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Background

Neuroblastoma is a common cancer in children and is marked by/a diverse range of outcomes and behaviours. The high-risk
cases of this disease are responsible for 15% of cancer-related mortality in this population [1,2]. It is believed that cancer
stem cells are responsible for the heterogeneous composition of a neuroblastoma. The neural crest, which is comprised of
multipotent cells, is a transient structure in the vertebrate embryo. Mutations of the genes called MYCN and ALK transform
these progenitor cells into the malignant cancer stem cells. One hypothesis is that the transformation occurs because the
mutations favour symmetric cell division (SCD) over asymmetric cell division (ACD) [2]. In this project, we attempted to link
the mutations to the two modes of cell division mechanistically using tools from graph theory.
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Figure 1: Intracellular mechanisms regulating the balance between
SCD and ACD. Network with 20 nodes and 32 edges. CellColective

was used to generate this diagram [1, 2].

2. Boolean network 3. State space analysis
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We converted the intracellular
regulatory mechanisms into a
Boolean network, where each node
iIs modelled as a Boolean network.
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Figure 2: Graph with strongly connected

16 combinations of four input nodes g@mgonents (SCCs) circled |3},

(red nodes). Tarjan’s strongly connected components algorithm
found the ergodic sets for each combination of

. input nodes.
65536 states, each defined by 16

output nodes (green nodes). .
P t ) Implementation on Bessemer HPC cluster. Total

computation time over a week on one node with
six CPUs and 16GB of RAM.
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Figure 3: Heat map summarising and classifying ergodic sets.
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Figure 4: Heat map presenting the bias towards symmetric cell division (SCD) in each ergodic set.
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potentially restore the balance in cell division.

The Insigneo Institute for in silico Medicine is a collaborative
initiative between the University of Sheffield, Sheffield Teaching

Hospitals NHS Foundation Trust and Sheffield Children’s Hospital.

Bl

The
University
o Of
Sheffield.

Sheffield Teaching Hospitals [1/z 5

NHS Foundation Trust

Sheffield Children’s

NHS Foundation |




