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USES OF DOUBLE-STRANDED SIRNA AND CONJUGATE THEREOF 

 

SPECIFICATION 

[0001] The present application claims priority to Chinese patent application No. 

2024101154015 filed on January 26, 2024, Chinese patent application No. 5 

2024104636471 filed on April 16, 2024, Chinese patent application No. 

202410518440X filed on April 26, 2024, Chinese patent application No. 

2024112876053 filed on September 13, 2024, and Chinese patent application No. 

2025100845612 filed on January 17, 2025.  The contents of the above Chinese 

patent applications are incorporated herein by reference in their entirety. 10 

 

TECHNICAL FIELD 

[0002] The present disclosure relates to double-stranded siRNAs and the use 

thereof, specifically to the use of a class of double-stranded siRNAs containing 

non-natural nucleotides and conjugates thereof. 15 

 

BACKGROUND 

[0003] Abdominal obesity, also known as central obesity, is a form of obesity 

characterized by the accumulation of adipose tissue around the visceral organs, 

mesentery, and aorta within the abdominal cavity.  It is primarily manifested by 20 

an increase in waist circumference.  According to the Chinese occupational 

health standards, abdominal obesity is diagnosed when the waist circumference 

exceeds 90 cm in men or 85 cm in women. 

[0004] Abdominal obesity is highly prevalent in China.  A survey conducted 

between 2012 and 2015 showed that the prevalence of abdominal obesity among 25 

the Chinese population was 29.1%, including 28.6% in men and 29.6% in women.  

Based on the prevalence, the number of adults with abdominal obesity nationwide 
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is estimated to be approximately 277.8 million. 

[0005] Abdominal obesity is one of the manifestations of metabolic syndrome 

and is closely associated with type 2 diabetes and coronary heart disease.  A 

health survey involving more than 310,000 Korean individuals showed that 

general obesity alone was not associated with an increased risk of major adverse 5 

cardiovascular events.  In contrast, individuals with abdominal obesity alone or 

with both general obesity and abdominal obesity exhibited a significantly 

increased risk of major adverse cardiovascular events. 

[0006] However, no drug has been approved for the treatment of abdominal 

obesity, indicating an unmet clinical need in the art. 10 

[0007] The Inhibin E (INHBE) gene encodes the inhibin βE subunit, which is a 

component of activins/inhibins belonging to the TGF-β superfamily.  Studies on 

individuals carrying loss-of-function mutations in the INHBE gene have 

demonstrated that INHBE expression is closely associated with abdominal fat 

accumulation and fat distribution.  Individuals carrying loss-of-function 15 

mutations in the INHBE gene exhibit a lower waist-to-hip ratio adjusted for BMI 

(WHRadjBMI), a commonly used indicator for assessing abdominal obesity.  In 

addition, individuals carrying loss-of-function mutations in the INHBE gene also 

tend to have a reduced incidence of coronary heart disease and type 2 diabetes.  

More importantly, individuals carrying INHBE mutations that result in 20 

approximately 50% reduction in INHBE expression exhibit lower triglyceride 

levels and higher high-density lipoprotein levels, thereby displaying an overall 

healthier metabolic phenotype. 

[0008] The mechanism of RNA interference (RNAi or siRNA) has attracted 

extensive attention since its discovery in 1998.  RNA interference regulates the 25 

function of target genes by reducing the level of corresponding target mRNAs, 

thereby achieving the desired pharmacological effects.  In recent years, several 
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RNAi therapeutics have been approved for marketing, demonstrating their 

feasibility in humans.  Drugs that exert their pharmacological effects through the 

mechanism are referred to as RNAi therapeutics. 

 

SUMMARY 5 

[0009] The present disclosure provides a double-stranded siRNA or a 

pharmaceutically acceptable salt thereof, wherein the double-stranded siRNA 

comprises a sense strand and an antisense strand capable of forming a duplex 

region; the sense strand comprises at least 16 consecutive nucleotides from any 

one of the sequences set forth in SEQ ID NOs: 1-80 and SEQ ID NOs: 161-188; 10 

the antisense strand comprises at least 16 consecutive nucleotides from any one 

of the sequences set forth in SEQ ID NOs: 81-160 and SEQ ID NOs: 189-230; 

[0010] the nucleotides comprised in the sense strand and the nucleotides 

comprised in the antisense strand are modified or unmodified nucleotides. 

[0011] In some embodiments of the present disclosure, in the double-stranded 15 

siRNA or a pharmaceutically acceptable salt thereof, the sense strand comprises 

the nucleotides at positions 1-17, 1-18, 1-19, 1-20, 1-21, 2-17, 2-18, 2-19, 2-20, 

2-21, 3-18, 3-19, 3-20, 3-21, 4-19, 4-20, 4-21, or 5-21 from the 5' end of any one 

of the sequences set forth in SEQ ID NOs: 1-80 and SEQ ID NOs: 161-188; 

preferably, the sense strand comprises the nucleotides at positions 1-17, 1-18, 1-20 

19, 2-17, 2-18, 2-19, 2-20, 3-18, 3-19, 3-20, 4-19, 4-20, 4-21, or 5-21 from the 5' 

end of any one of the sequences set forth in SEQ ID NOs: 1-80 and SEQ ID NOs: 

161-188. 

[0012] In some embodiments of the present disclosure, in the double-stranded 

siRNA or a pharmaceutically acceptable salt thereof, the antisense strand 25 

comprises the nucleotides at positions 1-17, 1-18, 1-19, 1-20, 1-21, 1-22, 1-23, 2-

18, 2-19, 2-20, 2-21, 2-22, 2-23, 3-19, 3-20, 3-21, 3-22, 3-23, 4-20, 4-21, 4-22, 4-
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23, 5-21, 5-22, 5-23, 6-22, 6-23, or 7-23 from the 5' end of any one of the 

sequences set forth in SEQ ID NOs: 81-160 and SEQ ID NOs: 189-230; 

preferably, the antisense strand comprises the nucleotides at positions 1-19, 1-20, 

1-21, 1-22, 1-23, 2-18, 2-19, 2-20, 2-21, 3-20, or 3-21 from the 5' end of any one 

of the sequences set forth in SEQ ID NOs: 81-160 and SEQ ID NOs: 189-230. 5 

[0013] In some embodiments of the present disclosure, in the double-stranded 

siRNA or a pharmaceutically acceptable salt thereof, at least one nucleotide 

residue on the sense strand, the antisense strand, or both the sense strand and the 

antisense strand is independently and optionally replaced by dR, R, or Z, wherein 

the dR is  , the R is  , 10 

and the Z is . 

[0014] In some embodiments of the present disclosure, in the double-stranded 

siRNA or a pharmaceutically acceptable salt thereof, 1 to 4 nucleotide residues at 

positions 2, 5-7, 12, and 14-18 from the 5' end of the antisense strand are 

independently and optionally replaced by dR, R, or Z. 15 

[0015] In some embodiments of the present disclosure, in the double-stranded 

siRNA or a pharmaceutically acceptable salt thereof, 1 to 4 nucleotides at 

positions 2, 5-7, 12, and 14-18 from the 5' end of the antisense strand are 

independently and optionally 2'-deoxynucleotides. 

[0016] In some embodiments of the present disclosure, in the double-stranded 20 

siRNA or a pharmaceutically acceptable salt thereof, the first nucleoside at the 5' 

end of the antisense strand may be replaced by a vinylphosphonate-containing 
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nucleoside analog. 

[0017] In some embodiments of the present disclosure, in the double-stranded 

siRNA or a pharmaceutically acceptable salt thereof, the vinylphosphonate-

containing nucleoside analog is selected from the following structural moieties: 

 ,  , 5 

 ,  ,  , 

 ,  ,  ,  , 

 ,  ,  ,  , 

, , and . 

[0018] The present disclosure provides a double-stranded siRNA or a 10 

pharmaceutically acceptable salt thereof, comprising a sense strand and an 

antisense strand capable of forming a duplex region, wherein the sense strand 
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comprises the nucleotides at positions 1-17, 1-18, 1-19, 1-20, 1-21, 2-17, 2-18, 2-

19, 2-20, 2-21, 3-18, 3-19, 3-20, 3-21, 4-19, 4-20, 4-21, or 5-21 from the 5' end 

of any one of the sequences set forth in SEQ ID NOs: 1-80, wherein 1 to 4 

nucleotide residues on the sense strand are independently and optionally replaced 

by dR, R, or Z, wherein the dR is  , the R is 5 

, and the Z is , and wherein 

the nucleotides on the sense strand are optionally modified. 

[0019] The present disclosure provides a double-stranded siRNA or a 

pharmaceutically acceptable salt thereof, comprising a sense strand and an 

antisense strand capable of forming a duplex region, wherein the antisense strand 10 

comprises the nucleotides at positions 1-17, 1-18, 1-19, 1-20, 1-21, 1-22, 1-23, 2-

18, 2-19, 2-20, 2-21, 2-22, 2-23, 3-19, 3-20, 3-21, 3-22, 3-23, 4-20, 4-21, 4-22, 4-

23, 5-21, 5-22, 5-23, 6-22, 6-23, or 7-23 from the 5' end of any one of the 

sequences set forth in SEQ ID NOs: 81-160, wherein 1 to 4 nucleotide residues 

on the antisense strand are independently and optionally replaced by dR, R, or Z, 15 

wherein the dR is  , the R is 

, and the Z is , and wherein 

the nucleotides on the antisense strand are optionally modified. 
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[0020] The present disclosure provides a double-stranded siRNA or a 

pharmaceutically acceptable salt thereof, comprising a sense strand and an 

antisense strand capable of forming a duplex region, wherein the sense strand 

comprises the nucleotides at positions 1-17, 1-18, 1-19, 1-20, 1-21, 2-17, 2-18, 2-

19, 2-20, 2-21, 3-18, 3-19, 3-20, 3-21, 4-19, 4-20, 4-21, or 5-21 from the 5' end 5 

of any one of the sequences set forth in SEQ ID NOs: 161-188, wherein 1 to 4 

nucleotide residues on the sense strand are independently and optionally replaced 

by dR, R, or Z, wherein the dR is  , the R is 

, and the Z is , and wherein 

the nucleotides on the sense strand are optionally modified. 10 

[0021] The present disclosure provides a double-stranded siRNA or a 

pharmaceutically acceptable salt thereof, comprising a sense strand and an 

antisense strand capable of forming a duplex region, wherein the antisense strand 

comprises the nucleotides at positions 1-17, 1-18, 1-19, 1-20, 1-21, 1-22, 1-23, 2-

18, 2-19, 2-20, 2-21, 2-22, 2-23, 3-19, 3-20, 3-21, 3-22, 3-23, 4-20, 4-21, 4-22, 4-15 

23, 5-21, 5-22, 5-23, 6-22, 6-23, or 7-23 from the 5' end of any one of the 

sequences set forth in SEQ ID NOs: 189-230, wherein 1 to 4 nucleotide residues 

on the antisense strand are independently and optionally replaced by dR, R, or Z, 

wherein the dR is  , the R is 
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, and the Z is , and wherein 

the nucleotides on the antisense strand are optionally modified. 

[0022] The present disclosure provides a double-stranded siRNA or a 

pharmaceutically acceptable salt thereof, comprising a sense strand and an 

antisense strand capable of forming a duplex region, wherein the sense strand 5 

comprises the nucleotides at positions 1-17, 1-18, 1-19, 1-20, 1-21, 2-17, 2-18, 2-

19, 2-20, 2-21, 3-18, 3-19, 3-20, 3-21, 4-19, 4-20, 4-21, or 5-21 from the 5' end 

of any one of the sequences set forth in SEQ ID NOs: 161-188, wherein 1 to 4 

nucleotide residues on the sense strand are independently and optionally replaced 

by dR, R, or Z, wherein the dR is  , the R is 10 

, and the Z is . 

[0023] The present disclosure provides a double-stranded siRNA or a 

pharmaceutically acceptable salt thereof, comprising a sense strand and an 

antisense strand capable of forming a duplex region, wherein the antisense strand 

comprises the nucleotides at positions 1-17, 1-18, 1-19, 1-20, 1-21, 1-22, 1-23, 2-15 

18, 2-19, 2-20, 2-21, 2-22, 2-23, 3-19, 3-20, 3-21, 3-22, 3-23, 4-20, 4-21, 4-22, 4-

23, 5-21, 5-22, 5-23, 6-22, 6-23, or 7-23 from the 5' end of any one of the 

sequences set forth in SEQ ID NOs: 189-230, wherein 1 to 4 nucleotide residues 

on the antisense strand are independently and optionally replaced by dR, R, or Z, 
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wherein the dR is  , the R is 

, and the Z is . 

[0024] In some embodiments of the present disclosure, the sense strand 

comprises the nucleotides at positions 1-17, 1-18, 1-19, 2-17, 2-18, 2-19, 2-20, 3-

18, 3-19, 3-20, 4-19, 4-20, 4-21, or 5-21 from the 5' end of any one of the 5 

sequences set forth in SEQ ID NOs: 1-80, wherein 1 to 4 nucleotide residues on 

the sense strand are independently and optionally replaced by dR, R, or Z, wherein 

the dR is  , the R is  , 

and the Z is  , and wherein the nucleotides on the sense 

strand comprise at least one modified nucleotide. 10 

[0025] In some embodiments of the present disclosure, the antisense strand 

comprises the nucleotides at positions 1-19, 1-20, 1-21, 1-22, 1-23, 2-18, 2-19, 2-

20, 2-21, 3-20, or 3-21 from the 5' end of any one of the sequences set forth in 

SEQ ID NOs: 81-160, wherein 1 to 4 nucleotide residues on the antisense strand 

are independently and optionally replaced by dR, R, or Z, wherein the dR is 15 
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, the R is , and the Z is 

 , and wherein the nucleotides on the antisense strand 

comprise at least one modified nucleotide. 

[0026] In some embodiments of the present disclosure, the sense strand 

comprises the nucleotides at positions 1-17, 1-18, 1-19, 2-17, 2-18, 2-19, 2-20, 3-5 

18, 3-19, 3-20, 4-19, 4-20, 4-21, or 5-21 from the 5' end of any one of the 

sequences set forth in SEQ ID NOs: 161-188, wherein 1 to 4 nucleotide residues 

on the sense strand are independently and optionally replaced by dR, R, or Z. 

[0027] In some embodiments of the present disclosure, the antisense strand 

comprises the nucleotides at positions 1-19, 1-20, 1-21, 1-22, 1-23, 2-18, 2-19, 2-10 

20, 2-21, 3-20, or 3-21 from the 5' end of any one of the sequences set forth in 

SEQ ID NOs: 189-230, wherein 1 to 4 nucleotide residues on the antisense strand 

are independently and optionally replaced by dR, R, or Z. 

[0028] In some embodiments of the present disclosure, the sense strand 

comprises the nucleotides at positions 1-17, 1-18, 1-19, 2-17, 2-18, 2-19, 2-20, 3-15 

18, 3-19, 3-20, 4-19, 4-20, 4-21, or 5-21 from the 5' end of any one of the 

sequences set forth in SEQ ID NOs: 1-80. 

[0029] In some embodiments of the present disclosure, the sense strand 

comprises the nucleotides at positions 1-17, 1-18, 1-19, 2-17, 2-18, 2-19, 2-20, 3-

18, 3-19, 3-20, 4-19, 4-20, 4-21, or 5-21 from the 5' end of any one of the 20 

sequences set forth in SEQ ID NOs: 161-188. 

[0030] In some embodiments of the present disclosure, the antisense strand 
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comprises the nucleotides at positions 1-19, 1-20, 1-21, 1-22, 1-23, 2-18, 2-19, 2-

20, 2-21, 3-20, or 3-21 from the 5' end of any one of the sequences set forth in 

SEQ ID NOs: 81-160. 

[0031] In some embodiments of the present disclosure, the antisense strand 

comprises the nucleotides at positions 1-19, 1-20, 1-21, 1-22, 1-23, 2-18, 2-19, 2-5 

20, 2-21, 3-20, or 3-21 from the 5' end of any one of the sequences set forth in 

SEQ ID NOs: 189-230. 

[0032] In some embodiments of the present disclosure, 1 to 4 nucleotide residues 

at positions 2, 5-7, 12, and 14-18 from the 5' end of the antisense strand are 

independently replaced by dR, R, or Z. 10 

[0033] In some embodiments of the present disclosure, 1 to 4 nucleotide residues 

at positions 2, 5-7, and 12 from the 5' end of the antisense strand are independently 

and optionally replaced by dR, R, or Z. 

[0034] In some embodiments of the present disclosure, 1 to 4 nucleotides at 

positions 2, 5-7, 12, and 14-18 from the 5' end of the antisense strand are 15 

independently and optionally 2'-deoxynucleotides. 

[0035] In some embodiments of the present disclosure, 1 to 4 nucleotides at 

positions 2, 5-7, 12, and 14-18 from the 5' end of the antisense strand are 

independently and optionally deoxyadenosine, deoxyguanosine, deoxycytidine, 

or deoxythymidine. 20 

[0036] In some embodiments of the present disclosure, 1 to 4 nucleotides at 

positions 2, 5-7, and 12 from the 5' end of the antisense strand are independently 

and optionally deoxyadenosine, deoxyguanosine, deoxycytidine, or 

deoxythymidine. 

[0037] In some embodiments of the present disclosure, the 5' end or the 3' end 25 

of the sense strand or the antisense strand independently and optionally comprises 

an overhang. 
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[0038] In some embodiments of the present disclosure, the overhang comprises 

1 to 5 nucleotides. 

[0039] In some embodiments of the present disclosure, the overhang comprises 

2 nucleotides. 

[0040] In some embodiments of the present disclosure, the 3' end of the 5 

antisense strand optionally comprises an overhang, wherein the overhang 

comprises 1 to 5 nucleotides. 

[0041] In some embodiments of the present disclosure, the 3' end of the 

antisense strand optionally comprises an overhang, wherein the overhang 

comprises 2 nucleotides. 10 

[0042] In some embodiments of the present disclosure, the first nucleoside at the 

5' end of the antisense strand may be replaced by a vinylphosphonate-containing 

nucleoside analog. 

[0043] In some embodiments of the present disclosure, the vinylphosphonate-

containing nucleoside analog is selected from the following structural moieties: 15 

 ,  , 

 ,  ,  , 

 ,  ,  ,  , 
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 ,  ,  ,  , 

, , and . 

[0044] In some embodiments of the present disclosure, the vinylphosphonate-

containing nucleoside analog is selected from B19 and B33, wherein B19 is 

, and B33 is . 5 

[0045] In some embodiments of the present disclosure, the vinylphosphonate-

containing nucleoside analog is B33, wherein B33 is . 

[0046] In some embodiments of the present disclosure, the sense strand is 

selected from any one of the sequences set forth in SEQ ID NOs: 161-188, and 

the antisense strand is selected from any one of the sequences set forth in SEQ ID 10 

NOs: 189-230. 

[0047] In some embodiments of the present disclosure, the double-stranded 

siRNA is selected from S1-S81. 

[0048] The present disclosure provides a double-stranded siRNA or a 

pharmaceutically acceptable salt thereof, comprising a sense strand and an 15 
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antisense strand capable of forming a duplex region, wherein the combination of 

the nucleotide sequence of the sense strand and the nucleotide sequence of the 

antisense strand is selected from any one of the nucleotide sequence combinations 

set forth in S83-S129. 

[0049] In some embodiments of the present disclosure, the double-stranded 5 

siRNA is selected from Table 1 and Table 2. 

[0050] Table 1: Unmodified double-stranded siRNAs 

Double-

stranded 

siRNA 

compoun

d 

SEQ 

ID 

NO 

Sense strand (5'-3') 

SEQ 

ID 

NO 

Antisense strand (5'-3') 

S1 1 
AGCUAGCCAAGCAGC

AAAUCA 
81 

UGAUUUGCUGCUUGG

CUAGCUCC 

S2 2 
CCAGUCGUCCCAGAA

UAACUA 
82 

UAGUUAUUCUGGGAC

GACUGGUC 

S3 3 
CGAGACCAUUACGUA

GACUUA 
83 

UAAGUCUACGUAAUG

GUCUCGCC 

S4 4 
AAUGUGGUCAAGACG

GAUGUA 
84 

UACAUCCGUCUUGACC

ACAUUGC 

S5 5 
GCUAGCCAAGCAGCA

AAUCCA 
85 

UGGAUUUGCUGCUUG

GCUAGCUC 

S6 6 
CUCCUCAAAGCCAAC

AAUCCA 
86 

UGGAUUGUUGGCUUU

GAGGAGGC 

S7 7 
GUCUUCAGCCUCCUC

AAAGCA 
87 

UGCUUUGAGGAGGCU

GAAGACGG 

S8 8 
UGGAUCAUAAUGGCA

AUGUGA 
88 

UCUCAUUGCCAUUAUG

AUCCAGG 

S9 9 
UCUACCUGGAUCAUA

AUGGCA 
89 

UGCCAUUAUGAUCCAG

GUAGAGG 

S10 10 
GACGGAUGUGCCAGA

UAUGGA 
90 

UCCAUAUCUGGCACAU

CCGUCUU 

S11 11 
UCAAGACGGAUGUGC

CAGAUA 
91 

UAUCUGGCACAUCCGU

CUUGACC 

S12 12 
AUCAUAAUGGCAAUG

UGGUCA 
92 

UGACCACAUUGCCAUU

AUGAUCC 
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S13 13 
UUAUGUUGCAGGCGA

GACCAU 
93 

AUGGUCUCGCCUGCAA

CAUAAGG 

S14 14 
CCCCUCUCUCUCCUC

UACCUA 
94 

UAGGUAGAGGAGAGA

GAGGGGCC 

S15 15 
UCUUCAGCCUCCUCA

AAGCCA 
95 

UGGCUUUGAGGAGGC

UGAAGACG 

S16 16 
CUCUACCUGGAUCAU

AAUGGA 
96 

UCCAUUAUGAUCCAGG

UAGAGGA 

S17 17 
GACCCCCUUAUGUUG

CAGGCA 
97 

UGCCUGCAACAUAAGG

GGGUCGC 

S18 18 
CCUUAUGUUGCAGGC

GAGACA 
98 

UGUCUCGCCUGCAACA

UAAGGGG 

S19 19 
CUCUGGUGCUGGAGC

UAGCCA 
99 

UGGCUAGCUCCAGCAC

CAGAGCU 

S20 20 
GGCUCUUGGACACAG

CAGGAA 
100 

UUCCUGCUGUGUCCAA

GAGCCGC 

S21 21 
GGGUACCAGCUGAAU

UACUGA 
101 

UCAGUAAUUCAGCUG

GUACCCCU 

S22 22 
GCUUAAGAUCCGAGC

CAAUGA 
102 

UCAUUGGCUCGGAUCU

UAAGCUC 

S23 23 
GUGCUGGAGCUAGCC

AAGCAA 
103 

UUGCUUGGCUAGCUCC

AGCACCA 

S24 24 
CUGGAUCAUAAUGGC

AAUGUA 
104 

UACAUUGCCAUUAUG

AUCCAGGU 

S25 25 
CAGUCGUCCCAGAAU

AACUCA 
105 

UGAGUUAUUCUGGGA

CGACUGGU 

S26 26 
AAUGGCAAUGUGGUC

AAGACA 
106 

UGUCUUGACCACAUUG

CCAUUAU 

S27 27 
CACCCCAAGCAGAAC

GAGCUA 
107 

UAGCUCGUUCUGCUUG

GGGUGCC 

S28 28 
UGACCAGUCGUCCCA

GAAUAA 
108 

UUAUUCUGGGACGAC

UGGUCAGG 

S29 29 
UCCUCAAAGCCAACA

AUCCUU 
109 

AAGGAUUGUUGGCUU

UGAGGAGG 

S30 30 
GCCCUCCGGAGACUA

CAGCCA 
110 

UGGCUGUAGUCUCCGG

AGGGCUC 

S31 31 
UCCCACCACCUGUAC

CAUGCA 
111 

UGCAUGGUACAGGUG

GUGGGACC 

S32 32 
AGGGGUACCAGCUGA

AUUACU 
112 

AGUAAUUCAGCUGGU

ACCCCUCG 
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S33 33 
GAGCCCUCCGGAGAC

UACAGA 
113 

UCUGUAGUCUCCGGAG

GGCUCUG 

S34 34 
CGGUCCCACCACCUG

UACCAU 
114 

AUGGUACAGGUGGUG

GGACCGAG 

S35 35 
GUGGUCAAGACGGAU

GUGCCA 
115 

UGGCACAUCCGUCUUG

ACCACAU 

S36 36 
UCAAAGCCAACAAUC

CUUGGA 
116 

UCCAAGGAUUGUUGG

CUUUGAGG 

S37 37 
CCUCUACCUGGAUCA

UAAUGA 
117 

UCAUUAUGAUCCAGG

UAGAGGAG 

S38 38 
CCAGAGCCCUCCGGA

GACUAA 
118 

UUAGUCUCCGGAGGGC

UCUGGUC 

S39 39 
AGCUGAAUUACUGCA

GUGGGA 
119 

UCCCACUGCAGUAAUU

CAGCUGG 

S40 40 
GGCAUUGCUGCCUCU

UUCCAU 
120 

AUGGAAAGAGGCAGC

AAUGCCUG 

S41 41 
GGGGUACCAGCUGAA

UUACUA 
121 

UAGUAAUUCAGCUGG

UACCCCUC 

S42 42 
AGCCUCCUCAAAGCC

AACAAU 
122 

AUUGUUGGCUUUGAG

GAGGCUGA 

S43 43 
AUGUGGUCAAGACGG

AUGUGA 
123 

UCACAUCCGUCUUGAC

CACAUUG 

S44 44 
UGCUGGAGCUAGCCA

AGCAGA 
124 

UCUGCUUGGCUAGCUC

CAGCACC 

S45 45 
GACCAGUCGUCCCAG

AAUAAA 
125 

UUUAUUCUGGGACGA

CUGGUCAG 

S46 46 
AGGACCCCCACCUGU

GAGCCU 
126 

AGGCUCACAGGUGGG

GGUCCUCC 

S47 47 
UGCGACCCCCUUAUG

UUGCAA 
127 

UUGCAACAUAAGGGG

GUCGCAGG 

S48 48 
AUUGCUGCCUCUUUC

CAUUCU 
128 

AGAAUGGAAAGAGGC

AGCAAUGC 

S49 49 
CACCUGUGAGCCUGC

GACCCA 
129 

UGGGUCGCAGGCUCAC

AGGUGGG 

S50 50 
CUCCUCUACCUGGAU

CAUAAU 
130 

AUUAUGAUCCAGGUA

GAGGAGAG 

S51 51 
CGAGCUCUGGUGCUG

GAGCUA 
131 

UAGCUCCAGCACCAGA

GCUCGUU 

S52 52 
GAGGGGUACCAGCUG

AAUUAA 
132 

UUAAUUCAGCUGGUA

CCCCUCGG 
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S53 53 
AAGCAGCAAAUCCUG

GAUGGA 
133 

UCCAUCCAGGAUUUGC

UGCUUGG 

S54 54 
CUGGCAGCCCAGGCA

UUGCUA 
134 

UAGCAAUGCCUGGGCU

GCCAGCC 

S55 55 
GACCAUUACGUAGAC

UUCCAA 
135 

UUGGAAGUCUACGUA

AUGGUCUC 

S56 56 
CAAAGCCAACAAUCC

UUGGCA 
136 

UGCCAAGGAUUGUUG

GCUUUGAG 

S57 57 
CGAGGGGUACCAGCU

GAAUUA 
137 

UAAUUCAGCUGGUACC

CCUCGGG 

S58 58 
CUUAUGUUGCAGGCG

AGACCA 
138 

UGGUCUCGCCUGCAAC

AUAAGGG 

S59 59 
UCGGUCCCACCACCU

GUACCA 
139 

UGGUACAGGUGGUGG

GACCGAGG 

S60 60 
GUACCAGCUGAAUUA

CUGCAA 
140 

UUGCAGUAAUUCAGC

UGGUACCC 

S61 61 
AGGCAGCGCUGACCA

GAGCCA 
141 

UGGCUCUGGUCAGCGC

UGCCUGG 

S62 62 
GAGACCAUUACGUAG

ACUUCA 
142 

UGAAGUCUACGUAAU

GGUCUCGC 

S63 63 
UCCGAGCCAAUGAGC

CUGGAA 
143 

UUCCAGGCUCAUUGGC

UCGGAUC 

S64 64 
GGUGCUGGAGCUAGC

CAAGCA 
144 

UGCUUGGCUAGCUCCA

GCACCAG 

S65 65 
UAAUGGCAAUGUGG

UCAAGAA 
145 

UUCUUGACCACAUUGC

CAUUAUG 

S66 66 
GCUCUGGUGCUGGAG

CUAGCA 
146 

UGCUAGCUCCAGCACC

AGAGCUC 

S67 67 
GCUGAAUUACUGCAG

UGGGCA 
147 

UGCCCACUGCAGUAAU

UCAGCUG 

S68 68 
CUAGCCAAGCAGCAA

AUCCUA 
148 

UAGGAUUUGCUGCUU

GGCUAGCU 

S69 69 
CGUCUUCAGCCUCCU

CAAAGA 
149 

UCUUUGAGGAGGCUG

AAGACGGC 

S70 70 
ACCAGUCGUCCCAGA

AUAACU 
150 

AGUUAUUCUGGGACG

ACUGGUCA 

S71 71 
ACCAUUACGUAGACU

UCCAGA 
151 

UCUGGAAGUCUACGU

AAUGGUCU 

S72 72 
AGACGGAUGUGCCAG

AUAUGA 
152 

UCAUAUCUGGCACAUC

CGUCUUG 
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S74 73 
GAGGGGUACCAGCUG

AAUUAC 
153 

GUAAUUCAGCUGGUA

CCCCUCGG 

S75 74 
CAGAGCCCUCCGGAG

ACUACA 
154 

UGUAGUCUCCGGAGG

GCUCUGGU 

S76 75 
AGACCAUUACGUAGA

CUUCCA 
155 

UGGAAGUCUACGUAA

UGGUCUCG 

S77 76 
ACCAUUACGUAGACU

UCCAGG 
156 

CCUGGAAGUCUACGUA

AUGGUCU 

S78 77 
CCCGAGGGGUACCAG

CUGAAU 
157 

AUUCAGCUGGUACCCC

UCGGGCU 

S79 78 
GCACCCCAAGCAGAA

CGAGCU 
158 

AGCUCGUUCUGCUUGG

GGUGCCA 

S80 79 
ACUGGCACCCCAAGC

AGAACG 
159 

CGUUCUGCUUGGGGU

GCCAGUUU 

S81 80 
ACCCCAAGCAGAACG

AGCUCU 
160 

AGAGCUCGUUCUGCUU

GGGGUGC 

[0051] Table 2: Modified double-stranded siRNAs 

Double-

strande

d siRNA 

compou

nd 

SEQ 

ID 

NO 

Sense strand (5'-3') 

SEQ 

ID 

NO 

Antisense strand (5'-3') 

S83 161 
cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,a,c,u,a 
189 

us,dAs,g,u,dT,a,dT,u,c,u,g

,dG,g,Af,c,g,a,c,u,g,gs,us,

c 

S84 162 
as,as,u,g,u,g,g,u,Cf,Af,Af,

g,a,c,g,g,a,u,g,u,a 
190 

us,dAs,c,a,dT,c,dC,g,u,c,u

,dT,g,Af,c,c,a,c,a,u,us,gs,

c 

S85 163 
as,gs,g,g,g,u,a,c,Cf,Af,Gf,

c,u,g,a,a,u,u,a,c,u 
191 

as,dGs,u,a,dA,u,dT,c,a,g,c

,dT,g,Gf,u,a,c,c,c,c,us,cs,

g 

S86 164 
gs,us,g,g,u,c,a,a,Gf,Af,Cf,

g,g,a,u,g,u,g,c,c,a 
192 

us,dGs,g,c,dA,c,dA,u,c,c,

g,dT,c,Uf,u,g,a,c,c,a,cs,as,

u 

S87 165 
cs,cs,u,c,u,a,c,c,Uf,Gf,Gf,

a,u,c,a,u,a,a,u,g,a 
193 

us,dCs,a,u,dT,a,dT,g,a,u,c

,dC,a,Gf,g,u,a,g,a,g,gs,as,

g 

S88 166 
gs,gs,g,g,u,a,c,c,Af,Gf,Cf,

u,g,a,a,u,u,a,c,u,a 
194 

us,dAs.g,u,dA,a,dT,u,c,a,

g,dC,u,Gf,g,u,a,c,c,c,cs,us
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,c 

S89 167 
as,gs,c,c,u,c,c,u,Cf,Af,Af,

a,g,c,c,a,a,c,a,a,u 
195 

as,dTs,u,g,dT,u,dG,g,c,u,u

,dT,g,Af,g,g,a,g,g,c,us,gs,

a 

S90 168 
gs,as,c,c,a,g,u,c,Gf,Uf,Cf,

c,c,a,g,a,a,u,a,a,a 
196 

us,dTs,u,a,dT,u,dC,u,g,g,g

,dA,c,Gf,a,c,u,g,g,u,cs,as,

g 

S91 169 
gs,as,c,c,a,u,u,a,Cf,Gf,Uf,

a,g,a,c,u,u,c,c,a,a 
197 

us,dTs,g,g,dA,a,dG,u,c,u,

a,dC,g,Uf,a,a,u,g,g,u,cs,u

s,c 

S92 170 
cs,gs,a,g,g,g,g,u,Af,Cf,Cf,

a,g,c,u,g,a,a,u,u,a 
198 

us,dAs,a,u,dT,c,dA,g,c,u,

g,dG,u,Af,c,c,c,c,u,c,gs,g

s,g 

S93 171 
as,cs,c,a,g,u,c,g,Uf,Cf,Cf,

c,a,g,a,a,u,a,a,c,u 
199 

as,dGs,u,u,dA,u,dT,c,u,g,

g,dG,a,Cf,g,a,c,u,g,g,us,c

s,a 

S94 172 
cs,us,c,c,u,c,u,a,Cf,Cf,Uf,

g,g,a,u,c,a,u,a,a,u 
200 

as,dTs,u,a,dT,g,dA,u,c,c,a

,dG,g,Uf,a,g,a,g,g,a,gs,as,

g 

S95 161 
cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,a,c,u,a 
201 

us,dAs,g,u,dT,a,Z,u,c,u,g,

dG,g,Af,c,g,a,c,u,g,gs,us,

c 

S96 161 
cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,a,c,u,a 
202 

us,dAs,g,u,Z,a,dT,u,c,u,g,

dG,g,Af,c,g,a,c,u,g,gs,us,

c 

S97 161 
cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,a,c,u,a 
203 

us,as,g,u,dT,a,Z,u,c,u,g,d

G,g,Af,c,g,a,c,u,g,gs,us,c 

S98 161 
cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,a,c,u,a 
204 

us,dAs,g,u,dT,a,Z,u,c,u,g,

Gf,g,Af,c,g,a,c,u,g,gs,us,c 

S99 161 
cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,a,c,u,a 
205 

B19s,dAs,g,u,Z,a,dT,u,c,u

,g,dG,g,Af,c,g,R,c,u,g,gs,

us,c 

S100 161 
cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,a,c,u,a 
206 

B19s,dAs,g,u,Z,a,dT,u,c,u

,g,dG,g,Af,c,g,R,c,u,g,gs,

cs,c 

S101 173 
cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,R,c,u,a 
205 

B19s,dAs,g,u,Z,a,dT,u,c,u

,g,dG,g,Af,c,g,R,c,u,g,gs,

us,c 

S102 174 
cs,cs,R,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,R,c,u,a 
205 

B19s,dAs,g,u,Z,a,dT,u,c,u

,g,dG,g,Af,c,g,R,c,u,g,gs,
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us,c 

S103 161 
cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,a,c,u,a 
230 

us,dAs,g,u,Z,a,dT,u,c,u,g,

dG,g,Af,c,g,a,c,R,g,gs,us,

c 

S104 161 
cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,a,c,u,a 
207 

us,dAs,g,u,Z,a,dT,u,c,u,g,

dG,g,Af,c,g,a,c,R,g,gs,cs,

c 

S105 161 
cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,a,c,u,a 
208 

us,dAs,g,u,dR,a,dT,u,c,u,

g,dG,g,Af,c,g,a,c,R,g,gs,u

s,c 

S106 161 
cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,a,c,u,a 
209 

us,dAs,g,u,dR,a,dR,u,c,u,

g,dG,g,Af,c,g,a,c,R,g,gs,u

s,c 

S107 161 
cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,

a,g,a,a,u,a,a,c,u,a 
210 

us,dAs,g,u,dT,a,dR,u,c,u,

g,dG,g,Af,c,g,a,c,R,g,gs,u

s,c 

S109 175 
gs,as,g,g,g,g,u,a,Cf,Cf,Af,

g,c,u,g,a,a,u,u,a,a 
211 

us,dTs,a,a,dT,u,dC,a,g,c,u

,dG,g,Uf,a,c,c,c,c,u,cs,gs,

g 

S110 176 
as,gs,g,g,g,u,a,Cf,Cf,Af,g,

c,u,g,a,a,u,u,a,c,a 
212 

us,dGs,u,a,dA,u,dT,c,a,g,

c,dT,g,Gf,u,a,c,c,c,c,us,cs,

g 

S111 177 
cs,as,g,a,g,c,c,c,Uf,Cf,Cf,

g,g,a,g,a,c,u,a,c,a 
213 

us,dGs,u,a,dG,u,dC,u,c,c,

g,dG,a,Gf,g,g,c,u,c,u,gs,g

s,u 

S112 178 
as,gs,a,c,c,a,u,u,Af,Cf,Gf,

u,a,g,a,c,u,u,c,c,a 
214 

us,dGs,g,a,dA,g,dT,c,u,a,

c,dG,u,Af,a,u,g,g,u,c,us,c

s,g 

S113 179 
as,cs,c,a,u,u,a,c,Gf,Uf,Af,

g,a,c,u,u,c,c,a,g,a 
215 

us,dCs,u,g,dG,a,dA,g,u,c,

u,dA,c,Gf,u,a,a,u,g,g,us,c

s,u 

S114 180 
cs,cs,c,g,a,g,g,g,Gf,Uf,Af,

c,c,a,g,c,u,g,a,a,a 
216 

us,dTs,u,c,dA,g,dC,u,g,g,

u,dA,c,Cf,c,c,u,c,g,g,gs,cs

,u 

S115 181 
gs,cs,a,c,c,c,c,a,Af,Gf,Cf,a

,g,a,a,c,g,a,g,c,a 
217 

us,dGs,c,u,dC,g,dT,u,c,u,

g,dC,u,Uf,g,g,g,g,u,g,cs,c

s,u 

S116 182 
as,cs,u,g,g,c,a,c,Cf,Cf,Cf,a

,a,g,c,a,g,a,a,c,a 
218 

us,dGs,u,u,dC,u,dG,c,u,u,

g,dG,g,Gf,u,g,c,c,a,g,us,u

s,u 
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S117 183 
as,cs,c,c,c,a,a,g,Cf,Af,Gf,a

,a,c,g,a,g,c,u,c,a 
219 

us,dGs,a,g,dC,u,dC,g,u,u,

c,dT,g,Cf,u,u,g,g,g,g,us,g

s,u 

S118 184 
as,gs,a,c,c,a,u,u,Af,Cf,Gf,

u,a,g,a,c,Uf,u,c,c,a 
220 

U,us,dGs,gs,a,dA,g,dT,c,

u,a,c,dG,u,Af,a,u,g,g,u,cs,

us,cs,g 

S119 184 
as,gs,a,c,c,a,u,u,Af,Cf,Gf,

u,a,g,a,c,Uf,u,c,c,a 
221 

B33s,Gfs,gs,a,dA,g,dT,c,

u,a,c,Gf,u,Af,a,Uf,g,Gf,u,

Cfs,us,Cfs,g 

S120 184 
as,gs,a,c,c,a,u,u,Af,Cf,Gf,

u,a,g,a,c,Uf,u,c,c,a 
222 

us,dGs,gs,a,dA,g,dR,c,u,a

,c,dG,u,Af,a,u,g,g,u,cs,us,

cs,g 

S121 184 
as,gs,a,c,c,a,u,u,Af,Cf,Gf,

u,a,g,a,c,Uf,u,c,c,a 
223 

B33s,dGs,gs,a,dA,g,dR,c,

u,a,c,dG,u,Af,a,u,g,g,u,cs,

us,cs,g 

S122 184 
as,gs,a,c,c,a,u,u,Af,Cf,Gf,

u,a,g,a,c,Uf,u,c,c,a 
224 

B33s,Gfs,gs,a,dA,g,Z,c,u,

a,c,Gf,u,Af,a,Uf,g,Gf,u,C

fs,us,Cfs,g 

S123 184 
as,gs,a,c,c,a,u,u,Af,Cf,Gf,

u,a,g,a,c,Uf,u,c,c,a 
225 

B33s,Gfs,g,a,Af,g,Uf,c,u,

a,c,g,u,Af,a,Uf,g,Gf,u,c,u

s,cs,g 

S124 185 
as,gs,a,c,c,Af,Uf,u,Af,Cf,

Gf,u,a,g,a,c,Uf,u,c,c,a 
220 

U,us,dGs,gs,a,dA,g,dT,c,

u,a,c,dG,u,Af,a,u,g,g,u,cs,

us,cs,g 

S125 186 
cs,cs,Af,Uf,u,Af,Cf,Gf,u,a

,g,a,c,Uf,u,c,c,a 
226 

us,dGs,gs,a,dA,g,dT,c,u,a,

c,dG,u,Af,a,u,g,g,u,cs,us,

cs,g 

S126 187 
cs,cs,Af,Uf,u,Af,Cf,Gf,u,a

,g,a,c,u,u,c,c,a 
227 

B33s,dGs,gs,a,dA,g,dT,c,

u,a,c,dG,u,Af,a,u,g,g,u,cs,

us,cs,g 

S127 188 
as,gs,a,c,c,Af,Uf,u,Af,Cf,

Gf,u,a,g,a,c,u,u,c,c,a 
228 

B33s,dGs,gs,a,dA,g,dT,c,

u,a,c,g,u,Af,a,u,g,g,u,cs,u

s,cs,g 

S128 188 
as,gs,a,c,c,Af,Uf,u,Af,Cf,

Gf,u,a,g,a,c,u,u,c,c,a 
229 

B33s,dGs,gs,a,dA,g,dR,c,

u,a,c,g,u,Af,a,u,g,g,u,cs,u

s,cs,g 

S129 188 
as,gs,a,c,c,Af,Uf,u,Af,Cf,

Gf,u,a,g,a,c,u,u,c,c,a 
225 

B33s,Gfs,g,a,Af,g,Uf,c,u,

a,c,g,u,Af,a,Uf,g,Gf,u,c,u

s,cs,g 

. 
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[0052] The present disclosure provides a conjugate or a pharmaceutically 

acceptable salt thereof, comprising any one of the double-stranded siRNAs 

described above and a pharmaceutically acceptable conjugate moiety. 

[0053] In some embodiments of the present disclosure, the conjugate or a 

pharmaceutically acceptable salt thereof may comprise 1, 2, 3, 4, or 5 5 

pharmaceutically acceptable conjugate moieties. 

[0054] In some embodiments of the present disclosure, the conjugate or a 

pharmaceutically acceptable salt thereof comprises one pharmaceutically 

acceptable conjugate moiety. 

[0055] In some embodiments of the present disclosure, the pharmaceutically 10 

acceptable conjugate moiety is selected from an antibody, a polypeptide, and a 

ligand. 

[0056] In some embodiments of the present disclosure, the pharmaceutically 

acceptable conjugate moiety may be independently attached to any nucleotide of 

the sense strand and/or the antisense strand of the double-stranded siRNA. 15 

[0057] In some embodiments of the present disclosure, the pharmaceutically 

acceptable conjugate moiety may be attached to the 3' end and/or the 5' end of the 

sense strand and/or the antisense strand of the double-stranded siRNA. 

[0058] In some embodiments of the present disclosure, the pharmaceutically 

acceptable conjugate moiety independently comprises 1, 2, 3, 4, or 5 GalNAc 20 

moieties, wherein the GalNAc moieties are capable of binding to ASGPR. 

[0059] In some embodiments of the present disclosure, the conjugate moiety is 

selected from the following structures: 
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and 

. 

[0060] In the present disclosure, the mode of linkage between the double-5 

stranded siRNA and the conjugate moiety in the conjugate is as follows: 
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, and 

; 

[0061] wherein SS represents the sense strand and AS represents the antisense 

strand; X is selected from O and S. 5 

[0062] In some embodiments of the present disclosure, the conjugate is selected 

from C1-C47. 

[0063] In some embodiments of the present disclosure, the conjugate is selected 

from Table 3. 

[0064] Table 3: Conjugates 10 

Conjugate 

Sense strand 

sequence 

SEQ ID NO 

Conjugate moiety (conjugated to 

the 3' end of the sense strand via a 

phosphate linkage or a 

phosphorothioate linkage) 

Antisense 

strand 

sequence 

SEQ ID NO 

C1 161 D01 189 

C2 162 D01 190 

C3 163 D01 191 

C4 164 D01 192 

C5 165 D01 193 

C6 166 D01 194 

C7 167 D01 195 

C8 168 D01 196 

C9 169 D01 197 
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C10 170 D01 198 

C11 171 D01 199 

C12 172 D01 200 

C13 161 D01 201 

C14 161 D01 202 

C15 161 D01 203 

C16 161 D01 204 

C17 161 D01 205 

C18 161 D01 206 

C19 173 D01 205 

C20 174 D01 205 

C21 161 D01 230 

C22 161 D01 207 

C23 161 D01 208 

C24 161 D01 209 

C25 161 D01 210 

C27 175 D01 211 

C28 176 D01 212 

C29 177 D01 213 

C30 178 D01 214 

C31 179 D01 215 

C32 180 D01 216 

C33 181 D01 217 

C34 182 D01 218 

C35 183 D01 219 

C36 184 D01 220 

C37 184 D01 221 

C38 184 D01 222 

C39 184 D01 223 

C40 184 D01 224 

C41 184 D01 225 

C42 185 D01 220 

C43 186 D01 226 

C44 187 D01 227 

C45 188 D01 228 

C46 188 D01 229 

C47 188 D01 225 

[0065] In some embodiments of the present disclosure, the conjugate is 
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represented by formula (I): 

 

[0066] wherein X is O or S; SS represents the sense strand and AS represents 

the antisense strand; the sense strand and the antisense strand are selected from 

any one of the following combinations (1) to (9): 5 

[0067] (1) the sense strand is set forth in SEQ ID NO: 161, and the antisense 

strand is set forth in SEQ ID NO: 189; 

[0068] (2) the sense strand is set forth in SEQ ID NO: 161, and the antisense 

strand is set forth in SEQ ID NO: 210; 

[0069] (3) the sense strand is set forth in SEQ ID NO: 186, and the antisense 10 

strand is set forth in SEQ ID NO: 226; 

[0070] (4) the sense strand is set forth in SEQ ID NO: 188, and the antisense 

strand is set forth in SEQ ID NO: 225; 

[0071] (5) the sense strand is set forth in SEQ ID NO: 164, and the antisense 

strand is set forth in SEQ ID NO: 192; 15 

[0072] (6) the sense strand is set forth in SEQ ID NO: 171, and the antisense 

strand is set forth in SEQ ID NO: 199; 

[0073] (7) the sense strand is set forth in SEQ ID NO: 161, and the antisense 

strand is set forth in SEQ ID NO: 202; 

[0074] (8) the sense strand is set forth in SEQ ID NO: 185, and the antisense 20 

strand is set forth in SEQ ID NO: 220; 

[0075] (9) the sense strand is set forth in SEQ ID NO: 188, and the antisense 

strand is set forth in SEQ ID NO: 228. 
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[0076] In some embodiments of the present disclosure, the conjugate is 

represented by formula (I): 

 

[0077] wherein X is O; SS represents the sense strand and AS represents the 

antisense strand; the sense strand and the antisense strand are selected from any 5 

one of the following combinations (1) to (4): 

[0078] (1) the sense strand is set forth in SEQ ID NO: 161, and the antisense 

strand is set forth in SEQ ID NO: 189; 

[0079] (2) the sense strand is set forth in SEQ ID NO: 161, and the antisense 

strand is set forth in SEQ ID NO: 210; 10 

[0080] (3) the sense strand is set forth in SEQ ID NO: 186, and the antisense 

strand is set forth in SEQ ID NO: 226; 

[0081] (4) the sense strand is set forth in SEQ ID NO: 188, and the antisense 

strand is set forth in SEQ ID NO: 225. 

[0082] The present disclosure further provides the use of the double-stranded 15 

siRNA described above, a conjugate thereof, a salt thereof, or a salt of the 

conjugate thereof, in the manufacture of a medicament for treating a disease 

associated with INHBE gene expression. 

[0083] In some embodiments of the present disclosure, in the use described 

above, the disease associated with INHBE gene expression is a metabolic disease 20 

caused by abnormal body fat distribution. 

[0084] In some embodiments of the present disclosure, in the use described 

above, the metabolic disease caused by abnormal body fat distribution includes, 
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but is not limited to, type 2 diabetes, obesity, abdominal obesity, coronary heart 

disease, non-alcoholic fatty liver disease, non-alcoholic steatohepatitis, 

hyperlipidemia, dyslipidemia, and atherosclerosis. 

[0085] The present disclosure further provides the following test methods. 

[0086] Test method 1: Free uptake assay in primary human hepatocytes 5 

(PHHs) 

[0087] 1. Experimental principle: 

[0088] The degree of reduction in INHBE mRNA levels induced by the test 

compounds was evaluated by incubating the test compounds with PHHs. 

[0089] 2. Experimental materials: 10 

[0090] Primary human hepatocytes (PHHs); RNeasy® 96 Kit; FastKing RT Kit 

(With gDNase); TaqMan Gene Expression Assay. 

[0091] 3. Experimental procedure: 

[0092] The conjugates of the present disclosure were diluted with PBS to 10-

fold the test concentrations.  10 μL of each siRNA solution was transferred to a 15 

96-well plate.  PHHs were thawed and seeded into the 96-well plate at a final 

density of 5.4 × 105 cells/well.  The conjugates of the present disclosure were 

evaluated across 10 concentration points, with the highest concentration being 

500 nM, in a 4-fold dilution series. 

[0093] The cells were incubated at 37°C with 5% CO2 for 48 hours, after which 20 

cell morphology was examined under a microscope. 

[0094] After incubation, the cells were lysed to obtain cell lysates.  Total RNA 

was extract using the RNeasy® 96 Kit, and cDNA was synthesized by reverse 

transcription using the FastKing RT Kit (With gDNase).  INHBE cDNA levels 

were then measured by qPCR. 25 

[0095] 4. Experimental conclusion: The conjugates of the present disclosure can 

significantly reduce INHBE mRNA levels in PHHs. 
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[0096] Test method 2: In vivo PD study in non-human primates 

(cynomolgus monkeys) 

[0097] 1. Experimental principle: 

[0098] The degree of reduction in plasma INHBE protein in cynomolgus 

monkeys induced by the test compounds was evaluated using a non-human 5 

primate (cynomolgus monkey) model, which exhibits high homology to the 

human INHBE gene. 

[0099] 2. Experimental materials: cynomolgus monkeys; 1× PBS (phosphate-

buffered saline); conjugates of the present disclosure. 

[0100] 3. Experimental procedure: 10 

[0101] Ten cynomolgus monkeys weighing 2 to 3 kg were obtained and 

underwent a one-week acclimatization and quarantine period upon arrival at the 

animal facility. 

[0102] Six days prior to dosing, the cynomolgus monkeys were randomly 

divided into groups based on their body weight, with two animals per group.  15 

After grouping, the plasma INHBE protein concentration of each cynomolgus 

monkey was measured to serve as the baseline value for each group. 

[0103] Dosing was initiated on Day 1.  Blood samples were collected on Days 

1, 2, 4, 8, 15, 22, 29, 32, 35, 43, 57, and 71 after dosing, and the plasma INHBE 

protein concentration of each cynomolgus monkey was measured.  The relative 20 

reduction in INHBE protein was calculated for each group by comparing the 

plasma INHBE protein concentration obtained after dosing with the baseline 

value measured on Day -6. 

[0104] 4. Experimental conclusion: The conjugates of the present disclosure can 

significantly reduce plasma INHBE protein concentrations in cynomolgus 25 

monkeys. 

[0105] Test method 3: In vitro RNA sequencing analysis 
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[0106] 1. Experimental introduction: 

[0107] The transcriptome refers to the complete collection of RNA molecules 

transcribed in a particular tissue or cell at a specific time point or under a specific 

condition, including both mRNAs and non-coding RNAs.  Transcriptome 

sequencing, based on the Illumina sequencing platform, enables analysis of all 5 

mRNAs transcribed in a particular tissue or cell at a specific time point.  It 

provides a fundamental tool for research on gene function and structure, and plays 

a crucial role in understanding the development of organisms and the occurrence 

of diseases.  With the development of sequencing technologies and the reduction 

of sequencing costs, RNA-seq has become the principal approach for 10 

transcriptome analysis owing to its high throughput, high sensitivity, and broad 

applicability.  The RNA-seq workflow mainly includes two stages: library 

preparation and sequencing, followed by bioinformatics analysis. 

[0108] 2. RNA extraction and quality assessment: 

[0109] RNA is extracted from tissues or cells using standard extraction 15 

procedures.  The RNA samples are then subjected to rigorous quality control, 

primarily by using an Agilent 2100 Bioanalyzer to accurately evaluate RNA 

integrity. 

[0110] 3. Library preparation and quality control: 

[0111] mRNA is isolated by one of the following approaches: (1) enrichment of 20 

poly(A)-containing mRNA using Oligo(dT) magnetic beads, taking advantage of 

the poly(A) tails present on most eukaryotic mRNAs; or (2) removal of ribosomal 

RNA from total RNA to obtain mRNA.  Subsequently, the purified mRNA is 

randomly fragmented in NEB fragmentation buffer using divalent cations, 

followed by library preparation according to the standard NEB library preparation 25 

protocol or the strand-specific library preparation protocol. 

[0112] Standard NEB library preparation: Using fragmented mRNA as a 
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template and random oligonucleotides as primers, the first strand of cDNA is 

synthesized in an M-MuLV reverse transcriptase system.  Subsequently, the 

RNA strand is degraded with RNaseH, and the second strand of cDNA is 

synthesized using dNTPs as substrates in a DNA polymerase I system.  The 

purified double-stranded cDNA is subjected to end repair, A-tailing, and ligation 5 

of sequencing adapters.  cDNA fragments of approximately 250 to 300 bp are 

selected using AMPure XP beads, followed by PCR amplification.  The PCR 

products are purified again using AMPure XP beads to generate the library.  

Library preparation is performed using the NEBNext® Ultra™ RNA Library Prep 

Kit for Illumina®. 10 

[0113] Strand-specific library preparation: The first strand of cDNA is 

synthesized by reverse transcription as the standard NEB library preparation.  

The difference lies in the synthesis of the second strand, where dTTP in the dNTPs 

is replaced by dUTP.  Following end repair, A-tailing, ligation of sequencing 

adapters, and size selection, the U-containing second strand of cDNA is degraded 15 

using the USER enzyme, followed by PCR amplification to generate the library.  

Strand-specific libraries offer numerous advantages, such as generating more 

effective information with the same amount of data; achieving more accurate gene 

quantification, localization, and annotation; and providing antisense transcripts 

and expression levels of individual exons within each transcript isoform.  20 

Library preparation is performed using the NEBNext® Ultra™ Directional RNA 

Library Prep Kit for Illumina®. 

[0114] Note: Sequencing adapters comprise three components: P5/P7, index, 

and Rd1/Rd2 SP.  Specifically, P5/P7 serve as PCR primer binding sites and flow 

cell attachment sequences; the index sequence enables discrimination among 25 

different libraries; Rd1/Rd2 SP represent the read1/read2 sequencing primer 

binding sites from which sequencing is initiated. 
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[0115] Following library preparation, the library is preliminarily quantified 

using a Qubit2.0 Fluorometer and diluted to 1.5 ng/μL.  Subsequently, the insert 

size of the library is analyzed using an Agilent 2100 Bioanalyzer.  After 

confirmation of the expected insert size, the effective library concentration is 

accurately quantified by qRT-PCR (an effective concentration greater than 2 nM) 5 

to ensure library quality. 

[0116] 4. Sequencing: 

[0117] Qualified libraries are pooled according to their effective concentrations 

and the desired sequencing output, followed by Illumina sequencing.  The 

sequencing is based on the principle of sequencing by synthesis.  During 10 

sequencing, four fluorescently labeled dNTPs, DNA polymerase, and adapter 

primers are added to the flow cell for amplification.  As each fluorescently 

labeled dNTP is incorporated into the growing complementary DNA strand within 

a sequencing cluster, a corresponding fluorescence signal is emitted.  The 

sequencer captures these fluorescent signals, which are converted into sequencing 15 

reads via computer software, thereby obtaining the sequence information of each 

target fragment. 

[0118] 5. Experimental conclusion: The conjugates of the present disclosure can 

significantly reduce INHBE gene expression in RNA sequencing analysis. 

[0119] Test method 4: Huh7 cell transfection assay 20 

[0120] 1. Experimental objective: The objective of this study was to evaluate 

the inhibitory effects of the conjugates described herein on the target gene in Huh7 

cells.  The inhibitory activity against the target gene INHBE was evaluated using 

the IC50 value of each compound as an indicator. 

[0121] 2. Experimental materials: 25 

[0122] 2.1 Cell line: Huh7 cells; conjugates of the present disclosure. 

[0123] Huh7 cells were cultured in DMEM containing 10% fetal bovine serum 
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and 1% penicillin-streptomycin. 

[0124] 2.2 Reagents: 

[0125] The principal reagents used in this study include Lipofectamine™ 

RNAiMAX transfection reagent, FastStart Universal Probe Master, RNA 

extraction kit, GAPDH gene expression assay kit, INHBE gene expression assay 5 

kit, FastKing first-strand cDNA synthesis Kit, and 96-well plates. 

[0126] 2.3 Consumables and instruments: 

[0127] The principal instruments used in this study include QuantStudio 6 Flex 

real-time PCR system (Applied Biosystems) and Vi-cell™ XR cell viability 

analyzer. 10 

[0128] 3. Experimental procedure and methods: 

[0129] 3.1 Transfection 

[0130] 1) On Day 1, RNAiMAX transfection reagent was mixed with Opti-

MEM, followed by incubation at room temperature for 15 minutes. 

[0131] 2) For each well of cells, an appropriate amount of diluted compound 15 

was mixed with an equal volume of the RNAiMAX/Opti-MEM mixture, followed 

by incubation for 15 minutes. 

[0132] 3) Huh7 cells were washed with DPBS, then trypsinized, and adjusted to 

an appropriate density. 

[0133] 4) Simultaneously with cell seeding, 20 μL of the Opti-20 

MEM/RNAiMax/compound mixture was added to each well of the culture plate.  

The cells were seeded into the 96-well plate at a density of 20,000 cells per well, 

with a final culture volume of 120 μL per well. 

[0134] 5) The cells were incubated at 37°C with 5% CO2 for 24 hours. 

[0135] 3.2 RNA extraction and reverse transcription 25 

[0136] Cells were harvested, and total RNA was extracted according to the 

instructions of the extraction kit.  The extracted RNA was reverse-transcribed 
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into cDNA according to the instructions of the FastKing first-strand cDNA 

synthesis kit.  

[0137] 3.3 qPCR analysis 

[0138] Target gene cDNA was quantified by qPCR using GAPDH as the internal 

reference gene.  qPCR was performed in a 384-well plate according to the 5 

following program: 95°C for 10 minutes, followed by 40 cycles of 95°C for 15 

seconds and 60°C for 1 minute. 

[0139] 3.4 Data analysis: ΔΔCt method (comparative Ct method) 

[0140] The method requires the introduction of the internal reference gene 

GAPDH as it is constitutively expressed in all cells, is essential for cell survival, 10 

exhibits a constant expression level or genomic copy number, and is minimally 

affected by environmental conditions.  Following qRT-PCR, the CT value of the 

reference gene was recorded as Ct (GAPDH), and the CT value of the sample was 

recorded as Ct (sample). 

[0141] ΔCt (sample) = Ct (sample) - Ct (GAPDH); 15 

[0142] ΔCt (control) = Ct (control) - Ct (GAPDH); 

[0143] ΔΔCt = ΔCt (sample) - ΔCt (control); 

[0144] Relative gene expression = 2-ΔΔCt. 

[0145] 4. Experimental conclusion: The conjugates of the present disclosure 

exhibits effective knockdown of INHBE mRNA in Huh7 cells. 20 

[0146] Technical effects 

[0147] The double-stranded siRNAs and conjugates of the present disclosure 

can significantly inhibit INHBE mRNA expression both in vitro and in vivo, 

exhibit a low risk of off-target effects and good stability, and are therefore useful 

for the treatment of diseases associated with the INHBE gene and protein. 25 

[0148] Definitions and description 

[0149] Unless otherwise specified, the following terms and phrases used herein 



 
 
 
 

37 

are intended to have the meanings set forth below.  A particular term or phrase 

should not be considered indefinite or unclear in the absence of an explicit 

definition, but rather should be interpreted according to the meaning commonly 

understood by a person of ordinary skill in the art.  When a trade name appears 

herein, it is intended to refer to the corresponding commercial product or the 5 

active ingredient thereof. 

[0150] Unless otherwise specified, the terms "comprising", "including", and 

"containing" or equivalents thereof are open-ended expressions, meaning that in 

addition to the listed elements, components, or steps, other unspecified elements, 

components, or steps may also be encompassed. 10 

[0151] Unless otherwise specified, the term "sequence" or "nucleotide 

sequence" as used herein refers to the order or arrangement of nucleobases or 

nucleotides represented by a string of letters using standard nucleotide 

nomenclature. 

[0152] The term "double-stranded siRNA" refers to a complex of ribonucleic 15 

acid molecules having a duplex structure, comprising two antiparallel and 

substantially complementary nucleotide strands, which have "sense" and 

"antisense" orientations relative to the target RNA.  In the present disclosure, 

"complementary" has the meaning well known to those skilled in the art, namely 

that, in a double-stranded nucleic acid molecule, a base on one strand pairs with 20 

a base on the other strand in a complementary manner.  The purine base adenine 

(A) pairs with the pyrimidine base uracil (U) or thymine (T), while the purine 

base guanine (C) pairs with the pyrimidine base cytosine (G).  Each base pair 

consists of one purine and one pyrimidine.  Two strands are considered 

complementary when adenine on one strand pairs with uracil on the other strand 25 

and guanine pairs with cytosine, such that the sequence of one strand can be 

inferred from the sequence of its complementary strand. 
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[0153] The term "single-stranded oligonucleotide" as used herein refers to a 

single-stranded oligonucleotide having a sequence that is at least partially 

complementary to a target mRNA and capable of hybridizing to the target mRNA 

via hydrogen bonding under mammalian physiological conditions (or an 

equivalent in vitro environment).  In some embodiments of the present 5 

disclosure, the single-stranded oligonucleotide is a single-stranded antisense 

oligonucleotide. 

[0154] The term "double-stranded oligonucleotide" as used herein refers to a 

duplex structure comprising two antiparallel and substantially complementary 

nucleotide strands, wherein one strand is a sense strand and the other strand is an 10 

antisense strand, wherein the antisense strand refers to a strand that is substantially 

complementary to the corresponding region of a target sequence (e.g., INHBE 

mRNA) and capable of hybridizing to the target mRNA via hydrogen bonding 

under mammalian physiological conditions (or an equivalent in vitro 

environment).  The term "substantially complementary" means that the 15 

corresponding positions of two sequences may be fully complementary or may 

contain one or more mismatches; when mismatches are present, the sequences 

typically contain no more than 3, 2, or 1 mismatched base pairs.  In a double-

stranded nucleic acid molecule, a base on one strand pairs with a base on the other 

strand in a complementary manner.  The purine base adenine (A) pairs with the 20 

pyrimidine base uracil (U), while the purine base guanine (C) pairs with the 

pyrimidine base cytosine (G).  In some embodiments of the present disclosure, 

the double-stranded oligonucleotide is a double-stranded siRNA. 

[0155] The term "short interfering RNA (siRNA)" as used herein refers to a class 

of RNA molecules having a duplex region of 17 to 25 base pairs in length, 25 

structurally similar to miRNA, that function within the RNA interference (RNAi) 

pathway.  siRNAs interfere with the translation of mRNA corresponding to a 
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complementary nucleotide sequence, thereby inducing degradation of the target 

mRNA.  The siRNAs as used herein include both double-stranded siRNAs 

(comprising a sense strand and an antisense strand) and single-stranded siRNAs 

(comprising only an antisense strand). 

[0156] Unless otherwise specified, the uppercase letters T, C, G, U, and A as 5 

used herein represent the base composition of nucleotides. 

[0157] The term "modification" of a nucleotide as used herein includes, but is 

not limited to, 2'-O-methyl modification, 2'-fluoro modification, (E)-

vinylphosphonate modification, phosphorothioate linkage, or replacement of the 

nucleotide with a GNA (glycol nucleic acid) monomer, wherein the GNA includes 10 

GNA-A, GNA-T, GNA-C, GNA-G, and GNA-U.  The sequences described in 

the present disclosure may include those listed as "further modified sequences" in 

Table 2. 

[0158] The 2'-fluoro-modified nucleotide as used herein refers to a nucleotide in 

which the 2'-hydroxyl group of the ribose moiety is replaced by fluorine.  The 15 

2'-O-methyl-modified nucleotide as used herein refers to a nucleotide in which 

the 2'-hydroxyl group of the ribose moiety is replaced by a methoxy group. 

[0159] The GNA (glycol nucleic acid) monomers (GNA-A, GNA-T, GNA-C, 

GNA-G, and GNA-U) as used herein have the following structures: 

[0160] GNA-A has the structure of  ; GNA-T has the 20 
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structure of  ; GNA-C has the structure of  ; 

GNA-G has the structure of ; GNA-U has the structure 

of . 

[0161] Unless otherwise specified, the phrase "the nucleotide is optionally 

modified" as used herein means that the nucleotide may be either an unmodified 5 

nucleotide or a modified nucleotide.  The term "unmodified nucleotide" refers 

to a nucleotide comprising a natural nucleobase, a natural sugar ring, and a natural 

phosphate group.  The term "modified nucleotide" refers to a nucleotide 

comprising a modified nucleobase, and/or a modified sugar ring, and/or a 

modified phosphate group.  In some embodiments of the present disclosure, the 10 

"modified nucleotide" comprises a modified nucleobase, a modified sugar ring, 

and a natural phosphate group.  In some embodiments of the present disclosure, 

the "modified nucleotide" comprises a modified nucleobase, a modified 

phosphate group, and a natural sugar ring.  In some embodiments of the present 
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disclosure, the "modified nucleotide" comprises a natural nucleobase, a modified 

sugar ring, and a modified phosphate group.  In some embodiments of the 

present disclosure, the "modified nucleotide" comprises a modified nucleobase, a 

natural sugar ring, and a natural phosphate group.  In some embodiments of the 

present disclosure, the "modified nucleotide" comprises a natural nucleobase, a 5 

modified sugar ring, and a natural phosphate group.  In some embodiments of 

the present disclosure, the "modified nucleotide" comprises a natural nucleobase, 

a natural sugar ring, and a modified phosphate group.  In some embodiments of 

the present disclosure, the "modified nucleotide" comprises a modified 

nucleobase, a modified sugar ring, and a modified phosphate group. 10 

[0162] Unless otherwise specified, the term "natural sugar ring" as used herein 

refers to a 5-membered sugar ring containing a 2'-OH group. 

[0163] Unless otherwise specified, the term "natural nucleobase" as used herein 

refers to the purine bases adenine (A) and guanine (G), and the pyrimidine bases 

thymine (T), cytosine (C), and uracil (U). 15 

[0164] Unless otherwise specified, the term "modified nucleobase" as used 

herein refers to a 5- to 12-membered saturated, partially unsaturated, or aromatic 

heterocycle other than natural nucleobases, including monocyclic or fused ring 

systems.  Representative examples include, but are not limited to, thiophene, 

thianthrene, furan, pyran, isobenzofuran, benzothiazine, pyrrole, imidazole, 20 

substituted or unsubstituted triazole, pyrazole, isothiazole, isoxazole, pyridazine, 

indolizine, indole, isoindole, isoquinoline, quinoline, naphthyridine, quinazoline, 

carbazole, phenanthridine, piperidine, phenazine, phenarsazine, phenothiazine, 

tetrahydrofuran, phenoxazine, pyrrolidine, pyrroline, imidazolidine, imidazoline, 

pyrazolidine, 5-methylcytosine (5-me-C), 5-hydroxymethylcytosine, xanthine, 25 

hypoxanthine, 2-aminoadenine, 2-aminoadenine, 2-aminoguanine, 2-propyl-

substituted adenine and guanine and other alkyl derivatives, 2-thiouracil, 2-
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thiothymine, 2-thiocytosine, 5-halouracil/halocytosine, 5-

propynyluracil/propargylcytosine, 6-azauracil, 6-azacytosine, 6-azathymine, 5-

uracil (pseudouracil), 4-thiouracil, 8-halo-, 8-amino-, 8-mercapto-, 8-thioalkyl-, 

8-hydroxy- and other 8-substituted adenine and guanine, 5-halo- (particularly 5-

bromo-), 5-trifluoromethyl- and other 5-substituted uracil and cytosine, 7-5 

methylguanine, 7-methyladenine, 8-azaguanine, 8-azaadenine, 7-deazaguanine, 

7-deazaadenine, 3-deazaguanine, 3-deazaadenine,  ,  , 

, , and . 

[0165] Unless otherwise specified, the term "modified sugar ring" as used herein 

refers to a sugar ring containing, at the 2' position, one or more modifications 10 

selected from, but not limited to: H; F; O-, S-, or N-alkyl; O-, S-, or N-alkenyl; 

O-, S-, or N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyl, alkenyl, and alkynyl 

may be substituted or unsubstituted C1-C10 alkyl, C2-C10 alkenyl, and C2-C10 

alkynyl.  Examples of suitable modifications include O[(CH2)nO]mCH3, 

O(CH2)nOCH3, O(CH2)nNH2, O(CH2)nCH3, O(CH2)nONH2, and 15 

O(CH2)nON[(CH2)nCH3)]2, wherein n and m are integers from 1 to 10.  In other 

embodiments, the modification at the 2' position is selected from, but is not 

limited to: substituted or unsubstituted C1-C10 lower alkyl, alkaryl, aralkyl, O-

alkaryl, or O-aralkyl; SH, SCH3, OCN, Cl, Br, CN, CF3, OCF3, SOCH3, SO2CH3, 

ONO2, NO2, N3, NH2, heterocycloalkyl, heterocycloalkaryl, aminoalkylamino, 20 

polyalkylamino, substituted silyl, RNA-cleaving groups, reporter groups, 
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intercalating groups, groups for improving the pharmacokinetic properties of 

iRNA, groups for improving the pharmacodynamic properties of iRNA, and other 

substituents having similar properties.  In some embodiments, the modification 

includes, but is not limited to, 2'-methoxyethoxy (2'-O-CH2CH2OCH3, also 

known as 2'-O-(2-methoxyethyl) or 2'-MOE). 5 

[0166] Unless otherwise specified, the term "modified phosphate group" as used 

herein includes, but is not limited to, phosphorothioate modifications, wherein the 

"phosphorothioate" includes (R)- and (S)-isomers and/or mixtures thereof. 

[0167] Unless otherwise specified, the term "phosphate" is used herein 

according to its ordinary meaning as understood by those skilled in the art, and 10 

includes its protonated forms (e.g.,  and ). 

[0168] Unless otherwise specified, the terms "phosphorothioate" and 

"phosphorothioate linkage" refer to compounds of formula , protonated 

forms thereof (e.g.,  and ), and tautomers thereof (e.g., 

). 15 

[0169] In some embodiments of the present disclosure, the modified nucleotide 

comprises one or more dX (deoxynucleotide) monomers.  The dX monomer 
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includes dA, dT, dC, and dG.  dA has the structure of ; 

dT has the structure of  ; dC has the structure of 

; dG has the structure of . 

[0170] Unless otherwise specified, the term "overhang" as used herein refers to 

at least one unpaired nucleotide extending from the duplex region of a double-5 

stranded compound.  For example, one strand extends beyond the 5' end of the 

opposite strand at its 3' end, or one strand extends beyond the 3' end of opposite 

strand at its the 5' end.  The overhang may comprise at least one nucleotide, or 

at least two, three, four, five, or more nucleotides.  The nucleotides constituting 

the overhang are optionally modified nucleotides.  The overhang may be present 10 

on the sense strand, the antisense strand, or any combination thereof.  
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Furthermore, the overhang may be present at the 5' end, the 3' end, or both ends 

of either the antisense strand or the sense strand of the double-stranded compound.  

In some embodiments of the present disclosure, the antisense strand comprises an 

overhang of 1 to 10 nucleotides (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides) at 

the 3' end and/or the 5' end.  In some embodiments of the present disclosure, the 5 

sense strand comprises an overhang of 1 to 10 nucleotides (e.g., 1, 2, 3, 4, 5, 6, 7, 

8, 9, or 10 nucleotides) at the 3' end and/or the 5' end.  In some embodiments of 

the present disclosure, both the antisense strand and the sense strand comprise an 

overhang of 1 to 10 nucleotides (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides) at 

their respective 3' ends.  In some embodiments of the present disclosure, both 10 

the antisense strand and the sense strand comprise an overhang of 1 to 10 

nucleotides (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 nucleotides) at their respective 5' 

ends. 

[0171] In the present disclosure, a conjugate of a double-stranded siRNA (also 

referred to simply as a "conjugate") refers to a compound formed by covalently 15 

linking the double-stranded siRNA to a pharmaceutically acceptable conjugate 

moiety. 

[0172] In the present disclosure, the pharmaceutically acceptable conjugate 

moiety includes, but is not limited to, antibodies, polypeptides, and ligands. 

[0173] In the present disclosure, the conjugate comprises 1, 2, 3, 4, or 5 20 

pharmaceutically acceptable conjugate moieties, each of which may be 

independently attached to any nucleotide of the sense strand and/or the antisense 

strand of the double-stranded siRNA. 

[0174] In the present disclosure, the pharmaceutically acceptable conjugate 

moiety may be attached to the 3' end and/or the 5' end of the sense strand and/or 25 

the antisense strand of the double-stranded siRNA. 

[0175] In the present disclosure, the conjugate comprises 1, 2, 3, 4, or 5 
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pharmaceutically acceptable conjugate moieties, each of which may be 

independently attached to the 3' end and/or the 5' end of the sense strand and/or 

the antisense strand of the double-stranded siRNA. 

[0176] In the context of the present disclosure, unless otherwise specified, the 

term "conjugation" refers to the covalent linking of two or more chemical moieties, 5 

each having a specific function.  Accordingly, the term "conjugate" refers to a 

compound formed by the covalent linking of such chemical moieties. 

[0177] In the present disclosure, unless otherwise specified, the term "linker" 

refers to an organic moiety connecting two portions of a compound, for example, 

by covalent attachment.  The linker typically comprises a direct bond or an atom 10 

(e.g., oxygen or sulfur), an atomic group (e.g., NRR, C(O), C(O)NH, SO, SO2, or 

SO2NH), substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, 

substituted or unsubstituted alkynyl, substituted or unsubstituted aryl, substituted 

or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted 

or unsubstituted heterocycloalkyl, wherein one or more carbon atoms in the 15 

substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, or 

substituted or unsubstituted alkynyl may optionally be replaced by substituted or 

unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or 

unsubstituted cycloalkyl, or substituted or unsubstituted heterocycloalkyl. 

[0178] A cleavable linker possesses sufficient stability under extracellular 20 

conditions but is cleaved upon entering the target cell, thereby releasing the two 

moieties that are jointly fixed by the linker. 

[0179] The compounds of the present disclosure may exist in specific geometric 

or stereoisomeric forms.  The present disclosure contemplates all such 

compounds, including (R)- and (S)-enantiomers, diastereomers, racemic mixtures, 25 

and other mixtures, such as enantiomerically or diastereomerically enriched 

mixtures, all of which are within the scope of the present disclosure.  Additional 
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asymmetric carbon atoms may be present in substituents such as alkyl groups.  

All such isomers and mixtures thereof are included within the scope of the present 

disclosure. 

[0180] Unless otherwise specified, the term "enantiomer" or "optical isomer" 

refers to stereoisomers that are mirror images of one another. 5 

[0181] Unless otherwise specified, the term "diastereomer" refers to 

stereoisomers containing two or more chiral centers that are non-mirror images of 

one another. 

[0182] Unless otherwise specified, a solid wedge bond ( ) and a dashed wedge 

bond ( ) indicate the absolute configuration of a stereocenter; a solid straight 10 

bond ( ) and a dashed straight bond ( ) indicate the relative configuration of 

a stereocenter; a wavy line ( ) represents a solid wedge bond ( ) or a dashed 

wedge bond ( ); alternatively, a wavy line ( ) represents a solid straight bond 

( ) or a dashed straight bond ( ). 

[0183] Unless otherwise specified, the terms "enriched in one isomer", "isomer-15 

enriched", "enriched in one enantiomer", or "enantiomer-enriched" mean that one 

isomer or enantiomer is present at an amount of less than 100%, but greater than 

or equal to 60%, or greater than or equal to 70%, or greater than or equal to 80%, 

or greater than or equal to 90%, or greater than or equal to 95%, or greater than 

or equal to 96%, or greater than or equal to 97%, or greater than or equal to 98%, 20 

or greater than or equal to 99%, or greater than or equal to 99.5%, or greater than 

or equal to 99.6%, or greater than or equal to 99.7%, or greater than or equal to 

99.8%, or greater than or equal to 99.9%. 

[0184] Unless otherwise specified, the term "isomeric excess" or "enantiomeric 

excess" refers to the difference between the relative percentages of two isomers 25 
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or two enantiomers.  For example, if one isomer or enantiomer is present at 90% 

and the other isomer or enantiomer is present at 10%, the isomeric or enantiomeric 

excess (ee value) is 80%. 

[0185] Optically active (R)- and (S)-isomers, as well as D- and L-isomers, may 

be prepared using chiral synthesis, chiral reagents, or other conventional 5 

techniques.  If a single enantiomer of a compound of the present disclosure is 

desired, it may be prepared by asymmetric synthesis or derivatization with a chiral 

auxiliary, in which the resulting diastereomeric mixture is separated and the 

auxiliary group is cleaved to afford the desired pure enantiomer.  Alternatively, 

when a molecule contains a basic functional group (e.g., an amino group) or an 10 

acidic functional group (e.g., a carboxyl group), diastereomeric salts are formed 

with an appropriate optically active acid or base, followed by resolution of the 

diastereomers by conventional methods well known in the art to obtain the pure 

enantiomer.  Furthermore, the separation of enantiomers and diastereomers is 

typically accomplished using chromatography employing chiral stationary phases, 15 

optionally in combination with chemical derivatization (e.g., conversion of 

amines to carbamates). 

[0186] Unless otherwise specified, when a group has one or more attachment 

sites, any one or more of such sites of the group may be linked to other groups via 

a chemical bond.  The chemical bond linking the sites to other groups may be 20 

represented by a wavy line (  ).  For example, the wavy line in 

  indicates attachment to other nucleotides of the 

double-stranded siRNA via the 3'- and 5'-oxygen atoms of dR. 

[0187] The compounds of the present disclosure may contain unnatural 
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proportions of atomic isotopes at one or more of the atoms that constitute such 

compounds.  For example, the compounds may be labeled with radioactive 

isotopes, such as tritium (3H), iodine-125 (125I), or carbon-14 (14C).  For another 

example, hydrogen atoms may be replaced by deuterium to form deuterated 

compounds.  Since carbon-deuterium bonds are stronger than ordinary carbon-5 

hydrogen bonds, deuterated compounds exhibit advantages over their non-

deuterated counterparts, including reduced toxic and side effects, improved drug 

stability, enhanced therapeutic efficacy, and prolonged biological half-life.  All 

isotopic variants of the compounds of the present disclosure, whether radioactive 

or non-radioactive, are included within the scope of the present disclosure. 10 

[0188] The term "pharmaceutically acceptable salt" as used herein refers to 

carboxylate salts and amino acid addition salts of the compounds of the present 

disclosure that are suitable, within the scope of sound medical judgment, for 

contact with the tissues of a patient without undue toxicity, irritation, or allergic 

response, and are commensurate with a reasonable benefit/risk ratio in view of 15 

their intended use, including (where appropriate) the zwitterionic forms of the 

compounds of the present disclosure. 

[0189] The term "salt" refers to salts of the compounds of the present disclosure, 

prepared by reacting the compounds discovered in the present disclosure, which 

have specific substituents, with relatively non-toxic acids or bases.  When a 20 

compound of the present disclosure contains a relatively acidic functional group, 

a base addition salt may be prepared by contacting the compound with a sufficient 

amount of an appropriate base in a pure solution or a suitable inert solvent.  

Pharmaceutically acceptable base addition salts include sodium, potassium, 

calcium, ammonium, organic amine, and magnesium salts, and the like.  When 25 

a compound of the present disclosure contains a relatively basic functional group, 

an acid addition salt may be prepared by contacting the compound with a 
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sufficient amount of an appropriate acid in a pure solution or a suitable inert 

solvent.  Examples of pharmaceutically acceptable acid addition salts include 

salts derived from inorganic acids, including, but not limited to, hydrochloric acid, 

hydrobromic acid, nitric acid, carbonic acid, bicarbonate, phosphoric acid, 

hydrogen phosphate, dihydrogen phosphate, sulfuric acid, hydrogen sulfate, 5 

hydroiodic acid, and phosphorous acid; and salts derived from organic acids, 

including, but not limited to, acetic acid, propionic acid, isobutyric acid, maleic 

acid, malonic acid, benzoic acid, succinic acid, suberic acid, fumaric acid, lactic 

acid, mandelic acid, phthalic acid, benzenesulfonic acid, p-toluenesulfonic acid, 

citric acid, tartaric acid, and methanesulfonic acid; as well as salts formed with 10 

amino acids (e.g., arginine) and salts of organic acids such as glucuronic acid.  

Certain compounds of the present disclosure contain both basic and acidic 

functional groups and therefore may be converted into either base or acid addition 

salts. 

[0190] The salts of the present disclosure may be synthesized by conventional 15 

chemical methods from parent compounds containing an acid moiety or a basic 

moiety.  Generally, such salts are prepared by reacting the free acid or base forms 

of these compounds with a stoichiometric amount of an appropriate base or acid 

in water, an organic solvent, or a mixture thereof. 

[0191] The compounds of the present disclosure may be prepared by a variety 20 

of synthetic methods well known to those skilled in the art, including the specific 

embodiments listed below, embodiments formed by combining such 

embodiments with other chemical synthesis methods, and equivalent substitutions 

well known to those skilled in the art.  Preferred embodiments include, but are 

not limited to, the examples of the present disclosure. 25 

[0192] The compounds of the present disclosure may contain unnatural 

proportions of atomic isotopes at one or more of the atoms that constitute such 
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compounds.  For example, the compounds may be labeled with radioactive 

isotopes, such as tritium (3H), iodine-125 (125I), or carbon-14 (14C).  For another 

example, hydrogen atoms may be replaced by deuterium to form deuterated 

compounds.  Since carbon-deuterium bonds are stronger than ordinary carbon-

hydrogen bonds, deuterated compounds exhibit advantages over their non-5 

deuterated counterparts, including reduced toxic and side effects, improved drug 

stability, enhanced therapeutic efficacy, and prolonged biological half-life.  All 

isotopic variants of the compounds of the present disclosure, whether radioactive 

or non-radioactive, are included within the scope of the present disclosure. 

[0193] When the direction of attachment of a linking group is not specified, the 10 

direction of attachment is arbitrary.  For example, the linking group L in 

 is -M-W-, wherein -M-W- may connect ring A and ring B in 

the same direction as the reading order from left to right to form 

 , or may connect ring A and ring B in the opposite 

direction to the reading order from left to right to form .  15 

Combinations of the linking groups, substituents, and/or variants thereof are 

permissible only if such combinations result in chemically stable compounds. 

[0194] The term "optional" or "optionally" means that the subsequently 

described event or circumstance may but need not occur, and that the description 

includes instances in which the event or circumstance occurs and instances in 20 

which the event or circumstance does not occur. 

[0195] The term "substituted" means that any one or more hydrogen atoms 

attached to a specific atom are replaced by substituents, which may include 

deuterium and other hydrogen isotopes, provided that the normal valence of the 
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specific atom is maintained and the resulting compound is chemically stable.  

When the substituent is oxo (i.e., =O), two hydrogen atoms are understood to be 

replaced.  Oxygen substitution does not occur on aromatic groups.  The term 

"optionally substituted" means that substitution may or may not occur.  Unless 

otherwise specified, the type and number of substituents may be arbitrary, 5 

provided that they are chemically feasible. 

[0196] When any variable (e.g., R) occurs more than once in the composition or 

structure of a compound, each occurrence is independently defined.  Thus, for 

example, if a group is substituted by 0 to 2 R, the group may be optionally 

substituted by up to two R, each of which is independently selected.  10 

Furthermore, combinations of substituents and/or variants thereof are permissible 

only if such combinations result in chemically stable compounds. 

[0197] When the number of a linking group is 0, for example, -(CRR)0-, the 

linking group represents a single bond. 

[0198] When a substituent is indicated as being vacant, it means that the 15 

substituent is absent.  For example, when X is absent in A-X, the resulting 

structure is simply A.  When the point of attachment of a substituent is not 

specified, the substituent may be bonded via any atom thereof.  For example, a 

pyridyl group as a substituent may be attached to the substituted group via any 

carbon atom on the pyridine ring. 20 

[0199] The compounds of the present disclosure may be prepared by a variety 

of synthetic methods well known to those skilled in the art, including the specific 

embodiments listed below, embodiments formed by combining such 

embodiments with other chemical synthesis methods, and equivalent substitutions 

well known to those skilled in the art.  Preferred embodiments include, but are 25 

not limited to, the examples of the present disclosure. 

[0200] The structures of the compounds of the present disclosure may be 
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confirmed by conventional methods well known to those skilled in the art.  

When the present disclosure involves the absolute configuration of a compound, 

such absolute configuration may be determined by conventional techniques in the 

art, such as single-crystal X-ray diffraction (SXRD), in which diffraction intensity 

data is collected from a cultured single crystal using a Bruker D8 Venture 5 

diffractometer with CuKα radiation as the X-ray source and φ/ω scanning; after 

data collection, the crystal structure is further analyzed using the direct method 

(Shelxs97), thereby confirming the absolute configuration. 

[0201] Unless otherwise specified, the solvent ratios used in column 

chromatography and preparative thin-layer silica gel chromatography in the 10 

present disclosure are all expressed as volume ratios. 

[0202] The solvents used in the present disclosure are commercially available. 

[0203] The following abbreviations are used in the present disclosure: aq 

represents water; HATU represents O-(7-azabenzotriazol-1-yl)-N,N,N',N'-

tetramethyluronium hexafluorophosphate; EDC represents N-(3-15 

dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride; m-CPBA represents 

3-chloroperoxybenzoic acid; eq represents equivalent; CDI represents 

carbonyldiimidazole; DCM represents dichloromethane; PE represents petroleum 

ether; DIAD represents diisopropyl azodicarboxylate; DMF represents N,N-

dimethylformamide; DMSO represents dimethyl sulfoxide; EtOAc represents 20 

ethyl acetate; EtOH represents ethanol; MeOH represents methanol; Cbz 

represents benzyloxycarbonyl (amine protecting group); Boc represents tert-

butoxycarbonyl (amine protecting group); HOAc represents acetic acid; 

NaCNBH3 represents sodium cyanoborohydride; r.t.  represents room 

temperature; O/N represents overnight; THF represents tetrahydrofuran; Boc2O 25 

represents di-tert-butyl dicarbonate; TFA represents trifluoroacetic acid; DIPEA 

represents diisopropylethylamine; SOCl2 represents thionyl chloride; CS2 
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represents carbon disulfide; TsOH represents p-toluenesulfonic acid; NFSI 

represents N-fluoro-N-(phenylsulfonyl)benzenesulfonamide; NCS represents 1-

chloropyrrolidine-2,5-dione; n-Bu4NF represents tetrabutylammonium fluoride; 

iPrOH represents 2-propanol; mp represents melting point; LDA represents 

lithium diisopropylamide; GalNAc moiety represents  ; PBS 5 

represents phosphate-buffered saline; ASGPR represents asialoglycoprotein 

receptor, a liver-specific transmembrane glycoprotein. 

[0204] In some embodiments of the present disclosure, conversion of uppercase 

letters "A", "U", "C", and "G" to lowercase letters "a", "u", "c", and "g" indicates 

that the corresponding nucleotide is 2'-O-methyl-modified (a methoxy 10 

modification); the suffix "f" following "A", "U", "C", and "G" indicates that the 

corresponding nucleotide is 2'-fluoro-modified (a fluoro modification); the 

lowercase letter "s" represents a phosphorothioate linkage between nucleotides; 

the prefix "d" preceding "A", "U", "C", and "G" indicates that the nucleotide 

immediately to the right of "d" is a deoxyribonucleotide.  For example, the 15 

chemical structure represented by 5'-us,Ufs,U,g,dA-3' is as follows: 
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. 

[0205] The compounds are named according to conventional nomenclature 

accepted in the art or using ChemDraw® software.  Commercially available 

compounds are identified by the names used in the corresponding supplier 

catalogs. 5 

 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0206] The present disclosure is described in detail below with reference to 

examples, which do not imply any adverse limitation on the present disclosure.  

The compounds of the present disclosure may be prepared by a variety of 10 

synthetic methods well known to those skilled in the art, including the specific 

embodiments listed below, embodiments formed by combining such 

embodiments with other chemical synthesis methods, and equivalent substitutions 
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well known to those skilled in the art.  Preferred embodiments include, but are 

not limited to, the examples of the present disclosure.  Various modifications and 

improvements to the specific embodiments of the present disclosure will be 

apparent to those skilled in the art without departing from the essence and scope 

of the present disclosure. 5 

[0207] Example 1: Synthesis of Z1 and Z2 

 

[0208] Step A: Compound 1-1 (10 g, 19.82 mmol) was dissolved in acetonitrile 

(120 mL) and 1,2-dichloroethane (80 mL), followed by addition of compound 1-

2 (6.02 g, 42.62 mmol) and trimethylsilyl trifluoromethanesulfonate (11.01 g, 10 

49.56 mmol, 8.95 mL) at 0°C, and the mixture was stirred at 35°C for 12 hours.  

The reaction mixture was quenched by slow addition of saturated sodium 

bicarbonate aqueous solution (100 mL) at 0°C and extracted with DCM (100 mL 

× 2).  The organic phase was washed with saturated brine (200 mL), dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 15 

obtain a crude product.  The crude product was purified by silica gel column 

chromatography (eluent: PE/EtOAc = 20:1) to obtain compound 1-3. 

[0209] Step B: Compound 1-3 (6.7 g, 13.05 mmol) was dissolved in methanolic 

ammonia (7 mol/L, 50 mL), and the mixture was stirred at 40°C for 12 hours.  

The reaction mixture was concentrated under reduced pressure to obtain a crude 20 

product.  The crude product was purified by silica gel column chromatography 

(eluent: EtOAc/MeOH = 50/1 to 10/1) to obtain compound 1-4. 

[0210] Step C: Compound 1-4 (2.3 g, 11.43 mmol) was dissolved in anhydrous 
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pyridine (25 mL), followed by addition of 1,3-dichloro-1,1,3,3-

tetraisopropyldisiloxane (3.64 g, 11.55 mmol, 3.69 mL) at 0°C, and the mixture 

was stirred at 20°C for 12 hours.  The reaction mixture was quenched with water 

(30 mL) and extracted with EtOAc (30 mL × 2).  The organic phase was washed 

sequentially with hydrochloric acid (1 mol/L, 30 mL × 3) and saturated brine (30 5 

mL), dried over anhydrous sodium sulfate, filtered, and concentrated under 

reduced pressure to obtain a crude product.  The crude product was purified by 

silica gel column chromatography (eluent: PE/EtOAc = 7/1 to 5/1) to obtain 

compound 1-5. 

[0211] Step D: Compound 1-5 (4 g, 9.02 mmol) was dissolved in acetonitrile 10 

(40 mL), followed by sequential addition of silver oxide (8.36 g, 36.06 mmol), 4 

Å molecular sieves (3 g), anhydrous pyridine (1.78 g, 22.54 mmol, 1.82 mL), and 

iodomethane (6.4 g, 45.08 mmol, 2.81 mL), and the mixture was stirred at 25°C 

for 12 hours.  EtOAc (50 mL) was added to the mixture, which was stirred at 

20°C for 1 hour.  The reaction mixture was filtered through a pad of Celite on a 15 

Büchner funnel to collect the filtrate, which added with water (100 mL) and 

extracted with EtOAc (100 mL × 2).  The organic phase was washed with 

saturated brine (200 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to obtain a crude product.  The crude 

product was purified by silica gel column chromatography (eluent: PE/EtOAc = 20 

15/1 to 10/1 to 8/1) to obtain compound 1-6. 

[0212] Step E: Compound 1-6 (2 g, 4.37 mmol) was dissolved in anhydrous THF 

(20 mL), followed by addition of triethylamine trihydrofluoride (1.55 g, 9.61 

mmol, 1.57 mL), and the mixture was stirred at 20°C for 12 hours.  The reaction 

mixture was concentrated under reduced pressure to obtain a crude product.  The 25 

crude product was purified by silica gel column chromatography (eluent: 

EtOAc/MeOH = 100/1 to 50/1) to obtain compound 1-7. 
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[0213] Step F: Compound 1-7 (1 g, 4.65 mmol) was dissolved in anhydrous 

pyridine (10 mL), followed by addition of 4,4-dimethoxytrityl chloride (1.57 g, 

4.65 mmol), and the mixture was stirred at 20°C for 12 hours.  The reaction 

mixture was quenched with water (20 mL) and extracted with EtOAc (20 mL × 

2).  The organic phase was washed with saturated brine (40 mL), dried over 5 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 

obtain a crude product.  The crude product was purified by silica gel column 

chromatography (eluent: PE/EtOAc = 3/1 to 1/1) to obtain Z1.  1H NMR (400 

MHz, DMSO-d6): δ = 8.78 (s, 1H), 8.14 - 8.03 (m, 1H), 7.41 - 7.31 (m, 2H), 7.29 

- 7.16 (m, 7H), 6.92 - 6.76 (m, 4H), 6.08 (d, J = 3.2 Hz, 1H), 5.25 (d, J = 6.5 Hz, 10 

1H), 4.48 - 4.34 (m, 1H), 4.13 - 4.01 (m, 2H), 3.73 (s, 6H), 3.38 (s, 3H), 3.18 - 

3.03 (m, 2H). 

[0214] Step G: DCM (5.5 L), Z1 (1.1 g, 2.13 mmol), bis(diisopropylamino)(2-

cyanoethoxy)phosphine (0.7 g, 2.34 mmol), and 4,5-dicyanoimidazole (0.13 g, 

1.06 mmol) were sequentially added to a 10 L dry reactor at room temperature 15 

under a nitrogen atmosphere, and the mixture was stirred at a controlled 

temperature of 20 to 25°C for 3 to 4 hours.  After completion of the reaction, the 

reaction mixture was quenched with saturated sodium bicarbonate aqueous 

solution (1 mL) at 20 to 25°C, then diluted with water (10 mL), and allowed to 

stand for phase separation.  The organic phase was washed with water (10 mL), 20 

dried over anhydrous sodium sulfate (1 g), filtered, and the filtrate was 

concentrated under reduced pressure to obtain a crude product.  The residue was 

transferred to a round-bottom flask and dissolved in toluene (15 mL) and n-

heptane (10 mL) with stirring.  The reaction mixture was washed three times 

with DMF/water (7/3, 5 mL × 3), followed by three washes with water (5 mL × 25 

3) and one wash with saturated brine (5 mL).  The organic phase was dried over 

anhydrous sodium sulfate (11 g), filtered, concentrated, and co-evaporated with 
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acetonitrile to obtain Z2.  1H NMR (400 MHz, DMSO-d6) δ = 8.82 (s, 1H), 8.11 

(d, J = 6.6 Hz, 1H), 7.42 - 7.32 (m, 2H), 7.30 - 7.16 (m, 7H), 6.90 - 6.76 (m, 4H), 

6.20 - 6.08 (m, 1H), 4.76 - 4.51 (m, 1H), 4.29 (q, J = 4.2 Hz, 1H), 4.23 - 4.09 (m, 

1H), 3.83 - 3.75 (m, 1H), 3.72 (d, J = 2.4 Hz, 6H), 3.61 - 3.45 (m, 3H), 3.38 (d, J 

= 15.2 Hz, 3H), 3.30 - 3.16 (m, 1H), 3.07 (br dd, J = 5.6, 10.4 Hz, 1H), 2.77 (t, J 5 

= 5.9 Hz, 1H), 2.63 - 2.55 (m, 1H), 1.16 - 1.07 (m, 9H), 0.96 (d, J = 6.6 Hz, 3H). 

[0215] Z2 is an intermediate for the preparation of Z-containing sense strands, 

antisense strands, or conjugates. 

[0216] Example 2: B19-M 

 10 

[0217] Step 1: Under a nitrogen atmosphere, n-butyllithium (2.5 mol/L, 94.57 

mL) was added to a solution of compound 2-2 (78 g, 236.43 mmol) in THF (1000 

mL) at -78°C over a period of 10 minutes.  After completion of the addition, the 

mixture was stirred at -78°C for 20 minutes, followed by addition of a solution of 

compound 2-1 (98.94 g, 236.43 mmol) in THF (500 mL) at -78°C.  The mixture 15 



 
 
 
 

60 

was stirred at -78°C for 1.5 hours.  The reaction mixture was quenched with 

saturated ammonium chloride aqueous solution (500 mL) at 0°C and extracted 

with EtOAc (1000 mL).  The organic phase was washed with saturated brine 

(500 mL × 2), dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to obtain a crude product.  The crude product was 5 

purified by silica gel column chromatography (PE/EtOAc = 1/0 to 3/1) to obtain 

compound 2-3. 

[0218] Step 2: Under a nitrogen atmosphere, boron trifluoride diethyl etherate 

(250.80 g, 1.77 mol/L, 217.33 mL) and triethylsilane (205.47 g, 1.77 mol/L) were 

added to a solution of compound 2-3 (110 g, 176.71 mmol) in DCM (1100 mL) 10 

at -78°C, and the mixture was stirred at -78°C for 2 hours.  The reaction mixture 

was quenched with 5% sodium carbonate aqueous solution (500 mL) at 0°C and 

extracted with DCM (300 mL × 2).  The combined organic phases were washed 

with saturated brine (200 mL × 2), dried over anhydrous sodium sulfate, filtered, 

and concentrated under reduced pressure to obtain a crude product.  The crude 15 

product was purified by silica gel column chromatography (PE/EtOAc = 1/0 to 

5/1) to obtain compound 2-4. 

[0219] Step 3: Under a nitrogen atmosphere, compound 2-4 (73 g, 120.36 mmol), 

compound 2-5 (21.08 g, 132.40 mmol), cuprous iodide (2.29 g, 12.04 mmol), 

N,N-diisopropylethylamine (104.83 mL), and Pd(dppf)Cl2 (8.81 g, 12.04 mmol) 20 

were added to acetonitrile (400 mL), and the mixture was stirred at 25°C for 2 

hours.  The reaction mixture was diluted with water (300 mL) and extracted with 

EtOAc (500 mL × 2).  The combined organic phases were washed with saturated 

brine (300 mL × 2), dried over anhydrous sodium sulfate, filtered, and 

concentrated to obtain a crude product.  The crude product was purified by silica 25 

gel column chromatography (PE/EtOAc = 1/0 to 3/1) to obtain compound 2-6. 

[0220] Step 4: Under a nitrogen atmosphere, compound 2-6 (70 g, 109.76 mmol) 
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and cesium carbonate (71.52 g, 219.52 mmol) were added to acetonitrile (700 

mL), and the mixture was stirred at 80°C for 16 hours.  The reaction mixture was 

concentrated under reduced pressure to remove acetonitrile, diluted with water 

(100 mL), and extracted with EtOAc (100 mL × 2).  The combined organic 

phases were washed with saturated brine (50 mL × 2), dried over anhydrous 5 

sodium sulfate, filtered, and concentrated under reduced pressure to obtain a crude 

product.  The crude product was purified by silica gel column chromatography 

(PE/EtOAc = 1/0 to 3/1) to obtain compound 2-7. 

[0221] Step 5: Under a nitrogen atmosphere, boron trichloride (1 mol/L, 627.19 

mL) was added to a solution of compound 2-7 (50 g, 78.40 mmol) in DCM (500 10 

mL) at -78°C, and the mixture was stirred at -78°C for 2 hours until completion.  

The reaction mixture was quenched by slow dropwise addition of MeOH (100 

mL) at -78°C, and concentrated under reduced pressure to obtain a crude product.  

The crude product was purified by silica gel column chromatography (PE/EtOAc 

= 1/0 to 1/1, followed by EtOAc/EtOH = 10/1 to 5/1) to obtain compound 2-8. 15 

[0222] Step 6: Under a nitrogen atmosphere, compound 2-8 (28.8 g, 78.39 

mmol), 1,3-dichloro-1,1,3,3-tetraisopropyldisiloxane (29.67 g, 94.07 mmol), and 

imidazole (21.35 g, 313.56 mmol) were added to DCM (280 mL), and the mixture 

was stirred at 25°C for 16 hours.  The reaction mixture was diluted with water 

(200 mL) and extracted with DCM (200 mL × 2).  The combined organic phases 20 

were washed with saturated brine (200 mL), dried over anhydrous sodium sulfate, 

filtered, and concentrated under reduced pressure to obtain a crude product.  The 

crude product was purified by silica gel column chromatography (PE/EtOAc = 

1/0 to 4/1) to obtain compound 2-9. 

[0223] Step 7: Under a nitrogen atmosphere, sodium hydride (2.20 g, 55.09 25 

mmol, 60% purity) was slowly added to a solution of compound 2-9 (28 g, 45.91 

mmol) in DMF (140 mL) at 0°C.  After completion of the addition, the mixture 
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was stirred at 0°C for 0.5 hours, followed by addition of iodomethane (8.57 mL), 

and stirred at 25°C for 1.5 hours.  The reaction mixture was quenched with 

saturated ammonium chloride aqueous solution (100 mL) at 10 to 25°C, diluted 

with water (200 mL), and extracted with EtOAc (200 mL × 2).  The combined 

organic phases were washed with saturated brine (30 mL × 2), dried over 5 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 

obtain a crude product.  The crude product was purified by silica gel column 

chromatography (PE/EtOAc = 1/0 to 4/1) to obtain compound 2-10. 

[0224] Step 8: Under a nitrogen atmosphere, compound 2-10 (22.3 g, 35.74 

mmol) and triethylamine hydrofluoride (9.53 g, 78.63 mmol) were added to THF 10 

(160 mL), and the mixture was stirred at 25°C for 16 hours.  The reaction 

mixture was concentrated under reduced pressure to obtain a crude product.  The 

crude product was purified by silica gel column chromatography (PE/EtOAc = 

1/0 to 0/1) to obtain compound 2-11. 

[0225] Step 9: Under a nitrogen atmosphere, compound 2-11 (10.6 g, 27.79 15 

mmol), 4,4-dimethoxytrityl chloride (11.30 g, 33.35 mmol), and 

triethylenediamine (4.68 g, 41.69 mmol) were mixed in DCM (60 mL), and the 

mixture was stirred at 25°C for 16 hours.  The reaction mixture was diluted with 

water (30 mL) and extracted with DCM (50 mL × 2).  The combined organic 

phases were washed with saturated brine (20 mL), dried over anhydrous sodium 20 

sulfate, filtered, and concentrated under reduced pressure to obtain a crude 

product.  The crude product was purified by silica gel column chromatography 

(PE/EtOAc = 1/0 to 1/1, 0.1% triethylamine) to obtain compound 2-12. 

[0226] Step 10: Under a nitrogen atmosphere, compound 2-12 (17 g, 24.86 

mmol), imidazole (3.39 g, 49.72 mmol), and tert-butyldiphenylchlorosilane (8.20 25 

g, 29.83 mmol) were added to DCM (170 mL), and the mixture was stirred at 

25°C for 16 hours.  The reaction mixture was diluted with water (20 mL) and 
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extracted with DCM (30 mL × 2).  The combined organic phases were washed 

with saturated brine (30 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated to obtain a crude product.  The crude product was purified by silica 

gel column chromatography (PE/EtOAc = 1/0 to 2/1) to obtain compound 2-13. 

[0227] Step 11: Under a nitrogen atmosphere, compound 2-13 (21 g, 22.77 5 

mmol) and p-toluenesulfonyl chloride monohydrate (2.17 g, 11.39 mmol) were 

added to DCM (200 mL) and MeOH (60 mL), and the mixture was stirred at 5°C 

for 1 hour.  The reaction mixture was quenched with saturated sodium 

bicarbonate aqueous solution (20 mL) and extracted with DCM (50 mL × 2).  

The combined organic phases were washed with saturated brine (30 mL × 2), dried 10 

over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to obtain a crude product.  The crude product was purified by silica gel column 

chromatography (PE/EtOAc = 1/0 to 2/1) to obtain compound 2-14. 

[0228] Step 12: Under a nitrogen atmosphere, compound 2-14 (13.7 g, 22.10 

mmol) and Dess-Martin periodinane (11.25 g, 26.52 mmol) were added to DCM 15 

(100 mL), and the mixture was stirred at 25°C for 1 hour.  The reaction mixture 

was quenched with saturated sodium bicarbonate aqueous solution (20 mL) and 

extracted with DCM (50 mL × 2).  The combined organic phases were washed 

with saturated brine (30 mL × 2), dried over anhydrous sodium sulfate, filtered, 

and concentrated under reduced pressure to obtain a crude product.  The crude 20 

product was purified by silica gel column chromatography (PE/EtOAc = 1/0 to 

2/1) to obtain compound 2-15. 

[0229] Step 13: Under a nitrogen atmosphere, compound 2-15 (2 g, 3.24 mmol), 

tetraethyl methylenediphosphonate (1.12 g, 3.88 mmol), lithium chloride (274.48 

mg, 6.47 mmol), and 1,8-diazabicyclo[5.4.0]undec-7-ene (1.48 g, 9.71 mmol) 25 

were added to DCM (20 mL), and the mixture was stirred at 25°C for 3 hours.  

The reaction mixture was quenched with water (10 mL) at 25°C and extracted 
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with DCM (30 mL × 2).  The combined organic phases were washed with 

saturated brine (30 mL), dried over anhydrous sodium sulfate, filtered, and 

concentrated under reduced pressure to obtain a crude product.  The crude 

product was purified by silica gel column chromatography (PE/EtOAc = 1/0 to 

1/1) to obtain compound 2-16. 5 

[0230] Step 14: Under a nitrogen atmosphere, compound 2-16 (2.1 g, 2.79 mmol) 

and triethylamine trihydrofluoride (676.97 mg, 5.59 mmol) were added to THF 

(10 mL), and the mixture was stirred at 40°C for 16 hours.  The reaction mixture 

was concentrated under reduced pressure to obtain a crude product.  The crude 

product was purified by silica gel column chromatography (PE/EtOAc = 1/0 to 10 

0/1, followed by EtOAc/EtOH = 1/0 to 5/1) to obtain compound 2-17. 

[0231] Step 15: Under a nitrogen atmosphere, compound 2-17 (1.3 g, 2.53 

mmol), bis(diisopropylamino)(2-cyanoethoxy)phosphine (1.07 g, 3.54 mmol), 

and 4,5-dicyanoimidazole (149.48 mg, 1.27 mmol) were added to DCM (15 mL), 

and the mixture was stirred at 25°C for 1 hour.  The reaction mixture was diluted 15 

with water (10 mL) and extracted with DCM (50 mL × 2).  The combined 

organic phases were washed with saturated brine (30 mL × 2), dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 

obtain a crude product.  The crude product was purified by reverse-phase 

column chromatography (column: Waters Xbridge C18, 150 × 50 mm × 10 μm; 20 

mobile phase: [10 mmol/L ammonium bicarbonate aqueous solution-acetonitrile]; 

acetonitrile gradient: 57% to 87%) to obtain B19-M.  1H NMR (400 MHz, 

DMSO-d6) δ = 8.00 - 7.82 (m, 2H), 7.58 - 7.44 (m, 3H), 7.43 - 7.23 (m, 4H), 7.04 

(s, 1H), 6.90 - 6.65 (m, 1H), 6.10 (br dd, J = 18.0, 19.4 Hz, 1H), 4.89 (dd, J = 5.9, 

15.8 Hz, 1H), 4.69 - 4.53 (m, 1H), 4.33 - 4.19 (m, 1H), 4.15 (s, 2H), 4.04 - 3.92 25 

(m, 4H), 3.86 - 3.53 (m, 5H), 3.34 - 3.29 (m, 3H), 2.80 (td, J = 5.4, 11.0 Hz, 2H), 

1.30 - 1.06 (m, 18H). 
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[0232] B19-M is an intermediate for the preparation of B19-containing sense 

strands, antisense strands, or conjugates. 

[0233] Example 3: B33-M 

 

[0234] Step 1: Compound 3-1 (1.9 g, 6.68 mmol) was dissolved in DMF (30 5 

mL), followed by addition of imidazole (2.73 g, 40.10 mmol), 4-

dimethylaminopyridine (244.97 mg, 2.01 mmol), and tert-

butyldimethylchlorosilane (4.03 g, 26.74 mmol), and the mixture was stirred at 

65°C for 16 hours.  The reaction mixture was diluted with EtOAc (100 mL) and 

washed with saturated brine (100 mL × 2).  The organic phase was dried over 10 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 

obtain a crude product.  The crude product was purified by silica gel column 

chromatography (PE/EtOAc = 1/1 to 1/2) to obtain compound 3-2.  LCMS (ESI) 

m/z: 513 [M+H]+. 

[0235] Step 2: Compound 3-2 (2.5 g, 4.88 mmol) was dissolved in THF (24 mL), 15 

followed by addition of trifluoroacetic acid aqueous solution (24 mL, v/v = 1/1), 

and the mixture was stirred at 25°C for 2 hours.  The reaction mixture was 

diluted with EtOAc (120 mL) and washed with saturated sodium bicarbonate 

aqueous solution (120 mL) and water (120 mL).  The organic phase was dried 

over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 20 
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to obtain a crude product.  The crude product was purified by silica gel column 

chromatography (PE/EtOAc = 2/1 to 1/1) to obtain compound 3-3.  LCMS (ESI) 

m/z: 399 [M+H]+. 

[0236] Step 3: Compound 3-3 (1.8 g, 4.52 mmol) was dissolved in acetonitrile 

(30 mL), followed by addition of 2-iodoxybenzoic acid (2.53 g, 9.03 mmol), and 5 

the mixture was stirred at 50°C for 16 hours.  The reaction mixture was filtered, 

and the filtrate was concentrated to obtain crude compound 3-4.  LCMS (ESI) 

m/z: 397 [M+H]+. 

[0237] Step 4: Under a nitrogen atmosphere, sodium hydride (411.55 mg, 10.29 

mmol, 60% purity) and compound 3-4a (5.42 g, 8.57 mmol) were added to THF 10 

(15 mL) at -78°C, and the mixture was stirred at -78°C for 0.5 hours.  A solution 

of compound 3-4 (1.7 g, 4.29 mmol) in THF (15 mL) was then added, and the 

mixture was stirred at 25°C for 1 hour.  The reaction mixture was quenched with 

saturated ammonium chloride aqueous solution (30 mL) and extracted with 

EtOAc (30 mL).  The organic phase was dried over anhydrous sodium sulfate, 15 

filtered, and concentrated under reduced pressure to obtain a crude product.  The 

crude product was purified by silica gel column chromatography (PE/EtOAc = 

2/1 to 1/1) to obtain compound 3-5. 

[0238] Step 5: Compound 3-5 (1.3 g, 1.85 mmol) was added to formic acid (13 

mL) and water (13 mL), and the mixture was stirred at 65°C for 12 hours.  The 20 

reaction mixture was diluted with EtOAc (120 mL) and washed with saturated 

sodium bicarbonate aqueous solution (120 mL) and water (120 mL).  The 

organic phase was dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure to obtain a crude product.  The crude product was 

purified by silica gel column chromatography (PE/EtOAc = 2/1 to 1/1) to obtain 25 

compound 3-6. 

[0239] Step 6: Under a nitrogen atmosphere, compound 3-6 (520 mg, 883.54 
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μmol) was dissolved in DCM (10 mL), followed by addition of 4,5-

dicyanoimidazole (520 mg, 883.54 μmol) and compound 3-7 (399.46 mg, 1.33 

mmol), and the mixture was stirred at 25°C for 16 hours.  The reaction mixture 

was concentrated under reduced pressure to obtain a crude product.  The crude 

product was purified by high-performance liquid chromatography (column: 5 

Waters Xbridge C18, 150 × 50 mm × 10 μm; mobile phase: [10 mmol/L 

ammonium bicarbonate aqueous solution-acetonitrile]; acetonitrile gradient: 54% 

to 84%) to obtain compound B33-M.  1H NMR (400 MHz, DMSO-d6) δ = 11.45 

(s, 1H), 7.62 - 7.58 (m, 1H), 6.99 - 6.75 (m, 1H), 6.22 - 6.10 (m, 1H), 6.04 (s, 1H), 

5.66 - 5.59 (m, 5H), 4.58 - 4.51 (m, 1H), 4.17 - 4.01 (m, 1H), 3.84 - 3.68 (m, 3H), 10 

3.65 - 3.51 (m, 3H), 2.84 - 2.78 (m, 2H), 2.39 - 2.16 (m, 1H), 1.94 - 1.80 (m, 2H), 

1.77 - 1.64 (m, 1H), 1.17 (s, 30H). 

[0240] B33-M is an intermediate for the preparation of B33-containing sense 

strands, antisense strands, or conjugates. 

[0241] Example 3: Preparation method of conjugates 15 

[0242] Preparation method: Oligoribonucleotides were synthesized using 

phosphoramidite solid-phase synthesis technology on a solid support made of 

controlled pore glass (CPG, 500 Å).  All 2'-modified RNA phosphoramidites 

and auxiliary reagents were commercially available.  All amidites were 

dissolved in anhydrous acetonitrile, followed by addition of molecular sieves (3 20 

Å).  Benzyl-1H-tetrazole (BTT) was used as an activator, with a coupling time 

of 5 minutes.  A solution of ((dimethylamino-methylene)amino)-3H-1,2,4-

dithiazole-3-thione (DDTT), 1 g/100 mL, in anhydrous acetonitrile/pyridine (v/v 

= 1/2) was used to generate phosphodiester or phosphorothioate linkages, with a 

reaction time of 3 minutes.  All sequences were synthesized after final removal 25 

of the DMT group. 

[0243] Cleavage and deprotection of CPG-bound oligomers: After completion 
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of solid-phase synthesis, the protecting groups were removed by treatment with 

10% diethylamine in acetonitrile for 30 minutes, without cleaving the nucleotides 

from the CPG.  Subsequently, the dried CPG was treated with concentrated 

ammonia at 40°C for 18 hours.  After centrifugation, the supernatant was 

transferred to a new tube and the CPG was washed with water.  The combined 5 

solutions were concentrated to obtain a solid mixture. 

[0244] Purification: Oligomers were purified using NanoQ anion-exchange 

HPLC.  Buffer A consisted of 10 mM sodium perchlorate, 20 mM Tris, 1 mM 

EDTA, pH 7.4, containing 20% acetonitrile.  Buffer B consisted of 500 mM 

sodium perchlorate, 20 mM Tris, 1 mM EDTA, pH 7.4, containing 20% 10 

acetonitrile.  The target product was isolated and desalted using a reverse-phase 

C18 column. 

[0245] Annealing: RNA oligomers to be annealed were prepared in sterile 

RNase-free water at 200 μM.  Complementary strands were formed by 

combining equimolar amounts of RNA solutions.  The annealing conditions 15 

were as follows: The mixture (total volume of 100 μL, 10 nmol) was heated in a 

water bath at 95°C for 10 minutes, then rapidly transferred to a water bath at 60°C, 

and allowed to cool naturally.  The annealed solution should not be stored at 

elevated temperatures. 

[0246] For example, in Examples 4 and 5, the conjugates may be prepared 20 

following the method described above, by adjusting the order of starting materials 

according to the sequences of nucleotides, dR, R, and Z.  All conjugates listed 

in Table 3 were prepared using the method. 

[0247] Example 4: Preparation of conjugate C1 

[0248] Sense strand: 5'-cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,a,g,a,a,u,a,a,c,u,a,D01-3' 25 

(SEQ ID NO: 161); Antisense strand: 5'-

us,dAs,g,u,dT,a,dT,u,c,u,g,dG,g,Af,c,g,a,c,u,g,gs,us,c-5' (SEQ ID NO: 189); 
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[0249] wherein D01 is linked to a via a phosphodiester bond. 

[0250] Example 5: Preparation of conjugate C25 

[0251] Sense strand: 5'-cs,cs,a,g,u,c,g,u,Cf,Cf,Cf,a,g,a,a,u,a,a,c,u,a,D01-3' 

(SEQ ID NO: 161); 

[0252] Antisense strand: 5'-5 

us,dAs,g,u,dT,a,dR,u,c,u,g,dG,g,Af,c,g,a,c,R,g,gs,us,c-3' (SEQ ID NO: 210); 

[0253] wherein D01 is linked to a via a phosphodiester bond. 

[0254] Biological evaluation 

[0255] Test Example 1: Inhibition of INHBE mRNA expression in Huh7 

cells 10 

[0256] 1. Experimental objective: The objective of this study was to evaluate 

the in vitro inhibitory activity of siRNAs against the target gene INHBE mRNA 

in Huh7 cells.  The inhibitory activity against INHBE mRNA was evaluated 

using the Emax value of each compound as an indicator. 

[0257] 2. Experimental materials: 15 

[0258] 2.1 Cell line: Huh7 cells. 

[0259] Huh7 cells were provided by WuXi AppTec Co., Ltd.  Huh7 cells were 

cultured in DMEM (Invitrogen, Cat. No. 11965118) containing 10% fetal bovine 

serum (ExCellBio, Cat. No. FSP500) and 1% penicillin-streptomycin (HyClone, 

Cat. No. SV30010). 20 

[0260] 2.2 Reagents: 

[0261] The principal reagents used in this study include Lipofectamine™ 

RNAiMAX transfection reagent, FastStart Universal Probe Master, RNA 

extraction kit, GAPDH gene expression assay kit, INHBE gene expression assay 

kit, FastKing first-strand cDNA synthesis Kit, and 96-well plates. 25 

[0262] 2.3 Consumables and instruments: 

[0263] The principal instruments used in this study include QuantStudio 6 Flex 
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real-time PCR system (Applied Biosystems) and Vi-cell™ XR cell viability 

analyzer. 

[0264] 3. Experimental procedure and methods: 

[0265] 3.1 Transfection 

[0266] 1) On Day 1, a transfection mixture was prepared by mixing RNAiMAX 5 

transfection reagent with Opti-MEM at a ratio of 1.5:48.5, followed by incubation 

at room temperature for 15 minutes. 

[0267] 2) For each well of cells, an appropriate amount of diluted compound 

was mixed with an equal volume of the RNAiMAX/Opti-MEM mixture, followed 

by incubation for 15 minutes. 10 

[0268] 3) Huh7 cells were washed with DPBS, then trypsinized, and adjusted to 

an appropriate density. 

[0269] 4) Simultaneously with cell seeding, 20 μL of the Opti-

MEM/RNAiMax/compound mixture was added to each well of the culture plate.  

The cells were seeded into the 96-well plate at a density of 20,000 cells per well, 15 

with a final culture volume of 120 μL per well. 

[0270] 5) The cells were incubated at 37°C with 5% CO2 for 24 hours.  

[0271] 3.2 RNA extraction and reverse transcription 

[0272] Cells were harvested, and total RNA was extracted according to the 

instructions of the RNA extraction kit (QIAGEN, Cat. No. 74182).  The 20 

extracted RNA was reverse-transcribed into cDNA according to the instructions 

of the FastKing first-strand cDNA synthesis kit.  

[0273] 3.3 qPCR analysis 

[0274] Target gene cDNA was quantified by qPCR.  The qPCR reaction system 

is shown in Table 4.  GAPDH was used as the internal reference gene.  qPCR 25 

was performed in a 384-well plate according to the following program: 95°C for 

10 minutes, followed by 40 cycles of 95°C for 15 seconds and 60°C for 1 minute. 



 
 
 
 

71 

[0275] Table 4: RT-PCR reaction system 

Component 
Concentratio

n 

Volume (μL) per 

well 

PCR Master Mix 2× 5 

INHBE/GAPDH TaqMan® Assays 

and Arrays (60×) 
60× 0.17 

Water / 2.83 

Total / 8 

[0276] 3.4 Data analysis: ΔΔCt method (comparative Ct method) 

[0277] The method requires the introduction of the housekeeping gene GAPDH 

as it is constitutively expressed in all cells, is essential for cell survival, exhibits a 

constant expression level or genomic copy number, and is minimally affected by 5 

environmental conditions.  Following qRT-PCR, the CT value of the reference 

gene was recorded as Ct (GAPDH), and the CT value of the sample was recorded 

as Ct (sample). 

[0278] ΔCt (sample) = Ct (sample) - Ct (GAPDH); 

[0279] ΔCt (control) = Ct (control) - Ct (GAPDH); 10 

[0280] ΔΔCt = ΔCt (sample) - ΔCt (control); 

[0281] Relative gene expression = 2-ΔΔCt; 

[0282] Inhibition (%) = (1 - relative expression of sample / mean relative 

expression of control) × 100. 

[0283] 4. The experimental results are shown in Table 5. 15 

[0284] Table 5: Inhibitory activity against INHBE mRNA expression in Huh7 

cells by conjugates of the present disclosure 

Conjugate IC50 (nM) Maximum inhibition (%) 

C1 0.07 84.1 

C4 0.68 87.3 

C5 0.06 76.8 

C11 0.12 86.3 

C12 0.08 82.7 

C14 0.05 81.5 
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C23 0.05 86.4 

C25 0.06 87.8 

C27 0.66 63.9 

C30 0.16 80.1 

C42 0.13 85.8 

C43 0.18 78.71 

C44 0.28 78.6 

C45 0.13 83.8 

C47 0.12 81.91 

[0285] 5. Conclusion: The conjugates of the present disclosure can significantly 

reduce INHBE mRNA levels in Huh7 cells. 

[0286] Test Example 2: Free uptake assay in primary human hepatocytes 

(PHHs) 

[0287] 1. Experimental principle: 5 

[0288] The degree of reduction in INHBE mRNA levels induced by the test 

compounds was evaluated by incubating the test compounds with PHHs. 

[0289] 2. Experimental materials: 

[0290] Primary human hepatocytes (PHHs); RNeasy® 96 Kit (12) (QIAGEN, 

Cat. No. 74182); FastKing RT Kit (With gDNase) (TIANGEN, Cat. No. KR116-10 

02). 

[0291] 3. Experimental procedure: 

[0292] The conjugates of the present disclosure were diluted with PBS to 10-

fold the test concentrations.  10 μL of each siRNA solution was transferred to a 

96-well plate.  PHHs were thawed and seeded into the 96-well plate at a final 15 

density of 5.4 × 104 cells/well.  The conjugates of the present disclosure were 

evaluated across 10 concentration points, with the highest concentration being 

500 nM, in a 5-fold dilution series. 

[0293] The cells were incubated at 37°C with 5% CO2 for 48 hours, after which 

cell morphology was examined under a microscope. 20 

[0294] After incubation, the cells were lysed to obtain cell lysates.  Total RNA 
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was extract using the RNeasy® 96 Kit (QIAGEN, Cat. No. 74182), and cDNA 

was synthesized by reverse transcription using the FastKing RT Kit (With gDNase) 

(TIANGEN, Cat. No. KR116-02).  INHBE cDNA levels were then measured by 

qPCR. 

[0295] 4. The experimental results are shown in Table 6. 5 

[0296] Table 6: Results of free uptake assay of conjugates of the present 

disclosure in PHHs 

Conjugate IC50 (nM) Maximum inhibition (%) 

C25 0.49 88.0 

C42 0.18 74.1 

C43 0.13 79.9 

C44 0.48 72.2 

C45 0.45 78.9 

C47 0.25 87.0 

[0297] 5. Experimental conclusion: The conjugates of the present disclosure can 

significantly reduce INHBE mRNA levels in PHHs. 

[0298] Test Example 3: Mouse hINHBE HDI model 10 

[0299] 1. Experimental principle: 

[0300] The in vivo targeting activity and inhibitory effect of the test compounds 

on the target gene were evaluated using a mouse model established by 

hydrodynamic tail vein injection of pcDNA-INHBE plasmid. 

[0301] 2. Experimental materials: 15 

[0302] pcDNA-INHBE plasmid; female BALB/c mice; DPBS (Dulbecco's 

phosphate-buffered saline); conjugates of the present disclosure. 

[0303] 3. Experimental procedure: 

[0304] Female BALB/c mice aged 6 to 8 weeks were obtained and underwent a 

one-week acclimatization and quarantine period upon arrival at the animal facility. 20 

[0305] On Day 0, the mice were randomly divided into groups based on their 

body weight, with 4 to 6 mice per group.  After grouping, all mice received a 
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single subcutaneous injection at a volume of 10 mL/kg.  Group 1 received DPBS, 

while the remaining groups received the conjugates of the present disclosure. 

[0306] On Day 7 after dosing, all mice received hydrodynamic tail vein injection 

of pcDNA-INHBE plasmid within 5 seconds at a volume equivalent to 8% of their 

body weight (injection volume (mL) = body weight (g) × 8%), with each mouse 5 

receiving 10 µg of plasmid DNA. 

[0307] On Day 8 after dosing, all mice were euthanized by CO2 inhalation, and 

two liver samples were collected from each mouse.  Liver samples were treated 

with RNAlater at 4°C overnight, after which the RNAlater was removed, and the 

samples were stored at -80°C for subsequent analysis of INHBE gene expression. 10 

[0308] 4. The experimental results are shown in Tables 7 to 9. 

[0309] Table 7: Inhibition of hepatic INHBE mRNA expression by conjugates 

C1 and C23 of the present disclosure in mice 

Anim

al 

No. 

Group 1 Group 2 Group 3 

PBS (%) 
Conjugate C1, 5 mg/kg 

(remaining mRNA, %) 

Conjugate C23, 5 

mg/kg 

(remaining 

mRNA, %) 

1 97 13 27 

2 83 11 22 

3 90 16 16 

4 135 15 25 

5 95 / / 

Mean 100 13.8 22.5 

[0310] "/" indicates no data; p < 0.05 indicates a statistically significant 

difference. 15 

[0311] Table 8: Inhibition of hepatic INHBE mRNA expression in mice by 

conjugate C25 of the present disclosure 
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Animal No. 

Group 1 Group 2 

PBS (%) 
Conjugate C25, 5 mg/kg 

(remaining mRNA, %) 

1 100 8 

2 91 14 

3 101 7 

4 101 6 

5 107 11 

6 / 16 

Mean 100 10 

[0312] "/" indicates no data; p < 0.05 indicates a statistically significant 

difference. 

[0313] Table 9: Inhibition of hepatic INHBE mRNA expression in mice by 

conjugates C42-C45 and C47 of the present disclosure 

Animal 

No. 

Group 5 mg/kg (remaining mRNA, %) 

PBS 

(%) 

Conjugate 

C42 

Conjugate 

C43 

Conjugate 

C44 

Conjugate 

C45 

Conjug

ate C47 

1 107 13 10 15 21 19 

2 137 14 14 19 33 20 

3 90 14 10 19 30 16 

4 67 16 11 16 19 17 

Mean 100 14 11 18 26 18 

[0314] "/" indicates no data; p < 0.05 indicates a statistically significant 5 

difference. 

[0315] 5. Experimental conclusion: The conjugates of the present disclosure can 

significantly reduce hepatic INHBE mRNA levels in mice. 

[0316] Test Example 4: Mouse hINHBE HDI model 

[0317] 1. Experimental principle: 10 

[0318] The in vivo targeting activity and inhibitory effect of the test compounds 

on the target gene were evaluated using a mouse model established by 

hydrodynamic tail vein injection of pcDNA-INHBE plasmid. 

[0319] 2. Experimental materials: 

[0320] pcDNA-INHBE plasmid; female BALB/c mice; DPBS (Dulbecco's 15 
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phosphate-buffered saline); conjugates of the present disclosure. 

[0321] 3. Experimental procedure: 

[0322] Female BALB/c mice aged 6 to 8 weeks were obtained and underwent a 

one-week acclimatization and quarantine period upon arrival at the animal facility. 

[0323] On Day 0, the mice were randomly divided into groups based on their 5 

body weight, with 6 to 7 mice per group.  After grouping, all mice received a 

single subcutaneous injection at a volume of 10 mL/kg.  Group 1 received DPBS; 

Group 2 received conjugate C43; and Group 3 received conjugate C47. 

[0324] On Day 14 after dosing, all mice received hydrodynamic tail vein 

injection of pcDNA-INHBE plasmid within 5 seconds at a volume equivalent to 10 

8% of their body weight (injection volume (mL) = body weight (g) × 8%), with 

each mouse receiving 10 µg of plasmid DNA. 

[0325] On Day 15 after dosing, all mice were euthanized by CO2 inhalation, and 

two liver samples were collected from each mouse.  Liver samples were treated 

with RNAlater at 4°C overnight, after which the RNAlater was removed, and the 15 

samples were stored at -80°C for subsequent analysis of INHBE gene expression. 

[0326] 4. The experimental results are shown in Table 10. 

[0327] Table 10: Relative expression of hepatic INHBE mRNA of mice in the 

treatment groups compared to those in the PBS group 

Animal 

No. 

Group 1 Group 2 Group 3 

PBS (%) 
Conjugate C43, 5 mg/kg 

(remaining mRNA, %) 

Conjugate C47, 5 

mg/kg 

(remaining 

mRNA, %) 

1 89 4 13 

2 143 3 15 

3 105 6 18 

4 83 4 8 

5 83 6 14 

6 99 5 13 

7 99 / / 
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Mean 100 5 14 

[0328] "/" indicates no data; p < 0.05 indicates a statistically significant 

difference. 

[0329] 5. Experimental conclusion: The conjugates of the present disclosure can 

significantly reduce hepatic INHBE mRNA levels in mice, exhibiting long-lasting 

efficacy. 5 

[0330] Test Example 5: In vivo INHBE mRNA knockdown study in non-

human primates (cynomolgus monkeys) 

[0331] 1. Experimental principle: 

[0332] The degree of reduction in hepatic INHBE mRNA in cynomolgus 

monkeys induced by the test compounds was evaluated using a non-human 10 

primate (cynomolgus monkey) model, which exhibits high homology to the 

human INHBE gene. 

[0333] 2. Experimental materials: cynomolgus monkeys; 1× PBS (phosphate-

buffered saline); conjugates of the present disclosure. 

[0334] 3. Experimental procedure: 15 

[0335] Four cynomolgus monkeys weighing 2 to 4 kg were obtained and 

underwent a one-week acclimatization and quarantine period upon arrival at the 

animal facility. 

[0336] Three days prior to dosing, the cynomolgus monkeys were randomly 

divided into groups based on their body weight, with two animals per group. 20 

[0337] On Day 1, the conjugates of the present disclosure were subcutaneously 

injected at a dose of 3 mpk.  Blood and liver tissue samples were collected on 

Days 15 and 29 after dosing.  Hepatic INHBE mRNA levels in cynomolgus 

monkeys were measured using the qPCR method described above.  By 

comparing the hepatic INHBE mRNA levels after dosing with those prior to 25 

dosing, the percentage of INHBE mRNA knockdown induced by the conjugates 
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in each group was determined. 

[0338] 4. The experimental results are shown in Table 11. 

[0339] Table 11: Inhibition of hepatic INHBE mRNA expression in 

cynomolgus monkeys by conjugates of the present disclosure 

Animal No. 

Group 1 Group 2 

Conjugate C43 

(remaining mRNA, %) 

Conjugate C47 

(remaining mRNA, %) 

Day -3 100 100 

Day 15 84 48 

Day 29 51 30 

[0340] 5. Experimental conclusion: The conjugates of the present disclosure can 5 

significantly reduce hepatic INHBE mRNA expression in cynomolgus monkeys, 

exhibiting good in vivo inhibitory activity. 

[0341] Test Example 6: Liver homogenate stability assay 

[0342] 1. Experimental principle: 

[0343] The test compounds were incubated with liver homogenates from mice, 10 

rats, cynomolgus monkeys, and humans to evaluate the stability of these 

compounds in the liver homogenates. 

[0344] 2. Experimental materials: liver homogenates from mice, rats, 

cynomolgus monkeys, and humans; conjugates of the present disclosure. 

[0345] 3. Experimental procedure: 15 

[0346] 3.1 A 250 μL working solution of each test compound was prepared at a 

concentration of 20 μM. 

[0347] 3.2 Frozen liver homogenates were thawed in a water bath at 37°C. 

[0348] 3.3 190 μL of liver homogenate was added to each well of a 96-well plate. 

[0349] 3.4 10 μL of the working solution was added to each well containing 190 20 

μL of liver homogenate. 

[0350] 3.5 The 96-well plate containing the liver homogenate and test 

compound was incubated at 37°C for up to 48 hours. 
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[0351] 3.6 Incubation was terminated at different time points.  The test 

compound was extracted.  The concentrations of both the sense and antisense 

strands of the test compound were determined by LC-MS/MS.  The percentage 

of the remaining compound was then calculated. 

[0352] 4. The experimental results are shown in Table 12.  All values are 5 

expressed as percentages. 

[0353] Table 12: Remaining levels of sense and antisense strands of test 

compounds following incubation in liver homogenates from different species 

Incu

bati

on 

time 

C47 antisense strand C47 sense strand 

Mouse Rat 
Cynomolgus 

monkey 
Human Mouse Rat 

Cynomol

gus 

monkey 

Hum

an 

0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

2 99.4 96.6 92.2 116.3 78.0 54.5 12.7 95.2 

4 101.0 99.6 94.2 102.9 51.6 30.4 2.8 81.0 

6 103.9 103.2 97.4 109.3 33.6 17.4 0.8 77.6 

24 103.3 109.3 94.1 94.4 1.2 1.5 0.0 24.9 

48 94.9 101.6 93.5 96.9 0.0 0.0 0.0 10.2 

[0354] 5. Experimental conclusion: The antisense strand of the conjugate of the 

present disclosure exhibits good stability in liver homogenates from mice, rats, 10 

cynomolgus monkeys, and humans, indicating that the antisense strand can persist 

in vivo for an extended period and thereby exert sustained pharmacological 

activity. 

[0355] Test Example 7: In vitro RNA sequencing analysis 

[0356] 1. Experimental principle: 15 

[0357] The conjugates of the present disclosure were incubated with primary 

human hepatocytes (PHHs) for 48 hours.  The cells were then lysed to obtain 

cell lysates, from which total RNA was extracted using a standard extraction 

method.  Following standard procedures, sequencing was performed to evaluate 

the gene regulatory effects of the conjugates of the present disclosure in PHHs 20 
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and to assess their off-target potential. 

[0358] 2. Experimental materials: conjugates of the present disclosure; PHHs. 

[0359] 3. Experimental methods 

[0360] 3.1 The test conjugates were administered to PHHs via free uptake (48 

hours). 5 

[0361] 1) Preparation of plating medium: InvitroGRO CP Medium containing 

10% FBS and 1% penicillin-streptomycin. 

[0362] 2) Cryopreserved PHHs were removed from liquid nitrogen storage and 

immediately thawed in a water bath at 37°C until a small ice crystal remained in 

the tube. 10 

[0363] 3) 2 mL of thawed PHHs was added to 18 mL of plating medium and 

mixed gently by inversion. 

[0364] 4) 100 μL of diluted conjugate solution was added to each well of a 

collagen-coated 12-well culture plate, followed by addition of 900 μL of cell 

suspension per well. 15 

[0365] 5) After plating, the cells were incubated at 37°C with 5% CO2 for 48 

hours. 

[0366] 3.2 Collection of cell lysates 

[0367] 1) After 48 hours of cell culture, the culture plate was removed and cell 

morphology was examined under a microscope. 20 

[0368] 2) The culture medium was removed, and each well was washed with 

500 μL of PBS.  Subsequently, 400 μL of TRIzol (RNA extraction reagent) was 

added to each well of the 12-well plate. 

[0369] 3) Complete cell lysis was confirmed under a microscope.  Replicate 

lysates were pooled, transferred to a 1.5 mL centrifuge tube, and store at -80°C. 25 

[0370] 3.3 Sequencing: Total RNA was extracted from the TRIzol lysates and 

used for library preparation.  The resulting libraries were subjected to high-
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throughput sequencing. 

[0371] 4. The experimental results are shown in Table 13. 

[0372] Table 13: Regulation of gene expression in PHHs by conjugates of the 

present disclosure 

Compar

ison 

Total number 

of 

differentially 

expressed 

genes 

Upregulat

ed genes 

Down-

regulated 

genes 

Major 

down-

regulated 

gene 

Threshold 

C47 vs. 

PBS 
12 7 5 INHBE 

padj ≤ 0.05; 

|log2FoldChange| ≥ 

1.0 

C43 vs. 

PBS 
1 0 1 INHBE 

padj ≤ 0.05; 

|log2FoldChange| ≥ 

1.0 

[0373] 5. Experimental conclusion: The conjugates of the present disclosure 5 

exhibit a low risk of off-target effects and high target specificity in in vitro RNA 

sequencing analysis. 



 
 
 
 

82 

CLAIMS 

1. A double-stranded siRNA or a pharmaceutically acceptable salt thereof, 

wherein the double-stranded siRNA comprises a sense strand and an antisense 

strand capable of forming a duplex region; the sense strand comprises at least 16 

consecutive nucleotides from any one of the sequences set forth in SEQ ID NOs: 5 

1-80 and SEQ ID NOs: 161-188; the antisense strand comprises at least 16 

consecutive nucleotides from any one of the sequences set forth in SEQ ID NOs: 

81-160 and SEQ ID NOs: 189-230; 

the nucleotides comprised in the sense strand and the nucleotides comprised 

in the antisense strand are modified or unmodified nucleotides. 10 

 

2. The double-stranded siRNA or the pharmaceutically acceptable salt 

thereof according to claim 1, wherein the sense strand comprises the nucleotides 

at positions 1-17, 1-18, 1-19, 1-20, 1-21, 2-17, 2-18, 2-19, 2-20, 2-21, 3-18, 3-19, 

3-20, 3-21, 4-19, 4-20, 4-21, or 5-21 from the 5' end of any one of the sequences 15 

set forth in SEQ ID NOs: 1-80 and SEQ ID NOs: 161-188; preferably, the sense 

strand comprises the nucleotides at positions 1-17, 1-18, 1-19, 2-17, 2-18, 2-19, 

2-20, 3-18, 3-19, 3-20, 4-19, 4-20, 4-21, or 5-21 from the 5' end of any one of the 

sequences set forth in SEQ ID NOs: 1-80 and SEQ ID NOs: 161-188. 

 20 

3. The double-stranded siRNA or the pharmaceutically acceptable salt 

thereof according to claim 1, wherein the antisense strand comprises the 

nucleotides at positions 1-17, 1-18, 1-19, 1-20, 1-21, 1-22, 1-23, 2-18, 2-19, 2-20, 

2-21, 2-22, 2-23, 3-19, 3-20, 3-21, 3-22, 3-23, 4-20, 4-21, 4-22, 4-23, 5-21, 5-22, 

5-23, 6-22, 6-23, or 7-23 from the 5' end of any one of the sequences set forth in 25 

SEQ ID NOs: 81-160 and SEQ ID NOs: 189-230; preferably, the antisense strand 

comprises the nucleotides at positions 1-19, 1-20, 1-21, 1-22, 1-23, 2-18, 2-19, 2-
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20, 2-21, 3-20, or 3-21 from the 5' end of any one of the sequences set forth in 

SEQ ID NOs: 81-160 and SEQ ID NOs: 189-230. 

 

4. The double-stranded siRNA or the pharmaceutically acceptable salt 

thereof according to any one of claims 1 to 3, wherein at least one nucleotide 5 

residue on the sense strand, the antisense strand, or both the sense strand and the 

antisense strand is independently and optionally replaced by dR, R, or Z, wherein 

the dR is  , the R is  , 

and the Z is . 

 10 

5. The double-stranded siRNA or the pharmaceutically acceptable salt 

thereof according to claim 4, wherein 1 to 4 nucleotide residues at positions 2, 5-

7, 12, and 14-18 from the 5' end of the antisense strand are independently and 

optionally replaced by dR, R, or Z. 

 15 

6. The double-stranded siRNA or the pharmaceutically acceptable salt 

thereof according to claim 4, wherein 1 to 4 nucleotides at positions 2, 5-7, 12, 

and 14-18 from the 5' end of the antisense strand are independently and optionally 

2'-deoxynucleotides. 

 20 

7. The double-stranded siRNA or the pharmaceutically acceptable salt 

thereof according to claim 1, wherein the first nucleoside at the 5' end of the 
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antisense strand may be replaced by a vinylphosphonate-containing nucleoside 

analog. 

 

8. The double-stranded siRNA or the pharmaceutically acceptable salt 

thereof according to claim 7, wherein the vinylphosphonate-containing 5 

nucleoside analog is selected from the following structural moieties: 

 ,  , 

 ,  ,  , 

 ,  ,  ,  , 

 ,  ,  ,  , 10 

, , and . 
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9. A double-stranded siRNA or a pharmaceutically acceptable salt thereof, 

comprising a sense strand and an antisense strand capable of forming a duplex 

region, wherein the combination of the nucleotide sequence of the sense strand 

and the nucleotide sequence of the antisense strand is selected from any one of 

the nucleotide sequence combinations set forth in S83-S129. 5 

 

10. A conjugate or a pharmaceutically acceptable salt thereof, comprising the 

double-stranded siRNA according to any one of claims 1 to 9 and a 

pharmaceutically acceptable conjugate moiety. 

 10 

11. The conjugate or the pharmaceutically acceptable salt thereof according 

to claim 10, wherein the conjugate moiety is selected from the following 

structures: 

,  

,  15 
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,  

,  

,  

 , 
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and 

. 

 

12. The conjugate or the pharmaceutically acceptable salt thereof according 

to claim 11, wherein the conjugate is selected from C1-C47. 5 

 

13. The conjugate or the pharmaceutically acceptable salt thereof according 

to claim 10, wherein the conjugate is represented by formula (I): 

 

wherein X is O or S; SS represents the sense strand and AS represents the 10 

antisense strand; the sense strand and the antisense strand are selected from any 

one of the following combinations (1) to (9): 

(1) the sense strand is set forth in SEQ ID NO: 161, and the antisense strand 

is set forth in SEQ ID NO: 189; 

(2) the sense strand is set forth in SEQ ID NO: 161, and the antisense strand 15 

is set forth in SEQ ID NO: 210; 

(3) the sense strand is set forth in SEQ ID NO: 186, and the antisense strand 

is set forth in SEQ ID NO: 226; 
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(4) the sense strand is set forth in SEQ ID NO: 188, and the antisense strand 

is set forth in SEQ ID NO: 225; 

(5) the sense strand is set forth in SEQ ID NO: 164, and the antisense strand 

is set forth in SEQ ID NO: 192; 

(6) the sense strand is set forth in SEQ ID NO: 171, and the antisense strand 5 

is set forth in SEQ ID NO: 199; 

(7) the sense strand is set forth in SEQ ID NO: 161, and the antisense strand 

is set forth in SEQ ID NO: 202; 

(8) the sense strand is set forth in SEQ ID NO: 185, and the antisense strand 

is set forth in SEQ ID NO: 220; 10 

(9) the sense strand is set forth in SEQ ID NO: 188, and the antisense strand 

is set forth in SEQ ID NO: 228. 

 

14. Use of the double-stranded siRNA or the pharmaceutically acceptable 

salt thereof according to claims 1 to 9, and the conjugate or the pharmaceutically 15 

acceptable salt thereof according to claims 10 to 13, in the manufacture of a 

medicament for treating a disease associated with INHBE gene expression. 

 

15. The use according to claim 14, wherein the disease associated with 

INHBE gene expression is a metabolic disease caused by abnormal body fat 20 

distribution. 

 

16. The use according to claim 15, wherein the metabolic disease caused by 

abnormal body fat distribution is selected from type 2 diabetes, obesity, 

abdominal obesity, coronary heart disease, non-alcoholic fatty liver disease, non-25 

alcoholic steatohepatitis, hyperlipidemia, dyslipidemia, and atherosclerosis. 

 


