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Epithelial tissues in most organs show tubular structures of polarized cells with defined apical
or luminal, and basolateral plasma membrane domains. The tight junction (TJ) forms the structural
barrier separating the two membrane domains and regulating solutes across cellular sheet, in which
the claudin transmembrane proteins are directly involved. In vertebrate organs such as the
submandibular salivary gland (SMG), epithelial tissues initially arise as solid cell masses with
no lumens, which cells lack TJs. Subsequently, lumens form in the cell masses, with the de novo
establishment of TJs and the apical and basolateral cell surfaces defined by the junctions. However,
how TJ formation is coordined with membrane biogenesis in and contribution to tubulogenesis is
largely unknown. Here, we investigated assembly of TJ proteins and roles of claudins in lumen
formation of the developing mouse SMG. Immunofluorescence microscopy revealed that TJ proteins
sequentially assemble in the solid cell masses, with claudins last recruited before the formation
of definite lumens. To investigate the role of claudins in lumen formation, we employed a Clostridium
perfringens enterotoxin fragment (C-CPE), which specifically binds to and remove several claudin
species from TJs. Incubation of the developing SMG with C-CPE caused downregulation of most claudins
without affecting the expression of Z0-1 and occludin and biocked lumen formation in epithelium
by interfering with apical surface separation of apposing cells. In addition, apical but not
basolateral membrane proteins were mislocalized in C-CPE-treated glands. Furthermore, we found that
hedgehog signaling promoted epithelial Ilumen formation together with the formation of
claudin-bearing TJs and apical membrane biogenesis. These findings suggest that claudin-dependent
apical membrane biogenesis participates in lumen formation during organogenesis and is positively
regulated by hedgehog signaling.




