
Results

Figure 5 shows images of mycoplasma contaminated HeLa
cells acquired on the ArrayScan VTI using the Brightfield 
module and analyzing the images with the Compartmental 
Analysis BioApplication.  
Panels A and B are a field view and Panels C and D are an 
enlarged section of the image represented in the white box in 
Panel A. Panel A and C represent the Hoechst 33342 stained 
nuclei with extra-nuclear DNA presence identified with yellow 
overlays by the BioApplication.
Panel B and D in Figure 5 are the Brightfield images of the 
same image with the overlay of the mycoplasma identified in 
the Hoechst channel by the BioApplication indicated by the red 
dots.  The multi-mode ability of the ArrayScan VTI allows the 
user to confirm that the extra-nuclear DNA is indeed part of 
the whole cell or even if there is extra-cellular mycoplasma
within the culture media as seen in Panels C and D of Figure 
6.  Although the wells were washed with PBS after the 
Hoechst staining, there is remaining extra-cellular 
mycoplasma found in the field as indicated by the red arrow in 
Panel C and D.  Panel C is the Hoechst staining where the 
extra-cellular DNA was identified as an object as indicated by 
the blue overlays and panel D shows the Brightfield image 
indicating there is no cell associated with the Hoechst positive
staining.  In Panels A and B of Figure 6, there are no HeLa
cells with extra-nuclear or extra-cellular Hoechst staining.  
Panel A is Hoechst staining with blue overlays that identify the
objects for analysis and panel B is the Hoechst channel that 
will identify the extra-nuclear DNA, if present.
The image of the PCR agarose gel results in Figure 7 confirms 
the mycoplasma contamination and identifies two species M. 
hyopneumoniae (237 bp) and M. hyorhinis (211 bp).  
The graph in Figure 8 shows the percent of cells that had an 
extra-nuclear spot count above the cut-off and was normalized 
to the percent of the normal HeLa cells.

Introduction

Cellular senescence is defined as a state in which a cell is 
viable and metabolically active, but ceases to divide.  The two 
most highly studied forms of senescence include replicative
senescence through cellular aging and loss of telomeres and 
premature senescence induced by various stressors including 
oncogenes and chemotherapeutics1.  Both forms of 
senescence remove aging and malignant cells from the cell 
cycle, leading to tumor suppression.  The senescent phenotype 
displays distinct morphological characteristics where cells 
become enlarged and flattened with increased granularity and a 
vacuole-rich cytoplasm.    
There is no single biochemical assay that definitively confirms 
cellular senescence.  Since senescent cells cease to divide, 
5-bromo-2’deoxyuridine (BrdU) incorporation is one test that is 
typically performed to identify senescent cells.  In addition, 
senescent cells display characteristic gene expression patterns 
with specific changes in the protein levels of various cell cycle 
regulators including p53, cyclin dependent kinase inhibitors 
(p21, p16) and retinoblastoma protein (Rb).  The most widely 
used assay for detection of senescent cells is the 
� -galactosidase assay.  An increase in the lysosomal
compartment of senescent cells leads to high-expression of 
� -galactosidase detected as blue perinuclear staining 
specifically at pH 6.02.  Whereas presenescent and senescent 
cells stain equally well at pH 4 and not at all at pH 7.5, only 
senescent cells visibly display � -galactosidase activity at pH 
6.0.  Most laboratories that use the � -galactosidase assay to 
demonstrate senescence will publish a representative image or 
images of the blue perinuclear staining in a small subset of 
cells as compared to no visible staining in control cells.  This
process is not at all quantitative and researchers are then 
allowed to choose the “best” images that may or may not be 
representative of the staining in the entire well. 
Until now, quantitation of brightfield images has been a long, 
tedious and inaccurate process performed by microscopic 
analysis and manual quantitation by the researcher.   

Abstract

Image –based High Content Analysis (HCA) typically involves multi-wavelength fluorescence microscopy 
on an automated imaging platform integrated with image analysis software to quantify fluorescent signals 
in vitro.  Recently, the technology has evolved to address both non-fluorescent approaches such as 
transmitted light or coupling transmitted light and fluorescence in a multi-mode environment to measure 
targets of interest.
The increased lysosomal compartment of senescent cells results in a high level of expression of 
� -galactosidase that can be readily detected as blue perinuclear staining specifically at pH 6.02, and is 
widely utilized as a qualitative indicator of senescence.  Whereas presenescent and senescent cells stain 
equally well at pH 4 and not at all at pH 7.5, only senescent cells visibly display � -galactosidase activity 
at pH 6.0. However there are no straightforward methods to accurately quantify the � -galactosidase
activity in senescent cells.  Using an HCS fluorescent label free approach, we are now able to quantitate
transmitted images to determine the amount of � -galactosidase activity at pH 6.0 in  cell populations as a 
quantitative indicator of cellular senescence.   
As a second application presented in this poster, we investigate the contamination of cell cultures by 
mycoplasma which may alter cell physiology and dramatically affect cellular responses.  By combining 
the flexibility of fluorescence and transmitted light imaging we can quantify the amount of mycoplasm in 
contaminated cultures and discuss additionally why combining this multi mode approach is a powerful 
tool which can be implemented in all HCS multiplexed assays.
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Figure 2: Enlarged image of Figure 1C.  
Image displays a composite of two 
channels acquired with the Brightfield 
module.  The first channel (green overlay) 
identifies the cell boundary while the 
second channel (blue spots) identifies 
the bbbb-galactosidase stain.

Results

Figure 1 show images of A549 cells acquired on the ArrayScan
VTI using the Brightfield Module and analyzed with Cellomics 
Compartmental Analysis BioApplication to obtain a quantitative 
measure of � -galactosidase staining. The phenotypic results of 
� -galactosidase expression using brightfield imaging are the 
dark spots formed in the perinuclear region of the cell. The 50 
nM doxorubicin treatments (Panel A and C) showed marked 
increase in the spot area as calculated by the bioapplication
(Figure 2) over vehicle control (image not shown), whereas the 
25 nM discodermolide treatments (Panel C and D) revealed less 
� -galactosidase expression, but still was significant over vehicle 
control. Figure 4 shows a quantitative dose response of 
disoarzole treated cells compared to DMSO control and 50 nM
doxorubicin.  Disorazole demonstrates potent, antiproliferative
effects in various cell lines within twenty four hours by initiating 
an apoptosis response.  The cells that survived the disorazole
treatment developed a senescence phenotype in a dose 
dependant manner. Using the Compartmental Analysis V3 
Bioapplication, Brightfield images were quantitated to determine 
the area of � -galactosidase staining that was present in each 
cell among the different treatments.  DMSO vehicle control 
yielded few cells (7.8% of the cells) responding as the � -
galactosidase positive, however, both 50 nM doxorubicin (71% 
of the cells), and 25 nM discodermolide (48% of the cells) 
showed a significant population of cells that scored as positive
as compared to the control.  A dose response curve of 
disorazole yielded a dose dependent senescent � -galactosidase
staining response and an EC50 of 0.97.

Conclusions

• A High Content Screening approach with Brightfield imaging 
was used to quantitate the amount of � –galactosidase
expression from known positive controls of cell senescence.  
• An automated approach that permits sensitive detection and 
quantitation of � -galactosidase expression using the ArrayScan
VTI and brightfield images can be employed to help increase 
throughput or multiplex assays with current fluorescent 
methods.
• Quantitation of Brightfield images for � –galactosidase
expression eliminates the need for subjective, tedious and 
inaccurate manual microscopic analysis.

Materials & Methods

Cell treatment and � -galactosidase Staining:  
A549 cells were plated at 3.5 x 105 in 6-well plates and treated 
for 7 days with 50 nM doxorubicin or 25 nM discodermolide to 
induce senescence or DMSO vehicle control.  To avoid over-
confluent cell populations resulting in false positive staining2, 
treated cells were split at day 3 before staining at Day 7.   We
used the � -galactosidase staining protocol as previously 
described2 with staining up to 24-36 hrs at 37oC before 
quantitation on the ArrayScan VTI.

FIGURE 1. Automating the quantitation of 
� -galactosidase staining.  (A) Brightfield 
image of A549 cells treated with 50 nM
doxorubicin, (B) Brightfield image of 
A549 cells treated with 25 nM
discodermolide (C and D) Algorithmic 
overlays applied to the images (in figure 
1A and B) quantifying the � -
galactosidase staining.

High Content Detection and Quantification 
of Mycoplasma Contamination

Introduction

Screening for mycoplasma is an essential test for every 
laboratory that does cell culture.  The contamination of cell 
cultures by mycoplasma can alter cell physiology and affect 
experimental results.  Mycoplasma contamination can not 
be detected by visual inspection of the cells or controlled by 
the presence of antibiotics in the culture media.  Typical 
detection methods including PCR, and enzyme activity 
assays can be costly or time consuming with varying 
sensitivity and specificity5.  Identifying mycoplasma
contamination in cell cultures using high content screening 
and Brightfield imaging allows for rapid, automatic detection 
and quantification of fluorescently labeled extra-nuclear 
DNA along with its association within the whole cell.  
Based on the recommended protocol from the Tissue 
Culture Association for mycoplasma detection, (TCA 
Procedure No. 75361)4 the cells are grown on an 
appropriate container (e.g. 96 well plate, glass chamber 
slide), then stained with Hoechst which binds to dsDNA and 
examined for uniform sized fluorescent extra-nuclear 
objects within the cell culture.
By using multi-mode imaging by combining the ArrayScan
VTI with the Brightfield module makes identifying 
mycoplasma an automated and routine procedure to 
monitor the quality of the cell cultures in the laboratory.  
The Brightfield images were used for visual confirmation of 
the location of the mycoplasma within the cell.  By 
integrating a Brightfield channel with all high content assays 
containing the DNA dye, Hoechst, the identification and 
quantification of mycoplasma could be performed as a 
quick test on every assay that is on the ArrayScan.

Materials & Methods

Cells: HeLa cells were transfected with the target gene.  
Cells were maintained in DMEM (with high glucose), 
L-glutamine (2 mM), Sodium pyruvate (1 mM), 10% FBS, 
G418 (0.3 mg/mL) with/without Penicillin-Streptomycin. 
Cells used for these studies were between passages 15 
through 18.  The cells were seeded into a 96-well plate at 
5,000 cells per well in 100 mL of media.  The plates were 
covered and placed in the incubator over night to allow for 
attachment of the cells.  
Staining: The next day 10 mL of Hoechst 33342 (2 mg/mL, 
final, Invitrogen) were added to each well.  The cells were 
washed once with 100 mL PBS, and 100 mL PBS was 
added to each well prior to analysis. 
High Content Imaging: Images were captured using the 
ArrayScan VTI with the Brightfield module and analyzed on-
the-fly using Cellomics Compartmental Analysis 
BioApplication.
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FIGURE 7. PCR confirms the presence of 
mycoplasma contamination in the cell 
culture.

Cellular Senescence Identified by 
� -Galactosidase Assay and HCS

Figure 3: Automating the quantitation of �
-galactosidase staining.   The graph 
illustrates the treatment of A549 cells with 
doxorubicin or discodermolide and the 
subsequent percent of senescent � -
galactosidase staining compared to the 
DMSO control.  Each bar represents the 
mean of twenty fields per well and 2 wells 
per condition +/- SEM. Dose response of 
disorazole compared to control.
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Figure 4: Dose response of Disorazole
C1 compared to control conditions. The 
graph shows a concentration dependent 
dose response of senescent bbbb -
galactosidase staining compared to the 
DMSO control and 50 nM doxorubicin. 
Each bar represents the mean of twenty 
fields per well and 2 wells per condition 
+/ -SEM.

FIGURE 5: Multi-mode image acquisition of 
HeLa cells contaminated with mycoplasma.  
(A) Hoechst 33342 stained nuclei with the 
extra-nuclear DNA identified with yellow 
overlays. (B) A Brightfield image of the same 
cells in panel A overlayed with the identified 
mycoplasma indicated by the red dots. (C 
and D) Enlarged section of panels A and B 
represented by the white box in panel A.
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FIGURE 6: Hoechst staining of the DNA in 
non-contaminated HeLa cells and Multi-
mode determination of extra-cellular DNA. (A 
and B) Normal, healthy HeLa cells, the blue 
overlays identify the objects for analysis (A) 
and panel B would identify the extra-nuclear 
DNA, if present. (C and D) The red arrows 
indicate the presence of extra-cellular DNA.
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Conclusions

• Multi-mode High Content imaging enables the simple 
detection of mycoplasma contamination in cell cultures.
• This method correctly identified a mycoplasma
contamination which was confirmed with PCR.
• By combining fluorescence detection methods with 
Brightfield imaging, the amount of mycoplasma
contamination can now be quantified and identified in 
relationship to the cells.

We now can demonstrate a quantitative measure of � -galactosidase staining with brightfield imaging on 
the Cellomics® ArrayScan VTI HCS Reader (Thermo Fisher Scientific, Pittsburgh, PA) using the
chemotherapeutic compound, doxorubicin2 and the potent tumor growth inhibitor, discodermolide3 as 
positive controls for senescent � -galactosidase staining as compared to DMSO control.  We also 
examined a dose response of the potent antiproliferative agent, disorazole.

PCR: The cells were grown through three passages in complete media (described previously) to give the 
mycoplasma the opportunity to grow sufficiently if present in the culture. The PCR Mycoplasma Detection 
Set was used from Takara Bio Inc. (Otsu, Shiga, Japan).  The protocol was followed according to the 
package insert and the products were run on an agarose gel.

FIGURE 8. Cell level analysis of the Hoechst 
33342 staining in the normal HeLa population 
compared to the contaminated population. 
The bar graph displays the percent of the cell 
population that was identified as extra-
nuclear DNA normalized to the percent of the 
normal cell population.
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