The eﬀect of Blebbistatin and Cytochalasin-D on the
migration capacity of mouse embryonic ﬁbroblasts
Lieke Stemkens, MSc; Inge Thijsen - van Loosdregt, PhD
CytoSMART® Technologies B.V., Eindhoven, The Netherlands

Introduction
Cell migration is fundamental for several physiological
processes, including (but not limited to) organogenesis, wound
healing and cancer metastasis. Therefore, it is crucially important
to understand the role of cell migration in these processes for
potential therapeutic solutions.
Several assays have been developed to elucidate the migratory
potential of cells in vitro. Examples include: the Boyden transwell
chamber, where cells migrate through pores in a membrane;
the fence assay, where cells migrate to their non-covered
surrounding after removal of a barrier; and the wound healing

Fig. 1. The CytoSMART® Omni inside a cell culture incubator

assay, where a cell free area is created by wounding a conﬂuent

labour-intensive task resulting in incomplete and inaccurate

monolayer [1]. The wound healing assay, also known as the

data. Automated live cell imaging and analysis solves these

scratch assay, is often used due to its low costs and simplicity [2].

limitations. The CytoSMART® Omni is an automated live-cell

Multiple methods exist for producing the scratch, with the most

imaging system that can be placed inside a standard cell

common technique being manual wounding of the conﬂuent

culture incubator. The entire culture vessel is scanned at set

layer using a pipette tip [3]. One of the limitations of manual

time-intervals, providing a complete overview of all the samples

wounding is the (user dependent) scratch size inconsistency [4].

without disturbing the cells. Furthermore, the CytoSMART®

To overcome this, automated methods have been developed

Omni comes with a scratch analysis algorithm, which facilitates

to ensure uniform wounding of every sample. An example is the

the scratch analysis.

Autoscratch™ Wound Making Tool from BioTek, which creates
uniform scratch wounds in 24 or 96-well plates in an aseptic

In this study the Autoscratch™ Wound Making Tool was used

environment, such as a tissue culture hood.

to perform a scratch assay in a 96-well plate with conﬂuent
layers of NIH-3T3 mouse embryonic ﬁbroblast cells (3T3 cells).

Another limitation of the current scratch assays is the method

As a proof of concept, 3T3 cells were treated with diﬀerent

of data quantiﬁcation. Generally, a few pictures are taken of the

concentrations and combinations of the cytoskeletal inhibitory

scratch area, using a standard benchtop microscope. Especially

drugs Blebbistatin and Cytochalasin-D.

when many samples need to be analyzed, this is an extremely

Materials and methods
A 96-well plate was seeded with 3T3 cells at a concentration

- 10 µM), Cytochalasin-D (CD; C8273, Sigma Aldrich; 1 - 10 nM)

of 20,000 cells per well in Advanced DMEM (Invitrogen)

or a combination of both. Thereafter, the well plate was placed

supplemented with 10% Fetal Bovine Serum (FBS; Gibco) and

on the CytoSMART® Omni to obtain high-resolution images

1% penicillin-streptomycin (PS; Gibco). After 24 h in culture,

at 37°
C and 5% CO2 (Fig 1). The images were automatically

96 uniform wounds were created in the cell monolayer using

uploaded to the CytoSMART® Cloud, where the scratch

the Autoscratch™ Wound Making Tool. Samples were rinsed

analysis algorithm determined the scratch area and migration

with phosphate-buﬀered saline (PBS; Gibco) to remove

speed of each sample every hour, for a time span of 24 h. The

detached cells. 100 µl culture medium was added to each

analysed data was downloaded from the CytoSMART® Cloud

well and supplemented with (except for the control) diﬀerent

(Fig 2). The scratch area was normalized to t=0 to calculate the

concentrations of Blebbistatin (Bleb; B-0560, Sigma Aldrich; 0.1

wound closure (%) and the average migration speed (µm2/h).
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Fig 2. A) a high resolution scan of the 96-well plate in the CytoSMART® Cloud. The insert shows well B8, directly after wound formation using the
Autoscratch™ Wound Making Tool. B) Overlay of the wound area of the scan in A. The wound area (blue) was determined using the CytoSMART®
Scratch Algorithm in the CytoSMART® Cloud. The detected wound area of well B8 is shown in the insert.

Statistical differences in wound closure were analysed using

multiple comparison test. Values were considered significant at

two-way ANOVA followed by a Tukey’s multiple comparison

p<0.05. All data is reported as mean ± standard error of the

test in GraphPad Prism. Differences in migration speed were

mean.

determined using the one-way ANOVA, followed by a Tukey’s

Results
Wound closure was similar in all groups during the first 4h

a substantial impact on the wound closure (Fig 3D).

of the experiment (Fig 3). Wound healing was observed

After 24 hours, all samples treated with either 10 µM Blebbistatin

to be compromised over time whenever 5 or 10 µM

or 100 nM Cytochalasin-D had a wound closure under 40% (Fig

Blebbistatin (Fig 3A, 3B, 3C) was added to the sample.

4A and 4B). Samples with 10 nM Cytochalasin-D had an impaired

Likewise, the addition of 100 nM of Cytochalasin-D had

wound closure when 1, 5 or 10 µM Blebbistatin was added (Fig

Fig 3. Percentage wound closure over time (mean ± standard error of mean, n=4) for the subgroups of Cytochalasin-D, with A) no addition of CD,
B) 1nM CD, C) 10 nM CD and D) 100 nM CD. The green line in all four graphs represents the control group (no addition of Bleb or CD). The red lines
represent the samples treated with 1 – 100 nM CD. The blue lines represent samples treated with Bleb and CD. The different blue colours correspond
to a certain Bleb concentration (0.1 – 10 µM).
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Fig 4. A) Representative wound area for all the treated groups at 24 h as indicated by the blue overlay. The columns represent the Cytochalasin-D
concentration and the rows the Blebbistatin concentration. B) Heat map indicating differences in wound closure percentage at 24 h (n=4). *: p<0.05,
**: p<0.01, ***: p<0.001 and ****: p<0.0001 significantly lower than the control samples.

4B). Although no synergy was detected between these drugs, a

and 10 µM (2.3*104 ± 1.1*104 µm2/h) Bleb treated groups (Fig

trend can be observed that Blebbistatin and/or Cytochalasin-D

5). In addition, the mixed concentrations of 10 µM Bleb + 1 nM

impair wound healing in a dose-dependent manner.

CD; 1, 5 and 10 µM Bleb + 10 nM CD; and all samples treated
with 100 nM CD had an average migration speed (more than)

The average migration speed of the control group was 9.5*10

4

two times lower than the control group.

± 2.8*10 µm2/h (Fig 5). A significantly lower average migration
4

speed could be observed for the 5 µM (4.4*104 ± 1.1*104 µm2/h)

Fig 5. The average migration speed (mean ± standard error of mean, n=4). #: Significantly lower than the control group (p<0.05).
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Discussion
The wound healing assay is commonly used to understand

Here, it was shown that the cytoskeletal inhibitory drugs

the migratory potential of cells in vitro. Cell migration is

Blebbistatin and Cytochalasin-D had a dose-dependent effect

studied by creating a wound in a confluent monolayer of cells

on the wound closure and migration speed of 3T3 cells. Cell

using a pipette tip. The quality of the results of this assay is a

migration is driven by the continuous reorganization and turnover

combination of the materials used and the user experience,

of the actin cytoskeleton. This process can be seen as a treadmill,

making the assay imprecise and inconsistent. This study solved

where actin filaments are broken down into monomers at the

these problems by using the Autoscratch™ Wound Making Tool,

back of the cell, while at the front these monomers are used to

to create uniform and identical scratch areas in every sample. In

build up the existing actin filament. When these actin filaments

addition, gathering kinetic information about wound closure is

contract with the use of myosin II motors, cellular movement is

a tedious and labour-intensive method resulting in shock and

initiated. Blebbistatin is a myosin II inhibitor and binds between

possible contamination every time the sample is taken out

the nucleotide binding pocket and the actin binding site of

of the incubator. To overcome this, we used the CytoSMART®

myosin [5,6]. Consequently, ATP is not able to initiate tightening

Omni, an automated live cell imaging device placed inside the

in the actin filaments, resulting in an impaired contraction and cell

incubator. The CytoSMART® Omni scanned the entire well-plate

migration mechanism. On the other hand, cytochalasin-D is an

and performed automatic image analysis of the wound closure

inhibitor of the F-actin polymerization process, making it unable

for all 96 wells. Because cellular processes are rarely linear it

to form proper actin filaments [7,8]. The higher the concentration

is important to use a high temporal resolution, especially for

of Blebbistatin, Cytochalasin-D or both, the more wound closure

dose- and time-dependent experiments. Here, the time interval

and migration speed were decreased due to inhibition of the actin

was set to 1 hour to understand the short and long term effect

cytoskeleton. Although both drugs act on the actin cytoskeleton,

Blebbistatin and Cytochalasin-D have on 3T3 cells.

it is interesting to see how mixed concentrations of Blebbistatin
and Cytochalasin-D affected the cell migration less than the sum
of these two concentrations separately.

Conclusion
In this study, we have shown that the CytoSMART® Omni

made every hour for a 24-hour period. We showed that

easily images a 96-well plate with uniform scratches made

Blebbistatin and Cytochalasin-D, both cytoskeletal inhibitors,

by the Autoscratch™ Wound Making Tool. The cloud-based

prevent wound closure and decrease the migration speed in a

CytoSMART® Scratch Algorithm accurately determined the

dose dependent manner.

scratch area of each well in high resolution scans that were
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