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Abstract

• Cellular response to cytotoxic exposure is controlled by complex
biochemical pathways, such as necrosis or apoptosis, which results
in cell death. Hallmarks of both pathways include the loss of
membrane integrity.
• YOYO®-1 is a cell impermeant cyanine dimer nucleic acid stain that
binds to dsDNA. When added to culture medium, YOYO®-1
fluorescently stains the nuclear DNA of cells that have lost plasma
membrane integrity.
• This study provides evidence that YOYO®-1 can be used as a live cell
reagent that can be added directly to cells in vitro in order to enable
the kinetic detection of cytotoxicity in a 96-well format.
• This no-wash, mix-and-read, automated, kinetic, and quantitative
strategy was used to examine the pharmacology of Staurosporine
(SSP) and Camptothecin (CMP), compounds known to cause cell
death due to cytotoxicity, as well as Cycloheximide (CHX), a
cytostatic compound .
• Phase-contrast images can be used to qualitatively monitor
associated morphological changes in the same cells over the same
time course.
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Figure 1: (A) 96-well microplate graph showing reproducibility of concentration response to CMP. Each row of HT 1080 cells was treated with 2-fold
decreasing concentrations of CMP (2000 nM to 62.5 nM; N=12 wells per condition). (B) After the 48-hr endpoint, the cytotoxic index was calculated by
dividing the number of YOYO®-1 fluorescent objects by the total number of DNA containing objects (fluorescent objects counted post 0.0625% Triton X-100
treatment).
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Compounds that have cytotoxic effects often compromise cell membrane
integrity regardless of the biochemical pathway.
The cell impermeable DNA stain, YOYO®-1, stains cell nuclei only when cells
have lost membrane integrity following treatment with a cytotoxic
compound.
Viable cells remain unstained, and their growth unperturbed in the
presence of YOYO®-1.
In the CellPlayer™ 96-Well Cytotoxicity Assay we add YOYO®-1 ± treatment
to cells cultured overnight to a confluence of ≈25-35%, and monitor cell
membrane integrity every 2-3 hours using the IncuCyte FLR.
For assay endpoint, all DNA containing objects were labeled by treating
with Triton X-100 to permeabilize the cell membrane.
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Images are segmented in order to
identify individual objects
Refinement is used to separate
adjacent objects which would
otherwise be interpreted as a single
object
Filters are applied to specifically define
the characteristics of interest

Figure 5: 96-well microplate graphs showing the kinetic, dose-dependent measurement of cell death as determined by YOYO®-1 staining in response to SSP, CMP, and CHX in MDA-MB-231
and HT 1080 cells. To correct for differential proliferation of cells, 0.0625% Triton X-100 was added (72hr time point) to allow nuclear staining by YOYO-1 of all cells present/well. The cytotoxic
index was calculated by dividing the number of YOYO®-1 fluorescent objects by the total number of DNA containing objects (fluorescent objects counted post Triton X-100 treatment).
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Figure 6: Phase-contrast and
fluorescent blended images of HT
1080 cells 24 hours post-treatment
showing morphological changes in
response to treatment. Using highcontrast HD-images, we are able to
confirm both kinetic and end-point
data measurements, showing no
induction of cytotoxic response to
CHX (morphology of CHX treated
cells did not significantly differ
from untreated cells).

Figure 7: We used the IncuCyte™
confluence algorithm to measure
a
concentration-dependent
inhibition of cell proliferation of
both MDA-MB-231 and HT 1080
cells by CHX. Quantitative
measurements and qualitative
data confirm that CHX is a
cytostatic compound that inhibits
cell proliferation. Data shown is
mean ± SE (N=3 wells).

Figure 2: (A) The cytotoxic index from HT 1080 intra-assay reproducibility studies (Figure 1) was used to calculate an assay Z’ factor of 0.82. Data indicates
that this assay platform is amenable to screening protocols. (B) Using the endpoint cytotoxic index from the HT 1080 data, we calculated a pEC50 value
from each column of the microplate (Figure 1) with a total geometric mean of 190nM.
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Figure 3: (A) A 96-well
microplate graph showing
reproducibility of singlewell responses to various
concentrations of CMP on
HT 1080 cells. (B)
Replicate plates of HT
1080 cells were spiked
with
identical,
independently prepared
concentrations of CMP
and results were plotted
and analyzed using linear
regression
to
show
correlation.

Conclusions
Quantitative, reproducible, kinetic detection of cytotoxicity : Using the IncuCyte™ Live-Cell Imaging System in conjunction with YOYO®-1 gives the user the
ability to monitor morphological changes in parallel with quantification, the combination of which is a powerful and unique tool for detecting
pharmacological activity that alters cell viability.
• Mix, read, and monitor: YOYO®-1 added as a mix-and-read reagent directly to the cultured cells in complete growth media removes the need for fluid
aspiration steps, thus eliminating cell disruption or loss of impaired cells.
• Kinetic: Allows for the detection of both short-term and long-term alterations in cell viability in physiologically relevant conditions. This feature allows for
profiling cell-specific and time-dependent biological activity.

Integrated object counting algorithm is used
to isolate the fluorescent nuclear signal from
background
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The Essen BioScience IncuCyte™ FLR Live-Cell Imaging System is a compact,
automated microscope. The IncuCyte FLR resides inside your standard culture
incubator and is used for long-term kinetic imaging in both HD-phase contrast
and fluorescence (green). The IncuCyte system also comes with a robust
software package that allows for automated data acquisition, image
processing, and graphing capabilities.

Endpoint
CHX
[nM]

[nM]

•

Introduction

Intra-assay Reproducibility

Fluorescent objects/mm2

Cytotoxicity assays play a critical role in the identification of potential
anti-cancer chemotherapeutic agents. Commonly used in vitro
cytotoxicity assays evaluate a range of end point parameters such as
the release of lactate dehydrogenase (LDH) and glutathione (GSH)
following membrane rupture, generation of reactive oxygen species
(ROS), cell proliferation, and disruption of mitochondrial transmembrane potential. Critical factors contributing to the predictive
nature of these assays include compound concentration, and more
importantly, the time allowed for the compound to elicit an effect .
Although these multiplexed assays are able to simultaneously measure
multiple indicators of in vitro cytotoxicity, they typically assess a single
time point and are unable to assess the biological activity over time.
We present data showing that we are able to kinetically measure cell
wall integrity, while simultaneously monitoring associated
morphological changes using a commercially available cell
impermeable dye, YOYO®-1, coupled with the IncuCyte™ FLR live-cell
imaging system. This no-wash, mix-and-read assay provides a
statistically robust method to study the kinetic induction of cytotoxicity
in vitro. Specifically, we use HT 1080 fibrosarcoma cells, MDA-MB-231
breast adenocarcinoma cells, and HeLa cervical adenocarcinoma cells
in conjunction with various cytotoxic agents (Staurosporine,
Camptothecin, and Cycloheximide) to illustrate the ability to kinetically
detect, quantify, and analyze cytotoxicity data in a 96-well plate format
in real time. We were able to illustrate that the YOYO®-1 based
CellPlayer 96-well Cytotoxicity Assay is able to accurately quantify cell
death over-time through compound concentration-dependent and cell
density-dependent analysis. Furthermore, we show that the
quantitative data obtained in this study is amenable to moderate
throughput screening protocols with Z’ values > 0.6 achieved in both
intra- and inter-assay reproducibility studies. We also provide evidence
that the high definition phase contrast images provide qualitative
verification of quantitative results allowing for the discrimination
between cytotoxic and cytostatic compounds.
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Figure
4:
Statistical
measurement from sample
plates (HT 1080 cells)
showing
Z’
factors
exceeding 0.60, indicative
of a high quality assay.

• Automated data acquisition: IncuCyte™’s software and interface allows for automated data acquisition of phase contrast and fluorescent images that can be
used to both quantify the amount of cell death as well as confirm the fluorescent images.
• Monitor Morphological: High-contrast phase images acquired using the IncuCyte™ Live-Cell Imaging System enables the user to qualitatively discriminate
between cytotoxic and cytostatic (anti-proliferative) effects by visual inspection of the cells.

