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We have previously developed a unique “Exosome-Hijacking DDS” platform utilizing exosomes, a type of extracellular
vesicle that plays a major role in biological regulatory systems (Figure 1). This approach employs an “antibody-
oligonucleotide conjugate therapeutic (ExHijack-Oligo),” in which a “nucleic acid therapeutic” is linked to an “exosome-
binding and hijacking antibody (ExAb).” After ExHijack-Oligo binds to the surface of endogenous exosomes secreted from
cancer cells, the nucleic acid therapeutic is delivered into recipient cells in association with the exosomes, thereby regulating
the function of target genes. We have already demonstrated that this method can regulate not only endogenous intracellular
genes but also the function of microRNAs contained within exosomes (exosome-derived miRNAs). Using this strategy, we
have successfully suppressed the proliferation of lung cancer cells and oral epithelial cancer cells (Pharmaceutics, 2020; Chem.
Pharm. Bull., 2023; follow-up study in preparation).

Because this method enables intracellular delivery of nucleic acid therapeutics simply by administering ExHijack-Oligo,
which then associates with circulating exosomes in body fluids, it does not require the complicated and technically demanding
processes of exosome isolation, purification, and drug loading. Moreover, the platform can partially leverage manufacturing
processes already established for antibody—drug conjugate (ADC) technologies, thereby presenting a lower barrier to
industrial application compared with approaches that directly utilize exosomes as delivery carriers.

In recent years, we have further discovered that ExHijack-Oligo accumulates not only in primary tumors but also in
metastatic tumors. Therefore, in this study, we aimed to clarify the mechanism underlying the accumulation of ExHijack-
Oligo in cancer cells and to explore its application for lung cancer therapy by evaluating gene-silencing activity and antitumor
efficacy. In addition, through close collaboration with researchers specializing in DDS researchers, we investigated further

optimization and functional enhancement of the molecular design of ExHijack-Oligo.

1. Optimization of ExAb and ExHijack-Oligo for tumor penetration

To improve the clinical applicability of ExHijack-Oligo, we generated humanized ExAb antibodies and fragmented ExAb
variants. Several humanized ExAb clones exhibited higher intracellular uptake than the conventional rat-derived anti-CD63
antibody. Fluorescent imaging studies in tumor-bearing mice demonstrated high tumor accumulation of the newly developed
humanized ExAb.

In parallel, we established multiple antibodies recognizing lung cancer cell-derived exosomes using our original
immunization method. Among them, two clones selectively showed intracellular uptake into lung cancer cells (HARA-B
cells). Their tumor-targeting ability in vitro and in vivo is currently under evaluation, and antigen identification is ongoing
through proteomic analysis.

Furthermore, optimized humanized ExAb ExAb were incorporated into ExHijack-Oligo. The humanized ExAb-conjugated

ExHijack-Oligo showed efficient tumor accumulation and intracellular delivery.

2. Pharmacokinetic analysis and structural optimization of ExAb and ExHijack-Oligo

To clarify the tumor accumulation mechanism of ExHijack-Oligo, we performed in vivo pharmacokinetic analyses using
radiolabeled and long-wavelength fluorescently labeled ExAb. PET imaging with Cu-64-labeled ExAb revealed a
biodistribution profile similar to that of exosomes following co-administration with exosomes derived from CD63-high PC3
prostate cancer cells, suggesting that ExAb associates with exosome dynamics in vivo.

In addition, to enable more detailed PK/PD and intratumoral localization analyses, ExAb was labeled with the long-
wavelength fluorescent probe SiR680, developed by Professors Yasunaga and Hanaoka. Confocal laser microscopy

demonstrated efficient intracellular uptake of SiR680-labeled ExAb and its localization within the cytoplasm.



3. Collaboration with DDS evaluation researchers

To further optimize ExHijack-Oligo, we collaborated closely with DDS researchers to improve tissue penetration, analyze
in vivo dynamics, and establish appropriate tumor models.

First, ionic liquids developed by Professor Ishida were evaluated to enhance electrostatic interactions between arginine-
modified antibodies and nucleic acids in the non-covalent ExHijack-Oligo system. Although several ionic liquids improved
intracellular delivery efficiency in A549 cells, the effect was found to be exosome-independent, and this approach was
therefore discontinued in 2024.

Next, PET imaging and fluorescence-based analyses were conducted using Cu-64- and SiR680-labeled ExAb/ExHijack-
Oligo. Cu-64-labeled ExAb exhibited biodistribution profiles closely resembling those of exosomes in vivo. In parallel,
SiR680-1abeled probes were synthesized using newly designed maleimide compounds for SH-specific antibody labeling, and
in vivo evaluation is currently ongoing.

To optimize tumor models for ExHijack-Oligo evaluation, we investigated the limitations of the current system, in which
the anti-human CD63 ExAb selectively binds only human cancer cell-derived exosomes but not mouse CD63-positive
exosomes. Because subcutaneous xenograft models produced limited levels of circulating human exosomes, a gastric cancer
peritoneal dissemination model was introduced. In addition, optimization of implanted cell lines in subcutaneous models
enhanced tumor angiogenesis and significantly improved tumor accumulation of ExAb.

Finally, to investigate intratumoral distribution mechanisms, gold nanoparticle-labeled ExAb was synthesized and analyzed
using micro-X-ray CT imaging and synchrotron-based imaging at NanoTerasu. The 15 nm gold nanoparticle-labeled ExAb
showed efficient intracellular uptake and selective tumor accumulation in tumor-bearing mice. High-resolution imaging

further demonstrated deep penetration of ExAb into tumor tissues.



