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CONCLUSION

•	 Wnt/b-catenin and AhR signaling inter-
act via binding and convergance on the 
CYP1A1 promoter

•	 More-than-additive cooperativity be-
tween C- and D-DRE

•	 DREs in synthetic constructs interact al-
most exclusively via cooperation

•	 Sequestration responsible for reduced 
transcriptional induction.

•	 Logic AND gate connects the  
Wnt/b-catenin and AhR signaling path-
ways

•	 Model is able to predict double-stimu-
lated data of synthetic and natural pro-
moter mutants

•	 Model is able to predict the physiological 
zonation pattern in liver lobules

RESULTS

1.  Cooperat iv i ty  can be ana lysed wi th  a  s tat is t ica l  mechanics model

We found more- 
than-additive	 effects	
between TFs that 
bind to the dioxin re-

sponsive elements (DREs). It has been shown 
previously	than	such	effects	can	be	described	

with the help of a statistical mechanical model 
as depicted above. Taken together with a sig-
naling model that describes TF formation (see 
Background),	we	set	off	to	unravel	this	behav-
ior in more detail.

2.  Synthet ic  promoter  constructs 3.  Natura l  promoter  constructs

TCDD [nM]

The model is able to describe the stimu-
lus-response behavior very well and even 
has predictive powers when the constructs 
are	additionally	treated	with	a	β-catenin	in-
hibitor.

The parameters exhibit a strong coopera-
tivity	between	DREs	while	only	the	first	DRE	
interacts strongly with the RNAP.

The model of the natural promoter inherited 
some parameters from the synthetic promoter 
model and is again able to describe the TCDD 
concentration series of the mutant promoter 
constructs very well. Furthermore, we were 

able to predict the double-stimulated data. It 
can also be observed that the AND gate like 
properties of the data were also replicated 
quite well.

4.  Predict ion of  the Phys io log i -
ca l  Hepat ic  Zonat ion Pat terns

The model is able to predict the spatial ex-
pression of CYP1A1 as a result of its pro-
moter logic and the interaction of the up-
stream signaling pathways.

MATERIALS

To analyze cooperative interaction between 
the TFs we constructed a library of mutant 
promoter constructs.
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BACKGROUND

With the help of the xenobiotic metabo-
lism drugs and poissons are removed from 
the body. As one of the main proteins in-
volved, Cytochrome P450 1A1 (CYP1A1) is 
expressed around the central hepatic vein 
upon exposure to TCDD. The comparison of 
WT hepatocytes with ones in which b-cat-
enin	is	knocked	out	gave	us	a	first	hint	that	
there exists a link between the Wnt/b-cat-
enin signaling and the AhR mediated xeno-
biotic metabolism.

Both, the Wnt/b-catenin and the AhR sig-
naling pathway had been observed to con-
verge on the CYP1A1 promoter on which 
there	exist	five	functional	transcription	fac-
tor binding sites (TFBS) - four are targeted 
by AhR-Arnt heterodimer (DREs) and one is 
bound by b-catenin/TCF.
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ABSTRACT

Genes	 involved	 in	 detoxification	 of	 foreign	
compounds exhibit complex spatiotempo-
ral expression patterns in liver. Cytochrome 
P450 1A1 (CYP1A1), for example, is restrict-
ed to the pericentral region of liver lobules in 
response to the interplay between aryl hydro-

carbon receptor (AhR) and Wnt/b-catenin sig-
naling pathways. However, the mechanisms 
by which the two pathways orchestrate gene 
expression are still poorly understood. With 
the help of 29 mutant constructs of the human  
CYP1A1 promoter and a mathematical mod-

el that combines Wnt/b-catenin and AhR sig-
naling with the statistical mechanics of the 
promoter,	 we	 systematically	 quantified	 the	
regulatory	influence	of	different	transcription	
factor binding sites on gene induction with-
in the promoter. The model unveils how dif-

ferent binding sites cooperate and how they 
establish the promoter logic; it quantitatively 
predicts two-dimensional stimulus-response 
curves. Furthermore, it shows that crosstalk 
between Wnt/b-catenin and AhR signaling is 
crucial to understand the complex zonated 

expression patterns found in liver lobules. 
This	 study	 exemplifies	 how	 statistical	 me-
chanical modeling together with combinato-
rial reporter assays has the capacity to dis-
entangle the promoter logic that establishes 
physiological gene expression patterns.
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