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Gapmer antisense oligonucleotide (ASO) and short interference RNA (siRNA) are a type of
oligonucleotide therapeutics that exert their efficacy by cleaving the target RNA, unlike conventional small
molecule or antibody therapeutics that generally interact with proteins. This mode of action has received
considerable attention in recent years as a novel therapeutic strategy for the treatment of a wide range of
diseases, including previously intractable human disorders.

Gapmer ASOs are single-stranded oligonucleotides that bind to RNA by sequence-specific Watson-Crick
base pairing. Gapmer ASOs contain a variety of chemical modifications to improve their physical and
pharmacological properties, such as resistance to nucleases that degrade ASOs, binding affinity to
complementary RNAs, and permeability to cell membranes. Typically, gapmer ASOs contain high-affinity
ribose modifications such as 2’-methoxyethyl or LNA on the wings and DNA in the central gap region with a
phosphorothioate-modified backbone. When gapmer ASO binds to the target RNA, RNA/DNA heteroduplex
is formed in the central gap region and RNA strand of the heteroduplex is cleaved by RNase H, an
endoribonuclease that recognizes the RNA/DNA hybrid. Currently, three gapmer ASOs, Kynamro, Tegsedi,
and Waylivra have used in clinical setting. These gapmer ASOs are administered systemically by subcutaneous
injection without carriers like lipid nanoparticles. siRNAs are about 20-mer double-stranded oligonucleotides
that cleave the complementary target RNA via an RNA interference (RNAi) mechanism. To date, four siRNA
therapeutics, Onpattro, Givlaari, Oxlumo, and Leqvio have been approved for clinical use. Onpattro is an
siRNA therapeutic that are packaged within a lipid nanoparticle and are administered systemically by
intravenous injection. In contrast, Givlaari, Oxlumo, and Leqvio are N-acetylgalactosamine (GalNAc)-
conjugated siRNAs that are administered systemically by subcutaneous injection without carriers like lipid
nanoparticles. The carrier-free “naked” GalNAc-conjugated siRNAs are incorporated into the hepatocytes via
the interaction with asialoglycoprotein receptors.

Oligonucleotides composing gapmer ASOs or siRNA need to pass through cell membranes to reach the
cleavage machineries to exert their activity. Thus, the mechanism of incorporation of naked oligonucleotides
into the cells is one of the interests in the development of oligonucleotide therapeutics. In this study, we
developed a screening system to identify genes which is involved in incorporation of oligonucleotides into
cells using GFP-expressing cells and gapmer ASOs against GFP RNA. As a result, we successfully identified
22 genes as candidate genes that encode proteins involved in the uptake of oligonucleotides into the cells. We
generated the knockout cells and overexpressing cells of these candidate genes and analyzed the change in the
RNA-cleaving activities and the intracellular localization of ASOs and siRNAs. Some of these cells showed
the interesting features on oligonucleotide dynamics.



