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The Effect of the Kind of Attachment of Primary Cilium to Cell in Its Response to the
Fluid Flow: A 3D Computational Simulation

A. Abbasszadeh Rad*, B. Vahidi?®
"Master Student, Biomedical Engineering-Biomechanics, Faculty of New Sciences and Technologies, University of Tehran, Tehran.
2Assistant Professor, Biomedical Engineering, Faculty of New Sciences and Technologies, University of Tehran, Tehran.

Abstract

The primary cilium is an organelle which extends out of the cell surface like an antenna and is known as cell
sensor. Upon flow of fluid over the cell surface, primary cilium bends which results in strain and activation
of ion channels. Thus, cell is able to sense the surrounding fluid flow. In this study a novel model which
accommodates for both pivoting and bending of cilium in response to the fluid flow was presented. In this
3D model primary cilium is attached to the cell using a thin elastic layer which is a kind of boundary
condition. The domain of the cilium is modeled with linear elastic material and finite element method was
used along with fluid-structure interaction tegniques to solve the fully coupled governing equations. The
maximum stress obtained at the base of the cilium is between 10 to 50 kPa depending on the stiffness of the
elastic layer. Results show that application of this boundary condition causes the maximum stress and strain
to move from the inner parts of the ciliary base to the lateral parts of it. That is why this model is able to
better explain the sensitivity of response of the primary cilium to mechanical stimuli.

Keywords: Primary Cilium; Thin Elastic Layer; Mechanosensation; Fluid-Structure Interaction
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