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Summary 



The enzymic make-up and function of hepatocytes surrounding the vessels 
entering the liver differs from those surrounding the vessels leaving the liver. 
This feature, called metabolic zonation. is not only crucial for the homeostatic 
function of the liver, but also a fine example of differential gene expression 
among otherwise comparable cells. In this thesis, we have used the enzymes 
glutamine synthetase (GS) and ornithine aminotransferase (OAT) as paradigms 
for pericentrally expressed genes, and carbamoylphosphate synthetase (CPS) 
and phosphoenolpyruvate carboxykinase (PEPCK) as periportally expressed 
genes. We have proposed that the enzymic phenotype of the upstream, 
periportal hepatocytes is the default type, whereas metabolic or biosynthetic 
products of the upstream hepatocytes bring about the enzymic phenotype of the 
downstream, pericentral hepatocytes. The identity of these factors was thus far 
unknown. The overall aim of this thesis was, therefore, to identify signaling 
molecules that regulate this zonation of gene expression. In addition, we looked 
for the regulatory elements in the CPS and GS genes that confer these signals 
upon the promoter of the respective genes. We have mainly employed fetal 
hepatocytes because these cells are easy to isolate and culture and are a well-
inducible cell system for both periportal and pericentral enzymes. 

GS expression becomes induced in adult periportal hepatocytes upon co-
cultivation with the rat epithelial cell line RL-ET-14. We successfully adapted 
this system to primary fetal hepatocyte co-cultures. To identify the regulatory 
sequences of the GS gene that mediate the RL-ET-14-dependent induction, we 
employed two transgenic mouse lines. Line GS-UR contains the 5'-flanking 
region of the rat GS gene from position -3150 to +59 with respect to the 
transcriptional start site, including the upstream enhancer at -2.5 Kb, while in 
line GS-UE2, this 244bp upstream enhancer is fused to the promoter at position 
-965. When construct GS-UE2 was transfected to primary fetal hepatocytes, it 
reporter-gene activity was 3-fold increased over a construct containing the 
965bp GS promoter only. Co-cultivation of (transgenic) fetal hepatocytes with 
RL-ET-14 cells stimulated transgene expression to a similar extent as 
endogenous GS expression. Since the Wnt/(3-catenin pathway regulates liver 
growth and differentiation, we silenced |3-catenin in the fetal hepatocytes prior 
to co-cultivation with a small-interfering RNA oligonucleotide. Both 
endogenous GS and reporter-gene expression were reduced to background 
levels, indicating that the fi-catenin-sensitive DNA sequences were located in 
the upstream enhancer (see chapter 2 for more details). 

To establish the involvement of the Wnt canonical signaling pathway, 
we tested Wnt-3a and Wnt-2b for their capacity to induce GS and OAT 
expression in fetal mouse hepatocytes. Our results show that Wnt-3a is a 
powerful inducer of GS and OAT expression, being effective in the nM range, 
but does not affect the expression of the periportal genes CPS and PEPCK. The 
analysis of the transgene data showed that the 244bp GS-upstream enhancer 
confers this inducing effect upon the GS promoter. B-catenin-specific RNA 
interference abolished the inducing effects of Wnt-3a. Wnt signaling stabilizes 
P-catenin and allows it to translocate in the nucleus and bind the Lef/Tcfs 
transcription-factor family (Tcf-1, Lef-1, Tcf-3 and Tcf-4) to activate gene 
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expression. B-catenin and all 4 Tcfs are expressed in developing liver, but only 
Lef-1 expression is zonated from ED 17 onwards. 

FGF-2 and -4, but not FGF-8 and -10 dose-dependently induced GS and 
OAT. but -differing from Wnt-3a - also suppressed the expression of the 
periportal enzymes CPS and PEPCK. The effects of FGF-2 and -4 can be 
annulled by adding p-catenin-specific RNAi's, suggesting that FGF-2 acts 
upstream of p-catenin. The expression of FGF-2, but not that of FGF-4 in adult 
mouse liver in vivo co-localizes with that of GS. Insulin and BMPs, both 
known for their hepatotrophic effects, also stimulated GS expression dose-
dependently, but in combination with FGF-4, their induction of GS, but not 
OAT was significantly reduced. The effects of FGF-4 and the interaction with 
insulin were not different for the expression of GS, OAT and CPS when 
dexamethasone was omitted from the cultures (for detail see chapter 4). 

Adenoviral overexpression of P-catenin in vivo affects the pre-existent 
zonation of gene expression in that GS and OAT become homogenously 
distributed, whereas CPS and PEPCK expression is suppressed. To identify the 
regulatory sequences in the GS and CPS genes that are responsible for this 
reciprocal response, we repeated these experiments in transgenic mice 
containing different portions of the enhancer/promoter region of the GS gene 
(GS-UR and GS-UE2) and the CPS gene (CPS-UR and CPS-UE1). The 
expression patterns of all reporter genes follow that of the endogenous ones, 
indicating that the smallest regulatory elements in these transgenes were 
sufficient to respond to P-catenin overexpression. We further observed 
induction of FGF-2 and Lef-1 expression to a similar extent as GS, suggesting 
that both are downstream targets of P-catenin. Since p-catenin is also a target of 
FGF-2 or -4, these data suggest that a positive feedback loop (FGF-2 -> p-
catenin -> FGF-2) may regulate GS expression (see chapter 5 for details). 
These data further indicate that FGF-2 may also be responsible for the often 
reciprocal behavior of ZCPS and GS. because it inhibits CPS expression by an 
as yet unidentified pathway. 

Finally, in the epilogue, we review morphological and molecular aspects 
of the liver development in a phylogenetic perspective. Based on the position of 
the stem cells and the expression pattern of the Wnt pathway, we suggest that 
the liver developed from an intestinal crypt. 
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