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The development of computerized 
methods for large-scale analyses of 
imaging data are currently needed to fill the 
gap between the acquisition of hundreds 
of images by increasingly fast and 
efficient automated techniques and the 
subjective evaluation of those images by 
researchers (1). For instance, microscopy 
is an important tool for analyzing changes 
in cell morphology in response to specific 
agents, but the amount of data generated 
by automated techniques greatly exceeds 
manual processing capacity (2).

Several experimental in vitro methods 
are currently available to evaluate the 
effects of drugs on the morphological 
and physiological characteristics of 
cancer cells (3). The wound-healing 
assay and the evaluation of anchorage-
independent growth in soft-agar are two 
classic techniques used for screening 
antitumor drugs (4,5). The first assay 
evaluates the effects of selected drugs 
on cell migration, which is a central feature 
of tumor metastasis (6,7) that allows 
neoplastic cells to invade the surrounding 
blood and lymphatic vessels and spread 

to other organs (8,9). The second assay, 
on the other hand, is one of the tests that 
most clearly show the malignant trans-
formation of cells, and it is based in the 
concept that transformed non-neoplastic 
cells and tumor cells are able to survive, 
grow, and form colonies in the absence 
of anchorage (such as to the extracel-
lular matrix in tissues) or contact with 
neighboring cells (10). These assays 
have the potential to provide insights on 
the effects that drugs may have on the 
morphological characteristics of tumor 
cells. Both techniques generate results 
using microscopy and image processing, 
in which the morphology of migrating 
or colony-forming cells is examined in 
response to specific agents.

In recent years, biological imaging 
techniques have become increasingly 
sophisticated and accessible, creating a 
demand for computational tools capable 
of processing and analyzing the enormous 
amount of data generated (11). Indeed, 
several computational tools have been 
developed to process biological images, 
such as Matlab (MathWorks, Inc.) (12), 

Image Pro Plus (Media Cybernetics) 
(13), TScratch (CSElab) (14), ColonyArea 
(15), and other custom-made algorithms 
for specific tasks. However, the ever-
increasing amount of biological images 
obtained from different experiments 
has required the further development of 
tools for processing images able to meet 
the needs of different tests. Moreover, 
currently available software applications 
are not always user-friendly or may be too 
expensive for many researchers. Thus, 
there is a need for new automated compu-
tational algorithms that perform unbiased, 
user-friendly analyses of high-throughput 
data and simplify data processing while 
guaranteeing robustness and reproduc-
ibility of the results at a reasonable cost.

Here, we present two algorithms 
built using the ImageJ programming 
language (National Institutes of Health) 
to facilitate automated analyses of images 
from cell migration (WH_NJ algorithm) 
and anchorage-independent growth in 
soft-agar (SA_NJ algorithm) assays. We 
used ImageJ since it is a free and open-
source application for the processing of 
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METHOD SUMMARY
We present two independent algorithms, coded using the ImageJ macro language (IJM), that speed up and eliminate bias 
in the analysis of phase contrast optic microscopy images obtained during wound-healing and soft-agar assays.
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multidimensional images (16). Moreover, 
the flexibility of the ImageJ language 
allows for multiple plugins and macros to 
be created for a variety of tasks, facilitating 
statistical calculations (16).

Currently, analyses of cell migration 
are most frequently performed by manual 
tracing of two parallel lines bordering the 
edges of the regions without cells, by 
outlining the borders of the wound (17), 
or by using the sizes of straight lines 
connecting the borders of the wounds  
(18–20). For the soft-agar assay, the 
formula commonly employed is A = pRr, 
where p = 3.14, and R and r are the longest 
and the shortest radii, respectively, of 
the colonies; thus, the researcher must 
measure the diameter of each colony 
(21). These techniques are necessarily 
subjective since the researcher has to 
manually trace the regions of interest in 
each image (i.e., areas lacking cells or 
the areas of the colonies). This is partic-
ularly problematic for large-scale drug 
screening experiments with hundreds of 
images, when the task becomes laborious 
and time-consuming (2). The algorithms 
presented here stand out because they 
overcome these two problems, allowing 
precise, rapid, and unbiased analyses of 
both assays.

Materials and methods
Cell culture and image acquisition
Human melanoma SK-MEL-37 cells were 
cultured as described in Carey et al. (22). 
For the wound-healing assay, cells (1.5 
105) were plated in technical triplicates 
in 24-well plates (1.9 cm2 surface area/
well).  After reaching 100% confluence, 
2 wounds ~2-mm wide were made in the 
monolayer with a 200-ml sterile pipette tip. 
Detached cells were removed by washing 
with sterile 1× PBS (phosphate buffered 
saline; USB Affymetrix, Santa Clara, CA) 
pre-warmed to 37°C. Two independent 
areas of each lesion were imaged at 0, 
12, 24, 48 and 72 h with a Moticam 2300 
camera attached to a Motic AE31 inverted 
phase contrast microscope (Motic Asia, 
Kowloon Bay, Kowloon, Hong Kong) at 
40× magnification.

For the soft-agar assay, SK-MEL-37 
cells (1.0 × 103) were suspended in 
300 ml DMEM (Dulbecco’s Modified 
Eagle Medium; ThermoFisher Scientific, 
Waltham, MA) supplemented with 10% 
FBS (ThermoFisher Scientific) and 0.3% 
ultra-pure agarose (Sigma-Aldrich, St. 

Louis, MO). The suspension was poured 
over 300 ml pre-solidified 0.5% agar 
base (Sigma-Aldrich) in 24-well plates 
(1.9 cm2 surface area/well), and the 
plates were incubated at 37°C with 5% 
CO2 atmosphere saturation. Cells were 
cultivated for 3 weeks, and the growth 
medium on top of the agarose layer was 
replaced twice a week. Colonies (n = 45) 
were photographed using a Moticam 
2300 camera attached to a Motic AE31 
inverted phase contrast microscope at 
100× magnification.

In both experiments, images of the 
cells were captured in JPEG format using 
the Motic Image Plus 2.0 software for 
Microsoft Windows XP (Redmond, WA). 
This software captures images of cells 
visualized on the Motic AE31 inverted 
phase contrast optic microscope attached 
to a Moticam 2300 camera. Photograph 
parameters were optimized to obtain high 
resolution (i.e., 2048 × 1536 pixels) and 
sharpness in the image, and for the best 
balance of brightness and contrast that 

allows for clear distinction of regions with 
and without cells (Supplementary Figure 
S1).

Image processing
We used two online open-access software 
applications to calculate the areas of 
wounds in the cell migration assay and 
the sizes of colonies grown in the soft-agar 
assay: (i) the FastStone Image Viewer 5.7 
(www.faststone.org/FSViewerDownload.
htm), which clusters images of replicates 
and/or treatment groups, generating 
a single file for analysis; and (ii) ImageJ 
version 1.49, which can be obtained from 
the RSB home page (https://imagej.nih.
gov/ij/). The subsequent steps involving 
the ImageJ macros were executed and 
tested in the following operating systems: 
Microsoft Windows versions 7, 8, 8.1, and 
10, and Ubuntu 16.04.1 LTS, instructions 
set ×64 and ×86.

For the installation of both the WH_
NJ and SA_NJ algorithms in Windows, 
ImageJ needs to be executed and 

Figure 1. Serial demarcation and calculation of colony area using the SA_NJ macro. The SA_NJ mac-
ro developed in this study automatically defines the areas of cell colonies grown in suspension, which 
are imaged using a phase contrast microscope; the macro generates numerical data corresponding 
to the area of the colony in relation to the whole image. (A) Delimitation of six colonies with different 
sizes and shapes (black borders), indicating the regions used by the macro for calculation of area. (B) 
Window showing a summary of the calculation of the areas of 45 colonies, listing the raw data referring 
to the number of colonies per image, the total area, the mean size (if there is more than one colony per 
image), and the percentage of the area of the colony in relation to the total area of the image. (C) Com-
parison of the calculation of the area of one colony using the SA_NJ macro and the manual method 
of measuring two diameters (A = pRr; R and r are the longest and the shortest radii, respectively). (D) 
Statistical analysis demonstrating that there was no statistically significant difference in the area mea-
surements using the SA_NJ macro versus the manual method (n = 45 colonies). Scale bar: 200 µm.
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calibrated (Supplementary Figure S2). 
The next steps are as follows: click on the 
menu item “Plugins,” sub-menu “Macros,” 
“Install,” and in the directory of macros 
available, select the one of interest and 
click “Open.” After restarting the software, 
a tab associated with each macro should 
be available in the ImageJ window under 
“Plugins.”

Optionally, a file with multiple images 
can be created for an automated analysis 
of several images. To this end, the 
following instructions must be executed: 
open the FastStone Image Viewer, go to 
the directory where the images are stored, 
select the photographs of interest (e.g., a 
control group), go to the menu “Create” 
and click on “Multi-Page File Builder”(or 
just press Alt + M). In the new window, 
choose the TIFF format, select “UNCOM-
PRESSED” in the option “Compression,” 
and click on “Create.” Name the file, 
choose a destination folder, and click on 
“Save.” Additionally, the user can opt to 
open all images using the native option 
available in ImageJ instead of creating a 
stacked image (Supplementary Figure S3).

After creation of the file and installation 
of the macros, open the images in ImageJ 
and execute the algorithm corresponding 
to the experiment that will be analyzed. 
The time spent calculating the areas varies 

according to the number of images. After 
the calculation, three new windows will 
open in ImageJ: (i) ROI Manager, which 
stores the information about the overlay; (ii) 
the results window, which shows the areas 
calculated for each region identified in the 
image; and (iii) the summary of the results.

Results and discussion
The SA_NJ macro allowed the calculation 
of the areas of 45 independent colonies 
of tumor cells grown in suspension in soft 
agar, with just a single click. This algorithm 
distinguishes the pixels in the regions with 
and without cells in the images, precisely 
identifying the entire extent of the colony. 
The SA_NJ macro then automatically 
creates a line surrounding the colonies, 
clearly defining the region to be used by 
the macro for calculation of the areas 
(Figure 1A). Next, ImageJ generates values 
for each colony, which are summarized 
in a new window (Figure 1B) showing the 
area of each colony and the proportion it 
represents of the whole image.

The mean area calculated by SA_NJ 
(607 ± 59.9 µm2) showed no statistically 
significant difference when compared 
with the mean area calculated using the 
manual method of measuring the longest 
and shortest radii of the colonies and 

Figure 2. Use of the ImageJ WH_NJ macro for analysis of the wound-healing cell migration assay. 
Regeneration of a lesion made in the cellular monolayer at time 0 h (H) was evaluated 12, 24, 48, 
and 72 h (H) after the wound was made. (A) The WH_NJ macro was performed for each time point, 
and the regions with and without cells were identified (demarcated by the black line) and used for 
the calculation of the area of the wound. Manual analysis was performed by drawing three parallel 
lines connecting the edges of the wound for each image (white lines), and the mean length of the 
lines was used to determine the size of each wound. (B) Graph derived from data from six technical 
replicates (WH_NJ) and three parallel lines (manual analysis) for each sample showing the 
percentage of the area of the lesion in relation to the initial (0 H) total area over time. The table shows 
individual mean (xˉ  ) and standard error of the mean (SEM) values obtained by the two measurement 
methods. Red circle shows the region omitted from manual measurement. Scale bar: 500 µm.
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applying the formula A = pRr (21) (513 
± 53.85 µm2) (Figures 1, C and D). This 
demonstrates that SA_NJ is accurate 
in measuring the areas of the colonies, 
with the advantage of being a one-click 
method. Moreover, the manual method 
presents additional drawbacks. In some 
cases, the identification of the longest 
and shortest diameters is compromised 
by the morphology of the colony (which 
is frequently not oval) and requires two or 
more researchers to perform independent 
measurements of each colony, making the 
analysis laborious and time-consuming.

In the wound-healing assay, we 
employed two methods. The first involved 
measuring the lengths of three parallel 
lines connecting the borders of each 
scratch and using their mean to estimate 
the size of the lesion (white lines of Figure 
2A), whereas the second method used the 
WH_NJ macro (black lines of Figure 2A). 
WH_NJ automatically identified the regions 
without cells (i.e., the wound) and calcu-
lated the ratio of this area to the area of 
the whole image over time (Figure 2A). Our 
macro showed statistical consistency, as 
demonstrated by the small standard errors 
of the mean obtained from the technical 
triplicates as well as the similarity of the 
histogram showing closure of the lesion 

over time to that obtained using the manual 
method (Figure 2B). The WH_NJ macro 
also precisely calculated areas uncovered 
by the cells that were skipped when using 
the manual method (red circle in Figure 
2A). The high accuracy and precision of 
the WH_NJ macro affected the results, 
as demonstrated when wound regener-
ation at 48 h was compared between the 
2 methods: 12 ± 4% for WH_NJ and 27 
± 3% for the manual method; P = 0.0152 
(Figure 2B, 48H). The other advantage 
of this macro in comparison to other 
methods (23) is that it specifically detects 
the regions of the wound in an automated 
and unbiased way.

In some analyses, however, the sensi-
tivity of the WH_NJ macro can detect holes 
in areas that are not of interest (Figure 3). In 
these cases, it is important that the users 
make an overlay of the line generated by 
ImageJ (Figure 3, A and B) and the original 
image. For that, the following steps have to 
be executed: without closing any window, 
re-open the original figure (used for the 
calculation) using ImageJ and go to the 
menu “Image,” option “Overlay,” and click 
on “From ROI Manager” (Figure 3F). The 
line generated in Figure 3B will be incor-
porated into the original image (Figure 
3C), creating an overlay. In this example, 

3 regions were identified, and their 
respective areas were calculated (Area 1: 
2.289 mm2, Area 2: 0.011 mm2, and Area 
3: 0.012 mm2) (Figure 3D). In this case, the 
researcher will have to disregard the Area 
2 and Area 3 values when copying the data 
to a spreadsheet for statistical analysis. In 
Figure 3E, the sum of the areas calculated 
for the three regions identified (Area 1, Area 
2, and Area 3) is indicated, as well as the 
mean of these areas and the percentage 
that these areas represent in relation to 
the whole image.

Alternatively, it is possible to configure 
the software to automatically disregard 
smaller areas using the following steps: 
close windows B, C, D, and F shown in 
Figure 3, and go to the menu “Analyze,” 
and “Analyze particles.” Keep the options 
“Display results,” “Summarize,” and “Add 
to manager” selected, and in “Size,” 
gradually increase the value by 0.05 points 
to discard smaller areas. Click OK, and 
repeat the process of composition to 
check if the new settings applied are satis-
factory. It is worth noting that the estab-
lished value should be the same for all of 
the groups analyzed in a given experiment.

ImageJ has the advantage of being a 
freely distributed software; however, many 
of its functionalities are not easily appre-
ciated by users, and require basic under-
standing of computer programming. As 
a consequence, ImageJ is not always 
the researchers’ first choice for image 
analysis, and many laboratories opt for 
commercial tools or outsourced services. 
Both the WH_NJ and the SA_NJ macros 
were designed with the aim of circum-
venting this problem and facilitating 
analyses of wound-healing and soft-agar 
assays. They allow for the systematic 
measurement and analysis of photo-
graphs of cell cultures in an automated 
and reproducible way. Moreover, they 
are easy to use, require minimal user 
input, and present numerous advantages 
relative to other methods currently in use. 
Additionally, these macros are able to 
perform large-scale automated analyses of 
an infinite amount of images, which is not 
possible using some methods published 
to date (17,19,24,25), These macros also 
minimize manual intervention and eliminate 
the need for expensive and robust fluores-
cence microscopy tools, or commercial 
software for image processing, such as 
Image-Pro Plus (13). A previous study 
compared the use of Matlab and ImageJ 

Figure 3. Wound-healing assay data obtained after calculation in ImageJ. The WH_NJ macro was 
validated by evaluating its precision in the detection and calculation of areas related to wounds made 
in the cell monolayer, using >300 images. (A) The WH_NJ macro for cell migration assays calculates 
the area of the wound (A1), but can also detect regions without cells and calculate their areas (A2 and 
A3). In these cases, the researcher will need to collect data only from the area of the lesion (A1). (B) 
Automatic conversion of the image in Panel A for calculation of the area. (C) Automatically generated 
lines that are used to overlay the original image. In these cases, the researcher will need to collect 
data from the area of the wound (D) only in the window showing the areas of each identified region 
(including the wound). (E) Summary window in which the information from all of the areas detected in 
the image are gathered. The percentages of the areas of all of these regions in relation to the total area 
of the image is shown. (F) ROI Manager, where information regarding the demarcation lines is stored.
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for assessing the migration rate from an in 
vitro circular model. The authors wanted 
highly precise measurements of single-
cell migration events from one image at a 
time and showed that ImageJ generated 
data with similar robustness to Matlab 
(12). However, despite being a complete 
software application that performs many 
types of biological and statistical analyses, 
Matlab is a costly and highly complex 
program that needs to be mastered by 
the user and requires constant Internet 
connection. Other free applications used 
to evaluate the size of scratches (e.g., 
TScratch, a Matlab derivative) (14) and 
the area of colonies (e.g., ColonyArea) 
(15) also require that the user input many 
parameters, instead of being single-click. 
Although these applications are powerful 
and efficient tools, they are not as easy to 
use as the macros presented here.

The current work presents two compu-
tational macros that provided similar 
results with simpler usage than other 
comparable software tools. The macros 
presented here were validated by a 
comparison with corresponding manual 
methods and have proven to be ideal 
for users seeking a simple, efficient, and 
reproducible way to calculate the pattern 
of migration and colony formation for their 
assays.

Both the WH_NJ and SA_NJ macros 
are available for download from the 
database of macros at the ImageJ web 
site, or they can be requested by e-mailing 
the authors. Both files are available in the 
formats “.ijm” and “.txt.” While the original 
raw code of the macros is presented in 
Supplementary Figure S4, they will be 
updated as requested by users in order 
to address specific demands.
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