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Uncovering the complex and non-linear signaling mechanisms and their pathological aberrations responsible 
for cell lineage commitment or cancer development is challenging. Using CellSimTM, a platform to virtually 
model and simulate such signaling mechanisms, we have designed and built in silico models suitable for 
analyzing mechanisms of lineage commitment in early lymphozyte progenitor (ELP) cells.

Virtual molecules, genes, gene regulatory networks and pathways are represented in a cell-based computational 
architecture that grows and differentiates a population of lineage-committed B cells and T cells according to 
local abundance of signaling ligands.

In particular, two mediated mechanisms for lineage commitment in ELP cells, STAT5 (a transcription factor) 
and Notch1 (a transmembrane receptor which is converted to a transcription factor), were investigated to 
understand drivers for the development of B-cell leukemia in a thymic environment.

Wild-Type ELPs (gray) give rise to TN 2 cells (green) in the thymic environment (C), and to Pro B cells (blue) in 
the bone marrow environment (D). Transgenic ELPs give rise to a mixture of TN 2 and Pro B cells in the thymic 
environment (E). We virtually replicated ELP lineage commitment in a thymic and bone marrow environment. 
All subsequent virtual experiments (transgenic ELPs) were conducted in a thymic environment (e.g. E). 

Our findings from the in silico experiments 
were validated in STAT5b-CA  mice which 
are heteroyzgous for EBF and showed a 
reduction of thymic B cell production by 3,2 
fold in these mice.  
CD4 and CD8 are T cell markers and B220 
is a B cell marker. The reduction in B cell 
production is evident in the B220 peaks 
shifting to the left.

In silico models predict STAT5P dose-dependent 
reduction in B cells which are either homozygous (+/+) 
or heterozygous (+/-) for the early B-cell factor (EBF) in a 
thymic environment. Lower levels of STAT5P correspond 
to reduced % of thymic B cells. In EBF +/- the % B cells 
is reduced substantially at all STAT5P doses compared 
to EBF +/+.

• In silico models of ELP lineage commitment extend and complement in vivo studies.
• STAT5P amplifies thymic B cell production in a dose-dependent manner in a thymic environment
• Lower EBF1 levels attenuate and limit STAT5-driven commitment of ELPs to B cell lineage.
• CellSimTM can virtually reproduce signaling mechanisms for cell and tissue development, making predictions 

that can be validated in the laboratory.
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Introduction

I. Information used for virtual ELP model generation[1]

II. Virtual model of wild type and transgenic ELPs

III. Virtual simulations and predictions

Information for establishing the virtual ELP model was obtained from insights derived from in vivo experiments:
• Notch1 signaling is both necessary and sufficient to commit early lymphoid progenitors to the T cell lineage
• IL7R (Interleukin 7 receptor) dependent STAT5 activation plays a key role in directing B cell development
• Competition between Notch1 and STAT5 activation dictates T vs B cell lineage commitment

We built a wild type (not depicted) and 
transgenic (A) metabolic and gene 
regulatory network of a virtual ELP. The 
transgenic virtual ELP has a transgene 
(TGENE) which constitutively activates 
phosphorylated STAT5 (STAT5P).

B) Explanation of the symbols used in 
the network graph (A).
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Lineage commitment can be predicted from initial concentration levels of Notch1 ligand and STAT5P in ELP 
progeny. By simultaneously monitoring the intracellular concentrations of STAT5P, Notch1, and two lineage 
specific markers in ELPs (Pro B and TN2) exposed to a heterogeneous landscape of Notch1 ligand, we 
inferred that initial intensity of Notch1- versus STAT5- dependent signals control lineage commitment. Higher 
Notch1 and lower STAT5P produce T cells while lower Notch1 produces B cells.

IV. In vivo validation of virtual predictions

Conclusion
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Varying the strength of promotion of transgenic constitutive STAT5P expression in silico predicts that stronger 
promotion favors production of B cells.

Virtual ELP cells were placed and grown in a virtual environment. 
The picture to the right depicts a thymic environment with a 
uniform distribution of Interleukin 7 (IL7) ligands and with Notch1 
ligand gradients. Orange peaks represent high and green valleys 
low Notch1 ligand concentrations.
A bone marrow environment (not shown) was modeled with a 
uniform distribution of IL7 ligands and trace amounts of Notch1 
ligands.
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ETP = Early T-cell progenitor
CLP = Common lymphoid precursor
TN2 = Triple negative 2, a T-cell progenitor
Pro B = Progenitor B cell
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