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Regulation of influenza virus-specific adaptive immune responses by
microbiota

Takeshi Ichinohe
Division of Viral Infection, Department of Infectious Disease Control, International Research Center

for Infectious Diseases, Institute of Medical Science, The University of Tokyo

Commensal bacteria are essential in shaping intestinal immune responses in both health and dis-
ease. Gut commensal microbiota also support intestinal immune homeostasis by regulating Tregs
and Thl7 cells. However, it remained unclear whether there is a role for microbiota in shaping
the immune inductive function at a nonintestinal mucosal surface such as the lung.

We have previously demonstrated that commensal microbiota composition critically regulates
the generation of virus-specific CD4 and CD8 T cells and antibody responses following respiratory
influenza virus infection. By using various antibiotic treatments, we found that neomycin-sensitive
bacteria are associated with the induction of productive immune responses in the lung. Local or
distal injection of Toll-like receptor (TLR) ligands could rescue the immune impairment in the
antibiotic-treated mice. Intact microbiota provided signals leading to the expression of mRNA for
pro-IL-1p and pro-IL-18 at steady state. Following influenza virus infection, inflammasome activa-
tion led to migration of dendritic cells (DCs) from the lung to the draining lymph node and T-cell
priming (Ichinohe et al. Proc Natl Acad Sci U S A. 2011). In addition, we recently showed that
exposure of mice to the high ambient temperature of 36 °C impaired influenza virus-specific adap-
tive immune responses. After influenza virus infection, the high heat-exposed mice failed to stimu-
late inflammasome-dependent cytokine secretion and respiratory dendritic cell migration to draining
lymph nodes. Although commensal microbiota composition remained intact, the high heat-exposed
mice decreased their food intake and increased autophagy in lung tissue. Induction of autophagy
in room temperature-exposed mice severely impaired virus-specific CD8 T cells and antibody
responses following respiratory influenza virus infection. In addition, we found that administra-
tion of glucose or dietary short-chain fatty acids restored influenza virus-specific adaptive immune
responses in high heat-exposed mice (Moriyama and Ichinohe. Proc Natl Acad Sci U S A. 2019).
These results provide a useful basis for developing effective vaccines against influenza viruses.



