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Abstract

All multicellular organisms have an innate immune mechanism that represents a phylogenetically ancient defense
mechanism. From an evolutionary viewpoint, the functional commonalities and diversities in the defense system
provide deep insight into the innate immune mechanism. In this thesis, I focus on the starfish, Asterina pectinifera,
which is a phylogenetically primitive animal, and analyze the larval mesenchyme cells for defensive behaviors and their
regulatory mechanisms at the cellular and molecular level.

In Chapter 1, I describe the phylogenetic position of the starfish and its availability as an in vivo and in vitro
research model for developmental and comparative immunology, while introducing the history of the discovery of
phagocytosis by Metchnikoff, which provided a platform for cellular immunology.

In Chapter 2, 1 show that the spatial distribution of mesenchyme cells is effective for host defense under
physiological and pathological situations. I describe how, when experimentally injected with various foreign bodies,
the mesenchyme cells exhibit a wide variety of defense behaviors such as directional migration, aggregate formation,
cell-to-cell fusion, encapsulation and phagocytosis. Furthermore, I demonstrate that mesenchyme cells both identify
allogeneic cells and recognize non-allogeneic targets as foreign bodies.

In Chapter 3, I characterize the function of a DOCK180 superfamily protein, termed A4pDOCK protein, as a
candidate protein that intracellularly regulates the defense behaviors of larval mesenchyme cells. In injection
experiments using inorganic or organic foreign bodies, I show that ApDOCK protein is essential for the migratory
congregation and persistence of encapsulation of mesenchyme cells, but not is associated with their cell-to-cell fusion or
phagocytosis. In addition, in analyses using mesenchyme cells in culture, I demonstrate that 4ApDOCK protein
promotes the organization of cytoskeletal actin at the leading edge of the lamellipodium of mesenchyme cells.

In Chapter 4, 1 demonstrate the expression profile and function of a scavenger receptor
cysteine-rich-domain-containing protein, termed 4pSRCRI1 protein, as an extracellular regulator of mesenchyme cells.
I show that ApSRCRI protein is specifically localized to cytoplasmic vesicles as a membrane-bound protein in naive
mesenchyme cells. Furthermore, I raise the possibility that ApSRCR1 protein is secreted from the mesenchyme cells
by bacterial stimuli and acts as an opsonin to promote phagocytosis of the mesenchyme cells through the binding of
bacteria.

On the basis of these findings and other preliminary data, in Chapter 5 I describe the functional similarity between
larval mesenchyme cells of the starfish and mammalian macrophages. Given this, I provide insight into features of the
intracellular and extracellular regulatory mechanisms that underlie the defense behaviors of immune cells during the
evolutionary process. In addition, I discuss the future prospects about the regulatory mechanisms of the adult defense
system, including the self/nonself recognition strategies that change via metamorphosis. Taking all of the data together,
I propose that A. pectinifera is a useful research model that will enable us to further understand the innate immune
system.




