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2. Methods
T-cell receptors (TCR) form nanoclusters on the T-cell 

surface even prior to stimulation [1]. These contain up to 

20 TCRs over a radius of 200 nm [2-3]. We hypothesize 

these TCR nanoclusters may facilitate T-cell activation 

during polyvalent binding with pMHC.

Previously published experimental IFNg dose-response 

curves of Nanoparticle-induced T-cell activation reveals 

an apparent sensitivity to the number of pMHC per NP 

[4]. Can this sensitivity to NP valence be due to the 

geometry of TCR nanoclusters? 
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We develop a multi-scale model of the binding geometry and kinetics leading to 

T-cell activation. We fit our model to the experimental dose-response curves via 

MCMC parameter estimation. The model is comprised of 3 levels:

Markov model where each state represents a given number 

of bound pMHC-TCR complexes. Transitions correspond to 

binding and unbinding events. Geometrical constraints 

encoded in the insertion probabilities 𝑃𝑖, which denotes the 

proportion of remaining pMHCs available. 

Insertion probabilities were estimated via Monte Carlo 

simulations of possible contact area configurations.
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7. Model Predictions
Borrowing a thermodynamic definition of cooperativity to 

determine whether polyvalent binding is favored in the 

contact area model, known as positive cooperativity

(𝛼 > 1).

6. Cooperativity

IFNg production is 

calculated from the 

total number of bound 

TCRs using the 

following function. 

Parameter values 

obtained from fitting to 

data.


