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previously performed a functional genome-
wide screen. In this screen, we identified 
the neurotrophic receptor TRKB/NTRK2 
(summarized and discussed in chapter 2). 
TRKB turns epithelial cells completely anoikis-
resistant. Consistent with our hypothesis, 
TRKB-expressing cells become highly 
tumorigenic and metastatic when injected 
into immunocompromised mice. Normally, 
TRKB is expressed mainly in the nervous 
system, where it, amongst other functions, 
promotes neuronal survival. Interestingly, 
TRKB is overexpressed or mutated in several 
human cancers and could therefore provide 
a target for anticancer therapy. However, this 
would first require an inventory of which 
cancers depend on TRKB activity. It would also 
demand a better understanding of how TRKB 
promotes anoikis suppression, tumorigenesis 
and metastasis at the molecular level.
 
To address in particular the last question, we 
first investigated which functions of TRKB 
are required for its pro-oncogenic (= cancer-
causing) effects. Is it the enzymatic kinase 
function (that is, the phosphorylation of TRKB 
substrates, usually leading to the activation 
of intracellular signaling pathways) or is it its 
potential role as an adhesion molecule that 
could counteract the anoikis response? To 
solve this issue, we generated various mutants 

Cancer arises when a cell acquires mutations 
in its genome that lead to uncontrolled 
proliferation (cell division). Whereas benign 
tumors remain as localized, defined cell 
masses, malignant tumors invade and disrupt 
the surrounding tissue. Some tumor cells can 
enter blood or lymph vessels and spread to 
distant organs, where they create secondary 
tumors. Metastasis is a multistep process 
(described in chapter 1). Briefly, to successfully 
metastasize epithelial tumor cells must 
traverse the basement membrane that lines 
the epithelium, invade the surrounding tissue 
and enter vessels, be transported through 
those vessels and arrest in a distant capillary 
bed, exit the vessel and eventually grow out 
to a secondary tumor. Metastasis is not only 
a very slow and complex process, it is also 
highly inefficient, as it is precluded by failure 
to comply with any of the above-mentioned 
steps. One of the barriers that a metastatic 
tumor cell must overcome is programmed 
cell death (apoptosis) in response to the lack 
of adhesion, for example upon entering into 
vessels. This response, called “anoikis”, is 
intrinsic to normal epithelial cells. Metastatic 
tumor cells, on the other hand, must suppress 
anoikis. 

To find novel genes that suppress anoikis and 
potentially facilitate metastasis, our group has 

“Metastasis” corresponds to the spread and outgrowth of cancer cells at distant 
anatomical sites from the primary tumor. For example, breast cancer frequently 
spreads to organs like lungs, brain, bones or liver. It is these secondary tumors, rather 
than the primary tumor, which usually cause cancer morbidity and mortality. Although 
metastasis is the most lethal aspect of cancer, it is also the least understood in cancer 
biology. Our laboratory has previously identified the receptor kinase TRKB as a novel 
potential metastasis-associated oncogene. In this thesis, we describe how TRKB can 
mediate tumorigenesis and metastasis. This knowledge is important to evaluate 
whether pharmacological inhibition of TRKB is an approach to treat patients suffering 
from tumors in which TRKB is activated or overexpressed.

English Summary
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mutations in cancer.

In chapter 5, we describe a mechanism of how 
TRKB activation leads to anoikis suppression, 
tumorigenesis and metastasis. We show that 
TRKB induces “Epithelial-to-Mesenchymal 
Transition” (EMT), a developmental program 
that is used by tumor cells for metastasis. We 
subsequently establish the critical requirement 
of two transcription factors, twist and snail, 
for TRKB-induced EMT, and show that they 
are involved also in anoikis resistance. We 
find that twist and snail act in one and the 
same pathway and more specifically, that 
twist is regulating snail. Whereas twist has a 
more promiscuous function, affecting both 
primary tumor growth and metastasis, we 
demonstrate that snail is specifically required 
only for metastasis in this context. 

In conclusion (chapter 6), our results 
demonstrate that the oncogenic role of TRKB 
is worthy of further investigation, even though 
the experimental evidence is not yet strong 
enough to classify TRKB as a bona fide cancer 
gene driving tumor formation and progression. 
For example, four more TRKB point mutations 
have recently been reported in large cell 
neuroendocrine lung carcinomas. Their effect 
on TRKB function and oncogenicity has not 
been addressed, and should be investigated. 
We have just started to assess human tumor 
cell lines for elevated TRKB expression and, 
interestingly, observe that several of them 
express high levels of an aberrant form of 
TRKB. We are now in the process of further 
characterizing these forms to test whether 
they have increased oncogenic or metastatic 
properties. As also described in this thesis, 
we have established two experimental cell 
systems, based on RK3E cells and RIE-1 cells, 
which are both highly sensitive to anoikis and 
undergo EMT in response to several oncogenes. 
Furthermore, upon oncogenic transformation 
both efficiently produce metastasizing tumors 
in immunocompromised mice. These cell 
systems will allow us to investigate different 
aspects of metastasis in future studies. 

of TRKB in each of which one of these functions 
has been abolished. We subsequently tested 
their ability to morphologically transform 
epithelial cells, to suppress anoikis and to 
form metastatic tumors in mice (described in 
chapter 3). Our study showed that only TRKB 
kinase activity is required and sufficient for all 
of these functions. This finding leads to several 
conclusions. First, it encourages the ongoing 
attempts to develop TRK kinase inhibitors for 
anticancer therapy and to test them in a pre-
clinical setting. Second, it suggests that TRKB 
mutations that increase the kinase activity 
may be oncogenic. 

Regarding the second issue, by systematic, 
large scale sequencing several TRKB point 
mutations have been found in human tumors 
and in human tumor cell lines. However, it is 
unknown what the functional consequences 
of these mutations are, whether they affect 
TRKB kinase activity and thereby contribute 
to oncogenicity. In other words, do these 
mutations represent “driver mutations” or 

“passenger/bystander mutations”? Whereas 
inhibition of a “driver” cancer gene can lead 
to tumor shrinkage, blocking a “passenger” 
supposedly has no effect. To address this issue, 
we cloned four different cancer-derived TRKB 
mutants and compared their potential to 
suppress anoikis and to form tumors to that 
of wild-type TRKB (described in chapter 4). 
Others had identified two TRKB point 
mutations in colorectal tumors, one point 
mutation was found in a lung adenocarcinoma 
cell line and our own analysis revealed 
another TRKB point mutation in a melanoma 
(a skin cancer) cell line. Unexpectedly, none 
of the mutants analyzed showed a gain-of-
function phenotype, meaning that they did 
not display more oncogenic activity than 
wild-type TRKB, at least within the limitations 
of our experimental system. In fact, the two 
colorectal cancer-derived mutants had even 
less transforming activity than wild-type TRKB 
and were less activated by TRKB ligand (BDNF). 
In conclusion, our findings do not support 
a role for these TRKB mutations as driver 
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English Summary

Conceivably, tumor cells that activate or 
overexpress TRKB use its anoikis suppressive, 
EMT-promoting, and possibly also other 
functions for tumor progression and 
facilitation of metastasis. Therefore, blocking 
TRKB function with pharmacological drugs 
could interfere with tumorigenesis and 
metastasis at several levels. However, more 
research will be required to better understand 
the role of TRKB in human cancer, and to 
establish whether it represents a promising 
target for anticancer therapy.




