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Microglia are centrally residing macrophages with physiological activities that are both glial and 

immune cell-like. As such, these cells are central to development, homeostasis as well as repair of the 

brain and spinal cord [1]. In the presence of stressors, attenuated microglial responses are detrimental to 

brain function in the acute condition, exacerbate subsequent pathophysiology and their cognitive 

correlates in mental health and neurological disorders [2]. For these reasons, including roles for 

microglia activation in neurodevelopmental and psychiatric disorders continues to be central to 

understanding neurologically based disease states. The absence of preparations that convey or carry 

those genetic and physiological characteristics known to be uniquely human has remained a major 

hurdle in identifying how this class of cells participates in patterning central circuitry and generating 

emergent outcomes that may underlie aberrant behaviors as well as off target drug responses in cases of 

pathology [3]. 

 

To overcome this barrier, we have developed a preparation of human embryonic stem cell (hES) derived 

microglia for functional in vitro studies in a fast and reliable label-free automated multiparametric 

microscopy system. Specifically, we were interested in identifying if hES derived microglia would 

respond to inflammatory signals such as interferon gamma (INF) and tumor necrosis factor alpha 

(TNF). To this end, cells were grown in 96 well cycloolefin bottom plates, challenged with INF and 

TNF for one hour and then imaged for 24 hours. To explore microglial behavior in the presence of 
known neurorestorative and neuroprotective agents, a broad-spectrum tetracycline antibiotic with 

properties Minocycline was applied at increasing concentrations of (1, 10, 20, 200 and 2000 nM) [4] 

Application of this protectant to cell cultures occurred one hour before or one hour after the 

inflammatory insult at which time cultures were imaged for the subsequent 24 hours. All images were 

acquired in a High Content Screening microscope (Operetta, PerkinElmer) equipped with an 

environmental chamber set to 37C and 5% CO2, a 740 nm LED light source and 20x (0.75 NA) lens. 

Imaging mode was based on Transport of Intensity Equation (TIE) [5,6] generating pseudo-quantitative 

phase contrast images from a z-stack from at least three bright field images, which requires no labeling 

nor staining. 
 

Phenotypic readouts from TIE reconstructed images include quantitative characterization of cell area, 

roundness, speed and distance. INF and TNF treatment decreased measures of cell area while 

increasing roundness and motility, findings that are useful to suggest phagocytic actions. Cell number 

also increased following INF and TNF exposure. These effects were prevented with minocycline for 
all concentrations (Figure 1). Reconstructed TIE images precluded effects due to fixation or 

fluorescence artifacts. In conclusion, label-free multiparametric microscopy offers efficient, and reliable 

quantifiable metrics of cell responses for hES derived microglia towards phenotypic and functional 

characterizations with large libraries of compounds. 
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Figure 1.  Heatmaps from phenotypic readouts from TIE reconstructed images. Upper panels show cell 

area and number of cells, lower panels show average speed and cell roundness. Red represents 

maximum values, gray represents average values and blue represents minimum values. 
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