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Introduction

Worldwide, cancer is responsible for around 10 million mortalities
every year.! The main cause for cancer-related death is not the
primary tumor, but cancer metastasis: malignant cells invade tissues
other than where the primary tumor is located and spread in those
tissues.! Fundamental cancer research is one of the key factors in the
World Health Organization’s strategy to reduce cancer mortality’,
and investigating the underlying mechanisms for metastasis can

provide important information for the main clinical problem.

In cancer metastasis, the migration of single cells is largely
affected by chemical cues, which provide direction for
migration to the cells via chemotaxis” the single cells migrate
along a concentration gradient of a chemoattractant.? Various
chemoattractants have been described for commonly
investigated cell lines. Hel.a cells (cervical cancer cells) have been
reported to migrate towards higher concentrations of forinstance
fibronectin* and stromal cell-derived factor 1 a.® The rat glioma
cell line C6 has been described to be attracted by bradykinin.® A
commonly-used supplement in cell culturing that contains all of
the aforementioned chemoattractant molecules is fetal bovine
serum (FBS; the blood serum of an unborn calf).”® Therefore, FBS
provides an interesting and straightforward model system for the

chemical cues provided to cancer cells.

However,in orderto study the behavior of cancercellsinresponse
to the chemical cues, accurate cell tracking in an environment
with a chemoattractant gradient is required. Multiple cell culture
vessel designs have been made to provide a chemoattractant

gradient to the cells'®'?, but the imaging and monitoring of

cells in these vessels can provide practical issues. Currently, the
most commonly-used live-cell imaging setup is a microscope
with sufficient magnification and a stage-top incubation box
to regulate the culture conditions. Although these microscopes
have the required optical properties for accurate imaging and
cell tracking, there are practical issues when using such a setup
for live-cell imaging. The regulation of the culture conditions in
the incubation box is more sensitive to variations compared to a
dedicated incubator.*'* Besides that, images are only captured
at certain time points, but the microscope is unavailable for (end-
point) imaging by other users during the entire live imaging
experiment. A system that could overcome these issues is the
CytoSMART® Lux3 BR Duo Kit. This dedicated system for live-cell
imaging fits in a regular incubator, and therefore enables culture
monitoring in a constant and optimal culture environment. The
optical properties of the devices provide high-quality imaging,
as well as accurate cell tracking. By connecting two devices
within the same incubator to a single laptop, two cultures can be
monitored simultaneously and compared side-by-side, without

occupying a microscope for other lab members.

In this proof-of-concept study, we determine the effect of an FBS
gradient on directed migration of cancer cell lines, using side-
by-side high-quality live-cell imaging. The CytoSMART® Lux3
BR Duo Kit was used to monitor two cancer cell lines exposed
to an FBS gradient or constant FBS concentration. Cells were
tracked over time, and this provided fundamental insight into
the chemotactic migration of cancer cells, which may ultimately

be related to cancer metastasis.
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Figure 1: Experimental setup. Cancer cell lines were seeded in Ibidi p-Slide Chemotaxis and culture medium was added, either resulting in an FBS gradient or a constant FBS concentration.

Cultures were monitored for 24 h using the CytoSMART® Lux3 BR Duo Kit, with an imaging interval of 5 min.
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Materials and methods

Hela cells (Innoprot P20107) and C6 cells (ATCC CCL-107) were
cultured to sub-confluency in DMEM (Gibco) supplemented
with 10% FBS (Gibco) and 1% pen-strep (Gibco), under standard
culture conditions (37°C; 5% CO,). Each of the cancer cell lines
was seeded in the Ibidi y-Slide Chemotaxis at 18,000 cells per
channel (6 pl cell suspension; 3 million cells/ml; medium with
10% FBS). 65 ul culture medium (DMEM, FBS, pen-strep) was

added to the reservoirs: either 20% FBS in one reservoir and

0% FBS in the other or 109% FBS in both reservoirs (Fig. 1). High-
quality images of the cultures were made using the CytoSMART®
Lux3 BR Duo Kit (37°G; 5% CO,): cultures were monitored for
24 h, taking a snapshot every 5 min. Afterwards, images were
exported from the CytoSMART® Cloud, and single cells were
tracked with FlI-plugin TrackMate.”” Tracked paths were
converted to chemotaxis plots with FlJI-plugin Chemotaxis and
Migration Tool.'®

Results

Images from the time-lapses of the cultures with FBS gradient
or constant FBS concentration are displayed in Fig. 2 (Hela
cells) and Fig. 3 (C6 cells). The Hela cells migrated a larger
distance from their origin in a constant FBS concentration,
but showed a slight preference to migrate towards a higher
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FBS concentration when exposed to a gradient. The C6 cells
seemed to migrate a smaller distance from the origin in the
constant FBS concentration. However, these cells also displayed
less directed migration — and therefore no clear chemotactic
migration —in an FBS gradient.
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Figure 2: Hela cells cover a larger distance in constant FBS concentration, but prefer to migrate towards a higher FBS concentration when exposed to a gradient. A) Raw images of Hela cells made

using CytoSMART® Lux3 BR Duo Kit, single cell detection (purple) and path detection (yellow) with FlJI-plugin TrackMate. B) Chemotactic displacements of Hela cells visualized using FlJI-plugin

Chemotaxis and Migration Tool, with longitudinal and lateral displacements defined with respect to the FBS gradient.
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Figure 3: C6 cells display no clear chemotactic migration in an FBS gradient. A) Raw images of C6 cells made using CytoSMART® Lux3 BR Duo Kit, single cell detection (purple) and path detection

(yellow) with FlJI-plugin TrackMate. B) Chemotactic displacements of C6 cells visualized using FlJI-plugin Chemotaxis and Migration Tool, with longitudinal and lateral displacements defined with

respect to the FBS gradient.

Discussion

Cancer metastasis is the main cause of cancer-related
mortalities, and therefore cell migration is an important topic in
cancer research. High-quality live-cell imaging is a prerequisite
for accurate cell tracking, which provides fundamental insight
into mechanisms driving metastatic cell migration. One of
these mechanisms is chemotaxis, where cells migrate along an
increasing gradient of a chemoattractant. This research aimed
to determine the effect of an FBS gradient on directed migration
of cancer cell lines, using side-by-side high-quality live-cell
imaging with the CytoSMART® Lux3 BR Duo Kit. These devices
provided high-quality images that were immediately applicable
in the analysis software, enabling easy and accurate single cell
tracking. From this tracking, it was observed that Hela cells
preferred to migrate towards the higher FBS concentration,

whereas this was less clear for the C6 cells.

Cervical cancer is amongst the most commonly metastasizing
primary tumors, with metastases found in e.g. bone, liver and
lung tissue.!” Glioma metastases, however, are a very rare
phenomenon.'® The clinical prevalence of each of these
metastases could potentially be related to how much the
blood serum — modeled by the FBS in this research - acts
as a chemoattractant to the cells. Since spreading via the
bloodstream is a prominent mechanism for metastasis'’,
directed and possibly chemotactic migration of the tumor
cells towards a blood vessel can initiate metastasis. The
cervical cancer cell line Hela displaying more chemotactic
migration in this research compared to the glioma cell line
C6 seems to be in line with the clinical prevalence of the

respective metastases.
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The FBS that was applied as chemoattractant in this research
provided an experimentally straightforward model system.
Besides that, directed migration towards blood vessels was
mimicked with this setup. However, FBS has a variable and
complex composition?, therefore providing little insight in the
specific molecule(s) responsible for directed migration of the
investigated cells. It should also be considered that FBS has other
properties that affect cell behavior besides chemotactic migration:
the FBS concentration in a cell culture for example influences cell
proliferation.?’ Although no clear difference in proliferation rate
in the high and low FBS concentration could be observed, the
cell migration could still have been affected by other FBS-related

processes. Therefore, follow-up experiments in the same setup

using individual chemoattractants can provide more detailed

information on the cellular behavior.

The high-quality images made by the CytoSMART® Lux3 BR Duo
Kit were directly suitable for the TrackMate plugin. Therefore,
automated cell tracking could be performed easily and quickly:
results were obtained within minutes. Lower-quality images
would have required manual adjustments to the cell tracking —
which can lead to inaccurate results. This also would have slowed
down the analysis, probably to hours or even days, since tracking
on hundreds of images should have been checked and manually
adjusted. Therefore, the image quality of the CytoSMART® Lux3 BR

Duo Kit proved its added value to this research.

Conclusion

In this study, we successfully showed the possibilities of using
high-quality live-cell imaging for accurate cell tracking. The
CytoSMART® Lux3 BR Duo Kit enabled side-by-side monitoring
of experimental conditions, and provided images directly

applicable for cell tracking. This revealed the chemotactic

migration of Hela cells in an FBS gradient, while C6 cells
displayed no clear chemotactic migration. The high-quality
imaging and corresponding results can ultimately be relevant

for fundamental research regarding cancer metastasis.
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