtg     7680 

taatgtatgc agtgttttaa taaatcattg gcaattaatg attatataga ggctgtgtta     7740 

aagattttaa gttacaatag tatttctagt aaactacact gcaatgcatt aaatggagta     7800 

ttagcaatat tttaactgta aaacatatct ttatatttca aatcacttta tagatcatta     7860 

agcatattca catgtcttta tgtgtttatt taataaatat taaatgattt cagtggacag     7920 

tgttaggaaa aataaaggct atctacctaa ataaacataa tagaagacat gaatggcatt     7980 

acaattcaag catgaataaa gtactatggg ctcttaaagg aggacaagat tatttctgcc     8040 

cagggagata aagaaagcct ttcatatagt attgatttaa agaaattttg aaagctataa     8100 

tgtagatggg gcttaagtac cacccccgcc cccacccaac cgaaaaaaaa agtctaaata     8160 

aatgatttgg ggaagttgct caaagtagtt taaatatctg attataacaa aatgttatgt     8220 

tattcatatg gtaaatttgt tgtaattatc agtatacagt tatttttaga ataaaattat     8280 

tttaaatgac gtaggctgtt tcttaagtga caaaattcct ctaattccag ttgagagatt     8340 

tagcaatact taaggagaaa tcatagacct tttatctgcc ataacttctc ttactctagc     8400 

atagggaaat tggtaggttt gaagaggaga gagggcagct tttttgttaa gtttgtttgg     8460 

ttttgttttt aaatctctta gctatcattg taattacaca caatgacaca atgacatcac     8520 

tgattttttt agttacctga gccccttttc tggtgttaca gtctcatttt aactccttag     8580 

aactatgttt attactacca aaatcaataa tgccatcttc atcattaata ataatttaga     8640 
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gtgtgtgtgt gtgtgtgtgt gtgtgtgtgt gtgtatccct aagtaacctt ttttgatgtt 6780

gtaaaaggga tgttaaaaac taattcttgc tacttttctt ttatttttgg cttccaggca 6840

gtcaagaaag tactgtaatt tctcaacttc atggttactt gtcttgaatt ggaagtagaa 6900

ctgagactat gtagatggat taagttctga ttatacatta ttgatttggc aaattggaac 6960

aatttggaca aattaaaatt tgaaggtttc ttggcaagaa caacatttta agaaaaaaat 7020

tagtaaatca tttttatatt tgtacataga atctccacaa ctcttcagtt atggacccag 7080

aagtggcatg tgtcatcctt attattttgt atcctttact tacgtttagt tgtatttaca 7140

ttcttctata ggtcttgata ttaaacatto attttcttct ttcattgaat gaaagcatta 7200

ctgctcttca gaactagtta ggagacacaa ataataaaaa aaaaaagtat atccacactt 7260

ccaggaaata atagaattct tttctgtatt tcattaaatg aagaaaataa agaaagtggt 7320

tgtcaggtgc catactgtga tattaataac tagtgtaaac ctctacctga ttgtgtgaga 7380

actttgttta gacaattaga ttaatacttc tcatttccat tgaaatgttg aataaactga 7440

atataaaaat taaaatttag caatatgtca ccttttatgg atctttttaa tggtaataat 7500

cacgaattac tagaaatctt acatgtactg ggcttttctt gggcatctaa cttttttgtt 7560

aactagaatt ttaatttatt tttaaagtct tccttgggct tatactgagg ttgactcata 7620

gtatttctag ggctggattg gtatattttt taacatcagt cttccccatt tattagggtg 7680

taatgtatgc agtgttttaa taaatcattg gcaattaatg attatataga ggctgtgtta 7740

aagattttaa gttacaatag tatttctagt aaactacact gcaatgcatt aaatggagta 7800

ttagcaatat tttaactgta aaacatatct ttatatttca aatcacttta tagatcatta 7860

agcatattca catgtcttta tgtgtttatt taataaatat taaatgattt cagtggacag 7920

tgttaggaaa aataaaggct atctacctaa ataaacataa tagaagacat gaatggcatt 7980

acaattcaag catgaataaa gtactatggg ctcttaaagg aggacaagat tatttctgcc 8040

cagggagata aagaaagect ttcatatagt attgatttaa agaaattttg aaagctataa 8100

tgtagatggg gcttaagtac cacccccgcc cccacccaad cgaaaaaaaa agtctaaata 8160

aatgatttgg ggaagttgct caaagtagtt taaatatctg attataacaa aatgttatgt 8220

tattcatatg gtaaatttgt tgtaattatc agtatacagt tatttttaga ataaaattat 8280

tttaaatgac gtaggctgtt tcttaagtga caaaattcct ctaattccag ttgagagatt 8340

tagcaatact taaggagaaa tcatagacct tttatctgcc ataacttctc ttactctage 8400

atagggaaat tggtaggttt gaagaggaga gagggcagct tttttgttaa gtttgtttgg 8460

ttttgttttt aaatctctta gctatcattg taattacaca caatgacaca atgacatcac 8520

tgattttttt agttacctga gccccttttc tggtgttaca gtctcatttt aactccttag 8580

aactatgttt attactacca aaatcaataa tgccatcttc atcattaata ataatttaga 8640
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aaaatataaa tattaatagc cattatttga agagcccctt ctatgagaca ataagtatat     8700 

atttacaaga tactttgttt tattttattt aatccacact gcagcctcct agaacaatat     8760 

tatgtccatt ttaaaaaaga atactgaggc tcttgtataa ggcctcaaaa ttagtaagtg     8820 

ataagagtca ggatttcaat ctggttttct ctgactgtaa attctgactc tttccactgt     8880 

cacctcctgt tgattgctat tagagaggac ttatcttaat ctgtctgtat ttacctgtgt     8940 

gtgcttaact gatcttacaa acttcagagt ccttcataca aagcactatg ccttacattt     9000 

tatcttccca ttgcagtgtg ggggattgag tatttctttg ggaaaataca tttagagttc     9060 

caacctgtga gagaagatag tcttttaaat gctactataa caagatcaaa gtgaagtttc     9120 

agacagtccc tccatgctgt cttctggaag gacaacaata tagtgaaaaa tgttattata     9180 

aaatggtagg aaaatggtta aagaggagtt cagtattttg gtaaacttaa ttcattaact     9240 

gattaaaaat atctcactat acagtaagtt tctaggatta cttcttctaa atgattcagt     9300 

tgtcactgca aactaaaact cagcccttaa ccgaagccca gagaaaccta ctcagaaagc     9360 

tgttctactc ttctggttca tcttgtttaa ccagtgaaca atggaagaca aatttttgtt     9420 

gttttgtagt ttccttttga acaacattgt tgtatgtagc aaattcttac aaaaatgtgg     9480 

caatttaaag aaaaatataa aattgtcaag ttctatattt gttgaaaaaa taacttaggt     9540 

gcagcaagta gtataaaggt acacaaagta ttgtgatata atatttatat acagttaatt     9600 

gttttacaat aggtttcctg ttttccttca gttacattga ttacatagga atgttaaaag     9660 

ttttattgca taaaatttga tatatataat tatatcatat atatttaatt ttataacaat     9720 

aagcacccaa taagcctcca ctcaataact agaacattct ccctactttt gaagctacct     9780 

gtgtgctttt tgttgatccc tatcctttgt atctccccga gagctaatca ccatccctaa     9840 

cttttttagg agagaaacct ctttttattt cttcataccc tggggttttt taattaactg     9900 

gctgatctca gtgggccagt cattcatgga ataaatatat gtagccattt tctaggtaaa     9960 

ttgtatttta ttttattttg tgtggtatat gtgtaaactc atggaataaa atacattact    10020 

tctcatatat tagtatataa ttttaccctc ttaaatatag gcaatgctta atttatttgg    10080 

aatttgttta gtaacaggaa attattttct tcctatgtct gataaaattt tttttaaaat    10140 

tatttattta tttattttga gacagagtct cgctctgtcg cccaagctgg agtgcagtgg    10200 

tgctatctcg gctcactgca acctcggcct cccaggttca agtgattctc ctgcctcagc    10260 

ctcctgagta gctgggatta caggtgcgtg ccaccacgcc tggctaattt ttgcattttt    10320 

agtagaggca ggatttcacc atgttggtca ggctggtctc gaacaccgga cctcgtgatc    10380 

cacccactta ggccttccaa agtgctggga ttacaggtgt tagccgccgc acctggccaa    10440 

aattttatta atgataatgt atacacattg aaataaagca tgaataactt atataaaagt    10500 

aacttattaa atgtaaatat agtaagtgaa aatttatcaa aattttctgt tttataaaga    10560 
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aaaatataaa tattaatage cattatttga agagcccctt ctatgagaca ataagtatat 8700

atttacaaga tactttgttt tattttattt aatccacact gcagcctcct agaacaatat 8760

tatgtccatt ttaaaaaaga atactgaggc tcttgtataa ggcctcaaaa ttagtaagtg 8820

ataagagtca ggatttcaat ctggttttct ctgactgtaa attctgactc tttccactgt 8880

cacctcctgt tgattgctat tagagaggac ttatcttaat ctgtctgtat ttacctgtgt 8940

gtgcttaact gatcttacaa acttcagagt ccttcataca aagcactatg ccttacattt 9000

tatcttccca ttgcagtgtg ggggattgag tatttctttg ggaaaataca tttagagtta 9060

caacctgtga gagaagatag tcttttaaat gctactataa caagatcaaa gtgaagtttc 9120

agacagtccc tccatgctgt cttctggaag gacaacaata tagtgaaaaa tgttattata 9180

aaatggtagg aaaatggtta aagaggagtt cagtattttg gtaaacttaa ttcattaact 9240

gattaaaaat atctcactat acagtaagtt tctaggatta cttcttctaa atgattcagt 9300

tgtcactgca aactaaaact cagcccttaa ccgaagccca gagaaaccta ctcagaaage 9360

tgttctactc ttctggttca tcttgtttaa ccagtgaaca atggaagaca aatttttgtt 9420

gttttgtagt ttccttttga acaacattgt tgtatgtage aaattcttac aaaaatgtgg 9480

caatttaaag aaaaatataa aattgtcaag ttctatattt gttgaaaaaa taacttaggt 9540

gcagcaagta gtataaaggt acacaaagta ttgtgatata atatttatat acagttaatt 9600

gttttacaat aggtttcctg ttttccttca gttacattga ttacatagga atgttaaaag 9660

ttttattgca taaaatttga tatatataat tatatcatat atatttaatt ttataacaat 9720

aagcacccaa taagcctcca ctcaataact agaacattct ccctactttt gaagctacct 9780

gtgtgctttt tgttgatccc tatcctttgt atctccccga gagctaatca ccatccctaa 9840

cttttttagg agagaaacct ctttttattt cttcataccc tggggttttt taattaactg 9900

gctgatctca gtgggccagt cattcatgga ataaatatat gtagccattt tctaggtaaa 9960

ttgtatttta ttttattttg tgtggtatat gtgtaaactc atggaataaa atacattact 10020

tctcatatat tagtatataa ttttaccctc ttaaatatag gcaatgctta atttatttgg 10080

aatttgttta gtaacaggaa attattttct tcctatgtct gataaaattt tttttaaaat 10140

tatttattta tttattttga gacagagtct cgctctgtcg cccaagctgg agtgcagtgg 10200

tgctatctcg gctcactgca acctcggcct cccaggttca agtgattctc ctgcctcagc 10260

ctcctgagta gctgggatta caggtgcgtg ccaccacgcc tggctaattt ttgcattttt 10320

agtagaggca ggatttcace atgttggtca ggctggtctc gaacaccgga cctcgtgata 10380

cacccactta ggccttccaa agtgctggga ttacaggtgt tagccgccgc acctggccaa 10440

aattttatta atgataatgt atacacattg aaataaagca tgaataactt atataaaagt 10500

aacttattaa atgtaaatat agtaagtgaa aatttatcaa aattttctgt tttataaaga 10560
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aattgtggat agttgatata tgccacatta tgctattagt gtttaaatta aaatttgatg    10620 

ttttgttgag gaaataagta cttttgcatt tttttgaggc aatgttctgg ataatttgaa    10680 

tttctgctga gggttatttg ttagtaatac agccccaaac tcagcatatt cccagtagac    10740 

tcatcaactt tccccctctg tgaatggcac aataattttc ctaagctttc aagcatgcct    10800 

gatttttttc tttttcttat cccatctcaa cacctttttc atttcttcct tttcaccatc    10860 

ccaatttgaa ctctcttttc tttttgcttc aactctttgt tttgtgtttt gagacacagt    10920 

ttctctgtta cccaggctct agtgcatttg tgagaaccta gcttactgca gcctccaatg    10980 

cctgggctca agtgatcctc ctgcctcagc ctcctgagta gctggaacta cagtcatgtg    11040 

gcaccatgcc caagtagttg tttgttttat tttttttaaa gacagagtct ctctgtgttc    11100 

ctcaggctgg ttggtcttga acttctgggt gtaaggcaat ccccctatct caggctctga    11160 

aagtcctggg attacaggcg tgagctactc actgtgcctg gctgcttcaa ctcttttaga    11220 

tagcctccta aatgggtttg gtagataata gttgcacatt ttttattcgt ttattcagct    11280 

catcattaga tcttttagca ctcgctttgc tgggcaactt gataagtttt agagatccag    11340 

aggtaaaaga cagacattcc ttcctcaagt atttcctggc ctatgagtgt ggatgacagc    11400 

ctggcattta gtagagttag tgaaagggct gtgatagacg cgtgcacagg gcttttgaga    11460 

gcatgcagaa acaggcttgg ggaggttggt ctcacagatt tcctgaaaag attgatgtgt    11520 

gaggttgtat tttgaataaa ttaggtgagc ctgctagaga agggagtaag caatctgttc    11580 

acagggaggg agaaagttcc tgctccatct tcctgatgga gtgagtacac ctggtactgt    11640 

tgcagtactc tctcctttaa gatccagtgc aggtcctgcc tcctccatgg tctctaactt    11700 

cttcccccac ctctccttac tttctctagc cagagagatt gttgtctcct tctttgtcct    11760 

ttcaatagat atttcatatc ttatggagct tgccagattt ctccctttgt attgcagtca    11820 

tacatgttgt ggccttcagg catttggtga catttcttag tttatctttc agtctgcgcc    11880 

tggcacagta attaatattg cagatacttg taaatgtttg ttggataagt ggacaaataa    11940 

ttgcatgacc aaataagatt ctgtatcttg aaatagacat gcttcaaaga gaaacttatg    12000 

actggcaaag taaattgaaa attgactaag acttcatgtc aaatagcata caataactct    12060 

ataaattaat ttgtaattca caaattattt cataagtttt gtcatgacaa attctgcttt    12120 

attggaaaga gttttgtata attcagtatt ttctttttga gcaactactt gcaaattctt    12180 

attgctgctc tttttttaaa ccatgtatta taaagtggct cattaatgag ggctaacatt    12240 

ttcatggtct gtgtgtccat cagcaccact ttaataattc cagactcatg tcatgattaa    12300 

attattttaa catgtttgag tttaaaaaaa ttttgatcca ttctacagag gtatctgatt    12360 

actttttcat ttattttttg acaaagctta tttttaagca gtatggtgac actttataga    12420 

gttttagata tacatatcat ggatgttatt agcttagagg atatttgatt ttttttagta    12480 
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aattgtggat agttgatata tgccacatta tgctattagt gtttaaatta aaatttgatg 10620

ttttgttgag gaaataagta cttttgcatt tttttgaggc aatgttctgg ataatttgaa 10680

tttctgctga gggttatttg ttagtaatac agccccaaac tcagcatatt cccagtagac 10740

tcatcaactt tccccctctg tgaatggcac aataattttc ctaagctttc aagcatgcct 10800

gatttttttc tttttcttat cccatctcaa cacctttttc atttcttcct tttcaccatc 10860

ccaatttgaa ctctcttttc tttttgcttc aactctttgt tttgtgtttt gagacacagt 10920

ttctctgtta cccaggctct agtgcatttg tgagaaccta gcttactgca gcctccaatg 10980

cctgggctca agtgatcctc ctgcctcagc ctcctgagta gctggaacta cagtcatgtg 11040

gcaccatgcc caagtagttg tttgttttat tttttttaaa gacagagtct ctctgtgttc 11100

ctcaggctgg ttggtcttga acttctgggt gtaaggcaat ccccctatct caggctctga 11160

aagtcctggg attacaggcg tgagctacto actgtgcctg gctgcttcaa ctcttttaga 11220

tagcctccta aatgggtttg gtagataata gttgcacatt ttttattcgt ttattcagct 11280

catcattaga tcttttagca ctcgctttgc tgggcaactt gataagtttt agagatccag 11340

aggtaaaaga cagacattcc ttcctcaagt atttcctggc ctatgagtgt ggatgacage 11400

ctggcattta gtagagttag tgaaagggct gtgatagacg cgtgcacagg gcttttgaga 11460

gcatgcagaa acaggcttgg ggaggttggt ctcacagatt tcctgaaaag attgatgtgt 11520

gaggttgtat tttgaataaa ttaggtgage ctgctagaga agggagtaag caatctgttc 11580

acagggaggg agaaagttcc tgctccatct tcctgatgga gtgagtacac ctggtactgt 11640

tgcagtactc tctcctttaa gatccagtgc aggtcctgcc tcctccatgg tctctaactt 11700

cttcccccac ctctccttac tttctctagc cagagagatt gttgtctcct tctttgtcct 11760

ttcaatagat atttcatatc ttatggagct tgccagattt ctccctttgt attgcagtca 11820

tacatgttgt ggccttcagg catttggtga catttcttag tttatctttc agtctgcgcc 11880

tggcacagta attaatattg cagatacttg taaatgtttg ttggataagt ggacaaataa 11940

ttgcatgace aaataagatt ctgtatcttg aaatagacat gcttcaaaga gaaacttatg 12000

actggcaaag taaattgaaa attgactaag acttcatgtc aaatagcata caataactct 12060

ataaattaat ttgtaattca caaattattt cataagtttt gtcatgacaa attctgcttt 12120

attggaaaga gttttgtata attcagtatt ttctttttga gcaactactt gcaaattctt 12180

attgctgctc tttttttaaa ccatgtatta taaagtggct cattaatgag ggctaacatt 12240

ttcatggtct gtgtgtccat cagcaccact ttaataattc cagactcatg tcatgattaa 12300

attattttaa catgtttgag tttaaaaaaa ttttgatcca ttctacagag gtatctgatt 12360

actttttcat ttattttttg acaaagctta tttttaagca gtatggtgac actttataga 12420

gttttagata tacatatcat ggatgttatt agcttagagg atatttgatt ttttttagta 12480
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aaggcagtta gaggccagct gtttcaactg ctgtgtctgt cagttgagaa atttggtgag    12540 

ggagagtgta cttgtttctg tattggaagg ctctttaaac agaatgcatg ttgaaaagca    12600 

cttacttgtg ttctctcctc aaggaaattt cttgtgtgat atgttgcaag acactgggtg    12660 

gggggggcgg ggttccaaat tctatagctt tacagtgcta atacatatac taaattagag    12720 

acatatttct aatacctatt ctaatatatt taatattata tattacattc tatttatagc    12780 

tattatatat gagaaaatat tcttttcata aaagtattcc tatcatattt ttaaatgatg    12840 

acttaaagcc tttaatcata gtggcaatag tgatttgggg agttagttca ggtgtacatt    12900 

ttggcagttt tgtagaaatt gtatccatga tgaatatttt attactttga taaagtgaat    12960 

tttatatgct ttaatactaa acattaatat ttgttaggta tagaattaca aacttcagac    13020 

atacctctga aataaatctt tattacagtt ttgtataaat acattttaaa ataatcatat    13080 

cataaaatat atatattcta attacagaat ttggggaaat atggaaaaat agaatgaggg    13140 

aaagacatat ttgtagttca tttcccccaa acaagcactg ttaacatttt gtcactttct    13200 

ttttcttcag aatactggac taaaatatta caattttatg tcctgctttt ttacttaaaa    13260 

ttataaaact tccctatgta ctgcaaatct tttgaattct taataagtga attatacttc    13320 

actaagtgac tagaaaactg attaattatt ttggtattcc tagtattttt tttaattttt    13380 

gctttttgct atgatgactg gcactattat agacattctt ttgtataact ttttttatag    13440 

ttctgattag tttcttagga aatattcata gaggagaatt aatgggttag aggattaaat    13500 

atcatcaaaa ttattcttgc ctaattactt cctgtaaatt ttgtgtgttt ccaccaatga    13560 

caaagtatgc gagcgagaaa ttgaatttta aggagcgtga ttctaaattt taacttcaat    13620 

ttaacaaaaa atgcttattc accatgttct ggtccttctg ctaggtgctg gataaatgaa    13680 

ggtacaaagg acaaaagtcc ctcctttcaa ggtgaacaga tgtaaagtca agtaaaatta    13740 

ccattcaggt tgataaatct aacaatggga gtgtttactg ggttctgagg tgtaggagat    13800 

aactgttggg ttgatgagag gtcagggaaa acttcctaga ggagctgatg tttgaactgg    13860 

atttccaaaa gaatcagttt ttgaactgag agataggtag gaaaaaaaac aagttcaaag    13920 

tatatgttga aaaaatactc acgagaagcc agaatattgg aacgtaccaa taaagactga    13980 

acttgagaaa agcactttct aactcttggt gatagactta tcaggtatag agtttcatga    14040 

aacatgcaaa aacgggtgaa aagaatggga gttttttctt ccaacgaatc attaagtatg    14100 

gcaagagctg ttggaggttc ttaaataagg cagattgtag aattttacaa cactgagtta    14160 

cttgaaatga acaggtgata agagaggaat aattaacctc ttacctacct catattttgt    14220 

tttagtgagc cttggggcaa tacaaaaaat taagagtgac taagtagaaa ataaaggacg    14280 

ggaggataat tagaatttgt ttttaaaaat cggctagtac tttaaaaggt agttcctata    14340 

gttgcaatat ggattaatga ctgtttaaaa aagttcataa gtttctgctc aaatccaaaa    14400 
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aaggcagtta gaggccagct gtttcaactg ctgtgtctgt cagttgagaa atttggtgag 12540

ggagagtgta cttgtttctg tattggaagg ctctttaaac agaatgcatg ttgaaaagca 12600

cttacttgtg ttctctcctc aaggaaattt cttgtgtgat atgttgcaag acactgggtg 12660

gggggggcgg ggttccaaat tctatagctt tacagtgcta atacatatac taaattagag 12720

acatatttct aatacctatt ctaatatatt taatattata tattacattc tatttatage 12780

tattatatat gagaaaatat tcttttcata aaagtattcc tatcatattt ttaaatgatg 12840

acttaaagcc tttaatcata gtggcaatag tgatttgggg agttagttca ggtgtacatt 12900

ttggcagttt tgtagaaatt gtatccatga tgaatatttt attactttga taaagtgaat 12960

tttatatgct ttaatactaa acattaatat ttgttaggta tagaattaca aacttcagac 13020

atacctctga aataaatctt tattacagtt ttgtataaat acattttaaa ataatcatat 13080

cataaaatat atatattcta attacagaat ttggggaaat atggaaaaat agaatgaggg 13140

aaagacatat ttgtagttca tttcccccaa acaagcactg ttaacatttt gtcactttct 13200

ttttcttcag aatactggac taaaatatta caattttatg tcctgctttt ttacttaaaa 13260

ttataaaact tccctatgta ctgcaaatct tttgaattct taataagtga attatacttc 13320

actaagtgac tagaaaactg attaattatt ttggtattcc tagtattttt tttaattttt 13380

gctttttgct atgatgactg gcactattat agacattctt ttgtataact ttttttatag 13440

ttctgattag tttcttagga aatattcata gaggagaatt aatgggttag aggattaaat 13500

atcatcaaaa ttattcttgc ctaattactt cctgtaaatt ttgtgtgttt ccaccaatga 13560

caaagtatga gagcgagaaa ttgaatttta aggagcgtga ttctaaattt taacttcaat 13620

ttaacaaaaa atgcttattc accatgttct ggtccttctg ctaggtgctg gataaatgaa 13680

ggtacaaagg acaaaagtcc ctcctttcaa ggtgaacaga tgtaaagtca agtaaaatta 13740

ccattcaggt tgataaatct aacaatggga gtgtttactg ggttctgagg tgtaggagat 13800

aactgttggg ttgatgagag gtcagggaaa acttcctaga ggagctgatg tttgaactgg 13860

atttccaaaa gaatcagttt ttgaactgag agataggtag gaaaaaaaac aagttcaaag 13920

tatatgttga aaaaatactc acgagaagcc agaatattgg aacgtaccaa taaagactga 13980

acttgagaaa agcactttct aactcttggt gatagactta tcaggtatag agtttcatga 14040

aacatgcaaa aacgggtgaa aagaatggga gttttttctt ccaacgaatc attaagtatg 14100

gcaagagctg ttggaggttc ttaaataagg cagattgtag aattttacaa cactgagtta 14160

cttgaaatga acaggtgata agagaggaat aattaacctc ttacctacct catattttgt 14220

tttagtgage cttggggcaa tacaaaaaat taagagtgac taagtagaaa ataaaggacg 14280

ggaggataat tagaatttgt ttttaaaaat cggctagtac tttaaaaggt agttcctata 14340

gttgcaatat ggattaatga ctgtttaaaa aagttcataa gtttctgctc aaatccaaaa 14400
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ctaagatatc taaaaatggt actgacatta ttaactgctt gaatgcctat tgtcaagagt    14460 

agtgtttggc acccaccaca ggtatttatt gaaaacataa aggaataaaa tgattcccaa    14520 

atgatatcat cttatgatta atgaatacac atttgaggac ctagaacttt tagcagtaag    14580 

atttgcatac gcttttccta ttgaatttaa aaaaaaaaaa aagttcaaaa ttctgttaga    14640 

ttaattctgt gatatagttt ataatttggc ataagctggt agtagggaaa tagtcacttc    14700 

tttatgccca tgatttatat aatgaaacaa tcttccattc acttagaaga caacttcgat    14760 

ttaaatattt agcctcccta gcaaggccca gccatgcaat tttttccctg ttagaagaat    14820 

tttagcaaca gtaaaaaaaa ttaatatgta agattttgct atttttatta gttttgagga    14880 

ctgcttgcct tgtagtttaa agggggtaaa aaggatcatt gttttactca atgtatatat    14940 

atatatatat tattaatggt agattttttt tttttttggt tgatgtagga actttgggag    15000 

tagagcagaa agcctattga cttcaaaaat agtgactcag ggttggtata atcattagta    15060 

agcaggttgg gaaaaatcct aattccagac ctcaagtaga attttagtat cagagtcact    15120 

cctgttcctt aaatgtagat ctcctgattt caggccattt ttcattctaa tagaattaga    15180 

gaagaaaaat aaaacctgtc aacgaggact atttacctcc tatagatagg attgagacct    15240 

acttttctgt aacttttgaa gttatttttg ggaaaaattt ccttgggttg actttgcccc    15300 

cttcacccaa tgcatctgtg tgatcaggaa aagggaaaac aagatttaat tgttaacttt    15360 

taaaaagtcc ttttgaaaga aaaaaatata tactgtctta tattgacaga gaaccaatta    15420 

ttgggttacc tgcaacactg tatcctccat ttagtgctga taatcataat gtccataatc    15480 

tcccaataag ataaaataat aaagaggctc tgaggcatga acaggggtgg ctaaaggatc    15540 

attgagataa cttttaaaat aataatgatt tatagaaatt gagttaatat ttgttgacct    15600 

tctacaaact ttaaaacaga tagaaggttt taaggtatat gttttgaaat aatccaaacc    15660 

aaataaatct aaacttagaa ataccatatt agaaatatac agtgaacaca cacaaggtca    15720 

attttaaaaa cagcacttag ctttgagcag ataatttctc cttcaccctg aatgcaaata    15780 

atttattcag cccttctata acaagcttag gggataaaag aggcaaaggg catgagaaat    15840 

gagtctttgg aaaattattg taactaacac taatgcttat ttagcatctt tcattcaaag    15900 

accttcagac atttcctaat tgagttctgt agtacttctg gagtgtgggt aaggaacatt    15960 

tagagactcc tgtgcccagt gctgtaaggc ctgccatccc cgtgtggcat gttgcagctg    16020 

ttttgtaggg tacatcatat tccttcctgg gccagagaat ggaggagaca gcgttatcca    16080 

gctgaaatcc cagaaggatt aggggaacag gagtgaatta cctggattgg aatttggcca    16140 

gctttctggg tcagaaatcc tattcctata aaaatgttct atctttaaaa cattttatat    16200 

cctgctttat ctccaagaaa ataaacgcta catcacttat tttctgcaaa tacctttggg    16260 

agcttaacat taatattgag gaatgtgaca gcctatatct actattaatg aggaaagaaa    16320 
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ctaagatatc taaaaatggt actgacatta ttaactgctt gaatgcctat tgtcaagagt 14460

agtgtttggc acccaccaca ggtatttatt gaaaacataa aggaataaaa tgattcccaa 14520

atgatatcat cttatgatta atgaatacac atttgaggac ctagaacttt tagcagtaag 14580

atttgcatac gcttttccta ttgaatttaa aaaaaaaaaa aagttcaaaa ttctgttaga 14640

ttaattctgt gatatagttt ataatttggc ataagctggt agtagggaaa tagtcacttc 14700

tttatgccca tgatttatat aatgaaacaa tcttccattc acttagaaga caacttcgat 14760

ttaaatattt agcctcccta gcaaggccca gccatgcaat tttttccctg ttagaagaat 14820

tttagcaaca gtaaaaaaaa ttaatatgta agattttgct atttttatta gttttgagga 14880

ctgcttgcct tgtagtttaa agggggtaaa aaggatcatt gttttactca atgtatatat 14940

atatatatat tattaatggt agattttttt tttttttggt tgatgtagga actttgggag 15000

tagagcagaa agcctattga cttcaaaaat agtgactcag ggttggtata atcattagta 15060

agcaggttgg gaaaaatcct aattccagac ctcaagtaga attttagtat cagagtcact 15120

cctgttcctt aaatgtagat ctcctgattt caggccattt ttcattctaa tagaattaga 15180

gaagaaaaat aaaacctgtc aacgaggact atttacctcc tatagatagg attgagacct 15240

acttttctgt aacttttgaa gttatttttg ggaaaaattt ccttgggttg actttgcccc 15300

cttcacccaa tgcatctgtg tgatcaggaa aagggaaaac aagatttaat tgttaacttt 15360

taaaaagtcc ttttgaaaga aaaaaatata tactgtctta tattgacaga gaaccaatta 15420

ttgggttacc tgcaacactg tatcctccat ttagtgctga taatcataat gtccataatc 15480

tcccaataag ataaaataat aaagaggctc tgaggcatga acaggggtgg ctaaaggatc 15540

attgagataa cttttaaaat aataatgatt tatagaaatt gagttaatat ttgttgacct 15600

tctacaaact ttaaaacaga tagaaggttt taaggtatat gttttgaaat aatccaaacc 15660

aaataaatct aaacttagaa ataccatatt agaaatatac agtgaacaca cacaaggtca 15720

attttaaaaa cagcacttag ctttgagcag ataatttctc cttcaccctg aatgcaaata 15780

atttattcag cccttctata acaagcttag gggataaaag aggcaaaggg catgagaaat 15840

gagtctttgg aaaattattg taactaacac taatgcttat ttagcatctt tcattcaaag 15900

accttcagac atttcctaat tgagttctgt agtacttctg gagtgtgggt aaggaacatt 15960

tagagactcc tgtgcccagt gctgtaaggc ctgccatccc cgtgtggcat gttgcagctg 16020

ttttgtaggg tacatcatat tccttcctgg gccagagaat ggaggagaca gcgttatcca 16080

gctgaaatcc cagaaggatt aggggaacag gagtgaatta cctggattgg aatttggcca 16140

gctttctggg tcagaaatcc tattcctata aaaatgttct atctttaaaa cattttatat 16200

cctgctttat ctccaagaaa ataaacgcta catcacttat tttctgcaaa tacctttggg 16260

agcttaacat taatattgag gaatgtgaca gectatatct actattaatg aggaaagaaa 16320
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gcgaggttaa cattttatct aaaagatatt agaagagaaa aactatttgt attatgcctg    16380 

tcgaaagtaa gctgtggggg acatgaagat aataacatat gaccagttcc cacaaaaaac    16440 

ttacaaactg gtttgatgaa taggagacat acatagataa ttatggggaa gatatatatg    16500 

tatcttcagt atcagaagaa agtattatga gaattcagtg tagcctagtg atgacattta    16560 

atggcagaag caagaaaggt aacattgagg aagcagaagt ggcagtgcat agaaggaaga    16620 

aagaaggaca aagacacagg aatgcaggaa agtatcaatg tttagggaag aaccaaaaat    16680 

gtttatttgg gcaaaggata gacaatctgg gaaatcagga aagaaaaggt taaaaacacg    16740 

taaaggtagt ttaccaaatt gcaaatttgc tcttaagtat accagagaca cattaaagag    16800 

agcctctatg atgttacttg gtagcagtga atgaatacga tggattggcc tggattatga    16860 

gagacactga gattctgaaa ccttaagata ataacagatg tggcaggagg gctgaagttt    16920 

caaagctgag tcatggggag aattagtttt cgtgtaacta gttgagaagt gagaatcaag    16980 

aactgatttt gatgagggaa gatgattaat tgatatgtat ttgaggtata cacaatatat    17040 

tcacactgac ttatcaaaaa gacctttgaa aattgggtgt ggtccttgaa aagtgcctct    17100 

ggagaacatg caatgtactg tgtaggttac cagcattggc tgtgaaatca gattgccaag    17160 

attcaagaag tggctctgcc acttccaagt tcttgtgacc ttctcaagcc ttggttttct    17220 

tatctataaa actgtgataa tcaattttgc ggctatgata atcaattttg tgattcattt    17280 

gcacggagaa gatagtagaa gctatgctag tggataagat aacaatggag agtatagaaa    17340 

ggaaagaaaa gagggcctag gatagtggtg tagggaaata ctgcatttta atggatgaaa    17400 

agagggctag tttaggataa atggaaggat atggcagaaa ggtatgaagg aaattaggat    17460 

aatgcagtga tttgaattct gagggaggga atttttgcaa aggaggggtg gctagtaatg    17520 

ttcagaattg tagagaagta gagagaaatg aagaccaaga aaaggccttg atttcccata    17580 

tggcagaatt tcaatagtgt ttaggacaag gtcacgagga ttgggtcatt agactgttac    17640 

ttgttttcgt atgctcagaa cctagcacat tgcataaaat aaaataggta tttaatgttt    17700 

gctgaaggat aaagaattaa tgactttctt gggattaagg aacaaatggc gataacatga    17760 

aaaagcttgc ttgtttaaca aaataggggg ctgggtgtgg tggctcacgc ctgtaatccc    17820 

agcactttgg gaggcctagg tgggcggatc gcgaggtcag gagatccaga ccatctggct    17880 

aacactgtga aaaccccttc tctactaaaa atacaaaaat ttagccgggt gtggtggcgg    17940 

gcccctgtag tcccagctac tcaggagcct aaggcaggag aatggcatga acctggaagg    18000 

cagagcttgc agtaagccag gattgcacca ctgcactcca gcctgggcga cacagtgaga    18060 

ctcttatctc aaaaaaaaaa agtagggaag ataaaagaga aaaagagaat tgggagtaat    18120 

ttcagggatt cctcaggtca agggaattaa ctttggggat aaataaaacc aaagcttatt    18180 

tgaaagaaga ggaaaaagac taaggaagag aaggactgat aatgcaaaga aagagggtag    18240 

gcgaggttaa cattttatct aaaagatatt agaagagaaa aactatttgt attatgcctg 16380

tcgaaagtaa gctgtggggg acatgaagat aataacatat gaccagttcc cacaaaaaac 16440

ttacaaactg gtttgatgaa taggagacat acatagataa ttatggggaa gatatatatg 16500

tatcttcagt atcagaagaa agtattatga gaattcagtg tagcctagtg atgacattta 16560

atggcagaag caagaaaggt aacattgagg aagcagaagt ggcagtgcat agaaggaaga 16620

aagaaggaca aagacacagg aatgcaggaa agtatcaatg tttagggaag aaccaaaaat 16680

gtttatttgg gcaaaggata gacaatctgg gaaatcagga aagaaaaggt taaaaacacg 16740

taaaggtagt ttaccaaatt gcaaatttgc tcttaagtat accagagaca cattaaagag 16800

agcctctatg atgttacttg gtagcagtga atgaatacga tggattggcc tggattatga 16860

gagacactga gattctgaaa ccttaagata ataacagatg tggcaggagg gctgaagttt 16920

caaagctgag tcatggggag aattagtttt cgtgtaacta gttgagaagt gagaatcaag 16980

aactgatttt gatgagggaa gatgattaat tgatatgtat ttgaggtata cacaatatat 17040

tcacactgac ttatcaaaaa gacctttgaa aattgggtgt ggtccttgaa aagtgcctct 17100

ggagaacatg caatgtactg tgtaggttac cagcattgga tgtgaaatca gattgccaag 17160

attcaagaag tggctctgcc acttccaagt tcttgtgacc ttctcaagcc ttggttttct 17220

tatctataaa actgtgataa tcaattttgc ggctatgata atcaattttg tgattcattt 17280

gcacggagaa gatagtagaa gctatgctag tggataagat aacaatggag agtatagaaa 17340

ggaaagaaaa gagggcctag gatagtggtg tagggaaata ctgcatttta atggatgaaa 17400

agagggctag tttaggataa atggaaggat atggcagaaa ggtatgaagg aaattaggat 17460

aatgcagtga tttgaattct gagggaggga atttttgcaa aggaggggtg gctagtaatg 17520

ttcagaattg tagagaagta gagagaaatg aagaccaaga aaaggccttg atttcccata 17580

tggcagaatt tcaatagtgt ttaggacaag gtcacgagga ttgggtcatt agactgttac 17640

ttgttttcgt atgctcagaa cctagcacat tgcataaaat aaaataggta tttaatgttt 17700

gctgaaggat aaagaattaa tgactttctt gggattaagg aacaaatggc gataacatga 17760

aaaagcttgc ttgtttaaca aaataggggg ctgggtgtgg tggctcacgc ctgtaatccc 17820

agcactttgg gaggcctagg tgggcggatc gcgaggtcag gagatccaga ccatctggct 17880

aacactgtga aaaccccttc tctactaaaa atacaaaaat ttagccgggt gtggtggcgg 17940

gcccctgtag tcccagctac tcaggagect aaggcaggag aatggcatga acctggaagg 18000

cagagcttgc agtaagccag gattgcacca ctgcactcca gcctgggcga cacagtgaga 18060

ctcttatctc aaaaaaaaaa agtagggaag ataaaagaga aaaagagaat tgggagtaat 18120

ttcagggatt cctcaggtca agggaattaa ctttggggat aaataaaacc aaagcttatt 18180

tgaaagaaga ggaaaaagac taaggaagag aaggactgat aatgcaaaga aagagggtag 18240
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