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Visual impairment affects 285 million people worldwide, 
the number expected to rise with the continued increase 
in life expectancy. For treatments to be developed, in 
vitro models of human retina that encompass all the 
retinal cell types and predictive of human physiology, are 
required to screen novel substances for pharmacological 
and toxicological effects. To date, retinal organoids 
have not been used in toxicology or pharmacology 
screening programmes, largely due to the variable ability 
of human induced pluripotent stem cell (iPSC) lines to 
consistently generate light responsive retinal organoids 
closely matching adult human retina. Using a 96 well 
plate format, which is compatible with high-throughput 
drug screening assays, we used statistical modelling to 
evaluate the effects of key culture medium components 
on generation of retinal organoids from iPSCs. In 
addition, we used a known retinotoxin, moxifloxacin, 
to demonstrate the applicability of our model for 
compounds screening

INTRODUCTION METHODS
I. Retinal organoids were differentiated from iPSCs in a 96 well 
plate format following the experimental timeline summarised  
in Figure 1 (protocol adapted from Kuwahara A. et al, 2015).

Various concentrations of key medium components were 
assessed as part of the factorial experimental design. The  
effect of each factor on the expression of genes marking 
various retinal cell phenotypes was assessed (Figure 2).

II. Moxifloxacin was used to assess the feasibility of using 
retinal organoids for screening of retinotoxic compounds. 
Moxifloxacin is a broad-spectrum fluoroquinolone 
antibiotic that is active against both gram-positive and 
gram-negative bacteria and commonly used in the 
treatment of a range of eye and respiratory infections.  
The mechanism by which moxifloxacin is retinotoxic 
is not fully understood; however photoionisation of the 
compound leading to increased reactive oxygen species 
has been postulated. Moxifloxacin treatments were 50, 
100, 300, 700 and 1000 μg/ml with an exposure time of  
24 hours.
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Figure 1. Experimental timeline.Figure 1. Experimental timeline

Figure 2. Retinal gene expression pattern

RESULTS
I. Improving retinal organoid generation using multifactorial design
 
Retinal organoids were generated using the protocol outlined in Figure 1 using varying concentrations of key medium components. 
After 150 days of differentiation, the organoids showed a typical morphology containing multiple optical vesicles with bright 
neuroepithelium at the apical edge of retinal organoids (Figure 3).

Figure 3. Representative images of retinal organoids
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• Using factorial experimental design, we determined the optimal conditions for production of retinal organoids containing RPE 

• Combining this differentiation protocol with 96 multiwell plate format allows for the scalability and automation required for 
toxicology and pharmacology studies 

• A proof of concept study showed the response of retinal organoids to a known retinotoxic agent validating usefulness of  
our model for toxicity screening programmes

CONCLUSION

Gene expression analysis was performed to identify key variables that affect retinal organoid differentiation outcome (genes 
shown in Figure 2). This was followed by statistical analysis that showed that concentrations of FBS, taurine, retinoic acid, and
CHIR99021 had the highest effect on cone photoreceptor gene expression, including OPN1LW, OPN1SW, OPN1MW (Figure 4)

Figure 4. Effect of key variables on cone photoreceptor gene expression.

Immunofluorescence analysis confirmed presence of cone photoreceptors in retinal organoids at day 150 of differentiation 
(Figure 5).

II. iPSC-derived retinal organoids respond to a known retinotoxin 

• Incubation of retinal organoids with 100 μg/ml moxifloxacin led to vacuous apertures to appear in the apical region where 
photoreceptors reside and the adjacent presumptive inner nuclear layer (Figure 5A) 

• LDH, a cytosolic enzyme which is released when plasma membranes are damaged, revealed a linear dose-dependent toxicity 
effect of moxifloxacin (Figure 5B) 

• Caspase 3, a protease which is involved in executing apoptosis, was expressed in a greater number of cells in retinal 
organoids exposed to 100 and 300 μg/ml moxifloxacin (Figure 5C)


