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Evaluation strategy of off-target effects and Mechanisms of toxicity
Kiyoshi Kinoshita !-?

! Japan Pharmaceutical Manufacturers Association, > MSD K.K.

Oligonucleotide-based therapeutics (ONTs), such as antisense oligonucleotides and siRNAs, hybridize to
target nucleotide sequences to exert their effects. Hybridization-dependent off-target toxicities are not able
to detect in conventional animal toxicity testing, however it may be avoided to a certain extent by using in
silico and/or in vitro analyses to exclude sequences that could potentially cause off-target effects. In this
session, we would like to share the latest challenges avoiding the toxicity, and also discuss on the effort for
development of ONTs with less toxicity.
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Classification of human genes contributing to risk assessment of off-target genes of knockdown-

type oligonucleotide therapeutics
Tetsuya Ohta !-2

! Japan Pharmaceutical Manufacturers Association, 2 Mitsubishi Tanabe Pharma Co.

Evaluation of hybridization-dependent off-target toxicity of oligonucleotide therapeutics is generally
performed by the risk assessment of off-target genes that are identified by the combination of in silico
analysis to search off-target candidate genes and in vitro gene expression analysis using human cells. In this
talk, we will introduce a human gene list that is expected to facilitate the risk assessment of off-target genes
of knockdown-type oligonucleotide therapeutics, such as gapmer and siRNA.
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Evaluation of off-target effects of gapmer antisense oligonucleotides using human cells

Tokuyuki Yoshida

National Institute of Health Sciences

Antisense oligonucleotide (ASO) has the potential to induce off-target effects due to complementary binding
between the ASO and unintended RNA with a sequence similar to the target RNA. In our previous study,
we proposed a scheme for assessment of off-target effects of gapmer ASOs with in silico analysis using a
human RNA database and in vitro expression analysis using human cells. In this study, to further explore in
vitro analysis methods, we compared the gene expression changes of off-target candidate genes among two
types of microarrays and quantitative PCR. Related to this evaluation scheme, we also analyzed the off-
target effects of oligonucleotide-related impurities (N-1 and N+1 oligonucleotides) by the combination of
in silico and in vitro analysis. Based on these experimental data, we will discuss the points for evaluating
off-target effects of ASOs and ASO-related impurities.
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Considerations for evaluation of off-target effects of diversified modalities
Takao Inoue

National Institute of Health Sciences

Off-target effects of gapmer ASOs and siRNAs are generally evaluated by methods to analyze the change
in mRNA levels, such as microarray and quantitative PCR. On the other hand, the mechanism of action of
oligonucleotide therapeutics is not limited to RNA cleavage but is becoming more diverse, including splicing
control, miRNA control (anti-miR, miRNA mimic), and RNA editing. In addition, the development of next-
generation small molecule drugs that could compete or coexist with oligonucleotide therapeutics, such as
PROTAC (TPD therapeutics) and RNA-targeting small molecule drugs, is progressing as related modalities.
In principle, methods to analyze mRNA levels cannot be applied to the off-target evaluation of such
advanced modalities, and it is necessary to consider evaluation methods based on the characteristics of the
mechanism of action of each modality. In this talk, we would like to introduce our attempts of off-target
evaluation for diversified modalities.

RNA 3T T 2 AR siRNA DA 7 X —757 v FhRIL, —KIZIEZ~A 78T LA RER
PCR 72 £ @ ImRNA EOLEEZ T+ 5 Fik) CTiMlisnsd, —J7. 4V THEEE CAK % Hi#-9
LB IESEOERBETIL, RNA SfRICEEL T, 2774 2 7, miRNA filf# (anti-miR,
miRNA mimic), RNA fafE (REIEHR) 2ESREAHLTWD, 52, BETL EX Y T
4 & LT, XU\ ERIESES RNA BERIKS FIESE e & FORRICEEEEIE L Bia /L F L 9
HRMAUE S FEROBE LHEA TS, ZOX I REMMTL Y T 40 DA 7 X —47 v il
DNTIE, EiRD TmRNA EOEE Z N9 25 Fik) TIIHFEBEICRHETE Vb b £, &
XV T 0 OERBEEOREZ BN E 2 T2l FEE BET H2XLERH DH, ARETIL, Frx NEL
DA TNWNDZ o TLART T I T AERHWEAT7 % —5 > Rl ORI OV THE
ML, SHILTDEX VT 4 DA T X =7 FFHEOIED FIZOW CTilim L7120,



IR IE K O VEFEBER I B4 5 R
=k #*
PNIUTNEINESITE S El
Insight about mechanism of toxicity in oligonucleotide therapeutics

Atsushi Mikami

Graduate School of Pharmaceutical Sciences, Osaka University

Off-target toxicity of oligonucleotide therapeutics is classified into hybridization-dependent and
hybridization-independent toxicity. Especially, the off-target toxicity has been studied for gapmer-type
antisense oligonucleotides (ASOs). Reports demonstrating that the number of off-target genes and 71, values
of ASOs correlate with hepatotoxicity suggest the presence of hybridization-dependent off-target toxicity.
These are due to the suppression of complementary (or partially complementary) non-target sequences. To
suppress them, it is useful to adjust modification patterns and lengths of ASOs to provide appropriate 7Tm
values. Alternatively, it was reported that PS (phosphorothioate)-modified ASO binds to RNase H1 and
induces a conformational change, resulting in abnormal localization to the nucleoli along with nuclear
paraspeckle proteins. This suggests RNaseH1-dependent but hybridization-independent off-target toxicity.
Chemical modification of gap region of the gapmer-type ASOs is known to reduce hybridization-
independent toxicity, and modification patterns are being investigated. In this presentation, I will discuss
the mechanism of off-target toxicity.
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