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Editorial on the Research Topic
 Spatial transcriptome and single-cell sequencing for exploring molecular mechanisms of neuroimmunity and discovering novel markers of neurological diseases




Neuroimmunity is a vital field of study that investigates the interactions between the nervous system and the immune system. In recent years, it has emerged as one of the most cutting-edge areas of research in the life sciences. This field not only elucidates the complex cellular composition and functional characteristics of the brain but also provides a foundation for advancing precision treatment strategies (1, 2). Neuroimmunity offers a novel perspective to dissect the pathogenesis of various neurological diseases. However, diagnosis and treatment of central nervous system (CNS) diseases remain elusive due to intricate pathological mechanisms and limited effective therapeutic options (3). Despite these challenges, traditional research methodologies concentrate primarily on histological, physiological, and population-level analyses. Unfortunately, these approaches are insufficient to explore the transcriptomic characteristics and associated pathological and immune mechanisms at the single-cell level. This limitation significantly hinders our understanding of the complex regulatory networks that govern neuroimmune interactions.

In recent years, breakthroughs in methodologies such as single-cell sequencing and spatial transcriptomics have revolutionized neuroimmunity research (4, 5). Single-cell sequencing facilitates the high-resolution analysis of gene expression profiles at the individual cell level, enabling the identification of distinct cell subsets and their heterogeneity (6, 7). Furthermore, spatial transcriptomics preserves the spatial integrity of samples while deepening our understanding of molecular mechanisms (8). These advanced techniques not only elucidate the complex regulatory networks within the neuroimmune system but also provide important tools for the discovery of novel molecular markers and the development of innovative therapeutic strategies (9).

Cai et al. investigated glioblastoma multiforme (GBM) and demonstrated a strong association between CRYAB protein expression and poor patient prognosis. Their knockout experiments confirmed that CRYAB promotes tumor proliferation and invasion and regulates the tumor immune microenvironment. However, these experiments were conducted in vitro without subsequent in vivo validation, raising questions about their reliability and necessitating further confirmation in animal models. In contrast, Xie et al. examined the pathogenesis of ischemic stroke (IS) using a multi-omics approach that integrated human peripheral blood transcriptome data with single-cell RNA sequencing from mouse MCAO models. They conducted simultaneous animal experiments for corroboration. This integrative strategy identified 14 key senescence-associated secretory phenotype (SASP)-related genes and implicated basophils as major immune participants in the disease process. However, the cross-platform data integration used in this study may introduce technical biases that require further refinement to fully address. Although Cai et al. and Xie et al. focused on different diseases, their methodologies shared common features. Both studies leveraged single-cell sequencing technologies combined with other omics datasets (e.g., RNA-Seq, microarray) and employed multiple analytical tools, for instance Seurat for single-cell analysis, Cox proportional hazards regression for survival analysis, and LASSO regularization for feature selection. These approaches enabled the identification of key molecular drivers and their roles in disease pathogenesis, thereby providing a robust theoretical foundation for the development of novel diagnostic markers and targeted therapeutic strategies.

This research emphasizes the potential of single-cell sequencing technology in dissecting complex diseases and highlights the critical role of the immune microenvironment in neurological disorders. Li, Zhang et al. conducted a comprehensive analysis of multi-omics datasets, such as genomic, single-cell transcriptomic, and epidemiological data, to investigate the association between aging and NK cell dysfunction in Alzheimer's disease (AD), identifying CHD6 as a potential key driver of AD pathogenesis. In addition, He et al. reviewed the application of single-cell sequencing and spatial transcriptomics in AD research, revealing the dynamic roles of microglia and astrocytes in disease progression and their spatial correlation with neuronal injury. The discovery of novel biomarkers, such as p-tau181 and NfL, also provided promising avenues for the early diagnosis of AD. These studies have shed light on the significance of immune cell dysfunction and neuroinflammatory mechanisms in neurological diseases. Moreover, the analysis of the dynamics of spinal cord injury (SCI) by Li, Zhai et al. revealed a dual role of immune cells: in the acute phase, they play a protective role by removing necrotic tissue and pathogens; however, excessive activation may exacerbate tissue damage and neuronal death, thereby impairing neural tissue repair and regeneration. In summary, these studies underscore the complexity of immunological mechanisms in neurological diseases and provide valuable insights for biomarker discovery and therapeutic development.

With the rapid advancement of sequencing technology, in addition to single-cell sequencing, there are multiple sequencing techniques (such as RNA sequencing, single-molecule real-time sequencing, nanopore sequencing, etc.). A significant number of researchers, leveraging comprehensive transcriptome analysis in conjunction with advanced sequencing technologies, can not only identify specific biomarkers for the accurate diagnosis and prognosis of diseases but also systematically assess treatment efficacy and predict patients' clinical outcomes (10–12). However, spatial transcriptomics and single-cell sequencing technologies still face challenges such as vast and complex data volumes, imperfect multimodal algorithms, and high costs (13). Looking ahead, fostering innovation to address technical challenges, integrating and optimizing different technologies to characterize alterations in the neuroimmune microenvironment, and translating these insights into clinical strategies remain core research priorities. Such advancements could redefine disease classification and offer innovative theranostic approaches for complex neurological diseases.

The studies discussed in this editorial underscore recent breakthroughs in the field of neuroimmunology and their implications for advancing our understanding of complex neurological diseases. Through the application of state-of-the-art methodologies, such as single-cell sequencing and spatial transcriptomics, researchers have not only uncovered the intricate interplay between the nervous system and the immune system but also shed new light on the mechanisms underlying nervous system disorders. These studies elucidate critical disease-related molecules and their functional roles in pathological processes by integrating single-cell sequencing with complementary omics datasets. These studies highlight the unique advantages of single-cell technologies in analyzing disease heterogeneity and tracking dynamic changes in the immune microenvironment, thereby paving the way for precision medicine. Furthermore, this editorial emphasizes the importance of fostering interdisciplinary approaches within neuroimmunology. Collectively, these studies represent key advances in addressing major challenges in neurological research and improving clinical outcomes.


Author contributions

BW: Writing – original draft. YS: Writing – review & editing, Writing – original draft. CC: Writing – review & editing. JS: Writing – review & editing. YP: Writing – review & editing.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Caldwell LJ, Subramaniam S, MacKenzie G, Shah DK. Maximising the potential of neuroimmunology. Brain Behav Immun. (2020) 87:189–92. doi: 10.1016/j.bbi.2020.03.010

 2. Pengxing N, Yafeng Z, Renrui C, Ruicheng Q, Cirong L, Guang-Zhong W. Cell types associated with human brain functional connectomes and their implications in psychiatric diseases. bioRxiv. (2024).

 3. Chen BR, Wu T, Chen TH, Wang Y. Neuroimmune interactions and their roles in neurodegenerative diseases. Fundamental Research. (2024) 4:251–61. doi: 10.1016/j.fmre.2023.04.002

 4. Piwecka M, Rajewsky N, Rybak-Wolf A. Single-cell and spatial transcriptomics: deciphering brain complexity in health and disease. Nat Reviews Neurology. (2023) 19:346–62. doi: 10.1038/s41582-023-00809-y

 5. Zhao S, Zhuang H, Ji W, Cheng C, Liu Y. Identification of disulfidptosis-related genes in ischemic stroke by combining single-cell sequencing, machine learning algorithms, and in vitro experiments. Neuromolecular Med. (2024) 26:39. doi: 10.1007/s12017-024-08804-2

 6. Ding Y, Peng Y-Y, Li S, Tang C, Gao J, Wang H-Y, et al. Single-cell sequencing technology and its application in the study of central nervous system diseases. Cell Biochem Biophys. (2024) 82:329–42. doi: 10.1007/s12013-023-01207-3

 7. Yang B, Hu S, Jiang Y, Xu L, Shu S, Zhang H. Advancements in single-cell RNA sequencing research for neurological diseases. Mol Neurobiol. (2024) 61:8797–819. doi: 10.1007/s12035-024-04126-3

 8. Awuah WA, Ahluwalia A, Ghosh S, Roy S, Tan JK, Adebusoye FT, et al. The molecular landscape of neurological disorders: insights from single-cell RNA sequencing in neurology and neurosurgery. Eur J Med Res. (2023) 28:529. doi: 10.1186/s40001-023-01504-w

 9. He Z, Liu Z, Wang Q, Sima X, Zhao W, He C, et al. Single-cell and spatial transcriptome assays reveal heterogeneity in gliomas through stress responses and pathway alterations. Front Immunol. (2024) 15:1452172. doi: 10.3389/fimmu.2024.1452172

 10. Pan Y-B, Wang S, Yang B, Jiang Z, Lenahan C, Wang J, et al. Transcriptome analyses reveal molecular mechanisms underlying phenotypic differences among transcriptional subtypes of glioblastoma. J Cell Mol Med. (2020) 24:3901–16. doi: 10.1111/jcmm.14976

 11. Yang B, Pan Y-B, Ma Y-B, Chu S-H. Integrated Transcriptome Analyses and Experimental Verifications of Mesenchymal-Associated TNFRSF1A as a Diagnostic and Prognostic Biomarker in Gliomas. Front Oncol. (2020) 10:250. doi: 10.3389/fonc.2020.00250

 12. Zhao S, Ni K, Xie J, Cheng C, Zhao N, Liu J, et al. Exploring the prognostic value of BRMS1 + microglia based on single-cell anoikis regulator patterns in the immunologic microenvironment of GBM. J Neurooncol. (2024) 170:101–17. doi: 10.1007/s11060-024-04781-5

 13. Shuang G, Shuqing S, Huan X, Qiang C, Zhixiang R. Deep learning in single-cell and spatial transcriptomics data analysis: advances and challenges from a data science perspective. arXiv:2412.03614. (2024).

Copyright
 © 2025 Wang, Shi, Cheng, Song and Pan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Spatial transcriptome and single-cell sequencing for exploring molecular mechanisms of neuroimmunity and discovering novel markers of neurological diseases



		Author contributions



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Neurology

Editorial: Spatial transcriptome
and single-cell sequencing for
exploring molecular mechanisms
of neuroimmunity and
discovering novel markers of
neurological diseases











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Neurology







