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Aim and outline of the thesis 

Developmental biology addresses one of the most beautiful miracles of life: how 
just one little cell can turn into an entire organism, built out of billions of cells. To 
answer the fundamental question of how this happens, it is essential to visualize 
cells, tissues and organs – allowing us to follow them during the process of tissue 
morphogenesis. In this day and age, scientists are also increasingly interested in 
understanding what goes on inside each of these cells, since cell behaviour is 
ultimately organised at the molecular level through specific gene expression and 
protein activity patterns. Knowing how an organism is built is not only interesting, 
but also essential to intervene when these processes go wrong, for example when 
developmental defects or uncontrolled cell growth occur.  

Cells are tightly controlled by the actions of several signal transduction 
pathways that maintain an intricate balance of cell proliferation, differentiation and 
survival. The WNT signalling pathway is essential in these processes, driving both 
embryonic development and tissue homeostasis throughout the multicellular animal 
kingdom (as reviewed in (Nusse and Clevers, 2017; Wiese et al., 2018)). When Wnt 
signalling goes awry, this can result in a range of diseases, including cancer. Over 
forty years of WNT signalling research has resulted in a solid blueprint of the 
pathway and detailed insight into its core working mechanism. However, many 
details remain incompletely understood, especially in the context of how Wnt 
signalling drives division and differentiation of stem cells in complex, mammalian 
tissues. This brings the challenge of studying often subtle signalling events in whole-
tissue samples. Therefore, in this thesis, we have developed novel tools to study 
endogenous WNT signalling in mice. 

The use of genetically engineered mouse models has long been the golden 
standard for studying gene and protein function in mammals in the context of a 
complete tissue or organism. Although the technology for generating such models 
has greatly improved, it is still a major effort to make and properly characterize new 
mouse lines. While it is therefore tempting and easier to use models that are available 
‘on the shelf’, there is much room for improvement and refinement of these existing 
models. 

Chapter 1 provides a general introduction on WNT/CTNNB1 signalling, the 
role of WNT signalling in stem cells and how the use of genetically engineered mouse 
models contributes to studying the role of WNT signalling in complex mammalian 
tissues.  

Cell growth and differentiation are often driven by subtle changes in gene 
expression. Many challenges still exist in detecting and quantifying these changes, 
particularly in the context of a complex, developing tissue. Quantitative reverse 
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transcription polymerase chain reaction (qRT-PCR) is a sensitive technique that 
allows gene expression levels to be measured in detail, but it remains challenging to 
compare different developmental timepoints of a complex tissue via this method. In 
chapter 2, we therefore identified a set of novel tissue-specific reference genes for 
the mouse mammary gland that outperform traditional reference genes in qRT-PCR 
analyses, allowing us to quantify subtle changes in a more reliable way. 

Despite the continued improvement of in vitro model systems, in vivo models 
remain required to fully capture the dynamic complexity of mammalian 
development and tissue homeostasis. Stem cells are fundamental for both of these 
processes, but there is much still to be discovered regarding the potency and 
flexibility of distinct populations of stem and progenitor cells in vivo. Lineage tracing 
using genetically engineered mouse models and fluorescent protein technology can 
help elucidate cell fate and proliferation choices in situ, leaving tissue architecture 
intact. Therefore, in chapter 3 we describe methods of lineage tracing in the mouse 
mammary gland epithelium, a tissue for which active debate continues to be ongoing 
regarding the identity, potency and localization of different stem and progenitor 
cells. Well-defined and well-designed lineage tracing experiments can help in this 
discussion. 

WNT signalling has been implicated in the control of stem cells in many tissues, 
including the intestine, liver, mammary gland and skin (Clevers and Watt, 2018). 
Although currently available mouse models provide us with the possibility of in vivo 
lineage tracing of WNT/CTNNB1-responsive stem cells, both existing driver (van 
Amerongen et al., 2012; Snippert et al., 2010a; Stange et al., 2013) and reporter (Cai 
et al., 2013; Livet et al., 2007; Muzumdar et al., 2007; Snippert et al., 2010a) strains 
have some important drawbacks. In chapter 4 we describe the generation and 
analysis of a novel Axin2 knock-in mouse model for simultaneous visualization and 
tamoxifen-independent lineage tracing of WNT/CTNNB1 responsive cells in vivo. In 
chapter 5 we describe the generation of a companion multi-colour reporter allele 
named “PRIME”.   

Creating knock-in mice using traditional methods is a long and challenging 
process. In recent years, CRISPR/Cas9 genome editing has opened the door to 
making this process more efficient. In chapter 6, we describe the establishment of 
a genome editing toolbox for efficient modification of the endogenous 
Ctnnb1/CTNNB1 gene in mouse and human cell lines, as well as the optimization of 
CRISPR/Cas9 mediated genome editing in zygotes resulting in the successful 
generation of an mTq2-Ctnnb1 knock-in mouse. By visualizing the levels and 
subcellular localization of endogenous CTNNB1, this knock-in strain will allow direct 
monitoring of WNT/CTNNB1 signalling at endogenous levels and at subcellular 
resolution in vivo for the very first time. 
  




