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Cell stiffness and ROS level alterations in living neurons mediated by p-amyloid
oligomers measured by scanning ion-conductance microscopy.
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Scanning ion-conductance microscopy (SICM) is a scanning probe microscopy technique with nanoscale
resolution which allows for the surface topography investigation of nanoscale structures such as living
cells in conditions close to physiological (Korchev et al., 1997). Apart from topography visualization,
SICM can be used to estimate cell stiffness, which is based on elastic deformation due to colloidal pressure
between nanopipette tip and cell surface, and to measure distribution of reactive oxygen species
(ROS) concentration in cell.

In this work we have investigated alterations in neuron stiffness and ROS level mediated by B-amyloid
oligomers. B-amyloids (AP) are specific molecules, which form amyloid plaques in human brain and are
considered responsible for Alzheimer disease (AD) development (Holmeset al., 2008). Of all
AP isoforms, AB-42 has been most studied and is also widely accepted as main neurotoxic form in
AD (Arbor et al., 2016). The aggregation and accumulation of AB-42 affect many cellular components,
including plasma membrane and subcellular instances (Calamai et al., 2016) (Mokhtar et al., 2013). It is
known that AB-42 increases ROS production, reduces mitochondrial membrane potential and leads to
calcium dysregulation in neurons. The AP oligomers may interact with potential receptors, such as
integrins, and trigger endocytosis (Verdier et al., 2004). Some studies also show that the cytoskeleton of
the neuron may also be influenced by the AB-42 oligomer. The cytoskeleton is a fibrous network mainly
composed of microtubules, microfilaments and intermediate filaments. AB-42 is reported to cause
cytoskeleton modifications such as microtubule disassembly or actin polymerization, which results in
spine and synapse degeneration in neurons (Ungureanu et al, 2016) (Qi Gao et al.,
2019). These effects lead to the alterations in cell mechanical properties which can be estimated with
SICM technique.

Using SICM we have estimated the Young’s modulus and ROS concentration in control cells, after 4
hours and overnight treatment with 10 uM AB-42 oligomers in hippocampal neurons of rat. Our data
show that incubation with AB-42 leads to drastic increase both in neuron
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stiffness and intercellular ROS level. It is known that incubation with A oligomers results in significant
increase in fibrillar actin (Mendoza-Naranjo et al., 2006), which may contribute to cell stiffness measured
with SICM. Disrupted calcium homeostasis caused by AB-42 results in Rho GTPases activation, which
are key regulators of F-actin polymerization (Bishop and Hall, 2000). At the same time, AB-42 induces
mitochondrial fission in neurons and increases ROS production. Thus, using SICM technique we can
confirm AB-42-induced alterations on stiffness and ROS level in hippocampal neurons.
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Figure 1. Topography alterations in hippocampal neurons of rat after treatment with Ap-42 oligomers
measured with SICM.

Figure 2. Stiffness alterations in hippocampal neurons of rat after treatment with AB-42 oligomers
measured with SICM.
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