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Yokogawa’s CQ1, a Nipkow disk-based confocal quantitative image cytometer, can 
quickly create high-definition, three-dimensional images of live cells and quantify those 
images, offering far more powerful analysis than conventional flow cytometers. For example, 
the CQ1 can observe both morphological and kinetic changes in a cell and identify the three-
dimensional locations of proteins in it. A newly added incubator function enables time-lapse 
observation, expanding the CQ1’s applications. This paper introduces three applications of 
the CQ1 in the field of drug discovery.

INTRODUCTION

As Friedrich Engels noted “Life is the mode of action of 
proteins,” clarifying the details of life phenomena means 

elucidating the behaviors of proteins in live cells including 
their expressions and interactions. Imaging technology has 
made remarkable progress since the fluorescence microscope 
was invented in the early 1900s. The development of live 
cell imaging technology, together with the discovery of 
fluorescent proteins, has brought many important findings for 
understanding life phenomena.

Yokogawa’s CQ1 confocal quantitative image cytometer 
shown in Figure 1 is able to not only take images of sample 
cells but also measure their brightness and dimensions from 
images with high reproducibility and precision by using the 
calibration function implemented in the optic system (1). Using 
Yokogawa’s differentiated confocal technology, the CQ1 has 
achieved sophisticated image processing technology such 
as for 3-D object recognition and a function for taking and 
analyzing images in parallel. Thus, the CQ1 is expected to be 
applicable to a wide range of fields from drug discovery to 
regenerative medicine.

Figure 1 External view of the CQ1 

APPLICATION TO DRUG DISCOVERY AND 
REGENERATIVE MEDICINE

The most notable feature of the CQ1 is its ability to 
perform 3-D imaging and analysis of live cells. It can precisely 
quantify live cells without affecting their inherent biofunctions 
and characteristics because, different from flow cytometers, 
it is not necessary to peel cells off a culture dish. The CQ1 
is a tool that satisfies the recent requirement for imaging and 
analyzing 3-D cell aggregates such as spheroids while keeping 
them intact. This requirement arises from the idea that 
organisms originally consist of 3-D structured cell clusters. 
In addition, an incubator function integrated into the CQ1 
enables time-lapse imaging for observing temporal changes in 
cells.

Furthermore, it has become possible to obtain information 
from quantified data obtained by the CQ1, such as on cell 
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functions, signal transduction mechanisms, motility such 
as infiltration, and morphology, which are difficult with 
conventional f low cytometers. Taking advantage of the 
features described in this section, the CQ1 can be applied to 
various fields of drug discovery and regenerative medicine.

In the field of drug discovery, medicines for cancer and 
other intractable diseases are being actively developed. High 
content screening (HCS), which is one of the methods using 
cell images for such development, appeared in the late 1990s, 
and has produced many results (2). The CQ1 is classified as a 
simple HCS system and is suitable for assay development and 
small-scale screening campaigns.

In the f ield of regenerative medicine, iPS cells are 
attracting attention and are expected to be useful. Researchers 
are judging the establishment of iPS cells, observing their 
differentiation, and analyzing the process of formation of cell 
aggregates such as colonies and spheroids. The CQ1 can be 
used in such daily work.

In the following sections, methods for analyzing data 
obtained by the CQ1 in applications in the fields mentioned 
above are introduced, and the usefulness of the CQ1 is 
described.

Analysis of Granules of Phosphorylated Histone Proteins
W hen a double s t rand break (DSB) occu rs in a 

deoxyribonucleic acid (DNA), surrounding histones H2AX 
are phosphorylated at their 139th serine residues and turn 
into g-H2AX. By using the immunostaining method, this 
phenomenon can be visualized as clear dotted signals called 
focuses. Thus, the degree of DNA damage and its repairing 
process can be measured by counting g-H2AX focuses. 
This is a basic technique used for various purposes, such 
as studies of anticancer drugs, investigation of biological 
effects of radiation, and monitoring of genotoxicity of tobacco 
ingredients and other environmental materials. Measurement 
of granules of g-H2AX by visual counting is laborious and 
the results often vary depending on the observer. Thus, there 
is a need for automating this measurement. To examine the 
suitability of the CQ1 for this application, quantitative analysis 
of g-H2AX focuses was performed by using its confocal 
imaging and image analysis functions.

To increase DNA damage, 1 mM of H2O2 was added to 
HeLa cells to which various concentrations of Wortmannin, a 
g-H2AX focus inhibitor, were added. After fixing the cells, the 
nuclei and g-H2AX were stained with Hoechst 33342 and by 
the immunostaining method, respectively, and then the cells 
were imaged by the CQ1. The obtained data were analyzed 
with the CQ1 granule analysis template. Granules of g-H2AX 
in the nuclei were identified, and their total f luorescence 
intensity was calculated. In addition, the optical intensity 
obtained by the CQ1 was plotted by using the Spotfire graph 
drawing software, as shown in Figure 3.

Figure 2 shows the original images and the images with 
targets highlighted (top and bottom), and the images in the 
cases without addition of H2O2 and with its addition (left and 
right). The right-side images show more g-H2AX focuses 

indicated in purple compared with the left-side images. 
Figure 3 shows that the increase of g-H2AX focuses due to 
H2O2 addition can be suppressed by adding Wortmannin, and 
that its suppressing effect increases in accordance with its 
concentration.

Figure 2 Original and target highlighted images of nuclei 
and g-H2AX focuses

Figure 3 Quantifying the effect of Wortmannin for 
suppressing DNA damage 

By using the granule analysis template of the CQ1 and 
calculating the total fluorescence intensity of g-H2AX focuses, 
quantitative evaluation of transformation to g-H2AX has 
become possible. Because the CQ1 can perform imaging and 
analysis in parallel, the efficiency of these routine experiments 
can be improved drastically by only determining parameters 
for imaging and analysis once. The granule analysis template 
is so versatile that it can be used for various experiments in 
which dotted signals are detected, such as fluorescence in situ 
hybridization (FISH).
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Time-Lapse Analysis of Apoptosis
Just like proliferation and differentiation, apoptosis 

(programmed cell death) is a basic biofunction of cells 
controlled by genes to maintain the life of the organism. 
Du r ing ontogeny,  apoptosis  plays a  c r ucia l  role  i n 
morphogenesis, neural network establishment, and others, and 
in mature organisms, it plays a crucial role in cell replacement, 
homeostasis maintenance and immune system establishment 
by endocrine systems, among others. In addition, it is proven 
that anomalies in the apoptosis mechanism are closely related 
to the pathogenesis of serious diseases including cancer, 
autoimmune disorders, virus infectious diseases such as 
AIDS and hepatitis, and neurodegenerative diseases such as 
Alzheimer’s disease and Parkinson’s disease.

As apoptosis progresses, cells demonstrate distinctive 
morphological and biochemical phenomena such as chromatin 
condensation, shrinkage of nuclei and cytoplasm, DNA 
breakage, and separation of apoptotic bodies. Apoptotic cells 
can be easily identified in cell images because f luorescent 
intensity of their nuclei with chromatin condensation is 
increased. Cell viability tests based on changes in the area and 
brightness of nuclei are a basic technique, and are widely used 
in screening and safety tests of anticancer drugs.

In the experiment for time-lapse analysis of apoptosis, 
Staurosporine, an apoptosis inducer, was added to HeLa cells 
whose nuclei had been stained with Hoechst 33342, and time-
lapse imaging was carried out for six hours. Changes in the 
area and brightness of nuclei were used to evaluate apoptosis 
progression with time.

As shown in the top of Figure 4 (a), the sample with 
Staurosporine added did not show signif icant changes in 
morphology of nuclei even after six hours. Meanwhile, as 
shown in the bottom of the figure, the nuclei of cells of the 
sample with 10 µM Staurosporine added shrank and fragmented 
into small pieces clustering together. Figure 4 (b) includes 
magnified images of the sample with 10 µM Staurosporine 
added and the same image with targets highlighted. The 
images were analyzed by using the nuclei analysis template 
of the CQ1, and the results were plotted by using the Spotfire 
as shown in Figures 5 (a) and (b). These show that the area 
of nuclei of the sample with 10 µM Staurosporine added 
decreased and the average f luorescence intensity increased 
as time elapsed. Apoptosis caused by Staurosporine was 
successfully quantified.

Figure 5 (b) shows that average fluorescence intensity 
decreased in the case without Staurosporine added. This is 
considered to be because of photobleaching by excitation light 
and the amount of fluorescent dye per cell halved at every cell 
division. By taking the effect of photobleaching into account, 
the analysis is expected to be more precise.

By taking time-lapse images using the CQ1, temporal 
observation and quantif ication of the process of nuclei 
fragmentation caused by apoptosis have become possible. 
Because cells are continuously changing, the temporal 
observation and quantif ication is expected to yield new 
findings that cannot be obtained only from endpoint assays. 

Although only nuclei were stained in this simple experiment, 
multiple staining can be performed because the CQ1 can 
mount up to four lasers of different colors. This enables the 
acquisition of more information, such as expression of genes 
and proteins during specific stages of apoptosis, and changes 
in morphology of mitochondria or other organelles during 
apoptosis.

Figure 4 (a) Cell images at the start of measurement and 
6 hours later  

Figure 4 (b) Magnified images of the sample with 10 µM 
Staurosporine added and the same images with targets 

highlighted 
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Figure 5 (a) Temporal changes in the area of nuclei

Figure 5 (b) Temporal changes in average fluorescence 
intensity of nuclei  

Time-Lapse Analysis of Spheroids
A spheroid is a spherical aggregate of many cells, and its 

size is several hundred micrometers in diameter. The structure 
and functions of cells in spheroid have been proven to be more 
similar to those of cells in living organisms than those of cells 
in a two-dimensional organism cultivated to form a single 
layer. Thus, spheroid culture is expected to replace animal 
experiments for evaluating regenerative medicines, drug 
toxicities, and pharmacological activities. Various methods 
for forming spheroids are being developed and the results 
are being accumulated. However, there are issues in spheroid 
formation. As a spheroid grows larger, the differences in 
degree of nutrient intake and exchange of gases such as oxygen 
and carbon dioxide, by cells at the core of the spheroid and 
those on the surface, tend to become larger, causing cells at 
the core to die. This may affect drug evaluation. Furthermore, 

there is the possibility of reactions, such as expression of 
genes, specific to the core of a spheroid. Accordingly, it is 
necessary to observe each cell in a spheroid in detail, including 
spatial information, while keeping their 3-D positions as they 
are.

In the experiment for time-lapse analysis of spheroids, 
HeLa cells were seeded into a 96-well Kuraray’s Elplasia, a 
microplate dedicated for forming spheroids, at a density of  
3 × 104, 2 × 104, and 1 × 104 cells/well, and time-lapse imaging 
was carried out for f ive days. Fluorescent probes called 
f luorescent ubiquitination-based cell cycle indicators (Fucci) 
were introduced into the cells for monitoring their cell cycles in 
real time. Nuclei in cells during G1 phase emit red fluorescence 
and during S, G2, and M phases, they emit green fluorescence. 
Changes in the volume of spheroids and the number of cells 
contained were measured, and the phases of the cells contained 
were quantified on the basis of the colors of their nuclei.

Figure 6 (a) shows 3-D images of a spheroid. This shows 
that the spheroid has remarkably grown in 96 hours compared 
with that at the start of imaging. Along the z-axis, 31 sliced 
images were taken. Figure 6 (b) shows an original image 
near the core of the spheroid and the same image with targets 
highlighted. The green and red colors in the image with targets 
highlighted correspond to the colors of Fucci f luorescence 
in the original image, and the blue line indicates the contour 
of the spheroid. Graphs showing changes in the volume of 
spheroids created by the Spotfire are indicated in Figure 7 (a). 
The graphs show how spheroids grew with time. The spheroids 
kept growing for five days in the sample seeded at a density 
of 1 × 104 cells/well, while growth of spheroids stopped in the 
case of the other two samples. Figure 7 (b) shows the number 
of cells contained in a spheroid and the ratio of cells in certain 
cycles. In the samples seeded at a density of 3 × 104 and  
2 × 104 cells/well, cells in G1 phase shown in red color started 
to increase and cells in S, G2, or M phase shown in green 
color started to decrease prior to the decrease of the volume 
of spheroids shown in Figure 7 (a). It seems that spheroid 
growth stops when its volume reaches a certain threshold 
regardless of the initial density seeded. This is considered to 
be because oxygen and nutrients available for cells in the core 
of a spheroid become deficient as the spheroid grows, stopping 
their cell cycles in G1 phase, interrupting active cell divisions.

Figure 6 (a) 3-D images at the start of time-lapse 
imaging and 96 hours later  
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Figure 6 (b) Original sliced image near the core of a 
spheroid and the same image with targets highlighted 

The CQ1 can perform time-lapse imaging of spheroids, 
3-D cell aggregates, and can quantify their volumes and the 
number of cells contained in them while keeping their 3-D 
structure as it is. Yokogawa will continue to study this theme, 
for example, by comparing the characteristics of cells at the 
core and those of cells on the surface.

Figure 7 (a) Temporal changes in the volume of 
spheroids

Figure 7 (b) Temporal changes in the number of cells 
contained in spheroids and the ratio of cells in certain 

phases
 

CONCLUSION

In this paper, three examples of analysis results obtained 
by the CQ1 were presented. All experimental techniques 
used are versatile and can be easily modified for various 
applications. Objects to be observed are expected to shift from 
cells to larger and more complex ones such as tissues and 
organisms. Meanwhile, more detailed analyses of those objects 
will be required for clarifying the behavior of individual cells, 
and individual molecules and organelles in a cell. Yokogawa 
will continue to contribute to the development of molecular 
biology with its accumulated expertise and technologies.
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