HAEROIERFEME — AIREBAEENIIEE
£ ik

I AR

WFFEPHFERREA, - BRR = 7 A« 18 IR BUEZ MR R 12 U 72 SOER N ERBE A~ DA AT & 2 e ST
i B AE OO B BLTR R A HH
Creation of novel therapeutic agents for pulmonary NTM disease by intervention in the airway

microenvironment based on clinical evidence and host susceptibility genes.
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Purpose of the Research and Development

Pulmonary nontuberculous mycobacterial disease is an important respiratory infectious disease whose incidence in Japan has
exceeded that of pulmonary tuberculosis, and new therapeutic strategies are urgently needed. Through large-scale clinical
cohorts and genomic analyses, the principal investigator has identified host factors associated with susceptibility to pulmonary
Mycobacterium avium complex disease and has shown that impaired function of these factors may contribute to the
development of pulmonary NTM disease.

Based on this clinical evidence, this study investigated the role of host factor CHP2 and related molecular pathways in
pulmonary NTM disease, and promoted drug discovery targeting host defense mechanisms using proprietary technologies for
the regulation of membrane proteins and transporters. We also established evaluation systems using airway epithelial cells,
macrophages, silkworm infection models, and mouse models, aiming to develop novel therapeutics based on intervention in

the airway microenvironment.

Summary of Research Achievements

Functional analyses using human airway epithelial cells and human monocyte-derived macrophage-like cells showed that
overexpression of CHP2 significantly reduced the intracellular burden of M. avium in both cell types. These findings suggest
that CHP2 functions as a host defense factor that restricts M. avium infection in airway epithelial cells and macrophages.
We further examined whether the infection-suppressive effect of CHP2 depends on the related molecule NHE, which had
initially been assumed to mediate this effect. The reduction in bacterial burden induced by CHP2 overexpression was
maintained even when NHE function was suppressed, while inhibition of NHE alone did not produce a clear infection-
suppressive effect. These results suggest that CHP2-mediated control of M. avium infection may occur through a mechanism
not necessarily dependent on NHE.

Using bone marrow-derived macrophages from CHP2-deficient mice, we also analyzed infection control in the absence of
CHP2. CHP2-deficient macrophages showed a significantly increased intracellular bacterial burden compared with wild-type
macrophages, and this trend was consistently observed in multiple independent experiments. Flow cytometric analysis with
fluorescently labeled M. avium further indicated that CHP2 overexpression does not clearly inhibit bacterial uptake itself, but
rather restricts intracellular bacterial survival after uptake. Taken together, these findings demonstrate that CHP?2 is associated
with genetic susceptibility to pulmonary MAC disease and regulates intracellular mycobacterial survival in host cells.
Regarding the drug discovery platform, we established a candidate molecule screening system targeting related membrane
proteins. By optimizing sequence design, linker conditions, culture conditions, and expression induction conditions, we
successfully established an expression system sufficient for screening human-derived membrane proteins. We also designed
and constructed a candidate molecule library using structural biological analysis and molecular evolutionary engineering
approaches, and screening is currently underway. In parallel, we are developing an activity evaluation system using
mammalian cultured cells to reduce the effects of endogenous background activity.

In addition, we established a silkworm infection model targeting the Mycobacterium abscessus complex to evaluate
mycobacterial pathogenicity and candidate therapeutic interventions. Analysis using multiple clinical isolates revealed
differences in pathogenicity among strains, suggesting that this model may be useful for initial screening of candidate

therapeutic approaches.

Future Perspectives

This study suggests that host factor CHP2 may represent an important therapeutic target for pulmonary NTM disease. We
will further investigate the molecular basis of CHP2-centered mycobacterial elimination mechanisms using both in vitro and
in vivo systems, focusing on intracellular bacterial survival, host intracellular trafficking, organelle function, and innate
immune responses.
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We will also use our proprietary candidate molecule screening technology and activity evaluation systems to identify and
evaluate molecules capable of regulating CHP2 or related pathways. By combining airway epithelial cells, macrophages,
silkworm models, and mouse infection models, we aim to assess the efficacy and safety of candidate molecules and develop

a novel host-directed therapeutic strategy for pulmonary NTM disease.



