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ABSTRACT

Autosomal recessive spastic ataxia of Charlevoix-Saguenay (ARSACS) is a movement disorder caused by loss-of-
function mutations in the sacsin gene. The most common hallmark of this disease is the disruption of interme-
diate filament networks in cells as diverse as neurons, kidney cells, fibroblasts, astroglia and microglia. Inter-
mediate filaments are the main filaments responsible for the mechanical and viscoelastic properties of cells and
tissues, but these have never been investigated in the context of ARSACS. Here, we analyzed the consequences of
sacsin loss on the mechanical functions of astroglial-like C6 cells. The phenotype of C65~/~ cells was analyzed
by immunocytochemistry, electron microscopy, mass spectrometry, atomic force microscopy and motility/pro-
liferation assays. C653~/~ cells presented an abnormal cytoskeletal and organelle distribution, global proteome
alterations linked to cell motility and mechanics, a significant decrease in cell elasticity in the cytoplasm, and a
striking reduction in cell motility. These mechanical alterations in glial-like cells could be especially relevant for
neuroinflammation and glial scar formation upon CNS injury. Our results support a possible role for alterations in
glial functions in ARSACS and provide new tools for understanding the glial-specific mechanisms involved in this

movement disorder.

1. Introduction

Loss-of-function mutations in the Sacsin chaperone cause autosomal
recessive spastic ataxia of Charlevoix-Saguenay (ARSACS), a rare
movement disorder [1,2]. Sacsin is a very large, multidomain protein
with sequence homology to molecular chaperones, suggesting a role in
protein quality control and cytoskeletal regulation [3-5]. The presence
of Ubiquitin-like and J domains in its structure originally suggested that
sacsin could be integrated in the ubiquitin-proteasome system [6]. Later
computational and structural analyses confirmed this suspicion,
revealing nucleotide-binding ATPase activity similar to the chaperone
HSP90 [7-11]. Additionally, sacsin loss could also affect proteostasis
pathways in an indirect manner, as it induces the relocalization of

chaperones (e.g., HSP70), ubiquitin, and autophagy-lysosome pathway
proteins (Lamp2 and p62) and an increased autophagic flux [3]. We
recently observed that sacsin loss produces an overexpression of the
S100B protein in C6 rat glioblastoma cells, which also displays chap-
erone activity and partially compensates for sacsin function in these cells
[12].

Although sacsin is generally described as a neuronal protein
expressed at high levels in Purkinje cells, elevated expression levels have
also been reported in astroglial and microglial cells [12-17]; and The
Protein Atlas, Harmonizome and BrainRNASeq public databases], indi-
cating a broader role for sacsin in central nervous system (CNS) cell
types. ARSACS brains show indicators of neuroinflammation and
astroglial reactivity [17], suggesting a possible role for glial cells in
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ARSACS.

Astroglial cells become hypertrophic in response to CNS insults, and
in severe cases, they proliferate, migrate and close the wound, forming a
glial scar that prevents further damage [18]. These phenomena require
resistant, flexible and dynamic structural and mechanical glial cell
components. Intermediate filaments (IFs) play a significant role in
maintaining the mechanical and viscoelastic properties of cells [19],
which are important for a wide range of cellular functions, such as cell
migration, division, and differentiation [20] and membrane organelle
homeostasis [21-23]. Disruption of the IF cytoskeleton and membrane
organelle distribution are largely the most common hallmarks in all
cellular and animal models of ARSACS [3-5,12,14,15]. Loss of sacsin in
patients’ fibroblasts, HEK293 human kidney cells, HMC3 human
microglial cells and C6 rat glioblastoma cells induces juxtanuclear
accumulation of the IF vimentin [3,12,14,15] and produces a relocali-
zation of the proteostasis machinery (e.g. ubiquitin, HSP70, Lamp2,
p62/SQSTM1) to these IF accumulates [3]. Alterations in IF networks
are associated with at least 80 different human pathologies, some of
which are similar to ARSACS and involve astroglial dysfunction, such as
Alexander’s disease and giant axonal neuropathy [24,25].

Here, we extend our previous observations on the C6 astroglial-like
model of ARSACS [12,14], reporting a series of biochemical and bio-
physical alterations in mechanical structures upon sacsin
loss-of-function that could be relevant to glial dysfunction in ARSACS.

2. Methods
1 Cell Cultures

C6 (rat, glioblastoma, astroglial-like) cells were acquired from ATCC
(Ref. CCL-107). Cells were maintained in DMEM medium supplemented
with 10 % v/v Fetal Bovine Serum (FBS), 1 % i-glutamine and 1 %
Penicillin and Streptomycin mix and maintained at 37 °Cin a 5 % CO»
atmosphere. Sacsin knockout was achieved as previously described,
using a CRISPR/Cas9 tool commercially available (Santa Cruz Bio-
technologies) and a FACSAria III cell sorter (BD Biosciences) [14,15].
Cells were plated on different sterile plastic dishes or on sterile glass
coverslips and allowed to adhere for 16-24 h before experiments and/or
sample preparation. When indicated, cells were transfected 24 h after
seeding with mammalian expression plasmids to visualize Golgi
(EYFP-Golgi7, Addgene, # 56590), using JetPRIME transfection reagent
(Polyplus transfection, Illkirch, France) at 1:3 transfection ratios.

2. Fluorescence Microscopy

Cells grown on coverslips on 24-well plates were washed with Dul-
becco’s Phosphate Buffered Saline (DPBS; San Marcos, TX, USA) and
fixed with methanol for 15 min at —20 °C. Cells were then washed with
DPBS (3 x 5 min) and permeabilized with 0.1 % Triton X-100 in DPBS
for 10 min. After 3 washes with DPBS, cells were blocked with 1 % BSA
in DPBS-T for 1 h at room temperature. Afterwards, incubation with
primary antibodies (1:1000) against Nestin (sc-33677, Santa Cruz Bio-
technologies) or Plectin (sc-33649, Santa Cruz Biotechnologies) was
carried out overnight at 4 °C in a dark wet chamber. Cells were washed
with DPBS for 5 min and incubated with the corresponding Alexa Fluor-
conjugated secondary antibodies for 2 h at room temperature. Nuclei
were counterstained with Hoechst 33342 (Molecular Probes, Willow
Creek Rd Eugene, OR, USA); mitochondria with Mitoview™ Fix 640
(Biotium; Fremont, CA, USA); actin with SiR-actin (Spirochrome); and
tubulin with Tubulin Tracker (Invitrogen). The coverslips were mounted
on microscopy slides and imaged using a Leica DMI4000B widefield
Microscope, equipped with a x63 oil objective HCX PL APO and a Leica
DFC365 FX 1.4 MP CCD camera (6.45 x 6.45 pm/pixel). Images were
analyzed with the ImageJ/Fiji software (Rasband, W.S., ImageJ, U. S.
National Institutes of Health, Bethesda, Maryland, USA, https://imagej.
net/ij/, 1997-2018). Golgi scattering was measured as the percentage of
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cells showing ring-like distribution, number of distinguishable Golgi
fragments and area of these fragments. Plectin redistribution was
measured by the percentage of cells showing absence of plectin in the
perinuclear area, and by the loss of fluorescence in this area.

3. Electron Microscopy

The preparation of samples and imaging by transmission electron
microscopy were performed at the Electron Microscopy Facility at the
Gulbenkian Institute for Molecular Medicine. Briefly, cells were grown
for 24 h on coverslips and fixed on 2 % w/v formaldehyde/2.5 % w/v
glutaraldehyde in 0.1 M phosphate buffer pH 7.4 for 45 min on ice.
Samples were then washed with 0.1 M phosphate buffer three times, and
post-fixed with 1 % w/v 0sO4/1.5 % K ferro for 30 min on ice in the
dark. Samples were washed and stained with 1 % Tannic acid for 20 min
on ice, washed and incubated with 0.5 % uranium acetate for 1 h at
room temperature in the dark. Samples were dehydrated in increasing
concentrations of ethanol and then infiltrated and embedded in Epon
resin. The resulting blocks were then cut into 70 nm thick sections using
a Leica UC7 ultramicrotome equipped with a Diatome diamond knife.
These sections were subsequently mounted onto copper slot grids coated
with formvar and carbon. Pictures were taken in a FEI Tecnai G2 Spirit
BioTWIN (120 keV) microscope equipped with an Olympus-SIS Veleta
CCD Camera.

4. Total protein extraction

Cells seeded in 35 mm dishes were washed with DPBS (Cytiva;
Marlborough, MA, USA) and lysed using a Native lysis buffer (150 mM
NaCl, 50 mM Tris-HCl pH 7.4/7.5) supplemented with cocktails of
protease inhibitors (Protease Inhibitor cocktail EDTA free, Abcam,
Cambridge, UK) and phosphatase inhibitors (Halt Phosphatase Inhibitor
Single-use cocktail, Thermo Fisher Scientifics, Waltham, MA, USA).
Cells were scraped from the surfaces of the plates into microcentrifuge
tubes and incubated for 10 min in ice. A UP200s sonicator (Hielscher
Ultrasonics GmbH, Teltow, Germany) was used to disrupt cell mem-
branes for 10 s to release intracellular proteins. Cells were then centri-
fuged at 10,000xg for 10 min at 4 °C and the soluble protein fraction
was collected. Protein concentration was quantified by the Bradford
method on a 96-well plate (Orange Scientific; Braine-1’Alleud, Belgium).
A standard curve with known concentrations of bovine serum albumin
(BSA, 0.125-2 pg/uL) was used to determine protein concentration.
Samples were incubated with 200 pL of Bradford solution (Alfa Aesar,
Ward Hill, MA, USA) for 5 min and then read at 595 nm in the absor-
bance microplate reader Sunrise (Tecan, Mannedorf, Switzerland).

5. Mass spectrometry

Label-free proteomics [26,27] was conducted on C6 and C653~/~
native protein extracts to identify possible alterations in our glial cell
model of ARSACS. Briefly, total protein samples (20 pg) were diluted
with 8 M urea in 100 mM ammonium bicarbonate (pH 7.8) and pro-
cessed via Nanosep™ filters (10 kDa cutoff), with buffer exchange per-
formed over five cycles (200 pL, 12,000 rpm, 5 min). Reduction was
carried out with 100 mM DTT (56 °C, 50 min), followed by alkylation
with 500 mM IAA (30 min in the dark). The buffer was then replaced
with 100 mM ammonium bicarbonate (four cycles). Proteolysis was
performed via trypsin/LysC (1:50 enzyme-to-substrate ratio) at 37 °C for
16 h. Peptides were sequentially eluted with 100 mM ammonium bi-
carbonate and 0.5 % formic acid, concentrated via a SpeedVac and
cleaned with in-house C18 stage tips. The final peptides were stored in 5
% acetonitrile/0.1 % formic acid for LC/MS analysis. Peptides were
analyzed via a nano Elute™ UHPLC coupled with an Impact II™
QqTOF-MS. Separation was achieved on a Bruker fifteen™ column with
a 120 min gradient (300 nL/min, 40 °C). Mass-specific acquisition was
performed in data-dependent mode with a 3-s cycle, and the spectra
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were recalibrated via sodium formate. The raw MS data were processed
in MaxQuant (v2.2.0.0) against the UniProt Rattus norvegicus database
(<1 % FDR) [23]. Fixed modifications included carbamidomethylation,
whereas oxidation and acetylation were variable. Label-free quantifi-
cation (LFQ) normalization was performed with a minimum ratio of 2.
LFQ values were used to quantify proteins with at least two LFQ values
in one replicate group and more than one unique peptide. The
log2-transformed LFQ values were normalized to the median number of
proteins detected in all the samples. Missing value imputation was
applied with the knn algorithm (1 missing replicate) or with the mini-
mum LFQ of each sample (>1 missing replicate). Differential expression
was tested with the limma R package [28]. Adjusted p values < 0.05
were considered significant. The R code is available at https://github.
com/GamaPintoLab/sacsin/. Functional enrichment analysis was per-
formed with the Database for Annotation, Visualization and Integrated
Discovery (DAVID, https://david.ncifcrf.gov/).

6. Atomic Force Microscopy

The elasticity of 211 C6 cells and 168 C65~/~ cells from 6 inde-
pendent experiments was analyzed via atomic force microscopy with a
PicoLE Molecular Imaging system from Agilent Technologies (Keysight
Technologies, Inc., Santa Rosa, CA, USA). CP-qp-SCONT-SiO-A nano-
electrode cantilevers with a nominal stiffness of 0.01 N/m and a nominal
tip radius of 1 pm were used in all the experiments. To reduce bias due to
different cantilever stiffnesses, the same cantilevers were used to mea-
sure both C6 and C653~/~ cells in each experiment. To measure the
mechanical properties of full cell bodies, we used grids of 32 x 32
approach/retract force-displacement curves in the range of approxi-
mately 30 pm. To determine the Young’s modulus (Eg) of the cells, we
used the Hertz contact model to fit the contact portion of the approach
force curve, as explained elsewhere [29].

7. Migration assays

For wound healing assays, C6 and C6%%~/~ cells were seeded into
35 mm glass bottom dishes in a standard growth medium. Cells were
allowed to adhere for 16-24 h, and then the confluent monolayer was
gently scratched across the centre of the dish with a sterile pipette tip (@
= 0.1 mm) and washed with PBS. The scratch-injured cells were incu-
bated at 37 °C and 5 % COz. The wound healing was evaluated using
phase-contrast images acquired at 0, 5 and 24 h post-scratch with a Leica
DMI6000 B widefield Microscope equipped with a x20 objective HC PL
FLUOTAR and a Monochrome CMOS camera 4.0 MP (2048 x 2048
pixels). We determined the scratch area with the Wound_healing size -
tool plugin of ImageJTM software [30]. We calculated the percentage of
wound closure according to the equation:

Ao — Ar=ar

Wound Closure% = ( >x100%

t=0

Where A, is the initial wound area, A; — 4; is the wound area after n
hours of the initial scratch, both in pm?.

Transwell assays were carried out as previously described [31], with
small modifications: Cells had serum-free DMEM in the inner chamber
and complete medium in the outer chamber, using FBS as chemo-
attractant to promote cell migration; and cells were fixed 24 h later with
paraformaldehyde 4 % w/v instead of ethanol (70 % v/v). For imaging,
cells were stained with Hoechst, as described above, and visualized at
20x magnification.

8. Cell cycle analysis
For cell cycle analysis, C6 and C652°~/~ cells were seeded in 6-well

plates (5 x 10° cells/well) in a standard growth medium for 48 h.
Adherent cells were collected by trypsinization and centrifugation, and
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fixed by adding ice-cold 70 % ethanol dropwise and incubating over-
night at 4 °C. Cells were centrifuged at 500xg for 5 min, washed twice
with PBS, and resuspended in a propidium iodide solution (50 pg/ml in
PBS) containing RNase A (100 pg/ml). After 20 min of incubation at
37 °C, cells were analyzed using a FACSCalibur flow cytometer (BD
Biosciences, Franklin Lakes, NJ, USA). Ten thousand events were
recorded for cell cycle analysis with the Floreada online software
(https://floreada.io/).

3. Results and discussion

Sacsin deletion in C6 cells induces disorganization and juxtanuclear
accumulation of the three main glial IFs [14], and here we use nestin as a
surrogate (Fig. 1A). The Golgi apparatus also becomes dispersed upon
sacsin deletion, becoming distributed around IF aggregates (Fig. 1A and
B). Near 60 % of cells show nestin accumulation and Golgi scattering,
and the Golgi apparatus undergoes an apparent fragmentation in smaller
vesicles (Fig. 1B and C). These results reproduce perfectly previous re-
ports analyzing the consequences of sacsin loss in ARSACS patient fi-
broblasts and HEK293 cells [3].

Plectin, a crucial linker protein between IFs and various cellular
components, has been identified as a sacsin interactor, and its distri-
bution is altered by sacsin loss in Purkinje cells, fibroblasts and SHSY5Y
cells [17]. In our C6%2°~/~ model, plectin also showed a change in its
cellular distribution, being absent from the juxtanuclear region where
the IFs accumulate in 40 % of cells, similar to mitochondria (Fig. 1D and
E). This finding is consistent with reports showing that plectin coloc-
alizes with mitochondria in striated muscle [22] or directly binds to both
vimentin and mitochondria [21]. We do not observe major alterations in
actin or tubulin distribution or morphology (Suppl. Fig. 1), certainly
nothing as striking as the disorganization of IFs, plectin and membrane
organelles. However, we cannot rule out more subtle changes in either
structure or dynamics of microfilaments and microtubules. Our results
suggest that juxtanuclear IF accumulation pushes plectin, mitochondria
and the Golgi apparatus out of dense IF bundles.

Such striking structural changes could either produce or be indica-
tive of global molecular alterations in C6%~/~ cells, as has been
observed in other cell and animal models of ARSACS [33-36]. In order
to characterize possible global alterations in our glial cell model, we
carried out mass spectrometry analysis of total proteins from C6 and
€653/~ cells in three independent cultures. To avoid bias due to
variability between experiments, we focused our analysis only in those
proteins that were common to the three independent replicates (Suppl.
Fig. 2A). After removal of redundant hits, we identified 1552 proteins by
mass spectrometry: 1490 common to both C6 and C652%~/~ cells, 103
unique to C6 reference cells and 30 exclusive to C652~/~ cells (Suppl.
Fig. 2A). Among these, the expression of 140 proteins significantly
differed between C6 and C65~/~ cells: 104 were downregulated, and
36 were upregulated (Fig. 1F, Suppl. Fig. 2B and C). Differentially
expressed proteins were further analyzed by functional enrichment of
gene ontology terms (a full list is provided in Suppl. Fig. 3).

The differentially expressed proteins were enriched in processes such
as cell adhesion and migration, the cellular response to mechanical
stimuli or the negative regulation of cell proliferation (Fig. 1G). In the
cellular component, differentially expressed proteins play a role in
structural integrity (e.g., cytoskeleton, filopodium, podosomes and
stress fibers) and cellular connection and communication (e.g., cell-cell
adherens junctions and focal adhesion proteins) (Fig. 1H). Filopodia,
podosomes and stress fibers are structures closely related to actin mi-
crofilaments [32], and therefore the hypothesis that microfilament dy-
namics are somewhat altered deserves a more detailed analysis in the
future. These results are consistent with disorganization of the IF net-
works and alterations in the mechanical properties of cells and resemble
the proteome and transcriptome profiles found in other cell and animal
models of ARSACS [33-36].

IFs are essential for maintaining the mechanical and viscoelastic
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Fig. 1. Sacsin deletion causes severe cytoskeletal-related alterations in C6 astroglial-like cells. (A,B) Representative immunofluorescence (A) and electron
microscopy (B) images showing the distribution of Golgi apparatus, mitochondria, and intermediate filaments in C6 and C6%*~/~ cells. Cells were transfected with
EYFP-Golgi7 (green) and immunostained with an antibody against nestin (magenta). Mitochondria (red) and nuclei (blue) were counterstained as described in
Methods. Scale bars, 20 pm (immunofluorescence) and 1 pm (electron microscopy. Regions in white squares were magnified (Zoom) to exemplify normal and
scattered Golgi distribution in both immunofluorescence and electron microscopy images. (C) Graphs show the mean + SEM of at least 3 independent experiments, as
indicated. Nestin: n = 4, a total of 588/995 C6/C6%~/~ cells. Golgi: n = 3, 344/322 C6/C652“/~ cells. Morphometric analysis of EYFP-Golgi7—labeled Golgi
fragments was performed using the “Analyze Particles” plugin in ImageJ. (D) Representative immunofluorescence images showing the distribution of plectin in C6
and €653~/ cells. (E) Line scan analysis of plectin fluorescence intensity along the nuclear-cytoplasmic axis (0-15 pm), performed using the “Plot Profile” plugin in
Fiji (ImageJ). The black dashed line marks the nuclear—cytoplasmic boundary at 7.5 pm. Graph shows the mean fluorescence intensity + SD of C6 (orange) and
€652/~ (blue) cells (n = 61 cells per group). C652°~/~ cells exhibit elevated cytoplasmic plectin intensity with two distinct peaks (red arrows), whereas C6 cells
display a single peak (black arrow), indicating altered plectin subcellular distribution following SACS deletion. A statistically significant difference in fluorescence
intensity was detected in the peripheral cytoplasm (position >12 pm), as determined by two-way ANOVA followed by Holm-Sidék’s multiple comparisons test. (n =
3, 464/697 C6,/C657~/~ cells). Cells with this altered plectin distribution were quantified and represented in the bar graph. *, significant vs. C6 reference strain (p <
0.05, Student’s t-test). (F) Differentially expressed proteins. Black, unchanged proteins; red, upregulated; blue, downregulated; the horizontal dashed line indicates

adjusted p-value = 0.05. (G, H) Functional Enrichment Analysis of Gene Ontology terms. Terms with adjusted p values < 0.05 were selected.

properties of cells [19,20], but these properties have never been tested
in ARSACS models. This approach allowed us to produce a topology
map, i.e., the height of the different sections of the cell body a given
amount (Fig. 2A), as well as an elasticity map, i.e. a measure of the
pressure needed to deform the different sections of the cell body
(Fig. 2B), for each cell. The highest point of the cells corresponded to the
location of the nucleus, which later served as a reference for comparison.
In Fig. 2C, R is the radial distance from the highest point. We thus
confirmed a significant decrease in the apparent Young’s modulus of
€652/ cells as we moved farther from the nucleus. When the radius R
was lower than 5 pm around the highest point (Fig. 2C, top graph),
which was still on top of the nuclei, elasticity was similar in both cell
strains. When the radius is less than 10 pm, including the perinuclear
region of the cytoplasm, elasticity is already significantly lower in cells
lacking sacsin. The difference in elasticity reaches its maximum beyond
this region in the cytoplasm (Fig. 2C, bottom graph). These results
further support the structural alterations we described in the cyto-
plasmic cytoskeleton, leading to lower elasticity and greater stiffness of
the cytoplasmic regions. In contrast, the elasticity of the nuclear region,
which is supported mainly by nuclear lamin IFs, seems unaffected by
sacsin loss. This is consistent with no overt changes in lamin B distri-
bution (Suppl. Fig. 4), although we cannot rule out more subtile alter-
ations in nuclear IF dynamics.

The widespread mechanical and cytoskeletal alterations described in
C6 cells upon sacsin loss could strongly impact cell proliferation and
motility, and these astroglial functions are especially relevant in severe
neuroinflammation [18]. To evaluate this possibility, we carried out
migration assays (Wound healing and Transwell) and cell cycle analysis
of C6 and C6%%~/~ cells. Consistently, C65~/~ cells presented a
significantly delayed wound closure response already 5 h after scratch
(Fig. 2D and E), when the contribution of proliferation should be min-
imal in comparison to migration events. This delayed response is
maintained after 24 h (Fig. 2D and E). Transwell assays, where the
capability of cells to go through 5 pm pores is measured, confirmed the
alteration in cell motility in C653~/~ cells (Fig. 2D-F).

Finally, a decrease in the proportion of cells in the GO/G1 phase and
a greater proportion of cells in the G2/M phase was also observed 48 h
after seeding (Fig. 2G). These results strongly suggest that sacsin loss
disrupts both C6 proliferation and motility.

To the best of our knowledge, this is the first time that changes in cell
topography, viscoelasticity and motility are reported in the context of
ARSACS. Sacsin loss-of-function systematically and reproducibly dis-
rupts IF networks [3-6,12,14,15], and IF networks are the main
responsible for the viscoelastic properties of cells [19,20]. IFs form a
flexible cage that provides mechanical resistance to both cells and tis-
sues, but also contributes to cell motility [19,20]. Silencing of vimentin,
nestin and/or GFAP inhibits proliferation and migration of primary
astroglia and cancer cells [37-39]. Cell migration is a major phenome-
non during CNS development, as neural precursor cells often produce
new cells far from their final destination [40]. ARSACS is an early onset

disease, with symptoms appearing early after birth [1,2], and ARSACS
brains are therefore expectable to have -yet undetected-alterations
before birth. If sacsin loss disrupts neural precursor cell motility, this
could have dire and early consequences in CNS function. IFs are also
involved in neuroinflammation, another process where cell motility
plays a key role [18], and neuroinflammation has been observed in later
stages of ARSACS mice [17]. Our results could lay the groundwork for
future studies in this direction in embryonic stages of ARSACS mice.

In summary, our results support the idea that widespread alterations
in the cytoskeletal networks in our glial cell model of ARSACS have
biologically relevant, deleterious consequences on the mechanical
properties of cells, including proliferation and motility. These properties
of glial cells are key during CNS development and neuroinflammation
and glial scar formation, and point to a possible role for glial cell
dysfunction in ARSACS. Further analysis of the glial-specific functions of
sacsin should be carried out to determine the extent of its contribution to
ARSACS symptoms and histopathological features.
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Fig. 2. Mechanical alterations caused by sacsin loss and IF disorganization in C6 cells. (A) Topology of representative C6 and C65~/~ cells. The color code of
the contour plot indicates height (Z dimension) in nm. The X and Y axis indicate distance in these two horizontal dimensions in pm. (B) Contour Plot of the elasticity
modulus (in Pascals, Pa) of representative C6 and C65%™/~ cells in (A). The X and Y axis indicate distance in these two horizontal dimensions in pm. Scale bar, 5 pm.
(C) Elastic modulus (EO, in Pascals) obtained within a radius of 5 pm (top graph), 10 pm (middle graph) and between 10 and 20 pm (bottom graph) from the cell top,
respectively. R = distance from the cell top. (D) Representative microscopy images were acquired at 0, 5 and 24 h after scratch (Wound healing assays, Scale bar, 75
pm) or 24 h after seeding (Transwell assays, Scale bar, 100 pm). (E) Quantification of the percentage of wound closure 5 and 24 h after scratch (n = 3, mean + SEM),
by means of the Wound healing size tool plugin of ImageJTM software. (F) Quantification of the proportion of cells crossing the 5 pm pore membranes versus
reference C6 cells. (G) Representative cell cycle profiles of C6 and C65°°~/~ cells based on the intensity of DNA staining by propidium iodide; and quantitative
analysis of the distribution of the cells in each phase of the cell cycle. Data are represented as the mean + SEM (n = 4). *, significant vs. C6 reference strain (p < 0.05,
Student’s t-test). Flow cytometry data were analyzed by means of Floreada online software (https://floreada.io/).
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