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Abstract: Glutamatergic dysfunctions are linked to neuropsychiatric disorders such as autoimmune
encephalitis, schizophrenia, and epilepsy, often involving NMDA, AMPA, or GluR3 receptor
autoantibodies. In systemic lupus erythematosus (SLE), these antibodies and cytokines contribute to
cognitive and mood disturbances. Elevated cytokine levels are also associated with epilepsy and
other neuropsychiatric disorders. Inmunotherapy, including intravenous immunoglobulin (IVIG),
may reverse some autoimmune effects, though IVIG is ineffective in conditions like amyotrophic
lateral sclerosis and autism. Disruption of the blood-brain barrier, seen in multiple sclerosis and
Guillain-Barré syndrome, facilitates immune-mediated brain inflammation. These findings
underscore the importance of targeted screening and treatment strategies to manage the immune
system’s impact on neurological function.
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1. Introduction

Glutamatergic function deficits have been implicated in the development of various
neuropsychiatric disorders, including schizophrenia. In autoimmune encephalitis, receptors and
proteins involved in glutamatergic neurotransmission are often the antigenic targets. Specifically, the
N-methyl-D-aspartate (NMDA) and alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) receptors are implicated [1]. Glutamate receptor antibodies, such as anti-AMPA and anti-
NMDA, are detectable in a range of neurological and autoimmune disorders, including systemic
lupus erythematosus (SLE), Sjogren’s syndrome, schizophrenia, seizure disorders, and mania. These
antibodies can downregulate cerebral functions, leading to brain damage and resulting in
behavioural, psychiatric, and cognitive abnormalities in animal models. Notably, immunotherapy
can reverse these effects in some patients [2,3].

Interestingly, autoantibodies to the “B” peptide (amino acids 372-395) of the glutamate/AMPA
receptor subtype 3 (GluR3) have been found in the serum and cerebrospinal fluid of some patients
with various types of epilepsy. However, no association has been found between the presence of
these antibodies and patients suffering from epilepsy in conjunction with anti-phospholipid
syndrome (APS) or Sneddon’s syndrome (SNS), both of which are autoimmune disorders [4]. These
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findings are significant because they suggest that some neurological disorders may have a basis in
clinical immunology. Therefore, screening for specific autoimmune antibodies, immune cells,
complement proteins, and cytokines may be necessary. If the autoimmune nature of these
neurological or psychiatric problems is confirmed, treatment with immunotherapy, including
intravenous immunoglobulins, immunosuppressors, plasmapheresis, rituximab, and cytostatic
agents, could be considered. It is important to note that in SLE, neurological and psychiatric
manifestations highlight the interrelation between the immune and central nervous systems [5].

The Biological Basis of Some Neuro-Psychiatric Diseases

The biological basis of depression in SLE has recently been corroborated. Biochemical and
neurophysiological changes induced by cytokines have been demonstrated to contribute to the
development of neuropsychiatric symptoms. Cytokines are known to cause mood swings and
depression. The downregulation of the hypothalamic-pituitary-adrenal (HPA) axis correlates with
neurophysiological changes involved in depression. Moreover, cerebro-reactive autoantibodies
present in the cerebrospinal fluid (CSF), such as anti-NMDA and anti-ribosomal P, can cause
significant neuronal damage. This damage is pertinent to mood and behaviour, leading to depressive
symptoms [6]. Likewise, epilepsy is a complex and multifactorial condition. Increasing evidence
suggests that the immune system plays a crucial role in neuronal excitability and epileptogenesis.
Studies on epilepsy patients, including ex vivo investigations, have shown elevated levels of IL-1§3,
IL-2, IL-5, IL-6, and TNF-a following treatment with carbamazepine, valproic acid, and phenytoin
[7].

In Table 1, the association between certain autoantibodies and specific central nervous system
diseases is summarised, indicating that these conditions can be classified as autoimmune disorders.
This classification has implications for managing these problems, as immunotherapy could be an
effective treatment strategy. Table 2 outlines the involvement of cytokines in neuropsychiatric
diseases, suggesting a pathogenic role for these molecules in the genesis of these conditions or as a
result of interactions between the immune and/or endocrine systems and the brain.

In summary, the interrelationship between the immune system and the central nervous system
is evident in various neuropsychiatric and neurological disorders. The presence of specific antibodies
and cytokines underscores the potential autoimmune nature of these conditions. Screening for
autoimmune markers and implementing immunotherapy may provide significant benefits in
managing these disorders. Understanding the role of the immune system in these diseases offers a
promising avenue for developing new therapeutic strategies and improving patient outcomes. The
ongoing research in this field will undoubtedly continue to shed light on the complex mechanisms
underlying these disorders and pave the way for more effective treatments.
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Table 1. Presence of auto-antibodies in neurological and psychiatric disorders.

Disease Autoantibody Reference
- tfocti
Cogm.tlve ;fmd a <.ect1ve Anti-thyroid peroxidase Ab, anti-
dysfunctions in autoimmune [8]
gens central nervous system Ab
thyroiditis
Hashimoto’s encephalopathy Anti-a-enolase Ab, 8,9]
(HE) anti-thyroid peroxidase Ab ’
Limbic encephalitis Anti-N-methyl D-aspartate-type [1,10]
multiple sclerosis glutamate receptor Ab ’
Complex regional Anti-nuclear Ab (ANA), anti-neuronal [11]
syndrome Ab
Neurotropic Abs to NF-200, GFAP,
. . . MBP and S1008, and to receptors of
Idiopath d tomat
topathic and symptomatic neuromediators (glutamate, GABA, [12]
epilepsies . . .
dopamine, serotonin and choline-
receptors
Autoantibodies against glutamate,
Schizophrenia dopamine, acetylcholine and se%'otor}in [13-16]
receptors, and antineuronal antibodies
against synaptic biomolecules
Lambert-Eaton myasthenic Autoantibodies against P/Q-type [17]
syndrome voltage-gated calcium channels
Auto-Ab t
Myasthenia gravis o © muscle-specific [18]

tyrosine kinase

Table 2 shows cytokine involvement in neuropsychiatric diseases such as Guillain-Barre

syndrome and Schizophrenia.

Table 2. Cytokine involvement in neuropsychiatric diseases.

Disease Cytokine Involved Reference
Neuropsychiatric systemic Elevated interleukin (IL)-17, IL-2,
lupus erythematosus interferon- gamma (IFN-vy), IL-5, basic [19]
fibroblast growth factor (FGF) and IL-15
Relapsing remitting multiple Elevated IL-17 and INF-gamma and
sclerosis decreased transforming growth factor- beta [20]
(TGF-beta 1) levels
Guillain-Barre syndrome Elevated TNFa and IL-10 [21]
Increased interleukin (IL)-1, IL-6, and TGEF-
[ appear to be state markers, whereas IL-
Schizophrenia 12, interferon-gamma (IFN-vy), TNF-a, and [22,23]
soluble IL-2 receptor appear to be trait
markers
IL-17 plays an important role in the
Multiple sclerosis (MS)  inflammatory phase of relapsing- remitting [24]

MS

2. Immunotherapy Used in Neurological Disorders

2.1. The Use of Intravenous Immunoglobulin (IVIG) in Treating Neurological Disorders

Intravenous immunoglobulin (IVIG) is a treatment option used for various neurological

disorders. It involves infusing a preparation of immunoglobulins—antibodies extracted from the
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blood of healthy donors—directly into a patient’s bloodstream. While IVIG has been shown to be
effective for certain conditions, the exact mechanisms by which it works are not yet fully understood.
This essay explores the potential ways IVIG might benefit neurological conditions and discusses why
it is not recommended for some specific disorders. Table 3 shows a list where the use of intravenous
immunoglobulins (IVIG) has been used successfully.

Table 3. List of neurological diseases where the use of intravenous immunoglobulins (IVIG) has been used

successfully.
Diseases References
Guillain-Barré syndrome [25-29]
Chronic inflammatory demyelinating polyneuropathy [25-29]
Multiple motor neuropathy [26,27]
Multiple sclerosis [26,27]
Myasthenia gravis [26-28]
Acute disseminated encephalomyelitis [27]
Diabetic neuropathy [27]
Lambert-Eaton myasthenic syndrome [27]
Opsoclonus-myoclonus [27]
Pediatric autoimmune neuropsychiatric disorders associated with 27]
streptococcal infections
Polymyositis [27,30-32]
Rasmussen’s encephalitis [27]
Multiple sclerosis [33]

2.2. How IVIG Works

IVIG has been observed to help with several neurological disorders, though its precise
mechanisms are still being studied. One proposed mechanism is its ability to suppress the immune
system. IVIG is thought to have immunosuppressive effects on various immune cells, including B
cells, T cells, and antigen-presenting cells [34]. B cells produce antibodies, T cells are involved in
directing the immune response, and antigen-presenting cells help other immune cells recognise and
respond to foreign substances. By affecting these cells, IVIG may help reduce inappropriate immune
reactions that can damage the nervous system. Another key function of IVIG is the down-regulation
of complement proteins, which are part of the immune system’s response to infection and injury [35-
37]. When these proteins are overactive, they can contribute to inflammation and damage in
neurological disorders. IVIG may help control this activity, thereby reducing inflammation and
associated damage.

IVIG may also influence the NF-kB pathway and the degradation of IxB [35-37]. NF-kB is a
protein complex that plays a crucial role in regulating inflammation and immune responses. When
NF-kB is activated, it can lead to increased inflammation. IVIG might help suppress this activation,
thus reducing inflammation in the brain. Additionally, IVIG is believed to affect the idiotypic-anti-
idiotypic network, which involves interactions between different antibodies [38]. This network helps
regulate the immune response and may be disrupted in autoimmune disorders. By modulating this
network, IVIG could help restore immune balance.

IVIG has also been shown to promote the expansion of T regulatory cells [39]. These cells are
important for maintaining immune tolerance and preventing autoimmune responses. By increasing
their numbers, IVIG might help the body regulate its immune response more effectively.
Furthermore, IVIG can neutralise pathogenic autoantibodies [40,41]. In autoimmune disorders, these
autoantibodies mistakenly target and damage the body’s own tissues. By neutralising these harmful
antibodies, IVIG can potentially reduce tissue damage and improve symptoms.

In addition to these effects, IVIG may support remyelination, which is the process of repairing
damaged myelin, the protective sheath around nerve fibres. This can be crucial for conditions where
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myelin is damaged, such as multiple sclerosis. IVIG might also affect the release of cytokines and
cytokine antagonists, which are molecules that help regulate inflammation and immune responses
[42—44]. By modulating these factors, IVIG could help manage inflammation and promote healing in
the nervous system.

2.3. Conditions Treated with IVIG

IVIG has been shown to be effective in several neurological disorders. For instance, it is used in
treating conditions like Guillain-Barré syndrome, a disorder where the immune system attacks the
peripheral nerves, and chronic inflammatory demyelinating polyneuropathy (CIDP), a condition
characterised by progressive weakness and sensory loss due to nerve damage. IVIG helps by
modulating the immune response and reducing the inflammation that damages the nerves [35].

2.4. Conditions Where IVIG Is Not Recommended

Despite its benefits, IVIG is not suitable for every neurological disorder. For example, it is
generally not recommended for conditions such as paraproteinemic neuropathy (IgM variant),
intractable childhood epilepsy, inclusion body myositis, amyotrophic lateral sclerosis (ALS),
adrenoleukodystrophy, autism, critical illness polyneuropathy, and POEMS syndrome [45].

Paraproteinemic neuropathy (IgM variant) is a condition where an abnormal protein in the
blood causes nerve damage. Intractable childhood epilepsy involves severe and difficult-to-treat
seizures in children. Inclusion body myositis is a muscle disorder that leads to progressive muscle
weakness. ALS is a neurodegenerative disease that affects motor neurons, leading to muscle
weakness and atrophy. Adrenoleukodystrophy is a genetic disorder affecting the brain and adrenal
glands, and autism is a developmental disorder affecting communication and behaviour. Critical
illness polyneuropathy occurs in patients who have been critically ill and involves nerve damage.
POEMS syndrome is a rare condition characterised by polyneuropathy, organomegaly (enlarged
organs), endocrinopathy (hormonal imbalances), oedema (swelling), M-protein (an abnormal
protein), and skin abnormalities. In these conditions, IVIG may not be effective due to the specific
nature of the disease processes involved. For example, in ALS and inclusion body myositis, the
disease mechanisms may not be primarily immune-mediated, making IVIG less useful. Similarly, in
conditions like autism, where the underlying pathophysiology is not primarily autoimmune or
inflammatory, IVIG’s benefits may be limited. Summary, intravenous immunoglobulin (IVIG) is a
valuable treatment for various neurological disorders, primarily due to its ability to modulate the
immune response and reduce inflammation. Its effectiveness is attributed to several mechanisms,
including immunosuppression, down-regulation of complement proteins, and promotion of T
regulatory cells. However, IVIG is not recommended for all neurological conditions and also
dermatological disorders [34-44].

3. Disruption of the Blood-Brain Barrier

The blood-brain barrier (BBB) is a sophisticated and selective structure that lines the capillaries
throughout the brain, serving as a critical defence mechanism for maintaining the brain’s
microenvironment. Under normal conditions, the BBB restricts the passage of large molecular weight
substances such as proteins, thereby protecting the brain from potential harmful agents circulating
in the blood [44. This barrier is essential for preserving the delicate balance of the brain’s internal
environment and ensuring proper neuronal function. The blood-brain barrier (BBB) is an intricate
and highly selective structure that plays a pivotal role in maintaining the brain’s homeostasis. This
barrier comprises a layer of endothelial cells that line the capillaries throughout the brain, forming a
protective shield between the bloodstream and the central nervous system (CNS). Its primary
function is to regulate the movement of substances between the blood and the brain, ensuring that
the neural environment remains stable and conducive to optimal neuronal function. Under normal
physiological conditions, the BBB effectively restricts the passage of large molecular weight
substances, such as proteins and other potentially harmful agents, from entering the brain [44].
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This selective permeability is crucial for safeguarding the brain from toxins, pathogens, and
fluctuations in blood composition that could disrupt neural activities. By limiting the entry of these
substances, the BBB helps to maintain the brain’s delicate chemical balance, which is essential for
proper neuronal function and overall cognitive health. The integrity of the BBB is maintained by tight
junctions between endothelial cells, which form a nearly impermeable barrier. These tight junctions
prevent the diffusion of large molecules and most cells across the endothelial layer, while allowing
selective transport of essential nutrients and ions through specialised transport mechanisms [44].

This controlled permeability is vital for protecting the brain from potential damage and ensuring
that only necessary substances, such as glucose and amino acids, can enter the CNS. Disruption of
the BBB can have severe consequences for brain health. Conditions such as multiple sclerosis (MS)
and neuropsychiatric systemic lupus erythematosus (NPSLE) are associated with BBB breakdown,
which allows immune cells and autoantibodies to infiltrate the brain (Figure 1). This infiltration can
lead to inflammation, tissue damage, and a range of neurological symptoms [45,46}.

BBB
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Figure 1. The Blood-brain barrier (BBB) and the immune system play a role in the immunopathogenesis of
NPSLE [46].

Understanding the mechanisms that regulate BBB function and its disruption is crucial for
developing effective treatments for various neurological and neurodegenerative disorders. In
summary, the BBB is a fundamental component of brain protection, maintaining a stable environment
for neural function and preventing the entry of potentially harmful substances. Its role in preserving
brain homeostasis underscores its importance in both healthy and diseased states, highlighting the
need for ongoing research into its mechanisms and potential therapeutic interventions [44].

However, a breach in the BBB can have significant implications for brain health. When the BBB
is compromised, circulating antibodies and other immune components may infiltrate the brain. This
infiltration is particularly problematic in the context of autoimmune disorders. For instance, in
neuropsychiatric systemic lupus erythematosus (NSLE), a condition characterised by systemic
autoimmune activity, antibodies that cross-react with neurological tissues can enter the brain. Once
inside, these antibodies can interact with neuronal structures, leading to tissue damage and
potentially contributing to neurotoxicity. The presence of autoantibodies and pro-inflammatory
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cytokines within the brain can initiate and exacerbate inflammatory responses. This inflammation is
further intensified by the actions of T-helper 1 (TH1) and T-helper 17 (TH17) lymphocytes, which are
known to amplify inflammatory reactions and contribute to neurodegeneration. Multiple sclerosis
(MS) provides a clear example of how BBB disruption can lead to neurological damage. In MS, the
BBB is disrupted, allowing myelin-specific lymphocytes to penetrate the central nervous system
(CNS) [47].

These lymphocytes then target and induce demyelination, a process where the protective myelin
sheath surrounding nerve fibres is damaged. This demyelination impairs the conduction of electrical
signals along the affected nerves, leading to a range of neurological symptoms. The presence of
gadolinium (gd)-enhancing lesions on magnetic resonance (MR) imaging is a hallmark of this disease,
reflecting areas of active inflammation and BBB breakdown. When the BBB is compromised, immune
and accessory cells that typically do not have access to the brain are able to breach this immunological
sanctuary. The brain, normally considered an immunologically privileged organ, becomes exposed
to these immune components, which can infiltrate the extracellular spaces and cause significant
neuronal damage and neurotoxicity. Autoantibodies that specifically target neuronal cells or other
components of the CNS can lead to various forms of neuroinflammation and tissue damage. Several
autoimmune diseases are associated with such pathological processes. For example, in multiple
sclerosis, as mentioned, the breakdown of the BBB allows for the infiltration of myelin-specific
lymphocytes that attack and damage the myelin sheath, resulting in impaired nerve signal
conduction. Neuromyelitis optica (NMO) is another autoimmune condition where autoantibodies
against aquaporin-4, a water channel protein, can cross the compromised BBB and attack astrocytes,
leading to severe demyelination and neuronal damage. Guillain-Barré syndrome (GBS) is a
peripheral nerve disorder where molecular mimicry between bacterial or viral antigens and
peripheral nerve components leads to an autoimmune attack on the myelin sheath. Chronic
inflammatory demyelinating polyneuropathy (CIDP) also involves a similar autoimmune attack on
the peripheral nerves, causing progressive weakness and sensory impairment due to demyelination.
In all these conditions, the common feature is the breach of the BBB, which allows autoimmune
factors to enter the CNS and cause damage. The ensuing inflammation and demyelination impair
nerve function, leading to a range of neurological deficits. The damage to myelin disrupts the normal
conduction of electrical impulses along the nerves, which can manifest as motor and sensory
symptoms depending on the specific nerves affected [47-49]. Table 4 shows an overview of
experimental therapies and their mechanisms of action in neurological autoimmune disorders.

Table 4. Presents an overview of experimental therapies and their mechanisms of action in neurological
autoimmune disorders. These therapies aim to address the underlying autoimmune processes, restore BBB

integrity, and mitigate inflammation and neurotoxicity.

Disease Drug used Mechanism of Action Reference

It Inhibits egress of lymphocytes from
lymph nodes and their recirculation
It is a humanized neutralizing
Multiple sclerosis Daclizumab monoclonal antibody against the a- [62-54]
chain of the interleukin-2 receptor

Multiple sclerosis Oral fingolimod [50,51]

Modulates adaptive T cell immune

Experimental autoimmune responses via its effects on cells of the

... Laquinimod . . [55-57]
encephalomyelitis innate immune system and may not
influence T cells directly
. . 0. A chimeric IgG k monoclonal antibody
Myasthenia gravis Rituximab that target CD20 on B cells [58,59]
Guillain-Barré syndrome Plasma exchange Deplete pathogenic autoantibody [60]

Paraneoplastic neurological

disorders IVIG, plasma exchangeImmunomodulator, deplete auto-Ab  [61]

4. Cytokines, Antibodies, and Autoimmune Inflammation
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In the study, age-dependent differences in cytokine responses were observed in mice infected
with Powassan virus (POWYV). In 50-week-old mice, the infection triggered Th1-type cytokines (IFNy,
IL-2, IL-12, IL-4, TNFa, IL-6), indicating a pro-inflammatory, neurodegenerative response.
Conversely, 10-week-old mice exhibited Th2-type cytokines (IL-10, TGF(, IL-4), which are associated
with a neuroprotective response. These findings highlight potential targets for therapeutic
intervention [62].

This study explores the role of STAT4 in dendritic cell (DC) function, particularly in the context
of experimental autoimmune encephalomyelitis (EAE), a model for multiple sclerosis. STAT4, which
mediates the effects of proinflammatory cytokines like IL-12 and IL-23, is crucial for DC function.
Mice lacking STAT4 in CD11c-expressing cells showed reduced T cell activation and central nervous
system inflammation. Restoring EAE susceptibility through transfer of wild-type DCs, but not
STAT4- or IL-23R-deficient DCs, indicates that STAT4 is essential for DC-mediated inflammation.
Single-cell RNA-sequencing identified STAT4-dependent gene signatures in DCs, aligning with
patterns seen in multiple sclerosis (MS) patients [63].

This study compared tocilizumab and conventional immunotherapy for treating refractory
acetylcholine receptor antibody-positive (AChR-Ab+) generalized myasthenia gravis (gMG).
Conducted at a single centre in China, it included 34 patients, with 20 receiving tocilizumab and 14
on conventional therapy. Tocilizumab resulted in a more significant reduction in the MG activities of
daily living (MG-ADL) score at week 4, and these improvements were sustained through week 24.
The tocilizumab group showed a higher proportion of patients achieving notable reductions in both
MG-ADL and QMG scores. Tocilizumab was also found to be safe, with no severe or unexpected
adverse effects reported. These results suggest that tocilizumab is a promising and effective treatment
for refractory AChR-Ab+ gMG [64].

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system (CNS),
affecting an estimated 2.8 million people globally [65]. The condition is thought to result from
aberrant adaptive immune responses targeting myelin sheaths, though its exact causes remain
unclear. Genetic factors, particularly the HLA-DR*15:01 allele, are strongly linked to MS, suggesting
a role for antigen presentation and CD4+ T cell responses [66,67]. Despite this, no consistent
autoantigenic targets have been identified, and while myelin-specific T cells are present in MS
patients, their frequency and activity vary [68]. Epstein-Barr virus (EBV), a y-Herpesvirus known for
causing infectious mononucleosis (IM) and for its association with B cell tumours, has been
implicated in MS pathogenesis. Evidence shows that a history of IM increases MS risk, and EBV
seroconversion often precedes disease onset [69-71]. Elevated levels of EBNAL1 IgG, an EBV latent
cycle antigen, are linked to a significantly higher MS risk [72,73]. Moreover, antibodies against
EBNA1 have been detected in oligoclonal bands of MS patients and show cross-reactivity with
human proteins, suggesting a direct role in neuroimmune mechanisms [74-77]. The study aimed to
expand understanding of EBV-related immune responses by analysing antibody responses to various
EBV antigens, including EBNA1, other components of the EBNA complex, and the virus-capsid
antigen (VCA), in plasma from individuals with relapsing-remitting MS (RRMS), healthy controls,
and those with recent IM. It also investigated EBV-specific T cell responses, particularly cross-
reactivity with CNS autoantigens [78-81]. This research may clarify the role of EBV in MS and identify
potential targets for therapeutic intervention.

In autoimmune central nervous system (CNS) disorders, specific antibodies are associated with
different clinical manifestations:

Limbic encephalitis is a condition features personality changes, memory deficits, seizures, and
psychosis, with MRI changes in the mesial temporal lobes. Antineuronal nuclear antibody (ANNA)-
1 and gamma-aminobutyric acid-B receptor (GABAB-R) antibodies are linked to small cell lung
cancer (SCLC) and limbic encephalitis [82,83]. Leucine-rich glioma inactivated 1 (LGI1) antibodies
are associated with autoimmune limbic encephalitis and faciobrachial dystonic seizures (FBDS), often
with rare tumours [84,85]. Other phenotypic descriptions include autoimmune dementia, epilepsy,
or movement disorders [86-88].
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Brainstem encephalitis is characterised by oculomotor abnormalities and cranial nerve
dysfunction, associated antibodies include kelch-like protein 11 (KLHL-11), ANNA-2 (anti-Ri), and
IgLONS IgG [89]. Bickerstaff’s Brainstem Encephalitis, linked with ganglioside Q1B (GQ1B) IgG,
features multiple cranial nerve abnormalities [90]. [gLONS5 autoimmunity may present with sleep
disorders and severe cases can lead to cardiorespiratory dysfunction [91-94].

Extralimbic encephalitis is characterised by symptoms localised in non-limbic structures, anti-
GABAA-R antibodies are linked with seizures and multifocal cerebral lesions [95]. Glial Fibrillary
Acidic Protein (GFAP) astrocytopathy, affecting deep periventricular white matter, is associated with
meningism, parkinsonism, and other CNS symptoms [96,97]. ANNA-1 antibodies can present with
extralimbic symptoms, and N-methyl-d-aspartate receptor (NMDA-R) antibodies lead to psychiatric
symptoms, psychosis, seizures, and autonomic instability [98,99].

Rapidly Progressive Cerebellar Ataxia is a syndrome often involves gait disorder and limb ataxia
with a rapid onset. Antibodies include Purkinje cytoplasmic antibody type 1 (PCA-1, anti-Yo) and
glutamic acid decarboxylase (GAD) 65 IgG. Immune therapies may result in stabilization or
improvement, with poorer outcomes for antibodies against intracellular antigens, though GAD65
often responds well [100,101].

Autoimmune myelopathy involves ascending sensorimotor deficits and may show sensory
levels and upper motor neuron signs. Key antibodies include myelin oligodendrocyte glycoprotein
(MOG) and aquaporin-4 (AQP4). Optic neuritis and longitudinally extensive spinal cord lesions are
common [102-106]. Autoimmune paraneoplastic myelopathies, such as those with amphiphysin and
collapsin-responsive mediator protein (CRMP)-5 IgG, may show tract-specific lesions [107].

Opsoclonus-Myoclonus Syndrome (OMS) involves arrhythmic eye movements and myoclonus.
In children, it is associated with neuroblastoma, while in adults, ANNA-2 IgG is most common [108].
Other antibodies such as NMDA-R, GABAB, GAD65, and dipeptidyl-peptidase-like protein (DPPX)
are less frequent [109].

6. New approaches in the Treatment of Psychoneuroimmunological Disorders

Chimeric antigen receptor (CAR) T cell therapy targeting B cell maturation antigen (BCMA)
shows potential in treating neuromyelitis optica spectrum disorder (NMOSD), a neurological
autoimmune condition. This study analysed cerebrospinal fluid (CSF) and blood samples from
NMOSD patients treated with anti-BCMA CAR T cells using single-cell multi-omics sequencing. The
results highlighted a dominant role for proliferating CD8* CAR T cells with cytotoxic-like profiles in
counteracting autoimmunity. These engineered cells demonstrated enhanced chemotactic properties,
enabling them to cross the blood-CSF barrier effectively, where they depleted plasmablasts and
plasma cells, contributing to the reduction of neuroinflammation. A subset of CAR T cells expressing
CD44, indicative of an early memory phenotype, was associated with prolonged cell persistence in
patients. Interestingly, compared to CAR T cells used in blood cancers, those from NMOSD patients
showed reduced cytotoxic characteristics. These findings advance understanding of CAR T cell
behaviour in autoimmune neurological settings and may inform therapeutic improvements [110].

CAR-T cell therapy is an emerging immunotherapy that shows promise in the treatment of
neuroimmune diseases. This approach modifies a patient’s T cells to target and eliminate specific
immune cells involved in the disease process. Initial studies have shown encouraging results in
conditions such as neuromyelitis optica spectrum disorder, where CAR-T cells have been able to cross
the blood-brain barrier, reduce inflammation in the central nervous system, and eliminate harmful B
cell populations. These findings suggest potential clinical benefits, including symptom relief and
reduced disease activity. Despite these advances, the long-term implications of CAR-T therapy in
neuroimmune disorders remain uncertain. Potential risks such as cytokine release syndrome,
immune system suppression, and unintended neurological effects require further investigation.
Additionally, questions around the ideal timing for treatment, long-term persistence of CAR-T cells
in the nervous system, and patient selection criteria need to be addressed. More prospective studies
with extended follow-up are necessary to determine the full safety and effectiveness of this therapy.
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In summary, CAR-T cell therapy may represent a new direction in managing neuroimmune diseases,
but its routine use will depend on robust clinical evidence and continued monitoring of outcomes
[111,112].

7. Conclusions

Intravenous immunoglobulin (IVIG) is a significant advancement in treating neurological
disorders due to its ability to modulate immune responses and reduce inflammation. It is especially
effective in conditions with autoimmune and inflammatory components. IVIG works by suppressing
the activity of immune cells, down-regulating complement proteins, and influencing key signalling
pathways like NF-kB, thereby alleviating inflammation. It also enhances the expansion of T
regulatory cells, which help maintain immune tolerance, and neutralises pathogenic autoantibodies
to reduce tissue damage. Its potential to promote remyelination benefits conditions characterised by
demyelination, such as multiple sclerosis (MS). However, IVIG is not universally effective. It does
not benefit conditions such as paraproteinemic neuropathy, intractable childhood epilepsy, inclusion
body myositis, amyotrophic lateral sclerosis (ALS), adrenoleukodystrophy, autism, critical illness
polyneuropathy, and POEMS syndrome, due to their distinct pathophysiological mechanisms. For
instance, ALS involves motor neuron degeneration rather than immune-mediated attacks, making
IVIG less applicable. The study of age-dependent cytokine responses in Powassan virus infection in
mice reveals older mice exhibit a pro-inflammatory Thl response while younger mice show a
neuroprotective Th2 response, suggesting new therapeutic targets. Research into STAT4’s role in
dendritic cells highlights its importance in mediating inflammation in multiple sclerosis models. A
study comparing tocilizumab to conventional treatments for myasthenia gravis found tocilizumab
more effective and safer. MS, a chronic CNS inflammatory disease, affects around 2.8 million people
globally. Genetic factors, especially the HLA-DR*15:01 allele, are linked to MS, and Epstein-Barr virus
(EBV) may play a role in its development. Autoimmune CNS disorders present various antibody
profiles: limbic encephalitis with ANNA-1 and LGI1 antibodies; brainstem encephalitis with KLHL-
11 and GQ1B antibodies; extralimbic encephalitis with anti-GABAA-R and GFAP antibodies; and
rapidly progressive cerebellar ataxia with PCA-1 and GAD65 antibodies. CAR-T cell therapy is a
novel avenue in the treatment of some neurological disorders.
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