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abstract 

Introduction: Gliomas are characterized by rapid proliferation and aggressive invasion into normal surrounding brain tissue. In medical 
laboratories, the in vitro wound healing assay stands out as a simple, easy, inexpensive and affordable method to evaluate cell migration 
and proliferation. Objective: To standardize the in vitro wound healing assay using antimicrotubule drugs as positive controls. Methods: 
U87MG glioma cells were seeded at different densities and, after 24 h, the monolayer was scratched using different micropipette tip size 
to create a gap with no cells. The cells were then treated with colchicine and paclitaxel in culture medium with the presence or absence 
of fetal bovine serum. The wound was photographed with the aid of an inverted microscope and the wound area was measured using 
the Image J software. Results: Better defined edges scratches and monolayer with approximately 90% confluence were obtained at 1.5 
and 2 × 105 cells/well density. The width and area of the scratch were, respectively, 948 μm/2.193221 mm2; 964 μm/2.266 mm2 and 
1448 μm/3.221 mm2 to 10. 200 and 1000 μl micropipette tips. Colchicine inhibited wound closure by 12.6% or 3.4%, both in the presence 
or absence of serum; paclitaxel 2.4 and 6.7% respectively. Conclusion: Under standardized conditions, colchicine and paclitaxel proved 
to be efficient positive controls into the in vitro wound healing assay.
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resumo 

Introdução: Gliomas são caracterizados por terem rápida proliferação e invasão agressiva no tecido cerebral circundante 
normal. Em laboratórios médicos, o ensaio de ranhura – um teste in vitro – destaca-se por ser um método simples, fácil, barato 
e acessível para avaliar a migração e a proliferação celular. Objetivo: Padronizar o ensaio de ranhura, utilizando drogas 
antimicrotúbulos como controles positivos. Métodos: As células de glioma U87MG foram semeadas em diferentes concentrações 
e, após 24 horas, a monocamada foi arranhada usando ponteiras de diferentes tamanhos para criar uma fenda sem células. As 
células foram então tratadas com colchicina e paclitaxel, com meio em ausência ou presença de soro fetal bovino. A ranhura foi 
fotografada com auxílio de microscópio invertido, e a área da ranhura foi medida por meio do programa Image J. Resultados: 
Ranhuras com bordas mais bem definidas e monocamada com aproximadamente 90% de confluência foram obtidas com 
1,5 e 2 × 105 células/poço. A largura e a área das ranhuras obtidas foram, respectivamente, 948 μm/2,193 mm2; 964 μm/2,266 mm2; e 
1448 μm/3,221 mm2 para as ponteiras de 10, 200 e 1000 μl. A colchicina inibiu o fechamento das ranhuras em 12,6% ou 
2,4%, tanto na presença quanto na ausência de soro; o paclitaxel, em 3,4% e 6,7%, respectivamente. Conclusão: Em condições 
padronizadas, colchicina e paclitaxel podem ser usados como controles positivos eficientes no teste in vitro de ranhura.

Unitermos: colchicina; paclitaxel; glioma; proliferação celular; movimento celular; ensaios de seleção de medicamentos 
antitumorais.
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Resumen

Introducción: Gliomas se caracterizan por rápida proliferación e invasión agresiva del tejido cerebral normal circundante. 
En laboratorios médicos, el ensayo de cierre de herida – una prueba in vitro – se destaca por ser un método simple, fácil, de 
bajo costo y accesible para evaluar la migración y la proliferación celular. Objetivo: Estandarizar el ensayo de cierre de herida 
usando agentes anti-microtúbulos como control positivo. Métodos: Las células de glioma U87MG fueron sembradas en diferentes 
concentraciones y, después de 24 horas, la monocamada fue rayada con punteras de diferentes tamaños para crear una hendidura 
sin células. Las células fueron entonces tratadas con colchicina y paclitaxel, en medio con o sin suero fetal bovino. La ranura 
fue fotografiada con la ayuda de un microscopio invertido, y el área de la ranura fue medida mediante el programa Image 
J. Resultados: Ranuras con bordes más bien-definidos y monocamada con alrededor de 90% de confluencia se obtuvieron 
con 1,5 y 2 × 105 células/pozo. La anchura y el área de las ranuras obtenidas fueron, respectivamente, 948 μm/2,193 mm2; 
964 μm/2,266 mm2; y 1448 μm/3,221 mm2 para las punteras de 10, 200 y 1000 µl. La colchicina inhibió el cierre de las ranuras 
en 12,6% o 2,4%, tanto en presencia como en ausencia de suero; el paclitaxel, 3,4% y 6,7%, respectivamente. Conclusión: En 
condiciones estandarizadas, colchicina y paclitaxel pueden ser usados como control positivo en el ensayo de cierre de herida in vitro.

Palabras clave: colchicina; paclitaxel; glioma; proliferación celular; movimiento celular; ensayos de selección de medicamentos 
antitumorales.

Introduction

Methodologies for examining cell migration are very useful 
and important for a wide range of biomedical trials and exams, 
such as anti-cancer drug screening. Although there are several 
methods for visualizing cell migration in the field of laboratory 
medicine, such as Transwell/Boyden chamber assay, barrier assays, 
and microfluidics-based assays, these methods are often expensive 
and not accessible to all laboratories. The in vitro wound healing 
assay, also known as the “scratch assay” is a simple, versatile, 
and cost-effective method for studying cell migration. In this 
methodology, a cell-free area is generated in a confluent cell 
monolayer and the wound closure rate and cell migration can 
be quantified by time-lapsing photography with an inverted 
microscope at some time intervals(1).

Cell migration is essential for many biological processes, such 
as tissue repair and regeneration; however, the aberrant regulation 
of this process drives the progression of many diseases, including 
cancer invasion and metastasis(2). Cytoskeleton components, such 
as the actin and tubulin filaments, are crucial for cell migration. 
These proteins form highly versatile dynamic polymers, capable of 
organizing cytoplasmic organelles and intracellular compartments, 
defining cellular polarity and generating both protrusion and 
contraction forces(3, 4). Due to this, the cytoskeleton is considered one 
of the most promising targets in anticancer drug screening. Drugs 
capable of reaching both actin filaments(5), such as the microtubule 
network, formed by tubulin(6), are capable to promoting deregulation 
of cell structure and disruption of proliferative processes.

It is predicted that there will be 23.6 million new cancer cases 
worldwide each year by 2030, if recent trends in major cancers 
incidence and population growth are seen globally in the future. 
This is 68% more cases than in 2012, with slightly higher growth 
in low and medium human development index (HDI) countries 
(66% more cases in 2030 than in 2012) than in high and very 
high HDI countries (56% more cases in 2030 than in 2012)(7). 
Glioblastoma is a malignant astrocytic glioma associated with 
poor prognoses because of their ability to migrate and diffusely 
infiltrate into the brain parenchyma. After the surgical resection 
of this type of tumor, the residual population of invasive cells 
gives rise to a recurrent tumor which, in more than 90% of cases, 
develops immediately adjacent to the resection margin or within 
several centimeters of the resection cavity(8). 

The purpose of this work was to standardize the wound healing 
assay to be used in the evaluation of substances with proliferative and 
migratory activity on glioma and other cancer cells. Colchicine(9-11) 
and paclitaxel(12-15), which present antimicrotubules activity, were 
used as positive controls since they are capable of destabilizing and 
stabilizing microtubules, respectively. 

Methods

Cell culture

The human glioblastoma (GBM) cell line U87MG (ATCC®HTB-
14TM) was preserved in DMEM/F12 medium supplemented 
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with 10% of heat-inactivated fetal bovine serum, 100 units/ml 
penicillin, and 100 μg/ml streptomycin. The cells were preserved 
in humid atmosphere with 5% CO

2
 at 37ºC.

Plate seeding and monolayer scratch

The U87MG cell line was tripsinized, counted at different cell 
concentrations (0.5; 1; 1.5; 2; 2.5 and 3 × 105 cells/500 µl) and 
seeded on 24-well plate. After 24 hours of incubation at 37ºC 
the monolayers were scratched, creating a cell-free gap, using a 
sterile micropipette tip at an angle of about 90 degrees to keep 
the scratch width limited. To determine the appropriate scratch 
size, three different micropipette tips sizes (1000, 200 and 10 µl) 
were used. Medium was removed and the wells were washed twice 
with serum free medium (500 μl) to remove floating cells by 
aspiration. 

Wound healing assay

Paclitaxel 10 µM (Sigma)(15) and colchicine 1 µM (Sigma)(16) 
were diluted in DMEN/F12 medium and used as positive assay 
controls in the presence (10%) or absence of bovine fetal serum, 
using 1.5 × 105 cells/500 μl/well to form the cell monolayer. Cells 
treated with medium (500 μl), supplemented with or with no 
serum were used as negative control.

Wound area quantification

The wound area was photographed using an inverted 
microscope (Bel Photonics inv 100) prior to addition of the 
drug (time 0), as well as after 24 h of the treatment, using an 
objective lens that allows viewing both scratch edges with 40× 
magnification. The images were saved as *.tif files. To obtain the 
same field during the image acquisition, the reference points were 
made by drawing a straight line with an ultrafine tip pen marker, 
on the outer bottom of the plate wells. The reference mark was 
placed outside the capture image field but within the microscope 
field of view. Two scratch areas; above and below the guideline, 
were measured on each well at 0 and 24 h of treatment using the 
Image J (software 1.48q, Rayne Rasband, National Institutes of 
Health, USA; http://rsb.info.nih.gov/ij/)(17). Image J software was 
used to automatically detect the edge end position(18) and the entire 
procedure was described in the Supplementary Material. Wound 
closure (%) was quantified using the percentage change in the 
normalized measurement area divided by the original open area 
according to: Wound Closure % = [A (0) – A (t)/A (0)] × 100(18) 
where the area at time zero (0) and the area after incubation time 
(t) were used to calculate the wound closure percentage.

Statistical analysis

The results were expressed as a percentage of wound closure, 
considering the area measured at zero time as 0%. Comparisons 
between treatments were performed using analysis of variance test 
(ANOVA) followed by multiple comparison of Dunnett’s test (three 
data sets were evaluated) using no treated cells as control. Data 
are presented as mean ± standard deviation (SD) and the p < 
0.05 was considered significant. Graphs and statistical analyses 
were performed using GraphPad Prism Software, version 5.0 (San 
Diego, CA, USA).

Results

Wound

The steps performed for the in vitro wound healing assay were 
described in Figure 1. The ideal density for the U87MG cell line 
was 1.5 and 2 × 105 cells (Figure 2A). Below this cell density, 
the confluence was lower than 90%, and above this, cells began to 
overlap and detach from the plate during the experiment. Different 
cell concentrations were also scratched with three micropipette 
tip sizes. The goal was to create a straight-edged, cell-free zone 
through the cell monolayer to be visualized and photographed 
after 24 hours. Cell density has a great influence on a homogeneous 
scratch. As cell concentration increased, the edges of the scratch 
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figure 1 – Steps to perform the in vitro wound healing assay

1. cell culture trypsinization and counting; 2. multi well plate seeding; 3. cells were 
allowed to attach, spread, and form a 90% confluent monolayer within a 24 hour period; 
4. scratch-making; 5. wells washed with ice-cold PBS and drug application in medium with 
or with no FBS; 6. draw a straight line on the bottom of the plates; 7. image capturing and 
gap measurement time – 0 h; 8. incubation and Image capturing and gap measurement 
time – 24 h; 9. data analysis.

PBS: Phosphate buffered saline; FBS: fetal bovine serum.
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500 µM

	 0.5 × 105	 1 × 105	 1 .5 × 105	 2 × 105	 2.5 × 105	 3 × 105

figure 2 – U87MG cell monolayer and in vitro wound healing assay standardization

A) U87MG cells were plated at different densities and after 24 hours of incubation, they 
were photographed to observe the confluence of cell monolayers. At 0.5 and 1 × 105 cells 
per well the cellular monolayer presented low confluence and at 2.5 and 3 × 105 cells per 
well the cells began to overlap each other; B) the monolayer was then wound wounded with 
three micropipette tips sizes. The 1.5 and 2 × 105/500 µl cell densities presented optimal 
confluence to perform the assay.

P10

P200

P1000

began to form cell clusters that could disrupt the quantification 
of the scratch and also, at lower cell concentration, notches were 
created on the edge of scratch surface (Figure 2B). At 1.5 and 
2 × 105 cells the three micropipette tips were efficient to perform the 
wound (Figure 2B) differing only in the area (p < 0.05). Scratch 
areas were 1.908, 2.508 and 2.787 mm2 to white (10 μl), yellow 
(200 μl) and blue (1000 μl) micropipette tips, respectively. Even 
in the presence of serum (Figure 3A e 3B) the gaps performed 

figure 3 – In vitro closure of the wound healing assay area after 24 hours colchicine or 
paclitaxel treatment in the presence or absence of serum

U87MG cells were plated at 1.5 × 105 cells/well and treated for 24 hours with 1 µM 
colchicine or 1 µM paclitaxel diluted in DMEN/F12 with (A) or with no (B) serum. 
Images were captured by a camera coupled to the Bel view inv 100 microscope, with 
40× magnification, before treatment (time-0) and after 24 hours of the treatment, and 
compared with the negative control with no drugs. The images were analyzed using the 
Image J software to evaluate the scratch by quantification of the areas occupied by the 
lesion. The graph shows the average values and the standard error of three experiments in 
quadruplicates. Test Anova followed by Dunnett post-hoc test; ***p < 0.001.

Anova: analysis of variance; FBS: fetal bovine serum.
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using white micropipette tip were not completely closed after 24 
hours of incubation; we chose to perform the experiments using 
the white tip because it had the smallest scratched area between the 
two other tips tested on the wells.

Colchicine and tubulin as controls of wound assay

The wound healing assay was performed using colchicine and 
paclitaxel drugs diluted in medium with (Figure 3A) or with no 
(Figure 3B) fetal bovine serum (10%). Both drugs were capable 
to inhibit cell migration in the presence or absence of serum (p < 
0.05) and the presence of serum had no influence on the scratch 
area (p > 0.05).

Discussion

U87MG cell monolayer and scratching 
standardization

Although the in vitro wound assay is straight gap, the lack 
of standardization in its execution makes it difficult to compare 
results and reproduce experiments. The number of cells required 
to form a 90% confluent monolayer(19-21) needs to be determined 
according to the cell type and the size of plate wells. The cell 
lineage chosen for the study was U87MG, an stablished human 
glioblastoma strain, characterized by its high proliferation 
and migration rate(22, 23), with population doubling time of 
approximately 34 h (ATCC, 2012) and size of 12-14 μm (http://
bionumbers.hms.harvard.edu). In the literature, the wound healing 
assay were described with different cell types, such as fibroblast 
cells(24, 25) and cancer cells, including glioblastoma(26-28), breast 
cancer(20, 21, 29), ovarian cancer(30-32). Moreover, a large variation in the 
number of cells used for obtaining the cell monolayer to be scratched as 
1 × 105(21, 30), 2 × 105(29, 33) and 1 × 106(19, 34), was found. Other authors 
described that cells were plated to obtain a confluence of 90% in 
the multiwell plates(19-21). The use of U87MG cells in the wound 
healing assay has also been found in the literature(35), however 
using 6-wells plates. Wound healing assay can be performed on 
any plate configuration available. Using 24-well plates achieves 
rapid screening compared to 12 or 6-well plates; these approaches 
minimize testing costs by reducing the amounts of test compound 
and reagent used. The ideal U87MG cell line density range was 1.5 
and 2 × 105, corresponding to 80-107 × 103 cells/cm2 and, although 
this density could be used as a reference, the assay should be adjusted 
according to the particular cell type to be studied.

To simulate tissue wound, the most common approach is to 
create a gap by scratching a confluent monolayer with a pipette 
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tip, needle, or other sharp tool. The size of micropipette tips used 
to produce the scratch also varied(26, 35-37). All three tip sizes were 
efficient to promote the wound as previous reported(26, 35-37). However, 
as the cell concentration increased, the less homogeneous the 
scratch became, forming cell clusters at the edges of the scratch. 
As the scratch is created manually, reproducible scratches may be 
difficult to produce. It is important to angle the pipette correctly, as 
well as to apply consistent pressure to create a consistent gap width. 
It is also important to wash twice with phosphate-buffered saline 
or free serum medium before treatment and image acquisition 
begin. Washing will remove debris from damaged or dead cells, 
particularly after mechanical scratching. 

To reduce the risk of cell proliferation and compromise the 
study of migration, a low dose of mitomycin C proliferation 
inhibitor may be used. Mitomycin C (2-10 µg/ml) to stop 
proliferation for 2-5 h before scratching, an antitumor antibiotic 
that causes deoxyribonucleic acid (DNA) cross-linking and DNA 
synthesis inhibition, can be used to stop mitosis at various stages. 
However, the dose needs to be carefully optimized to avoid toxic 
effects that may affect cell migration. The most common method 
for suppressing cell proliferation in wound healing assays is the 
use of low serum concentrations or complete absence of fetal 
bovine serum in cell medium (serum deprivation). However, 
the duration of serum deprivation and the required serum 
concentrations need to be rigorously determined for each cell line 
studied, since primary cells do not tolerate serum deprivation as 
well as established cell lines. 

The drugs chosen to be tested were colchicine and paclitaxel. 
Both are known drugs with activity on the microtubules(38, 39) and 
have proven action on migration(39, 40) and cell proliferation(41, 42). 
In the literature there is a wide variation in both concentration 
and exposure time of these drugs tested in different cell types. In 
the standardization of the wound healing assay, the concentrations 
of 1 µM for colchicine(43) and 1 µM for paclitaxel(44) were 
established based on the literature. Both colchicine and paclitaxel 
demonstrated to be a good choice of positive controls for the 
achievement of the wound healing assay even in the presence of 
10% serum. 

Scratch gap area quantification

Cell migration can be quantified using the average distance of 
scratch width between its edges. Many measurements are required 
due to the irregularity of the edges and this manual quantification 
can be very time consuming. Scratch width (mm) should decrease 
as cell migration progresses over time. Cell migration can also 
be measured using the scratch areas. The scratch area can be 
calculated by manually or automatically tracing the cell-free area 
in images captured using the Image J software, public domain 
(NIH, Bethesda, MD). Different types of mathematical formulas 
were used to assess the gap closure at different periods of time. 
Some use formulas which results are presented using metric 
scales. The length measurement units can generate ambiguity 
when converting the proportions of a digital image (represented 
by pixels) to mm. Therefore, the representation of a result that 
does not use of length-based units, as the one used in this study, 
can help overcome the problem. Under normal conditions, the 
scratch area (mm or pixel) will decrease over time [scratch area 
= A (0) – A (t)/t]. Alternatively, migration may be expressed as 
the percentage change in normalized measurement area to the 
original open area [wound closure % = A (0) – A (t)/A (0) × 100].

Quantifying the manual scratch using imaging software 
provides greater accuracy in the gap area values, taking into 
account the different edges irregularities provided by the 
implementation of manual or automatic measurement. Other 
software, other than the Image J, are used in the literature, 
and have also been efficient in these issues because they have 
quantification tools similar to Image J(18). 

Conclusion

Standardization of the wound healing assay using a 
24-multiwell plate glioma cell line was successful. Both colchicine 
and paclitaxel showed inhibition of monolayer gap closure even 
in the presence of 10% serum and can be used as positive controls 
of the technique. Therefore, standardized glioma technique can be 
accessible in many clinical and medical laboratories, with little or 
no use limitations.
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