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Discovered a mathematical
principle that explains how
cells connect with each other
to form tissues and organs

e An international investigation led by the Institute of Biomedicine of Seville (IBiS, HUVR-
CSIC-US) and the Institute of Integrative Systems Biology (I2SysBio, CSIC-UV) reveals

important properties of cellular connectivity

e The study, published in the prestigious journal Cell Systems, has important future

implications for the creation of artificial tissues and organs

Seville, July 13th, 2022

An international team of scientists has discovered a new mathematical principle that explains how cells
connect with each other to form tissues, an important step forward in understanding how organs are
formed during embryonic development and the pathologies associated with this process. The finding is led
by the Institute of Biomedicine of Seville (IBiS), a joint center of the Virgen del Rocio University Hospital,
the Spanish National Research Council (CSIC) and the University of Seville; and the Institute for Integrative
Systems Biology (12SysBio), a joint center of the CSIC and the University of Valencia (UV).

The study, published in the prestigious journal Cell Systems, has been carried out using the fruit fly
(Drosophila melanogaster) as a model, and may have future implications for the creation of artificial tissues

and organs in the laboratory, a great challenge for Biology and Biomedicine.
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In 2018, this team published an article in the journal Nature Communications that had a great scientific
and media impact, in which they demonstrated that epithelial cells can adopt a geometric shape during
the formation of organs that had not been described until then: the scutoid.

"That the cells adopt this geometric shape is due to the energy savings that it entails when 'packaging' to
form tissues when there is a certain level of curvature, for example when a fold is formed in a tissue",
explains one of the authors who lead this work, Luisma Escudero, IBIS researcher. “Our research
represented an important paradigm shift, because until then epithelia had always been studied using
mathematical concepts to describe their organization in two dimensions, something that is related to
the connection between cells and how they communicate with each other to form these organs correctly".

“However, we show that epithelial cells can have complex three-dimensional shapes like scutoids, and
cells and organs are indeed three-dimensional. In this article we consider whether there are
mathematical and/or biophysical principles in 3D and, by combining experiments with fly tissues and
computational models of tubular tissues, we have been able to develop a biophysical model that relates,
for the first time, the geometry of the tissue and the physical properties of the cells with how they are
connected to each other”, says Escudero.

The key, the 'social relationships' of cells

Javier Buceta, 12SysBio researcher and co-leader of the study, establishes a simile to explain this new
scientific advance, resorting to Anthropology. “The anthropologist Robin Dunbar determined that
human beings have an average of five close friends that are given by different social and personal factors.
At the cellular level, our article has revealed that there is an 'equivalent’ principle, concluding that the
number of close 'neighbors’ of a cell, that is, its 'close friends', is determined in this case by the geometry
of the tissue and its energy relationships.

"Thus, taking into account a series of energetic, biological and geometric considerations, we have
discovered that, for example, the more connections an epithelial cell has with others, the more energy it
needs to establish new connections with other cells, while if it is little connected to other 'neighbors’, the
cell needs less energy to establish that link”, highlights Buceta.

In this research, the scientists altered tissue, reducing adhesion between cells to put their model to the
test. "This makes the organization change, as it is easier, less costly in energy terms, for cells to make
new contacts,"” says Buceta. The results of the experiments confirmed the quantitative principle
proposed by the researchers.

The researchers point out that, by analyzing the behavior of tissues from the point of view of materials,
other previous works have observed that their 'stiffness' depends on cellular connectivity. “In this way,
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tissues can behave in a more or less viscous way, that is, more solid-like or more fluid-like. Our results
quantitatively show how the geometry of the scutoids determines cellular connectivity and, therefore,
how they can be a biological instrument to regulate the material properties of tissues and organs”,
conclude Escudero and Buceta.

Image | Image 11

In addition to the Institute of Biomedicine of Seville and the Institute of Integrative Systems Biology,
researchers from the University of Seville, Johns Hopkins University, and the University of the Basque
Country, among other institutions, have also participated in this work.
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Attached images:

. Glandular tissue showing epithelial cells forming a tube. The image on the top corresponds to
an image from the microscope. The image on the bottom shows the computer-processed result

that is used to quantify the properties of the tissue.
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1. Under certain conditions, epithelial cells adopt a geometric shape called scutoid. A schematic
scutoid-shaped cell is shown on the left. On the right four scutoid-shaped packing cells are

displayed and reveal that these shapes allow all four cells to be in contact.

IBiS

The Institute of Biomedicine of Seville (IBiS) is a multidisciplinary center whose objective is to carry out
fundamental research on the causes and mechanisms of the most prevalent pathologies in the population and the

development of new diagnostic and treatment methods for them.

IBiS is made up of 42 consolidated groups and 42 associated groups led by researchers from the University of
Seville, the Spanish National Research Council (CSIC) and the Virgen del Rocio, Virgen Macarena and Virgen de
Valme University Hospitals; organized around five thematic areas: Infectious Diseases and the Immune System,
Neurosciences, Onco-hematology and Genetics, Cardiovascular and Respiratory Pathology / Other Systemic

Diseases; and Liver, Digestive and Inflammatory Diseases.

IBIS institutionally depends on the Department of Health and Families of the Andalusian Government; the
Andalusian Health Service (SAS); the Department of Economic Transformation, Industry, Knowledge and
Universities; the University of Seville and the Spanish National Research Council (CSIC).

More information

InstitutodeBiomedicinadeSevilla - IBiS
Campus Hospital Universitario Virgen del Rocio
Avda. Manuel Siurot s/n
41013 Sevilla
Tel 682730351
Email: comunicacidn-ibis@us.es
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