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Traditional monolayer 2D cell culture and 2D in vitro assays for drug development have their limitations 
related to human physiological relevance. Efforts to expand on 2D models and reduce the use of animals 
in research have led to progressive developments in 3D cell culture systems as tools for drug discovery 
[1]. These tools provide a platform for enhanced cell to cell interaction and cellular differentiation [1]. A 
variety of 3D platforms exist including collagen or other biomimetic scaffolding, synthetic scaffolds, and 
hydrogels to promote cell self-assembly [2–4]. A non-adherent series of 3D agarose gels has been 
developed by the Morgan Lab of Brown University and demonstrates success in promoting cell self-
assembly into 3D microtissues. Successful characterization of skeletal muscle myogenesis in a 3D in vitro 
model is important to establish a baseline for future drug discovery in the medical community and 
nutritional intervention strategies by the military to mitigate muscle damage. 3D confocal fluorescence 
imaging analysis demonstrated the ability of the Morgan Lab 3D Petri Dish [3, 4]to induce myogenesis, 
the process of skeletal muscle growth and differentiation in C2C12 mouse skeletal muscle cells [5]. C2C12 
cells were grown to confluency in T75cm2 cell culture flasks at 37˚C, 10% CO2, trypsinized and seeded 
into 2% agarose/PBS hydrogels and allowed to self-assemble into toroid shaped microtissues (Fig. 1). 
Initial microtissue formation was assessed using a Zeiss brightfield microscope. Microtissues were 
formalin fixed at day 1, 3 and 6 then skeletal muscle myogenesis and cellular differentiation was 
determined by fluorescent antibody staining for myosin heavy chain protein. Confocal images were 
obtained using the Perkin Elmer Opera Phenix High Content Screening System and Image processing was 
performed using 3D Harmony High Content Imaging and Analysis Software.  
 
Brightfield microscopy confirmed that C2C12 cells formed toroid shaped microtissues in Advanced 
DMEM supplemented with Glutamax (Fig. 1). Myosin heavy chain protein expression was detected on 
day 1 while multinucleation and myofiber formation were visible as early as 3 days after cell seeding (Fig 
2a).  
 
Advances in 3D confocal fluorescence microscopy with automated Z stack imaging and high throughput 
image analysis software allowed for thorough investigation of myogenesis in C2C12 toroid microtissues 
(Fig. 2b). These analysis capabilities are necessary and effective for the validation of new in vitro model 
platforms such as the 3D Petri Dish toroid agarose mold to successfully demonstrate their abilities to 
modulate in vivo like characteristics in 3D microtissues [6].   
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Figure 1. A) Brightfield imaging of C2C12 cells forming microtissues over time. Scale bar = 200µm. B) 
Morgan Lab 3D Petri Dish design from Wilks et al 2018[3]. 

 

 

Figure 2. A) Confocal imaging demonstrates MHC (red) expression and Dapi (blue) in C2C12 toroid 
microtissues over time. Images were acquired on the Opera Phenix High Content Screening System with 
a 20x water objective. Scale bar = 100um. B) 3D Harmony High Content Imaging Analysis Software 
provides 3D Z stack rendering of a segment of Day 6 C2C12 microtissue displaying toroid 
differentiation.  
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