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This research project aimed to establish a drug design technology that enables tissue-selective delivery and oral
absorption of middle- and high-molecular-weight therapeutic modalities, including biologics. The project focused on
two major biological barriers that limit the clinical application of biologics: the blood-brain barrier (BBB), which
restricts drug delivery to the central nervous system, and the small intestinal epithelial barrier, which limits systemic
absorption after oral administration. To address these challenges, we developed and evaluated a molecular design
strategy using tissue barrier-permeable cyclic peptides as functional delivery modules for antibody-based and Fc-fusion
modalities. In particular, the project investigated whether cyclic peptides could be incorporated into therapeutic
modalities to confer barrier-crossing properties at the molecular design stage, rather than relying solely on formulation-
based or nonspecific permeation-enhancing approaches.

For brain delivery, we demonstrated that introducing the BBB-permeable SLS peptide into antibody molecules can
enhance brain exposure without substantially compromising the intrinsic binding activity, physicochemical properties,
or systemic pharmacokinetic profiles of the parent molecule. In the early phase of the project, we optimized fusion
formats and linker structures and identified molecular designs that were compatible with conventional recombinant
protein production processes. In vivo analyses further suggested that the increased brain exposure was not simply due
to vascular association or retention in brain capillaries, but was accompanied by delivery into the brain parenchymal
compartment. We subsequently developed an improved design based on structural information of antibody molecules.
By incorporating the SLS peptide into a selected loop region of the antibody framework, we obtained a format that
maintained the fundamental functions of the antibody while improving brain delivery, retention, and distribution to
relevant brain regions. When this design was applied to an antibody related to a central nervous system disorder, studies
in a disease model showed trends toward improvement in pathological markers and suggested functional benefits in
behavioral assessments. These findings provide proof of mechanism that enhanced brain delivery can contribute to
improved pharmacological efficacy.

For oral delivery, we investigated whether the small intestine-permeable DNP peptide could promote the absorption
of biologics across the intestinal epithelium. Antibody-based molecules and Fc-fusion proteins modified with the DNP
peptide were evaluated using intestinal administration models. The results demonstrated that DNP peptide modification
can facilitate transport from the intestinal lumen to the portal circulation and, subsequently, to systemic circulation. At
the same time, the studies clarified that protection from gastrointestinal degradation and appropriate formulation design
are critical for achieving effective oral delivery. Formulation studies using a model protein further suggested that solid
dosage forms can be prepared while preserving biological activity, supporting future integration of DNP peptide-based
absorption technology with pharmaceutical formulation strategies.

The project also provided important mechanistic insights into how the SLS and DNP peptides promote tissue barrier
transport. In both the intestinal epithelium and the BBB, the data suggested that interactions with cell-surface molecules
and intracellular vesicular transport pathways are involved. In the intestinal barrier, pharmacological inhibition,
suppression of candidate cell-surface molecules, and in vivo absorption studies supported the contribution of receptor-
associated cellular uptake mechanisms. These findings indicate that the technology is not merely a passive permeation
enhancer, but rather a molecular design platform that utilizes active cellular transport systems present in tissue barriers.
This concept is important because it suggests that tissue barriers can be regarded not only as obstacles to drug delivery,
but also as regulated biological interfaces that can be exploited for selective transport of therapeutic modalities.

In addition to antibody therapeutics, we extended the technology to Fe-fusion proteins as a more versatile modality
platform. SLS peptide-modified Fc-fusion proteins showed enhanced brain delivery and prolonged brain retention
without major changes in systemic exposure. Furthermore, when a pharmacologically active peptide was fused to this
platform, peripheral administration resulted in enhanced central pharmacological effects, suggesting that the platform
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can deliver a therapeutically relevant amount of cargo to the brain. Similarly, orally administered DNP peptide-modified
Fc-fusion proteins entered systemic circulation through the intestinal route and exerted pharmacological activity. These
findings demonstrate that the cyclic peptide-based design is applicable not only to monoclonal antibodies but also to
broader biologic modalities, including Fec-fusion proteins and peptide-based drugs.

The significance of this research lies in the establishment of a generalizable molecular design concept for
overcoming tissue barriers. First, the project provides a promising strategy for brain delivery of biologics, an area in
which conventional approaches often face challenges related to peripheral distribution, receptor saturation, or altered
pharmacokinetics. Second, the project demonstrates a potential route toward oral administration of biologics by
harnessing active transport mechanisms in the small intestine. This may contribute to the development of patient-friendly
alternatives to injectable biologics. Third, by defining the SLS and DNP peptides as functional delivery modules, the
project provides design principles that can be applied across different therapeutic modalities. These principles include
the importance of peptide insertion site, valency, structural stability, linker design, preservation of pharmacological
activity, systemic pharmacokinetics, and tissue distribution.

Overall, this project established an SLS and DNP peptide-based drug design platform for tissue-selective delivery
and oral absorption of high-molecular-weight therapeutic modalities. The outcomes are expected to support the
development of next-generation biologics for central nervous system disorders, metabolic diseases, rare diseases, and
other conditions in which tissue barrier transport remains a major bottleneck. Future studies will focus on further
optimization of delivery efficiency, formulation integration, safety assessment, and validation in larger nonclinical

models to accelerate translation toward practical therapeutic applications.



