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Pathogenesis and precision therapy in autoantibody-mediated
neuroimmune brain disorders

HUANG Xue-Jing, DING Xuan-Yan, ZHU Shu-Jia"

(Department of Neuroscience, School of Life Sciences, Southern University of Science and Technology,
Shenzhen 518055, China)

Abstract: Anti-NV-methyl-D-aspartate (NMDA) receptor encephalitis is an autoimmune neurological disorder characterized by
pathogenic autoantibodies that cross the blood-brain barrier and target NMDA receptors on the neuronal cell surface. Clinically,
patients present with a range of neuropsychiatric symptoms, including cognitive dysfunction, seizures, and prominent psychiatric and
behavioral abnormalities. The detection of anti-NMDA receptor autoantibodies in cerebrospinal fluid and serum serves as the primary
diagnostic biomarker. This review summarizes the clinical identification and discovery of anti-NMDA receptor encephalitis. Although
anti-NMDA receptor encephalitis was initially recognized as an atypical neuropsychiatric disorder, its autoimmune etiology was
subsequently established through multiple complementary approaches, including brain tissue immunostaining, neuronal labeling, and
cell-based assays, ultimately effectively identifying NMDA receptors as the specific target antigen. Regarding clinical management,
early first-line immunotherapy combined with tumor resection improves prognosis, while the initiation of second-line immunotherapy
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in patients with an inadequate response to first-line treatment can further reduce the recurrence. Furthermore, we highlight the

pathological and neuronal mechanisms underlying the initiation and progression of anti-NMDA receptor encephalitis. Various
triggering factors have been implicated in disrupting immune tolerance and promoting the production of pathogenic autoantibodies,

including tumor-associated immune responses and infection-induced immune dysregulation. Both in vitro and in vivo evidence
supports the central pathogenic role of anti-NMDA receptor autoantibodies. These antibodies induce NMDA receptor cross-linking

and internalization, disrupt excitatory synaptic transmission, and impair neural network function, thereby contributing to the diverse
clinical manifestations observed in patients. Finally, we discuss recent advances in precision therapies, including neutralizing

antibodies that competitively inhibit autoantibody function, as well as innovative cellular therapies utilizing chimeric autoantibody

receptor (CAAR) T cells to selectively eliminate the B cells expressing pathological antibodies. We anticipate that the interdisciplinary

research on the nervous and immune systems will bridge the gap between clinical neurology and fundamental neuroscience, ultimately
reshaping clinical treatment strategies for antibody-mediated neurological diseases.
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Figure 1 Immunological triggering mechanisms of anti-NMDA receptor encephalitis

The dashed boxes indicate the primary immunological triggers: tumor tissue with abnormal expression of NMDA receptors (e.g.,
ovarian teratoma) and pathogenic infections (e.g., HSV). NMDA receptor antigens expressed by tumor tissues or released during viral
infection are captured by dendritic cells (DCs) and transported to regional lymph nodes. Within the lymph nodes, these antigens, with
the assistance of follicular helper T (TFH) cells, trigger the activation and differentiation of naive B cells into memory B cells and
plasmablasts. These cells subsequently cross the compromised blood-brain barrier to infiltrate the central nervous system (CNS).
Once inside the CNS, they undergo clonal expansion and differentiate into plasma cells, leading to the in situ synthesis of anti-NMDA
receptor antibodies. The binding of these antibodies to NMDA receptors on neurons mediates receptor internalization, resulting in
synaptic dysfunction. This process ultimately manifests as clinical symptoms, including impaired consciousness, seizures, and
movement disorders. The figure was created using drawing materials from BioRender.
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Figure 2 Model establishment and clinical treatment of anti-NMDA receptor encephalitis

This figure summarizes the clinical management, pathogenic mechanisms, animal models and emerging therapeutic strategies of anti-
NMDA receptor encephalitis. The left panel shows current treatments, including first-line immunotherapies, second-line
immunosuppressive agents, and early tumor removal in patients with teratomas. The central panel illustrates antibody-mediated disease
progression and key pathogenic mechanisms, including NMDA receptor internalization, synaptic dysfunction, and behavioral abnormalities
in experimental models. The right panel highlights advances in precision immunotherapy, including humanized monovalent neutralizing
antibody and CAAR-T-mediated elimination of pathogenic B cells. The figure was created using drawing materials from BioRender.
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