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High Throughput Anchorage-Independent Cell Colony Assay

11

Here we report on the use of the ImageXpress® Velos System for 
automated anchorage-independent growth assay. The ImageXpress 
Velos System scans whole well areas and has a large depth of field 
making it well-suited for colony characterization in thick media. 
Colony assays using human lung carcinoma A549 cells in agarose 
were prepared in 96-well black-walled plates with square-wells and 
a glass bottom (MatriCal, Spokane, WA) that result in better control 
of the media layers as well as improved optical access and image 
quality. A simple one step colony staining protocol has been de-
veloped using the product LavaCell™ (Active Motif; Carlsbad, CA). 
LavaCell™ stains cellular membranes of live or dead cells by react-
ing with free amine groups on proteins where It produces a bright 
fluorescent signal upon 488nm laser excitation with a peak emis-
sion at 610nm.

The ImageXpress Velos System has a proprietary optical system 
with a large depth of field (400 μm) and binocular setup making it 
well-suited for 3-D colony measurements for HTS and drug discov-
ery efforts. A schematic of the ImageXpress Velos System optical 
setup that provides highly sensitive detection is shown in Figure 1. 
The binocular design allows 2 channel image acquisition of cell colo-
nies at several micron resolution over whole plates without need of 
focus adjustment or acquisition of multiple z-heights. Cell colonies 
were analyzed automatically for size, number, and total colony area. 

Assay Procedure

Cell Colony Assay Plate Preparation. Human lung carcinoma 
cells, A549 (ATCC CCL-185) were cultured in RPMI-1640 medium 
supplemented with 10% FBS, 25 mM Hepes, 2 mM Glutamax-1, 1 
mM sodium pyruvate, 1 mM non-essential amino acids, 100 units/
ml penicillin, and 100 μg/ml streptomycin. A 0.8% (w/v) agarose 

base layer solution was prepared by adding sterile 1.5% agarose so-
lution (Chemicon, CA) to complete RPMI-1640 medium. The base-
layer was formed in sample wells by adding 100 μl/well of the 0.8% 
agarose solution. The A549 cell concentration was adjusted to 1 x 104 
cells/ml in a solution of complete RMPI-1640 medium and 0.3% aga-
rose solution. The cell suspension (100 μl containing 1000 cells per 
well) was added to the top of the base layer and allowed to solidify 
for 1 hour at 37°C. Next, 100 μl/well of RPMI-1640 media was added 
to sample wells, the outer wells of the MatriCal plate were filled with 
sterile water to aid in evaporation control and the plate was incubated 
overnight in a humidified incubator at 37°C and 5% CO2. The follow-
ing morning, 100 μl of 4x dilutions of staurosporine in media were 
added to appropriate wells (n=6). The cultures were microscopically 
monitored for colony formation. The day 14 cultures were stained 
with LavaCell™ by removing the growth media and adding 100 μl of 
2.4 μM LavaCell™ dye in HBSS. Plates were incubated for 1-2 hours 
and analyzed using the ImageXpress Velos System.

Results and Discussion

Analysis of Cell Colonies and Staurosporine-Induced Growth 
Inhibition by ImageXpress Velos System. The ImageXpress Velos 
System laser scanning platform with 488nm laser excitation was set 
for whole well, 2 channel image acquisition with 600nm long pass 
(LP). Fluorescence images were acquired at 5 x 5 micron sampling 
with a total scan plate cycle time of 5 minutes. 

A dilution series of staurosporine from 1x10-6 to 1x103 nM concentra-
tions was evaluated for A549 colony growth inhibition after 14 days. 
The colonies were stained with LavaCell™ as described and analyzed 
using the ImageXpress Velos System. A common problem with imag-
ing colonies in thick media is shadowing and meniscus effects from 
the walls. To overcome this, Ch3 and Ch4 images were added and 
the resulting composite image was used for object thresholding from 
a whole well region of interest (ROI). All objects within the ROI identi-
fied from the thresholding operation were enumerated and the classi-
fied object data was saved in a tabulated form (.csv) providing object-
by-object as well as average object data for each well. 

Cell colonies were analyzed automatically for size, number, and total 
colony area. Whole well fluorescence images for 0.01, 0.1, 1, and 
10 nM staurosporine concentrations are shown in Figure 2. A clear 
change in cell colony size and morphology is observed. In this assay 
it was found that the biology was well represented by a simple cal-
culation of the total colony area per well. A plot of total colony area 
versus staurosporine concentration is shown in Figure 3. The results 
demonstrated that A549 colony formation was inhibited in a concen-
tration dependent manner by staurosporine with an IC50 of 0.62 nM 
for colony growth inhibition.

Figure 1. ImageXpress Velos System binocular imaging of thick samples.
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Summary of Image Analysis Process. Once the image analysis pa-
rameters are defined the image analysis occurs concurrently with 
scanning and the results can be viewed immediately afterward. The 
automated steps are:

1. Acquire whole well images in two channels (binocular view)

2. Add images from the two channels (Ch3 + Ch4)

3. Threshold on composite image

4. Use area filters to classify objects for analysis

5. Determine total cell colony area (sum of area mea-
surements from all classified objects)

Conclusions

3-D colony assays present many imaging and computational challeng-
es with traditional microscope systems. Non-uniform staining, me-
niscus effects, and the requirement of multiple z-sections makes mi-
croscopes ill-suited for HTS applications. These problems have been 
overcome with the use of layered media in MatriCal 96-well plates, 
the LavaCell™ dye, and the ImageXpress Velos System scanning cy-
tometer. This system produces a cell colony growth assay protocol 
that is ideal for HTS and drug discovery efforts. An entire plate can 
be scanned and analyzed in 5 minutes, and integration with a plate 
handler (Twister II) allows for walk-away operation. The rapid image 
acquisition and robust image analysis process for quantitation of cell 
colony growth makes it possible to gather information about signals 
involved in normal cell and tumor architecture that could only be ob-
tained with great effort using conventional approaches. The unique 
optics and scanning engine of this platform enables simple “plug and 
play” applications to meet the needs of life science researchers in 
both academia and industry.

Image and analyze colonies with 
ImageXpress Velos System

Figure 2. Whole well images of wells treated with the indicated concentra-
tions of staurosporine and stained with LavaCell™.
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Figure 3. Staurosporine dose response curve as determined by total cell 
colony area. Measurements were done in replicates (n=6) and the error bars 
represent ± one standard deviation of the measurements.
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