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Abstract
As many as a third of all putative drugs fail from toxicity
issues which contributes to the high cost of pharmaceutical
R&D, particularly if toxicity is proven in clinical trials.
The extent of cytotoxicity can be assessed by either the
measurement of cellular proliferation or cytotoxicity. While
quantitative absorbance or fluorescence based assays were
originally employed, the use of high content screening with
live cells is becoming more popular due to the wealth of
information garnished from this approach. The use of higher
magnification objectives often limits the field of view that
can be analyzed. In order to provide adequate statistical
cellular analysis, multiple overlapping images are captured
and electronically stitched together prior to analysis. This
process adds considerable time to the image capture
routine, resulting in decreased throughput. In order to
overcome this bottleneck, BioTek has incorporated a wide
field of view (WFOV) camera that captures the entire well of
a 384-well microplate in a single image using a 4x objective.
To demonstrate the value of this camera system, we
have evaluated the effects of oridonin, methotrexate,
tamoxifen, 5’-azocytidine, and mevinolin on HT1080 cells
using the fluorogenic reagent CellTox™ Green to quantitate
cytotoxicity. In addition, several other cytotoxic compounds
were used to demonstrate apoptosis, necrosis and cell
proliferation. Using pSIVA-IANBD, apoptotic cells were
quantitated after exposure to staurosporine, camptothecin,
cyclohexamide, and nocodazole. Necrosis was measured
concurrently with propidium iodide, which will only stain cells
with compromised cellular membranes, while proliferation
was measured using label-free high contrast brightfield
cell counting.
Many of these compounds are known inhibitors of cell
growth through a number of different mechanisms. For
example, oridonin has been shown to induce potent growth
inhibition though cell cycle arrest at the G2/M phase, while
mevinolin causes cell cycle arrest in G1 though the inhibition
of steroid synthesis and nocodazole causes cycle arrest in G2
through microtubule destabilization. Camptothecin inhibits
DNA replication by preventing ligation and staurosporine
is a protein kinase inhibitor, known to induce apoptosis in
numerous cell lines.
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Figure 3. Basis for CellTox™ Green Assay. The toxicity of
chemical compounds on cells can be monitored kinetically
using the reagent CellTox™ Green. The reagent is a cell
membrane impermeant dye that can only enter the cell if
the plasma membrane is ruptured. Once in the cell, the dye
binds to nuclear DNA becoming highly fluorescent allowing
cell counting.
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Figure 14. High Contrast Brightfield cell counting.
Brightfield images (4x) are analyzed with Gen5 software
and individual cells are identified and counted to quantitate
cellular proliferation. After background subtraction, bright cell
objects are identified using object threshold of 5000 and 1050 µm size exclusion.

Figure 7. pSIVA-IANBD and Propidium Iodide.
(A) pSIVA-IANBD is a polarity, reversible-binding probe for
detecting exposed phosphatidylserine (PS) residues in the
lipid membrane bilayer. PS translocation from the cytoplasmic
to external face of the membrane occurs early in apoptosis.
Propidium Iodide is a vital dye used to identify late apoptosis
or necrosis which are both associated with loss of membrane
integrity.
Figure 4. Oridonin induced cytotoxicity of HT1080 cells.
HT1080 cells were plated at 2000 cells per well in a 384-well
microplate. After attachment (16-24 hours) cells were stained with
Hoechst 33342 (0.5 µM) and CellTox™ Green (1:1000) dyes for 30
minutes. The HT1080 cells were then treated with 100 or 0 µM
orodonin in the presence of the dyes and immediately imaged
kinetically. Images (4x) were captured every 60 minutes for 24
hours using a Cytation 5 Imaging Microplate reader configured
with a WFOV camera. Data analysis of the images identified and
cell nuclei using the DAPI and GFP channels. Cytotoxic cells were
identified with a threshold of 10,000 in the GFP channel. Each
data point represents the mean of 8 determinations.

(B) Representative image of treated live HT1080 cells with
pSIVA-IANBD and propidium iodine stains

Figure 11. Comparison of untreated and stimulated RAW
G9 cells. (A) Cartoon depicting the migration of fluorescent
moieties from the cytoplasm to the nucleus as a result of
receptor mediated stimulation. (B) Live RAW G9 cells were
stained with Hoechst 33342 and imaged before and after
stimulation with 10 ng/mL LPS for 60 minutes.
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Figure 15. Effect of Camptothecin on Cell Proliferation.
HT1080 were treated with various concentrations of
camptothecin for 46 hours. High-contrast brightfield
images (4x) were captured every 2 hours using a Cytation
5 Imaging Microplate reader configured with a WFOV
camera. Data analysis of the images identified cells using an
object threshold of 5000 in the BF channel. Each data point
represents the mean of 8 determinations.

Cytotoxicity Drug Titration
Figure 8. Staurosporine Induced Apoptosis. HT1080 were
treated with various concentrations of staurosporine for 46
hours in the presence of pSIVA-IANBD. Images (4x) were
captured every 2 hours using a Cytation 5 Imaging Microplate
reader configured with a WFOV camera. Data analysis of the
images identified apoptotic cells using an object threshold of
4500 in the GFP channel. Each data point represents the mean
of 8 determinations.

Figure 1. Cytation 5 WFOV camera captures the complete
area of a well from a 384-well microplate in a single FOV
at 4x. This provides rapid imaging of assays such as cell
proliferation and cytotoxicity while maintaining high confidence
in cell counts.
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Figure 5. Oridonin Titration. HT1080 cells were treated
with various concentrations of orodonin for 24 hours. Cells
were then stained with Hoechst 33342 and CellTox™ Green
for 30 minutes. Images (4x) were captured using a Cytation 5
Imaging Microplate reader configured with a WFOV camera.
Data analysis of the images identified and cell nuclei using the
DAPI and GFP channels. Cytotoxic cells were identified with
a threshold of 10,000 in the GFP channel. Each data point
represents the mean of 8 determinations.

Compound Comparison

Figure 12. RelA Translocation using Fixed Cells. RAW G9
cells expressing a RelA-GFP chimera were seeded into black
sides, clear bottom 384-well and stimulated with various
concentrations of lipopolysaccharide (LPS) for 45 minutes.
After stimulation, cells were fixed in 4% paraformaldehyde
and stained with Hoechst 33342 (10 µM) for 15 minutes.
Cells were imaged at 20x in the GFP and DAPI channels
using a Cytation 5 Imaging Microplate Reader configured
with a WFOV camera. Image data analysis identified the total
number of cells by nuclear Hoechst 3342 staining (DAPI) and
translocation positive nuclei (GFP). The GFP threshold for
translocation positive cells was set to the object mean + 2
SD of the GFP signal in DAPI-identified nuclei. The percent
positive for each well were calculated and plotted as a
function of LPS concentration. Each data point represent the
mean of 8 determinations.

Figure 9. Comparison of Compound Apoptosis Induction.
HT1080 cells were treated with 312 nM of four different
compounds for 46 hours in the presence of pSIVA-IANBD.
Images (4x) were captured every 2 hours using a Cytation 5
Imaging Microplate reader configured with a WFOV camera.
Data analysis of the images identified apoptotic cells using an
object threshold of 4500 in the GFP channel. Each data point
represents the mean of 8 determinations.

Figure 16. Comparison of Compound Effect on
Proliferation. HT1080 cells were treated with various
concentrations of three different compounds for 46 hours.
High-contrast brightfield images (4x) were captured every
2 hours using a Cytation 5 Imaging Microplate reader
configured with a WFOV camera. Data analysis of the
images identified cells using an object threshold of 5000 in
the BF channel. Each data point represents the mean of 8
determinations.

Conclusions
1. WFOV camera is capable of imaging entire viewing
area of a 384-well microplate well with 4x objective.
2. Cytotoxicity can be monitored in live cells kinetically
and with end-point imaging using CellTox™ Green.

Figure 2. Cytation 5 Cell Imaging MultiMode Reader with
Wide Field of View (WFOV) Camera. The Cytation 5, which
provides temperature, gas (CO2 and O2) and humidity control
supports microscopic imaging with objectives from 1.25x to
60x that can be installed in a 6-position objective turret. The
imager uses LED and band-pass filters for fluorescence-based
microscopy. The imager can be configured with the optional
WFOV camera configuration which provides a 4x larger image
area. Gen5 Data Analysis software, besides controlling reader
function, can be used to automatically perform stitching of
separate montage image tiles, perform background subtraction
and mask off regions outside the well prior to analysis.
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Figure 6. Comparison of Compound Cytotoxicity. HT1080
cells were treated with various concentrations of several drug
compounds for 24 hours. Cells were then stained with Hoechst
33342 and CellTox™ Green for 30 minutes. Images (4x) were
captured using a Cytation 5 Imaging Microplate reader configured
with a WFOV camera. Data analysis of the images identified and
cell nuclei using the DAPI and GFP channels. Cytotoxic cells were
identified with a threshold of 10,000 in the GFP channel. Each
data point represents the mean of 8 determinations.

Figure 10. Comparison of Compound Necrosis Induction.
HT1080 cells were treated with 312 nM of four different
compounds for 46 hours in the presence of propidium iodide.
Images (4x) were captured every 2 hours using a Cytation 5
Imaging Microplate reader configured with a WFOV camera.
Data analysis of the images identified necrotic cells using an
object threshold of 3000 in the PI channel. Each data point
represents the mean of 8 determinations.

Figure 13. RelA Translocation using Live Cells. Raw G9 cells
were plated as previously described and treated with 10 ng/
mL LPS for various periods of time, after which cells were fixed,
stained and Imaged with a Cytation 5 Imaging Microplate
Reader configured with a WFOV camera. The percentage of
translocation positive cells was calculated and the data was
expressed as the % total and plotted as a function of exposure
time. Each data point represents the mean of 8 determinations.

3. Apoptosis and Necrosis can be quantitated kinetically
in live cells using:
• pSIVA-IANBD (apoptosis)
• Propidium Iodide (necrosis)
4. WFOV camera is capable of label-free cell counting
for proliferation experiments.
5. Gen5 Image Analysis Software automatically
calculates percent toxicity from captured images.
6. WFOV camera allows for increased cell counts with
High Mag objective.
• Improved statistics with nuclear localization 		
		experiments
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