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Scientific impact  
Cancer is one of the leading causes of death world-wide and cancer research gained 

extensive insights in tumor biology over the last decades. Cancer research showed 

that cancer cells make “smart” use of common mechanisms normal cells use for their 

homeostasis to sustain their growth and survival. Therefore, the main struggle in 

fighting cancer is to not damage normal cells while killing cancer cells. Although 

these mechanisms used for cell growth by cancer and normal cells seem similar, 

cancer cells show some modifications in these mechanisms, that maybe exploited to 

achieve a higher tumor selectivity of treatments. Anti-cancer drugs targeting these 

differences may kill cancer cells specifically, with less normal tissue damage.    

Notch is a protein, which is highly active throughout mammalian 

development and in adult tissues, and frequently deregulated in a broad range of 

human cancers, sustaining cancer stem cell survival, tumor progression, and 

treatment resistance. Therefore, the use of Notch inhibitors appears to be a 

promising anti-cancer treatment. Unfortunately, Notch inhibitors also target Notch 

signaling in normal tissues and therefore have shown limited anti-cancer effects due 

to dose-limiting toxicities in normal tissues, including the intestine and skin. To 

achieve effective targeting of Notch in cancer tissues only, differences in Notch 

signaling in cancer and normal cells need to be studied to obtain a better 

understanding in the vulnerabilities of cancer cells regarding to Notch activity.  

In this thesis, we provide novel insights in the regulation of Notch activity, 

which will support future cancer research in developing novel Notch targeting 

therapeutic strategies for anti-cancer treatments. First, we have shown that Notch in 

cancer cells uses intracellular trafficking by vesicles as a major source of its activity, 

while normal cells are not dependent to the same extent on this activation mode. 

Therefore, targeting the intracellular routing of Notch and thus limiting its activation 

in cancer cells, may result in specific cancer cell killing, without affecting Notch 

activity in normal tissues.  

In addition, we discovered that Dmt1, a general metal transporter, is a novel 

regulator of Notch activity. We hypothesize that Dmt1 also affects Notch signaling by 

disrupting its activation in intracellular vesicles. Notch and iron addiction are common 
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features of various cancers. Therefore, the development of isoform specific inhibitors 

of Dmt1 may provide a double edged sword in cancer treatment. First, inhibition of 

Dmt1 may block Notch activity and secondly reduce iron uptake, which cancer cells 

are more dependent on to sustain their growth and tumor progression compared to 

normal cells. In addition, various types of cancer may benefit from this therapeutic 

approach. However, more research is required to demonstrate the safety and 

efficacy of isoform specific Dmt1 inhibitors. Furthermore, proper patient selection will 

be required since not all cancer cells are driven by high levels of Notch activity and 

iron. Unfortunately, bringing novel drugs towards clinical use in cancer patients may 

require several decades of research. First, the safety and efficacy of the novel 

treatment needs to be proven in vivo and subsequently in clinical trials, which will be 

also expensive.  

An effective anti-cancer treatment which may be faster, cheaper, and show 

low toxicity may be repurposing existing drugs. In this approach, drugs that are 

already approved for the treatment of other human diseases find other off-label-

applications. In this thesis, we show that chloroquine, a FDA-approved drug, which 

is used for the prevention and treatment of malaria, is effective in killing leukemic 

cells, which are ‘addicted’ to Notch activity. Moreover, we show that when combining 

chloroquine with Notch inhibitors this requires a lower dose of Notch inhibitors to gain 

the same anti-leukemic efficacy in vitro compared to either monotherapy. Although 

these data need to be confirmed in in vivo studies, combining Notch inhibitors with 

chloroquine in the treatment of leukemia may result in an increased anti-leukemic 

efficacy with decreased toxicity, due to the requirement of a lower dose of Notch 

inhibitors.  

 Future cancer research may benefit of combining fundamental research with 

repurposing drugs. Fundamental research will discover novel vulnerabilities of 

cancer cells, which do not affect normal cells. Using repurposed drugs, which target 

these vulnerabilities, instead of developing new drugs, may lead to faster and 

cheaper testing of the efficacy and safety of these drugs in cancer patients and may 

take less time to be implemented as approved anti-cancer treatments.  
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Social impact  
In addition to the benefit of our findings for future research, this knowledge may also 

benefit cancer patients. In this thesis, we highlight the importance of fundamental 

research, which will strengthens our insights in cancer biology and supports the 

development of more specific anti-cancer therapies. Patients will benefit from 

treatments, which target cancer cells more specifically, as these treatments will 

probably lead to increased anti-cancer activity and low toxicity. Therefore, these 

treatments will provide a high chance of more durable responses and increased 

patient survival with enhanced quality of life. In addition, repurposing drugs, which 

are currently used to treat other human diseases, will be probably faster implemented 

as anti-cancer treatments for patients compared to developing new drugs, which is 

expensive and may take decades to be implemented in the clinic. Less expensive 

anti-cancer treatments may be more accessible for minorities and developing 

countries increasing the equality of healthcare globally.  

Over the last decades drug repurposing has been successful in several 

cases. The most well-known repurposed drug maybe sildenafil, marketed as Viagra, 

which was originally developed for the treatment of angina, a pain in the chest 

induced by oxygen shortage in the heart muscle, however, became the leading drug 

in the treatment of erectile dysfunction. A more recent success story of repurposing 

drugs is aspirin. Aspirin is a commonly used pain killer, however, showed to be also 

effective in the prevention of cardiovascular disease and colorectal cancer. Currently, 

several drugs are being tested as repurposed drugs in clinical trials to obtain better, 

faster, and less expensive treatments.    

Although cancer is one of the leading causes of death world-wide, we are 

currently facing an additional threat to the survival of the human species: the 

coronavirus (COVID-19 or SARS-CoV-2) pandemic. Severe cases of COVID-19 

infection result in acute respiratory syndrome and systemic organ failure, which is 

currently increasing mortality world-wide. Therefore, there is an unmet demand for 

effective treatments, however, developing novel drugs or vaccines is very expensive 

and most importantly time-consuming. Therefore, currently a broad range of FDA-

approved drugs are tested for their anti-viral activity against COVID-19 in clinical 
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trials, including: chloroquine, dexamethasone, and others. Although chloroquine 

treatment in COVID-19 patients is currently not recommended, dexamethasone 

treatment shows promising results. A large randomized controlled clinical trial in the 

UK showed that dexamethasone was effective in increasing survival in patients with 

severe COVID-19 disease. Currently, the main hypothesis on the cause of severe 

COVID-19 disease is an inappropriate immunological response. Dexamethasone is 

a corticosteroid, which is currently used to suppress inflammation in several 

diseases. This example shows the importance of finding effective treatments fast by 

combining fundamental research with repurposed drugs, which are currently 

improving COVID-19 patient survival and reducing their symptoms. Thus, this 

approach may also benefit both cancer research and patients in the future.  




