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SUPPLEMENTARY MATERIALS 

Figure S1. Protocol for spheroid transfer in XF Seahorse Microplate and different outcome for 

spheroid culture methods. (a) Schematic representation of spheroids’ transfer in the XF Seahorse 

Microplate. (b) Representative pictures of MDA-MB-231 cell line, SUM159PT cell line (mammary 

carcinoma), and RT4 cell line (urothelial carcinoma) spheroids produced with the Multiple spheroids 

protocol (left) and the Single spheroid protocol (right) before their transfer in the XF Seahorse Microplate. 

Images were acquired in phase-contrast light microscopy (Multiple spheroids protocol) and brightfield 

and confocal fluorescent microscopy (in orange, CellTracker™ Red CMTPX Dye) with Operetta 

CLS™ (Single spheroid protocol). 
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Figure S2. Impact of seeded cell number on morphology and dimension of spheroids obtained with 

the Single spheroid protocol. (a) Brightfield imaging with Operetta CLS™ of MCF7, MDA-MB-231, 

and SUM159PT spheroids produced by seeding a different number of cells/well: 5000 cells, 10000 

cells, 15000 cells, and 20000 cells. (b) Correlation of the number of seeded cells and respective 

spheroid area obtained after 72 hours measured through imaging with Operetta CLS™ and analysis 

with Harmony software; points represent mean± standard deviation. (c) Standard curve obtained 

measuring the area of groups of MDA-MB-231 spheroids produced from 5,000 – 10,000 – 15,000 - 

20,000 cells/well and their subsequent digestion and count of the number of vital cells after 72h of 

spheroid formation (note that the number of cells-per-spheroids after 72h of culture is different than 

the starting number of cells/well seeded). Points represent mean ± standard deviation along with 

regression. (d) Graph representing the number of cells-per-spheroid indirectly calculated using area 

measurement on MDA-MB-231 spheroids tested in a Seahorse assay, grouped based on the number 

of cells seeded for spheroids formation (5,000 – 10,000 – 15,000 cells/well). The points of the blue line 

depict the number of cells-per-spheroid calculated by measuring the area of each spheroid of the XF 

Seahorse Microplate and applying the equations derived from the standard curve in panel (c). 
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Figure S3. Comparison between Multiple spheroids protocol and Single spheroid protocol on MCF7 Mito 

Stress test profiles. OCR Profiles of Mito stress test produced with Multiple spheroids protocol (a) and 

Single spheroid protocol (b); single measurement for every spheroid is reported to show distribution, 

the black line is for background and corresponds to zero value. (c) The mean± standard deviation of 

OCR values is plotted for each measurement of the Mito stress test comparing the two protocols of 

spheroid formation. 
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Figure S4. Comparison of success rate in obtaining valid data with Seahorse technology between 

Multiple spheroids protocol and Single spheroid protocol. Representation through imaging (brightfield 

imaging with Operetta CLS™), Mito stress test profile plot, and plate schematic depiction of the 

success rate in obtaining valid data analyzing 3D structure with Seahorse technology choosing 

between Multiple spheroids protocol and Single spheroid protocol. (a) The Multiple spheroids protocol 

requires a strict selection of the replicates to eliminate those spheroids that have moved during the 

assay. The image shows examples of replicates that have been excluded from the analysis (light blue) 

and examples of replicates that have been conserved for the analysis (dark blue); red and yellow 

squares represent changes in the sample contained in the well, respectively movement out of the 

center of the well or from the original position. (b) All the replicates can be considered valid with the 

Single spheroid protocol since none of the spheroids have moved during the assay. 
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Figure S5. Impact of each respiratory parameter on PCA analyses. (a) PCA score plots, showing the 

amount of variance explained by each PCA component and the cumulative variance. (b) The 

extracted Eigenvectors define the contributes (loadings) of the original variables to the Principal 

Components. Values are comprised between -1 and +1. Absolute values near zero indicate that a 

variable contributes little to the Principal Component, whereas larger absolute values (in bold fonts) 

indicate significant contributions. (c) Correlation matrix for the original observed parameters. Values 

are comprised between -1 and 1, with -1 (blue) indicating a perfectly negative linear correlation 

between two variables, 0 (white) indicating no linear correlation, and 1 (red) indicating a perfect 

positive linear correlation. 



Cells 2022, 11, 866 6 of 7 

Figure S6. Other methods to normalize Seahorse parameters and relative application on Mito stress 

test profiles. (a,b) The curves show the relation between DNA (a) and protein (b) content and the 

number of vital cells in spheroids. The curves were obtained from the digestion and vital count of the 

cell number in groups of spheroids produced from 5,000 to 20,000 cells/well and the subsequent 

quantification of their protein and DNA content. (c,d) Mito stress profile was obtained testing 

spheroids of MCF7 and MDA-MB-231 produced by seeding a different number of cells/well (5,000 

cells/well = 5k; 10,000 cells/well = 10k; and 15,000 cells/well = 15k); each point represents the OCR 

mean with the relative standard deviation of the indicated group of spheroids as a function of time. 

(c) OCR values normalized on the protein content of a group of spheroids directly on the XF Seahorse

Microplate. (d) OCR values normalized on the DNA content of a group of spheroids directly on the

XF Seahorse Microplate.
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Figure S7. Multivariate statistical analysis for non-normalized metabolic parameters of MCF7 and 

MDA-MB-231 spheroids. (a) PCA scree plots, showing the amount of variance explained by each 

PCA component and the cumulative variance. (b) The extracted Eigenvectors define the contributes 

(loadings) of the original variables to the Principal Components. Values are comprised between -1 

and +1. Absolute values near zero indicate that a variable contributes little to the Principal 

Component, whereas larger absolute values (in bold fonts) indicate significant contributes. (c) 

Correlation matrix for the original observed parameters.  Values are comprised between -1 and 1, 

with -1 (blue) indicates a perfectly negative linear correlation between two variables, 0 (white) 

indicating no linear correlation and 1 (red) indicating a perfectly positive linear correlation. 


