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Thesis Summary

The immune system is the basis of biological defense, and various exogenous or endogenous
molecules act as innate immune receptor ligands or antigens to induce immune responses. In particular,
complex lipids play a crucial role in modulating immune responses. It is known that certain complex
lipids such as phospholipids can be nitrated through reactions with nitric oxide (NO) and the produced
molecules affect processes of inflammatory responses. However, the functions of complex lipids
containing nitrated fatty acids as the lipid antigens remain unexplored. In this thesis, glycolipids
containing nitrated fatty acids were synthesized in a comprehensive manner, and their biofunctional
analyses were conducted to uncover novel immunoregulatory functions of these glycolipid derivatives.
In Chapter 1, an introductory summary of the functions of lipid antigens and related innate immune
receptor ligands in innate immune responses was described, as well as an overview of the formation
and recognized functions of nitrated fatty acids and nitrated fatty acid-containing complex lipids.
Chapter 2 describes the synthesis of nitrated fatty acids and nitrated fatty acid-containing glycolipid
derivatives. In particular, a novel method for synthesizing nitrated fatty acids was developed, enabling
their efficient and selective synthesis.

In Chapter 3, the biological functions evaluation of the nitrated fatty acid-containing glycolipids were
evaluated, especially focusing on the lipid-antigen presenting molecule CD1d.Through the analysis of
the binding affinity toward CD1d and the immune responses mediated by the CD1d-NKT cell system, it
was revealed that the modification of glycolipids with nitrated fatty acids enhanced the binding affinity
and induced immune responses via modulated cytokine induction. In addition, the characteristic immune
responses induced by the novel glycolipids were discussed.

In Chapter 4, computational methods, including molecular dynamics analysis, were employed to
demonstrate the potential for hydrogen bonding and other interactions involving specific residues in the
CD1d antigen recognition pocket. The correlation between distinct immune responses and these
molecular interactions was also discussed.

Chapter 5 summarizes the results of this research, to discuss the findings that contribute to a
deeper understanding of immune regulatory mechanisms.

In conclusion, this thesis establishes a novel synthetic method for nitrated fatty acid-containing glycolipid
derivatives and nitrated fatty acids, which is also applicable to related nitrated complex lipids. The
insights gained into the role and function of nitration modifications of complex lipids in innate immunity

provide a foundational contribution to advancing the understanding of immune modulatory mechanisms.




