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Materials and methods

1. Cell culture

Human breast adenocarcinoma cell lines (SKBR3, MCF7, BT474 and MDA-MB231) were
obtained from the American Type Culture Collection (ATCC) and have been previously
classified according to their invasive potential in Boyden chamber assay.'> Tumor formation and
metastasis have been studied in vivo in athymic nude mice on these breast cell lines. For SKBR3
cells, 10-week period after tumor cell injection, no palpable tumors were observed in any of the
athymic nude mices.”* At the opposite, primary tumors formed from MCF7, BT474 and MDA-
MB231 cells.*® However, MCF7 and BT474 cells have non metastatic abilities contrary to
MDA-MB231cells.*’

Cells were grown at 37°C in a humidified atmosphere of 5% CO; in T-75 culture flasks in
RPMI 1640 containing 10 mM Hepes, and Glutamax (Invitrogen), supplemented with 10% Fetal
Calf Serum (FCS, Invitrogen), 50 units/ml Penicillin and 50 pg/ml Streptomycin (Invitrogen).
Medium was changed every three days. At subconfluence, cells were dissociated with 0.25%

trypsin, 0.02% EDTA (Invitrogen).

2. AFM experiments
2.1. Cells preparation

For AFM cell adhesion assay, two areas were defined by cloning rings in the center of a 10
cm® TPP Petri dish: the first one to obtain individual adherent cells on fibronectin coating after
24h, and the second one to prepare non adherent cells on a bovin serum albumin (BSA) coating.
Briefly, the previous day, the first area was coated for 1 hour at 37°C with 20 pg/ml human
fibronectin in phosphate buffered saline (PBS), washed twice with PBS. 15000 cells were then
seeded and cultured in complete RPMI medium at 37°C in 5% CO,. 24 h later, just before
removing the rings for AFM experiments, these cells were washed twice with RPMI without
FCS.

The day of AFM measurements, the second area was coated with 1% BSA in PBS for 1 hour
at 37°C, and washed twice with PBS. New trypsinized cells were incubated for 1h30 in complete
RPMI medium, then placed in RPMI without FCS, and seeded at 10000 cells on the BSA
coating, where cells did not spread for at least 3h. Just before AFM experiments, 2 ml of CO;
independent medium were placed in the Petri dish and the rings were removed. The cells were

left to equilibrate in measurement medium at 37°C for 30 min prior to use.
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2.2. Data acquisition

The mechanical measurements are done on the CellHesion 200 apparatus (JPK Instruments,
Germany), which provides a very large vertical piezoelectric range of 100 pm®, mounted on a
Zeiss inverted optical microscope with a controlled temperature of 37 C. We use Nanoworld
tipless cantilevers with the nominal spring constant of 30 mN/m, the exact value for each
cantilever is deduced from the thermal tuning method.” For each cell line from 1 to 3 cantilevers
were used.

The cantilevers are covered by concanavalin A (0.05% solution for 30 min) in order to
promote cell attachment. Such a cell-adherent cantilever is brought into contact with a cell,
placed on the BSA-covered zone of Petri dish (providing low adhesion to the substrate). A
contact duration of 30 s at 2.3 nN allowed immobilizing the cell on the cantilever end. The cell-
modified cantilever is further used to probe either the FN-covered part of Petri dish or cells
adhering on FN. We performed approach-retraction with a ramp size of 50 um, cantilever speed

of 5 um/s, contact time of 2 s and force setpoint of 2.3 nN.

We performed the AFM experiments at a velocity of 5 um/s. What about the physiological
significance of this value on cells? Cancer cells in intravital imaging studies, display a wide
range of dynamics and migration modes, through cohesive tissues. Their velocities range from
0.01 to 10 pm/s, and the collective migration modes are slower than others (for review'®). In
these shear-free environments, cells control their motility in interaction with their environment.
Recently, it has been observed in vitro an unexpected tether formation from very invasive cell
aggregates in the lack of external applied forces''.

In blood vessels, cells are exposed to shear stresses. Experiments using transgenic zebrafish
show that the initial arrest of metastatic cells in small vessel (5-14 um) is due to vessel size
restrictions; then, after adhesive interactions, an active intravascular migration against blood
flow precedes extravasation'’. In contrast, it has been demonstrated that leukocytes must be
slowed by temporary interactions with the vascular endothelium (the rolling) before arrest and
extravasation. The velocity of leukocytes when roll along the wall of inflamed venules, was
evaluated at 4.8 pm/s", and tether formation is essential for their rolling'*.

As intravital imaging studies on animal models mainly showed until now a single isolated cell
dissemination in epithelial cancers and not grouped in clusters, unlike what is observed in
patients', it would be interesting to explore tether formation on patient circulating tumor cells

(CTC), single or clustered.
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For every experiment three to four different cells were immobilized on the cantilever, and at
least 5 measurements were performed in each case. On the other hand, three membrane tubes
from every force curves were analysed, if available, thus providing around 60 tubes analysed for
cell-cell contacts in MCF7, BT474 and MDA-MB231 cases. On the contrary, all available tubes
were taken into account for SKBR3 cell-cell contacts, as well as for cell-FN interactions for all
cell lines, providing in total 8-22 measurements for membrane tubes.

The obtained force curves are analyzed using the JPK Data Processing software. The noise
reduction, baseline and tilt corrections are applied for the force curves before calculation of
different mechanical and adhesion parameters. The Young modulus is measured by fitting
approach curves with the Hertz model' for spherical contact. This model links the deformation d
in the direction of the strain of an elastic sphere (radius R) submitted to an applied force F: F =
4/3*E/(1 — V) *R1Z#%g%2 with v the Poisson ratio, commonly taken as 0.5.'° As the contact is
realized between two cells, approximated as identical spheres, they are both mechanically tested.
In such a case the total deformation d = d; + d, (1 and 2 are related to two cells). In its turn, £ =
(1/E; + ]/Eg)_]. The same relation is given for the radius: R = (1/R; + ]/Rg)’l. We took R; =R, =
5 pwm. This value is reasonable following the low-adherent cells morphology from obtained
optical images. If the cells are adherent to cantilever or substrate, their effective radius (the
curvature radius of outer surface of an adherent cell) can increase.'” Nevertheless the adherent
cells can be still considered like spheres for the correct application of the Hertz model, as their
surface displays some curvature which may be described by a finite value of effective radius. As
for the absolute modulus value, it has rather weak dependence from the radius (£ ~ R 9.

The Hertz model does not take adhesion into account. Nevertheless in our experiment the
adhesion was several times lower compared to the maximum applied force. In addition we fit the
elastic modulus on approach curve, thus neither the maximum contact area was not yet achieved
neither the 2 s contact time was not yet counted. So we can neglect the adhesion contribution to

effective force in our case.



Actin labelling

10000 cells were seeded in 16-wells Lab-tek” chamber slides (0.4 cm® per chamber)
previously coated with 20 pg/ml human fibronectin, and grown two days in complete RPMI
medium at 37°C in 5% CO,. For immunostaining procedure, cells were first washed twice with
PBS, and after each step described below. Cells were fixed for 15 min with 3.7%
paraformaldehyde, permeabilized for 4 min with 0.2% Triton X100 and blocked for 30 min with
2% BSA. Then, the filamentous actin (F-actin) was labelled with phalloidin-TRITC (4 pg/ml)
for 1h in the dark in humidified atmosphere. Cells were washed three times with PBS to remove
unbound molecules, and sandwiched between the glass coverslip and the Lab-tek  glass slide,
mounted with Gel Mount" Aqueous Mounting Medium (Sigma Aldrich). Fluorescent images

were taken using a confocal microscope (ZEISS LSM 710).

Table S1. p-values for different cell lines and measured properties.

Fadh F adh Ftube Ftube N N L L
C/F C/C C/F Cc/C C/F C/C C/F C/C

MCF7 048 0.13 0.05 0.12 018 0.06 0.01 022 <0.01

SKBR3 | BT474 0.16 033 <0.01 0.21 033 024 001 013 <0.01

MDA-
MB231

0.06 0.07 <0.01 012 0.09 048 <0.01 0.17 <0.01

BT474 0.02 0.12 0.05 0.04 029 005 024 0.05 0.42

MCEF7
MDA-
<0.01 0.47 0.05 0.02 <0.01 0.02 019 0.06 0.12
MB231
MDA-
BT474 0.02 0.1 0.40 040 002 0.15 048 049 0.07
MB231
E is Young modulus L is separation length
Faan 1s adhesion force C/F refers to cell-to-FN
Fiube 1 tube rupture force C/C refers to cell-to-cell

N is number of tethers
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Discussion

Given the format letters length constraints, some elements of the discussion have been

displaced below.

Which receptor would be involved in homotypic interactions of the most invasive cells ?

Two additional arguments suggest that the higher forces of homotypic cell interactions for the
most invasive breast cells might not be due to changes in the expression N and E-cadherin, but
might involve cell adhesion receptor of the immunoglobulin superfamily. Indeed, when cultured
in 3D, it has been demonstrated'® that MCF7 and BT474 cells form compact spheroids via
homophilic Ecadherin-dependent interactions. On the contrary, MDA-MB231 and SKBR3 cells
do not form spheroids but exhibited a loose aggregate morphology in 3D culture, primarily by
the collagen I / B1 integrin interactions with no involvement of E-cadherin. Receptors such as
ICAM1,"” ALCAM® or L1-CAM*' could be good candidates. With regard to ALCAM, it has
been demonstrated by AFM that when this receptor could not link to the actin cortex, twice as
many tethers are formed®”. In light of their results, we suggest that, in the most invasive cells, the
disorganization of actin, and/or a decrease in the binding of adaptor proteins, bridging the

cytoplasmic tail of ALCAM and actin cortex, could promote the production of tethers.

Correlation between actin cytoskeleton organization and tumor cell invasiveness?

The study of the actin cytoskeleton organization in tumor cells according to their invasiveness
is difficult taking into account their morphologies and differences in their spreading. Moreover,
especially for cells isolated from various epithelial cancers (80% of cancers), conflicting results
have failed to correlate metastatic potential with actin network.” Different strategies are
envisaged to overcome these aspects. Recently, it has been established a correlation between the
elastic modulus of invasive potential of ovarian cell lines and co-alignment of actin
microfilaments.”* In order to force the adherent cells to adopt a morphology and an identical
spreading degree, cells may be grown on matrix micropaterns,” and a comparative analysis of
the cytoskeleton organization could be realized. Moreover, Guck et al*® presents a study of the
organization of the actin cytoskeleton on non-adherent round cells to compare the amount of
actin and its organization in normal and tumor fibroblasts. It appears that the tumor cells have a

reduced quantity of polymerized actin.
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