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Outline of the work:

Immune system is largely categorized in innate and acquired immunity. The acquired immunity
produces a huge number of receptors with an almost infinite range of specificities by way of DNA rear-
rangement in T and B lymphocytes, and is a unique system present only in vertebrates to recognize
pathogens, foreign substances, and non-self. On the other hand, the innate immunity is a phylogeneti-
cally conserved defense system shared from lower organisms to higher animals, and was formerly consid-
ered as a non-specific immune system which is involved only in engulfment and digestion of pathogens
by phagocytes. However, recent studies have revealed that the innate immunity can specifically distin-
guish between self and pathogens via Toll-like receptors (TLRs). The study on TLR originated from the
finding by Jules Hoffmann and his colleagues in France in 1996 that Toll plays a critical role in fungal
immunity of Drosophila. Next year Charles Janeway’s group in USA reported the presence of human
homolog (human Toll, also called TLR4) of Drosophila Toll, and at the end of 1998 Bruce Beutler and
his colleagues showed that TLR4 recognizes lipopolysaccharide (LPS), one of cell wall components in
Gram-negative bacteria that has a potent immunostimulatory activity and is a causative agent of endo-
toxin shock. Dr. Akira has shown by generating knockout mice of TLR family which consist of 12
members that individual TLRs recognize different microbial components and established the role of TLR
family as pathogen recognition receptors, and further clarified the whole picture of their signaling path-
ways. Particularly, Dr. Akira’s finding that TLR7 and TLR9 recognize RNA and DNA of pathogens,
respectively is highly appreciated because this finding confirmed that activation of innate immunity by
TLR plays a critical role in induction of acquired immunity, and also gave the scientific background on
tumor immunotherapy and allergy treatment using a variety of nucleic acids and their derivatives, and
is now accelerating the clinical application. Furthermore, this is the first demonstration that TLRs are
involved in viral recognition in addition to bacterial recognition. Moreover, this finding modified the
previous idea that only pathogen-specific molecules are recognized by TLRs, and shows that the common
molecules present both in host and pathogens are recognized by TLRs. This idea developed into the
subsequent studies showing that TLR7 and TLR9 are involved in development of autoimmune diseases.
As described above, through the discovery of TLRs and analyses of their function, it has become evident
that even the innate immunity harbors pathogen sensing receptors that recognize pathogen components
such as lipopolysaccharide, lipoproteins, DNA and RNA, and then trigger the host defense against invad-
ing pathogens. Among immune cells, so-called phagocytes including macrophages, leukocytes, and den-
dritic cells express TLRs abundantly. These phagocytes induce inflammatory as well as immune responses
through TLR activation when they engulf and digest invading pathogens. The more important point is
that pathogen recognition by TLRs also induces activation of acquired immunity that is regulated by T



and B lymphocytes. The discovery that TLRs are essential to initial recognition of pathogens and sub-
sequent induction of acquired immunity has drastically changed our idea about the immune response,
which was so far derived from the studies of acquired immunity solely. Furthermore, this led to modifi-
cation of the previous concept of pathogenesis of a variety of immune-associated diseases as well as
immunotherapy against cancers and allergy. Dr. Akira has made a great contribution to establishment
of importance of innate immunity and he has been given the Robert Koch Prize, the most prestigious
international medical award in Germany together with Jules Hoffmann in France and Bruce Beutler in
USA. His work on TLRs are highly evaluated world-wide, and he has given a lecture in a variety of
international conferences including Keystone Symposia, Gordon Conference, Nobel Forum, and many
meetings dealing with immunology and infectious diseases in various countries. He has authored over 500
papers, and is one of the most cited immunologists. In 2006 and 2007 he was twice recognized the first
hottest scientist who had published the greatest number of Hot Papers over the preceding two years.
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