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Tuberculosis (TB) is the deadliest single infectious disease except for COVID-19, with 10 million cases and 1.4
million deaths worldwide in 2019 alone, according to the WHO tally for 2020. In recent years, the number of infections
caused by multidrug-resistant M. tuberculosis has increased markedly, especially in developing countries. BCG is
effective against TB in children, but in many cases, BCG loses its efficacy in adults. In addition, there are few effective
treatments for NTM disease, and it requires long-term treatment. Therefore, the development of preventive and
therapeutic methods based on new mechanisms of action against pathogenic mycobacterial infections such as
tuberculosis and NTM disease is an urgent issue.

This project aims to develop effective vaccines and therapeutic agents against all pathogenic Mycobacteria by
targeting the glycan structure of lipoarabinomannan (LAM), which is commonly used by M. tuberculosis and NTM for
phagocytosis (invasion) by neutrophils, macrophages and dendritic cells. In this project, we will clarify the effects of
chemically synthesized substructures of LAM and ManCap on human phagocytes by STED microscopy. Furthermore,
by modifying the phagocytes’ molecules using genome editing, we will elucidate the receptor and its signaling
mechanism. Based on the structure-activity analysis, we aim to produce specific antibodies that block the non-opsonin
pathway of M. tuberculosis and NTM and promote phagocytosis via Fc receptors by using LAM-derived artificial
glycans as antigens. Based on the pharmacophores involved in the avoidance of infection and sterilization, the discovery
of a method to promote the sterilization of pathogenic antibiotics by host cells would be an epoch-making drug target,
which would be of great significance.

First, we synthesized the partial structure of mannan, which is thought to be important in the phagocytosis and
bactericidal evasion processes of pathogenic antibiotics, and its derivatives, and evaluated their functions to synthesize
highly functional glycan derivatives and oligosaccharides for antibody production and selectivity validation of the
produced antibodies. we succeeded in synthesizing the partial structure of mannan core structure. For bactericidal
evasion-related glycans, a(1,2)mannoside saccharides were synthesized.

In order to elucidate the involvement of host factors in the glycan motifs essential for phagocytosis and bactericidal
evasion (persistent infection) of ManLAM, we attempted gene disruption of various host factors in the macrophage-like
cell line THP-1 using gene editing methods. In THP-1 cells, we generated gene knockout cells of CD11b, a subunit of
aMp2 integrin, which is involved in the invasion of pathogenic mycobacteria, according to the method established in the
previous year. The cells were completely deficient in the cell surface expression of CD11b when undifferentiated and
when differentiated by PMA stimulation. The phagocytosis of these cells showed that they could not phagocytose
ManLAM-coated beads. Therefore, it is considered that there are no receptors involved in phagocytosis of pathogenic
mycobacteria other than the known ManLAM receptors in human phagocytes.

By creating antibodies against the synthesized artificial glycans, we succeeded in creating antibodies that efficiently

phagocytose non-tuberculous mycobacteria.



