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It is important that people can lead a healthy life both physically and mentally. A disease that causes physical and
mental health problems is a serious threat not only for the patient, but also for the society. Therefore, it has long
been recognized that an early diagnosis and a treatment of diseases are important, and diagnostic and therapeutic
methods for various diseases have been developed around the world. Basic researches have revealed that various
genes and proteins are significantly involved in diseases and their pathogenic mechanisms, and those research and
development that target those molecules have been conducted. In recent years, drugs that transform the paradigm
of vaccine development have been developed and utilized, and they have taken the world by storm. For example, a
vaccine against COVID-19 was developed using RNAs (genes) encoding viral spike proteins, without using
weakened or inactivated viral proteins or recombinant viral proteins that have been widely used in vaccine
development. It was RNA (gene) that encodes the viral spike protein. The strategy includes a first step to deliver
the gene to cells, a second step to induce antibodies against the viral protein that the cells express, and a final step
to prevent disease by the produced antibodies. We have found that this strategy was remarkably effective. However,
who could imagine the effectiveness of this strategy when the gene vaccines began in the 1990s? We should know
that 30 years have already passed until now when this strategy flourishes.

As mentioned above, the development of new drugs for treatment and diagnosis of next generation requires
a long basic and applied research to find new target molecules. The glycan chain can be recognized as a new target
biomolecule with the highest potential, because it has not investigated so far. Therefore, it is now important and
essential to start drug discovery research, focusing on glycans. Glycans are considered to be the third life chain after
genomes and proteins, which are the first and second life chains, respectively. Biological importance of glycans has
been suggested, but the knowledge of them has lagged far behind, compared with that of two other life chains.
There are three reasons for this: (1) structural analysis of glycans is incomparably difficult, compared with two
other biomolecules; (2) it is impossible to know the glycan structures by genome sequences, because they are not a
direct product from genes; (3) a glycan-mediated interaction does not follow the lock-and-key theory which is
typical for protein-protein interactions, but rather mainly follow the pattern recognition of hydroxyl and negative
charged groups of glycans. Eventually, the analysis of glycans is complicated, and it is difficult to make a rapid
progress in this field. However, along with the development of probes and their analytical methods, glycan research
has finally reached a point where it can be performed at the same level as other molecules, and those researches to
develop the diagnosis and treatment using diseases-involved glycans are becoming more and more popular. Thus,
the subject of this research is in line with this trend, and is also an important subject that must be started now. In
particular, cancer and psychiatric disorders are major social problems today, and the development of diagnostic and
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therapeutic methods for them is an important and urgent issue for many people to lead a fruitful and healthy social
life. The development of glycan-targeted diagnostic and therapeutic methods has lagged behind as mentioned above;
however, a number of approaches are possible, because glycan structures change dramatically on the cell surface,
depending on normal to impaired conditions, to control the properties of the cells. Thus, the aim of this study is to
develop useful probes for disease-related glycans, especially acidic glycans, which are altered in cancer and
psychiatric diseases. In the future, we hope to apply these probes to the diagnosis and treatment of cancer and
psychiatric diseases. In this research period, we have sought to develop useful probes: specifically, " (1) antibodies
to discriminate diversed structures of polysialic acid" and " (2) preparation of polysialic acid-binding small
compounds".

In the research of (1), we conducted a large-scale and comprehensive analysis of anti-polysialic acid
antibodies that recognize a variety of polysialic acid chains to detect cancers. We could actually select antibodies
that were most useful for detection and treatment. This feature is unique to our laboratory that owns the largest
collection of anti-polysialic acid antibodies in the world. In addition, in view of the subsequent production of
recombinant antibodies, we carried out cDNA preparation and CDR cloning simultaneously. After that, we produced
fully humanized antibodies and highly functionalized antibodies, and also established a highly sensitive detection
method0. The antibodies developed in this study were found to be more sensitive than the existing antibodies against
neuroblastoma and lung cancers, and to have a polysialic acid-dependent internalizing effect. On the other hand, in
order to clarify the mechanism of polysialic acid-induced malignant transformation of cancer, we generated stable
expression cell lines with biosynthetic enzymes that are known to biosynthesize polysialic acid chains, based on the
cancer model cells. We also examined the malignant phenotypes of the cancer cells such as cell proliferation,
colony-forming ability, invasion, and migration in detail using these model cells. The results revealed there are both
polysialic acid-specific and polysialic acid-biosynthesizing enzyme-specific malignant phenotypes. Taken together,
our results indicate that the antibodies developed in this study are useful for cancer therapy.

The initial plan for the preparation of polysialic acid-binding small molecules was to chemically synthesize
new molecules using the known small molecules that bind to polysialic acid as a lead compound. However, in
addition, we conducted random screening of FDA-approved libraries to identify novel structures that bind to
polysialic acids. Since the interaction analysis between polysaccharides and small molecules has not been
established so far, we used our previously established method of frontal affinity chromatography (FAC) for
polysialic acid-neurotransmitter interaction analysis as the assay system. First of all, we improved the column
capacity, pump flow rate, etc., and set up a multi-sample analysis system using an autosampler so that we could
analyze many samples in a small volume. Next, we chemically synthesized about 35 new compounds that stemmed
from dopamine as a lead compound, which has been shown to bind to polysialic acid. The binding properties of
these compounds were analyzed by FAC, and it was confirmed that the compounds with 3-10 times stronger binding
affinity could be synthesized. Some of these compounds were prepared for the non-destructive detection of amyloid
proteins, and it was found that these molecules could also bind to polysialic acid. On the other hand, in the random
screening, from the primary screening to the tertiary screening, 18 chemical structures that could bind to polysialic
acid were identified from 1200 samples of known substances. These structures were analyzed by the modeling
software, suggesting that the steric structure of the polysialic acid is important for binding. In addition, the binding
properties of FACs suggest that there are multiple binding modes.

Further development of both of these research topics is expected in the future. As the importance of
polysialic acid as the disease-related glycans has become clearer, both of them are expected to be important and
effective probes, and there is a high possibility that continuing research will solve important issues such as
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biomarkers, non-destructive detection methods, and treatment of cancer and psychiatric diseases related to glycans,

based on the glycan and glycan recognition molecules.



