Author’s Accepted Manuscript

An Investigation of the Viscoelastic Properties and
the Actin Cytoskeletal Structure of Triple Negative
Breast Cancer Cells

Jingjie Hu, Yuxiao Zhou, John D. Obayemi, Jing
Du, Winston O. Soboyejo

PIIL: S1751-6161(18)30737-9
DOI: https://doi.org/10.1016/.jmbbm.2018.05.038
Reference: JMBBM2815

To appear in:  Journal of the Mechanical Behavior of Biomedical Materials

Received date: 11 January 2018
Revised date: 17 May 2018
Accepted date: 28 May 2018

Cite this article as: Jingjie Hu, Yuxiao Zhou, John D. Obayemi, Jing Du and
Winston O. Soboyejo, An Investigation of the Viscoelastic Properties and the
Actin Cytoskeletal Structure of Triple Negative Breast Cancer Cells, Journal of
the Mechanical Behavior of Biomedical Materials,
https://doi.org/10.1016/j.jmbbm.2018.05.038

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.


http://www.elsevier.com/locate/jmbbm
https://doi.org/10.1016/j.jmbbm.2018.05.038
https://doi.org/10.1016/j.jmbbm.2018.05.038

An Investigation of the Viscoelastic Properties and the Actin Cytoskeletal Structure of Triple
Negative Breast Cancer Cells

Jingjie HU®®, Yuxiao Zhou®, John D. Obayemi®?, Jing Du®, Winston O. Soboyejo®>%¢"

# Department of Mechanical and Aerospace Engineering, Princeton University, Olden Street,
Princeton, NJ 08544, USA

® Princeton Institute of Science and Technology of Materials (PRISM), Princeton University, 70
Prospect Street, Princeton, NJ 08544, USA

¢ Department of Mechanical and Nuclear Engineering, Penn State University, 136B Leonhard
Building, University Park, PA 16802, USA

9 Department of Mechanical Engineering, Higgins Lab, 100 Institute Road, Worcester Polytechnic
Institute (WPI), Worcester, MA 01609, USA

¢ Department of Biomedical Engineering, Gateway Park Life Sciences Center, 60 Prescott Street,
Worcester Polytechnic Institute (WPI), Worcester, MA 01605, USA

*Corresponding author. Winston O. Soboyejo: Address: Atwater Kent 128, 100 Institute Road,
Worcester, MA 01609, USA. Phone: 508-831-4694; Fax: 508-831-5680. wsoboyejo@wpi.edu

Abstract

An improved understanding of the evolution of cell structure and viscoelasticity with cancer
malignancy could enable the development of a new generation of biomarkers and methods for
cancer diagnosis. Hence, in this study, we present the viscoelastic properties (moduli and
viscosities) and the actin cytoskeletal structures of triple negative breast cancer (TNBC) cells
with different metastatic potential. These include: MCF-10A normal breast cells (studied as a
control); MDA-MB-468 cells (less metastatic TNBC cells), and MDA-MB-231 cells (highly
metastatic TNBC cells). A combination of shear assay and digital imaging correlation (DIC)
techniques is used to measure the local viscoelastic properties of live breast cells subjected to
constant shear stress. The local moduli and viscosities of the nuclei and cytoplasm are
characterized using a generalized Maxwell model, which is used to determine the time-dependent
creep responses of cells. The nuclei are shown to be stiffer and more viscous than the cytoplasms
of the normal breast cells and TNBC cells. The MCF-10A normal breast cells are found to be
twice as stiff as the less metastatic MDA-MB-468 breast cancer cells and over ten times stiffer
than the highly metastatic MDA-MB-231 breast cancer cells. Similar trends are also observed in
the viscosities of the nuclei and the cytoplasms. The measured differences in cell viscoelastic
properties are also associated with significant changes in the cell cytoskeletal structure, which is
studied using confocal fluorescence microscopy. This reveals significant differences in the levels
of actin expression and organization in TNBC cells as they become highly metastatic. Our results
suggest that the shear assay measurements of cell viscoelastic properties may be used as effective
biomarkers for TNBC diagnosis and screening.
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