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Who is NF-κB?



  

The proteins of the NF-κB group are a 
family of transcription factors involved in 
important cellular processes that include 

inflammatory responses as well as 
regulation of apoptosis. 



  

S—stimulus,
IKKa—cytoplasmic level of active form of IKK,
IKKne—cytoplasmic level of neutral form of IKK,
IKKi—cytoplasmic level of inactive form of IKK,
IκBα|NF-κB—cytoplasmic level of IκBα|NF-κB complexes,
IκBα—cytoplasmic level of IκBα,
NF-κBn—nuclear level of  NF-κB,
IκBαt—IκBα mRNA transcript level,
A20t—A20 mRNA transcript level,
A20—cytoplasmic level of A20 protein,
IκBαn—nuclear level of IκBα.

NF-κB mechanism of action



  

Which are the existing data?
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Continuous model for NF-κB signaling pathway
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Will our model avoid fitting 
parameters?



  

No.

We will also fit parameters, but in a 
different context.



  

Which context?



  

Mathematical methods for modeling
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Building with a scaffold: 

emerging strategies 

for high- to low-level 

cellular modeling 
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Polynomial dynamical systems



  

More precisely: Polynomial dynamical 
systems over finite fields.

Which are the advantages?

Well... we also fit parameters, but over a 
finite set.



  

The model:



  

The model:

 We discretized the data into two 
or three states.



  



  



  

Which are the nodes with only 
two levels? A20 and S.

How do we find the polynomials 
that depend on A20 or S?



  

Toy example:



  

How we constructed the functions: 
//////////////////////////////
/////////////////////////////    IkBn:
/////////////////////////////
//
matrix b16[27][1];
b16[1,1]=0; //the image of (IkB=0,IkBn=0,NF-kBn=0)
b16[2,1]=1; //the image of (1,0,0)
b16[3,1]=2; //the image of (2,0,0)
[...]
//q=a1+a2x+a3y+a4z+a5x^2+a6y^2+a7z^2+a8xy+a9xz+a10yz+[...]
matrix A16[27][27];
int i=1;
for(int l=3; l<=5; l=l+1)
{
for(int k=3; k<=5; k=k+1)
{
for(int j=3; j<=5; j=j+1)
{
   A16[i,1]=1; A16[i,2]=j; A16[i,3]=k; A16[i,4]=l; A16[i,5]=j^2; A16[i,6]=k^2;
   A16[i,7]=l^2; A16[i,8]=j*k; [...]
   i=i+1;
}
}
}
matrix B16=inverse(A16);
matrix C16=B16*b16;
poly q16=C16[1,1]+C16[2,1]*x+C16[3,1]*y+[...]+C16[27,1]*x^2*y^2*z^2;
poly f16=subst(q16,x,x1,y,x16,z,x15);
//
//



  

For example:



  

• We consider synchronous updates.

• And make many biological 
assumptions.



  

Our results:



  

Transitions in the wild type case with 
persistent stimulus:
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Mathematical model of NF-κB regulatory module
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Evolution of the A20 knock-out system:
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Mathematical model of NF-κB 
regulatory module
T. Lipniacki, P. Paszek, A. R. Brasier, B. 
Luxon, M. Kimmel.

Journal of Theoretical Biology 228 
(2004) 195–215
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Evolution of the system when the stimulus 
is removed at steady state:



  

The evolution of the system when IKKa
 is inhibited at the steady state:



  

The evolution of the system when the 
stimulus is removed at a certain time step:
The first time step, with S=0.

The second time step, with S=0.



  

The evolution of the system when the 
stimulus is removed at the steady state, 

in the A20 knockout case:



  

Model advantages

● This model does not depend on affinity and catalytic 
constants, which are usually difficult to determine and 
require a deep understanding of the system (which, 
except for the NF-кB regulatory module and some other 
special cases, is rare). 



  

● This model can be built with the information 
biologists normally handle: IкB binds to NF-кB and 
prevents it from entering the nucleus, IKKa induces 
IкB degradation, etc. 

Model advantages



  

● And despite the fact that it simply requires this kind of 
data, it can  render even more information, such as 
predictions in mutant cases.

Model advantages



  

What else we should do...

• Study more cases (other mutants, over-
activations, etc.)

• Study the asynchronous case.
• Improve the code.
• ...
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