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Viscoelastic properties of diseased cells are often drastically altered from their healthy
counterparts, most noticeably in cancer cells (1). However, as there is no unifying
experimental method across studies, the reported values for Young’s modulus and viscosity
obtained using atomic force microscopy (AFM)-based methods vary widely. This study
attempts to provide a unifying methodology for AFM of cell material properties and reports on
the effects of various experimental and data analysis methods on the reported cell stiffness. As
cancer cells are often used as model systems with transfected genes for other biological
experiments, the effect of transfection on the viscoelastic properties of the cells is presented.
All experiments were performed with Huh7 hepatic cancer cells (donated by Dr. Mehmet
Ozturk, Bilkent University, TR). With these methodological goals, the various groups probed
were: living non-transfected cells, fixated non-transfected cells, living cells with the
transfection reagent only (ThermoScientific, USA), living cells with an empty plasmid, living
cells with a cytoplasmically-expressed protein (GFP, Clontech Laboratories, USA), and living
cells with a membrane-expressed protein (AST, Genbiotek, TR). The basic method of probing
mechanical properties of cells by AFM is shown in Figure 1. Force spectroscopy and AFM
force-clamp methods were employed using a sharp-tip probe and colloidal probes with
diameters of 10um and 45um (NovaScan, USA). However, because the 45um bead was
comparable to the cell diameter, the current Hertzian model must be revised. With the current
model, the 45um bead data yields Young’s moduli that are two orders of magnitude greater
than the 10um bead. Data analysis methods were: basic Hertzian contact model and a
finite-thickness Hertzian corrected model (2). Figure 2 summarizes the differences in fit
between the Hertzian contact model and the finite-thickness corrected model. Because of the
better fit for the finite-thickness model, it was used in the remainder of the analysis. Figure 3
compares results across different types of AFM probes using a Hertzian model; this shows for
both experimental groups tested, the sharp tip probe showed a 5x greater Young’'s modulus
than the 10um probe. Figure 4 compares all the steps of transfection using the thin-film model,
these results show that, from the empty plasmid transfection state to GFP, a 5x difference in
cell stiffness was found.
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Fig. 1: Example set-up of an AFM cell stiffness experiment.
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Fi?' 3: The difference in Young’'s moduli when using
different types of cantilevers, as shown with two different
transfection groups. The light grey bars are the 10um
collgidal probe, while the dark grey is the sharp-tipped
probe.
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Fig. 2: A typical force curve from an AFM cell stiffness
experiment with the Hertzian and thin-film corrected fits.
The larger figure is the entire force curve, with the Hertzian
fit in green and the thin-film correction fit in red. The inset
figure is zoomed around the contact point (in black) to
show the goodness of fit.
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Fig. 4: Comparison of Young’s moduli among different
transfection groups. NT stands for ‘no transfection.” TR
stands for ‘transfection reagent only.” EP stands for ‘empty
plasmid.” GFP stands for the cytoplasmically-expressed
green fluorescent protein. AST stands for the
membrane-expressed allatostatin protein.



