
Abstract 

ErbB2 overexpression gives rise to a highly invasive, aggressive phenotype associated with an enlarged 

lysosomal compartment and increased activity of the lysosomal proteases, cysteine cathepsins. We 

have recently identified a signaling network that links ErbB2 overexpression to increased cysteine 

cathepsin B and L expression and activity, altered lysosomal trafficking and enhanced invasive potential 

of breast cancer cells. We found that myeloid zinc finger 1 (MZF1) transcription factor is the main 

transcriptional regulator of ErbB2-induced cathepsin B expression. However, the underlying mechanism 

regulating MZF1 activity was not elucidated. ErbB2 is a validated target in breast cancer, however, it is 

estimated that about 70-80% of patient with advanced ErbB2-positive breast cancer are initially non-

responsive or develop resistance to antibody-based ErbB2-targeted therapy. It is therefore of great 

importance to gain a more comprehensive understanding of the molecular mechanism underlying 

ErbB2-driven cancer cell invasion in order to discover novel therapeutic targets and biomarkers for 

invasive ErbB2-positive cancers. 

In this thesis, we show that ErbB2 regulates the invasive potential of ErbB2-positive ovarian cancer cells 

through a similar network as that identified in breast cancer cells. Using ErbB2-positive ovarian cancer 

cells we set up a three-dimensional (3D) Matrigel invasion assay to further study ErbB2-induced 

invasion. In the search for small molecule kinase inhibitors capable of inhibiting ErbB2-induced breast 

and ovarian cancer cell invasion, we set up a simple screening system using cysteine cathepsin zFRase 

activity as a readout. We identified Bohemine/Roscovitine, Gö6979 and JAK3 inhibitor VI as compounds 

that efficiently could reduce cysteine cathepsin activity. Using the established 3D model system, we 

found that treatment with JAK3 inhibitor VI inhibits invasion of ErbB2-positive ovarian cancer cells as 

efficiently as treatment with lapatinib, an ErbB2 and EGFR inhibitor used in the clinic. This result was 

later confirmed in a 3D organoid model of ErbB2/Neu-positive murine breast cancer that we established 

in a recent study. Importantly, we found that treatment of ovarian cancer cells with both JAK3 inhibitor 

VI and lapatinib causes the lysosomes to traffic from the cell periphery to the perinuclear area. Based 

on this work, we are currently setting up large-scale screens to identify compounds that are already in 

use in the clinic capable of inhibiting ErbB2-induced invasion by promoting retrograde lysosomal 

trafficking. 

MZF1 is an essential link between ErbB2 overexpression and increased cathepsin B expression and 

activity, which greatly impact the invasive capacity of the cell. We therefore aimed to elucidate the 

mechanism by which MZF1 is activated in response to ErbB2 signaling in breast cancer. In this thesis, 

we show that ErbB2 induces a specific and unique post-translational modification (PTM) signature in 

MZF1, thereby positively regulating its transcriptional activity. Mass spectrometry identified five 

previously uncharacterized ErbB2-responsive MZF1 phosphorylation sites. In addition we showed that 

MZF1 is modified by small ubiquitin-like modifier (SUMO) 1 and 2/3 at two novel sites, perhaps in an 

ErbB2-inducible manner. Of the identified modification sites, we found that especially one 

phosphorylation site and one SUMOylation site are of particular importance in the regulation of MZF1 

transactivation ability. Abrogated phosphorylation or SUMOylation at the specific sites reduced 

transactivation activity at the cathepsin B promoter, resulting in decreased cathepsin B mRNA 



expression and activity. In addition, preliminary data indicated that ErbB2 signaling through PAK4 

promotes MZF1 nuclear translocation and/or retention. Thus, we have shed light on the regulatory 

events responsible for modifying MZF1 activity in response to ErbB2-signaling. Although the molecular 

mechanism is not fully elucidated, this study suggests that MZF1 PTM signature may be used as a 

unique marker of invasive, ErbB2-positive breast cancer. 

 

 

 



 

 

 

 


