
Introduction 1 

In this high content imaging study we used cancer microtissues 
as a 3D tumor model to analyze drug efficacy and we quantified 
microtissue cancer biomarker expression using in vivo NIR agents 
on the Operetta system. The microtissues analyzed were 
sensitive to anti-cancer drugs and showed a clear inhibition of 
tissue growth. The characteristic labeling patterns of the NIR 
agents is observed in a similar way in vivo and confirms 
microtissues to be a physiologically-relevant cell model that 
resembles solid tumors. 
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Summary 6 

3D cell culture methods are widely accepted as being more 
physiologically relevant than conventional 2D cell culture methods 
and are believed to improve the prediction of drug candidates at an 
early stage in the drug development process. In this study we 
describe the analysis of a spherical colon cancer microtissue model 
using the Operetta® High Content Imaging System. In vivo near 
infrared (NIR) agents allowed visualization and quantification of 
cancer-associated biomarker intensity and distribution in 
microtissues. The expression of these biomarkers and the observed 
oxygen gradients, visualized using the HypoxiSense® 680 
Fluorescent Imaging Agent, correlate with development of solid 
tumors in vivo and confirm microtissues to be a physiological cell 
model suitable for cell-based drug screening.  
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For the 3D microtissue production, the GravityPLUSTM system from InSphero AG was 
used. This system allows for automation of the hanging drop method providing an 
optimal tool to make microtissues amenable to cell-based drug screening (1). 
Furthermore a precise control over microtissue size and easy localization of the 
microtissue in the well (Ø 1mm) are possible (Fig. 1). By using the InSphero 
GravityTRAPTM Plate (96 well format) in combination with the 10x objective of the 
Operetta system, only one image field is needed to capture the whole well. 

Quantification of cancer biomarker expression and 

distribution in 3D microtissues with in vivo NIR agents 
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Figure 3: Staining of microtissues with in vivo NIR agents results in characteristic staining patterns. Microtissues 

were incubated with 100 µM of the NIR agents for 72 hrs and imaged on the Operetta system with an 10x objective. 

The top row shows an overlay of brightfield (BF) and fluorescence (FL) images, while the lower row shows only the 

fluorescence images. The ProSense 680 agent (left) shows a homogeneous staining of the whole microtissue. The 

MMPSense 680 agent (middle) is strongly activated in isolated cells and shows a weak fluorescence signal within 

the microtissue. The HypoxiSense 680 agent (right) stains the microtissue with fluorescence maxima in the core 

region. 

Figure 4: HypoxiSense 680 agent staining intensity of microtissues is size-dependent. A) Overlay of brightfield and 

fluorescence images of two representative microtissues. The larger microtissue on the right (area = 93,197 µm²) shows 

a strongly increased HypoxiSense maximum signal intensity compared to the smaller tissue on the left (area = 49,844 

µm²). B) With increasing size the microtissue cores show a strong increase in maximum signal intensity. This suggests 

the presence of small hypoxic centers. The hypoxia gradient towards the core can be attributed to a limited penetration 

of oxygen and potentially other nutrients into the tissue, as has been described for avascular tumors in vivo (5). 

 

Drug sensitivity tests using 3D microtissues 3 

Figure 2. Inhibition of growth of 3D tumor microtissues after 72 hrs of incubation with 5-FU or Staurosporine. 

(Left) Brightfield images (10x) illustrating the growth inhibiting effect of Staurosporine on microtissues. (Right) 

Dose-response curves of microtissues treated with 5-FU and Staurosporine resulting in an EC50 of 51 µM for 5-FU 

and 0.65 µM for Staurosporine. 

To analyze the activity of the cancer-associated biomarkers cathepsin and MMP (2,3), 
and to visualize hypoxic areas (4), microtissues were stained with 100 µM of the NIR 
agents ProSense® 680 (NEV10003), MMPSense® 680 (NEV10126) and  
HypoxiSense® 680 (NEV11070), respectively (Fig. 3).  

Figure 1. Workflow of 3D microtissue formation, followed by analysis on the Operetta High Content Imaging 

System. Cells were seeded into the GravityPLUSTM system (96-well format). Within 2-4 days a single microtissue 

forms in each drop. Once the microtissues had formed, they were harvested into the GravityTRAP™ plate by a 

media addition step. Finally each microtissue was imaged automatically using the Operetta system. 
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Studying hypoxic conditions in microtissues 5 

For this assay, live 3D microtissues consisting of HT-29 colorectal adenocarcinoma 
cells were treated with different concentrations of the reference compounds 5-
Fluorouracil (5-FU, Sigma-Aldrich®, F6627) and Staurosporine (Sigma-Aldrich®, 
S5921). Compound dilutions were added in a mixture with 1.6 µM Hoechst 33342 in 
serum supplemented medium. Following treatment, microtissues were imaged every 
24 hrs over 5 days in treatment cocktail on the Operetta system.  
To analyze the sensitivity of live microtissues to the reference compounds, the 
microtissue growth was chosen as sensitive parameter. Quantitative image analysis 
of microtissue size was performed using the Harmony® High Content Imaging and 
Analysis Software. 

To study hypoxic conditions, microtissues of varying sizes were produced by seeding 
different cell numbers during spheroid formation. Microtissues were stained with 
HypoxiSense 680 agent, imaged on the Operetta system, and the maximum 
intensity in the spheroid core region was analyzed using our Harmony® High Content 
Imaging and Analysis Software. The maximum intensity is positively correlated with 
the size of the microtissues. Larger microtissues show a strong increase in the core 
maximum intensity compared to smaller microtissues (Fig. 4). 
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