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Introduction

Cell migration is a fundamental biological process present in
embryonic development, wound healing, and cancer metastasis,
and understanding its properties is crucial. Our research focuses
on understanding how a substrate’s structural organization can
influence cell migration/morphology.

Past experimental observations have shown that tendon cells
can align themselves with fibers in their surroundings. [2]
Cells in microchanneled hydrogels can also develop aligned
internal structures (F-actin stress fibers) and show increased
elongation compared to cells on plain hydrogels with most cell
nuclei oriented within 20° of the channel direction. [3]

Background

Our study uses computational modeling of cell migration
using a motor-clutch framework, which simulates the
complex interactions between a cell and its extracellular
environment.
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Fig. 1: Motor-Clutch Model Visualization [1]

Components of the motor-clutch model:
Motors: Generate forces within the cell
Clutches: Form connections between the cell and
the extracellular matrix (ECM)
F-actin: Transmits forces from motors to clutches
Substrate: Represents the ECM with defined
stiffness

The substrate was set up with two fiber alignments:

one with a grid structure and one with only
horizontal fibers. (Fig.2 & 3)
Fig. 3: Horizontal Fibers
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Results

Trajectory of the Cell on Grid vs Horizontal fibers

*Simulations ranging from 20-60 minutes with fiber spacing between 502-
2564 nm and Spring constant between 15-150 pN/nm
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Fig. 5:

Cell trajectory analysis shows longer path lengths and increased
displacement in the direction of fiber alignment for the cellin a
horizontal fiber layout compared to those in a grid fiber layout

Cell Orientation on Grid vs Horizontal fibers

Fig. 6: Cell Orientations on Grid Fibers The Grid Fiber Iayout yields no
P P preference to cell orientation at
the end of the simulation. There
appears to be arandom
distribution.
Fig. 7: Cell Orientations on Horizontal Fibers
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Here we see that when cellsareina .
horizontally aligned fiber network,
they are much more likely to orient .,
parallel to fiber direction.

Number of fibers

Cell Area vs Fiber Spacing
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Cells simulated on horizontally oriented fiber networks
exhibited larger average cell areas compared to those on grid-
patterned substrates, contradicting previous experimental
results[2].
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Conclusions

Fig. 10: Cell Displacement
in X vs Y Direction.

The results demonstrate that the
physical structure of the cellular
environment significantly influences
cell behavior.

-Fiber alignment correlates with
displacement, trajectory, and cell
orientation.
-Substrate stiffness impacts cell area
Bl © " “ inversely in this model, indicating that
Points with similar shading share o q q
spring constant and fiber spacing @ recalibration to experimental data
parameters. may be needed.

Grid slope: 1.0979
Horizontal slope: 0.1382

Future Work

-Calibrate the motor clutch model with experimental data and
compare for better results.

-Develop more complex 3D models that better mimic real life
conditions and incorporate multiple cell types/matrix components.
-Experiment using perturbed fiber alignment with variations in slope
and average fiber density/spacing to study its impact on cell
migration.

-Modify the model to have fibers change/react to the forces from cell
migration and study how cell fiber interactions affects cell migration.
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