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Impact

In 2020, almost two million new cases were reported for colorectal cancer globally, and
in the same year over 900,000 people died of colorectal cancer’. In the Netherlands alone,
approximately 4,600 patients died of colorectal cancer in 2020? and almost 13,000 new
patients were diagnosed in 2021°. Family history of colorectal cancer and lifestyle-related fac-
tors, such as high body mass index, low physical activity, cigarette smoking, high consumption
of red meat, and low consumption of fruit and vegetables can increase the risk for colorectal
cancer®. Therefore, it is not surprising that the chance to develop colorectal cancer is up to
9 times higher in highly developed world regions, such as Europe, Northern America and
Australia, compared to Africa and South Central Asia’. Despite the implementation of dif-
ferent screening programs and improved (personalized) treatment options, the health and
economic burden of colorectal cancer is still immense, exceeding €500 million in medical
costs in the Netherlands in 2019°.

Different strategies are used to reduce the number of patients and health burden of
colorectal cancer: I) education and health promotion to prevent colorectal cancer, II) imple-
mentation of screening programs for early detection of the disease, and Ill) the development
of (personalized) treatments®.

The tumor microenvironment, comprising all components in the proximity of tumor cells,
has become increasingly recognized as an interesting therapeutic target for personalized med-
icine, which has already led to the successful implementation of immunotherapy for multiple
types of cancer, including a subset of colorectal cancers’. Furthermore, a promising target in
the tumor microenvironment that has recently gained attention, and which is also the focus
of this thesis, is neurons. This is of particular interest in colorectal cancer, since the intestines

harbor their own nervous system: the enteric nervous system.

Neuron-cancer interaction is an emerging research field combining neuroscience and
oncology®. In many types of cancer, such as glioma®, prostate’®', pancreatic'*'?, skin'*, and
gastric''® cancer, nerves are actively contributing to cancer development and progression. In
this thesis, we investigated the role of the enteric nervous system, the brain of the gut, in colo-
rectal cancer development and progression. We discovered that the enteric neuronal protein
NDRG4, which is also a methylation biomarker for colorectal cancer, regulates the secretion
of two proteins, fibulin-2 and nidogen-1, thereby affecting intestinal tumor growth (Chapter
6). Furthermore, we demonstrate that a lower density of enteric neurons results in an altered

immune landscape in a mouse model of colorectal cancer (Chapter 7). More specifically,
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antibody-related gene expression is altered in the tumor and the population of B cells, which
are antibody-producing cells, is reduced in the colon. This shows that alterations in the enteric
nervous system can affect colorectal cancer, by modulating the extracellular matrix and by
influencing the immune system in the gut.

The results presented in this thesis contribute to the knowledge about enteric neuron-
colorectal cancer interplay and provide a foundation for the future development of
nerve-targeted therapies. So far, treatment options in clinical use that target neural-related
signaling in cancer are limited. The FDA has recently approved two potent drugs, larotrectinib
and entrectinib, that interfere with nerve growth factor (NGF) or brain-derived neurotrophic
factor (BDNF) signaling to Trk-receptors in Trk-positive cancers'’. In addition, the NGF antibody
tanezumab can be used to decrease bone metastasis-induced pain, but its effect on cancer
progression has yet to be investigated'®. The findings in this thesis suggest that (enteric) neu-
rons can alter extracellular matrix composition and influence immune response, and cancer
therapies targeting these processes could be of interest in the context of neuro-oncology.
However, therapies to manipulate nerves directly are in their infancy and require multidisci-

plinary effort before they can be brought to the clinic®.

Even though the data described in this thesis mainly focused on colorectal cancer, research
on the enteric nervous system is gaining a lot of interest in general, due to its recognition as a
crucial element of the microbiota-gut-brain axis and regulator of gut homeostasis. Moreover,
a better understanding of the enteric nervous system can also be important for elucidating the
pathophysiology of other gastrointestinal diseases and even for neurodegenerative disorders
that primarily strike the central nervous system, such as Parkinson’s and Alzheimer’s disease.
This thesis will therefore be of interest to a broad range of researchers (neuroscientists, oncol-
ogists, and gastroenterologists), clinicians, and patients and might help to create a bridge
between previously unconnected fields.

Next to the work on colorectal cancer, several models and methodologies were explored
in this thesis, such as protocols for the primary culture of mouse enteric neurons (Chapter
3), methods to assess gut motility (Chapter 4), and mouse models with an altered number of
enteric neurons (Chapter 7 and Chapter 8). The results presented in this thesis show that meth-
odology to investigate the enteric nervous system can be improved in several ways. Current
protocols for the primary culture of enteric neurons rely on similar approaches, but are car-

ried out with tremendous variation in cellular isolation procedures and culture conditions.
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Impact

Moreover, the lack of comparable outcome measurements (like cell viability and neuron
quantity) hinders the assessment of optimal culture conditions. This emphasizes the need for a
better validation and reproduction of study results in general, which is also why we optimized
and validated a method for the assessment of gut motility (an indirect measure of enteric
neuron function) in this thesis. This method can now be adopted by other researchers in the
(neuro)gastroenterology field, provides more physiologically relevant results, and improves
experimental animal welfare. In addition, we validated the reduced enteric neuron density in
the Hand2"*;Wnt1-Cre2 mouse model, but could not reproduce an increased enteric neuron
density in the NSE-Noggin mouse model, underscoring the reproducibility problems in bio-
medical research'. Model systems should be robust and consistent to enable high quality
research and valorization, and thus not only concerns other researchers in the scientific com-

munity, but also funding agencies, companies, and the rest of the society.

Fellow researchers have been informed of this research through publications in open-
access peer-reviewed journals. In addition, this work has been presented at local, national, and
international conferences to provide knowledge transfer and enhance insight in the contribu-
tion of enteric neurons in colorectal cancer. To summarize, this thesis offers a new perspective
on the role of neurons in colorectal cancer by investigating the regulating mechanisms of
enteric neurons on the tumor microenvironment, knowledge which can also be translated to

other cancer types.
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