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Immunotherapy:

• Aim: help CD8+ T-cell fight cancer

• 1st Activation: T-cell Receptor (TCR)

• 2nd Activation: costimulatory receptor (CD28)

• Intercellular protein signaling pathways

• Proteins Akt and PLC-g responsible for expression of main 

proliferation gene IL-2

Stopping Signals5:

• Inhibitory Receptors(CTLA-4, PD-1) block signals

• Immunotherapy introduces drugs that block these inhibitory 

receptors

Our Goal4:

• Model the major signaling proteins in the T-cell

• Simulate using different initial conditions

• Provide a way to investigate how a T-cell responds to 

immunotherapy drugs

Abstract

Methods

Selected References
1. Chylek LA, Akimov V, Dengjel J, Rigbolt KTG, Hu B, Hlavacek WS, et al. (2014) Phosphorylation 

Site Dynamics of Early T-cell Receptor Signaling. PLoS ONE 9(8): e104240. 

doi:10.1371/journal.pone.0104240

2. Hoops, S., Sahle, S., Gauges, R., Lee, C., Pahle, J., Simus, N.,Singhal, M., Xu, L, Mendez, P.,. 

Kummer, U. (2006). COPASI--a COmplex PAthway SImulator. Bioinformatics, 22(24), 3067-3074. 

doi:10.1093/bioinformatics/btl485

3. Intlekofer, A. M., & Thompson, C. B. (2013). At the Bench: Preclinical rationale for CTLA-4 and 

PD-1 blockade as cancer immunotherapy. Journal of Leukocyte Biology, 94(1), 25–39. 

doi:10.1189/jlb.1212621

4. Jansson, A., Barnes, E., Klenerman, P., Harlen, M., Sorensen, P., Davis, S., & Nilsson, P. (2005). A 

Theoretical Framework for Quantitative Analysis of the Molecular Basis of Costimulation. The 

Journal of Immunology, 1575-1585. Retrieved July 17, 2015, from Pubmed. 

5. J.R. Faeder, M.L. Blinov, and W. S. Hlavacek (2009) “Rule-based modeling of biochemical systems 

with BionetGen,” Methods Mol. Biol., 500, 113-67

6. M.D. Griffin, D.K., Hong, P.O., Holman, K.M., Lee, M.J., Whitters, S.M., O’Herrin, F. Fallarino, 

M., Collins, D.M., Segal, T.F., Gajewski, D.M., Kranz, J.A., Bluestone. (2000) Blocade of T cell 

activation using a surface-linked single-chain antibody to CTLA-4 (CD152). The Journal of 

Immunology, 164(9): 4433-4442

Model Components and Relationships

Create Model using BioNetGen5
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Run Parameter Estimation and 

Simulation with Copasi2

Various Simulation Initial Conditions
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Parameter Estimation
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For Parameter 

Estimation, we fit our 

model to 

phosphoproteomics 

data.1

Data given in 

phosphorylation at 

time t over 

phosphorylation at 

initial time

(error bars excluded)

Input:

2 molecule types

2 seed species

2 reaction rules

Output:

5 possible species

5 different reactions

Contact Map
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Il-2 Expression Conditions:
• PLCg only  IL-2 expression
• PLCg and Akt IL-2 expression
• Akt only  no IL-2 expression

Tested Formulas:

Expression of IL-2 Gene

Data6:
Female Mice T-
cells were 
stimulated at 
different initial 
conditions and IL-
2 levels were 
evaluated using 
an ELISA kit.


