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8 Chapter 1

The aim of this thesis is to further unravel the pathways and genes responsible for 
epithelial homeostasis in the mouse esophagus. Whereas a single layer of columnar 
epithelium lines most of the gastrointestinal tract, the esophagus is covered with a 
multilayered squamous epithelium. Proliferative cells reside within the basal layer from 
which they move upwards and differentiate. Upon reaching the lumen cells are shed off 
to travel in the direction of the stomach. We still have very limited insight in pathways 
and genes involved in normal homeostasis of the esophageal epithelium. Enhancing 
our knowledge of the mechanisms of proliferation and pathways driving differentiation 
is therefore crucial. It would lead to better understanding of esophageal carcinogenesis, 
development of Barrett esophagus and tissue repair. The existence of the stem cell 
in esophagus has thus far been disputed and all cells in the basal layer have been 
attributed stem cell properties. As this notion contradicts our understanding of the 
biology of almost all other epithelial tissues, further experimental evidence is needed to 
clarify the involvement of stem cells in esophageal homeostasis. This effort is especially 
worth given an implication of stem cells in oncogenic transformation and development 
of esophageal cancer. To date, a limited number of studies has been performed to 
address the pathways and genes in control of esophageal epithelial proliferation and 
differentiation. Our recent understanding of esophageal epithelial homeostasis and 
development is reviewed in chapter 2.
 In the first part of this thesis the role of Hedgehog signaling in the mouse esophagus 
and intestine is described. As reviewed Hedgehog signaling plays an important role 
in esophageal development. Namely, it is one of the major signals that specifies an 
esophageal phenotype and represses the respiratory phenotype in the foregut endoderm 
during development. In chapter 3 we examined the role of hedgehog signaling in the 
adult mouse esophagus. Our data show that Hh signaling plays an important role in 
the esophageal epithelium. Furthermore we demonstrate for the first time that in the 
esophagus increased Hh signaling stimulates precursor cell proliferation and impairs 
epithelial maturation and migration. 
 In contrast to the esophagus, Hedgehog signaling in the intestine is directed from the 
epithelium towards the mesenchyme and negatively regulates precursor cell fate. The 
major Hedgehog that is expressed in the epithelium of small intestine and colon is Indian 
Hedgehog (Ihh). In chapter 4 we address the role of Ihh in the formation of intestinal 
adenomas. Activating mutations in the Hedgehog pathway play an important role in the 
development of basal cell carcinomas, medulloblastomas and rhabdomyosarcomas. Ihh 
is upregulated in polyps and is required for polyp formation by regulating expression of 
Cox2 in myofibroblasts.
 The second part of this thesis revolves around the role of ER stress on the esophageal 
epithelium. We have recently shown that induction of ER stress and activation of the 
unfolded protein response (UPR) in the intestinal epithelium leads to specific loss of 
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Lgr5 positive stem cells. In chapter 5 we show components of the ER stress pathway 
being expressed in the esophageal basal layer in heterogeneous manner. Induction of 
ER stress causes rapid depletion of precursor cells in the mouse esophageal epithelium. 
These cells are not lost by apoptosis, but are rather forced to differentiate. 
 We further examine the effect of inducing ER stress on progenitor cells in the basal 
layer of the mouse esophagus in chapter 6. As intestinal stem cells are lost upon induction 
of ER stress and esophageal progenitors are sensitive to ER stress, we hypothesized 
that induction of ER stress might be a method of identifying potential esophageal stem 
cells. Two esophageal squamous carcinoma cell lines were subjected to ER stress. 
Using gene array analysis we identified a list of 47 genes most down-regulated in both 
cell lines. A stem cell marker would be expressed in a proportion of the basal layer. By in 
situ hybridization we show that 9 of the selected genes are expressed heterogeneously 
throughout the basal layer of the esophagus. One of these genes, Id2, was used for 
further experiments. Using lineage tracing we show that Id2 positive cells were capable 
of producing long lived clones up to six months. Thereby we have identified Id2 as a 
marker of a subset of esophageal epithelial cells with a high propensity for self-renewal.  


