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(54) ANTISENSE OLIGONUCLEIC ACID

(57) The present invention aims to provide an anti-
sense oligonucleic acid with reduced hepatotoxicity. The
antisense oligonucleic acid according to the present in-
vention is characterized in that it has a base length of not
less than 7nt and not more than 30nt, wherein nucleic
acid residues of not less than 1nt and not more than 5nt

respectively from the both terminals are 2’,4’-bridged nu-
cleic acids, 2’,4’-non-bridged nucleic acid residue(s)
is(are) present between the above-mentioned both ter-
minals, and one or more bases in the nucleic acid resi-
due(s) of the above-mentioned 2’,4’-non-bridged nucleic
acid residue(s) is/are modified.
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Description

[Technical Field]

[0001] The present invention relates to an antisense oligonucleic acid with low hepatotoxicity.

[Background Art]

[0002] Nucleic acid medicines can suppress expression of specific genes in cells unlike conventional pharmaceutical
products. They are expected to lead to the creation of innovative pharmaceutical products for diseases that were pre-
viously difficult to treat. As a technique relating to nucleic acid medicine, for example, an antisense method has been
developed in which an antisense oligonucleic acid complementary to a part of mRNA involved in the disease is introduced
from the outside to cause formation of a double strand, which in turn inhibits translation process of the pathogenic mRNA
and treats or prevents the disease.
[0003] However, antisense oligonucleic acid has a defect in that it is easily degraded by nucleases in vivo. In addition,
the binding affinity and specificity for target mRNA need to be improved further. Thus, the study group of the present
inventors developed a nucleic acid molecule bridged at the 2’- and 4’-positions in an attempt to improve nuclease
resistance and binding affinity and specificity to target mRNA by stabilization of the steric structure (patent documents
1 - 5) and, using such bridged nucleic acid, developed an oligonucleotide useful as a therapeutic agent for dyslipidemia
which is superior in binding affinity to PCSK9 gene and the like (patent document 6).
[0004] However, as nucleic acid medicament discovery research in anticipation of human clinical trials progresses,
new issues to be solved have become apparent. The most important one is "avoidance of potential toxicity of artificial
oligonucleotides".
[0005] For example, it is known that antisense oligonucleic acid intravenously administered to rats and mice is delivered
to the liver in about 12 hours. Some antisense oligonucleic acids exhibit severe hepatotoxicity. While the mechanism is
not necessarily clear, suppression of expression of non-target mRNA, activation of natural immunity, promotion of ex-
pression of unidentified protein gene and the like are considered. As a means to predict hepatotoxicity of antisense
oligonucleic acids, research is being conducted to identify the base sequence common to antisense oligonucleic acids
exhibiting hepatotoxicity (non-patent documents 1, 2).

[Document List]

[Patent documents]

[0006]

patent document 1: WO 2011/052436
patent document 2: WO 2014/046212
patent document 3: WO 2014/112463
patent document 4: WO 2015/125783
patent document 5: WO 2016/017422
patent document 6: WO 2013/118776

[non-patent document]

[0007]

non-patent document 1: Peter H. Hagedorn et al., Nucleic Acid Therapeutics, 23(5), pp.302-310 (2013)
non-patent document 2: Andrew D. Burdick et al., Nucleic Acids Research, 2014, pp.1-10

[SUMMARY OF THE INVENTION]

[Problems to be Solved by the Invention]

[0008] As mentioned above, studies are being conducted to identify the base sequence considered to be involved in
the hepatotoxicity of antisense oligonucleic acids. The base sequences considered to be involved in hepatotoxicity in
the above-mentioned non-patent documents 1, 2 are only nt2 and nt3, and it is sometimes difficult to design an antisense
oligonucleic acid free of such short base sequences. For example, mRNA has a partial self structure for stabilization
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such as a loop structure, a double strand and the like, and there is a limitation that antisense oligonucleic acid should
be designed to hybridize to a single strand of the target mRNA. Moreover, a base sequence that hybridizes to a single
strand of the target mRNA and is free of the above-mentioned base sequence does not necessarily show an excellent
activity without hepatotoxicity.
[0009] Therefore, the present invention aims to provide an antisense oligonucleic acid with reduced hepatotoxicity.

[Means of Solving the Problems]

[0010] The present inventors have conducted intensive studies in an attempt to solve the aforementioned problems.
As a result, they have found that particularly, hepatotoxicity of an antisense oligonucleic acid can be reduced while
maintaining its activity by modifying a base of a nucleic acid residue in a particular region of the antisense oligonucleic
acid, which resulted in the completion of the present invention.
[0011] The present invention is shown below.

[1] An antisense oligonucleic acid having a base length of not less than 7nt and not more than 30nt, wherein
nucleic acid residues of not less than 1nt and not more than 5nt respectively from the both terminals are 2’,4’-bridged
nucleic acids,
2’, 4’ -non-bridged nucleic acid residue(s) is (are) present between the above-mentioned both terminals, and
one or more bases in the nucleic acid residue(s) of the above-mentioned 2’, 4’ -non-bridged nucleic acid residue(s)
is/are modified.
[2] The antisense oligonucleic acid of the above-mentioned [1] wherein the above-mentioned 2’, 4’ -non-bridged
nucleic acid residue with the modified base is contained in a sequence of TGC or TCC.
[3] The antisense oligonucleic acid of the above-mentioned [1] wherein the above-mentioned modified base is 5-
hydroxycytosine, 4-acetylcytosine, 3-C1-6 alkylcytosine, 5-C1-6 alkylcytosine, 2-thiocytosine, 2-thiothymine, dihydro-
thymine, pseudo thymine, 2-thiouridine, 5-(carboxyhydroxymethyl)uridine, 5-carboxymethylaminomethyl-2-thiouri-
dine, 5-carboxymethylaminomethyluridine, dihydrouridine, pseudo uridine, 5-methylaminomethyluridine, 5-methyl-
aminomethyl-2-thiouridine, 5-methoxycarbonylmethyl-2-thiouridine, 5-methoxycarbonylmethyluridine, 5-methoxyu-
ridine, 8-aminoguanine, 8-halogenoguanine, 7-deaza-7-(2-phenylethynyl)guanine, 7-deaza-7- (2-pyridylethynyl)
guanine, 7-deaza-7-[2-(C1-7 alkanoyloxy-C1-6 alkyl)ethynyl]guanine, 7-deaza-7-[2-(hydroxy-C1-6 alkyl) ethynyl] gua-
nine, 1-C1-6 alkylguanine, 2, 2-di (C1-6 alkyl)guanine, 2-C1-6 alkylguanine, 7-deaza-7-C1-6 alkylguanine, 7-deaza-7-
C2-6 alkenylguanine, 7-deaza-7-C2-6 alkynylguanine, 7-deaza-7-halogenoguanine, inosine, 1-C1-6 alkylinosine,
queuosine, β,D-galactosylqueuosine, β,D-mannosylqueuosine, N6-C2-6 alkenyladenine, 1-C1-6 alkyladenine, 2-C1-6
alkyladenine, N6-C1-6 alkyladenine or 2-C1-6 alkylthio-N6-C2-6 alkenyladenine.
[4] The antisense oligonucleic acid of any of the above-mentioned [1] to [3] wherein the above-mentioned 2’,4’-non-
bridged nucleic acid residue is DNA.
[5] The antisense oligonucleic acid of any of the above-mentioned [1] to [4] wherein the above-mentioned 2’,4’-
bridged nucleic acid residue has a structure of any of the following formulas (I) to (III):

wherein

X1 is O, S, a >N(R3) group, a -C(=O)-O- group or a - C(=O)-N(R4) - group (R3 and R4 are each independently
H or a C1-6 alkyl group),
X2 is a guanidino group represented by any of the following formulas (IV) to (VII):
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wherein R5 - R18 are each independently H, a C1-6 alkyl group, a C3-10 cycloalkyl group, an amino-protecting
group or a 2-cyanoethyloxycarbonyl group,
X3 is O, S, a >N(R19) group, a -C(=O)-O- group or a - C(=O)-N(R20)- group (R19 and R20 are each independently
H or a C1-6 alkyl group),
Y1 - Y3 are each independently O- or S-,

Base is a nucleic acid base group,
R1 and R2 are each independently H, a C1-6 alkyl group or R1 and R2 may be taken together to form a C1-4 alkylene
group, and
n is an integer of not less than 0 and not more than 2.
[6] The antisense oligonucleic acid of the above-mentioned [5] wherein the above-mentioned 2’,4’-bridged nucleic
acid residue has a structure of the above-mentioned formula (I), X1 is O and n is 1.
[7] The antisense oligonucleic acid of any of the above-mentioned [1] to [6] showing reduced hepatotoxicity compared
to that before introduction of the above-mentioned modification into the base of the nucleic acid residue.

[0012] In this disclosure, the "C1-6 alkyl group" is a linear or branched chain monovalent saturated aliphatic hydrocarbon
group with a carbon number of not less than one and not more than 6. For example, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, s-butyl, t-butyl, n-pentyl, n-hexyl and the like can be mentioned. Preferred is a C1-4 alkyl group, more
preferred is a C1-2 alkyl group, most preferred is methyl.
[0013] The "C2-6 alkenyl group" is a linear or branched chain monovalent unsaturated aliphatic hydrocarbon group
with a carbon number of not less than 2 and not more than 6 and having at least one carbon-carbon double bond.
Examples include ethenyl(vinyl), 1-propenyl, 2-propenyl(allyl), isopropenyl, 2-butenyl, 3-butenyl, isobutenyl, pentenyl,
isopentenyl, hexenyl and the like.
[0014] The "C2-6 alkynyl group" is a linear or branched chain monovalent unsaturated aliphatic hydrocarbon group
with a carbon number of not less than 2 and not more than 6 and having at least one carbon-carbon triple bond. Examples
include ethynyl, 1-propynyl, 2-propynyl(propargyl), 2-butynyl, 3-butynyl, pentynyl, hexynyl and the like. Preferred is a
C2-4 alkynyl group, more preferred is a C2-3 alkynyl group.
[0015] The "C6-12 aryl group" is a monovalent aromatic hydrocarbon group with a carbon number of not less than 6
and not more than 12. Examples include phenyl, naphthyl, indenyl, biphenyl and the like.
[0016] Examples of the "halogeno group" include fluoro group, chloro group, bromo group and iodo group, with pref-
erence given to chloro group and bromo group.
[0017] The "C3-10 cycloalkyl group" is a cyclic monovalent saturated aliphatic hydrocarbon group with a carbon number
of not less than 3 and not more than 10. It is, for example, cyclopropyl, methylcyclopropyl, dimethylcyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, adamantyl or the like. Preferred is a C3-6 cycloalkyl group.
[0018] Examples of the "amino-protecting group" include alkoxycarbonyl protecting groups such as t-butoxycarbonyl
group, methoxycarbonyl group, ethoxycarbonyl group and the like; arylmethoxycarbonyl protecting groups such as
benzyloxycarbonyl group, p-methoxybenzyloxycarbonyl group, p-nitrobenzyloxycarbonyl group, o-nitrobenzyloxycarb-
onyl group and the like; arylmethyl protecting groups such as benzyl group, 4-methoxybenzyl group, triphenylmethyl
group and the like; alkanoyl protecting groups such as formyl group, acetyl group and the like; aroyl protecting groups
such as benzoyl group and the like; arylsulfonyl protecting groups such as 2,4-di nitrobenzenesulfonyl group, o-nitroben-
zenesulfonyl group and the like, and the like.
[0019] The "C1-6 alkylene group" is a linear or branched chain divalent saturated aliphatic hydrocarbon group with a
carbon number of not less than 1 and not more than 6. It is, for example, methylene, ethylene, methylmethylene, n-
propylene, methylethylene, n-butylene, methylpropylene, dimethylethylene, n-pentylene, n-hexylene or the like. It is
preferably a C1-4 alkylene group, more preferably a C1-2 alkylene group, further more preferably methylene.
[0020] The "C1-7 alkanoyl group" is an atomic group of aliphatic carboxylic acid with a carbon number of 1 to 7 less
OH. It is, for example, formyl, acetyl, ethylcarbonyl, n-propylcarbonyl, isopropylcarbonyl, n-butylcarbonyl, isobutylcarb-
onyl, t-butylcarbonyl, n-pentylcarbonyl, n-hexylcarbonyl or the like, preferably a C1-4 alkanoyl group, more preferably
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acetyl.

[Effect of the Invention]

[0021] The hepatotoxicity of the antisense oligonucleic acid of the present invention is remarkably reduced. Further-
more, the antisense oligonucleic acid of the present invention has high binding affinity to target mRNA, is resistant to
nuclease attack in vivo and is stable. Therefore, the antisense oligonucleic acid of the present invention is industrially
extremely useful since it may be a highly practical nucleic acid medicament.

[Brief Description of the Drawings]

[0022]

Fig. 1 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid evaluated in the Example
described later.
Fig. 2 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid evaluated in the Example
described later.
Fig. 3 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and GR gene expression-
suppressing activity evaluated in the Example described later.
Fig. 4 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and GR gene expression-
suppressing activity evaluated in the Example described later.
Fig. 5 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and PCSK9 gene expression-
suppressing activity evaluated in the Example described later.
Fig. 6 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and PCSK9 gene expression-
suppressing activity evaluated in the Example described later.
Fig. 7 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and Rps6kb2 gene expression-
suppressing activity evaluated in the Example described later.
Fig. 8 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid evaluated in the Example
described later.
Fig. 9 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid evaluated in the Example
described later.
Fig. 10 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and GR gene expression-
suppressing activity evaluated in the Example described later.
Fig. 11 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and GR gene expression-
suppressing activity evaluated in the Example described later.
Fig. 12 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and PCSK9 gene expression-
suppressing activity evaluated in the Example described later.
Fig. 13 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid evaluated in the Example
described later.
Fig. 14 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid evaluated in the Example
described later.
Fig. 15 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid evaluated in the Example
described later.
Fig. 16 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid evaluated in the Example
described later.
Fig. 17 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and GR gene expression-
suppressing activity evaluated in the Example described later.
Fig. 18 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and PCSK9 gene expression-
suppressing activity evaluated in the Example described later.
Fig. 19 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and PCSK9 gene expression-
suppressing activity evaluated in the Example described later.
Fig. 20 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and Rps6kb2 gene expression-
suppressing activity evaluated in the Example described later.
Fig. 21 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and PCSK9 gene expression-
suppressing activity evaluated in the Example described later.
Fig. 22 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and Rps6kb2 gene expression-
suppressing activity evaluated in the Example described later.
Fig. 23 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and GR gene expression-
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suppressing activity evaluated in the Example described later.
Fig. 24 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and PCSK9 gene expression-
suppressing activity evaluated in the Example described later.
Fig. 25 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and PCSK9 gene expression-
suppressing activity evaluated in the Example described later.
Fig. 26 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid evaluated in the Example
described later.
Fig. 27 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and GR gene expression-
suppressing activity evaluated in the Example described later.
Fig. 28 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid and PCSK9 gene expression-
suppressing activity evaluated in the Example described later.
Fig. 29 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid evaluated in the Example
described later.
Fig. 30 is a graph showing the results of hepatotoxicity of antisense oligonucleic acid evaluated in the Example
described later.

[Description of Embodiments]

[0023] The antisense oligonucleic acid of the present invention is characterized in that it has a base length of not less
than 7nt, not more than 30nt; nucleic acid residues of not less than 1nt and not more than 5nt respectively from the both
terminals are 2’, 4’-bridged nucleic acids; 2’,4’-non-bridged nucleic acid residue(s) is(are) present between the above-
mentioned both terminals; and one or more bases in the nucleic acid residue(s) of the above-mentioned 2’,4’-non-bridged
nucleic acid residue(s) is/are modified.
[0024] The base sequence of the antisense oligonucleic acid of the present invention is not particularly limited as long
as it can hybridize to the target mRNA with high binding affinity and one or more bases of nucleic acid residue in a
particular region is/are modified. The original base sequence before modification of the base can be determined by a
conventional method according to the target mRNA.
[0025] For example, when the translation initiation site of target mRNA is selected as a binding target site, an antisense
oligonucleic acid with high translation inhibitory activity may be designed. mRNA sometimes forms a hairpin loop structure
or a double strand structure in the molecule, and a single strand structure site is kinetically and thermodynamically
preferable as a binding target site. Thus, the secondary structure of mRNA is predicted by calculation, and a site predicted
to be a single-stranded structure can be selected as a binding target site. It is also possible to identify a sequence most
likely to form a double strand with the target mRNA by random screening using RNaseH, which selectively cleaves the
site where the double strand is formed.
[0026] The nucleic acid base in the antisense oligonucleic acid of the present invention may be, besides a modified
base, general adenine, guanine, uracil, thymine or cytosine. Since methylcytosine can be easily synthesized from thymine,
methylcytosine may also be used instead of cytosine.
[0027] The antisense oligonucleic acid of the present invention may also be a thioated oligonucleic acid. In general
oligonucleic acids, riboses are linked by a phosphodiester bond. The resistance of oligonucleic acid to exonuclease and
endonuclease is improved by binding riboses with a phosphorothioate bond. The oligonucleic acid may be complete
thioated oligonucleic acid in which all phosphoric acid groups are thioated or chimeric thioated oligonucleic acid in which
a part of the phosphoric acid group is thioated.
[0028] The base length of the antisense oligonucleic acid of the present invention is preferably not less than 7nt and
not more than 30nt. When the base length is not less than 7nt, the binding affinity and specificity to the target mRNA
can be sufficiently ensured. On the other hand, when the base length is not more than 30nt, the antigenicity is sufficiently
suppressed and synthesis is facilitated. The base length is preferably not less than 10nt, more preferably not less than
12nt, and preferably not more than 25nt and preferably not more than 20nt. The number of oligonucleic acids with a
base length of 17nt is 417=1.731010 and exceeds 2333109 which is the total number of bases in the human genome.
Accordingly, it is also possible to set the base length to not less than 17nt to improve specificity.
[0029] In the antisense oligonucleic acid of the present invention, nucleic acid residues each independently not less
than 1nt and not more than 5nt from the both terminals are 2’,4’-bridged nucleic acids. The nucleic acids at at least both
terminal sites are 2’,4’-bridged, which renders attacks by various nucleases difficult in vivo, and the antisense oligonucleic
acid can be present in the living body for a long time after administration to the living body. In addition, since the structure
is stabilized by 2’,4’-bridging, a double strand is easily formed with the target mRNA.
[0030] The 2’,4’-bridged structures in two or more 2’,4’-bridged nucleic acid residues may be identical to or different
from one another. The 2’,4’-bridged structure is not particularly limited as long as it stabilizes the structure of the ribose
moiety and, for example, the structures of the above-mentioned formulas (I) to (III) can be mentioned.
[0031] The nucleic acid base in the 2’,4’-bridged nucleic acid residue may be a general adenine, guanine, uracil,
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thymine or cytosine and may be modified. Since methylcytosine can be easily synthesized from thymine, methylcytosine
may also be used instead of cytosine, particularly at the both terminal sites. The number of modified bases at the both
terminal sites varies depending on the 2’,4’-bridged nucleic acid residues at the both terminal sites and is preferably not
more than 5 or not more than 4, more preferably not more than 3, further more preferably 1 or 2. The modified bases in
the both terminal sites may be, for example, those similar to the modified base in the 2’,4’-non-bridged nucleic acid residue.
[0032] The antisense oligonucleic acid according to the present invention has one or more 2’,4’-non-bridged nucleic
acid residues between both terminals composed of 2’,4’-bridged nucleic acid residues. That is, the antisense oligonucleic
acid according to the present invention is composed of 2’,4’-non-bridged nucleic acid residues except for the both terminal
sites thereof. Hereinafter, in the present disclosure, the parts other than the above-mentioned both terminal sites of the
antisense oligonucleic acid according to the present invention are sometimes referred to as a "middle part". The 2’,4’-
non-bridged nucleic acid residue in the middle part may be RNA, DNA, a nucleic acid derivative, or a combination of
two or more of these as long as bridging is absent between the 2’ position and the 4’ position. Examples of the nucleic
acid derivative include 2’-C1-6 alkylcarbonyloxynucleic acids such as 2’-halogenonucleic acid, 2’-acetoxynucleic acid
and the like, 2’-C1-6 alkyloxynucleic acids such as 2’-methoxynucleic acid and the like, 2’-triC1-6 alkylsilyloxynucleic acids
such as 2’-trimethylsilyloxynucleic acid and the like, and the like. It is preferable that all the nucleic acids in the above-
mentioned middle part be DNAs. When all the nucleic acids in the middle part are DNAs, an RNA-DNA double strand
is formed to the target mRNA, the double strand becomes a substrate for RNAseH, and the target mRNA is cleaved.
From the aspect of the substrate of RNAseH, the length of the above-mentioned middle part is preferably not less than
4, more preferably not less than 5, and still more preferably not less than 6. On the other hand, the length of the above-
mentioned middle part is preferably not more than 10 nt from the aspect of antigenicity.
[0033] In the antisense oligonucleic acid according to the present invention, the bases of one or more nucleic acid
residues in the above-mentioned middle part are modified. Since the original base sequence of the antisense oligonucleic
acid of the present invention is complementary to the base sequence of the binding target site of the target mRNA, and
has strong binding affinity to the binding target site, the binding affinity is considered to be maintained even if the base
of the middle part that forms a double strand with the target mRNA is modified. On the other hand, the hepatotoxicity of
the antisense oligonucleic acid is caused by the interaction with compounds other than the target mRNA and the binding
affinity to such compounds is highly likely lower than that to the target mRNA. In the present invention, the interaction
with such compounds is considered to be reduced to the extent that hepatotoxicity is reduced, by modifying the base of
one or more nucleic acid residues in the above-mentioned middle part.
[0034] The number of nucleic acid residues whose bases are modified in the middle part is preferably not more than
5, depending on the number of nucleic acid residues constituting the middle part. It is considered that the lower the
number, the more certainly the binding affinity to the target mRNA is maintained. The number is preferably not more
than 4 or not more than 3, further more preferably 2 or 1 and particularly preferably 1.
[0035] As modification of the base, for example, substitution of a group, addition of a functional group, removal of a
functional group are considered. For modification of a base, two or more modifications may be combined as long as it
is within one base. The substitution of a group may be not only substitution of a substituent bound to heterocycle of the
base, but also substitution of a group forming the heterocycle of the base. For example, it is also possible to substitute
=N-forming heterocycle of the base with =C<. For example, =N- at the 7-position of adenine and guanine may become
=N+< by the addition of a functional group.
[0036] When cytosine is to be modified, a preferable substituent introduction position is, for example, the 5-position.
As the substituent at the 5-position, C1-6 alkyl group, C2-6 alkenyl group, C2-6 alkynyl group, C6-12 aryl group, hydroxyl
group, amino group, C1-6 alkylamino group, di (C1-6 alkyl) amino group, a carboxy group, sulfonic acid group and the
like can be mentioned. In addition, one or two from C1-6 alkyl group, C2-6 alkenyl group and C2-6 alkynyl group may be
introduced into the 4-position amino group.
[0037] Preferable modification of cytosine, thymine and uracil includes, for example, substitution of the 2-position
carbonyl group with a thiocarbonyl group. In addition, a C1-6 alkyl group may be introduced into the 3-position amino
group of thymine or uracil.
[0038] When guanine or adenine is to be modified, a preferable substituent introduction position is, for example, the
8-position. Examples of the substituent at the 8-position include halogeno groups in addition to hydrophilic substituents
such as amino group, C1-6 alkylamino group, di (C1-6 alkyl) amino group and the like. Alternatively, the 7-position =N-
may be converted to =C< and a phenylethynyl group may be introduced.
[0039] Examples of more specific modified base include cytosine derivatives such as 5-hydroxycytosine, 4-acetylcy-
tosine, 3-C1-6 alkylcytosine, 5-C1-6 alkylcytosine, 2-thiocytosine and the like; thymine derivatives such as 2-thiothymine,
dihydrothymine, pseudo thymine and the like; uridine derivatives such as 2-thiouridine, 5-(carboxyhydroxymethyl)uridine,
5-carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluridine, dihydrouridine, pseudo uridine, 5-
methylaminomethyluridine, 5-methylaminomethyl-2-thiouridine, 5-methoxycarbonylmethyl-2-thiouridine, 5-methoxycar-
bonylmethyluridine, 5-methoxyuridine and the like; guanine derivatives such as 8-aminoguanine, 8-halogenoguanine,
7-deaza-7-(2-phenylethynyl)guanine, 7-deaza-7-[2-(4-pyridyl)ethynyl]guanine, 7-deaza-7-[2-(2-pyridyl)ethynyl]gua-
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nine, 7-deaza-7-[2-(3-pyridyl)ethynyl]guanine, 7-deaza-7-[2-(C1-7 alkanoyloxy-C1-6 alkyl) ethynyl] guanine, 7-deaza-
7-[2-(hydroxy-C1-6 alkyl) ethynyl] guanine, 1-C1-6 alkylguanine, 2,2-di(C1-6 alkyl)guanine, 2-C1-6 alkylguanine, 7-deaza-
7-C1-6 alkylguanine, 7-deaza-7-C2-6 alkenylguanine, 7-deaza-7-C2-6 alkynylguanine, 7-deaza-7-halogenoguanine, ino-
sine, 1-C1-6 alkylinosine, queuosine, β,D-galactosylqueuosine, β,D-mannosylqueuosine and the like; and adenine de-
rivatives such as N6-C2-6 alkenyladenine, 1-C1-6 alkyladenine, 2-C1-6 alkyladenine, N6-C1-6 alkyladenine, 2-C1-6 alkylthio-
N6-C2-6 alkenyladenine and the like.
[0040] The present inventors developed the following novel 7-substituted guanosine derivative (VIII) as a compound
having a modified base:

wherein

R31 is H or a hydroxyl-protecting group selected from a silyl protecting group, a trityl protecting group, a carbamate
protecting group and a benzylether protecting group;
R32 and R33 are each independently a phenyl group optionally substituted by a halogeno group, a nitro group or a
C1-6 alkyl group, or a C1-6 alkyl group optionally substituted by a cyano group;
R34 is an amino-protecting group; and
R35 is a halogeno group or R36-C≡C-(R36 is a C6-12 aryl group, a heterocyclic aromatic ring group, a hydroxy-C1-6
alkyl group or a C1-7 alkanoyloxy-C1-6 alkyl group) .

[0041] Examples of the "silyl protecting group" include trimethylsilyl, triethylsilyl, triisopropylsilyl, dimethylisopropylsilyl,
diethylisopropylsilyl, dimethylthexylsilyl, t-butyldimethylsilyl, t-butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, triphenylsi-
lyl, diphenylmethylsilyl, t-butylmethoxyphenylsilyl and the like, examples of the "trityl protecting group" include triphenyl-
methyl, α-naphthyldiphenylmethyl, p-methoxyphenyldiphenylmethyl, di(p-methoxyphenyl)phenylmethyl, tri(p-methoxy-
phenyl)methyl, 4-(4’-bromophenacyloxy)phenyldiphenylmethyl, 4,4’,4"-tris(4,5-dichlorophthalimidophenyl)methyl, 4, 4’,
4"-tris(levulinoyl oxyphenyl)methyl, 4,4’,4"-tris(benzoyloxyphenyl)methyl, 3-(imidazoyl-1-ylmethyl)bis(4’,4"-dimethoxy-
phenyl)methyl, 1,1-bis(4-methoxyphenyl)-1’-pyrenylmethyl and the like, examples of the "carbamate protecting group"
include t-butoxycarbonyl, fluorenylmethyloxycarbonyl, benzyloxycarbonyl and the like, examples of the "benzylether
protecting group" include benzyl, methoxybenzyl, nitrobenzyl, halobenzyl, phenylbenzyl and the like, and examples of
the "alkanoyl protecting group" include formyl, acetyl, halogenated acetyl, pivaloyl, benzoyl and the like. As the "amino-
protecting group", those recited above can be mentioned.
[0042] The "heterocyclic aromatic ring group" refers to a 5-membered ring aromatic heterocyclyl group, 6-membered
ring aromatic heterocyclyl group or fused ring aromatic heterocyclyl group having at least one hetero atom such as a
nitrogen atom, an oxygen atom, a sulfur atom and the like. For example, 5-membered heterocyclic aromatic ring groups
such as pyrrolyl, imidazolyl, pyrazolyl, thienyl, furyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, thiadiazole and the like;
6-membered heterocyclic aromatic ring groups such as pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl and the like; fused ring
heterocyclic aromatic ring groups such as indolyl, isoindolyl, quinolinyl, isoquinolinyl, benzofuranyl, isobenzofuranyl,
chromenyl and the like can be mentioned. It is preferably heterocyclic aromatic ring group containing a nitrogen atom,
more preferably pyridyl.
[0043] The base to be modified is not particularly limited. For example, since the base length of the antisense oligo-
nucleic acid of the present invention is not less than 7nt and not more than 30nt, the base sequence of the original
antisense oligonucleic acid may be determined, the base is modified one by one and a modified base superior in a
hepatotoxicity reducing effect may be determined. However, as described in the Examples below, since a favorable
hepatotoxicity reducing effect tends to be seen when thymine, guanine or cytosine contained in the sequence of TGC
or TCC is modified, modification of a base of the nucleic acid residue contained in these sequences can be one aim.
[0044] In the antisense oligonucleic acid according to the present invention, in particular, the base of one nucleic acid
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residue is modified, and thus shows reduced hepatotoxicity compared to the antisense oligonucleic acid before such
modification. For example, the serum concentrations after administration of antisense oligonucleic acids of AST (aspartate
aminotransferase) and ALT (alanine aminotransferase), which are indices of hepatotoxicity, are preferably not more
than 60% or not more than 50%, more preferably not more than 40% or not more than 20%, further more preferably not
more than 10%, particularly preferably not more than 5%, of the serum concentration measured under the same conditions
except that the antisense oligonucleic acid before the above-mentioned modification is used. In addition, the serum
concentration of AST after administration of the antisense oligonucleic acid of the present invention is preferably not
more than 100IU/L, more preferably not more than 40IU/L, and the serum concentration of ALT is preferably not more
than 100IU/L, more preferably not more than 40IU/L, further more preferably not more than 20IU/L.
[0045] In the present disclosure, the serum concentrations of AST and ALT are determined by, for example, intrave-
nously injecting antisense oligonucleic acid to mice or rats at a predetermined dose of about not less than 10 mg/kg
body weight and not more than about 30 mg/kg body weight, collecting blood after lapse of predetermined time of not
less than about 70 hours and not more than about 120 hr, and measuring same from a serum obtained by centrifugation.
[0046] The antisense oligonucleic acid according to the present invention can be produced by a conventional method.
For example, since the base length of the antisense oligonucleic acid of the present invention is not less than 7nt and
not more than 30nt, it can be easily produced using an automatic nucleic acid synthesizer.
[0047] Since the antisense oligonucleic acid according to the present invention has a base sequence complementary
to the target mRNA, it can strongly inhibit translation of the target mRNA and can also reduce hepatotoxicity as described
above. Therefore, the antisense oligonucleic acid is useful as a medicament for preventing or treating a disease involving
a target mRNA.
[0048] The antisense oligonucleic acid of the present invention can be formulated as a parenteral preparation or a
liposome preparation by blending with, for example, adjuvants generally used in the technical field of preparation for-
mulation of medicaments such as excipient, binder, preservative, oxidation stabilizer, disintegrant, lubricant, corrigent
and the like. In addition, a topical preparation such as liquid, cream, ointment and the like can be formulated by blending
with, for example, a pharmaceutical carrier generally used in the pertinent technical field.
[0049] The antisense oligonucleic acids of the present invention can be administered to human and animals other
than human. The dose may be appropriately adjusted depending on the patient’s age, sex, body weight, condition, the
kind of disease, severity, prophylactic or therapeutic use, and the like. For example, a dose per administration and per
kg body weight for adult human is not less than0.01 mg and not more than 100 g. The dose is preferably not less than
0.1 mg or not less than 1.0 pg, more preferably not less than 10 mg or not less than 100 pg, further preferably not less
than 1 mg, and preferably not more than 10 g or not more than 1.0 g, more preferably not more than 100 mg or not more
than 10 mg, further more preferably not more than 5 mg. The frequency of administration may be appropriately adjusted
between once per month and about not more than 3 times per day.
[0050] This application claims the benefit of priority right based on a patent application No. 2017-30489 filed in Japan
(filing date: February 21, 2017). The contents of Japanese patent application No. 2017-30489 filed on February 21, 2017
are incorporated in full herein for reference.

[Examples]

[0051] The present invention is more specifically described by way of Examples. However, the present invention is
not limited by the following Examples, and appropriate modifications may be made within the range compatible to the
above-mentioned and the later-mentioned gist. All of such modifications are encompassed in the technical scope of the
present invention.

Example 1: Evaluation of hepatotoxicity of antisense oligonucleic acid

(1) Selection and synthesis of antisense oligonucleic acid

[0052] The mechanism of induction of hepatotoxicity which has been a problem in nucleic acid medicaments is con-
sidered to include (i) suppression of expression of non-target gene, (ii) activation of natural immunity, and (iii) signaling
pathway via a biomolecule such as a protein and the like related to nucleic acid medicaments. As an antisense oligonucleic
acid which avoids the above-mentioned mechanisms (i) and (ii) and induces particularly strong hepatotoxicity by the
contribution of the above-mentioned mechanism (iii), #101 was selected. The synthesis of #101 having the sequence
shown in Table 1 and derivative #101-C2-7 thereof was committed to Gene Design, Inc. The molecular weight of the
obtained antisense oligonucleic acid was measured by mass spectrum. The theoretical value of the molecular weight
of #101 was 4589.72, the measured value was 4600.61, and the theoretical value of the molecular weight of #101-C2-7
was 4605.72, the measured value was 4602.22.
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[0053] In the above-mentioned sequence, capital letters indicate 2’, 4’ -bridged nucleic acid (LNA) having the following
structure, small letters indicate DNA, the base in mC is 5-methylcytosine, and the base in ζ is 5-hydroxycytosine.

[0054] Each antisense oligonucleic acid was dissolved in physiological saline (manufactured by Otsuka Pharmaceutical
Co., Ltd.) to give a 2 mg/mL solution, and the solution was cryopreserved at -30°C until used in experiments.

(2) Hepatotoxicity test

[0055] Five-week-old male C57BL/6NCrl mice (Nihon Charles River Co., Ltd.) were quarantined and acclimated for
1 week and used for experiments. The mice were optionally divided into 3 groups (4 mice per group), and physiological
saline (manufactured by Otsuka Pharmaceutical Co., Ltd.) or each antisense oligonucleic acid solution was administered
once at a dose of 10 mL/kg body weight (20 mg/kg body weight as dose of antisense oligonucleic acid) from the tail
vein. On the fourth day (96 hours later), the mice were anesthetized by inhalation of 2.0 to 4.0% isoflurane (manufactured
by DS Pharma Animal Health), and blood was collected from the abdominal portion of posterior vena cava as much as
possible. The obtained blood was allowed to stand at room temperature for 20 to 60 min and centrifuged at 1700xg for
5 min to give serum. At the time of blood collection, when the blood volume did not reach the amount necessary for
analysis, it was diluted with water for injection and used for the analysis. The concentrations of aspartate transaminase
(AST) and alanine transaminase (ALT) in the obtained serum were measured using an automatic biochemical analyzer
("JCA-BM6070" manufactured by JEOL Ltd.). The breeding and experiment of the above-mentioned animal experiment
were conducted in the animal experiment facility of Safety Laboratory, SHIN NIPPON BIOMEDICAL LABORATORIES,
LTD. in accordance with the animal experiment regulations of SHIN NIPPON BIOMEDICAL LABORATORIES, LTD.
The results are shown in Fig. 1. In Fig. 1, "*" indicates presence of a significant difference at p<0.05.
[0056] As shown in the results of Fig. 1, AST and ALT are enzymes to be the indices of liver dysfunction, and the
serum concentrations of these enzymes due to particularly high hepatotoxicity of #101 could be reduced significantly
only by changing cytosine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 5-hydrox-
ycytosine.

Example 2: Evaluation of hepatotoxicity of antisense oligonucleic acid

[0057] In the same manner as in the above-mentioned Example 1 except that #12, #98, #14 or derivatives thereof
which induce strong hepatotoxicity by contribution of the above-mentioned hepatotoxicity induction mechanism (iii) were
used instead of antisense oligonucleic acid #101, the hepatotoxicity was evaluated. The theoretical value of the molecular
weight of #12 was 4614.73 and the measured value was 4614.27, the theoretical value of the molecular weight of #12-
C2-10 was 4630.73 and the measured value was 4627.86, the theoretical value of the molecular weight of #98 was
4613.75 and the measured value was 4612.79, the theoretical value of the molecular weight of #98-C2-7 was 4629.75
and the measured value was 4631.10, the theoretical value of the molecular weight of #14 was 4606.71 and the measured
value was 4605.66, and the theoretical value of the molecular weight of #14-C2-6 was 4622.71 and the measured value

[Table 1]

#101 G T T a t g c c a c c mC T A

#101-C2-7 G T T a t g ζ  c a c c mC T A
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was 4619.72. The sequence of each antisense oligonucleic acid used in this Example is shown in Table 2, and the
measurement results of the hepatotoxicity are shown in Fig. 2. In Fig. 2, "*" indicates presence of a significant difference
at p<0.05.

[0058] As shown in the results of Fig. 2, the serum concentrations of AST and ALT could be reduced significantly only
by changing cytosine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 5-hydroxycytosine
also in other antisense oligonucleic acids #12, #98 and #14 having high hepatotoxicity. The serum concentrations of
AST and ALT were reduced to several percents by the above-mentioned mutation, though not as much as that in #101
having particularly high hepatotoxicity.

Example 3: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0059] GR (Glucocortiocoid Receptor) is one kind of steroid receptors and works as a receptor for the steroid hormone
hydrocortisone. It also undergoes nuclear translocation in a ligand-dependent manner and also works as a transcription
factor. Therefore, Posi12 (Nucleic Acid Ther., 2012, 22, 5, 344-359) was selected as an antisense oligonucleic acid
targeting same, and the synthesis of Posi12 having the sequence shown in Table 3 and its derivative Posi12-C2-11 was
committed to Gene Design, Inc. The theoretical value of the molecular weight of Posi12 was 4611.71 and the measured
value was 4610.81, and the theoretical value of the molecular weight of Posi12-C2-11 was 4627.71 and the measured
value was 4625.65.

[0060] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum was
measured in the same manner as in the above-mentioned Example 1 (2). The results are shown in Fig. 3 (1).
[0061] In addition, the GR gene expression-suppressing activity of each antisense oligonucleic acid was measured.
To be specific, after blood was collected in the above-mentioned hepatotoxicity test, the mouse was euthanized by
freezing, and the liver was removed and the weight was measured. About 100 mg was collected as a sample from a
site where no abnormality was found macroscopically in the excised liver. The weight of the collected sample was
measured, the sample was frozen in liquid nitrogen and stored in an ultra low temperature freezer. The cryopreserved
liver sample was homogenized as much as possible using a homogenizer (Shake Master auto, Bio Medical Science
Inc.) and TRIzol reagent (Thermo Fisher Scientific) under ice-cooling and total RNA was extracted. The UV absorption
spectrum of the extracted total RNA was measured using Nano Vue or Nano Vue Plus (GE Healthcare), and the purity
was calculated from the RNA concentration and O.D.260/O.D.280 ratio. Quantitative PCR was performed on total RNA
using One Step SYBR PrimeScript RT-PCR Kit (Takara) and Applied Biosystems 7500 (Life Technologies Japan Ltd),
the expression ratio of the target gene in the antisense oligonucleic acid administration group relative to the saline
administration group was calculated, and the activity was evaluated. The results are shown in Fig. 3 (2).
[0062] As shown in the results of Fig. 3 (1), the hepatotoxicity by Posi12 was reduced to 40% by only changing cytosine,
which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 5-hydroxycytosine. On the other hand,
as shown in the results of Fig. 3 (2), GR gene expression-suppressing activity did not change even when cytosine, which
is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of Posi12, was changed to 5-hydroxycytosine.
Thus, according to the present invention, hepatotoxicity can be reduced without reducing the activity of antisense oligo-
nucleic acid.

[Table 2]

#12 G T mC c g c a t g c c T A A

#12-C2-10 G T mC c g c a t g ζ  c T A A

#98 G A T a t g c c c t a mC T A

#98-C2-7 G A T a t g ζ c c t a mC T A

#14 G T A t g c c t c c g T T A

#14-C2-6 G T A t g ζ  c t c c g T T A

[Table 3]

Posi12 G T mC t c t t t a c c T G G

Posi12-C2-11 G T mC t c t t t a c ζ T G G
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Example 4: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0063] Posi14 (Nucleic Acid Ther., 2012, 22, 5, 344-359) was selected as an antisense oligonucleic acid targeting
mouse GR, and the synthesis of Posi14 having the sequence shown in Table 4 and its derivative Posi14-C2-6 was
committed to Gene Design, Inc. The theoretical value of the molecular weight of Posi14 was 4691.78 and the measured
value was 4691.10, and the theoretical value of the molecular weight of Posi14-C2-6 was 4707.78 and the measured
value was 4705.24.

[0064] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum and
GR gene expression-suppressing activity were measured in the same manner as in the above-mentioned Example 3.
The results are shown in Fig. 4.
[0065] As shown in the results of Fig. 4 (1), the hepatotoxicity by Posi14 was reduced to 70% by only changing cytosine,
which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 5-hydroxycytosine, and the degree
of reduction became 13% by removing abnormal measurement values. On the other hand, as shown in the results of
Fig. 4 (2), GR gene expression-suppressing activity did not change even when cytosine, which is in one of the 2’,4’-non-
bridged nucleic acid residues in the middle part, was changed to 5-hydroxycytosine. Thus, according to the present
invention, hepatotoxicity can be reduced without reducing the activity of antisense oligonucleic acid.

Example 5: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0066] PCSK9 (Pro-protein Convertase Subtilisin Kexin 9) is one kind of endoproteases. It reduces LDL uptake by
binding to and degrading the receptor for LDL, thus resulting in an increase in the blood LDL level. Posi15 was selected
as an antisense oligonucleic acid targeting mouse PCSK9 gene, and the synthesis of Posi15 having the sequence shown
in Table 5 and its derivatives Posi15-C2-4 and Posi15-C2-11 was committed to Gene Design, Inc. The theoretical value
of the molecular weight of Posi15 was 4586.77 and the measured value was 4586.73, the theoretical value of the
molecular weight of Posi15-C2-4 was 4602.77 and the measured value was 4600.61, and the theoretical value of the
molecular weight of Posi15-C2-11 was 4602.77 and the measured value was 4602.09.

[0067] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum and
PCSK9 gene expression-suppressing activity were measured in the same manner as in the above-mentioned Example
3. The results are shown in Fig. 5.
[0068] As shown in the results of Fig. 5 (1), the hepatotoxicity by Posi15 was reduced to 40% or 60% by only changing
cytosine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 5-hydroxycytosine, and the
degree of reduction became 30% or 40% by removing abnormal measurement values. On the other hand, as shown in
the results of Fig. 5 (2), PCSK9 gene expression-suppressing activity almost did not change even when cytosine, which
is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of Posi15, was changed to 5-hydroxycytosine.
Thus, according to the present invention, hepatotoxicity can be reduced without reducing the activity of antisense oligo-
nucleic acid.

Example 6: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0069] Posi17 was selected as an antisense oligonucleic acid targeting mouse PCSK9 gene, and the synthesis of
Posi17 having the sequence shown in Table 6 and its derivative Posi17-C2-10 was committed to Gene Design, Inc. The
theoretical value of the molecular weight of Posi17 was 4300.54 and the measured value was 4300.92, and the theoretical
value of the molecular weight of Posi17-C2-10 was 4316.54 and the measured value was 4314.46.

[Table 4]

Posi14 A G G t g c t t t g g T mC T

Posi14-C2-6 A G G t g ζ  t t t g g T mC T

[Table 5]

Posi15 A mC A c c a a g t t c T mC mC

Posi15-C2-4 A mC A ζ c a a g t t c T mC mC

Posi15-C2-11 A mC A c c a a g t t ζ T mC mC
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[0070] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum and
PCSK9 gene expression-suppressing activity were measured in the same manner as in the above-mentioned Example
3. The results are shown in Fig. 6. In Fig. 6, "*" indicates presence of a significant difference at p<0.05.
[0071] As shown in the results of Fig. 6 (1), the hepatotoxicity by Posi17 was significantly reduced to 50% by only
changing cytosine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 5-hydroxycytosine.
On the other hand, as shown in the results of Fig. 6 (2), PCSK9 gene expression-suppressing activity almost did not
change even when cytosine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of Posi17,
was changed to 5-hydroxycytosine. Thus, according to the present invention, hepatotoxicity can be reduced without
reducing the activity of antisense oligonucleic acid.

Example 7: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0072] Rps6kb2 (Ribosomal protein S6 kinase beta-2) is a serine-threonine kinase identified as an enzyme that phos-
phorylates ribosome protein S6, activated by stimulation with growth factor, stress and the like, and regulates cell cycle
and protein synthesis. No.97 was selected as an antisense oligonucleic acid targeting same, and the synthesis of No.97
having the sequence shown in Table 7 and its derivatives No.97-C2-7, No.97-C2-9 and No.97-C2-10 was committed to
Gene Design, Inc. The theoretical value of the molecular weight of No. 97 was 4182.40 and the measured value was
4183.06, the theoretical value of the molecular weight of No.97-C2-7 was 4198.40 and the measured value was 4197.54,
the theoretical value of the molecular weight of No.97-C2-9 was 4198.40 and the measured value was 4196.60, and the
theoretical value of the molecular weight of No.97-C2-10 was 4198.40 and the measured value was 4199.40.

[0073] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum and
Rps6kb2 expression-suppressing activity were measured in the same manner as in the above-mentioned Example 3.
The results are shown in Fig. 7. In Fig. 7, "*" indicates presence of a significant difference at p<0.05.
[0074] As shown in the results of Fig. 7 (1), the hepatotoxicity by No.97 was reduced to 33%, 20% or 35% by only
changing cytosine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 5-hydroxycytosine.
On the other hand, as shown in the results of Fig. 7 (2), GR gene expression-suppressing activity almost did not change
even when cytosine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of No.97, was
changed to 5-hydroxycytosine. Thus, according to the present invention, hepatotoxicity can be reduced without reducing
the activity of antisense oligonucleic acid.

Example 8: Evaluation of hepatotoxicity of antisense oligonucleic acid

[0075] In the same manner as in the above-mentioned Example 1 except that #101-T6-5 was used as the derivative
of antisense oligonucleic acid #101, hepatotoxicity was evaluated. The theoretical value of the molecular weight of #101-
T6-5 was 4605.78 and the measured value was 4605.10. The sequence of each antisense oligonucleic acid used in this
Example is shown in Table 8, and the measurement results of the hepatotoxicity are shown in Fig. 8. In Fig. 8, "*"
indicates presence of a significant difference at p<0.05.

[Table 6]

Posi17 mC T g t g a t g a c mC T mC

Posi17-C2-10 mC T g t g a t g a ζ  mC T mC

[Table 7]

No.97 mC G c c c t c g c c mC T mC

No.97-C2-7 mC G c c c t ζ g c c mC T mC

No.97-C2-9 mC G c c c t c g ζ c mC T mC

No.97-C2-10 mC G c c c t c g c ζ  mC T mC

[Table 8]

#101 G T T a t g c c a c c c mC T A

#101-T6-5 G T T a κ g c c a c c mC T A
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[0076] In the above-mentioned sequences, the base in κ is 2-thiocarbonylthymine and κ has the following structure:

[0077] As shown in the results of Fig. 8, the serum concentrations of AST and ALT could be reduced by converting
thymine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of antisense oligonucleic acid
#101 having very high hepatotoxicity, to 2-thiocarbonylthymine.

Example 9: Evaluation of hepatotoxicity of antisense oligonucleic acid

[0078] In the same manner as in the above-mentioned Example 1 except that #98, #14 or a derivative thereof was
used instead of antisense oligonucleic acid #101, hepatotoxicity was evaluated. The theoretical value of the molecular
weight of #98-T6-5 was 4629.81 and the measured value was 4631.05, and the theoretical value of the molecular weight
of #14-T6-4 was 4622.77 and the measured value was 4623.11. The sequence of each antisense oligonucleic acid used
in this Example is shown in Table 9, and the measurement results of the hepatotoxicity are shown in Fig. 9. In Fig. 9,
"*" indicates presence of a significant difference at p<0.05.

[0079] The serum concentrations of AST and ALT could be reduced significantly only by changing thymine, which is
in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 2-thiocarbonylthymine also in other antisense
oligonucleic acids #98 and #14 having high hepatotoxicity.

Example 10: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0080] Posi12 (Nucleic Acid Ther., 2012, 22, 5, 344-359) was selected as an antisense oligonucleic acid targeting
mouse GR, and the synthesis of Posi12 having the sequence shown in Table 10 and its derivative Posi12-T6-4 was
committed to Gene Design, Inc. The theoretical value of the molecular weight of Posi12-T6-4 was 4627.77 and the
measured value was 4629.03.

[0081] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum and
GR gene expression-suppressing activity were measured in the same manner as in the above-mentioned Example 3.
The results are shown in Fig. 10. In Fig. 10, "*" indicates presence of a significant difference at p<0.05.
[0082] As shown in the results of Fig. 10 (1), the hepatotoxicity by Posi12 was reduced to 40% by only changing
thymine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 2-thiocarbonylthymine. On

[Table 9]

#98 G A T a t g c c c t a mC T A

#98-T6-5 G A T a κ g c c c t a mC T A

#14 G T A t g c c t c c g T T A

#14-T6-4 G T A κ  g c c t c c g T T A

[Table 10]

Posi12 G T mC t c t t t a c c T G G

Posi 12-T6-4 G T mC κ  c t t t a c c T G G
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the other hand, as shown in the results of Fig. 10 (2), GR gene expression-suppressing activity did not change even
when thymine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of Posi12, was changed
to 2-thiocarbonylthymine. Thus, according to the present invention, hepatotoxicity can be reduced without reducing the
activity of antisense oligonucleic acid.

Example 11: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0083] Posi14 (Nucleic Acid Ther., 2012, 22, 5, 344-359) was selected as an antisense oligonucleic acid targeting
mouse GR, and the synthesis of Posi14 having the sequence shown in Table 11 and its derivative Posi14-T6-4 was
committed to Gene Design, Inc. The theoretical value of the molecular weight of Posi14-T6-4 was 4707.84 and the
measured value was 4708.38.

[0084] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum and
GR gene expression-suppressing activity were measured in the same manner as in the above-mentioned Example 3.
The results are shown in Fig. 11. In Fig. 11, "*" indicates presence of a significant difference at p<0.05.
[0085] As shown in the results of Fig. 11 (1), the hepatotoxicity by Posi14 was reduced to 3% by only changing thymine,
which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 2-thiocarbonylthymine. On the other
hand, as shown in the results of Fig. 11 (2), GR gene expression-suppressing activity did not change even when thymine,
which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of Posi14, was changed to 2-thiocarbo-
nylthymine. Thus, according to the present invention, hepatotoxicity can be reduced without reducing the activity of
antisense oligonucleic acid.

Example 12: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0086] Posi17 (Nucleic Acid Ther., 2012, 22, 5, 344-359) was selected as an antisense oligonucleic acid targeting
mouse PCSK9, and the synthesis of Posi17 having the sequence shown in Table 12 and its derivative Posi17-T6-4 was
committed to Gene Design, Inc. The theoretical value of the molecular weight of Posi17-T6-4 was 4316.60 and the
measured value was 4316.08.

[0087] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum and
PCSK9 gene expression-suppressing activity were measured in the same manner as in the above-mentioned Example
3. The results are shown in Fig. 12. In Fig. 12, "*" indicates presence of a significant difference at p<0.05.
[0088] As shown in the results of Fig. 12 (1), the hepatotoxicity by Posi17 was reduced to 60% by only changing
thymine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 2-thiocarbonylthymine. On
the other hand, as shown in the results of Fig. 12 (2), PCSK9 gene expression-suppressing activity almost did not change
even when thymine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of Posil7, was
changed to 2-thiocarbonylthymine. Thus, according to the present invention, hepatotoxicity can be reduced without
reducing the activity of antisense oligonucleic acid.

Example 13: Evaluation of hepatotoxicity of antisense oligonucleic acid

[0089] In the same manner as in the above-mentioned Example 1 except that #101-G3-6 was used as the derivative
of antisense oligonucleic acid #101, hepatotoxicity was evaluated. The theoretical value of the molecular weight of #101-
G3-6 was 4604.73 and the measured value was 4605.45. The sequence of each antisense oligonucleic acid used in
this Example is shown in Table 13, and the measurement results of the hepatotoxicity are shown in Fig. 13. In Fig. 13,
"*" indicates presence of a significant difference at p<0.05.

[Table 11]

Posi14 A G G t g c t t t g g T mC T

Posi14-T6-4 A G G κ  g c t t t g g T mC T

[Table 12]

Posi17 mC T g t g a t g a c mC T mC

Posi17-T6-4 mC T g κ  g a t g a c mC T mC



EP 3 587 576 A9

16

5

10

15

20

25

30

35

40

45

50

55

[0090] In the above-mentioned sequences, the base in λ is 8-aminoguanine and λ has the following structure:

[0091] As shown in the results of Fig. 13, the serum concentrations of AST and ALT could be reduced by only converting
guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of antisense oligonucleic acid
#101 having very high hepatotoxicity, to 8-aminoguanine.

Example 14: Evaluation of hepatotoxicity of antisense oligonucleic acid

[0092] In the same manner as in the above-mentioned Example 1 except that #12, #98, #14 or derivatives thereof
were used, hepatotoxicity was evaluated. The theoretical value of the molecular weight of #12-G3-9 was 4629.74 and
the measured value was 4628.19, the theoretical value of the molecular weight of #98-G3-6 was 4628.76 and the
measured value was 4628.93, and the theoretical value of the molecular weight of #14-G3-5 was 4621.72 and the
measured value was 4621.39. The sequence of each antisense oligonucleic acid used in this Example is shown in Table
14, and the measurement results of the hepatotoxicity are shown in Fig. 14. In Fig. 14, "*" indicates presence of a
significant difference at p<0.05.

[0093] As shown in the results of Fig. 14, the serum concentrations of AST and ALT could be reduced significantly
only by changing guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 8-amino-
guanine also in other antisense oligonucleic acids #12, #98 and #14 having high hepatotoxicity.

Example 15: Evaluation of hepatotoxicity of antisense oligonucleic acid

[0094] In the same manner as in the above-mentioned Example 1 except that #101 or a derivative thereof #101-G4-6
was used, hepatotoxicity was evaluated. The theoretical value of the molecular weight of #101-G4-6 was 4668.61 and
the measured value was 4670.31. The sequence of each antisense oligonucleic acid used in this Example is shown in
Table 15, and the measurement results of the hepatotoxicity are shown in Fig. 15. In Fig. 15, "*" indicates presence of
a significant difference at p<0.05.

[Table 13]

#101 G T T a t g c c a c c mC T A

#101-G3-6 G T T a t λ  c c a c c mC T A

[Table 14]

#12 G T mC c g c a t g c c T A A

#12-G3-9 G T mC c g c a t λ  c c T A A

#98 G A T a t g c c c t a mC T A

#98-G3-6 G A T a t λ c c c t a mC T A

#14 G T A t g c c t c c g T T A

#14-G3-5 G T A t λ  c c t c c g T T A
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[0095] In the above-mentioned sequences, the base in m is 8-bromoguanine and m has the following structure:

[0096] As shown in the results of Fig. 15, the serum concentrations of AST and ALT could be reduced by only converting
guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of antisense oligonucleic acid
#101 having very high hepatotoxicity, to 8-bromoguanine.

Example 16: Evaluation of hepatotoxicity of antisense oligonucleic acid

[0097] In the same manner as in the above-mentioned Example 1 except that #12, #98, #14 or derivatives thereof
were used instead of antisense oligonucleic acid #101, hepatotoxicity was evaluated. The theoretical value of the mo-
lecular weight of #12-G4-9 was 4693.62 and the measured value was 4692.50, the theoretical value of the molecular
weight of #98-G4-6 was 4692.64 and the measured value was 4693.45, the theoretical value of the molecular weight of
#14-G4-5 was 4685.60 and the measured value was 4683.86. The sequence of each antisense oligonucleic acid used
in this Example is shown in Table 16, and the measurement results of the hepatotoxicity are shown in Fig. 16. In Fig.
16, "*" indicates presence of a significant difference at p<0.05.

[0098] As shown in the results of Fig. 16, the serum concentratio ns of AST and ALT could be reduced significantly
only by changin g guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 8-
bromoguanine also in other an tisense oligonucleic acids #12, #98 and #14 having high hepatoto xicity.

Example 17: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0099] Posi14 (Nucleic Acid Ther., 2012, 22, 5, 344-359) was selected as an antisense oligonucleic acid targeting
mouse GR, and the synthesis of Posi14 having the sequence shown in Table 17 and its derivative Posi14-G4-10 was
committed to Gene Design, Inc. The theoretical value of the molecular weight of Posi14-G4-10 was 4770.67 and the
measured value was 4771.46.

[Table 15]

#101 G T T a t g c c a c c mC T A

#101-G4-6 G T T a t m c c a c c mC T A

[Table 16]

#12 G T mC c g c a t g c c T A A

#12-G4-9 G T mC c g c a t m c c T A A

#98 G A T a t g c c c t a mC T A

#98-G4-6 G A T a t m c c c t a mC T A

#14 G T A t g c c t c c g T T A

#14-G4-5 G T A t m c c t c c g T T A
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[0100] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum and
GR gene expression-suppressing activity were measured in the same manner as in the above-mentioned Example 3.
The results are shown in Fig. 17. In Fig. 17, "*" indicates presence of a significant difference at p<0.05.
[0101] As shown in the results of Fig. 17 (1), the hepatotoxicity by Posi14 was reduced to 30% by only changing
guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 8-bromoguanine. On the
other hand, as shown in the results of Fig. 17 (2), GR gene expression-suppressing activity almost did not change even
when guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of Posi14, was changed
to 8-bromoguanine. Thus, according to the present invention, hepatotoxicity can be reduced without reducing the activity
of antisense oligonucleic acid.

Example 18: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0102] Posi15 was selected as an antisense oligonucleic acid targeting mouse PCSK9, and the synthesis of Posi15
having the sequence shown in Table 18 and its derivative Posi15-G4-8 was committed to Gene Design, Inc. The theoretical
value of the molecular weight of Posi15-G4-8 was 4665.66 and the measured value was 4666.01.

[0103] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum and
PCSK9 gene expression-suppressing activity were measured in the same manner as in the above-mentioned Example
3. The results are shown in Fig. 18. In Fig. 18, "*" indicates presence of a significant difference at p<0.05.
[0104] As shown in the results of Fig. 18 (2), PCSK9 gene expression-suppressing activity somewhat decreased when
guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of Posi15, was changed to 8-
bromoguanine. As shown in the results of Fig. 18 (1), hepatotoxicity due to Posi15 was significantly reduced to 1%.
Thus, according to the present invention, hepatotoxicity can be reduced without reducing the activity of antisense oligo-
nucleic acid too much.

Example 19: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0105] Posi17 was selected as an antisense oligonucleic acid targeting mouse PCSK9, and the synthesis of Posi17
having the sequence shown in Table 19 and its derivatives Posi17-G4-3, Posi17-G4-5 and Posi17-G4-8 was committed
to Gene Design, Inc. The theoretical value of the molecular weight of Posi17-G4-3 was 4379.43 and the measured value
was 4378.54, the theoretical value of the molecular weight of Posi17-G4-5 was 4379.43 and the measured value was
4377.25, and the theoretical value of the molecular weight of Posi17-G4-8 was 4379.43 and the measured value was
4378.34.

[0106] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum and
PCSK9 gene expression-suppressing activity were measured in the same manner as in the above-mentioned Example
3. The results are shown in Fig. 19. In Fig. 19, "*" indicates presence of a significant difference at p<0.05.
[0107] As shown in the results of Fig. 19 (1), the hepatotoxicity by Posi17 was significantly reduced to 3%, 9% or 20%

[Table 17]

Posi14 A G G t g c t t t g g T mC T

Posi 14-G4-10 A G G t g c t t t m g T mC T

[Table 18]

Posi15 A mC A c c a a g t t c T mC mC

Posi15-G4-8 A mC A c c a a m t t c T mC mC

[Table 19]

Posi 17 mC T g t g a t g a c mC T mC

Posi17-G4-3 mC T m t g a t g a c mC T mC

Posi17-G4-5 mC T g t m a t g a c mC T mC

Posi 17-G4-8 mC T g t g a t m a c mC T mC
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by only changing guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 8-bromo-
guanine. The hepatotoxicity reducing effect of Posi17-G4-8 showed reduction to 3% when abnormal measurement
values were removed. On the other hand, as shown in the results of Fig. 19 (2), PCSK9 gene expression-suppressing
activity almost did not change even when guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the
middle part of Posi17, was changed to 8-bromoguanine. Thus, according to the present invention, hepatotoxicity can
be reduced without reducing the activity of antisense oligonucleic acid.

Example 20: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0108] No.97 was selected as an antisense oligonucleic acid targeting mouse Rps6kb2, and the synthesis of No.97
having the sequence shown in Table 20 and its derivative No.97-G4-8 was committed to Gene Design, Inc. The theoretical
value of the molecular weight of No.97-G4-8 was 4261.29 and the measured value was 4261.11.

[0109] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum and
Rps6kb2 gene expression-suppressing activity were measured in the same manner as in the above-mentioned Example
3. The results are shown in Fig. 20. In Fig. 20, "*" indicates presence of a significant difference at p<0.05.
[0110] As shown in the results of Fig. 20 (1), the hepatotoxicity by No.97 was significantly reduced to 9% by only
changing guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 8-bromoguanine.
On the other hand, as shown in the results of Fig. 20 (2), Rps6kb2 gene expression-suppressing activity almost did not
change even when guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of No.97,
was changed to 8-bromoguanine. Thus, according to the present invention, hepatotoxicity can be reduced without
reducing the activity of antisense oligonucleic acid.

Example 21: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0111] In the same manner as in the above-mentioned Example 5 except that Posi15 derivative, Posi15-G6-8, was
used, hepatotoxicity and activity were evaluated. The theoretical value of the molecular weight of Posi15-G6-8 was
4685.90 and the measured value was 4683.03. The sequence of each antisense oligonucleic acid used in this Example
is shown in Table 21, and the measurement results of the hepatotoxicity are shown in Fig. 21. In Fig. 21, "*" indicates
presence of a significant difference at p<0.05.

[0112] In the above-mentioned sequences, the base in α is 7-phenylethynylguanine and α has the following structure:

[0113] As shown in the results of Fig. 21 (1), the hepatotoxicity by Posi15 was significantly reduced to 5% by only

[Table 20]

No.97 mC G c c c t c g c c mC T mC

No.97-G4-8 mC G c c c t c m c c mC T mC

[Table 21]

Posi 15 A mC A c c a a g t t c T mC mC

Posi15-G6-8 A mC A c c a a α t t c T mC mC
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changing guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 7-phenylethynyl-
guanine and removing abnormal measurement values. On the other hand, as shown in the results of Fig. 21 (2), PCSK9
gene expression-suppressing activity almost did not change even when guanine, which is in one of the 2’,4’-non-bridged
nucleic acid residues in the middle part of Posi15, was changed to 7-phenylethynylguanine. Thus, according to the
present invention, hepatotoxicity can be reduced without reducing the activity of antisense oligonucleic acid.

Example 22: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0114] No.97 and Posi14 were respectively selected as antisense oligonucleic acids targeting mouse Rps6kb2 and
mouse GR, and the synthesis of No.97, Posi14 having the sequences shown in Table 22 and derivatives in which
guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, was changed to 8-aminoguanine
was committed to Gene Design, Inc. In addition, Posi15 and Posi17 were respectively selected as antisense oligonucleic
acids targeting mouse PCSK9 gene and the synthesis of Posi15, Posi17 having the sequences shown in Table 22 and
derivatives in which guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, was
changed to 8-aminoguanine was committed to Gene Design, Inc.

[0115] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum and
mouse Rps6kb2 gene, mouse GR gene or mouse PCSK9 gene expression-suppressing activity were measured in the
same manner as in the above-mentioned Example 3. The results are shown in Figs. 22 - 25.
[0116] As shown in the results of Figs. 22 - 25 (1), the hepatotoxicity by No.97, Posi14, Posi15 and Posi17 was clearly
reduced by only changing guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to
8-aminoguanine. On the other hand, as shown in the results of Figs. 22 - 25 (2), mouse Rps6kb2 gene expression-,
mouse GR gene expression- and mouse PCSK9 gene expression-suppressing activities almost did not change except
a part thereof even when guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part of
No.97, Posi14, Posi15 and Posi17, was changed to 8-aminoguanine. Thus, according to the present invention, hepa-
totoxicity can be reduced without reducing the activity of antisense oligonucleic acid.

Example 23: Evaluation of hepatotoxicity of antisense oligonucleic acid

[0117] #12 was selected as an antisense oligonucleic acid that induces strong hepatotoxicity, and the synthesis of
#12 having the sequence shown in Table 23 and a derivative in which guanine, which is in one of the 2’,4’-non-bridged
nucleic acid residues in the middle part, was changed to 7-substituted guanine having the following structure was
committed to Gene Design, Inc. The compound used for introduction of the 7-substituted guanosine derivative is novel
and the synthesis method thereof is described later.

[Table 22]

No.97 mC G c c c t c g c c mC T mC
No.97-G3-8 mC G c c c t c λ  c c mC T mC

Posi14 A G G t g c t t t g g T mC T
Posi14-G3-5 A G G t λ  c c t t t g g T mC T
Posi14-G3-10 A G G t g c t t t λ g T mC T

Posi15 A mC A c c a a g t t c T mC mC
Posi15-G3-8 A mC A c c a a λ t t c T mC mC

Posi17 mC T g t g a t g a c mC T mC
Posi17-G3-3 mC T λ  t g a t g a c mC T mC

[Table 23]

#12 G T mC c g c a t g c c T A A
#12-G6-9 G T mC c g c a t α  c c T A A
#12-G7-9 G T mC c g c a t β c c T A A
#12-G8-9 G T mC c g c a t γ c c T A A
#12-G9-9 G T C mC c g c a t δ c c T A A
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[0118] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum was
measured in the same manner as in the above-mentioned Example 3. The results are shown in Fig. 26. As shown in
the results of Fig. 26, hepatotoxicity by #12 was effectively decreased by only introducing a substituent into the 7-position
of guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part.

Example 24: Evaluation of hepatotoxicity and activity of antisense oligonucleic acid

[0119] Posi14 and Posi15 were respectively selected as an antisense oligonucleic acid targeting mouse GR and
mouse PCSK9 gene, and the synthesis of Posi14, Posi15 having the sequences shown in Table 24 and a derivative in
which guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, was changed to 7-
substituted guanine was committed to Gene Design, Inc.

[0120] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum and
mouse GR gene or mouse PCSK9 gene expression-suppressing activity were measured in the same manner as in the
above-mentioned Example 3. The results are shown in Figs. 27, 28.
[0121] As shown in the results of Fig. 27, 28 (1), hepatotoxicity by Posi14 and Posi15 was clearly reduced by only
changing guanine, which is in one of the 2’,4’-non-bridged nucleic acid residues in the middle part, to 7-substituted
guanine. On the other hand, as shown in the results of Figs. 27, 28 (2), mouse GR gene expression- and mouse PCSK9
gene expression-suppressing activities almost did not change even when guanine, which is in one of the 2’,4’-non-
bridged nucleic acid residues in the middle part of Posil4 and Posi15, was changed to 7-substituted guanine. Thus,
according to the present invention, hepatotoxicity can be reduced without reducing the activity of antisense oligonucleic
acid.

Example 25: Evaluation of hepatotoxicity of antisense oligonucleic acid

[0122] #101 was selected as an antisense oligonucleic acid that induces strong hepatotoxicity, and the synthesis of
#101 having the sequence shown in Table 25 and a derivative in which cytosine, which is in one of the 2’,4’-non-bridged
nucleic acid residues in the middle part, was changed to 5-hydroxycytosine was committed to Gene Design, Inc.

[Table 24]

Posi14 A G G t g c t t t g g T mC T
Posi14-G7-5 A G G t β c t t t g g T mC T
Posi14-G9-5 A G G t δ c t t t g g T mC T
Posi14-G9-10 A G G t g c t t t δ g T mC T

Posi15 A mC A c c a a g t t c T mC mC
Posi15-G7-8 A mC A c c a a β t t c T mC mC
Posi15-G9-8 A mC A c c a a δ t t c T mC mC

[Table 25]

#101 G T T a t g c c a c c mC T A
#101-C2-7 G T T a t g ζ  c a c c mC T A
#101-C2-8 G T T a t g c ζ a c c mC T A
#101-C2-10 G T T a t g c c a ζ  c mC T A
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[0123] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum was
measured in the same manner as in the above-mentioned Example 3. The results are shown in Fig. 29. As shown in
the results of Fig. 29, hepatotoxicity by #101 was effectively decreased by only changing cytosine, which is in one of
the 2’,4’-non-bridged nucleic acid residues in the middle part, to 5-hydroxycytosine.

Example 26: Evaluation of hepatotoxicity of antisense oligonucleic acid

[0124] #101 was selected as an antisense oligonucleic acid that induces strong hepatotoxicity, and the synthesis of
#101 having the sequence shown in Table 26 and a derivative in which 1 to 3 bases in the 2’,4’-non-bridged nucleic acid
residues in the middle part was(were) changed to 5-hydroxycytosine (ζ), 2-thiocarbonylthymine (κ) or 8-bromoguanine
(m) was committed to Gene Design, Inc.

[0125] With regard to each of the obtained antisense oligonucleic acids, the ALT concentration in mouse serum was
measured in the same manner as in the above-mentioned Example 3. The results are shown in Fig. 30. As shown in
the results of Fig. 30, it was demonstrated that hepatotoxicity by #101 was effectively decreased by only changing one
base in the 2’,4’-non-bridged nucleic acid residues in the middle part to a derivative, and the hepatotoxicity attenuation
effect is increased still more by changing two or more bases in the 2’,4’-non-bridged nucleic acid residues in the middle
part, to the derivative(s).

Example 27: Synthesis of 7-deaza-7-iodoguanosine derivative

[0126]

(continued)

#101-C2-11 G T T a t g c c a c ζ mC T A

[Table 26]

#101 G T T a t g c c a c c mC T A
#101-C2-7 G T T a t g ζ  c a c c mC T A
#101-T6-5 G T T a κ  g c c a c c mC T A
#101-G4-6 G T T a t m c c a c c mC T A
#101-T6C2 G T T a κ g ζ  c a c c mC T A
#101-T6G4 G T T a κ  m c c a c c mC T A
#101-G4C2 G T T a t m ζ  c a c c mC T A

#101-T6G4C2 G T T a κ  m ζ  c a c c mC T A
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(1) Synthesis of compound 2

[0127] Compound 1 was synthesized according to F. Seela et al., Synthesis, 2004, 8, 1203-1210 and M. Mackova et
al., ChemBioChem, 2015, 16, 2225-2236.
[0128] Tetramethylguanidine (4.3 mL, 35 mmol) and pyridine-2-aldoxime (4.3 g, 35 mmol) were added to a mixed
solution of compound 1 (5.1 g, 7.0 mmol) in DMF/1,4-dioxane (170 mL, DMF:1,4-dioxane=1:1), and the mixture was
stirred under a nitrogen atmosphere at room temperature overnight. The mixture was diluted with ethyl acetate, washed
successively with 1N aqueous hydrochloric acid solution, saturated aqueous sodium hydrogen carbonate and saturated
brine, dried over anhydrous sodium sulfate and concentrated to give a residue. The residue was washed with methanol
to give compound 2 (4.9 g) as a white solid.
1H NMR (300 MHz, DMSO-d6) δH: 1.22(9H,s), 2.38(3H,s), 2.40(3H,s), 2.64(1H,m), 2.91(1H,m), 4.45-4.62(3H,m),
5.63(1H, d, J=5.9Hz), 6.55(1H, dd, J=9.1,5.5Hz), 7.34-7.41(5H,m), 7.88-7.94(4H,m), 10.96(1H,s), 11.95(1H,s)

(2) Synthesis of compound 3

[0129] Under ice-cooling, 1N sodium methoxide (12.4 mL, 12.4 mmol) was added to a mixed solution of compound 2
(4.5 g, 6.2 mmol) in THF/methanol (151.5 mL, THF:methanol=150:1.5), and the mixture was stirred under a nitrogen
atmosphere under ice-cooling for 15 min. Under ice-cooling, acetic acid (0.8 mL) was added and the mixture was
concentrated to give a residue. The residue was purified by silica gel column chromatography (eluent: chloroform/meth-
anol=9/1) to give compound 3 (3.0 g) as a white solid.
1H NMR (300 MHz, DMSO-d6) δH: 1.23(9H,s), 2.09(1H,m), 2.36(1H,m), 3.50(2H,m), 3.76(1H,s), 4.29(1H,s), 4.93(1H,
t, J=5.1Hz), 5.23(1H,d,J=3.3Hz), 6.45(1H, dd, J=8.1,5.5Hz), 7.45(1H,s), 10.97(1H,s), 11.90(1H,s)

(3) Synthesis of compound 4

[0130] Dimethoxytrityl chloride (0.8 g, 2.4 mmol) was added to a solution (15 mL) of compound 3 (1.0 g, 2.2 mmol) in
pyridine, and the mixture was stirred under a nitrogen atmosphere, overnight. Methanol was added and the mixture was
stirred for 1 hr, diluted with chloroform, washed with saturated aqueous sodium hydrogen carbonate and saturated brine,
dried over sodium sulfate and concentrated to give a residue. The residue was purified by silica gel column chromatog-
raphy (eluent: chloroform/methanol/triethylamine=94/5/1) to give compound 4 (1.3 g) as a white solid.
1H NMR (300 MHz, DMSO-d6) δH: 1.20(9H,s), 2.15 (1H,m), 2.40(1H,m), 3.04(1H,m), 3.13(1H,m), 3.70(6H,s), 3.86(1H,m),
4.27(1H,m), 5.26(1H,d,J=3.7Hz), 6.43(1H,m), 6.81-6.84(4H,m), 7.15-7.35(10H,m), 10.94(1H,s), 11.90(1H,s)

(4) Synthesis of compound 5

[0131] 2-Cyanoethyl diisopropylchlorophosphoramidite (0.27 mL, 1.2 mmol) was added to a solution (30 mL) of diiso-
propylethylamine (0.28 mL, 1.7 mmol) and compound 4 (0.5 g, 0.6 mmol) in dichloromethane, and the mixture was
stirred under a nitrogen atmosphere for 1 hr, diluted with dichloromethane, washed successively with saturated aqueous
sodium hydrogen carbonate and saturated brine, dried over anhydrous sodium sulfate, and concentrated to give a
residue. The residue was purified by silica gel column chromatography (eluent: hexane/ethyl acetate/triethyl-
amine=10/9/1) to give the title compound (0.4 g) as a white solid.
31P NMR (122 MHz, CDCl3)δP: 148.53,148.91

Example 28: Synthesis of 7-deaza-7-(2-phenylethynyl)guanosine derivative

[0132]
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(1) Synthesis of compound 6

[0133] To a solution (5 mL) of copper iodide (6 mg, 0.03 mmol), triethylamine (0.09 mL, 0.6 mmol), ethynylbenzene
(0.04 mL, 0.4 mmol) and compound 4 (0.2 g, 0.3 mmol) in acetonitrile was added tetrakis(triphenylphosphine)palladium(0)
(35 mg, 0.03 mmol), and the mixture was stirred under a nitrogen atmosphere at 80°C for 2 hr. The reaction mixture
was filtered through celite, and concentrated to give a residue. The residue was purified by silica gel column chroma-
tography (ethyl acetate:triethylamine=98:2) to give the title compound (0.15 g). 1H NMR (300 MHz, CDCl3)δH: 1.30(9H,s),
1.90(1H,d,J=3.7Hz), 2.42(2H,m), 3.28(1H,m), 3.40(1H,m), 3.73(6H,s), 4.03(1H,m), 4.55(1H,m), 6.44(1H,m),
6.81-6.84(4H,m), 7.13(1H,s), 7.17-7.33(10H,m), 7.41-7.43(2H,m), 7.50-7.54(2H,m), 7.91(1H,s), 11.69(1H,s)

(2) Synthesis of compound 7

[0134] 2-Cyanoethyl diisopropylchlorophosphoramidite (0.16 mL, 0.7 mmol) was added to a solution (20 mL) of diiso-
propylethylamine (0.15 mL, 1.2 mmol) and compound 6 (0.4 g, 0.5 mmol) in dichloromethane, and the mixture was
stirred under a nitrogen atmosphere for 1 hr, diluted with dichloromethane, washed successively with saturated aqueous
sodium hydrogen carbonate and saturated brine, dried over anhydrous sodium sulfate and concentrated to give a residue.
The residue was purified by silica gel column chromatography (eluent: hexane/ethyl acetate/triethylamine=10/9/1) to
give the title compound (0.4 g) as a white solid.
31P NMR (162 MHz, CDCl3)δP:148.70,148.97

Example 29: Synthesis of 7-deaza-7-[2-(4-pyridyl)ethynyl]guanosine derivative

[0135]

(1) Synthesis of compound 8

[0136] To an acetonitrile solution (2.5 mL) containing copper iodide (2 mg, 0.01 mmol), triethylamine (0.04 mL, 0.3
mmol), p-ethynylpyridine (20 mg, 0.2 mmol) and compound 4 (0.1 g, 0.1 mmol) was added tetrakis(triphenylphos-
phine)palladium(0) (10 mg, 0.01 mmol), and the mixture was stirred under a nitrogen atmosphere at 80°C for 1 hr. The
reaction mixture was filtered through celite and concentrated to give a residue. The residue was purified by silica gel
column chromatography (eluent: ethyl acetate/triethylamine=98/2) to give the title compound (0.08 g) as a pale-yellow
solid.
1H NMR (300 MHz, CDCl3)δH: 1.31(9H,s), 2.21(1H,m), 2.43(2H,m), 3.30(1H,m), 3.40(1H,m), 3.73(6H,s), 4.06(1H,m),
4.57(1H,brs), 6.41(1H,tr,J=6.6Hz), 6.80-6.83(4H,m), 7.28-7.43(10H,m), 7.17-7.22(2H,m), 8.14(1H,s), 8.53-8.55(2H,m),
11.78(1H,s)

(2) Synthesis of compound 9

[0137] 2-Cyanoethyl diisopropylchlorophosphoramidite (0.15 mL, 0.7 mmol) was added to a solution (30 mL) of diiso-
propylethylamine (0.3 mL, 1.7 mmol) and compound 8 (0.5 g, 0.7 mmol) in dichloromethane, and the mixture was stirred
under a nitrogen atmosphere for 1 hr. The mixture was diluted with dichloromethane, washed successively with saturated
aqueous sodium hydrogen carbonate and saturated brine, dried over anhydrous sodium sulfate and concentrated to
give a residue. The residue was purified by silica gel column chromatography (eluent: hexane/ethyl acetate/triethyl-
amine=10/9/1) to give the title compound (0.5 g) as a white solid.
31P NMR (162 MHz, CDCl3)δP:148.64,149.07
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Example 30: Synthesis of 7-deaza-7-[2-(acetoxymethyl)ethynyl]guanosine derivative

[0138]

(1) Synthesis of compound 10

[0139] To a solution (2.5 mL) of copper iodide (4 mg, 0.01 mmol), triethylamine (0.09 mL, 0.7 mmol), 1-acetoxy-2-
propyne (20 mg, 0.2 mmol) and compound 4 (0.1 g, 0.1 mmol) in acetonitrile was added tetrakis(triphenylphosphine)pal-
ladium(0) (22 mg, 0.01 mmol), and the mixture was stirred under a nitrogen atmosphere at 80°C for 1 hr. The reaction
mixture was filtered through celite and concentrated to give a residue. The residue was purified by silica gel column
chromatography (eluent: chloroform/methanol/triethylamine=98/1/1) and repurified by amino silica gel silica gel column
chromatography (eluent: chloroform/methanol/triethylamine=98/1/1) to give the title compound (0.08 g) as a pale-yellow
solid.
1H NMR (300 MHz, CDCl3)δH: 1.28(9H,s), 2.08(3H,s), 2.15(1H,d,J=3.2Hz), 2.37(2H,m), 3.24(1H,m), 3.37(1H,m),
3.77(6H,s), 4.01(1H,m), 4.50(1H,brs), 4.91(2H,s), 6.38(1H,m), 6.80-6.83(4H,m), 7.07(1H,s), 7.81-7.41(9H,m),
8.03(1H,s), 11.73(1H,s)

(2) Synthesis of compound 11

[0140] 2-Cyanoethyl diisopropylchlorophosphoramidite (0.1 mL, 0.4 mmol) was added to a solution (20 mL) of diiso-
propylethylamine (0.2 mL, 1.0 mmol) and compound 10 (0.3 g, 0.4 mmol) in dichloromethane, and the mixture was
stirred under a nitrogen atmosphere for 1 hr. The mixture was diluted with dichloromethane, washed successively with
saturated aqueous sodium hydrogen carbonate and saturated brine, dried over anhydrous sodium sulfate and concen-
trated to give a residue. The residue was purified by silica gel column chromatography (eluent: hexane/ethyl acetate/tri-
ethylamine=10/9/1) to give the title compound (0.3 g) as a white solid.
31P NMR (122 MHz, CDCl3)δP: 148.72,149.04
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Claims

1. An antisense oligonucleic acid having a base length of not less than 7nt and not more than 30nt, wherein

nucleic acid residues of not less than 1nt and not more than 5nt respectively from the both terminals are 2’,4’-
bridged nucleic acids,
2’,4’-non-bridged nucleic acid residue(s) is(are) present between the both terminals, and
one or more bases in the nucleic acid residue(s) of the 2’,4’-non-bridged nucleic acid residue(s) is/are modified.

2. The antisense oligonucleic acid according to claim 1 wherein the 2’,4’-non-bridged nucleic acid residue with the
modified base is contained in a sequence of TGC or TCC.

3. The antisense oligonucleic acid according to claim 1 wherein the modified base is 5-hydroxycytosine, 4-acetylcy-
tosine, 3-C1-6 alkylcytosine, 5-C1-6 alkylcytosine, 2-thiocytosine, 2-thiothymine, dihydrothymine, pseudo thymine,
2-thiouridine, 5-(carboxyhydroxymethyl)uridine, 5-carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylami-
nomethyluridine, dihydrouridine, pseudo uridine, 5-methylaminomethyluridine, 5-methylaminomethyl-2-thiouridine,
5-methoxycarbonylmethyl-2-thiouridine, 5-methoxycarbonylmethyluridine, 5-methoxyuridine, 8-aminoguanine, 8-
halogenoguanine, 7-deaza-7-(2-phenylethynyl)guanine, 7-deaza-7-(2-pyridylethynyl)guanine, 7-deaza-7-[2-(C1-7
alkanoyloxy-C1-6 alkyl) ethynyl]guanine, 7-deaza-7-[2-(hydroxy-C1-6 alkyl)ethynyl]guanine, 1-C1-6 alkylguanine, 2,2-
di(C1-6 alkyl) guanine, 2-C1-6 alkylguanine, 7-deaza-7-C1-6 alkylguanine, 7-deaza-7-C2-6 alkenylguanine, 7-deaza-
7-C2-6 alkynylguanine, 7-deaza-7-halogenoguanine, inosine, 1-C1-6 alkylinosine, queuosine, β,D-galactosylqueuo-
sine, β,D-mannosylqueuosine, N6-C2-6 alkenyladenine, 1-C1-6 alkyladenine, 2-C1-6 alkyladenine, N6-C1-6 alkylade-
nine or 2-C1-6 alkylthio-N6-C2-6 alkenyladenine.

4. The antisense oligonucleic acid according to any one of claims 1 to 3 wherein the 2’,4’-non-bridged nucleic acid
residue is DNA.

5. The antisense oligonucleic acid according to any one of claims 1 to 4 wherein the 2’,4’-bridged nucleic acid residue
has a structure of any of the following formulas (I) to (III):
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wherein

X1 is O, S, a >N(R3) group, a -C(=O)-O- group or a-C(=O)-N(R4)- group (R3 and R4 are each independently H
or a C1-6 alkyl group),
X2 is a guanidino group represented by any of the following formulas (IV) to (VII):

wherein R5 - R18 are each independently H, a C1-6 alkyl group, a C3-10 cycloalkyl group, an amino-protecting
group or a 2-cyanoethyloxycarbonyl group,
X3 is O, S, a >N (R19) group, a -C(=O)-O- group or a-C(=O)-N(R20)- group (R19 and R20 are each independently
H or a C1-6 alkyl group),
Y1 - Y3 are each independently O- or S-,
Base is a nucleic acid base group,
R1 and R2 are each independently H, a C1-6 alkyl group or R1 and R2 may be taken together to form a C1-4
alkylene group, and
n is an integer of not less than 0 and not more than 2.

6. The antisense oligonucleic acid according to claim 5 wherein the 2’,4’-bridged nucleic acid residue has a structure
of the formula (I), X1 is O and n is 1.

7. The antisense oligonucleic acid according to any one of claims 1 to 6 showing reduced hepatotoxicity compared to
that before introduction of the modification into the base of the nucleic acid residue.
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