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Editorial on the Research Topic

Insights in mathematical biology 2022

This Insights in Mathematical Biology Research Topic aimed to showcase some new

developments and future research perspectives in the mathematical biology field. The three

articles published in this topic are a very small sample of some of the current interests

in mathematical biology, from the optimization of food production to the optimization

of numerical simulations for complex mathematical models describing medical problems

and the understanding of multi-scale molecular–cellular aspects in health and disease.

These articles also emphasize some of the current approaches in mathematical biology that

oppose single-scale vs. multi-scale models, simple vs. complex models, and fast vs. slow

numerical simulations.

In the following, we briefly summarize these three papers.

O’Hare focused on maximizing food production in a sustainable manner. To investigate

the competitive behavior between two different types of food producers (one where farmers

harvest and make profit at the end of the season and a second one where farmers harvest and

make profit continuously throughout the season), the author considered a simple individual-

based framework. This framework was applied to 25 farms distributed on a spatial grid,

which could interact with neighboring farms and produce food using either of the two

food-producing systems. The interaction rule between the different farms was given by a

simple algebraic equation that considered the distance between farms (which could belong to

different farm networks: square grid, linear network, circular network, and random network)

and the time since the farmers started to implement actions that could impact neighboring

farms. The profit obtained by each farmer (calculated using an integral equation) depended

on the running cost of each farmer to produce their crops, the price at which the crop is

sold, and on the interaction rule between the different farms. The solution of this integral

equation showed that the profit obtained through farming was calculated for all farms, and

the results showed that profit depended on the farm’s position in the landscape. Moreover,

neighboring farms that produced similar crops could benefit from others’ treatment of

their crops, while neighboring farms that produced different crops had a negative impact

on each other. The study also modeled the impact of connections between different farms

(connections by a road or a river) and investigated the level of landscape pollution at various

farms and how this was transported toward other connected farms. The toy individual-

based model developed in this study to calculate the profit for each farmer (with its farm

belonging to a spatially distributed network of farms) showed that even simple mathematical

models could be used to generate new testable hypotheses for complex ecological problems.

However, such toymodels will have to bemodified in the future to describe specific landscape
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conditions, specific food producers, specific pollutants (pesticides)

use, and their dispersion characteristics to neighboring farms.

Egberts et al. focused on a different type of optimization:

the optimization of numerical simulations in the context of a

very complex mathematical model for wound healing. The model,

described by nine non-linear partial differential equations, focused

on the spatio-temporal interactions between different cell types

(fibroblasts, myofibroblasts), collagen, and chemicals during post-

burn tissue contraction. To improve the performance of the finite

element numerical simulations of this 2D spatial model for cell- and

tissue-scale dynamics of wound healing, the authors considered

a feed-forward neural network (with two hidden layers) trained

and then tested on 2D finite element simulations. The resulting

optimized network was used to predict the wound boundary

contraction and the total strain energy density. It was also suggested

that the fast numerical simulations could be eventually integrated

into medical practice through the development of apps that

consider age-related parameters to predict wound contractures.

Hodgkinson et al. focused on a biological aspect underlying

many medical problems: the molecular and cell-scale dynamics

behind the regulation of cell cycle via a family of proteins called

cyclin-dependent kinases and the p53 gene. The study presented

two mathematical models described by integro-partial differential

equations: the first one focused on the quantity of cyclins across

cell cycle at the level of one single cell, and the second one focused

on the role of cyclin, the p53 protein, and the mdm2 protein

(which degrades p53) in cell-cycle dynamics at the level of whole-

cell populations. In the first model, the variables describing the

amount of S-cyclin and M-cyclin in a cell (where the S-cyclins and

M-cyclins denoted the cyclins synthesized in the S and M phases

of cell cycle) depended on time and space. In the second model, the

variables describing the densities of cells in the various phases of cell

cycle (S, G,M) depended on time, cyclin level synthesized in various

phases, cell damage level, and p53 and mdm2 levels. Numerical

simulations (using a finite difference scheme together with a mid-

point integration method for integrals) with the first model showed

oscillatory dynamics between the S-cyclin and M-cyclin states.

Numerical simulations with the second model (using a finite

difference scheme based on a predictor–corrector MacCormack

scheme for time integration and central differences for the spatial

gradients) showed the distributions of cell populations in S and M

phases across the (cyclin, damage) space and the distribution of the

cell population in the G phase across the (cyclin, damage) space,

the (p53, damage) space, and the (p53, mdm2) space for various

parameter values. Due to the complexity of this secondmodel in [2]

and the computational limitations on the number of dimensions

that could be simulated simultaneously at a resolution that could

allow enough accuracy, this second model did not include any

spatial cell structure. This is an open problem that will have to be

addressed in the future.

In summary, the articles in this Research Topic highlight some

of the current open problems in cell biology, medicine, and ecology.

All these articles also mention the issue of parameterizing these

models (either simple or complex) with real single-scale and multi-

scale data, which is mainly due to the lack of such data.
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