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ABOUT THIS
APPLICATION NOTE

The ThinCert® 396 Well HTS Insert presents a novel
high-throughput solutionfor conducting migration
studies with unprecedented efficiency through
the parallelisation and miniaturisation of experi-
mental setups. The transparent porous membrane
establishes consistent chemotactic gradients,
providing researchers with the opportunity to
delve into cell migration dynamics with improved
precision and minimised experimental variability.

In this application note, we present a comprehen-
sive step-by-step protocol detailing the utilisation
of the HTS insert for migration studies emphasis-
ing its seamless integration into high-throughput
workflows.

More information
and recommended
practices

1. INTRODUCTION

Cell migration and invasion are fundamental
processes that play a crucial role in numer-
ous physiological and pathological events,
such as morphogenesis [1,2], tissue re-
pair[3], inflammation [4,5], and tumorigene-
sis [6,7]. The availability of in-vitro assays to
study cell migration is of great importance
for a better understanding of the underlying
biological mechanisms and for the develop-
ment of potential therapeutic interventions.
Scientists leverage the close correlation be-
tween the in-vitro migratory potential of tu-
mor cells and their in-vivo invasive prop-
erties [8]. This has elevated cell migration
assays to a crucial tool in the study of novel

2/12 Application Note

KEY FACTS
THINCERT® 96 WELL HTS INSERT

/ Optimal for migration and invasion assays

/96 well system for high-throughput
applications

/  Polycarbonate membrane with 3 pm and
8 um pore size

/ High transparency

/  Precise fit of membrane plate and receiver
plate for minimised wicking

anti-cancer medications. By capitalising on
thisrelationship, researchers can effectively
assess the efficacy and potential of various
drug candidates.

So far a wide range of assays has been de-
veloped for studying cell migration, with the
Boyden chamber assay being a commonly
used in-vitro technique [9]. This assay utilis-
es atwo-compartment system in which cells
are induced to migrate from an upper com-
partment through a porous membrane into
a lower compartment, following the gradi-
ent of a chemoattractant. To ensure the as-
say's effectiveness, the size of the pores in
the membrane must be selected carefully to
prevent passive cell passage while allowing
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active migration. Several modifications of the
Boyden chamber assay have been developed,
including variants that use extracellular matrix
coatings for invasion assays, or a cell monolayer
for transepithelial migration assays.

In this application note, we guide you through a
high-throughput cell migration assay protocol
with the new automation-compatible ThinCert®
96 well HTS insert. This system offers a highly
efficient means of simultaneously testing a mul-
titude of experimental conditions, effectively

streamlining both time and resource utilisation,
and significantly reducing the overall expenses
associated with the assay. The optimised poly-
carbonate membrane creates stable chemotac-
tic gradients while allowing for decent imaging
due toits high clarity. These attributes synergis-
tically make the ThinCert® 96 well HTS insert a
perfect solution for large-scale motility studies.

2. MATERIALS AND METHODS

Item
Cells
Human Connective Tissue Fibrosarcoma(HT-1080)
Michigan Cancer Foundation-7 (MCF-7)
Cell culture media
DMEM for HT-1080 cells

RPMI1640 + non-essential AA+1mM Pyruvat
for MCF-7

Cell culture chemicals
Trypsin/EDTA solution (0.05 %/0.02 %)
Fetal calf serum
Staining
Calcein-AM
Labware
ThinCert®96 well HTS insert (8 um pore size)

Microplate, 96 well, PS, F-bottom/chimney well,
black, 10 pcs./bag

Manufacturer Item No.
DSMZ ACC 315
DSMZ ACC 115
PAN Biotech P04-04500
PAN Biotech P04-18500
Sigma Aldrich A7284-10ML
PAN Biotech P10-023100
PAN Biotech P30-3306
Sigma Aldrich 206700-MG
Greiner Bio-One GmbH 655680
Greiner Bio-One GmbH 655076
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3. ASSAY PRINCIPLE

The ThinCert® HTS insert is a tool designed
to facilitate high-throughput experiments by
providing a platform with 96 migration cham-
bers. Each of these chambers is unique, as
it consists of two distinct compartments,
namely the upper compartment located
within the membrane plate and the lower
compartment found in the receiver plate. In
order to conduct the assay, cells are seed-
ed into the upper compartment and given the
opportunity to adhere to the membrane.

Next, the chemotactic factor is placed into
the lower compartment and passively diffus-
es through the membrane, inducing chemo-
taxis of the cells towards the chemoattract-
ant source.

Following a calcein-AM fluorescence label-
ling of the cells, the migratory cells can be
detached from the underside of the PC mem-
brane and quantified using a standard fluo-
rescence microplate reader.

Furthermore, a qualitative microscopic in-
spection can be conducted to detect the mi-
grated fluorescence-labelled cells directly
onthe membrane.
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3.1 SEEDING PREPARATION
(GENERAL CELL CULTURE)

1. HT-1080 cells are cultivated according to
standard cell culture protocols in serum-
supplemented media

2. The day before the assay exchange the
media with serum-free media (0.2 % BSA)

3. After cultivation overnight in serum-free
media remove the cell media and rinse
with PBS

4. Add trypsin solution to initiate cell
detachment

5. Transfer the cell suspension to a tube and
centrifuge at 350 x g for 5 min.

6. Resuspend the cell pelletin pre-warmed
cell culture media

7. Dilute the cell suspension to a seeding
density of 100,000 cells/ml

3.2 SEEDING CELLS IN
THINCERT® 96 WELL HTS INSERT

1. Add 200 pl culture medium with or without
chemoattractant(in this case various
concentrations of FCS from 0.25 % to
10 %)to each well of the receiver plate

2. Add 50 pl of the above prepared cell
suspension to each well of the membrane
plate

3. Incubate the cell culture plate for 24 hina
cell culture incubator at 37°C, 5 % CO,)



3.3 CALCEIN STAINING

1. Remove the cell culture medium from
each well of the receiver plate

7. Add 150 pl serum-free media with 8 um
Calcein-AM1to the receiver wells

3. Incubate for 45 minin acell culture
incubator at 37°C, 5 % CO,

3.4 DETACHMENT AND
MEASUREMENT IN THE READER

4. Remove the cell culture medium from
each well of the membrane and the
receiver plate

5. Rinse the wells of both plates with PBS

6. Addtrypsin solution to receiver plate to
initiate cell detachment of the migrated
cells on the lower side of the membrane

7. Incubate the trypsin solution for 10 min.
and shake gently.

8. Transfer 180 ul per well of the trypsin cell
suspension to each well of the black 96
well microplate

9. Read fluorescence in a plate reader at an
excitation wavelength of 485 nmand an
emission wavelength of 520 nm

General remark: The media change can be
performed through the access ports (Fig. 1),
e.g., with a multi-channel pipette. Alterna-
tively, the insert plate can be lifted and the
media change of the receiver plate can be
performed accordingly.

Useful hint:

Please handle the plate carefully to avoid
excessive movement of the medium in the
receiver plate.

A\

4 p

Figure 1: Access port is located next to the well and is
accessible for(multi-channel) pipettes and automated
liquid handling robots
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4. WORKFLOW OF MIGRATION ASSAY
Assay preparation
o Add medium with chemoattractant
- : toreceiver wells

Medium with —

chemoattractant
‘ Seeding cells
| 9 Add cell suspension to each well
HT-1080 cells : of the insert plate
in serum-free :
media

Incubate the cell culture for 24 h

and receiver plate with serum-
free culture medium containing
Calcein-AM1

Calcein staining
1 Replace media within membrane

: Incubate the cell culture plate
Calcein-AM1 for 45 min.

solution :
Detachment
Aspire media from both
compartments and add trypsin
to receiver plate wells to initiate
cell detachment

Trypsin
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5. QUALITATIVE MICRO-
SCOPIC DETECTION

Follow the instructions from 3.1to 3.3 of the
quantitative reader-based detection proto-
col. Instead of detaching the migrated cells
from the basolateral side, the cells will be de-
tected directly on the membrane. Therefore
proceed with the following steps:

1. Aspirate the media from each well of the
membrane plate

2. Use a pre-moistened cotton swab to
remove the non-migrated cells on the
upper (apical) side of the membrane by
gently swirling the swab around the insert
in aclockwise and counter-clockwise
direction.

3. Detect the fluorescence signal of the
migrated cells on membrane underside
using a fluorescence microscope in the
green channel

Furthermore, the ThinCert® 96 well HTS in-
sert offers a high transparency due to its
distinctive pore configuration. This charac-
teristic brings substantial advantages by fa-
cilitating live cell observations for checking
cell morphology, assessing cell confluence,
and conducting contamination monitoring
with enhanced accuracy and reliability. Each
experiment was therefore accompanied by
a continuous microscopic monitoring of the
cells(Fig. 2).

Figure 2: Live cell bright field microscopy of HT-1080
cellsin ThinCert®96 well HTS insert
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6. RESULTS

In this study, we conducted a comprehensive
investigation into the migratory behaviour
of Human Connective Tissue Fibrosarcoma
(HT-1080) cells in response to chemotactic
factor gradients, specifically in the form of
fetal calf serum (FCS), employing the proto-
col described earlier. The evaluation of cell
migration was carried out through a multi-
faceted approach, combining quantitative
analysis through fluorescence measure-
ments with qualitative examination under
the microscope.

6.1 QUANTIFICATION OF
MIGRATORY ACTIVITY

Upon seeding HT-1080 cells onto the mem-
brane of the ThinCert® 96 well HTS insert,
it was evident that their migration was in-
fluenced by the concentration of FCS gradi-
ents. The results indicate that the gradients
with higher concentrations(i.e., 5 % or 10 %
FCS in the lower chamber), exhibited more
pronounced migration rates. Conversely,
the gradients with weaker concentrations of
0.5% FCSand?2 % FCSyielded comparatively
lower migration rates(Fig. 3and b).
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Figure 3: Migration of HT-1080 cells over 24 hin
response to various FCS concentrations. Each data
point represents the average of six wells that we run
in parallel. Error bars indicate the standard deviation.
(RFU: relative fluorescence units)

To further prove the system's functionality,
low-migratory MCF-7 cells were employed as
an additional control. As illustrated in figure
4, the average value in the 10 % FCS condi-
tion showed only a slight increase compared
to the control with 0 % FCS.
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Figure 4: Migration of MCF-7 cells over 24 hto 0 % and
10 % FCS. Each data point represents the average of

six well that we runin parallel. Error bars indicate the
standard deviation. (RFU: relative fluorescence units)
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Figure 5: Microscopic inspection of the migratory behaviour of HT-1080 and MCF-7 cells after 24 h at different FCS
concentrations. The green structures represent the fluorescence-stained cells at the underside of the membrane
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6.2 QUALITATIVE MICROSCOPIC
ANALYSIS

Furthermore, a qualitative visual analysis
was performed using fluorescence micros-
copy. For this purpose, the non-migrated
cellsontheinner side of the membrane plate
were gently removed with a wet cotton swab.
The microscopic examination corroborates
the findings from the quantitative analysis
conducted in the microplate reader. The data
clearly indicate a direct link between FCS
concentration and enhanced migration of
HT-1080 cells. As expected, the low-migrato-
ry MCF-7 cells do not show any significant mi-
gratory activity under the same conditions.

6.3 FINDING THE OPTIMAL
SEEDING DENSITY

Optimising the seeding density for a specif-
ic cell line is crucial. If the concentration is
too high, it becomes challenging to count the
cells accurately, and it may also cause over-
saturation of the pores in the membrane. On
the other hand, adding too few cells can re-
sult in inconsistent counting and unreliable
outcomes. Furthermore, as the seeding den-
sity rises, the likelihood of cells positioning
themselves directly over membrane pores
intensifies. At elevated concentrations, this
phenomenon reaches a juncture where dif-
ferentiating chemokinetic effects (random
migration due to heightened motile activi-
ty) from chemotactic or haptotactic effects
(migration prompted by the chemoattractant
gradient)becomes increasingly intricate.
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To investigate the migratory behaviour based
on the seeding density, various cell numbers
per wellwere examined. As shown in figure 6,
across a wide range of cell populations (from
1.25x10°to 50 x 10° cells/migration chamber),
the migratory HT-1080 cells exhibited a linear
correlation with the total number of cells. It
is recommended to use cell concentrations
within this range when conducting a cell mi-
gration assay.

HT-1080 Migration
30

25

x 1,000 RFU

20

x 1,000 cells per well

Figure 6: Migration of HT-1080 cells over 24 hin
response to 10 % FCS. The relative fluorescence units
(RFU) of migratory cells show alinear correlation with
the total number of cells in the cell culture insert.
Each data point represents the average of seven
wells that we runin parallel. Error bars indicate the
standard deviation. (RFU: relative fluorescence units)



7. CONCLUSION

In-vitro cell migration assays are indispensa-
ble tools in the quest for better biomarkers,
therapeutic targets and agents to intervene
in complex phenomena like cancer metasta-
sis, angiogenesis and inflammatory diseas-
es. They offer a controlled environment to
measure cell migration and analyse the influ-
ence of different molecules, such as growth
factors and chemokines, or drug candidates.
The examples described in the application
note illustrate the excellent suitability of
ThinCert® 96 well HTS insert for cell migra-
tion assays.

The precise selection of pore size is crucial
in motility experiments. It is essential that
the pore size is proportionate to the dimen-
sions of the studied cells, being both restric-
tive enough to prevent cells from moving
passively and permissive enough to facilitate
their active migration. Table 1 shows general
membrane pore size recommendations.

Celltype Example Pore size recommendation (um]
Epithelial cells MCF7, MDA-MB-231 3
Endothelial cells HUVEC, HMVEC 3
Polymorphonuclear neutrophils - 3
Lymphocytes Tcells, Bcells 3
Fibrosarcoma cells NIH3T3, HT-1080 8
Leukocytes Macrophages, Monocytes 8
Dendritic cells BMDC 8

Table 1: Membrane pore size recommendations for common cell types
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ThinCert® 96 Well HTS Insert (Membrane plates and receiver plates)

Z Growth area: 14 mm? Working volume (well of membrane plate): 15 - 160 pl,
% 9 Working volume (well of receiver plate): 120 - 300 ul, Lid: yes, condensation rings
= k= i
Y < Item no. Pore density @ Pores Optical features Surface treatment Sterile Qty.inner/ outer
w z of membrane
2 g 655630 2 x108/cm? 3um transparent TC + 1/5
o I-ZI- 655680 1x10%/cm? 8um transparent TC + 1/5

Receiver plates for ThinCert® 96 Well HTS Insert

Working volume (well of receiver plate): 120 - 300 pl, Lid: yes, condensation rings

Item no. Growth area Surface treatment Sterile Qty. inner/ outer
655169 non-treated + 8/32
655167 53 mm? TC + 8/32

INTERESTED IN OTHER APPLICATIONS
FOR THINCERT® 96 WELL HTS INSERT?

Have a look at our application note

"High-throughput in-vitro airway modelling with ThinCert® 96 well HTS insert”

TALK TO AN EXPERT?

Would you like to discuss your assays

or improve your results together with our experts?
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