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Uncovering Novel Transcriptional Enhancers in Neuronal
Development and Neuropsychiatric Disorders

Researchers identify novel transcriptional enhancers regulating gene expression during
neuronal differentiation

Genome-wide association studies (GWASs) have linked genetic variants to neuropsychiatric
disorders, but their regulatory roles in non-coding regions remain largely unclear. Using the
LUHMES neuronal cell model, researchers identified and characterized thousands of
enhancers active during neuronal differentiation, linked them to target genes, and
validated key interactions. This study demonstrates a significant enrichment of GWAS
variants associated with Parkinson’s disease and schizophrenia within these enhancers,
providing a valuable resource for understanding neuronal development.
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Image title: Identification of novel enhancers regulating gene expression in neuronal differentiation and
neuropsychiatric disorders

Image caption: New study by Chiba University, Japan in collaboration with Karolinska Institutet, Sweden,
uncovers novel enhancer-promoter interactions that regulate gene expression during neuronal
differentiation and neurological disorders, paving the way for the identification of novel druggable
targets.
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Neuropsychiatric disorders are becoming increasingly prevalent. Given their complex and
multifactorial pathogenesis, there is an urgent need for effective and targeted therapies that
can improve patients’ quality of life. Genome-wide association studies (GWASs) have
identified various genetic alterations that contribute to the development and progression of
neuropsychiatric disorders, ranging from mild dyslexia to more severe conditions such as
schizophrenia.

While thousands of single nucleotide polymorphisms (SNPs)—changes in a single nucleotide
position in the DNA—have been associated with neurological disorders, the majority are
located in non-coding regions of the genome. Although these non-coding regions do not
encode proteins, they contain regulatory elements such as enhancer sequences, which play
crucial roles in controlling gene expression. Enhancers can regulate gene activity over long
distances and are often specific to cell types and developmental stages. Despite their
importance, enhancers remain poorly characterized, and their precise functions in
neurological development and disease are not yet fully understood.

In a new study, Associate Professor Masahito Yoshihara from the Institute for Advanced
Academic Research and Graduate School of Medicine at Chiba University, along with
Professor Juha Kere and Dr. Peter Swoboda from the Department of Medicine Huddinge
(MedH) at Karolinska Institutet, Sweden, and Dr. Pelin Sahlén from KTH — Royal Institute of
Technology, Sweden, aimed to bridge this knowledge gap. They conducted a series of
advanced analyses to identify and characterize enhancers involved in neuronal differentiation
using LUHMES cells, a cell line derived from human fetal mesencephalic dopaminergic
neurons.

Giving further insight into their work, soon to be published in EMBO Reports, Dr. Yoshihara,
the main author of the study, says, “Elucidating how disease-associated variants influence
gene regulation can uncover previously unidentified molecular pathways involved in neuronal
disorders and reveal novel therapeutic targets for drug development.”

The researchers used LUHMES neuronal precursor cells, which can differentiate into
functional neurons with a high transcriptional similarity to human brain-derived neurons.
They employed Cap Analysis of Gene Expression (CAGE) and Native Elongating Transcript
(NET)-CAGE to identify and quantify the activity of promoters and enhancers at a genome-
wide level. These techniques were combined with targeted chromosome conformation
capture (Capture Hi-C/HiCap), an advanced sequencing method that links distant enhancers
to their target genes. They also examined the associations between putative enhancers and
GWAS-identified loci implicated in neuronal disorders. The analysis identified 47,350 active
putative enhancers, 65.6% of which were novel, and demonstrated an enrichment of SNPs
associated with Parkinson’s disease, schizophrenia, bipolar disorder, and major depressive
disorder within these enhancers.

Finally, they conducted in vitro assays in cultured cells to functionally validate promoter-
enhancer interactions. Using the CRISPR-Cas9 system for genome editing, they activated
enhancers and promoters of genes involved in neuronal differentiation and disorders.
Consistent with their analysis, enhancer activation led to significant increases in the
expression levels of the target genes.


https://doi.org/10.1038/s44319-025-00372-1

Overall, these findings shed light on novel enhancer-promoter interactions and variants
located within enhancer sequences, with potential pathogenic implications. These
interactions and their target genes can further uncover novel druggable targets for the
development of therapies against debilitating neuronal disorders.

Highlighting the clinical applications of their work, Dr. Yoshihara says, “Our study further
exemplifies the power of enhancer discovery in providing potential clues to better understand
the pathogenesis of neuropsychiatric disorders. Our results highlight the vast regulatory
potential embedded in non-coding regions that harbor relevant enhancers and provide a
valuable resource for future studies on neuronal development, requlation, and disorders.”

This study represents an important step toward uncovering novel gene regulatory
mechanisms involved in neuronal development and disease, paving the way for the discovery
of new therapeutic strategies for debilitating neuropsychiatric conditions.
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