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Strategies and molecular mechanisms for inducing Miiller cell neuroregeneration by small molecule drugs”
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Abstract; Miiller cells in the retina exhibit certain regenerative capabilities in lower vertebrates such as
fish, but their regenerative potential is limited in mammals. Although traditional gene therapy can promote the
differentiation of Miiller cells into nerve cells, it has many controversies regarding safety and ethics. There-
fore,small molecule drugs, with the advantages of no gene integration and reversible regulation,have gradually
become an innovative approach to promote Miiller cell reprogramming. The article systematically reviews the
research achievements of small molecule drugs targeting the induction of Miiller cell neuroregeneration based
on the biological characteristics and regenerative potential of Miiller cells,focusing on the mechanisms and ad-
vantages of mitogen-activated protein kinase kinase kinase inhibitor, histone deacetylase inhibitor, metabolic
reprogramming strategies and small molecule combination therapy and discusses the challenges they face. It
provides theoretical basis for the application of different types of small molecule drugs. The article comprehen-
sively summarizes the main problems currently faced by small molecule drugs in Miiller cell reprogramming,
including the penetration limitation of the blood-retinal barrier, the improvement of the reprogramming effi-
ciency and maturity of mammalian Miiller cells,as well as off-target effects and long-term safety assessment.
Future research should focus on optimizing nanocarrier delivery systems,transmembrane peptide technology,
and the optimization of molecular physicochemical properties to overcome drug delivery barriers. At the same
time, the synergistic effect mode of small molecule drugs and gene therapy can be explored to maximize retinal
regeneration efficiency and promote its clinical translation process.
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