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RESEARCH TO ELUCIDATE THE PATHOGENESIS OF
PULMONARY NONTUBERCULOUS MYCOBACTERIAL (NTM)
DISEASE FROM HOST GENE RESPONSES

Masashi MATSUYAMA

Abstract: Although the incidence of pulmonary nontuberculous mycobacterial (NTM) disease is increasing,
the pathophysiology of the disease is not fully understood. In Japan, Mycobacterium avium-intracellulare
complex (MAC) accounts for 90% of the causative organisms. Nontuberculous mycobacteria are ubiquitous in
various environments, but they do not cause disease in all individuals. Therefore, it is thought that the disease
is largely affected by host factors. The author has studied the host response to pulmonary NTM disease using
comprehensive gene expression analysis by RNA sequencing (RNA-seq) and genetically engineered mice.

When wild-type mice were infected intranasally by Mycobacterium avium, a clinical isolate obtained from
a patient with pulmonary MAC disease, lymphocyte-based inflammation was observed around peribroncho-
vascular bundles in the lung tissue two months after infection. Comprehensive gene expression analysis by
RNA-seq showed that the “Th1 pathway” and the “Macrophage Classical Activation Signaling Pathway” were
activated.

Primary human airway epithelial cells from healthy subjects were differentiated into human airway epi-
thelium using the air-liquid interface method and infected with M.avium or M.abscessus, followed by
RNA-seq analysis. In both infections, IL-32 expression was upregulated. In contrast, the expression of genes
related to cilia was decreased, indicating that the cilia in the respiratory epithelium were damaged.

The author used genetically engineered mice to determine the roles of T-bet, ROR-yt, PD-1, PD-L1, and
Nrf2 in a model of pulmonary MAC infection. T-bet is a transcription factor that regulates Th1 cell differen-
tiation and IFN-y production. T-bet regulated susceptibility and inflammatory responses to M. avium. T-bet—
deficient mice displayed diminished Thl responses and development of Th17 responses. Reduced Thl
responses increased susceptibility to systemic MAC infection, and Th17 development induced excessive
neutrophilic pulmonary inflammation. In this respect, a fine balance between Thl and Th17 responses was
essential in defining the outcome of MAC infection.

ROR-yt is a transcription factor that regulates Th17 cell differentiation. Overexpression of ROR-yt resulted
in Th17 over response along with Thl response after M.avium infection, inducing excessive lung neutro-
philic inflammation. In contrast, overexpression of ROR-yt did not affect Th1 cell differentiation or inhibit
bacterial growth.

Nrf2 is a transcription factor that is activated in response to oxidative stress. Nrf2-deficient mice were highly
susceptible to M. avium bacteria compared with wild-type mice. RNA-seq analysis showed that Nramp1 and
HO-1 expressions were greatly decreased in the infected lungs of Nrf2-deficient mice. Furthermore, we showed
that Nramp1 and HO-1, which are regulated by Nrf2 within alveolar macrophages, are important in defense
against M. avium infection by promoting phagolysosome fusion and granuloma formation, respectively.

Blockade of the PD-1/PD-L1 pathway activates tumor immunity. The loss of PD-1 or PD-L1 did not affect
mortality or the amount of bacteria in the lungs of M. avium-infected mice. Interestingly, gene expression levels
associated with Thl immunity did not differ between genotypes, which may explain why susceptibility to
infection did not change.

These studies the author performed have shown that host responses involving a specific gene or gene set are

associated with the pathophysiology of pulmonary MAC infection.
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