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Models of Lipoprotein Metabolism 

• Receptor mediated endocytosis.

• Looked at the competition between LDL and VLDL particles for 

receptors and its affect on intracellular cholesterol concentration.

• Genetic regulation of receptor and cholesterol biosynthesis .

• Generated a new model of genetic regulation which gives interesting 

insight into homeostasis and disease states.

• Developed a new model of VLDL to LDL delipidation which allows for particle 

heterogeneity to be examined in more detail.

• Recently looked at how we could extend our in vitro endocytosis models to the in 

vivo context.



Models of Lipoprotein Metabolism 

To develop well informed mathematical models, based 

upon current experimental understanding, which can 

be used to provide new insight into the mechanisms 

and process of lipoprotein metabolism and ultimately 

a predictive suite of models for testing current and 

providing new therapeutic strategies.



• Consider the uptake of LDL and VLDL particles by a single hepatocyte cell.

Jackson, K., Maitin, V., Leake, D., Yaqoob, P. and Williams, C. (2006). Saturated fat induced changes

In Sf 60-400 particle composition reduces uptake of LDL by HepG2. J. Lipid Res., 47:393-403.

Lipoprotein Endocytosis



Hypothesis Testing

• Two hypothesis regarding LDL uptake

Hypothesis 1 – VLDL particles reduce LDL uptake by blocking access to 

hepatocyte surface receptors. Particles either bind to the surface and are not 

internalised or are simply present in the pit.

Hypothesis 2 – VLDL particles enter the pit, bind to receptors via apoE and 

are internalised by the cell.

Which of these is correct?



The Model

- LDL (extracellular, bound and intracellular).
- VLDL-2 (extracellular, bound and intracellular).
-VLDL-3 (extracellular, bound and intracellular).

- Free, bound and internalised receptors.
- Cholesterol concentration.



The Model
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The Mathematical Model
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Experimental Data



Model and Experimental Comparisons



New Insight



Genetic regulation of receptor and cholesterol 

biosynthesis



Genetic regulation of cholesterol and receptor 

biosynthesis

• Model of genetic regulation which accounts explicitly for the number of binding sites 

available to the transcription factor on the DNA promoter region.

• Explicitly accounts for  SREBP-SCAP pathway regulation by cholesterol, HMGR 

mRNA, HMGR protein, LDL mRNA and LDLR protein. 

• Analysis of the HMGR system shows three distinct types of behaviour:

• oscillatory homeostatic steady-state

• damped oscillatory homeostatic steady-state;

• non-oscillatory homeostatic steady-state.

• Comparison with experimental data indicates the oscillatory state may be possible. 

• This is a result of the: (i) number of binding sites available to the DNA transcription 

factor (3) and number of molecules of cholesterol that can bind to a SREBP molecule 

(4); and range of parameter values considered.



Genetic regulation of receptor and cholesterol 

biosynthesis
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