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Summary (Abstract) of doctoral thesis contents

During tissue development, the morphogenesis of epithelial sheets 1is
considered to be regulated by many factors, although the underlying mechanisms
remain largely unknown. In this study, I aimed to understand this mechanism by
focusing on the morphogenesis of the pharyngeal epithelium. In the pharyngeal
region of the vertebrate embryo, endodermal epithelium is reiteratively folded
outward to form pharyngeal pouches, generating partitions to separate pharyngeal
arches. In the development of pharyngeal pouches, Ripply3, encoding a member of the
Ripply family of adaptor proteins, is required for the pouch formation posterior to the
3rd pharyngeal arch. To better understand the mechanism of epithelial
morphogenesis in the pharyngeal arch development, I examined the function of
Ripply3 by using Ripply3 mutant embryos and cell culture system.

For understanding the function of Ripply3in the pharyngeal development, it is
important to identify the primary defect occurred in the Ripply3 mutant. However,
details of the morphological change in the third pharyngeal arch formation had not
yet been fully described. Thus, I first observed this process in normal embryos. In
contrast to my prediction, I found that this process was so complex that the
endodermal epithelium was bended three times prior to the formation of the third
pharyngeal pouch. Being consistent with the three times bends, Ripply3 was
specifically expressed at the bending site of the endodermal epithelium, suggesting
that Ripply3is involved in the bending processes.

Based on this observation, I next examined the pharyngeal development of
Ripply3 mutant embryos. I found that the morphology of the epithelial sheet was
disturbed at the bending site during the third pharyngeal arch formation in Ripply3
mutant embryos. To examine this defect more precisely, three-dimensional image
analysis was performed. In contrast to the monolayer structure of the wild-type
epithelial sheet, this monolayer structure was partially disturbed and a part of the
epithelial cells were not in contact with the basement membrane in the mutant
embryo. These results show that the primary defect of Rippl/y3 mutant appears to be
the disorder of the monolayer structure of the epithelial sheet in the vicinity of the
bent portion. Thus, I conclude that Ripply3 is required for the maintenance of the
monolayer structure at the bending site of the epithelial sheet.

I next examined this defect more precisely at the cellular level. No
abnormality of cell proliferation or cell death was observed in the early third
pharyngeal arch formation of Ripply3 mutant. On the other hand, immunostaining of
active Integrin B1 and Laminin revealed that the localization of these proteins, which
were continuously found in the basement membrane of the epithelial sheet in the

normal embryos, was partially lost in the Ripply3 mutant. Moreover, TEM analysis
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also supported that the structure of the basement membrane was disturbed in the
Ripply3 mutant. These results show that Ripply3 is required for maintenance of the
proper basement membrane structure through Integrin B1 at the bending site of the
epithelial sheet.

To understand the molecular mechanism by which Ripply3 affects cell
morphology via Integrin B1, I finally examined the function of Ripply3 in cultured
cells. I found that exogenously expressed Ripply3 localized in the focal complex and
the focal adhesion and promoted the maturation of the focal adhesion. In addition, it
was revealed that Ripply3 and Paxillin physically interacted by immunoprecipitation.
These results show that Ripply3 could strengthen the interaction with the
extracellular substrate. Thus, I speculate that Ripply3 appears to enhance the
binding between the extracellular matrix and endodermal epithelial cells in vivo and
counteracts mechanical stress probably caused by flexion of the endodermal
epithelium.

In summary, I found that Ripply3 was expressed in bending region of the
pharyngeal epithelium and required for the maintenance of the monolayer structure
of this epithelium. In this process, Ripply3-mediated interaction between the
extracellular matrix and cells appeared to be important. Furthermore, my in vivo and
in vitro analyses also suggested that Ripply3 promotes the formation of
Integrin-mediated adhesion in the pharyngeal endoderm and maintains epithelial

monolayer structure by reinforcing adhesion.
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Summary of the results of the doctoral thesis screening
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