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CHAPTER 5: FUTURE DIRECTIONS

My experiments with dasatinib inhibition of Src demonstrated a high degree of
synergy with doxorubicin in impairing cell proliferation. However, the mechanism
underlying this phenomenon is still unclear. Future research into combination therapies
including both dasatinib and doxorubicin should focus on the molecular pathways that
account for the Src-dependent resistance to doxorubicin in breast cancer cells.

Although research in our lab identified a Src phosphorylation site within CIP4, the
effects of this modification are unknown. I have postulated that this phosphate group
increases the electrostatic repulsion that forces the SH3 domain away from the plasma
membrane, stiffening the spring-like mechanism by which CIP4 stabilizes the open
conformation of N-WASp. A major drawback in the study of CIP4 is the current lack of any
measure of CIP4 function. Similar to the FRET-based studies described by Takano et al,
the structural arrangement of membrane-bound CIP4 and N-WASp could be studied in
response to Src phosphorylation and the availability of curved membranes. Disruption of
the phosphorylation by Src, which could be accomplished with dasatinib treatment, may
weaken the spring-action of CIP4 and impair its ability to stabilize the open N-WASp
conformation. Cell-free actin polymerization assays may provide a quantifiable method
for measuring CIP4 function. Src inhibition through dasatinib could be used to study the
effects on CIP4 through these assays. Furthermore, the Src binding region of CIP4 may
also allow it to act as a scaffold to directly promote N-WASp phosphorylation by Src at the
plasma membrane. The establishment of CIP4 as a downstream effector of Src would
represent a novel pathway in the Src-signaling cascade. These experiments could initially
be carried out using cell-free, liposome based assays but would be more relevant when
performed in invadopodia model systems. Because F-BAR interaction with the plasma
membrane is curvature-dependent, cells grown on standard culture surfaces may not be
the optimal models. Rather, cells grown on gelatin, allowing formation of invadopodia
may provide more sites for formation of these complexes. Furthermore, efficient
activation of integrins by the presence of extracellular matrix may also encourage these

complexes.
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Mutants of CIP4 that lack functional binding sites for N-WASp or Cdc42 or which
carry point mutations in the Src-phosphorylation site would be useful tools in elucidating
which interactions are critical the function of CIP4. Biochemical experiments are needed
to determine whether CIP4 is required for N-WASp interaction with Cdc42. Because CIP4
overexpression correlates with invasiveness, biochemical studies should be performed to
determine the effects of saturating concentrations of CIP4 in comparison to N-WASp and
Cdc42. The SH3 domain of CIP4 also interacts with dynamin, an important component of
vesicle fission. Dynamin is also found in invadopodia, although its function there is
unknown. More research is needed to determine whether CIP4 is required for
recruitment of dynamin to invadopodia or in some way contributes to its function.

My results clearly demonstrated increased CIP4 expression, at the mRNA and
protein levels, in invasive and “triple-negative” breast cancer cell lines. However, the
regulation of CIP4 expression has not previously been examined. Because “triple-
negative” cell lines frequently express high levels of EGFR, it is possible that transcription
factors activated downstream of EGFR are responsible for CIP4 expression.

The time-line of invadopodia formation is not well understood, therefore the stage
at which CIP4 and N-WASp are recruited to invadopodia is unknown. Live-cell time-lapse
microscopy, using fluorescently tagged CIP4 and N-WASp would demonstrate whether
CIP4 is required for the early formation of invadopodia or the maintenance of a more
stable structure. If CIP4 is required for laying the initial base of branched actin,
invadopodia formation will be impaired at a very early stage of development. Breast
cancer cells that stably express fluorescently labeled actin monomers would be very
useful for this assay.

[ demonstrated that CIP4-depletion severely impairs the cellular invasion of breast
cancer cells in vitro, however this should be transferred to animal models to determine
whether inhibition of CIP4 leads to an inhibition in metastasis. Because the experiments
here represent localized invasion, the most germane experiments would focus on local
tissue invasion of orthotopic tumors in nude mice, as evaluated by histological studies.
Our work in the Corey lab has produced CIP4-null transgenic mice (174), which have a
minimal phenotype of rapid clearance of blood glucose resulting from delayed

endocytosis of the GLUT4 glucose transporter. Although the mice do not suffer any
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obvious defects in normal cell migration in development, it is possible that loss of CIP4
may play a more specific role in the invasive process of transformed epithelial cells.
Therefore, cross-breeding of the CIP4-null mice with mouse models of metastasis, such as
the MMTV model, would be useful to determine the contribution of CIP4 to invasion and
metastasis of spontaneously generated tumors in vivo. Such a system would also be useful
in determining the importance of CIP4 in Src-dependent pathways, using dasatinib as an
anti-metastatic agent. Because of the minimal phenotype of the CIP4-null mice and the
close homology of CIP4 to FBP17 and Toca-1, the generation of triple-knockout mouse

could produce a stronger effect on development or other normal migratory processes.
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