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Abstract: This review systematically synthesizes the advancements in research concerning the reprogramming of NG2 glial
cells into functional neurons, with an emphasis on elucidating the principal transcriptional regulators, microenvironmental
modulators, and mechanisms of cellular interaction involved. It seeks to deliver a comprehensive analysis of the molecular
foundations of this process and to prospectively assess its translational potential and the associated challenges within the
context of neural injury repair and neurological disease therapy. (1) First, this review initially delineates the fundamental
transcription factors responsible for the reprogramming of NG2 glial cells, specifically NeuroD1, Sox2, DIx2, Ascll, Lmx1a,
and Nurrl. These transcription factors may operate independently or synergistically to facilitate the transformation of
NG2 glia into either glutamatergic or GABAergic neurons across a range of injury models, including spinal cord injury,
cortical stab wound, and Alzheimer’s disease. Importantly, Sox2 and NeuroD1 have been recognized as particularly effective
inducers, promoting not only neuronal differentiation but also axonal regeneration and subsequent functional recovery.
(2) Second, we investigate the pivotal regulatory functions of injury microenvironment in the reprogramming process. It
explores how inflammatory responses, chondroitin sulfate proteoglycans (CSPGs), epigenetic barriers, and complex
interactions with other glial cells—specifically microglia and astrocytes—collectively regulate or influence the
reprogramming fate of NG2 glia. For example, while heightened inflammation generally reduces reprogramming
efficiency, NG2 glia can counteract this effect by secreting anti-inflammatory factors such as TGF- and MHC 1. CSPGs
serve as a physico-chemical barrier that hinders NG2 glial reprogramming; however, inhibitory strategies like the
administration of intracellular sigma peptide (ISP) can partially overcome this obstacle. Microglia influence the state of
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NG2 cells through the release of cytokines and other signaling molecules, whereas astrocytes may compete for
reprogramming factors and contribute to a scar-associated microenvironment, thereby indirectly impacting the neuronal
differentiation pathway of NG2 glia. In comparison to astrocyte-based reprogramming, NG2 glia present distinct advantages,
such as increased proliferative capacity, enhanced chromatin plasticity, superior synaptic integration potential, and a more
favorable safety profile regarding blood-brain barrier integrity. Collectively, these characteristics position NG2 glial cells as a
(3) Furthermore,
advancements in understanding the role of small-molecule compounds and their epigenetic regulatory mechanisms in
modulating NG2 glial reprogramming. Notably, small molecules, particularly histone deacetylase (HDAC) inhibitors, exhibit
significant potential to enhance reprogramming efficiency by remodeling chromatin accessibility and facilitating the binding

highly promising endogenous source for neural repair strategies. this review synthesizes recent

of transcription factors to their target genomic regions. While preclinical studies have shown promise, the clinical application
of NG2 glial cell reprogramming is hindered by several critical challenges. These challenges include the considerable
differences between in vitro and in vivo microenvironments, the oncogenic potential associated with viral vector integration,
and the necessity for precise regulation of neuronal subtype specification and functional circuit integration. To overcome these
obstacles and further the field, we propose the following recommendations: (1) Develop and implement non-integrating
delivery systems, such as episomal vectors or virus-like particles; (2) Combine small molecules with transcription factors to
develop safer "all-chemical” reprogramming strategies; (3) Employ single-cell multi-omics technologies to dynamically map
the epigenetic and transcriptional landscapes during the reprogramming process.

NG2 Glia-to-Neuron Reprogramming for Neural Repair
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Table 1 Research progress on transcription factors in NG2 glial cell reprogramming
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Figure 1 In vivo reprogramming of NG2 glial cells into neurons and its regulatory factors

Recent research indicates that following injury, NG2 glial cells undergo transdifferentiation into functional neurons through the

application of single reprogramming factors, such as Sox2 or NeuroD1, or through combinations of factors, including Ascll+Lmx1la

+Nurrl or Ascll+Lmxla+NeuroD1. Throughout this process, various elements such as inflammatory cytokines, chondroitin sulfate

proteoglycans (CSPGs), small molecules, microglia, and astrocytes can either facilitate or impede reprogramming. In the

accompanying figure, red T-shaped arrows represent inhibition, while green arrows indicate promotion. The figure was created using

BioRender.com.
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