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Tumor suppressor genes play a critical role in cancer pathogenesis, but clinically approved, mutation-
specific therapies targeting them remain extremely limited. To address this challenge, we developed IRAVNet,
a computational pipeline that accurately detects Intron Retention-Associated Variants (IRAVs)—mutations
that disrupt splice sites at exon-intron junctions and induce intron retention (IR)—using RNA-seq data alone.
We applied IRAVNet to over 230,000 samples and identified multiple IRAVs in Gene A that induce IR and
may be correctable by antisense oligonucleotides (ASOs).

We initially focused on several high-frequency Gene A IRAVs. To validate whether these IRAVs indeed
cause IR, we introduced them into cancer cell lines without Gene A abnormalities using CRISPR-Cas9. RT-
PCR and RNA-seq confirmed that these IRAVs induce the expected IR, decrease Gene A protein expression,
and significantly alter Gene A-related pathways. Furthermore, Gene A-TRAVs conferred resistance to DNA-
damaging agents, consistent with Gene A loss-of-function.

Next, we designed 15 ASOs targeting sequences near the IRAVs and successfully identified two that
corrected IR. However, no gene-specific nucleic acid drugs for cancer have been approved globally. Even if in
vitro activity is confirmed, in vivo delivery and stability remain major barriers. Thus, in this project, we
aimed to develop a Gene A-specific ASO optimized with Drug Delivery Systems (DDS) by testing in CDX/PDX
models and performing pharmacokinetic analyses in collaboration with Dr. Akinobu Hamada at the National
Cancer Center.

In vitro, Gene A-ASOs restored Gene A protein expression but showed only marginal growth inhibition,
likely because Gene A loss is not essential for proliferation in these cells. However, Gene A loss does confer
resistance to DNA-damaging agents. Accordingly, we tested the combination of Gene A-ASO and cisplatin
(CDDP) in Gene A-IRAV—positive cells. The combination yielded strong synergistic anti-proliferative and pro-
apoptotic effects.

Based on these results, we aimed to establish proof-of-concept (POC) for Gene A-ASO + CDDP. We unified
in vivo treatment protocols across participating institutions and established a regimen of CDDP 5
mg/kg/week that was tolerable in Nude mice with Gene A-WT or Gene A-IRAV1 xenografts.

At the National Cancer Center, the combination of intratumoral morpholino-based Gene A-ASO and
CDDP was tested using a Gene A-IRAV A549 CDX model. This combination significantly suppressed tumor
growth. In some cases, IVIS imaging at day 37 showed signal disappearance, and no mice in this group died
by day 71, indicating potential cures. No body weight loss or hematologic toxicity was observed during or
after treatment.

Dr. Hamada also established a method for quantifying morpholino ASO concentrations in blood and
confirmed systemic circulation even after intratumoral injection. However, systemic administration of Vivo-
morpholinos at 10-20 mg/kg led to acute toxicity, inflammation, and thrombosis, so systemic development
using morpholinos was discontinued.

Next, we used DDS technologies developed by Dr. Nishiyama (Science Tokyo) and Dr. Asai (University
of Shizuoka) to formulate ASOs into injectable nanoparticles. Two chemically modified ASOs were tested.
ASO1 showed superior circulation and tumor penetration and was selected for in vivo testing. ASO1
combined with CDDP significantly inhibited tumor growth. Interestingly, control ASO + DDS + CDDP also
had some effect, suggesting possible nonspecific DDS effects. In contrast, Dr. Asai’s ASO-LNP formulation



reproduced the excellent results of the morpholino group, including expected synergistic effects in the CDDP-

resistant Gene A-IRAV model, with limited toxicity.

In summary:

® Morpholino ASOs showed the strongest efficacy via intratumoral injection, with some cured mice. Clinical
formulation platforms already exist (e.g., Eteplirsen, Viltolarsen). However, systemic use caused
unacceptable toxicity.

® Nishiyama DDS-ASO showed good PK and tumor accumulation but unexpectedly high response to CDDP
alone complicated interpretation.

® Asai DDS-ASO (LNP) showed excellent efficacy and safety, supporting its continued development.

Both DDS platforms successfully achieved systemic delivery and demonstrated nonclinical POC when
combined with CDDP. These findings suggest the potential for clinical translation of Gene A-ASOs. This work
also illustrates that previously "undruggable" targets can be addressed by focusing on splicing abnormalities
like IRAVs and combining ASOs with advanced DDS technology to achieve systemic delivery and POC. Our
pipeline has already identified many additional ASO targets across various diseases, indicating broad future

applicability beyond Gene A or cancer.
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