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Aims and Outline of this Thesis 

Understanding small intestinal gene regulation 
In this thesis, we aim to describe gene regulation for lactase, sucrase-

isomaltase and carbamoyl phosphate synthase I by measuring mRNA levels, 
corresponding protein abundances, and specific activities in intestinal cells. Such a 
description along with assessment of (intra-)cellular localization of their gene 
products and their possible dependency on age, race and disease should enable us to 
better understand the critical determinants that regulate these genes. Since 
expression of these genes in the intestinal epithelium is exclusively found in 
enterocytes, our research has focussed on this cell type. 

Enterocytes are columnar epithelial cells typical for, and predominant, in the 
small intestine. Enterocytes are present in both crypt and villus epithelium along 
with goblet cells, enteroendocrine cells, Paneth cells and their progenitor stem cells. 
Apart from the presence of these other four cell lineages, the enterocyte lineage is by 
no means a homogeneous population with respect to gene expression patterns 
(Freeman et ai, 1993; Rings et al, 1994a; Traber et al, 1992a; Rubin et al, 1992; 
Duluc, et al, 1994). For instance, enterocytes of the proximal intestine express other 
genes than enterocytes of the distal intestine. Also within the same intestinal 
segment enterocytes differ in their degree of differentiation and therefore in their 
gene expression along the crypt-villus axis. In chapter 3, we review the current 
knowledge on the expression and regulation of the three genes that are topic of our 
studies, lactase, sucrase-isomaltase, and CPSI. 

Key to understanding gene regulation is to distinguish between exogenous 
and endogenous signals affecting cellular expression levels. Although intestinal 
epithelial cells, as most other somatic cells, depend largely on external signals to 
specify their cellular fate (Gordon, 1989, 1993; Louvard et al, 1992, Rubin et al, 
1992), cell type specific physiology may become increasingly more cell autonomous 
beyond a certain differentiation stage. This would imply that once an intestinal cell 
is specified to become an enterocyte, much of its characteristic gene expression is 
determined and follows a cell type specific and cell type intrinsic program. The 
Caco-2 cell line offers a valuable model for intestinal differentiation that closely 
represents the phenotype of small intestinal enterocytes. Moreover, Caco-2 cells are 
the only in vitro model described to date, which expresses endogenous lactase as 
well as sucrase-isomaltase. Therefore, only Caco-2 cells enabled measurement of 
cell differentiation parameters along with the measurement of mRNA levels, 
biosynthesis and enzyme activities for both disaccharidases, as described in Chapter 
4. Also, Caco-2 cells have a methodological advantage over using whole animals or 
tissue expiants since they represent only one cell type. Therefore, the results of this 
study, described in Chapter 4, could indicate to what extent the gene regulation of 
disaccharidase activities should be regarded as enterocyte autonomous. 
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Analysis in cell lines is a valuable tool, but it also has its methodological 
limitations. We studied intestinal gene expression in vivo by collecting pediatric 
duodenal specimens, which formed the basis for our studies described in Chapters 5-
7. This constitutes a fundamentally different environment for the expression of these 
genes, because of the possibility for additional gene regulation depending on e.g. 
tissue architecture, the presence of other cell types and tissues (such as gut-
associated lymphoid tissue, lamina propria etc.), genetic background, diet, systemic 
physiology and possibly also disease, all of which can not be studied in cell lines. 
For these reasons, we have performed a prospective study using duodenal specimens 
from a series of children of different ages (3 months to 18 years), various genetic 
backgrounds with and without gastrointestinal disease (Chapters 5-7). 

Chapter 5 describes a comparative study between intestinal biopsies from 
two well-defined localizations to establish potential differences in gene expression 
along the length of the human duodenum of 3 months to 18 years old individuals. 
We propose that such an analysis would add to the clinical reliability and 
comparability of histological observations and disaccharidase measurements on 
biopsies from any site along the length of the duodenum. Moreover, this study sheds 
light on the question whether there are fundamantal differences in the regulation of 
the intestinal genes in these different regions of the human small intestine. 

Our next aim was to study regulation of lactase and sucrase-isomaltase in the 
duodenum, to be able to analyse the expression patterns in their intestinal tissue 
context. Our analysis, described in Chapter 6, is unique with respect to the fact that 
children of all ages with and without gastrointestinal complaints were studied. 
Quantification of lactase and sucrase-isomaltase mRNA and protein levels in children 
and careful analysis of its tissue context will allow us to determine how these 
disacchandases are regulated in the developing human intestine, and how these findings 
relate to findings on gene regulation in adult humans, mouse and in intestine of 
developing rat. (Escher et al, 1992; Fajardo et al, 1994, Calvert et al, 1981; Rings et 
al, 1992b, 1994a). 

In addition to lactase and sucrase-isomaltase, we analyzed expression of 
carbamoyl phosphate synthase I (CPSI) representing a non-brush border, non-digestive 
enterocytically expressed enzyme. CPSI is present in mitochondria and involved in 
nitrogen metabolism due to its unique capacity to convert ammonia into carbamoyl 
phosphate. The primary interest focusses on tissue localization along the duodenum in 
comparison with disaccharidases lactase and sucrase-isomaltase. This analysis in 
Chapter 5, aims at describing the levels and timing of CPSI expression in both rat and 
human. We describe findings in embryonic tissue of both species and CPS expression 
in liver as well as intestine. 

In enterocytes of the same biopsy specimens, we have also studied CPSI 
expression (Chapter 7). Initially, the anti-CPSI antiserum served as a control in 
immunohistochemistry that stains the mitochondria of human enterocytes. CPSI is a 
nucleus-encoded enzyme that is translated in the cytoplasm and imported into the 
mitochondrial lumen, where it catalyzes the formation of carbamoyl phosphate. 



Aims and Outline of this Thesis - 15 

Although CPSI was initially described as a hepatocytic enzyme, it is also highly 
expressed in intestinal enterocytes along with all other 'urea cycle' enzymes and 
therefore seems to serve in the detoxification of ammonia and consequent production of 
urea as in liver (Reviewed in Chapter 3). With the availability of human intestinal 
specimens for our research, CPSI offered an exclusive opportunity to study lactase, 
sucrase-isomaltase and CPSI in human tissue in conjunction, offering us the 
opportunity to study the similarities and dissimilaties in regulation of these intestine 
specific enzymes. We investigated CPSI expression in the duodenum of a variety of 
individuals with and without gastomtestinal symptoms. We also performed a 
comparative study on CPSI expression between liver and intestine as well as between 
human and rat during development, including early embryonic stages. Especially, the 
distribution of CPSI expression in the proximal duodenum of both species prompted 
elaboration on the possible regulatory mechanisms at the cellular level of CPSI 
expression. 
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