Cell Proliferation Using Livecell Imaging: A Technical Note
Introduction
The creation of methods to perform cell culture in vitro has had an enormous impact in
several research ﬁelds, including biomedicine in which cell processes are monitored and
measured to gain a better understanding of cellular behavior. One of the most important of
these processes is cell proliferation, which indicates the balance between cell division and
cell death; cell proliferation also gives scientists important data about how intrinsic and
extrinsic phenomena aﬀect cells. Researchers can measure cell proliferation with end-point
or time-course experiments, depending on the nature of the experiment and the type of
cells being assessed.
When conducting end-point experiments, characteristics such as metabolic activity, DNA
synthesis or energy concentration are indirect indicators of cell proliferation. These
measurements are taken at one time point for a given population of cells. While end-point
experiments performed at different time points can be used to obtain time-course results, a
notable drawback is that they reflect the analysis of different cell populations.
Live-cell imaging, however, makes time-course experiments of the same cell population
possible, giving researchers a deeper understanding of the studied phenomena. In
pharmaceutical research, for example, live-cell imaging could be used to observe and analyze
the cytostatic eﬀect of drugs more accurately; and since the same cells would be monitored
over time, the results would be more representative of the process. In this technical note,
we explore cell proliferation using the CELLCYTE XTM live-cell imaging system to
conduct time-course experiments.

Analyze cellular behavior in real time with the CELLCYTE X
To measure cell proliferation, the CELLCYTE X is equipped with one optical high-resolution
phase contrast channel and three ﬂuorescent channels. Phase contrast measures cell
confluence, while the three fluorescent channels measure cell confluence, cell count and
nuclei count.
Two software packages are included with the CELLCYTE X. CELLCYTE Studio is
used to set up the experimental parameters, visualize experiments and download
images. CELLCYTE Analysis is used to examine the acquired images and thereby obtain
data from the experiments.
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CELLCYTE Analysis performs image analysis in two ways: a recipe or a pixel classiﬁer. The
recipe method applies a machine learning-based algorithm for cell segmentation. Using the
recipe is a fast and straightforward way to analyze highly uniform images of, for example, cells
with very consistent morphology among the population and over time. The more advanced
pixel classiﬁer, on the other hand, applies machine learning to the user’s own drawing of cell
shapes and backgrounds to recognize speciﬁc cell morphologies. Using the pixel classiﬁer
method is preferred, for example, when working with cells that change morphology during
treatment.
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Workﬂow for setting up and analyzing experiments with CELLCYTE Studio and
CELLCYTE Analysis.

Example of analysis of phase contrast images
CELLCYTE Analysis algorithms can determine percentage of cell conﬂuence, area in
an image/ﬁeld of view covered by cells, using the recipe method or a pixel classiﬁer.
Figures 1 and 2 show a detailed example of cell proliferation monitoring over time
using phase contrast images. In this example, a recipe was rapidly adapted to detect
A549 cells by taking the following steps:
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Figure 1. A549 cell proliferation mask. Cells were seeded into a 6-well plate at low
conﬂuency and placed in the CELLCYTE X for image acquisition every 6 h for a total duration of 36 h.
The upper panel shows representative images obtained at the indicated time points. The lower panel
shows the respective mask for each time point in the upper panel.
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Figure 2. A549 cell proliferation graph. The cells were seeded at a conﬂuency of approximately
20% and monitored every 6 h over 36 h. Proliferation was determined using CELLCYTE Analysis by
measuring cell conﬂuence. The data points represent the mean ±SD of 3 diﬀerent experiments.

Example of analysis of ﬂuorescent images
When using ﬂuorescent image analysis, the user can determine cell proliferation by measuring
cell conﬂuence, cell count and/or nuclei count, depending on the cell structure stained. The
CELLCYTE X allows image acquisition of blue, green and red channels, covering the most
common dyes for cell imaging.1 The cell proliferation measurements can be obtained by
applying recipes or a pixel classiﬁer to the images. Figure 3 represents an example of green
ﬂuorescent protein (GFP) whole-cell staining and nuclear staining (Hoechst 33342) analyzed
using the cell count and nuclei count recipes, both masks are presented in blue.
The following steps are a brief description of the procedure used to obtain the masks in
Figure 3.
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1. Blue: Excitation 370-410 nm, Emission 429-462 nm;
Green: Excitation 473-491 nm, Emission 502-561 nm;
Red: Excitation 580-598 nm, Emission 612-680 nm.
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Figure 3. A549 cell proliferation mask using the cell count and nuclei count. The
measurements indicate there are 610 whole cells in the ﬁeld of view (A) and 650 nuclei (B).
Differences in these two measurements can be explain by the presence of multiple nuclei
in cancer cells.

Summary
• Live-cell imaging measures cell proliferation by directly analyzing cell confluence, cell count
and/or nuclei count in the same cell population over time.
• These time-course experiments can be set up with a recipe or a more advanced machine
learning pixel classifier.
• The CELLCYTE X live-cell imaging system makes cell proliferation more accessible and
convenient with a compact design.
• The two software packages included with the CELLCYTE X, the CELLCYTE Studio and
CELLCYTE Analysis, are used respectively to set up and acquire live images of a cell population
and obtain accurate cell proliferation data from the acquired images.
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