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Prostate cancer is the most common cancer and a leading cause of cancer deaths among men
in the Western world. A key turning point in the course of cancer progression is the development
of metastatic potential as most prostate cancer related deaths are not due to the primary tumor,
but rather to metastasis. A better understanding of molecular mechanisms that underlie the
process of prostate cancer metastasis will develop better therapeutic and diagnostic interventions
for the disease.

Discs large homolog 5 (DIg5) belongs to the membrane associated guanylate kinase family of
adaptor and scaffold proteins. DIg5 was shown to colocalize with vinexin and B-catenin, major
adherence junction proteins, at sites of cell-cell contact. Increasing evidence has shown that DIg5
participates in cancer progression. For example, DIg5 expression is downregulated in breast and
pancreatic cancers, leading to a more malignant phenotype. Prostate is one of the tissues
expressing DIg5 at the highest level, but the roles played by this molecule in prostate cancer are
largely unknown.

In Chapter 1, the author investigated the role of DIg5 in the progression of prostate cancer.
Immunohistochemical analysis on tissue microarray was performed. The normal prostate tissues
were all positive for DIg5 and most of them showed moderate-strong staining (71%). On the
contrary, more than 90% of low-grade tumors and 78% of high-grade tumors showed negative-
weak staining. High expression of DIg5 was also detected in some prostate tumors, particularly in
high-grade tumors. Consistent with immunohistochemical analysis of tissues, a high level of
DIg5 expression was detected in normal prostate epithelial cells by using Western blotting. The
downregulation of DIg5 was recapitulated in the low metastatic prostate cancer cell line. In
agreement with the increased DIg5 expression in some high-grade prostate tumors, a higher level
of DIg5 expression was found in highly metastatic PC3 cells. Due to the highest expression of
DlIg5 in PC3 cells among all tested prostate cancer cell lines, the author selected these cells as a
cell model for loss-of-function studies.

The author then examined the potential role of DIg5 in prostate cancer progression by
establishing DIlg5-depleted PC3 cells. The author showed that depletion of DIg5 significantly
enhanced cell migration as indicated by the increase in the cell index of real-time chemotaxis
system that measures a relative changes in the electrode impedance caused by migrating cells.
Similar results were obtained upon transient DIg5 knockdown in another prostate cancer cell line.
This enhanced cell migration was dependent on PI3K/Akt signal pathway. The author then
indicated that DIg5 knockdown significantly enhanced the invasiveness by using in vitro
reconstituted basement membrane. In addition, the author found that Dlg5-depleted cells




proliferated slower than the control cells over a 3-day time course. From these findings, the
author concluded that DIg5 may have dual functions in prostate cancer, which can promote tumor
progression by enhancing cell proliferation but suppress it by inhibiting cell migration and
invasion.

The author next investigated which molecules mediate the effect of DIg5 depletion on cell
migration and identified Girdin, an actin-binding protein that regulates migration of various cells,
as a candidate for a Dlg5-interacting protein. Endogenous interaction was confirmed by
reciprocal coimmunoprecipitations of these proteins. DIg5 and Girdin were colocalized in
migrating PC3 cells. Akt-mediated phosphorylation of Girdin at Ser-1416 is known to increase
the motility of cancer cells. The author revealed that the Dlg5-depleted cells displayed higher
phosphorylation of Girdin than control cells after serum stimulation. In addition, treatment with
wortmannin, a specific inhibitor for PI3K/Akt pathway, suppressed the Girdin phosphorylation in
Dlg5-depleted cells as well as control cells. Girdin siRNA-transfected cells displayed reduced
cell migration compared with control siRNA-transfected cells. From these observations, the
author concluded that Girdin phosphorylation has a central role in DIg5-regulated prostate cancer
cell migration.

In Chapter 2, the author examined the interaction of DIg5 with Girdin more closely. The
structure of Girdin can be divided into three different regions; an N-terminal region that seems to
facilitate the formation of a dimer, a central large coiled-coil domain, and the C-terminal region
(CT) that includes an Akt phosphorylation site. In order to elucidate the mechanism by which
DIg5 inhibits Akt-mediated Girdin phosphorylation, it is important to map the domain necessary
for DIg5-Girdin interaction. To determine the important region of Girdin for DIg5 binding,
glutathione S-transferase (GST) pull-down assays were performed using lysates from HEK293T
cells stably expressing DIg5 and transiently expressing each domain of Girdin. The results
showed that both CT domains and the half of the central region of Girdin have the potential to
bind DIg5. The CT domain showed stronger binding to DIg5 than the latter. Using smaller
constructs to further narrow down the binding region, the author found that the N-terminal half of
CT domain is necessary for DIg5 interaction. It has been previously shown that this region
contains the binding site for Akt. Thus, the finding in this study indicates that DIg5 and Akt bind
to the same region of Girdin, raising the possibility that DIg5 competes with Akt for the binding
site. This would explain how DIg5 suppresses phosphorylation of Girdin.

In summary, these findings support the notion that DIg5 regulates migration of prostate
cancer cells through the modulation of PI3K/Akt/Girdin signaling pathway, providing insight into
potential therapeutic targets to treat prostate cancer.
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