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Microglial modulation of maturation and
vascularization in retinal organoids: current
advances and future perspectives

ZHEN Fangyuan, HU Sixian, HUANG Guangyi, GONG Yajun, ZHOU Xijaolai

(State Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-sen University, Guangdong Provincial Key
Laboratory of Ophthalmology and Visual Science, Guangzhou 510060, China)

Abstract Human induced pluripotent stem cell (hiPSC)-derived retinal organoids (ROs) have emerged as robust in vitro
platforms for investigating retinal development and disease mechanisms. However, traditional ROs models
typically lack essential immune components, specifically microglia, which limits their ability to accurately
recapitulate neuro-immune interactions and model neuroinflammation during pathological processes. This
review systematically summarizes recent advances in the functional integration of microglia into ROs. We
discuss various construction strategies, including exogenous co-culture, endogenous self-assembly, and
engineering approaches based on 3D bioprinting and microfluidic organ-on-a-chip systems, while critically
comparing the characteristics of these integration methods. Furthermore, we elucidate the regulatory
mechanisms of microglia in ROs development, emphasizing their role in promoting neural circuit maturation
via synaptic pruning and facilitating vascular network formation by secreting cytokines that guide endothelial
cell migration. Additionally, we explore the applications of these composite models in simulating ocular
diseases, focusing on the specific functions of microglia in mediating neuroinflammation, clearing
photoreceptor debris, and modulating the tumor immune microenvironment. These insights aim to deepen the
understanding of ocular disease pathogenesis and the role of microglia in retinal development and
neurodegeneration. Finally, we provide perspectives on future model construction using microfluidics and organ-
on-a-chip technologies, emphasizing that immune-competent ROs offer a more precise research platform for
dissecting disease mechanisms and therapeutic screening.
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Figure 1 Cultivation strategies for the functional incorporation of microglia into human retinal organoids

PSCs: ZRET4Mfl; EBs: JR{A; ROs: AMIEZERE

PSCs: Pluripotent stem cells; EBs: Embryoid bodies; ROs: Retinal organoids.
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Figure 2 Effects of microglia on physiological and pathological functions of retinal organoids
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ROs: Retinal organoids; LPS: Lipopolysaccharide; ECs: Endothelial cells; VEGF: Vascular endothelial growth factor; PDGF: Platelet-

derived growth factor; RGCs: Retinal ganglion cells.
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