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Movement and polarized growth of cells are important processes of tissue morphogenesis.
The tracheal system of Drosophila is a respiratory organ consisting of a stereotyped network of
tubular epithelia, which ramifies and delivers air to target organs. The tracheal network is formed
by a series of branching, migration and fusion of the tracheal primordia. While the tracheal
branches are extended, rearrangement and shape changes of the cells in the tracheal promordia
takes place without cell division. Those properties of tracheogenesis make it a highly suitable for
studies of rearrangement and guided migration of epithelial cells in tissue organization. To further
analyze the highly dynamic events of tracheogenesis, novel approaches for tracing the behavior of
the individual tracheal cells with high temporal and spatial resolutions are needed. In order to
visualize the tracheogenesis in living animal, time-lapse observation system based on the confocal
laser microscope was constructed. Green fluorescent protein fused to the actin-binding domain of
moesin was expressed exclusively in tracheal cells. GFP-moesin illuminated the fine details of
tracheal cell shape, and the time course of tracheal cell shape change was successfully traced over
most of the period of tracheal network formation. By applying this system, | analyzed two
fundamental mechanisms required for tubulogenesis, organized cell rearrangement (Part 1) and
guidance mechanism for polarized cell growth (Part 2).

In Part 1, I described the outline of time-lapse recording system and its application for
analysis of the function of the small GTPase Rac. Cell rearrangement, accompanied by the rapid
assembly and disassembly of cadherin-mediated cell adhesions, plays essential roles in epithelial
morphogenesis. Various in vitro and cell culture studies on the small GTPase Rac have suggested it
to be a key regulator of cell adhesion, but this notion needs to be verified in the context of
embryonic development.

To investigate the function of Rac in the epithelial cell rearrangement, I used the tracheal
system. Rac activities were altered by over-expressing constitutively active or dominant negative
form of Racl transgenes in tracheal primordia, and tracheal phenotypes were examined by time-
lapse observations. I found that a reduced Rac activity inhibited the outgrowth and dynamic cell
rearrangement of the tracheal branches. On the other hand, hyperactivation of Rac caused loss of
tracheal cell adhesion, resulting in cell detachment from the epithelia. Together with its role in cell
motility, Rac regulates plasticity of cell adhesion and thus ensures smooth remodeling of epithelial
sheets into tubules.

In Part 2, I demonstrated that the two morphogens, Hedgehog and Decapentaplegic
instruct the polarized growth of tracheal cells. The migration of cellular extensions is guided by
signals from tissues with which they contact. Many axon guidance molecules regulate growth cone
migration by directly regulating actin cytoskeletal dynamics. Secreted morphogens control global
patterns of cell fate decisions during organogenesis through transcriptional regulation, and
constitute another class of guidance molecules. Terminal branch is a single cellular extension of

the terminal cell located at the terminus of tracheal dorsal branch. The terminal cells adhere to the
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internal surface of the epidermis whereas other cells such as stalk cells of dorsal branch do not
make contact with epidermis, and elongates terminal branch in ventral direction.

In this study, I focused on the guidance mechanism of cellular extension of the terminal
branch. Terminal cells extend numerous filopodia in every directions during the elongation of
terminal branch. These filopodial movements exhibit no strong directional bias and that filopodial
extensions may be selectively stabilized in ventral direction. Terminal branch is extended over the
Posterior compartment of the epidermis, which expresses Hedgehog. Even when the number of
terminal cells was increased, most of them were localized to posterior compartment as their
substrate for elongation. In addition, terminal cells were located immediately adjacent to the
Decapentaplegic expressing epidermal cells. These observations suggest a model that morphogens
Hedgehog and Decapentaplegic guide the directed outgrowth of cytoplasmic extension of the
terminal branch. To test this idea, I manipulated input levels of Hedgehog and Decapentaplegic to
the tracheal cells. Alteration of Hedgehog expression pattern by overexpressing Hedgehog in the
dorsal epidermis induced misrouted terminal branches. Over-expression of the Hedgehog signal
transducer transgenes in tracheal cells also produced misguided terminal branch phenotype. Thus, |
concluded that Hedgehog promotes terminal branch extension over the posterior compartment of
the epidermis. Altered levels of Decapentaplegic signaling activity in the trachea caused defect of
polarized extension of the terminal cells. It was concluded that Decapentaplegic, expressed at the
onset of terminal branching, restricts dorsal extension of terminal branch and ensures its
monopolar growth. From these findings, I concluded that orthogonal expression of Hedgehog and
Decapentaplegic in the epidermis instructs monopolar extension of the terminal branch along the
posterior compartment, thereby matching the pattern of airway growth with that of the epidermis.

In summary, | showed that mechanisms of cell rearrangement and guided cellular
extension in tracheaogenesis can be revealed by applying in vivo time-lapse analysis. This
temporally high-resolution assay system may be a valuable tool for unveiling the fundamental

processes of dynamic tissue morphogenesis.
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