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Research progress in antisense drug mechanism and chemical
modification strategies
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Abstract: Over the past three decades, more and more antisense drugs have been approved for marketing or
clinical trails. Antisense technology has become the focus of pharmaceutical research due to its unique advantages
in treating diseases and strong clinical development potential. There is a big difference from traditional small
molecule chemical drugs, and macromolecular protein biological drugs. Antisense drugs are a very independent
drug form. Antisense drugs were initially used to treat diseases with single gene mutations, but recently they have
gradually begun to be used for the treatment of common diseases. Rational antisense drug design is crucial for
disease treatment based on genetics. This paper reviews the latest progress in the field of action mechanism,
chemical modification and delivery strategy of antisense drugs, and analyzes the current intractable problems. It is
believed that with the resolution of these problems, the research of antisense drugs can reach a new level.
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Figure 1 Mechanisms of antisense drugs
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Table 1 Antisense drug summary
Name Company Treatment of diseases Target Delivery route Status Reference
Endonuclease (RNase H)-mediated RNA degradation
Mipomersen Ionis Familial hypercholesterolemia apo-B-100 Subcutaneous Approved [13]
Inotersen Ionis Familial amyloid polyneuropathy Transthyretin Subcutaneous Approved [14]
Volanesorsen Ionis Familial chylomicronemia syndrome apoC3 Subcutaneous Approved [15]
QR-1123 ProQR Retinitis pigmentosa (adRP) Rhodopsin Intravitreal Phase 1T [17]
FB-LRX Tonis Age-related macular degeneration CFB Subcutaneous Phase 1T [18]
siRNA interference
Patisiran Alnylam Familial amyloid polyneuropathy TTR Intravenous Approved [20]
Givosiran Alnylam Hemophilia (AHP) ALASI1 Subcutaneous Approved [21]
Lumasiran Alnylam Hyperoxaluria GO Subcutaneous Approved [22]
Inclisiran Alnylam Hypercholesterolemia PCSK9 Subcutaneous Approved [23]
Nedosiran Dicerna Primary hyperoxaluria LDHA Subcutaneous Phase 11T [55]
Cemdisiran Alnylam Paroxysmal hemoglobinuria C5 Subcutaneous Phase 11T [56]
QPI-1007 Quark Optic nerve injuries Caspase-2 N.a. Phase IIT [57]
ARO-APOC3 Arrowhead Hyperlipoproteinemia type I APOCIIL Subcutaneous Phase 111 [58]
Teprasiran Quark Acute kidney injury P53 Intravenous Phase 111 [59]
Fiturisan Alnylam Hemophilia AT3 Subcutaneous Phase I1I [60]
Tivanisiran Sylentis Xerophthalmia TRPVI Subcutaneous Phase I1I [61]
ARO-ANG-3 Arrowhead Familial hypercholesterolemia ANGPTL3 N.a. Phase 11 [62]
Splicing regulatory mechanism
Drisapersen Biomarin Duchenne muscular dystrophy Dystrophin N.a. Exit R&D [46]
Eteplirsen Sarepta Duchenne muscular dystrophy Dystrophin Intravenous Approved [47]
Casimersen Sarepta Duchenne muscular dystrophy Dystrophin Intravenous Approved [49]
Golodirsen Sarepta Duchenne muscular dystrophy Dystrophin Intravenous Approved [48]
Spinraza Tonis Spinal muscular atrophy SMN2 Intravenous Approved [63]
Viltolarsen Shinyaku Duchenne muscular dystrophy Dystrophin Intravenous Approved [64]
Sepofarsen ProQR Leber congenital amaurosis CEP290 Intravenous Phase IIT [54]
QR-421a ProQR Usher syndromes USH2A Intravenous Phase 11T [53]

N TR — AR CE B BRI 8, B2 AT
i 7 2 22K, e 2 467 e B A S kAL | B R IR
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TAER KW FEh, M ARAE NS AT s 2],

S A, B8 R MR T A% Y I 3 7 U 1 A U T I
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o, WM SRR 2 H P, 55 DNA BSR4
AU Lo A2 B Tl G 52, R A2 3K bl FhL v A £ 0 I A2
55 IR AL BRAB M AU, L8 ML P AT B R 37 i 2R,
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23 58 S SCE W 5T 5 T LA AR R 4, T8 R X
W3 2 (A S B M Y SRR TP IR PR N B8 — AU L2590

W 3 2 for b S B U 1) B A% R B AR 3 1 5 B
RNA [ 45 & 2% A1 77, {E 2 J AR K 3t sl 2 B 58 4 410
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B SRS, IR R 15 AR B KRR BN o E
KR S v, 2 A A B A% T R XA T SR A% R
Hl DNA DX I, K R AZ 1 () DNA £E RO &1
FE SR TC A R L, B 3 2 A7 B HL AR 2 5 5 B A
mRNA 53R J5, 2 7 5 AE U ] 384 0 46 5 2% A 57, i
2 7 e S O AB 0 U0 45 6 25 A0 0 O R A0S, LA
AE 7 R AH R S O R IR M B, R P R AR 0 R S
SRR IR O NI RSG5 H 2 A7 FF AR 2 ir
FUR 1B 45 4 BE U siRNA I, 95 [ L2 T L
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i 500 5 I AT ARG s U EE AR E Y, HAT D2/ 2
50 2 oz 3 i 2 1 A0 2 i Y SRR B 1 ) siRNA 2K
AW HE NG R IREST, 4 givosiran 5™, H A fE 5%
PRI SCE AL 22 B M IE A 2 A - T A L R R
(K 2), IXAE G I T 26 A0 ) A% BR e H 1T, R
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BN T B AEET, H MR E AT RN IR . B
Wi 5 W A M 2% T HOARI ST A S5 g A e i L
ARP I ) BT A A A BSR4, oy
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