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ABSTRACT

Glioblastoma multiforme (GBM) is the most aggressive type of brain cancer with a short median
survival time. GBM is characterized by the hallmarks of aggressive proliferation and cellular
infiltration of normal brain tissue. In particular, we previously showed that (i) intracellular com-
ponent such as myosin II is important in regulating cellular invasion of glioma cells between
normal cells of brain by immersed boundary method [1] (ii) aggressive invasion of cancer cells
is the critical step of cellular metastasis and low survival rate in many cancers [2]. Cellular pro-
cesses such as haptotaxis and chemotaxis through extracellular signaling such as glucose were
shown to control the migration patterns of glioma cells in the in vitro environment [3]. miR-451
and its downstream molecules are known to play a pivotal role in regulation of the balance of
proliferation and aggressive invasion in response to metabolic stress in the tumour microen-
vironment (TME) [4]. Many players in TME such as immune cells play an important role in
designing new anti-tumor strategies. For example, recently we showed that use of natural killer
cells has to be carefully designed in order to avoid therapeutic conflicts with other effective
strategies such as bortezomib (anti-cancer drug) or oncolytic viruses [5,6] through mathemati-
cal modeling and validation with experiments [7]. Our recent study also showed that neutrophils
and its special structure called NET can mediate cellular invasion of cancer cells and metastasis
to other organ [8]. Therefore, it is important to understand the critical role of cells in TME in
order to develop a new therapeutic drug. Astrocytes themselves [9] and surgery-induced transi-
tion in reactive astrocyte populations [10] can play a significant role in tumour dynamics. Here,
we introduce a multi-scale mathematical model that represent the dynamics of the miR-451-
LKB1-AMPK-OCT1-mTOR pathway signalling and individual cell dynamics of the tumour
and reactive astrocytes after surgery [11]. We illustrate how the effects of fluctuating glucose on
tumour cells need to be reprogrammed by taking into account the recent history of glucose vari-
ations and an AMPK/miR-451 reciprocal feedback loop. The mathematical model shows how
variations in glucose availability significantly affect the activity of signalling molecules and, in
turn, lead to critical cell migration in GBM. The results from the simulation are consistent with
experimental observation [10]. The model also predicts that microsurgery of a primary tumour



induces phenotypical changes in reactive astrocytes and stem cell-like astrocytes promoting tu-
mour cell proliferation and migration by Cxcl5. We also investigated a new anti-tumour strategy
by Cxcl5-targeting drugs.
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