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Cell differentiation and cell migration are key processes in the development of multicellular
organisms. In the nervous system, for instance, the pattern of cell differentiation and cell migration
is tightly regulated in order to form an elaborate neural network. For studies of regulatory
mechanisms of cell differentiation and cell migration, the Drosophila tracheal system has become
an appropriate model system. The tubular epithelium of the Drosophila tracheal system forms a
network with a stereotyped pattern consisting of cells and branches with distinct identity. The
tracheal primordium undergoes primary branching due to an induction by the FGF homolog
Branchless (Bnl), differentiates into cells with specialized function such as fusion cells that
perform target recognition and adhesion during branch fusion, and extends branches toward
specific targets. Specification of an unique identity for each primary branch is essential for directed
migration, as a defect in either the EGF receptor (EGFR) or Decapentaplegic (Dpp) signalings
leads to a loss of branch identity and the misguidance of tracheal cell migration.

To elaborate the stereotyped pattern of tracheal network, cell differentiation and cell
migration must be tightly regulated during embryogenesis. Following cell differentiation of
primary branches, direction of tracheal cell migration must be also regulated so that tracheal
branches reach specific targets precisely. However, little of known about whatkind of signal in
addition to EGFR and Dpp induces differentiation of primary branches and how migration of
tracheal cells is guided.

Wingless (Wg) is known as a secreted signaling protein essential for segmentation events.
The Drosophila -7catenin homolog, Armadillo (Arm), is a downstream component of Wg
signaling. Previously it was reported that wg and arm mutant embryos exhibit the severe tracheal
defects with loss of specific branch (dorsal trunk) and all tracheal fusion events. Although these
phenotypes indicate that Wg signaling is essential for specification of cell and branch identity in the
tracheal system, little is known about how Wg signaling acts in the tracheal cells.

To investigate the role of Wg signaling in the specification of cell and branch identity in the
tracheal system, I first observed expression pattern of Wg during tracheal development, and found
that Wg is expressed in stripes of ectodermal cells located on the anterior and posterior side of each
tracheal primordium. The tracheal phenotypes in wg temperature-sensitive mutants and zygotic arm
mutants were categorized into the following three phenotypes. First one is the invagination defect.
In wild-type embryos, tracheal placodes invaginate into the inside of the embryo. Butin wg
temperature-sensitive mutants invagination failed, and descendants of tracheal placode were
retained in the ectodermal layer. Second, dorsal trunk (DT) was lost. DT normally expresses Spalt
(Sal) which is essential for the DT identity, but in arm zygotic mutants Sal expression was lost.
Finally, tracheal fusion was defective and Escargot (Esg) expression was lost at all fusion points.
Esg is a zinc-finger type DNA binding protein, and its expression is required for fusion cell
identity. The latter two phenotypes were further investigated, and I demonstrate that Wg signaling
is required within tracheal cells for expression of Sal and Esg in tracheal cells. From these results,
I show that Wg and its intracellular signal transducer, Arm, have multiple functions, one
specifying dorsal trunk through activation of Sal expression and the other inducing differentiation
of fusion cells in all fusion branches.

Moreover, I demonstrate that Wg signaling regulates not only Esg expression itself, but
also singling-out of Esg expressing cell at the tip of migrating branches by regulating Notch
activity. Notch is a transmembrane receptor stimulated by a ligand Delta. A single fusion cell
expressing Esg always locates at the tip of each migrating branch. High level of Delta expression
by Bnl signaling is limited to fusion cell at the tip of tracheal branches. The Delta expression in
fusion cell activates Notch signaling in nearby cells and that activated Notch signaling represses the
fate of fusion cell. As the results, fusion cell is singled out at the tip of tracheal branches by Notch-
dependent lateral inhibition. I here show that expression of Delta is also up-regulated by Wg
signaling at the transcriptional level, and the high accumulation of Delta permits Esg expression
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only in fusion cell. Because Notch activity does not affect Sal expression, expression of Sal is
permitted in all DT cells.

From these results, I propose that Wg signaling controls the formation of DT by regulating
three genes sal, esg, and Delta in distinct ways. Wg signaling activates Sal expression in tracheal
cells, and the expression of Sal is required to render DT an identity to become thick tubule and to
migrate in anteroposterior direction. Wg signaling also activates Esg in all DT cells. In addition,
Wg and Bnl signals are combined to activate Delta expression at the tip of DT. Elevated Delta
activates Notch in nearby cells, leading to repression of Esg in the stalk of tracheal branches.
Stimulation of both positive and negative regulation of Esg by Wg signaling comprises a self-
limiting assignment of single fusion cells that mark the end of tracheal tubule. In combination with
the specification of thick tubules through regulation of Sal, Wg signaling determines the shape of
the tracheal tubule.

In addition to the studies described above, I investigated the guidance mechanism of
tracheal cell migration. I focused on well-studied dorsal branch (DB), which migrates dorsally and
fuses at the dorsal midline with DB from the other side of the same segment during
embryogenesis. Previous studies reported that several signaling molecules (Bnl, Dpp and Notch)
affect DB formation by inducing cell differentiation, but little is known about the guidance
mechanism of DB migration. I found that DB fusion points are precisely located posterior to Wg
stripes, suggesting that the direction of DB migration must be also tightly regulated.

To obtain insight into the guidance mechanism of DB migration, I first observed migration
pattern of fusion and terminal cells, a pair of cells that occupy the tip of DB. Fusion cells were
identified by expression of Esg and were initially located anterior to terminal cells labeled with
SRF expression. After the initial expression of these genes, their relative positions switched. In
this process, Esg expressing cells continue to contact Engrailed expressing ectodermal cells. T also
analyzed the distribution of actin cytoskeleton in migrating DB, and found that fusion and terminal
cells have filopodia and lamellipodia similar to those found in neuronal growth cone.

Based on these observations, I next investigated which signaling guides DB migration. I
show that planar cell polarity (PCP) signaling has a role in the guidance of DB migration. It is
known that PCP signaling regulates small GTPases Rho/Racl activity, and controls cytoskeletal
rearrangements within the plane orthogonal to their apical-basal axis. I also show that a component
of PCP signaling, Dracl has an essential role on the guidance of DB migration, but not motility of
tracheal cells. As it has been reported that axon guidance is regulated by Dracl activity, these
results imply that there is a common guidance mechanism in tracheal cell migration and axonal
outgrowth.

In summary, I demonstrate that Wg signaling controls the shape of tracheal tubule in
concert with Notch signaling. In addition, I show the guidance mechanism of tracheal cell
migration is similar to that of axon guidance, and demonstrate that PCP signaling has effects on
guidance of tracheal cell migration. From these results, I propose that Wg acts on both cell
differentiation and the guidance of cell migration via distinct signaling pathway to elaborate
Drosophila tracheal network.
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