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Chapter 1

Cancer is a complex and multistep disease. Many aspects of the molecular mechanisms 
underlying the different phases of tumorigenesis are currently unknown. In the studies 
presented in this thesis the focus is on unraveling mechanisms underlying Rho GTPase 
signaling and the regulating proteins in different modes of polarity and in tumor 
development and progression. We investigated different functions of Tiam1, a Rac-
specific activator, and studied the differences between Rac1 and its close homologue 
Rac3.

The Ras superfamily of small guanosine 
triphosphatases (GTPases) represents 
an abundant family of proteins that as 
binary signaling switches, cycling from 
an active GTP-bound form to an inactive 
GDP-bound  form (see figure 1). The Ras 
superfamily currently comprises over 150 
family members, divided over multiple 
subfamilies. Rho (for Ras homologous) 
GTPases represent a subfamily of the 
Ras superfamily and comprises over 
twenty proteins that all contain a Rho 
insert domain in their protein sequence (as 
discussed in detail in chapter 2). Together 
with their regulators and interacting 
proteins, Rho GTPases account for 
approximately one percent of the human 
genome. The activity and cellular outcome 
of these proteins is regulated by three 
classes of proteins. Guanine nucleotide 
exchange factors (GEFs) catalyze the 
release of GDP binding and subsequent 
GTP binding. GTPase-activating proteins 
(GAPs) on the other hand, stimulate the 
intrinsic ability of GTPases to hydrolyze 
GTP to GDP, hence promote the inactive 
state. The third class of GTPase regulating 
proteins is formed by guanine nucleotide 
dissociation inhibitors (GDIs) which bind to 
inactive GTPases, preventing their cycling 
and activation at the plasma membrane or 
they bind to active GTPases, preventing 

their hydrolysis and interaction with 
effector proteins. A wide variety of proteins 
had been identified as downstream 
effector proteins of Rho GTPases, which 
can be activated by stimulation of cell 
surface receptors. Active Rho proteins 
can subsequently bind effector proteins 
which in turn activate diverging signal 
transduction routes resulting in a great 
diversity of cellular outcomes ranging from 
gene transcription, vesicle trafficking and 
cytoskeleton reorganization, processes 
which affect growth, differentiation, 
adhesion, and migration of cells. 
 The best studied members of 
the Rho GTPase family are Cdc42, 
Rho and Rac. As a result of the wide 
range of biological activities involving 
Rho GTPase signaling, aberrant 
regulation of their activity contributes 
to the development and progression of 
several pathologic conditions, including 
tumorigenesis. Cancer is a multistep 
process which also involves migration 
when cell disseminate from the primary 
tumor and form metastases. Mutations 
or alterations in expression of GEFs and 
GAPs, compromising the regulation of 
GTPase signaling, have been shown to be 
involved in different steps of the oncogenic 
process. Mutations in RhoGTPases 
proteins however are rarely associated 
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Chapter 1

Metastases are the main cause of cancer-
associated death. Many of the signaling 
cascades contributing to the different 
phases of this complex disease remain 
to be elucidated. Tiam1 (for T lymphoma 
invasion and metastasis) was identified 
as a protein that induced the invasive and 
metastatic potential of T lymphoma cells. 
Expression of Tiam1 is present in almost 
all healthy tissues and highest expression 
is found in brain and testis. The Tiam1 
protein sequence harbors several distinct 
domains, including a Pleckstrin-homology 
(PH) domain at the amino-terminal half of 
the protein as well as a combination of a 
Dbl-homology (DH) domain followed by 

another PH domain (see figure 2). This 
combination of DH-PH domains is typical 
for a group of GEFs for small GTPases of 
the Rho family. Indeed, Tiam1 specifically 
catalyzes the exchange of GDP for GTP 
in the switch region of Rac, thereby 
activating this protein. Due to the different 
regulatory regions present in the protein 
sequence of Tiam1, it serves a scaffold 
function, which enables it to determine 
signaling downstream of Rac. 
 Over the past years Tiam1-
mediated Rac activation has been shown 
to be involved in a variety of cellular 
processes, including regulation of the 
cytoskeleton, survival and apoptosis, 

with cancer development. Understanding 
the molecular events regulated by and 
regulating GTPase signaling is therefore 

important for development of therapeutic 
strategies in case of aberrant signaling 
leading to oncogenic events.

The Rac-activator Tiam1

Figure 1: GTPases act as binary signaling switches. GTPases cycle between an active GTP-bound 
state and an inactive GDP-bound state. Guanine nucleotide exchange factors (GEFs) enhance the bin-
ding of GTP, bringing the GTPase to its active conformation. GTPase activating proteins (GAPs) stimulate 
GTP hydrolysis, thereby returning the GTPase to its inactive state. Guanine nucleotide dissociation inhi-
bitors (GDIs) prevent the cycling of nucleotides and binding to effector proteins.
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Chapter 1

SCOPE OF THE THESIS

cell polarity (in different cell types and 
cellular contexts), and several studies link 
deregulation of Tiam1 signaling to cancer. 
Given its involvement in many cellular 
events contributing to several steps in 
cancer development and progression, it is 
essential to characterize the mechanisms 

underlying Tiam1’s function in the different 
processes. Eventually, information on the 
role of Tiam1/Rac signaling in cancer will 
contribute to the design and improvement 
of diagnostic tools or new targets for 
therapeutic intervention of specific tumors. 

In Chapter 2 an overview is given of the 
current knowledge on the involvement 
of Rho GTPases in different aspects 
of cancer. Many cellular processes 
in development as well as tissue 
maintenance and pathological conditions 
involve cytoskeletal changes. Proteins 
belonging to the Rho family of small 
GTPases are the key proteins controlling 
these cytoskeletal changes. Cancer is a 
highly complex, multistep disease which 
involves cellular processes including 
cytoskeletal remodeling, proliferation 
and cell migration. Therefore, it is not 
surprising that aberrant Rho GTPase 
signaling contributes to the different steps 
of cancer development and progression. 
In chapter 2 we describe the relation 
between aberrant GTPase signaling at 
the level of alterations of regulators and 
downstream effectors as well as at the 
level of the Rho GTPases themselves. 

In Chapter 3 the current knowledge on the 
relationship between polarity proteins and 
cancer is summarized. Most tissues are 
derived from epithelial cells and therefore 
loss of epithelial polarity in particular has 
been implicated in tumor development 
and progression. Polarity has been 
defined as the asymmetrical distribution of 
cellular functions or proteins within cells. 
During embryonic development correct 
polarization of cells is crucial, as well as 
for maintenance of tissue integrity and 
in the process of wound healing. Loss of 
polarity is considered a hallmark as well 
as a precondition for cancer. Several 
conserved proteins have been identified 
to signal in functional complexes that 
regulate different modes of polarization. 

Figure 2: Tiam1 is a multi-domain protein. Schematic representation of the protein domains present in 
the Tiam1 protein. From the N-terminus Tiam1 contains : PEST sequences (P), an N-terminal Pleckstrin-
homology domain (PH), a coiled-coil region (CC), an extended structure (Ex), a Ras-binding domain 
(RBD), a PSD-95/DlgA/ZO-1 (PDZ) domain, a Dbl-homology domain (DH) and a C-terminal PH domain. 
The combination of DH-PH domains is typical for GEFs for Rho GTPases and in Tiam1 this mediates Rac 
activation.
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Chapter 4 describes a study to identify 
functional differences between two 
highly homologous Rho GTPases. 
Although Rac1 and Rac3 display 92% 
sequence homology we observed striking 
differences in both function or localization 
between these proteins. By exchanging 
different parts of the protein sequences we 
identified the protein region responsible 
for the observed differences. 

In Chapter 5 the function of Tiam1 in 
polarization of freely migrating epithelial 
cells was investigated. We studied the 
persistence of cells as well as their capacity 
to migrate in the absence or presence 
of the Tiam1 protein. Furthermore, we 
investigated a potential link to signaling of 
the Par polarity complex, as we previously 
showed in contacting keratinocytes. 

Chapter 6 describes the study in which 
we investigated the potential function 
of Tiam1 in the polarized outgrowth of 
astrocytes. Astrocytes are supporting 
cells of the central nervous system and 
neuronal guidance during development 
and recovery of the central nervous 
systems is one of their important functions. 
Previoustudies showed the importance 
of both Rac activity and the Par polarity 
complex during protrusion formation of 
astrocytes. We demonstrated previously 
that Tiam1 can signal in conjunction 
with the Par complex. Therefore we 
investigated whether Tiam1 is the GEF 
responsible for the required Rac activity 
during this polarization process. 

In Chapter 7 the different studies and 
results described in this thesis are 
summarized and discussed in relation to 
findings from other recent studies. 


