
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Application Note: 

A LABEL-FREE BIOPHYSICAL ASSAY 
FOR QC OF 3D CELL CULTURES 

 



 

 

 
Introduction 

 

Three-dimensional cell culture systems have been 
caught up with an increasing number of publications in 
the recent years [1]. Therefore, a shift in cell culture 
paradigm towards three-dimensional may be expected 
in the coming years [1]. The 3D multicellular tumor 
spheroids are widely used 3D in vitro models in tumor 
research. Because of their three-dimensional 
organization they can simulate avascular tumor areas 
comprising proliferative and necrotic cells. 
Nonetheless, protocols for spheroid generation are still 
inconsistent. For their extended use in future it is 
necessary to establish standardized and reproducible 
procedures for growing samples of comparable size, 
structure and shape [2]. Indeed, the diverse spheroid 
formation capabilities of different cell lines stress the 
need for standardization of uniform culture protocols 

for better comparability of international data and for 
avoiding of unnecessary spending of resources for their 
establishment at different laboratories [3].  

The W8 Physical cytometer provides a label-free, non-
invasive method for monitoring and quantifying the 
biophysical properties of 3D cell cultures over time. 
Gathering precise information on their size, weight and 
mass density values is crucial to support decisions for 
protocols optimization and setting of the best culture 
conditions. The 3D tumor spheroids with different cell 
line composition can be analyzed at precise timepoints 
over their growth kinetics. As a consequence, the most 
promising cell lines and the most suitable 3D cell 
culture methods can be defined accordingly. 

 

 
 

 

 

Assay Workflow 
 

 

 

 

 

 
                    
 

 

 
 

 

 

 

 

Generation of 3D tumor spheroids     
from 4 CRC cell lines 

1 2 

Label-free biophysical assay with 
the W8 Physical Cytometer 

3 

Quantification of spheroid cell 
number and ATP content 



 

 

Results 
 

Label-free biophysical assay of 3D multicellular tumor spheroids 

In this Application Note we describe methods and 
validation data for the label-free biophysical assay of 
3D multicellular tumor spheroids performed with the 
W8 Physical Cytometer. We analyzed tumor spheroids 
obtained culturing four CRC cells lines HT-29, SW620, 
HCT-15, and DLD-1 in flat-bottom ultra-low attachment 
(ULA) plates [4]. Experiments were performed on 
heterogeneous spheroids population in terms of 
dimension, to prove the feasibility of the W8 Physical 
Cytometer’s assay in cell aggregates having the 
different size ranging from 100 to 20 µm diameter, as 
shown in Figure 1A. HCT-15, DLD-1, and SW620 
spheroids displayed round shape with a smooth 
surface, while HT-29 spheroids showed irregular shape 
with a rough surface (Figure 1A). As shown in Figure 1B, 
SW620 and DLD-1 spheroids’ weights (ng, left graph) 
were higher than that of HT-29. Also, their diameters 
(µm, central graph), were larger than those of HT-29 
spheroids. Noteworthy, the measured mass density of 
the sample was consistently higher in SW620 and DLD-
1 than HT- 29 spheroids (fg/µm3, right graph). As mass 

density represents a direct parameter to evaluate the 
degree of aggregate compaction, data agreed with the 
preliminary microscopic investigation, where HT-29 
cells formed loose aggregates, instead of compact 3D 
tumor spheres. Weight and diameter of HCT-15 
spheroids were comparable to that of SW620 and DLD-
1 ones, although much more dispersed due to sample 
intrinsic heterogeneity (Figure 1B, left and central 
graphs); however, their mass density was similar to that 
of HT-29 and significantly different from that of DLD-1 
(Figure 1B, right graph). 

In summary, this label-free biophysical assay clearly 
illustrates that these four CRC cell lines generate 3D 
tumor spheroids of non-uniform shape and size, 
although tested under the same experimental 
conditions, and with the same cell seeding number. Of 
note, these different characteristics can be captured, 
measured and evaluated by the W8 Physical Cytometer 
to select the most promising cell lines and define the 
best culture conditions, accordingly. 

 

 

Fig. 1. Measurement of mass density, weight and diameter of colorectal cancer (CRC) spheroids. (A) CRC spheroids were generated with HT-29, 
SW620, DLD-1, and HCT-15 CRC cell lines cultured in ultra-low attachment flat-bottomed microplates and analyzed on day 6 by inverted microscope. 
Scale bar: 100 µm. (B) CRC spheroids were fixed with 4% PFA and analyzed with the W8 Physical Cytometer. Ten single spheroids for each cell line 
were analyzed, and each spheroid values of mass density, diameter and weight, and the related standard deviation are extrapolated from 10 
repetitions.  *p< 0.05 and **p< 0.001 vs HT-29. #p<0.05 vs DLD-1.  Image credits: Sargenti et al., 2020. Physical Characterization of Colorectal Cancer 
Spheroids and Evaluation of NK Cell Infiltration Through a Flow-Based Analysis. Front. Immunol. 11:564887). 
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Additional validation data: quantification of cell number and ATP content within the CRC Spheroids  

For a compelling validation of the results gathered with 
the W8 Physical Cytometer, two commonly used in vitro 
test were performed [4]. A better clarification of the 
biophysics heterogeneity among different tumor 
spheroids is provided, accordingly. The 3D spheroids of 
HT-29, SW620, DLD-1, or HCT-15 cell lines underwent 
nuclear staining with the green Syto16 probe followed 
by laser scanning confocal microscope analysis. Images 
were taken at different Z points (Figure 2A). Spheroids 
were identified with the Threshold tool of the Image J 
software in red pseudocolor, while nuclei were 
evidenced in blue pseudocolor (Figure 2B) and counted 
with the Multipoint and Analyze Particle tool. Figure 2C 
shows in SW620 spheroids a striking higher cell 
number/mm2 than in HT-29, DLD-1, and HCT-15 
spheroids: the latter two, in turn, contain many more 
cells than HT-29. Intracellular ATP content was 
detectable in all spheroids, documenting cell viability 
(Figure 2D). The higher ATP content in SW620, and to a 

lesser extent in DLD-1, than in HT-29 or HCT-15 
spheroids, can be referred to the higher cell number, 
mainly evident in SW620 spheroids (Figure 2D vs Figure 
2C). Since DLD-1 and HCT-15 spheroids contained 
approximately the same number of cells, differences in 
ATP content may depend on a different metabolic 
state. This is also suggested by the finding that ATP 
values measured in cell suspensions of each cell line 
display differences among the four cell lines, as shown 
in Figure 2E. 

Of note, the differences in the 3D spheroids’ mass 
density measured with the W8 Physical Cytometer can 
be consistently referred to the spheroid’s cell number. 
Likewise, intracellular ATP content was not only 
detectable in all spheroids, as a parameter of cell 
viability and metabolism, but also related to cell 
number and mass density, determined with the W8 
system. 
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Fig. 2. CRC spheroids cell composition and viability. (A) CRC spheroids were stained with 1 µM Syto16 Green, seeded into a 96w Cell Imaging plate 
(Eppendorf) and run under the FV500 laser scanning confocal microscope (200x). Images were taken at different Z points set every 10 µm (one 
representative is shown), with FluoView 4.3b software (Olympus GmbH). (B) Image analysis (Image J software) of a spheroid of HT-29 (left) or SW620 
(right); enlargement of the white squares in A. (C) Nuclei were counted with the Multipoint and Analyze Particle tool; results are expressed as cell 
number/area (mm2) and are the mean ± SD of 30 spheroid/cell line counted on 6 Z points/spheroid. ANOVA was performed to evaluate the differences 
between groups, followed by the Tukey-HSD posthoc test. *p<0.0001 vs HT-29, #p<0.0001 vs DLD-1 and HCT-15. (D) Intracellular ATP content 
measured using the CellTiter-Glo® Luminescent Cell Viability Kit (Promega). Results are expressed as relative light units (RLU) and are the mean ± SD 
of 16 wells/spheroid cell line. Two-tailed unpaired Student’s t-test was performed to calculate statistical significance. *p<0.0001 vs HT-29, **p<0.001 
vs HT-29, #p<0.0001 vs HCT-15. (E) Intracellular ATP content in 20x103 cells for each cell line, rescued from subconfluent (70%) cultures and kept in 
suspension. Results are expressed as in (D) and are the mean ± SD of 4 wells/cell line. Two-tailed unpaired Student’s t-test was performed to calculate 
statistical significance. *p<0.0001 vs HT-29, **p<0.0001 vs SW620, #p<0.0001 vs HCT-15. Image credits: Sargenti et al., 2020. Physical 
Characterization of Colorectal Cancer Spheroids and Evaluation of NK Cell Infiltration Through a Flow-Based Analysis. Front. Immunol. 11:564887). 

 

 

 

 

 

Materials and Methods 

The human certified CRC cell lines HT-29 (Duke’s type B stage), HCT-15, SW620 and DLD-1, all Duke’s type C stage, were obtained 
from the cell bank of the Policlinico San Martino.  CRC cell lines in adherent cultures were maintained in RPMI-1640 (Gibco, Life 
Technologies) medium supplemented with 10% fetal serum (FBS, Gibco™ One Shot™ Fetal Bovine Serum, Thermo Fisher Scientific), 
penicillin/streptomycin and L-Glutamine (BioWhittaker® Reagents, Lonza) in a humidified incubator at 37 °C with 5% CO2. CRC 
spheroids were generated as described in flat-bottom 96-well plates (Ultra-Low attachment multiwell plates, Corning®Costar®), with 
DMEM-F12 (BioWhittaker®Reagents, Lonza) in serum-free medium (SFM), supplemented with EGF (Peprotech Europe) at 10ng/mL 
final concentration(≥1*106 units/mg). Spheroids were monitored along time and dimension (perimeter, area and volume) measured 
on images taken with the Olympus IX70 bright field inverted microscope equipped with a CCD camera (ORCA-ER, Hamamatsu) by the 
analysis of regions of interest, defining each spheroid, with the CellSens software (Olympus). Experiments were performed on day 6 
of spheroids formation as at this time point all cells in culture were alive, as assessed by culturing a sample under adherent 
conventional conditions for 12h and subsequent identification of living cells with propidium iodide (PI, Sigma Aldrich) staining and 
the diameter of spheroids was about 100 to 200 µm [4]. For the analysis with the W8 Physical Cytometer, CRC spheroids were fixed 
with PFA 4% overnight at 4°C, resuspended in 3.5mL of Dulbecco’s phosphate-buffered saline (DPBS), 1X w/o Ca2+ & Mg2+ (Corning® 
Life Sciences) at low concentration (<200 spheroids/mL), transferred in a centrifuge conical tube and then analyzed according to the 
previous protocol performed by Cristaldi et al. for biological samples [5]. A minimum of 10 single spheroids was analyzed for every 
test condition and values were extrapolated from at least 10 repetitions. For confocal imaging, CRC spheroids were fixed with 4% 
PFA 5 min at 4°C, permeabilized with 1% NP40, washed with DPBS and stained with 1 µM Syto16 Green Fluorescent Nucleic Acid 
Stain (Thermo Fisher Scientific) [4]. After washing, samples were seeded into a 96w Cell Imaging plate (Eppendorf AG) and run under 
the FV500 laser scanning confocal microscope (Olympus GmbH). Images were taken with a 20x objective 0.40 NA, at Z points set 
every 8 to 10 µm, with FluoView 4.3b software (Olympus GmbH). Spheroids were identified with the Threshold tool of the Image J 
software and nuclei were counted with the Multipoint and Analyze Particle tool; at least 30 spheroids/cell line were analyzed on 6 Z 
points/spheroid; results are expressed as cell number/area. Intracellular ATP was determined using the CellTiter-Glo® Luminescent 
Cell Viability Kit (Promega), following manufacturer’s instruction, using the luciferase reaction consisting in mono-oxygenation of 
luciferin catalyzed by luciferase in the presence of Mg2+, ATP and molecular oxygen [4]. Luminescence was detected with the 
VICTORX5 multilabel plate reader (Perkin Elmer) expressed as relative light units (RLU). Results are the mean ± SD of 16 wells/spheroid 
cell line or samples of 20x103 CRC cells in suspension for each cell line. Statistical analysis was performed using two-tailed unpaired 
Student's t-test. The cutoff value of significance is indicated in each figure legend. 

 

 

 

 

 



 

 

Final remarks 

 
Alongside with the optimization of 3D cell culture 
methods, many efforts have been made to develop 
new technologies for the full characterization of these 
complex spherical aggregates [6, 7, 8]. As regards the 
biophysical characterization of size and mass density, 
although few technical solutions have been presented 
for single-cell analysis, literature does not cover this 
aspect for 3D models of hundreds of micrometers in 
diameter, such as spheroids. The W8 Physical 
Cytometer offers a groundbreaking method for the 
non-invasive and accurate measure of size, weight and 
mass density of 3D cell cultures like 3D multicellular 
tumor spheroids or stem cell-derived organoids. 

Although both weight and volume are important 
parameters for a comprehensive physical overview of 

the samples, weight is more fundamentally related to 
cell growth than is volume, thereby altering the mass 
density [9]. Volume can also change disproportionately 
to mass, thereby the combination of these three 
parameters (volume, weight, mass density) is required 
for accomplishing a complete biophysical 
characterization of 3D cell cultures. Furthermore, these 
findings disclose that mass density is a more reliable 
parameter than diameter and weight, for analyzing 3D 
tumor spheroids, as it can be coherently referred to the 
spheroid’s cell number and its intracellular ATP 
content. 

For all these reasons, the W8 Physical Cytometer stands 
out as an enabling technology towards the 
standardization of 3D cell culture methods and assays. 
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