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Background

The presence of the blood-brain barrier (BBB) makes it possible 
for the neurological effects of autoantibodies to be overlooked. 
Over the past decade, it has been gradually recognized 
that autoantibodies may play a role in the pathogenesis of 
neurological disorders, leading to neurological dysfunction 
[1]. It has been found that in a variety of neurological 
disorders, such as antiphospholipid antibody syndrome and 
neuropsychiatric lupus, the integrity and permeability of the 
BBB is disrupted, and the ensuing autoantibodies cross the 
blood-brain barrier, which in turn disrupts the neurological 

system and triggers cognitive dysfunction, encephalitis, and 
other symptoms [2,3]. Thus, autoantibodies play an important 
role in the pathogenesis of neurological diseases, especially 
autoimmune neurological diseases [4]. In neuromyelitis optica 
spectrum disorder (NMOSD), for example, APQ4-IgG binds to 
APQ4 receptors on astrocytes to undergo a chain reaction 
after complement activation, leading to astrocyte damage in 
NMOSD, which in turn disrupts the blood-brain barrier, and 
even leads to neuronal death [5].

However, the specific mechanism of action of autoantibodies 
in neuropsychiatric disorders associated with immune 
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abnormalities, especially autoantibody-involved such as 
neuropsychiatric lupus, multiple sclerosis, and myasthenia 
gravis, as well as in numerous neurodegenerative disorders, 
is unclear, and therapeutic targets have not yet been defined 
[6]. Therefore, in-depth exploration of the mechanisms 
of autoantibodies in these neurological diseases and the 
development of related therapeutic strategies have become 
urgent scientific challenges. Taking this as a starting point, 
this review aims to summarize and deeply explore the role 
and mechanism of autoantibodies in immune abnormality-
associated neurological diseases, to provide important clues for 
unraveling the pathogenesis of autoimmune neuropsychiatric 
disorders and to provide potential therapeutic targets for the 
treatment of neurological disorders, so as to fill in the gaps 
of the current research on autoantibodies in neurological 
disorders’ pathogenesis.

The Discovery of Autoantibodies and Their Role in 
Autoimmune and Non-Autoimmune Diseases

Autoantibodies are potentially harmful antibodies that, after 
the body loses the integrity of its immune tolerance, become 
unable to recognize “self” or “non-self” antigens and attack 
the host by interacting with their own antigens, triggering 
inflammation of tissues [7,8]. The history of autoantibodies 
can be traced back many years to 1900, when Paul Ehrlich 
first proposed “the concept of horror autotoxicus”, in which 
he pointed out that the immune system can only produce 
antibodies against non-self antigens, i.e. the “side-chain 
theory” [9]. The more widely accepted theory, however, is 
the doctrine of clonal selection, proposed in 1959 by the 
Australian immunologist Frank Macfarlane Burnet, which has 
been crucial to the development of highly diverse antibody 
libraries. This theory suggests that autoimmune diseases may 
be mediated by pathogenic autoantibodies due to “clonal 
deletion”, and that pathogenic autoantibodies play a crucial 
role in the development of autoimmune diseases [10].

Autoantibodies not only play an important role in the 
pathologic process of autoimmune diseases, but also 
assume the role of biomarkers, which provide useful clinical 
information for the diagnosis and treatment of diseases [11]. 
In SLE, autoantibodies such as anti-dsDNA antibodies and 
anti-Sm antibodies are involved in the formation of immune 
complexes and inflammatory damage in several end organs 
such as kidney, skin, and central nervous system (CNS) 
[12]. Anti-dsDNA autoantibodies have potential for drug 
development against intracellular targets, and it has been 
suggested that their targets may be utilized in the treatment of 
autoimmune diseases [13]. However, the diagnostic sensitivity 
of anti-dsDNA antibodies and anti-Sm antibodies for SLE was 
33% and 27%, respectively, and the diagnostic specificity was 
low, which is not only detrimental to the accurate diagnosis of 
autoimmune diseases, including SLE, but also fails to achieve 
differential diagnosis between multiple autoimmune diseases. 
Therefore, whether anti-dsDNA antibodies and anti-Sm 

antibodies and their targets are suitable for the development 
of targeted drugs for autoimmune diseases, we believe 
that the relevant studies still have certain controversies and 
challenges.

In rheumatoid arthritis (RA), anticitrullinated protein 
antibodies (ACPA) are considered to be the most diagnostic 
biomarker, are present in 60-70% of RA patients, and are 
associated with cachexia and poor prognosis of joint damage 
[14,15]. ACPA has a dual impact in the course of RA, not 
only stimulating osteoclast differentiation and triggering 
bone erosion, but also potentially playing an important 
role in long-term inflammation [16,17]. Furthermore, in IgA 
nephropathy, the galactose-deficient IgA1 molecule (gd-
IgA1) originating from mucosal tissues leads to the formation 
of autoantibodies, such as anti-gd-IgA1 IgG. gd-IgA1 and gd-
IgA1 IgG form immune complexes that are deposited on the 
glomerular thylakoid membranes, triggering the activation 
of a cascade of complement and cytokines, which are 
involved in IgA nephropathy pathogenesis. The main reason 
for this is that glucocorticoids (a form of immunotherapy) 
are not used in IgA nephropathy. Currently glucocorticoids 
(an immunosuppressive agent) are considered a relatively 
appropriate regimen for the treatment of IgA nephropathy 
[18,19]. In systemic sclerosis (SSc), antinuclear antibodies 
(ANA) are considered to be the most accurate independent 
predictor, present in more than 90% of SSc patients, with 
high diagnostic specificity and predictive value [20]. However, 
whether ANA is involved in the pathogenesis of SSc is unclear, 
ANA contains different subtypes, and the therapeutic effects of 
different drugs can vary when different ANA subtypes are used 
as therapeutic targets: if therapeutic drugs are correctly paired 
with the ANA subtypes, they may have an important impact 
on the therapeutic effects of SSc [21,22]. For example, anti-
RNA polymerase III antibodies, an important subtype in ANA 
their possible pathogenic mechanism is to be translocated 
into cells to interact directly with intracellular components 
and receptors, and anti-RNA polymerase III antibodies as a 
biomarker predict autoimmune syndromes such as rapid 
skin thickness growth and gastric sinus vasodilatation [23]. 
Therefore, we hypothesized that pathogenic autoantibodies 
of a biomarker could serve as potential targets for SSc. By 
exploring the binding sites of pathogenic autoantibodies 
and receptors in SSc, we can precisely inhibit the binding of 
autoantibodies to receptors and thus block the pathogenesis 
of SSc. Currently, the pathogenesis of SSc involves at least 240 
pathways and a large number of dysregulated proteins, so it 
is still very challenging to realize precision targeting therapy 
through this drug and ANA subtype-based pairing strategy.

Autoantibodies are widely present in a variety of pathological 
conditions and play a key role not only in the pathogenesis 
of autoimmune diseases, but also in non-autoimmune 
diseases such as cardiovascular and infectious diseases 
[24,25]. Antiphospholipid autoantibodies are a class of 
antibodies that specifically bind anionic phospholipids and 
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phospholipid protein complexes. Studies have shown that in 
cardiovascular diseases, elevated levels of antiphospholipid 
autoantibodies in patients mediate monocyte adhesion, 
platelet aggregation, complement activation, and endothelial 
damage, thus playing an important role in the pathogenesis 
of cardiovascular diseases [26]. In addition, autoantibodies 
against glycosylphosphatidylinositol-anchored HDL-binding 
protein 1 (GPIHBP1) are capable of causing celiac disease [27]. 
Autoantibodies to GPIHBP1 block the ability of GPIHBP1 to 
bind and transport lipoprotein lipase, thereby interfering with 
lipoprotein lipase-mediated processing of triglyceride-rich 
lipoproteins, leading to severe celiac disease [28]. In COVID-19 
and influenza patients, the presence of large amounts of 
autoantibodies correlates with the severity of the disease 
[29]. This suggests that autoantibodies may be involved in 
the pathophysiologic course of diseases associated with viral 
infections; however, the specific role of autoantibodies in the 
pathogenesis of these diseases is not fully understood.

Autoantibodies are Involved in the Pathogenesis of 
Neurological Disorders

Neurological diseases are important causes of disability 
and death in populations worldwide [30]. In recent years, the 
global mortality rate of neurological diseases has risen by 
nearly 30%, and their impact on human health has become 
more and more serious [31]. Considering that autoantibodies 
play a great role in both the pathogenesis and the treatment 
of immune abnormality-associated neurological disorders, 
it is particularly important to understand the roles and 
mechanisms of autoantibodies in neurological disorders. In 
this section, we have divided neurologic diseases into central 
nervous system and peripheral nervous system diseases, so 
that we can more clearly understand the role of autoantibodies 
in different neurologic-related diseases.

Autoantibodies and central nervous system disorders

CNS autoimmune diseases are often closely associated with 
target antigens on the neuronal or glial surface as well as their 
specific autoantibodies, which target neuronal or glial proteins 
on the cell surface. For example, in neuromyelitis optica 
system disorder (NMOSD), autoantibodies target surface 
water channel proteins of neuroglial cells, which in turn 
lead to disease. Therefore, exploring potentially pathogenic 
autoantibodies will help diagnose and treat patients with CNS 
disorders, and the following section describes the roles and 
mechanisms of autoantibodies in CNS disorders by detailing 
several CNS disorders that will offer potential tools for 
diagnosing and targeted treatment of CNS diseases to provide 
potential targets and research directions.

Neuromyelitis Spectrum disorder (NMOSD): Neuromyelitis 
optica spectrum disorder (NMOSD) is an autoimmune disease 
with symptoms such as sensory loss, visual impairment, etc. 
AQP4 is the astrocyte water channel protein aquaporin 4, 

and its autoantibody, AQP4-IgG, plays an important role 
in the pathogenesis of NMOSD. In patients, helper T cells 
together with IL-6 promote B cell differentiation and produce 
autoantibody AQP4-IgG [32]. When AQP4-IgG enters CNS 
tissues, it first binds to the AQP4 receptor on the surface of 
astrocytes and mediates the complement reaction leading to 
astrocyte damage, which then leads to granulocyte infiltration, 
oligodendrocyte death, and ultimately neuronal cell death, 
causing sensory loss and visual impairment [5].

Neuromyelitis optica (NMO) is a typical case in NMOSD. 
Glucose-regulated protein 78 (GRP78) is an important 
molecular chaperone located on the endoplasmic reticulum 
that is expressed on BMECs (brain microvascular endothelial 
cells), and non-AQP4-specific rAb IgG is a recombinant antibody 
in NMO patients. Binding of non-AQP4-specific rAb IgG to its 
target antigen as GRP78 activates BMECs through the typical 
NF-κB signaling pathway, resulting in decreased expression 
of the tight junction protein Claudin-5 and increased BBB 
permeability, thus facilitating the entry of the autoantibody 
AQP4-IgG into the brain tissue. C1q has been shown to induce 
neurodegenerative disease axonal damage, which leads to a 
decrease in neurological function, which in turn leads to a loss 
of immunoreactivity in spinal cord neurons [33-35]. Following 
the binding of AQP4-IgG to AQP4, astrocytes transcribe and 
secrete the complement component C3, and the content of 
C3 transcripts is upregulated, which increases C1q synthesis 
in microglia upon binding to C3a and C3b receptors on 
microglial cells, ultimately causing motor deficits in the early 
stages of NMO [36,37].

From the above, it is clear that C3 and its transcripts, especially 
C3a and C3b, play a key role in the mechanistic pathway of 
NMO occurrence in the connection between astrocytes and 
microglia. We hypothesized that the pathway of NMO genesis 
could be blocked by inhibiting the production of C3a and 
C3b on astrocytes in response to AQP4-IgG and AQP4. It has 
been shown that T cell-expressed CTSL (histatinase L) is able 
to process C3 into biologically active C3a and C3b, and that 
CTSL-specific chemical inhibitors and CTSL function-blocking 
antibodies inhibit CTSL-mediated C3a and C3b production 
[38]. Therefore, CTSL may be a potential target for the 
treatment of NMO, and the effect of this chemical inhibitor 
and antibody on C3 processing, whether it has adverse effects, 
and whether there are superior function-blocking substances 
may be a focus of research for the treatment of NMO.

Anti-NMDAR encephalitis: Anti-N-methyl-d-aspartate 
receptor (NMDAR) encephalitis is a synaptic autoimmune 
disease in which patients may develop cognitive deficits, 
seizures, and abnormal movements [39,40]. In this case, 
autoantibodies target NMDAR receptors on the synaptic 
surface, which in turn destroys the receptors, affecting 
signaling between neurons as well as the body’s learning and 
memory functions [41-43]. In recent years, it has been shown 
that binding of autoantibodies against the NR1 subunit of 
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NMDAR to NMDAR induces binding, capping, and cross-
linking of NMDAR and autoantibodies from the synaptic and 
extra synaptic gaps, leading to internalization of NMDAR as 
a means of decreasing the synaptic surface NMDAR density, 
and that other synaptic proteins, synaptic densities, or 
neurotransmitter receptors are unaffected [44]. Thus, it is clear 
that anti-NMDAR autoantibodies are involved in anti-NMDAR 
encephalitis by eliminating MNDAR-mediated synaptic 
currents by decreasing NMDAR function but not affecting 
the number of synapses. In addition to this, autoantigen-
mediated aberrant activation and differentiation of B cells 
plays a positive feedback amplifying effect in the involvement 
of autoantibodies in the development of anti-NMDAR 
encephalitis. GluN1, an antigenic peptide against NMDAR 
encephalitis, is involved in the development of cognitive 
deficits and neuropsychiatric symptoms in patients. It has 
been found that the GluN1 subunit of NMDAR abnormally 
activates B cells to produce and secrete autoantibodies into 
the serum, and subsequently these autoantibodies enter the 
brain, leading to a decrease in the selectivity and reversibility 
of the synaptic localization of NMDAR, resulting in cognitive 
deficits and neuropsychiatric symptoms in patients [44,45].

From the above, it is clear that B cells activated by the GluN1 
subunit play an important role in the mechanism of anti-
NMDAR encephalitis. We hypothesized that the pathway 
could be impeded by reducing the number of activated B cells 
to inhibit autoantibody production. In a recent study, NMDAR-
CAAR (NMDAR-specific chimeric autoantibody receptor) T 
cells were shown to deplete anti-NMDAR B-cell lines and 
persistently reduce autoantibody levels by recognizing large 
numbers of human patient-derived autoantibodies, releasing 
effector molecules, and proliferating and selectively killing 
antigen-specific target cell lines [46]. Therefore, we speculate 
that anti-NMDAR encephalitis can be alleviated to some extent 
by NMDAR-CAAR therapy and serve as a future direction for 
precision-targeted therapy.

Myalgic encephalomyelitis/chronic fatigue syndrome 
(ME/CFS): The exact pathogenesis of ME/CFS, a complex 
neuroimmune disorder in which patients develop symptoms 
of extreme fatigue after activity, which worsens with physical or 
mental activity but does not fully improve with rest, is unclear. 
Relevant studies have shown that autoantibodies play an 
important role in the development of ME/CFS [47]. Both ß2AdR 
and M3 acetylcholine receptors are important vasodilators 
[48]. There is evidence that natural autoantibodies against 
ß2AdR and M3 acetylcholine receptors are present in about 
one-third of ME/CFS patients [49,50]. Specific autoantibodies 
in patients bind to the receptors, leading to receptor 
dysfunction, which in turn leads to key symptoms of ME/CFS, 
such as fatigue and muscle pain. In addition, anti-G protein-
coupled receptor autoantibodies also play a role in ME/CFS, 
where anti-G protein-coupled receptor autoantibodies bind 
to the G protein-coupled receptor, which in turn activates the 
complement response and mediates inflammation, which 
exacerbates the symptoms of ME/CFS [48].

Currently, immunoadsorption (IA) is a relatively effective 
treatment when treating patients with ME/CFS. Some studies 
have demonstrated that clinical symptoms can be improved 
in some patients after cyclic IA treatment, however, its efficacy 
is not absolute, and some patients have little response or 
even deteriorate during treatment [51]. Therefore, for the time 
being, IA therapy is still only a clinical treatment direction and 
is still in the research stage. It should be noted, however, that 
the current study data only involves the treatment results of 
a small number of patients. In order to make the conclusions 
more scientific, the study can be further strengthened by 
increasing the number of reports on the outcome of patients 
treated with IA.

Tumors of the nervous system: Glioma is a tumor originating 
from glial cells in the brain. Wei et al. found that anti-Glial 
Fibrillary Acidic Protein (GFAP) autoantibodies can specifically 
target gliomas and correlate with WHO classification and 
tumor volume. Moreover, GFAP autoantibodies can be used 
as an early diagnostic marker for glioma, which has potential 
clinical utility [52]. Fine filament protein C (FLNC) is usually 
present in muscle tissues involved in the maintenance of 
myonodal stability. Some studies have found that FLNC is 
expressed in gliomas and also has a role in tumor development, 
and its expression level increases with tumor progression. 
Anti-FLNC autoantibodies were found in the serum of 
glioma patients, and their levels were negatively correlated 
with tissue expression, so serum anti-FLNC autoantibodies 
can also be used as a potential serum biomarker for early 
diagnosis of low-grade gliomas. Glutamate decarboxylase 
(GAD) is an intracellular enzyme expressed in neurons, and 
its physiological function is to decarboxylate glutamate to 
γ-aminobutyric acid (GABA), which is the main inhibitory 
neurotransmitter within the central nervous system, and when 
GAD is inhibited, it can increase excitability in the nervous 
system [53,54]. Some cases have shown that the risk of cancer 
in patients is increased by the presence of GAD-Abs on the cell 
surface of neurons, and it is suggested that patients with high 
levels of GAD-Abs expression should be screened for potential 
cancers, but whether it is involved in tumor development is 
not known [55,56].

In addition to anti-GFAP autoantibodies and anti-FLNC 
autoantibodies, classical anti-Hu, Ma2, CV2, and amphipathic 
protein antibodies are biomarkers for the presence of neural-
related tumors. These findings suggest that autoantibodies 
are closely associated with neural-related tumors and 
have application value as tumor diagnostic biomarkers, 
but the specific role and mechanism of autoantibodies in 
tumorigenesis are still unclear, and therefore the study of 
autoantibodies in the treatment of tumors is still in the gap 
stage [57].

Anti-IgLON5 diseases: Anti-IgLON5 disease is a rare 
autoimmune neurological disorder whose main features 
include the presence of anti-IgLON5 autoantibodies and the 
specific accumulation of tau protein in neurons [58]. IgLON5 is a 
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cell adhesion molecule that is widely expressed on the surface 
of neurons and is involved in signaling, cell adhesion, neuronal 
development, and synaptogenesis [59]. In vitro studies have 
confirmed that IgLON5 IgG may disrupt the cytoskeleton 
of rat hippocampal neurons, causing crosstalk between 
factors external to the cell and the neuronal cytoskeleton, 
which ultimately leads to an abnormal accumulation of 
neurofilaments, which leads to neuronal atrophy and axonal 
swelling, and thus induces neurodegenerative lesions [58]. 
Considering the close association between the cytoskeleton 
and tau proteins, it was further demonstrated that anti-
IgLON5 antibody induced differentiation of human neural 
stem cells could cause accumulation of p-tau, increase the 
proportion of p-tau-positive neurons, and at the same time, 
disrupt the synaptic structure and function, which is involved 
in the development of anti-IgLON5 diseases [60].

While the exact pathogenesis of anti-IgLON5 disease is not 
known, and therefore no definitive treatment can be used to 
accurately treat the disease, it is still possible to use targeted 
medications to alleviate the patient’s symptoms based on 
clinical signs. For example, the number of B-cells producing anti-
IgLON5 antibodies has been found to be significantly increased 
in the cerebrospinal fluid of patients, so the use of anti-B-cell 
drugs (e.g., Rituximab) to inhibit the proliferation of B-cells 
may have a certain degree of efficacy [61]. Immunotherapy 
is a common clinical treatment for autoimmune diseases, 
but there are different discussions for anti-IgLON5 diseases. It 
has been suggested that the pathogenic mechanism of anti-
IgLON5 antibodies is the destruction of the outside of the cell 
in relation to the cytoskeleton, rather than targeting proteins 
on the surface of neurons [61]. Therefore, immunotherapy may 
not be efficacious for patients. However, clinical data show 
that 41% of patients benefit from short-term immunotherapy 
and 75% from long-term immunotherapy [59]. Therefore, until 
the exact mechanism of anti-IgLON5 antibody pathogenicity 
is determined, immunotherapy is not an ineffective treatment.

Limbic encephalitis (LE): Limbic encephalitis (LE) 
caused by LGI1-IgG is an anti-neuronal surface antigen-

associated autoimmune encephalitis characterized by 
facial and arm dystonia and epilepsy, but the associated 
pathogenic mechanisms mediated by autoantibodies are 
unknown [62,63]. LGI1 is a neuronal secretory protein that is 
concentrated in the hippocampus and contains an N-terminal 
LRR structural domain and a C-terminal EPTP structural 
domain. LGI1 is a neuronal secretory protein concentrated in 
the hippocampus and contains an N-terminal LRR structural 
domain and a C-terminal EPTP structural domain. It was 
found that LGI1 IgG reacts strongly with the LRR and EPTP 
structural domains of LGI1 and prevents LGI1 from interacting 
with ADAM22 and ADAM23, thus disrupting both pre- and 
postsynaptic signaling. In turn, these two receptors form a 
presynaptic membrane complex containing Kv1.1 channels 
and a postsynaptic membrane complex containing AMPAR, 
respectively, with LGI1. Blockade of LGI1 IgG leads to a 
decrease in Kv1.1 and AMPAR in the hippocampus, which in 
turn leads to neuronal hyperexcitability, decreased plasticity, 
and reversible memory deficits, yet how these proteins are 
down-regulated when LGI1 is dysfunctional remains unclear 
(PMM) [64-66].

It is clear that autoantibody disruption of LGI1-ADAM22/23 
trans-synaptic complex synapses is an important part of the 
pathogenesis of limbic encephalitis (LE), where the regulation 
of the kv1.1 channel and AMPA-R is one of the important 
molecular mechanisms that may be involved in other 
neurological diseases. Exploring the pathogenesis of limbic 
encephalitis (LE) requires us to understand the potential role 
of LGI1 in the extrasynaptic context and its association with 
kv1.1 channels and AMPA-R, especially how LGI1 targets and 
down-regulates the expression of kv1.1 channels and related 
proteins in association with the LGI1-ADAM22/23 complex. 
Currently, corticosteroids are commonly used to treat anti-
LGI1 encephalitis and show a favorable prognosis, notably, 
short-term memory deficits are present in approximately 
one-third of patients, suggesting that there is still a need to 
identify alternative treatment options to optimize recovery in 
the clinical setting [67].

Table 1. Autoantibodies associated with central nervous system diseases.

Autoantigens of the target Diseases Antibody pathogenicity Refs

APQ4 NMOSD Complement activation, inflammatory response destroys 
receptors and induces p-Tau accumulation. [34,68]

NMDAR Anti-NMDAR encephalitis NMDAR internalization, disruption of NMDAR/EphB2R receptor. [44-46]

LGI1

Anti-LGI1 encephalitis Inhibits the interaction of LGI1 with ADAM22/23 and decreases 
Kv1 and AMPA receptor levels. [69-71]

Epilepsy
Reduced AMPA-R expression, downregulates inhibitory 
neuronal networks, leading to hyperexcitability of neuronal 
networks.

[72]

CASPR2 Anti-CASPR2 encephalitis Inhibits Caspr2 interaction with contactin-2. [73]

AMPAR Anti-AMPAR encephalitis AMPAR internalizes and degrades. [74]
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Autoantibodies and peripheral nervous system diseases

Peripheral nervous system autoimmune diseases are 
often associated with demyelination problems. Myelin is a 
membrane that wraps around the axon of a nerve cell and 
consists of Schwann cells and the myelin membrane. Studies 
have shown that in the peripheral nervous system, myelin, 
when phagocytosed by macrophages, will be involved in the 
mechanisms of demyelinating diseases, including Guillain-
Barré syndrome (GBS), chronic inflammatory demyelinating 
polyneuropathy (CIDP) and multiple sclerosis (MS) diseases. 
Currently, the mechanism of how macrophages cause 
demyelination is unclear, but we review and summarize the 
role and mechanism of autoantibodies in peripheral nerve 
diseases from the perspective of the role of autoantibodies 
and myelin, which play an important role in the development 

of demyelinating diseases as well as their sub-branches and 
provide potential targets and research directions for the 
diagnosis and treatment of peripheral neurological diseases 
[79,80].

Guillain-Barré syndrome: Guillain-Barre syndrome 
(GBS) is an autoimmune disease of peripheral nerves that 
occurs after infection and is pathologically characterized by 
demyelinating lesions of peripheral nerves and nerve roots 
and inflammatory cell infiltration of small vessels. Studies have 
shown that after infection by pathogens (e.g., Campylobacter 
jejuni), antibodies generated by immunoreactivity targeting 
lipid oligosaccharides on the outer membrane of Clostridium 
jejuni can cross-react with gangliosides GM1 and GD1a on 
the nerve cell membranes, which can lead to nerve damage 
or functional blockade of nerve conduction [61,81]. van den 

DPPX Anti-DPPX encephalitis Reduced DPPX and Kv4.2 membrane expression. [74,75]

ß2AdR, mAChR
Myalgic encephalomyelitis/ 
chronic fatigue syndrome 
(ME/CFS)

Receptor dysfunction, exact mechanism unknown. [49]

GAD Stiffman syndrome, SMS Decreases GABA levels and increases nervous system 
excitability. [54,76,77]

IgLON5 Anti-IgLON5 disease Disruption of the neuronal cytoskeleton induces p-tau 
accumulation, disruption of synapses. [54,60]

Neurexin-3α Encephalitis Reduces the total number of synapses in developing neurons 
by causing a decrease in neurexin-3α specificity. [40,78]

  
  

Figure 1. Mechanistic pathways of autoantibodies in the central nervous system.

https://pubmed.ncbi.nlm.nih.gov/?term=van+den+Berg+B&cauthor_id=25023340
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Berg et al. summarized the results of multiple experiments 
and concluded that in the pathogenesis of acute motor axonal 
neuropathy (AMAN), a common subtype of GBS, anti-GM1 and 
anti-GD1a antibodies bind to antigens located in the vicinity of 
the Rumphrey’s junction and activate complement, followed 
by the formation of membrane attack complexes (MACs) 
that disrupt voltage-gated sodium channels. This damage 
can lead to detachment of the paranodal myelin sheath and 
subsequent failure of nerve conduction. Furthermore, they 
hypothesized the pathogenesis of another common subtype 
of GBS, acute inflammatory demyelinating polyneuropathy 
(AIDP), in which multiple antibodies target antigens located 
on the myelin sheaths, and the activation of complement by 
the antibodies leads to the formation of MACs on the outer 
surface of Schwann’s cells, as well as macrophage invasion 
of the myelin sheaths leading to the onset of demyelinating 
injury [82].

Plasma exchange and intravenous immunoglobulin (IVIg) 
are commonly used in the treatment of GBS, but 20% of 
patients are left with persistent and significant disability 
after treatment, therefore, we still need further research to 
provide more appropriate treatment for patients [83]. We 
can learn that complement activation has a crucial role in the 
pathogenesis of GBS, therefore, the development of suitable 
complement inhibitors for the treatment of patients will likely 
be a new direction of treatment. New studies have found that 
eculizumab is a monoclonal antibody targeting complement 
protein C5, and in combination with IVIg, eculizumab 
treatment presents a safe and well-tolerated prognosis, 
however, the sample size of patients tested in the recent study 
was too small to rule out the patient variability or other clinical 
factors, so further clinical testing and evidence are needed for 
treatment with eculizumab [84-86].

Chronic Inflammatory Demyelinating Polyneuropathy: 
Chronic inflammatory demyelinating polyneuropathy (CIDP) 
is a chronic inflammatory neuropathy. Neural Fascicle Protein 
155 (NF155) is a cell adhesion molecule expressed on the 
cell surface and is involved in the formation of septum-like 
connections in myelinated axonal paranodal nodes [87,88]. 
In CIDP, anti-Nerve Fascicle Protein 155 (NF155) antibodies 
are key pathogenic autoantibodies. It has been shown that 
anti-NF155 antibodies directly target NF155 on Schwann cells, 
inducing selective depletion of NF155 in peripheral nerves, 
which in turn prevents the normal formation of parajunctional 
axial glial junctions, interfering with neurotransmission, 
and participating in CIDP [87,89]. Abnormalities of NF155 
are associated with ataxia, tremor, and poor response to 
intravenous immunoglobulin in patients with CIDP associated 
with CIDP and is often used as a biomarker for diagnosis and 
guidance of treatment.

Therefore, based on the newly discovered mechanism of 
action of anti-NF155 antibodies in CIDP, we believe that 
blocking the targeting of anti-NF155 antibodies to NF155 on 
Schwann cells or reducing the production of such antibodies 

may be able to achieve therapeutic goals. However, how anti-
NF155 antibodies target Schwann cells and the associated 
complement mechanisms have not been elucidated, and 
studies have shown that overexpression of NF155 leads to 
myelin repair in a rat model established by introducing an 
NF155 overexpressing lentiviral vector plasmid, and the same 
effect was found in patients [88,90]. From this, we speculated 
that it might be possible to repair myelin and alleviate CIDP 
by up-regulating NF155 expression and thereby achieving the 
goal of repairing myelin. Therefore, before the discovery of the 
specific pathogenic mechanism of anti-NF155 antibody, the 
use of drugs to promote NF155 expression might be a feasible 
therapeutic approach.

Indeed, although some studies have pointed to autoantibodies 
to NF155 as an important factor in the induction of CIDP, the 
production of anti-NF155 antibodies has been found in only 
some patients with CIDP in the clinic, and the typical features 
of CIDP (macrophage-induced demyelination) have not been 
[91]. Therefore, the current therapeutic approach is also not 
directed against Contactin-1, but rather by subcutaneous or 
intravenous immunoglobulin (IVIg) [92]. Therefore, we believe 
that anti-NF155 antibody can be used as a biomarker for CIDP, 
but more research is needed to determine how to achieve 
therapeutic goals through anti-NF155 antibody.

Fisher syndrome: Fisher syndrome (MFS), also known 
as extraocular muscle paralysis-ataxia-deep reflex loss 
syndrome, is characterized by external ocular paresis and 
ataxia of the cerebellum. The disease can be caused by 
infection with microorganisms bearing the GQ1b epitope, 
such as Haemophilus influenzae. When such microorganisms 
enter the interior of the body, the patient’s body produces 
corresponding autoantibodies-immunoglobulin G (IgG) 
and anti-GQ1b antibodies [93]. GQ1b is highly expressed in 
the parasympathetic ganglia and neuromuscular junctions 
of the oculomotor, cochlear, and abducens nerves, where 
anti-GQ1b antibodies bind specifically to the antigen, which 
activates complement, leading to paralysis of the muscles 
or impaired neurotransmission at this site, and ultimately to 
symptoms such as nystagmus, cerebellar ataxia, and so on 
[94,95]. Thus, Fisher syndrome is induced when IgG and anti-
GQ1b antibodies bind to GQ1b antigen’s expressed on the 
associated cranial nerves and muscle spindles.

There are many similarities between many diseases and 
MFS in terms of clinical presentation, and therefore many 
difficulties remain in clinical diagnosis and more accurate 
diagnostic criteria are needed for diagnosis. In 60% of MFS 
patients, cerebrospinal fluid protein shows a tendency to be 
elevated, and this feature is used to diagnose the disease, 
but the detection of anti-GQ1B antibodies would have more 
diagnostic value than the cerebrospinal fluid protein level. 
The existence of pathogenicity of anti-GQ1b antibodies has 
also given us the idea of treating the disease, and we believe 
that, by blocking the binding of anti-GQ1b antibodies to the 
GQ1b antigens on neuromuscular, we may be able to have 

https://pubmed.ncbi.nlm.nih.gov/?term=van+den+Berg+B&cauthor_id=25023340
https://www.sciencedirect.com/topics/medicine-and-dentistry/eculizumab
https://www.sciencedirect.com/topics/immunology-and-microbiology/eculizumab
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a therapeutic effect on the disease. Studies have shown 
that in an in vitro mouse model of NMJ, the use of human 
intravenous immunoglobulin (IVIg) inhibits the binding 
of anti-GQ1b antibodies to GQ1b, thereby preventing the 
binding of autoantibodies to GQ1b at nerves, complement 
activation, and subsequent pathophysiological effects 
[96,97]. This NMJ model also provides a suitable system for 
studying the therapeutic effects of IVIg in antibody-mediated 
neuromuscular diseases. Furthermore, in MFS, the complement 
activation-dependent neuroexocytosis of anti-GQ1b antibody 
at the mouse neuromuscular junction results from massive 
uncontrolled calcium inward currents and is accompanied by 
calpain-mediated morphological disruption of nerve endings. 
It has been shown that both calcium depletion and calpain 
inhibition protect the cytoskeleton from degradation by 
immunohistochemical and ultrastructural analysis. Therefore, 
calcineurin inhibitors may be effective in limiting nerve ending 
damage and calcium inward flow, a key pathogenic pathway, 
and may be able to play a role in the treatment of autoimmune 
diseases of the peripheral nervous system [98,99].

Summary and Outlook

Tables 1 and 2 summarize the role of autoantibodies in 
the pathogenesis of autoimmune diseases of the central 
as well as peripheral nervous system, and we can roughly 
summarize the pathogenesis into three types: complement-
mediated damage, alterations in receptor function (changes 
in receptor content, localization, and density), and changes 
in the levels of proteins associated with certain signaling 
pathways. First, complement-mediated injury plays a key role 

in the pathological process of GBS and NMOSD, for example, 
autoantibodies activate the complement system and form 
MAC after binding antigen in GBS in Figure 2, which in turn 
leads to the disappearance of voltage-gated sodium channels, 
which may lead to the occurrence of demyelination injury [82]. 
Secondly, the functional changes caused by autoantibodies 
in the density of receptors on the surface as well as in the 
localization of synapses have a great impact on the occurrence 
of the disease. Taking the anti-NMDAR encephalitis in Figure 1 
as an example, the induced binding of anti-NMDAR antibodies 
to NMDAR leads to NMDAR internalization resulting in a 
decrease in the density of the NMDAR surface, and a decrease 
in the selective and reversible localization of synapses, 
which then leads to cognitive deficits in the patient and the 
development of neuropsychiatric symptoms [44,45]. Finally, 
in the pathogenesis of neurological diseases, autoantibody-
induced alterations in the levels of signaling pathway 
proteins also play an important role in the generation of 
the disease, e.g., Figure 1, in anti-DDPX encephalitis, where 
DPPX is the regulatory subunit of the voltage-gated d-type 
Kv4.2 potassium channel complex, patient antibodies inhibit 
the expression of DPPX as well as kv4.2, leading to neuronal 
damage [74]. It is clear that the effects of autoantibodies on 
complement, receptor, and signaling pathway-related proteins 
play an important role in the pathogenesis of neurological 
disorders.

High-titer autoantibodies are considered to be important 
clinical indications of autoimmune diseases and are used as 
diagnostic markers in many autoimmune diseases. In recent 
years, many new autoantibodies have been identified in 

Table 2. Autoantibodies associated with peripheral nervous system diseases.

Autoantigens 
of the target Diseases Antibody pathogenicity Refs

GM1, GD1a

Acute motor axonal neuropathy (AMAN) Complement activation, MAC formation, clear of axons by 
macrophages.

[81,82]
Acute inflammatory demyelinating 
polyneuropathy (AIDP)

Complement activation, MAC formation, macrophages invade 
the myelin sheath.

Acute motor sensory axonal neuropathy 
(AMSAN)

Complement activation, conduction was impaired at 
the nodes of Ranvier, obstruction of motor fiber axonal 
conduction.

CRPS complex regional pain syndrome (CRPS)
Release of inflammatory mediators, sensitive of primary 
sensory neurons, central sensitization was observed in the 
spinal dorsal horn.

[100,101]

GT1a Pharyngocervicobrachial variation (PCB) Complement activation, disruption of axonal glial or 
neuromuscular junctions. [102,103]

GQ1b Miller-Fisher syndrome (MFS) Release of Ach in large and quantitative quantities, disruption 
of neuromuscular transmission. [104-106]

NF155 Chronic inflammatory demyelinating 
polyradiculoneuropathy (CIDP)

Selective depletion of NF155 (in peripheral nerves), inhibition 
of glial junction formation in the paranodal axis, interference 
with nerve conduction.

[87,89]
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neurological-related diseases and found to play an important 
role in diagnosis, for example, in patients with NMOSD, 
serum autoantibodies against aquaporin-4 have been used 
as a diagnostic marker for NMOSD [107]. In glioma patients, 
GFAP autoantibodies, as well as anti-FLNC autoantibodies 
whose expression levels negatively correlate with FLNC 
expression, could be used as potential serum biomarkers for 
the early diagnosis of low-grade gliomas. In addition, some 
autoantibodies, although not yet identified as diagnostic 
markers for neurological-related diseases, have a greater 
potential to become clinical diagnostics, for example, in 
anti-IgLON5 patients, the anti-IgLON5 IgG titer in serum 
was positively correlated with the duration of the disease, 
suggesting that the expression level of IgLON5 IgG in serum 
may be used as one of the criteria for diagnosis [59]. In patients 
with CIDP, Contactin-1 and anti-NF155 antibodies also have 
the potential to serve as diagnostic markers of the disease 
by virtue of their ability to directly influence the action of key 
target proteins involved in the pathogenesis of CIDP [88,89]. 
In GBS disease, anti-GM1 and anti-GD1α antibodies can lead 
to disease directly through activation of complement and may 
also be used in the diagnosis of GBS. Autoantibodies have a 
very promising future as diagnostic markers in neurological-
related diseases, and this idea has been presented and 
supported in a large body of literature [82]. In neurological-
related diseases, factors such as whether autoantibodies are 
expressed in high titers, whether they are involved in key 
pathogenic mechanisms of the disease, and whether they are 

clearly pathogenic determine the criteria for their ability to be 
used as diagnostic markers.

Our lab has previously screened monoclonal autoantibody 
2F5 from the peripheral blood of SLE patients for its high 
affinity to brain tissue proteins and identified its target protein 
as DDX5. In response to this, our group has prepared a fully 
human monoclonal autoantibody 2F5 that targets DDX5 
and significantly reduces the amount of DDX5 in the nuclei 
of neuroglia. B-cell hyperactivation and high autoantibody 
production are characteristic hallmarks of SLE. The results of 
small RNA microarrays confirmed that 2F5 could increase the 
level of miR-125a-5p in B cells. Follow-up studies revealed 
that 2F5 significantly decreased the expression of blood-
brain barrier intercellular tight junction proteins including 
Claudin-1, Claudin-5 and ZO-1. Tight junction is an important 
barrier complex between cells, which plays an important role in 
maintaining the homeostasis of the intracellular environment 
as well as in protecting the normal structure of the tissues and 
cells, and it is an important component of the BBB. By reviewing 
related literature, we confirmed that B-cell translocation gene 
2 (BTG2), as a negative regulator of miR-125a-5p, plays a role 
in the STAT3/IL-6 pathway, and IL-6, as an important pro-
inflammatory factor, may act on tight junction proteins to 
cause barrier damage. On this basis, the group speculated 
a pathway causing barrier damage from 2F5→miR-125a-
5p→BTG2→STAT3/IL-6. In addition, through literature search, 
we have also found that many autoantibodies inactivate glial 

 

  

  

  

Figure 2. Mechanistic pathways of autoantibodies in the peripheral nervous system.
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cells (mainly astrocytes) by binding to carrier channel proteins 
in the membrane of tight junctions, and some even inactivate 
glial cells directly, or inhibit the expression of tight junction 
proteins so that more autoantibodies, pathogens, or other 
harmful substances can penetrate into the BBB, thus causing 
CNS diseases. We hypothesize that the disruption of BBB 
function due to the deletion of these tight junction proteins 
or the opening of channels may be an important process 
in neuropsychiatric lupus (NPSLE), and that the specific 
molecular mechanisms and signaling pathways need to be 
explained by more research.

A large body of literature suggests that autoantibodies play 
an important role in immune-related neurological disorders, 
but research on the specific mechanism of action of certain 
autoantibodies is still unclear, and there is no systematic 
compilation of the mechanism of action of autoantibodies 
in neurological disorders. Without the ability to determine 
the causative mechanism of the disease, it is impossible to 
treat the patients with certainty. Therefore, accelerating the 
research on the role and mechanism of autoantibodies in 
neurological diseases is the next direction to focus on. This 
review explores the role and mechanism of autoantibodies in 
neurological diseases associated with immune abnormalities, 
and systematically summarizes the mechanism of 
autoantibodies in a series of neurological diseases, including 
NMOSD, anti-NMDAR encephalitis, CIDP, etc. This review 
will help researchers to carry out experimental studies and 
investigations in a more targeted manner, which will help 
to gain a deeper understanding of the development of the 

field of neuroimmunology, and at the same time will have a 
significant impact on the diagnosis, therapy and treatment 
of neurological disorders. It is important to provide guidance 
for the diagnosis, treatment, prevention, and control of 
neurological diseases. For example, anti-NF155 antibody, a 
marker of CIDP, may serve as a new direction for detection and 
treatment in future medicine. This review provides important 
clues to the pathogenesis of immune-related neurological 
diseases, not only points out the gaps in current research, but 
also has a certain impact on the development of autoantibody 
applications in neurological diseases. 
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