
Application Note

Confocal Quantitative Imaging Cytometer CQ1
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Figure 1.
A) The cell-cycle phasing capability of Fucci(CA)5. NEB : 

nuclear envelope breakdown, NER : nuclear envelope 
reformation.

B) Analyzed z slices and region separation in a sphere.
C) An example of the classification of nuclei in a sphere

(control, Z_6).
D) Time-lapse imaging of 2D and 3D cultures (Etp 30 nM).
E) Concentration of drugs.

Anticancer drug screening in 2D/3D 
cultures using cell cycle marker Fucci

E)

B)

Introduction
Fucci(CA)5 is a new variant of Fluorescent Ubiquitination-based Cell-Cycle Indicator that allows observation of 
cell cycle progression in live and fixed samples1)2). The cell cycle phase is visualized by utilizing the ubiquitination 
domains of human Cdt1 (hCdt1(1/100)Cy(-)) fused with a red fluorescent protein (AzaleaB5), and human 
Geminin (hGem(1/110)) fused with a green fluorescent protein (h2-3), respectively. Because these red and 
green probes are ubiquitinated and degraded only in S and G1 phases, respectively, Fucci(CA)5 shows red 
fluorescence in G1 phase nuclei, green in S phase nuclei and yellow (red + green) in G2-M phase nuclei (Fig. 1A).

This application note presents an example using HepG2 cells that express Fucci(CA)5 to observe the response 
of drugs such as anticancer agents with a high content analysis system. Comparing data obtained from 2D and 
3D culture conditions has emphasized the importance of understanding spatio-temporal data to study drug 
effects.

Experimental Procedures
Culture: HepG2 cells stably expressing Fucci(CA)5 were cultured in 2D conditions in 96-well plates (Corning, 
#3882) and 3D conditions in Elplasia plates (Kuraray, SQ 200 100 96).
Drugs: Diluted etoposide (Etp), doxorubicin (DXR), bleomycin (BLM), and MEK-inhibitor (MEKi) were applied 
stepwise to each well (Fig. 1E).
Imaging: High Content CellVoyager CQ1. Excitation wavelengths: 488 nm, 561 nm. Objective lens: 20x. Time-
lapse: 72 h at 1 h intervals. Z stack: 10 slices at 7.8 µm z-step.
Analysis in CellPathfinder: Nuclei were recognized and classified into three groups: G1, S, and G2-M phases 
(Fig. 1C). Z slices #4, 6, and 8 were analyzed in spheres to avoid possible double count of nuclei. Nuclei in the 
inner core and the outer layer were recognized separately (Fig. 1B). 
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Results and Discussion
In this application note, cell cycle kinetics were tracked over 72 h using a CellVoyager CQ1 high content confocal 
imager, and the data was analyzed using CellPathfinder. The time-lapse analysis showed that specific concentrations 
of anticancer drugs induced G2 and S phase arrest. The timing differed between 2D and 3D conditions or between 
cells in the inner core and outer layer of spheres (Fig. 2A and B). These results reveal the importance of culture 
environments to understand the effects of drugs in more detail. This application note demonstrates how Yokogawa's 
high content imaging systems allow researchers to test various conditions effectively as reliable and advanced 
solutions for conducting time-consuming screening experiments. 

Figure 2
Temporal profiles of the number (A) and ratio (B) of cells in 2D monolayer cultures vs. 3D sphere cultures (whole, outer layer, and 

inner core) with various concentrations of Etposide (Etp). Arrows in (A) indicate cell-cyle arrest in S (green) and G2 (yellow). Shaded 

areas in (B) indicate the occurrence of cell death. 
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