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•• JitJit M et al. 2005, TNFM et al. 2005, TNF--αα neutralization in cytokineneutralization in cytokine--driven diseases: a driven diseases: a 

mathematical model to account for therapeutic success in mathematical model to account for therapeutic success in 

rheumatoid arthritis but therapeutic failure in systemic rheumatoid arthritis but therapeutic failure in systemic 

inflammatory response syndrome, inflammatory response syndrome, RheumatologyRheumatology, , 44(3): 32344(3): 323--331.331.

•• BackgroundBackground

•• An important questionAn important question

•• The model and the reasons it was usedThe model and the reasons it was used

•• Meaning of the modelMeaning of the model’’s behaviors behavior

•• Take home messageTake home message



Neutralization of TNFNeutralization of TNF-- αα



Therapeutic Use of Therapeutic Use of 

NeutralizationNeutralization

•• Rheumatoid ArthritisRheumatoid Arthritis

–– Chronic inflammation Chronic inflammation 

–– Binding active TNFBinding active TNF-- αα improves conditionimproves condition

•• Systemic Inflammatory Response Systemic Inflammatory Response 

Syndrome (SIRS)Syndrome (SIRS)

–– Uncontrolled inflammatory responseUncontrolled inflammatory response

–– No response to neutralization in clinical No response to neutralization in clinical 

trialstrials



Why the different Why the different 

effects?effects?



Mathematical Modeling: Good for Mathematical Modeling: Good for 

Dynamic SystemsDynamic Systems

•• Interactions between receptor, Interactions between receptor, ligandligand, , 

and inhibitorand inhibitor

•• Nonlinear differential equation modelNonlinear differential equation model

•• Used published kinetic parameters for Used published kinetic parameters for 

two inhibitors:two inhibitors:

–– InfliximabInfliximab

–– EtanerceptEtanercept



Model for Equilibrium Behavior

(Rheumatoid arthritis model)(Rheumatoid arthritis model)



Total TNFTotal TNF-- αα Over TimeOver Time

Inhibition leads to an increase Inhibition leads to an increase 

in total TNFin total TNF-- αα



Model for NonModel for Non--Equilibrium Equilibrium 

BehaviorBehavior

(SIRS model)(SIRS model)



Comparing Total TNFComparing Total TNF-- αα Over Over 

TimeTime

(SIRS model)(SIRS model)(Rheumatoid (Rheumatoid 

arthritis model)arthritis model)



Take Home MessageTake Home Message

•• SIRS is a nonSIRS is a non--equilibrium conditionequilibrium condition

–– Over time inhibitors act as slow release reservoirs Over time inhibitors act as slow release reservoirs 
of TNFof TNF-- αα

•• Rheumatoid arthritis is an equilibrium Rheumatoid arthritis is an equilibrium 
conditioncondition

–– antianti--TNF therapies are a successTNF therapies are a success

•• Success or failure of therapeutic agents is Success or failure of therapeutic agents is 
dependent on dynamic interactionsdependent on dynamic interactions



Thank you for coming!Thank you for coming!


