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1. Development of CE-MS Analytical Technologies

We developed ultrasensitive capillary electrophoresis—mass spectrometry (CE-MS) platforms for peptide drugs,
antibody—drug conjugates (ADCs), and oligonucleotide therapeutics. For peptide drugs and ADC payloads, we focused on
their high hydrophobicity and developed large-volume dual preconcentration by micelle collapse and sweeping (LDMS).
Using DXd as a model ADC payload, LDMS-CE-MS achieved approximately 1,000-fold sensitivity enhancement compared
with non-preconcentrated CE-MS. The method showed excellent linearity (R? > 0.999) and a lower limit of quantification of
420 fM (420 zmol/uL, S/N = 10). By applying daily quality-control correction, stable large-scale analysis was achieved with
9.8% RSD for n =200, demonstrating robustness comparable to conventional LC-MS. Similar 100-zmol/pL-level sensitivity
was confirmed for exatecan, cligosiban, and cyclosporin A.

For oligonucleotide therapeutics, separation, ionization, and preconcentration conditions were optimized using
fomivirsen. We found that positive-ion mode CE-MS under mildly basic conditions, combined with elevated ion-source
temperature, reduced adduct formation and greatly improved sensitivity. This finding provides a new detection strategy for
ultrasensitive oligonucleotide analysis. For preconcentration, we developed an electrokinetic supercharging (EKS)-CE-MS
system using a newly designed microchannel-based sample-injection device that suppresses convection and stabilizes the
electric field. Using fomivirsen and patisiran, this system achieved up to 3,000-fold enrichment, good calibration linearity,

and a detection limit of 1.8 pM (1.8 amol/uL), representing world-leading sensitivity for MS-based oligonucleotide analysis.

2. Validation Using Animal Models and Tissue Pharmacokinetic Analysis

The developed CE-MS technologies were validated using mouse models. Xenograft mice bearing OE-19 human
esophageal cancer cells or colo320 human colorectal cancer cells were treated with anti-HER3-DXd at 10 mg/kg.
Conventional LC-MS analysis of blood and tissue homogenates showed DXd concentrations of 2.9—14 pmol/g, corresponding
to approximately 10 nM in tissue. Although LC-MS showed good performance with a lower limit of quantification of 50 pM,
LDMS-CE-MS offered much higher sensitivity (420 fM), enabling analysis with approximately 1,200-fold less sample.

We therefore applied LDMS-CE-MS to microscale tissue pharmacokinetic analysis. In heterograft mice bearing both
OE-19 and c0l0320 tumors, 10-pm frozen sections were prepared after anti-HER3-DXd administration. HER3-positive and
HER3-negative regions were identified by staining of adjacent sections and collected by laser microdissection. DXd extracted
from these regions was quantified at 49—102 amol/mm?, corresponding to 4.9—-10.2 nM, consistent with bulk LC-MS results.
Spatial analysis revealed a concentration gradient from HER3-positive OE-19 regions to HER3-negative colo320 regions,
directly visualizing the ADC bystander effect. The same workflow was successfully applied to biopsy-scale human clinical
specimens, demonstrating its applicability to clinical proof-of-concept studies.

We also established a tissue-analysis pipeline for oligonucleotide therapeutics. Because oligonucleotides strongly interact
with intracellular biomolecules, we introduced TRI reagent-based tissue homogenization followed by 1-bromo-3-
chloropropane extraction. For CE-MS-compatible purification, a stage-tip solid-phase extraction method was optimized.
While C18 extraction efficiently recovered fully phosphorothioated RNA, styrene—divinylbenzene sorbent enabled 90-100%
recovery even for less hydrophobic partially phosphorothioated RNA and sufficiently removed matrix components for direct

EKS-CE-MS analysis. Using this workflow, 1 nM oligonucleotide spiked into mouse tissue sections was successfully detected.

3. Application to External Seed Projects

The developed platforms were adapted to external seed projects in collaboration with the National Cancer Center. Drugs
and cell samples were first analyzed by both CE-MS and LC-MS to ensure quantitative reliability. For tissue pharmacokinetic
studies, the National Cancer Center performed tissue sectioning, pathological evaluation, and bulk LC-MS analysis, while
Kyushu University conducted laser microdissection sampling and ultrasensitive CE-MS analysis. Through this framework,

we supported seven seed projects involving multiple therapeutic modalities.
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