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Technical research on quality evaluation and control methods for the practical application of next-—
generation antibody drugs.

In this study, considering the characteristics and manufacturing processes of next—generation
antibodies, we conducted technical research on quality evaluation methods to facilitate their
practical application. In addition, to ensure the prompt reflection of our findings in practical use

we developed educational materials and utilized them in training sessions

Technical research on analytical procedures of next generation mAbs
DLC/MS
We successfully established an automated sample preparation system for MAM analysis. Our system can

also be used as a platform technology for MAM analysis of IgG-type mAbs. A collaborative study with
4



MS vendors showed sufficient compatibility among their LC/MS systems. Based on our analytical data,
we proposed acceptance criteria of analytical performance for MAM analysis. In addition, the MAM

analysis using our system was applicable to next generation antibodies containing peptide—conjugated

mAb.

@Raman spectroscopy

Raman spectroscopy measurements were performed on various IgG antibodies, revealing spectral changes
in the Raman bands derived from aromatic amino acids that are associated with antibody association
under high—concentration conditions. In addition, we succeeded in reproducibly analyzing the quality
assessment of each antibody’ s association even under high—concentration conditions. Furthermore,
based on this analytical technique, Raman measurements were performed on next—generation modified
antibodies, scFv-Fc and scDb-Fc, to evaluate the versatility of Raman spectroscopy. The results
clearly demonstrated that, compared to IgG-type antibodies, the modified antibodies exhibited

instability in their physical properties

®Unlabeled NMR
This project aimed to establish wunlabeled NMR-based methods for higher order structural
characterization and quality evaluation of antibody therapeutics over a five year research period
Using rituximab, trastuzumab, and mogamulizumab as model antibodies, NMR measurement conditions under
unlabeled conditions were successfully optimized. In particular, complete assignment of methyl NMR
signals from the Fc region of human IgGl antibodies was achieved, fulfilling all predefined milestone
targets.
Based on these results, the method enabled site specific detection of higher order structural changes
caused by differences in Fc glycan fucosylation and galactosylation, as well as methionine oxidation.
Notably, residue level and stereospecific quantitative evaluation of methionine oxidation was realized
for the first time, greatly advancing the understanding of antibody structural changes. Furthermore,
the introduction of photo CIDNP NMR demonstrated that solvent exposure of aromatic residues can be
sensitively evaluated under unlabeled conditions

In addition, expansion to the Fc region of human IgG4 antibodies and correlation analyses with LC-
MS and other techniques revealed that this approach can serve as a generic antibody quality evaluation
platform independent of specific antibody species. These achievements, published in leading journals
such as the Journal of the American Chemical Society and Analytical Chemistry, demonstrate that this
project established a robust unlabeled NMR-based methodology, with progress exceeding the original

research plan.

@Cryo—electron microscopy

Using the negative staining method, we revealed the flexibility of the hinge region, and CH2 domain.
Also, we established a quantitative approach to measure the angles between Fab and Fc domains. The
constructed 3D structure demonstrated a bent Y-shaped conformation of a whole antibody, suggesting
that our approach may be useful for evaluating comparability before and after manufacturing process
changes, as well as for similarity between reference products and biosimilar products, which are
particularly important in the development of next—generation antibody therapeutics. In addition, we

prepared a comprehensive review summarizing the efforts in this next—generation antibody research
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group and future perspectives regarding antibody therapeutics in Japan.

(®Rapid method for formulation development

Next—generation antibodies, including ADCs, antibody fragments, and bispecific antibodies, often show
high agitation—induced aggregation propensity. We developed a rapid formulation optimization strategy
for such candidates. Ten antibodies, including next—generation formats, were evaluated under 12
different formulation conditions. Aggregation propensity was assessed after short—term agitation
stress. The antibodies were categorized into two groups based on their sensitivity to formulation
changes. The non—responsive group was insensitive to formulation conditions and could be formulated
with a relatively high degree of freedom. The responsive group showed marked formulation—dependent
aggregation and required more careful screening. For the responsive group, conformational stability
represented by Tm was an effective indicator for formulation development. Importantly, aggregate
formation after agitation correlated well with that after quiescent storage at 40 ° C. These results

support a rapid formulation optimization strategy centered on agitation testing

®Conjugated antibody

We generated the site—specific antibody—-drug conjugates (ADCs) and site—specific poly-glycan
conjugates (lysosome—targeting chimeras, LYTACs) with different linker structures and different
conjugation sites, and evaluated the impact of conjugation sites on their characteristics. Our data
revealed that combination of conjugation site and linker structures affected their characteristics,
and the impacts of conjugation sites on their characteristics including biological functions were

different between ADCs and LYTACs

(MManufacturing of engineered mAb samples

For other researchers in this project, the MAB association has provided next—generation antibodies
or their intermediates aiming at clinical trials using original CHO-MK cells. In addition, NIST-CHO
cells developed by NIST were obtained as standard cells for comparison with original cells, and the

RCB was provided to the MAB Osaka Intensive Research Center.

(2) Preparation of white papers and educational materials and their application for training

+ White Paper

We have summarized and published the key considerations, including regulatory requirements, for the
establishment of cell substrates used in the manufacturing of next—generation antibody therapeutics.
This summary incorporates technological advancements made since the ICH Q5B and Q5D guidelines.
Furthermore, in light of progress in digital technology, we have identified and published challenges
regarding the manufacturing and quality control of next-generation antibodies and other
biopharmaceuticals. Currently, we are drafting a review article that summarizes the development and
approval of antibody therapeutics in Japan alongside the initiatives undertaken by this research

group.

+ Development of educational program and their application

Kobe University and BCRET collaborated to develop educational programs for next—generation



biopharmaceuticals, focusing on material creation and practical training. Based on global
manufacturing and quality assessment surveys, we established curricula for ADCs, multispecific
antibodies, and biopharmaceutical formulation. Notably, the ADC training utilized fluorescent

substances instead of toxic payloads for safety.



