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Abstract

Myasthenia gravis (MG) is an autoimmune disorder of the neuromuscular junction marked by fluctuating
muscle weakness, driven by pathogenic antibodies targeting acetylcholine receptors, muscle-specific
kinase, or lipoprotein receptor-related protein 4. Traditional treatments such as corticosteroids and
immunosuppressants provide symptomatic relief but are limited by systemic toxicity and variable efficacy.
Advances in immunology have led to targeted biologics that address specific disease mechanisms, such as
B-cell depleting antibodies like rituximab and inebilizumab, complement inhibitors such as eculizumab,
ravulizumab, and zilucoplan, and neonatal Fc receptor antagonists like efgartigimod and rozanolixizumab
that lower pathogenic IgG levels. Emerging molecular and cellular therapies, including T-regulatory cell
therapy, RNA-based modulation, and chimeric antigen receptor T-cell therapy approaches, seek to achieve
durable immune tolerance rather than transient suppression. However, therapeutic response varies due to
immunologic heterogeneity, long-term safety concerns, and limited global access. Future directions focus
on precision medicine, biomarker-guided treatment, and Al-assisted disease monitoring, alongside next-
generation therapeutics such as long-acting FcRn inhibitors (IMVT-1402), bispecific antibodies
(gefurulimab), and oral small molecules (remibrutinib, iptacopan). Collectively, these developments mark a
shift from generalized immunosuppression toward mechanism-based, patient-centered care aimed at
restoring lasting immune balance and improving quality of life in MG. This narrative review discusses these
aspects to comprehend the existing understanding and challenges.

Keywords

myasthenia gravis, immunomodulation, targeted therapy, CAR-T cell therapy, personalized treatment

Introduction

Myasthenia gravis (MG) is a rare neurological disorder, but it is, in fact, the most common autoimmune
disorder that affects the neuromuscular junction (NM]) [1]. MG is classically thought of as an antibody-
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mediated autoimmune disease that commonly develops autoantibodies to acetylcholine receptor (AChR)
and less commonly to targets such as muscle-specific kinase (MuSK) and low-density lipoprotein receptor-
related protein 4 (LRP4) [1]. Patients with MG tend to present clinically with muscle fatigue and weakness,
but can be further divided into two clinical subtypes based on muscle involvement. The first subtype is the
ocular MG subtype, which is limited to the ocular and extraocular muscles, leading to symptoms such as
drooping eyelids, double vision, and trouble keeping the eyes open [2, 3]. The second subtype is generalized
MG (gMG), which includes limbs, respiratory, and bulbar muscles in addition to the muscles involved in the
ocular subtype, creating symptoms such as difficulty speaking, swallowing, general weakness, standing
from seated positions, and climbing stairs [2, 3] (Figure 1).
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Figure 1. Clinical symptoms and pathophysiology of myasthenia gravis (MG). Normally, acetylcholine (ACh) attaches to its
receptor (AChR) and causes muscle contraction. In MG, autoantibodies to AChR, MuSK, and LRP4 cause severe muscle
weakness and fatigue by disrupting acetylcholine (ACh) signaling through complement-mediated destruction, cross-
linking/degradation of receptors. Created in BioRender. Rai, V. (2026) https://BioRender.com/9h1mf65.

Regarding the prevalence of MG, most neurologists tend to see one MG patient every 3 to 4 years;
however, studies have shown that the incidence of MG is rising and has doubled in the last 20 years [4].
This can be partly attributed to better diagnosis and treatment methods and the increasing longevity of the
population, leading to more diagnosed cases since MG tends to be more prevalent in the elderly population
[4]- Additionally, studies have shown that MG with an earlier onset (third decade of life) has a higher
incidence rate in females, whereas MG in later stages of life (sixth decade and beyond) tends to be higher in
males [3]. [t is important to recognize the severity of MG because MG is becoming a growing concern.

Traditional medical treatment for MG includes acetylcholinesterase inhibitors, corticosteroids, and
immunosuppressants. Acetylcholinesterase inhibitors are typically the first-line treatment given their
ability to increase the amount of ACh at the NM] synaptic cleft [5]. Generally, pyridostigmine is the
preferred drug of choice, with ambenonium chloride as the typical second-line option. With pyridostigmine,
it is important to carefully manage the dosage as doses that are too high may lead to increased muscle
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weakness [5]. Prednisone is the most common corticosteroid. Corticosteroids are used because they are
widely available, are inexpensive, and have a fast action, but should be clinically monitored closely due to
the possibility of serious side effects. The doses and duration should be carefully administered and
monitored because of associated side effects with hyperglycemia, as the most common side effect.
Corticosteroids are used early on post-diagnosis to control symptoms, but should be tapered down over
time to prevent side effects with chronic usage, such as insomnia, mood changes, osteoporosis, and
impaired glucose tolerance [6]. Lastly, immunosuppressants have also been used in the treatment of MG;
however, these medications are less effective compared to the other options. Methotrexate is the most
effective immunosuppressant compared to other immunosuppressants such as tacrolimus and
mycophenolate mofetil. These medications are also associated with severe side effects such as
hypertension, diabetes, osteoporosis, and obesity [7]. Often, a combination of these strategies is used to
treat MG.

Thus, it is apparent that there is a need for better treatment methods, and immunotherapy seems
promising. One of the needs for immunotherapy is due to the significant side effects associated with
existing treatment methods. Additionally, 70-80% of patients experience some form of remission either
from disease burden or from discontinuation of treatment, not intended to be used long-term [8].
Moreover, the need for immunotherapy can provide benefits in long-term stability of MG, better tolerance,
and better long-term safety [9]. Through this narrative review, we aim to first describe the molecular
markers at play when treating MG and then discuss the current treatment measures for MG and the
challenges they pose. We will also demonstrate the therapeutic advances made over recent years and how
they may be beneficial in overall treatment. Lastly, through this discussion, we want to illustrate the
exciting potential for more personalized MG treatment with some of the more novel therapeutic approaches
being developed.

Materials and methods

A literature search was conducted using PubMed and Google Scholar to identify the background,
mechanism, and treatment for MG. The keywords, alone or in combination, such as MG, pathophysiology,
diagnosis, treatment, and clinical trial, were used to search articles. A total of 262 related articles were
retrieved. The articles were reviewed, and duplicate articles, only abstracts, and articles not in the English
language were excluded. A total of 77 articles were used for this review, with a focus on including articles
describing the treatment strategies (Figure 2). Clinical trials were looked at https://clinicaltrials.gov/.
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Figure 2. Schematics showing the articles’ search and sorting to include in the review.

Explor Immunol. 2026;6:1003246 | https://doi.org/10.37349/e1.2026.1003246 Page 3


https://clinicaltrials.gov/
https://clinicaltrials.gov/
https://clinicaltrials.gov/

Pathophysiology of myasthenia gravis

MG is an immune-mediated autoimmune disorder where autoantibodies attack cholinergic receptors in
NM]Js that prevent signal transmission (Figure 1). MG is generally classified in two ways: based on the age of
onset, leading to early or late onset, or depending on the muscles affected. This review focuses primarily on
the muscles affected by MG, which, to reiterate, can be ocular (oculomotor and extraocular muscles) or
generalized (limb and respiratory muscles), resulting in generalized muscle weakness (Figure 1). However,
a further subdivision can be based on the autoantibody that is formed and the receptors that are affected.
This is important to be aware of as the autoantibodies change the pathogenicity of MG on the NM] and can
lead to upstream effects that are currently poorly understood [10]. The primary categories that MG gets
classified as based on autoantibody status include: AChR (85%), MuSK (6%), and LRP4 (2%) [10]. One of
the primary receptor dysfunctions is with the AChR found in 80-90% of MG patients [11]. Anti-AChR
antibodies contribute to muscle weakness by blocking the AChR, forming cross-links with the AChR, or by
accelerated degradation of the AChR [11] (Figure 1). This prevents signal transmission by preventing ACh
from binding to its receptor. The pathogenicity of AChR-MG subtype specifically primarily comes from
complement activation involving the IgG1 and IgG3 subclasses [12]. Complement activation can lead to the
formation of the membrane attack complex (MAC), which eventually leads to the lysis of the post-synaptic
membrane, disrupting the NM], specifically the post-junctional folds [12].

Another receptor-based subtype, MG, is associated with the involvement of MuSK receptor, a
transmembrane receptor that interacts with LRP4, which eventually leads to the formation of high-density
AChR clusters necessary for signal transmission [13]. In healthy individuals, the protein agrin activates the
LRP4 receptor, which in turn activates MuSK, a receptor tyrosine kinase that clusters AChRs at the NM]J. In
MG, the signaling pathway involving MuSK and LRP4 is disrupted, leading to the disease. In MuSK-positive
MG, autoantibodies target MuSK, often blocking the interaction between LRP4 and MuSK, which impairs
AChR clustering and causes muscle weakness (Figure 3).

A big difference in pathogenesis is that the antibodies present are part of the IgG4 class and do not
activate the complement pathway. They act by preventing AChR clustering by interrupting the interaction
between MuSK and LRP4, leading to diminished signal transduction [14]. The interplay between MuSK and
LRP4 is evident in the formation of a complex necessary for the NMJ, and as such, it is important to also
discuss the less common LRP4 dysfunction. LRP4 interacts with a glycoprotein called agrin prior to it
activating MuSK. Mutations in LRP4 prevent the interaction with agrin, which creates the downstream
effect of being unable to activate MuSK, ultimately preventing proper formation of the NM] [14].

Going beyond the subtypes of MG based on the autoantibodies relating to receptor subtypes is the
integral role of the thymus in T cell production. MG can be perpetuated by the thymus dysfunction with
regard to central tolerance. Normally, the thymus is responsible for the elimination of autoreactive T cells.
However, with dysfunction, MG patients lose this key aspect of central tolerance, leading to high levels of
autoreactive T cells, which worsen the autoimmune response of MG [15]. About 80% of MG with AChR
involvement had thymic involvement that contributed to autoimmunity [16]. Delving deeper, about 60% of
patients with AChR-MG were found to have thymic hyperplasia, and most of these patients were females
with a relatively early onset (before the age of 50). Thymic abnormalities were associated with higher
levels of immature T cells being differentiated into CD4 helper T cells and CD8 cytotoxic T cells, which
further perpetuates the autoimmune response present in MG [16]. Overall, it is apparent that there are
numerous mechanisms by which MG can manifest, as well as the key role that the thymus plays in the
development of the disease.

Therapeutic insights
Molecular mechanisms

As discussed above, AChR, MuSK, and LRP4 are cellular and molecular targets in MG, which are primarily
affected by autoantibodies produced by immune cells like B cells and plasma cells. T-cells become reactive
to self-antigens like AChR and prime B cells to produce autoantibodies. Antigen-presenting cells present
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Figure 3. MuSK and LRP4 signaling in muscles and myasthenia gravis. Autoantibodies targeting MuSK often block the
interaction between LRP4 and MuSK, which impairs AChR clustering and causes muscle weakness. MuSK and LRP4 signaling

in muscles and myasthenia gravis. Created in BioRender. Rai, V. (2026) https://BioRender.com/qiddr7u. MuSK: muscle-specific
kinase; LRP4: lipoprotein receptor-related protein 4.

antigens like AChR or MuSK to naive CD4" T cells, initiating the autoimmune response. AChR is the primary
target in about 85% of MG cases. Autoantibodies bind to and destroy AChRs on the muscle membrane,
preventing the neurotransmitter ACh from binding and triggering muscle contraction. In about 6% of
patients, autoantibodies target MuSK, a protein critical for maintaining neuromuscular synapses. In
approximately 2% of patients, autoantibodies attack LRP4, which is an important binding partner for MuSK.
Autoantibodies may also target other proteins at the muscle endplate, though their pathogenicity can be

uncertain [17, 18]. Further, autoantibodies binding to the AChR can trigger the complement system, a
cascade of proteins that can further damage the NM]J.

By understanding the immunopathology of MG, one identifies the exploitable leverage points available
for therapy. Pathogenic IgG1 and IgG3 in AChR-positive MG cause the activation of complement with
resultant postsynaptic injury by the effect of MAC production [1]. By contrast, MuSK antibodies, the 1gG4-
type, are of a nature that does not cause fixation of complement, but by implication, interference with the
agrin-LRP4-MuSK signalling axis, which is specific to the clustering of AChR [18]. The mechanistic details
explain the differential responses to therapy (Figure 4). AChR-positive disease is susceptible to blockade
techniques against complement, but MuSK-MG is often more responsive to approaches that are B-cell
directed [19]. In AChR-positive MG, complement blockade is a directed answer. Eculizumab and
ravulizumab both inhibit cleavage of C5, thus preventing formation of MAC and so preserving

Explor Immunol. 2026;6:1003246 | https://doi.org/10.37349/€i.2026.1003246 Page 5


https://BioRender.com/qiddr7u
https://BioRender.com/qiddr7u
https://BioRender.com/qiddr7u

neuromuscular transmission but without a concomitant global attenuation of the immune response [19]. In
MuSK-MG, in which antibody production is the axial impetus for the activity of the disease, the targeting of
B cells becomes a rational consideration. Rituximab causes depletive phenomena of CD20" B cells, sparing
the long-lived plasma cells, with the result that autoantibody production is decreased in a partial but
clinically significant manner [20]. Data shows improved response in the initiation of the treatment if started
earlier in the evolutionary process of the disease [21]. Studies support the clinical benefit of rituximab in
terms of functional responses, diminished consumption of steroidal treatment, and an overall better
durability of response in MuSK-MG [22, 23]. However, with the requirement of more profound
immunosuppression, CD19 therapies, e.g., inebilizumab, which acts not just on mature B cells but on
plasmablasts and some plasma cells, allow broader B-cell/plasmablast depletion. The Phase 3 trials of
inebilizumab in immunological gMG show clinical advantage, which is commensurate with a more thorough
antibody production blockage [24] (Figure 4).

AChR+ Myasthenia 0 Acetylcholine (ACh) AChR- Myasthenia
gravis

' gravis (MuSK+)
‘“9“” Acetylcholine
"LRP4  receptor (AChR)

MuSK

Neuronal

Autoantibodies impulse

PN

Neuronal
impulse

@ MuSk-Muscle-specific kinase o
o o ° LRP4- low-density lipoprotein ® P 9 @
@ P o @ . receptor-related protein 4 Q° @ o o °
o° fle . . ‘e ®
© /N 4 ﬂ ) N
Complement IgG1 and IgG3 1aG4
blockade g
therapy Complement No complement
activation B cell targeted activation
therapies
Membrane attack :
complex (MAC) No MAC formation
formation
Eculizumab and ravulizumab Rituximab (depletion of CD20+ B cells)

inhibition of C5 cleavage-no MAC
( g ) Inebilizumab (CD19 therapy, acts on

mature B cells, plasmablasts and
some plafma cells)

For both types

FcRn antagonist, reduction of total IgG
Efgartigimod (drug)
Nipocalimab (monoclonal antibody)
Rozanolixizumab (monoclonal antibody)

Figure 4. Therapeutic targets in AChR-positive and AChR-negative myasthenia gravis (MG). Therapeutic targets for
AChR-positive (AChR*) and MuSK-positive (AChR~) MG include immunosuppressants and complement inhibitors for AChR*
MG, while AChR~ MG is treated with other approaches. For AChR* MG, targets include the complement system (e.g., using
eculizumab), B-cell depletion, and IgG reduction. For AChR™ MG, targets often focus on proteins like MuSK and LRP4, which
are involved in AChR clustering, and potential therapeutic approaches include B-cell depletion. Therapeutic targets in AChR-
positive and AChR-negative MG. Created in BioRender. Rai, V. (2026) https://BioRender.com/54m99ii.
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Persistence of the antibody is not merely a matter of production but also of recycling. The neonatal Fc
receptor (FcRn) holds IgG from degradation, increasing its half-life. Inhibition of FcRn enhances the
catabolism of IgG and incidence of pathogenic load in the system, but without suppression of the pan-
leucocyte pool [25, 26]. This allows an area of autoantibody therapeutic availability over the area of
improvement in circulating autoantibodies, irrespective of the specificity of the clone. Efgartigimod, an
FcRn antagonist, also obtains a reduction of total IgG in a dose-dependent manner, affecting MG-activities of
daily living (MG-ADL) and quantitative MG (QMG) grading scores, which are improved [27]. Nipocalimab
has obtained analogous results in improvement in functionality in Phase 3 trials [28]. Rozanolixizumab has
shown its useful effect in both instances of AChR-positive and MuSK-positive, and provides evidence of the
flexibility of FCRn blockade as a disease modification strategy [29] (Figure 4).

Autoantibody levels

Cell-based assays (CBAs) for MG, particularly those using immunofluorescence (IF), are emerging as highly
sensitive methods for detecting anti-AChR and anti-MuSK antibodies, often outperforming traditional
radioimmunoassays (RIAs) by detecting low-affinity pathogenic antibodies. They offer superior detection of
conformation-dependent, conformational antigens in their natural membrane state, making them ideal for
diagnosing seronegative MG (SNMG). The current and routinely used assays, enzyme-linked
immunosorbent assay (ELISA), radioimmunoprecipitation assay (RIA), and indirect IF test (IIFT), have
limited sensitivity. This might be one of the explanations for the lack of serological antibody detection in
SNMG patients. Contrary to this, fixed CBA (F-CBA) and live CBA (L-CBA) have a higher sensitivity
compared to routinely used assays. The reported sensitivity for RIPA, ELISA, and F-CBA was 82.8%, 81.0%,
and 70.7%, respectively. F-CBA exhibited the highest specificity overall (95.0%). The sensitivity and
specificity for detecting AChR of F-CBA were 73.6% and 95.0%; ELISA were 81.1% and 85.0%, and RIPA
were 81.1% and 95.0%, respectively [30-33]. CBAs have various advantages over routine assays. CBAs can
identify antibodies in 60-70% of patients who are “double seronegative” (negative for both AChR and
MuSK) via traditional tests. Because antigens are expressed in their native membrane environment, they
are more likely to detect pathogenic antibodies that rely on the structural conformation of the AChR
complex, particularly when clustered by proteins like rapsyn. Unlike RIA, CBA does not require radioactive
reagents and can be automated, making it suitable for routine lab use [30, 34]. There are limitations
associated with CBAs. L-CBAs require specialized cell culture facilities, making them difficult to implement
outside of research centers. While F-CBA is more convenient, it may be less sensitive than L-CBA in some
cases, and its sensitivity can be influenced by sample dilution. IF, especially with L-CBA, requires skilled
personnel for accurate visual interpretation. As a newer technology, there is a lack of fully standardized,
universal protocols compared to older methods [30, 31, 34-36]. While F-CBA is becoming a, if not the, new
gold standard, it is sometimes recommended to reserve L-CBA for patients with strongly suspected MG who
test negative on F-CBA and RIA.

Current cellular and molecular therapeutics

Recent advances in molecular immunology and biotechnology have transformed the therapeutic landscape
of gMG. Traditional broad immunosuppressive approaches are being replaced by targeted monoclonal
antibodies (mAbs), FcRn inhibitors, and emerging cell- and gene-based strategies that directly address the
underlying autoimmune mechanisms [19].

Monoclonal antibodies

Therapies using mAbs have redefined the management of MG by selectively targeting immune components
implicated in disease pathogenesis [37]. Rituximab is a mAb that depletes CD20" B cells responsible for
producing pathogenic autoantibodies that were initially developed for B-cell lymphomas [20]. However,
some meta-analysis studies have identified the benefits of rituximab in MG, particularly MuSK-MG [22, 23].
Yang et al. [22] reported improved clinical status in 91% of MuSK-MG patients following low-dose
rituximab treatment, with significant reductions in QMG scores, measured before and after treatment.
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Additionally, a cohort study found initiation of rituximab within 12 months of onset was associated with
shorter time to remission (7 months vs. 16 months) compared to later use [21]. But the authors
acknowledged that a placebo-controlled randomized clinical trial is warranted to corroborate their
findings. An emerging mAb for treatment of MG includes inebilizumab, which is an anti-CD19 mAb that is
being investigated for its broader B-cell/plasmablast depletion potential [38]. In Phase 3, a double-blind,
randomized, placebo-controlled trial, inebilizumab had significant reductions in QMG scores and was found
to improve function and reduce disease severity in gMG [24]. mAb therapies targeting B-cell lineages
represent a major advancement in the precision management of MG, with accumulating evidence
supporting their efficacy and early use in disease modulation.

FcRn inhibitors

FcRn inhibitors represent a mechanistically novel therapeutic class that modulates IgG recycling [25]. By
blocking FcRn-mediated IgG rescue from lysosomal degradation, these agents lower circulating pathogenic
IgG autoantibody titers without broadly suppressing immune cells [26]. Efgartigimod, an FcRn inhibitor,
has demonstrated strong clinical efficacy in patients with AChR-positive MG. A meta-analysis reported a
treatment response rate of approximately 78%, highlighting its substantial therapeutic benefit in this
population [27]. Similarly, nipocalimab, another FcRn inhibitor, has been shown to significantly improve
both QMG and MG-ADL scores [39]. When used alongside standard-of-care therapies, it has exhibited a
favorable safety profile and provided sustained disease control over a 6-month treatment period [28].
Rozanolixizumab, an anti-FcRn antibody approved in 2023, has demonstrated clinically significant
improvements in patients with AChR- or MuSK-positive MG. It exerts its therapeutic effect by promoting
IgG degradation through FcRn blockade [29]. Overall, the clinical evidence supports FcRn inhibition as a
targeted and well-tolerated strategy that effectively mitigates pathogenic autoantibody activity in gMG.

Cell-based immunotherapy

Cell-based immunomodulation represents a rapidly advancing frontier in the treatment of MG, offering the
potential to restore long-term immune tolerance rather than merely suppress disease activity [19]. These
approaches stem from the recognition that MG is driven by a loss of self-tolerance within both the B-cell
and T-cell compartments, leading to the production of pathogenic autoantibodies targeting AChR and MuSK
[40]. By directly manipulating or reprogramming immune cell populations, cell-based therapies aim to re-
establish immune homeostasis. Hematopoietic stem cell transplantation (HSCT) is performed to
reconstitute the immune system, which can induce sustained remission in severe, treatment-refractory MG
[41]. Clinical use of HSCT is expanding with durable remission and reduced autoantibody titer in select MG
patients, which suggests the efficacy of this treatment [41]. However, significant risks of infection, organ
toxicity, and treatment-related mortality currently confine HSCT to highly refractory cases under strict
clinical protocols [42]. T-regulatory (Treg) cell therapy has emerged as a more targeted and potentially
safer approach to re-establish immune tolerance [43]. In MG, defects in Treg number and function
contribute to unchecked autoreactive B- and T-cell activity. Ex vivo expansion of autologous Tregs followed
by reinfusion has shown early signs of immunologic benefit in preclinical MG through attenuating disease
severity by suppressing pathogenic T- and B-cell responses [44]. Furthermore, it has been found that ex
vivo administration of Tregs with anti-inflammatory markers such as CD25, CTLA-4, and Foxp3 can
suppress in vitro AChR-induced proliferation of T cells [45]. In addition to cell-based approaches, strategies
that shift the Th17/Treg balance toward regulation are under investigation, as thymic and peripheral
immune imbalances contribute to disease severity [46]. This allows for a more precise immunomodulatory
strategy rather than global immunosuppression. These findings highlight the potential of cell-based
immunomodulatory interventions to achieve long-term remission in MG.

Chimeric antigen receptor T-cell therapy

Building on advances in cancer immunotherapy, chimeric antigen receptor T-cell (CAR-T) therapy is also
being explored as a transformative option for autoimmune neuromuscular diseases. CAR-T constructs can
be engineered to selectively target and eliminate autoreactive B cells or plasma cells responsible for
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producing MG-associated autoantibodies [47]. For instance, Descartes-08, an mRNA-based anti-B-cell CAR-
T product in Phase 3 of clinical trials, has demonstrated clinically meaningful decreases in MG-ADL and
QMG scores at up to 9 months [48]. KYV-101 (Phase 1) builds upon this as a next-generation CD19-directed
CAR-T therapy that acts through deep B-cell depletion and immune reset with a single infusion in patients
[49]. However, there have been some concerns regarding long-term immunosuppression and the potential
to induce cytokine release syndrome [10]. To overcome these challenges, newer strategies, including the
chimeric autoantibody receptor T-cell (CAAR-T) therapy, have been developed [50]. Unlike conventional
CAR-T therapies that broadly deplete the entire B-cell population, CAAR-T therapy selectively removes only
the autoreactive B-cell clones involved in disease pathogenesis, thereby preserving normal immune
function [10]. These therapies have the potential to induce deep, durable remission with a single
intervention, while new strategies have addressed complications including cytokine release syndrome,
neurotoxicity, and long-term immune reconstitution [49].

Clinical research on cell therapies for MG has advanced rapidly, with early-stage trials showing
significant, durable improvements in symptoms. mRNA CAR-T therapy (Descartes-08), a Phase 2b trial for
gMG, demonstrated that 57% of participants achieved minimal symptom expression by 6 months, with
effects lasting up to 12 months. This therapy is highlighted as a potential first-line, outpatient, long-lasting,
and precise immunotherapy [48]. KYV-101 (CAR-T agent), an interim Phase 2 KYSA-6 data indicated that
100% of patients experienced rapid, robust improvements in MG-ADL and QMG scores, with 100% of
patients free of nonsteroidal immunosuppressants, high-dose steroids, and FcRn/complement inhibitors
(reported by NeurologyLive), potentially offering a “one and done” approach (NCT06193889). Beyond
traditional T-cell suppression, research is exploring organ-specific CAR Treg cells and mRNA-based
approaches that offer more control, reducing risks compared to traditional CAR-T therapy. Early trials have
shown that these cell-based approaches can produce long-term remission in various autoimmune diseases,
reducing the need for continuous medication.

Gene and RNA-based therapy

Advances in gene editing and RNA-based modulation offer the possibility for precisely correcting or
silencing the molecular drivers of MG [51]. Technologies such as CRISPR/Cas9 are under investigation to
re-engineer immune tolerance by eliminating autoreactive B-cell or plasma cell clones, restoring thymic
tolerance, or reprogramming immune progenitors toward self-tolerance [52]. Currently, most therapies
remain in a preclinical phase due to challenges that include delivery specificity, off-target risk, and long-
term safety [53]. In contrast, therapies involving RNA interference (RNAi) enable silencing of mRNA
encoding complement components, cytokines, or enzymes implicated in disease activity [54]. These RNA-
targeting therapeutics include small interfering RNAs, miRNA modulators, and antisense oligonucleotides
that induce degradation of mRNA without altering genomic DNA [55]. In the pathogenesis of MG, long non-
coding RNA (LncRNA)/miRNA/mRNA axes, such as SNHG16/let-7c-5p/IL-10 and MALAT-1/miR-338-
3p/MSL2, affect nuclear factor kappa beta (NF-kB) and tumor necrosis factor (TNF) signaling pathways,
and regulation of Treg cell differentiation [56]. The ability to specifically target these pathways underscores
the future potential of RNA-based platforms to regulate key immune pathways implicated in MG
pathogenesis. Continued progress in vector design, high-fidelity editing, and RNA stabilization is likely to
move gene editing and RNA-based modulation toward clinical translation.

Complement inhibitors

Complement activation plays a central role in the pathogenesis of AChR-positive MG, driving immune-
mediated damage through MAC formation [57]. Therapeutic inhibition of complement component C5 has
therefore emerged as an effective strategy to interrupt this downstream effector pathway. Eculizumab is a
humanized mAb that blocks cleavage of C5 and was the first targeted biologic approved for AChR-positive
MG [58]. In a Phase 3, randomized, double-blind, placebo-controlled, multicentre study (REGAIN trial),
eculizumab was found to improve the MG-ADL and QMG scores, exacerbation frequency, and corticosteroid
burden, while also proving to be safe long-term [59]. Ravulizumab was built on these results as a next-
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generation C5 inhibitor that was engineered for extended half-life via targeted amino acid substitutions
[60]. Ravulizumab demonstrated sustained efficacy and durability in trials where 88.1% of patients
achieved a clinically meaningful improvement in MG-ADL scores [60]. Most recently, zilucoplan was
approved to treat AChR-positive MG as a synthetic macrocyclic peptide C5 inhibitor [61]. Its favorable
efficacy and tolerability balance are present as an option to treat a comprehensive patient population.
Together, these complement inhibitors have redefined the therapeutic landscape of AChR-positive MG by
offering targeted, mechanism-based control of disease activity, improving functional outcomes, and
reducing treatment burden for patients with refractory or moderate-to-severe disease.

Cytokine-based therapy

Cytokine-targeted therapies are emerging as a promising strategy in MG, aiming to modulate the upstream
immune pathways that initiate autoimmunity rather than addressing downstream antibody effects.
Elevated levels of pro-inflammatory cytokines, such as IL-6, IL-17, [L-21, [FN-y, and TNF-q, contribute to
disease activity by promoting germinal center formation, activating T-helper (Th17 and Tfh) cells, and
stimulating B-cell-mediated autoantibody production [62]. IL-6 plays a central role by driving
differentiation of naive CD4* T cells into Th17 cells while inhibiting Treg development. In experimental
autoimmune MG (EAMG) models, IL-6 blockades have been shown to reduce disease severity, lower anti-
AChR antibody titers and B-cell counts, and down-regulate Th17-associated genes such as IL-17, IL-21, and
IL-23R [63, 64]. Anti-IL-6 mAb drugs, such as tocilizumab or satralizumab, have been associated with
improvements in muscle strength, reduced steroid requirements, and stabilization of disease activity,
particularly in patients with concomitant inflammatory MG disease [65].

[L-17 and IL-22 further exacerbate symptoms by promoting inflammation and B-cell differentiation,
whereas IL-21 amplifies B-cell activation through CD40-CD40L signaling [64]. These insights suggest that
targeting cytokine networks, particularly IL-6, IL-17, and IL-21, may disrupt the inflammatory T-cell-B-cell
interaction that sustains the autoimmune cascade. Although clinical experience with anti-IL-17 mAbs (such
as secukinumab or ixekizumab) in MG remains limited, emerging data suggest that IL-17 blockade may be
particularly effective in Th17-driven disease phenotypes and could synergize with IL-6 inhibition by more
fully restoring immune tolerance [66]. By restoring immune balance and limiting autoreactive signaling,
cytokine-based therapies may complement existing biologic and cellular treatments, paving the way for
more precise and durable disease control.

Ongoing clinical trials

Various active or recruiting clinical trials for MG are currently investigating novel therapies, including mAbs
(inebilizumab, tocilizumab, satralizumab), complement system inhibitors, FcRn inhibitors, and CAR-T cell
therapies (Table 1). Key trials include Phase 3 evaluations of inebilizumab (MINT study) and batoclimab,
along with head-to-head comparisons of nipocalimab and efgartigimod.

Table 1. Ongoing clinical trial to improve the treatment of myasthenia gravis.

Trial ID Phase/Status Aim of the trial

NCT06463587 Phase 3, randomized, double-  To investigate the sustained efficacy, the need for retreatment, and the
blind, placebo-controlled clinical long-term safety of a new formulation of oral cladribine as compared with

MyClad study placebo in participants with gMG.
Recruiting
NCT06626919 Phase 1 study To evaluate the safety, tolerability, and preliminary efficacy of
R - anitocabtagene autoleucel, a BCMA-directed CAR-T therapy, in subjects
ecruiting with gMG.

NCT06799247 Phase 3, randomized, double To evaluate the efficacy, safety, and tolerability of Descartes-08, mRNA
blind, placebo-controlled study. CAR-T therapy, in patients with gMG.

AURORA

Recruiting
NCT06359041 Phase 1/2, open-label, To evaluate the effects of CABA-201, a CAR-T therapy, in patients with
RESET-MG multicenter study gMG.

Active, not recruiting
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Table 1. Ongoing clinical trial to improve the treatment of myasthenia gravis. (continued)

Trial ID Phase/Status Aim of the trial
NCT06704269 A Phase I/ll study To assess the safety, efficacy, and cellular kinetics of YTB323, a biological
-, CAR-T therapy, in participants with treatment-resistant gMG.
Recruiting
NCT06456580 A randomized, double-blind, To evaluate the efficacy and safety of telitacicept in the treatment of gMG.
placebo-controlled Phase 3
UPSTREAM study
MG
Recruiting
NCT06193889 A Phase 2/3, open-label, To investigate the effects of KYV-101, an autologous fully human anti-
KYSA-6 randomized, controlled, CD19 CAR-T therapy, vs. ongoing standard-of-care immunosuppressive
multicenter study therapy in patients with gMG.
Recruiting
NCTO06414954 Phase 2 proof-of-concept, dose To evaluate the safety and efficacy of 3 dose levels of NMD670 vs. placebo
SYNAPSE-MG "ange finding study in adult patients with MG with antibodies against AChR or MuSK.
Recruiting
NCT06558279 Randomized, double-blinded, To evaluate the efficacy and safety of efgartigimod PH20 SC in adult
ADAPT oculus placebo-controlled, Phase 3, patients with ocular MG.
parallel-group design study
Active, not recruiting
NCT06106672 A Phase 1b/2a First-in-Human  To assess the safety, tolerability, pharmacodynamics, and efficacy of
(FIH) clinical trial multiple ascending doses of CNP-106 in MG patients.
Recruiting
NCT06055959 Phase 2/3, open-label study To assess the pharmacokinetics, pharmacodynamics, safety, tolerability,
2IMyG Recruiting |mmunogen|0|ty, and activity of zilucoplan in pediatric study participants
with gMG.
NCT06517758 A randomized, double-blind, To evaluate efficacy, safety, and tolerability of iptacopan in patients with
placebo-controlled, multicenter, AChR* gMG who are on stable standard of care (SOC) treatment with
Phase 3 study symptom management and immunosuppression in participants aged 18 to
- 75 years with gMG.
Recruiting
NCT04833894 Phase 2/3, open-label, To investigate the pharmacokinetics, pharmacodynamics, safety, and
uncontrolled trial activity of efgartigimod IV in children and adolescents aged from 2 to less
. than 18 years of age with gMG.
Recruiting
NCT06607627 An open-label, single-arm, To assess the pharmacokinetics and pharmacodynamics of gefurulimab in
Phase 3 study pediatric participants ages 6 to less than 18 with AChR" gMG.
Recruiting
NCT05265273 An open-label, uncontrolled To evaluate the safety and efficacy of an investigational medication,
multicenter Phase 2/3 study nipocalimab, for the treatment of gMG in children aged 2 to less than
-, 18 years old.
Recruiting
NCT05644561 A Phase 3, open-label, single-  To characterize the pharmacokinetics and pharmacodynamics of treatment
arm, multicenter study with ravulizumab intravenous infusion in pediatric participants with gMG.
Active, not recruiting
NCT06392386 A Phase 2/3, open-label, To measure the pharmacokinetics, pharmacodynamics, safety, tolerability,
uncontrolled study and immunogenicity of efgartigimod PH20 SC in pediatric participants with
R . gMG aged 2 to < 18 years.
ecruiting
NCT04524273 A Phase 3, multi-center, To assess the efficacy and safety of batoclimab as induction and
randomized, quadruple-blind, maintenance therapy in adult participants with gMG.
placebo-controlled study
Active, not recruiting
NCT06436742 Phase 1b study To assess the safety and tolerability of ARGX-119 in adult participants with
R - DOK?7-congenital myasthenic syndromes.
ecruiting
NCT04951622 Phase 3, multicenter, To evaluate the efficacy and safety of nipocalimab compared to placebo in
randomized, double-blind, participants with gMG.
placebo-controlled study
Recruiting
NCT05403541 A Phase 3, multi-center, To assess the efficacy and safety of batoclimab as induction and

randomized, quadruple-blind,
placebo-controlled study

Active, not recruiting

maintenance therapy in adult participants with gMG.
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Table 1. Ongoing clinical trial to improve the treatment of myasthenia gravis. (continued)

Trial ID Phase/Status Aim of the trial
NCT05070858 Phase 3 To test how safe the pozelimab and cemdisiran combination therapy and
Recruiting cemdisiran alone are and how well they work in adult patients with gMG.

NCT06298552 A randomized, double-blinded, = To measure the efficacy and safety of efgartigimod compared to placebo in
placebo-controlled, Phase 3, participants with AChR binding antibody (AChR-Ab) seronegative gMG.
parallel-group design study

Active, not recruiting

gMG: generalized myasthenia gravis; BCMA: B-cell maturation antigen; CAR-T: chimeric antigen receptor T-cell; AChR:
acetylcholine receptor; MuSK: muscle-specific kinase.

Challenges and limitations

MG exhibits marked immunologic and clinical heterogeneity driven by variability in autoantibody
specificity. Approximately 80% of patients produce antibodies against the AChR, 4-8% against MuSK, and a
smaller proportion against low-density LRP4, while the remainder are classified as SNMG [18, 67]. Each
subtype demonstrates distinct pathogenic mechanisms and therapeutic responses. AChR antibodies,
primarily IgG1 and IgG3, induce complement-mediated destruction of the postsynaptic membrane, whereas
MuSK antibodies, largely 1gG4, interfere with NM] formation through inhibition of the agrin-LRP4-MuSK
pathway without complement activation [67]. These immunologic differences manifest clinically—MuSK-
MG patients often experience more severe bulbar and respiratory weakness, respond poorly to
acetylcholinesterase inhibitors, and show greater benefit from B-cell depletion therapies such as rituximab,
while thymectomy is less effective [5, 67]. Conversely, seronegative patients lack identifiable antibodies yet
display heterogeneous clinical features, suggesting unrecognized pathogenic targets or non-antibody-
mediated mechanisms [18, 67]. This immunologic diversity underlies patient-to-patient variability in
disease severity and therapeutic response, posing a major challenge to developing standardized molecular
and cellular interventions.

Long-term immunotherapy in MG is effective but associated with treatment-specific systemic risks that
vary by therapeutic class. Over two years, 60% of patients had achieved the treatment goal of minimal
manifestation (MM) status with an oral prednisolone dose of < 5 mg/day (5 mg MM), while more frequent
plasmapheresis and higher doses of prednisolone within 3 months were linked to difficulty achieving this
status [68]. Long-term conventional immunosuppressants may be associated with the risk of intolerance,
delayed onset of action, and systemic toxicity [69]. Targeted biologic therapies demonstrate improved
disease control but introduce distinct safety considerations. Complement inhibitors such as eculizumab,
ravulizumab, and zilucoplan represent promising options for refractory MG; however, they are associated
with an increased risk of infection by encapsulated bacteria, particularly Neisseria meningitidis,
necessitating vaccination and long-term infection monitoring [69]. B-cell depleting therapies, including
rituximab and inebilizumab, carry risks of serious infections, hypogammaglobulinemia, herpes zoster
reactivation, and rare cases of progressive multifocal leukoencephalopathy (PML) due to sustained B-cell
suppression [69]. FcRn antagonists, while not causing broad immune cell depletion, reduce total IgG levels
and may increase susceptibility to infections, although long-term immune surveillance data remain limited
[69]. Cellular therapies, such as CAR-T therapy and HSCT, introduce additional safety concerns related to
immune reconstitution. Reported adverse effects include cytokine release syndrome, neurotoxicity,
prolonged immunosuppression, and infection risk, restricting their use to highly refractory cases within
specialized centers [10, 42]. These findings emphasize that while immunotherapy is central to MG
management, its prolonged use may lead to systemic toxicity and infection risk, requiring careful long-term
monitoring [68, 69].

Although several new molecular therapies have demonstrated clinical benefit, access to these
treatments remains limited in real-world practice. Belimumab, a mAb against B lymphocyte stimulator, and
iscalimab, which targets the CD40 antigen, for example, have failed to demonstrate therapeutic efficacy in
MG. These gaps reflect the incomplete translation of experimental success into broad clinical availability.
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Additionally, access to such treatment is further constrained by cost barriers as well as variations in health-
care systems among different countries, which can impact people with MG globally [40]. This may leave
many patients dependent on older, less targeted immunosuppressive therapies.

Future directions

The future of MG treatment is moving toward more precise, durable, and patient-centered approaches.
Instead of relying on broad immunosuppression, upcoming strategies aim to tailor therapy to the unique
immune and genetic profile of each patient. Precision medicine strategies, such as molecular profiling,
immune monitoring, and biomarker discovery, guide individualized treatment plans [70]. Also, the growing
use of Al to analyze multi-omics and clinical data may soon help predict disease flares, optimize dosing
intervals, and identify which patients are most likely to benefit from specific biologic or cellular therapies
[71].

Among biologic agents, the next generation is focused on greater efficacy, longer duration, and easier
administration. New FcRn inhibitors, such as IMVT-1402, are being designed to achieve deeper reductions
in pathogenic IgG while requiring less frequent dosing and causing fewer injection-site reactions compared
to earlier agents like efgartigimod and rozanolixizumab [72]. Similarly, bispecific antibodies such as
gefurulimab are being engineered to bind both FcRn and albumin, extending their half-life and maintaining
stable therapeutic effects with less frequent dosing [73]. These advances demonstrate a shift toward
biologics that combine high efficacy with improved patient convenience.

At the same time, oral small-molecule therapies are emerging as promising alternatives to injectable
treatments. Agents like remibrutinib, a selective Bruton’s tyrosine kinase (BTK) inhibitor, and iptacopan, a
factor B inhibitor of the complement pathway, are in clinical development for MG and other autoimmune
conditions [74, 75]. These oral drugs may offer comparable disease control with the added benefits of
simpler administration, reduced treatment burden, and potentially lower cost, making them attractive
options for long-term management. There have also been advances in B-cell targeted therapies. While
rituximab remains the most widely used B-cell depleting agent, newer antibodies are expanding beyond
CD20 to target broader or more specific populations of B cells and plasma cells [76]. Inebilizumab
exemplifies this trend by targeting cells across the B-cell maturation spectrum. These next-generation
therapies may produce more durable remissions and reduce the need for repeated dosing cycles [24].

Further development in the future of MG treatment involves ncRNAs. Although their role is not
completely understood, there seems to be a connection between ncRNAs and mRNA expressed in MG
patients, giving reason to believe that it is involved in the pathological disease process of MG [70].
Furthermore, it was found that ncRNA levels were increased in the serum, as well as having alterations in
the thymus and peripheral blood cells in MG patients [70]. miRNAs have also been found to play a role in
the development of MG because miRNAs can stimulate pro-inflammatory cytokine production, which
contributes to the immune response present in MG [77]. As mentioned previously, the mechanism remains
unclear; however, genes for miRNAs have been seen to be increased in diseased states, prompting
additional investigation into this as a potential target for treatment [77]. Both ncRNAs and miRNAs, given
the evidence found for their potential correlation with MG, deserve further investigation as research on MG
treatment advances.

Together, these developments point toward a new era in MG treatment: one defined by integration and
personalization. As biologics, small molecules, and cell-based therapies continue to evolve, combining them
with Al-guided precision tools could help clinicians create personalized treatment plans for each patient.
The goal of future therapies is not limited to only symptom control, but also durable immune balance and
improved quality of life for people with MG.

Conclusion

Significant progress has been made in the treatment of MG through the development of targeted molecular
and cellular therapies that move beyond nonspecific immunosuppression. Advances in complement

Explor Immunol. 2026;6:1003246 | https://doi.org/10.37349/e1.2026.1003246 Page 13



inhibition, B-cell depletion, FcRn blockade, and emerging cell-based strategies have expanded therapeutic
options and improved disease control for many patients. The central challenge moving forward lies in
addressing the marked immunologic heterogeneity of MG and translating mechanistic insights into durable,
individualized treatment strategies. Precision medicine approaches that integrate autoantibody profiling,
immune biomarkers, and clinical phenotyping will be critical to optimizing therapy selection and
minimizing unnecessary immunosuppression. At the same time, therapies aimed at reconstructing immune
tolerance, rather than transiently suppressing pathogenic pathways, represent a key scientific priority for
achieving sustained remission. Future research must focus on defining long-term safety profiles, identifying
predictors of therapeutic response, and improving global access to advanced treatments. Continued
integration of molecular immunology, cellular engineering, and data-driven clinical decision tools has the
potential to fundamentally reshape MG management toward durable immune balance and improved
quality of life.

Abbreviations

AChR: acetylcholine receptor

CAAR-T: chimeric autoantibody receptor T-cell
CAR-T: chimeric antigen receptor T-cell

CBAs: cell-based assays

F-CBA: fixed cell-based assay

FcRn: neonatal Fc receptor

gMG: generalized myasthenia gravis

HSCT: hematopoietic stem cell transplantation
[F: immunofluorescence

L-CBA: live cell-based assay

LncRNA: long non-coding RNA

LRP4: lipoprotein receptor-related protein 4
MAbs: monoclonal antibodies

MAC: membrane attack complex

MG: myasthenia gravis

MG-ADL: myasthenia gravis-activities of daily living
MM: minimal manifestation

MuSK: muscle-specific kinase

NMJ: neuromuscular junction

QMG: quantitative myasthenia gravis

RIAs: radioimmunoassays

SNMG: seronegative myasthenia gravis

TNF: tumor necrosis factor

Treg: T-regulatory

Declarations
Author contributions

SP, SN: Conceptualization, Writing—original draft. HM, TS: Writing—original draft. VR: Conceptualization,
Writing—review & editing, Supervision. All authors reviewed and approved the final version of the

manuscript.
Explor Immunol. 2026;6:1003246 | https://doi.org/10.37349/e1.2026.1003246 Page 14



Conflicts of interest

The authors declare no conflict of interest.

Ethical approval

Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Funding

The authors received no specific funding for this study.

Copyright
© The Author(s) 2026.

Publisher’s note

Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations

and maps. All opinions expressed in this article are the personal views of the author(s) and do not
represent the stance of the editorial team or the publisher.

References

1.  Dresser L, Wlodarski R, Rezania K, Soliven B. Myasthenia Gravis: Epidemiology, Pathophysiology and
Clinical Manifestations. ] Clin Med. 2021;10:2235. [DOI] [PubMed] [PMC]

2. Payus AO, Hsiang JLW, Leong ]JQ, Ibrahim A, Raymond AA. Myasthenic Crisis as the First Presentation
of Myasthenia Gravis: A Case Report. Am ] Case Rep. 2021;22:€928419. [DOI] [PubMed] [PMC]

3. Rahman MM, Islam MR, Dhar PS. Myasthenia gravis in current status: epidemiology, types, etiology,
pathophysiology, symptoms, diagnostic tests, prevention, treatment, and complications -
correspondence. Int] Surg. 2023;109:178-80. [DOI] [PubMed] [PMC]

4.  Bubuioc A, Kudebayeva A, Turuspekova S, Lisnic V, Leone MA. The epidemiology of myasthenia gravis.
] Med Life. 2021;14:7-16. [DOI] [PubMed] [PMC]

5. Gilhus NE, Andersen H, Andersen LK, Boldingh M, Laakso S, Leopoldsdottir MO, et al. Generalized
myasthenia gravis with acetylcholine receptor antibodies: A guidance for treatment. Eur ] Neurol.
2024;31:e16229. [DOI] [PubMed] [PMC(]

6. Mantegazza R, Antonini G, Gastaldi M, Liguori R, Maestri M, Pegoraro E, et al. Use of Corticosteroids in
Myasthenia Gravis: Expert Opinion for Daily Management. Neurol Ther. 2025;14:2063-81. [DOI]
[PubMed] [PMC]

7. Gu], Qiao Y, Huang R, Cong S. Efficacy and safety of immunosuppressants and monoclonal antibodies
in adults with myasthenia gravis: a systematic review and network meta-analysis. ] Transl Med. 2024;
22:955. [DOI] [PubMed] [PMC(]

8.  Nair SS, Jacob S. Novel Immunotherapies for Myasthenia Gravis. Immunotargets Ther. 2023;12:25-45.
[DOI] [PubMed] [PMC(]

9.  Dalakas MC. Role of complement, anti-complement therapeutics, and other targeted immunotherapies

in myasthenia gravis. Expert Rev Clin Immunol. 2022;18:691-701. [DOI] [PubMed]

Explor Immunol. 2026;6:1003246 | https://doi.org/10.37349/€i.2026.1003246 Page 15


https://dx.doi.org/10.3390/jcm10112235
http://www.ncbi.nlm.nih.gov/pubmed/34064035
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8196750
https://dx.doi.org/10.12659/AJCR.928419
http://www.ncbi.nlm.nih.gov/pubmed/33468985
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7823149
https://dx.doi.org/10.1097/JS9.0000000000000164
http://www.ncbi.nlm.nih.gov/pubmed/36799843
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10389365
https://dx.doi.org/10.25122/jml-2020-0145
http://www.ncbi.nlm.nih.gov/pubmed/33767779
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7982252
https://dx.doi.org/10.1111/ene.16229
http://www.ncbi.nlm.nih.gov/pubmed/38321574
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11236053
https://dx.doi.org/10.1007/s40120-025-00796-w
http://www.ncbi.nlm.nih.gov/pubmed/40762789
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12450191
https://dx.doi.org/10.1186/s12967-024-05751-1
http://www.ncbi.nlm.nih.gov/pubmed/39434135
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11492773
https://dx.doi.org/10.2147/ITT.S377056
http://www.ncbi.nlm.nih.gov/pubmed/37038596
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10082579
https://dx.doi.org/10.1080/1744666X.2022.2082946
http://www.ncbi.nlm.nih.gov/pubmed/35730504

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Rossini E, Leonardi L, Morino S, Antonini G, Fionda L. Immunological Targets in Generalized
Myasthenia Gravis Treatment: Where Are We Going Now? Brain Sci. 2025;15:978. [DOI] [PubMed]
[PMC]

Binu A, Kumar SS, Padma UD, Madhu K. Pathophysiological basis in the management of myasthenia
gravis: a mini review. Inflammopharmacology. 2022;30:61-71. [DOI] [PubMed]

Martinez Salazar A, Mokhtari S, Peguero E, Jaffer M. The Role of Complement in the Pathogenesis and
Treatment of Myasthenia Gravis. Cells. 2025;14:739. [DOI] [PubMed] [PMC]

Menon D, Bril V. Pharmacotherapy of Generalized Myasthenia Gravis with Special Emphasis on Newer
Biologicals. Drugs. 2022;82:865-87. [DOI] [PubMed] [PMC(]

Iacomino N, Scandiffio L, Conforti F, Salvi E, Tarasco MC, Bortone F, et al. Muscle and Muscle-like
Autoantigen Expression in Myasthenia Gravis Thymus: Possible Molecular Hint for Autosensitization.
Biomedicines. 2023;11:732. [DOI] [PubMed] [PMC]

Binienda T, DeMartini A, Bullock W. Defining the Critical Role of LRP4 in Neuromuscular Junctions
and Bone Signaling. Lipidology. 2025;2:3. [DOI]

Yasumizu Y, Ohkura N, Murata H, Kinoshita M, Funaki S, Nojima S, et al. Myasthenia gravis-specific
aberrant neuromuscular gene expression by medullary thymic epithelial cells in thymoma. Nat
Commun. 2022;13:4230. [DOI] [PubMed] [PMC(]

Guptill JT, Soni M, Meriggioli MN. Current Treatment, Emerging Translational Therapies, and New
Therapeutic Targets for Autoimmune Myasthenia Gravis. Neurotherapeutics. 2016;13:118-31. [DOI]
[PubMed] [PMC]

Lazaridis K, Tzartos SJ. Myasthenia Gravis: Autoantibody Specificities and Their Role in MG
Management. Front Neurol. 2020;11:596981. [DOI] [PubMed] [PMC(]

Menon D, Barnett C, Bril V. Novel Treatments in Myasthenia Gravis. Front Neurol. 2020;11:538. [DOI]
[PubMed] [PMC]

Vesperinas-Castro A, Cortés-Vicente E. Rituximab treatment in myasthenia gravis. Front Neurol. 2023;
14:1275533. [DOI] [PubMed] [PMC]

Brauner S, Eriksson-Dufva A, Hietala MA, Frisell T, Press R, Piehl F. Comparison Between Rituximab
Treatment for New-Onset Generalized Myasthenia Gravis and Refractory Generalized Myasthenia
Gravis. JAMA Neurol. 2020;77:974-81. [DOI] [PubMed] [PMC(]

Yang X, Zhang W, Guo ], Ma C, Li B. Efficacy and safety of low-dose rituximab in the treatment of
myasthenia gravis: a systemic review and meta-analysis. Front Neurol. 2024;15:1439899. [DOI]
[PubMed] [PMC]

Chayanopparat S, Banyatcharoen P, Jitprapaikulsan ], Uawithya E, Apiraksattayakul N, Viarasilpa V.
Efficacy and safety of rituximab in anti-MuSK myasthenia Gravis: a systematic review and meta-
analysis. Sci Rep. 2025;15:7219. [DOI] [PubMed] [PMC]

Nowak R], Benatar M, Ciafaloni E, Howard JF Jr, Leite MI, Utsugisawa K, et al.; MINT Investigators. A
Phase 3 Trial of Inebilizumab in Generalized Myasthenia Gravis. N Engl ] Med. 2025;392:2309-20.
[DOI] [PubMed]

Qi T, Cao Y. In Translation: FcRn across the Therapeutic Spectrum. Int ] Mol Sci. 2021;22:3048. [DOI]
[PubMed] [PMC(]

Zhou Y, Jiang S. Roles of FcRn in Antigen-Presenting Cells during Autoimmunity and a Clinical
Evaluation of Efgartigimod as an FcRn Blocker. Pathogens. 2023;12:817. [DOI] [PubMed] [PMC]
Cheng ], Wang F, Dai Z, Wang X, Wang Y. The efficacy and safety of efgartigimod for refractory
myasthenia gravis: a systematic review and meta-analysis. Eur ] Med Res. 2025;30:775. [DOI]
[PubMed] [PMC]

Antozzi C, Vu T, Ramchandren S, Nowak R], Farmakidis C, Bril V, et al.; Vivacity-MG3 Study Group.
Safety and efficacy of nipocalimab in adults with generalised myasthenia gravis (Vivacity-MG3): a

phase 3, randomised, double-blind, placebo-controlled study. Lancet Neurol. 2025;24:105-16. [DOI]
[PubMed]

Explor Immunol. 2026;6:1003246 | https://doi.org/10.37349/e1.2026.1003246 Page 16


https://dx.doi.org/10.3390/brainsci15090978
http://www.ncbi.nlm.nih.gov/pubmed/41008338
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12468546
https://dx.doi.org/10.1007/s10787-021-00905-9
http://www.ncbi.nlm.nih.gov/pubmed/35059932
https://dx.doi.org/10.3390/cells14100739
http://www.ncbi.nlm.nih.gov/pubmed/40422242
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12110157
https://dx.doi.org/10.1007/s40265-022-01726-y
http://www.ncbi.nlm.nih.gov/pubmed/35639288
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9152838
https://dx.doi.org/10.3390/biomedicines11030732
http://www.ncbi.nlm.nih.gov/pubmed/36979710
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10045167
https://dx.doi.org/10.3390/lipidology2010003
https://dx.doi.org/10.1038/s41467-022-31951-8
http://www.ncbi.nlm.nih.gov/pubmed/35869073
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9305039
https://dx.doi.org/10.1007/s13311-015-0398-y
http://www.ncbi.nlm.nih.gov/pubmed/26510558
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4720661
https://dx.doi.org/10.3389/fneur.2020.596981
http://www.ncbi.nlm.nih.gov/pubmed/33329350
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7734299
https://dx.doi.org/10.3389/fneur.2020.00538
http://www.ncbi.nlm.nih.gov/pubmed/32714266
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7344308
https://dx.doi.org/10.3389/fneur.2023.1275533
http://www.ncbi.nlm.nih.gov/pubmed/37849836
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10577386
https://dx.doi.org/10.1001/jamaneurol.2020.0851
http://www.ncbi.nlm.nih.gov/pubmed/32364568
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7199182
https://dx.doi.org/10.3389/fneur.2024.1439899
http://www.ncbi.nlm.nih.gov/pubmed/39385818
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11461331
https://dx.doi.org/10.1038/s41598-025-90937-w
http://www.ncbi.nlm.nih.gov/pubmed/40021769
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11871026
https://dx.doi.org/10.1056/NEJMoa2501561
http://www.ncbi.nlm.nih.gov/pubmed/40202593
https://dx.doi.org/10.3390/ijms22063048
http://www.ncbi.nlm.nih.gov/pubmed/33802650
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8002405
https://dx.doi.org/10.3390/pathogens12060817
http://www.ncbi.nlm.nih.gov/pubmed/37375507
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10303165
https://dx.doi.org/10.1186/s40001-025-03057-6
http://www.ncbi.nlm.nih.gov/pubmed/40830529
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12366048
https://dx.doi.org/10.1016/S1474-4422(24)00498-8
http://www.ncbi.nlm.nih.gov/pubmed/39862879

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Bril V, Druzdz A, Grosskreutz ], Habib AA, Mantegazza R, Sacconi S, et al. Safety and efficacy of
rozanolixizumab in patients with generalised myasthenia gravis (MycarinG): a randomised, double-
blind, placebo-controlled, adaptive phase 3 study. Lancet Neurol. 2023;22:383-94. [DOI] [PubMed]
Hoffmann S, Waters P, Jacobson L, Schuelke M, Stenzel W, Ruck T, et al. Autoantibody detection by a
live cell-based assay in conventionally antibody-tested triple seronegative Myasthenia gravis.
Neuromuscul Disord. 2023;33:139-44. [DOI] [PubMed]

Cuomo L, De Giglio L, Isgro MA, Totaro M, Pratali M, Fragomeli C, et al. Diagnostic Performance of
Three Serological Assays in Myasthenia Gravis: A Prospective Multicentre Study. Scand ] Immunol.
2025;102:e70072. [DOI] [PubMed] [PMC(]

Cai Y, Han L, Zhu D, Peng ], Li ], Ding ], et al. A Stable Cell Line Expressing Clustered AChR: A Novel
Cell-Based Assay for Anti-AChR Antibody Detection in Myasthenia Gravis. Front Immunol. 2021;12:
666046. [DOI] [PubMed] [PMC]

Cruz PMR, Huda S, Lopez-Ruiz P, Vincent A. Use of cell-based assays in myasthenia gravis and other
antibody-mediated diseases. Exp Neurol. 2015;270:66-71. [DOI] [PubMed]

Luong K, Lozier BK, Novis CL, Smith TL, Zuromski LM, Peterson LK. Comparison of three methods for
the detection of antibodies against muscle-specific kinase. ] Immunol Methods. 2024;526:113627.
[DOI] [PubMed]

Budhram A. Fixed cell-based assays for autoantibody detection in myasthenia gravis: a diagnostic
breakthrough. Lancet Reg Health West Pac. 2023;38:100876. [DOI] [PubMed] [PMC(]

Spagni G, Gastaldi M, Businaro P, Chemkhi Z, Carrozza C, Mascagna G, et al. Comparison of Fixed and
Live Cell-Based Assay for the Detection of AChR and MuSK Antibodies in Myasthenia Gravis. Neurol
Neuroimmunol Neuroinflamm. 2022;10:e200038. [DOI] [PubMed] [PMC]

Zalin M, Patel S, Coggins C, Rai V. The Role of Monoclonal Antibodies as Therapeutics in HPV-Related
Head and Neck Cancers: An Updated Review. Antibodies (Basel). 2025;14:37. [DOI] [PubMed] [PMC(]
Song X, Chen ], Jin C, Peng Y, Sun Y, Zheng X. Inebilizumab treatment in a patient with co-occurring
AQP4-1gG positive neuromyelitis optica spectrum disorder and myasthenia gravis: a case report and
literature review. Front Immunol. 2025;15:1528989. [DOI] [PubMed] [PMC]

Valenzuela B, Neyens M, Zhu Y, Ramchandren S, Dosne A, Leu JH, et al. Nipocalimab Dose Selection in
Generalized Myasthenia Gravis. CPT Pharmacometrics Syst Pharmacol. 2025;14:2074-85. [DOI]
[PubMed] [PMC]

lIorio R. Myasthenia gravis: the changing treatment landscape in the era of molecular therapies. Nat
Rev Neurol. 2024;20:84-98. [DOI] [PubMed]

Jaime-Pérez JC, Meléndez-Flores JD, Ramos-Déavila EM, Gonzalez-Trevifio M, Gdmez-Almaguer D.
Hematopoietic stem cell transplantation for uncommon immune-mediated neurological disorders: A
literature review. Cytotherapy. 2022;24:676-85. [DOI] [PubMed]

Hierlmeier S, Eyrich M, Wolfl M, Schlegel P, Wiegering V. Early and late complications following
hematopoietic stem cell transplantation in pediatric patients - A retrospective analysis over 11 years.
PLoS One. 2018;13:e0204914. [DOI] [PubMed] [PMC(]

Li X, He C, Wang K, Xu G, Xie Y, Ying X. CAR-based cell therapy for autoimmune diseases. Front
Immunol. 2025;16:1613622. [DOI] [PubMed] [PMC(C]

Yuan G, Liu Y, Wang H, Yang T, Liu G. CD4'CD25" regulatory T cell therapy in neurological
autoimmune diseases. Peer]. 2025;13:e19450. [DOI] [PubMed] [PMC]

Aricha R, Feferman T, Fuchs S, Souroujon MC. Ex vivo generated regulatory T cells modulate
experimental autoimmune myasthenia gravis. ] Immunol. 2008;180:2132-9. [DOI] [PubMed]
Altinoénder I, Kaya M, Yentiir SP, Cakar A, Durmus H, Yegen G, et al. Thymic gene expression analysis
reveals a potential link between HIF-1A and Th17/Treg imbalance in thymoma associated myasthenia
gravis. ] Neuroinflammation. 2024;21:126. [DOI] [PubMed] [PMC]

Explor Immunol. 2026;6:1003246 | https://doi.org/10.37349/e1.2026.1003246 Page 17


https://dx.doi.org/10.1016/S1474-4422(23)00077-7
http://www.ncbi.nlm.nih.gov/pubmed/37059507
https://dx.doi.org/10.1016/j.nmd.2023.01.002
http://www.ncbi.nlm.nih.gov/pubmed/36746691
https://dx.doi.org/10.1111/sji.70072
http://www.ncbi.nlm.nih.gov/pubmed/41287506
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12645185
https://dx.doi.org/10.3389/fimmu.2021.666046
http://www.ncbi.nlm.nih.gov/pubmed/34305897
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8297518
https://dx.doi.org/10.1016/j.expneurol.2015.01.011
http://www.ncbi.nlm.nih.gov/pubmed/25783660
https://dx.doi.org/10.1016/j.jim.2024.113627
http://www.ncbi.nlm.nih.gov/pubmed/38311009
https://dx.doi.org/10.1016/j.lanwpc.2023.100876
http://www.ncbi.nlm.nih.gov/pubmed/37601007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10432854
https://dx.doi.org/10.1212/NXI.0000000000200038
http://www.ncbi.nlm.nih.gov/pubmed/36270951
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9621337
https://dx.doi.org/10.3390/antib14020037
http://www.ncbi.nlm.nih.gov/pubmed/40407689
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12101214
https://dx.doi.org/10.3389/fimmu.2024.1528989
http://www.ncbi.nlm.nih.gov/pubmed/39872531
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11769772
https://dx.doi.org/10.1002/psp4.70109
http://www.ncbi.nlm.nih.gov/pubmed/40960093
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12706425
https://dx.doi.org/10.1038/s41582-023-00916-w
http://www.ncbi.nlm.nih.gov/pubmed/38191918
https://dx.doi.org/10.1016/j.jcyt.2021.12.006
http://www.ncbi.nlm.nih.gov/pubmed/35193829
https://dx.doi.org/10.1371/journal.pone.0204914
http://www.ncbi.nlm.nih.gov/pubmed/30325953
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6191171
https://dx.doi.org/10.3389/fimmu.2025.1613622
http://www.ncbi.nlm.nih.gov/pubmed/41050649
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12488630
https://dx.doi.org/10.7717/peerj.19450
http://www.ncbi.nlm.nih.gov/pubmed/40525111
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12169171
https://dx.doi.org/10.4049/jimmunol.180.4.2132
http://www.ncbi.nlm.nih.gov/pubmed/18250419
https://dx.doi.org/10.1186/s12974-024-03095-7
http://www.ncbi.nlm.nih.gov/pubmed/38734662
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11088784

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Haghikia A, Hegelmaier T, Wolleschak D, Boéttcher M, Desel C, Borie D, et al. Anti-CD19 CAR T cells for
refractory myasthenia gravis. Lancet Neurol. 2023;22:1104-5. [DOI] [PubMed]

Granit V, Benatar M, Kurtoglu M, Miljkovi¢ MD, Chahin N, Sahagian G, et al. Safety and clinical activity
of autologous RNA chimeric antigen receptor T-cell therapy in myasthenia gravis (MG-001): a
prospective, multicentre, open-label, non-randomised phase 1b/2a study. Lancet Neurol. 2023;22:
578-90. [DOI] [PubMed] [PMC(]

Piquet AL, Zekeridou A, Nie EH, Borie D, Chung ], Dalakas MC. Design of KYSA-8, A Phase 2, Open-
Label, Multicenter Study of KYV-101, an Autologous Fully Human Anti-CD19 Chimeric Antigen
Receptor (CAR) T-Cell Therapy, in Treatment-Refractory Stiff-Person Syndrome (P2-8.018).
Neurology. 2025;104:2925. [DOI]

Ismail FS, Gallus M, Meuth SG, Okada H, Hartung H, Melzer N. Current and Future Roles of Chimeric

Antigen Receptor T-Cell Therapy in Neurology: A Review. JAMA Neurol. 2025;82:93-103. [DOI]
[PubMed]

Tani H. Recent Advances and Prospects in RNA Drug Development. Int ] Mol Sci. 2024;25:12284. [DOI]
[PubMed] [PMC]

Cavalcante P, Mantegazza R, Antozzi C. Targeting autoimmune mechanisms by precision medicine in
Myasthenia Gravis. Front Immunol. 2024;15:1404191. [DOI] [PubMed] [PMC]

Khademi Z, Mottaghi-Dastjerdi N, Morad H, Sahebkar A. The role of CRISPR-Cas9 and CRISPR
interference technologies in the treatment of autoimmune diseases. Autoimmun Rev. 2025;24:
103816. [DOI] [PubMed]

Kusner LL, Yucius K, Sengupta M, Sprague AG, Desai D, Nguyen T, et al. Investigational RNAIi
Therapeutic Targeting C5 Is Efficacious in Pre-clinical Models of Myasthenia Gravis. Mol Ther Methods
Clin Dev. 2019;13:484-92. [DOI] [PubMed] [PMC(]

Jadhav V, Vaishnaw A, Fitzgerald K, Maier MA. RNA interference in the era of nucleic acid therapeutics.
Nat Biotechnol. 2024;42:394-405. [DOI] [PubMed]

Ghafouri-Fard S, Azimi T, Hussen BM, Taheri M, Khoshnoud R]. A Review on the Role of Non-Coding
RNAs in the Pathogenesis of Myasthenia Gravis. Int ] Mol Sci. 2021;22:12964. [DOI] [PubMed] [PMC(C]
Waheed W, Newman E, Aboukhatwa M, Moin M, Tandan R. Practical Management for Use of
Eculizumab in the Treatment of Severe, Refractory, Non-Thymomatous, AChR + Generalized
Myasthenia Gravis: A Systematic Review. Ther Clin Risk Manag. 2022;18:699-719. [DOI] [PubMed]
[PMC]

Kolev M, Rao KN, Yeh M, Parikh A, Deschatelets P. The future of complement therapeutics. Explor
Immunol. 2024;4:577-615. [DOI]

Howard Jr JF, Utsugisawa K, Benatar M, Murai H, Barohn R], Illa [, et al.; REGAIN Study Group. Safety
and efficacy of eculizumab in anti-acetylcholine receptor antibody-positive refractory generalised
myasthenia gravis (REGAIN): a phase 3, randomised, double-blind, placebo-controlled, multicentre
study. Lancet Neurol. 2017;16:976-86. [DOI] [PubMed]

Vu TH, Mantegazza R, Annane D, Katsuno M, Meisel A, Nicolle MW, et al.; CHAMPION MG Study Group.
Long-Term Efficacy and Safety of Ravulizumab in Adults With Anti-Acetylcholine Receptor Antibody-
Positive Generalized Myasthenia Gravis: Final Results From the Phase 3 CHAMPION MG Open-Label
Extension. Eur ] Neurol. 2025;32:e70158. [DOI] [PubMed] [PMC]

Howard Jr JF, Bresch S, Genge A, Hewamadduma C, Hinton ], Hussain Y, et al. Safety and efficacy of
zilucoplan in patients with generalised myasthenia gravis (RAISE): a randomised, double-blind,
placebo-controlled, phase 3 study. Lancet Neurol. 2023;22:395-406. [DOI] [PubMed]

Song ], Zhao R, Yan C, Luo S, Xi ], Ding P, et al. A Targeted Complement Inhibitor CRIg/FH Protects
Against Experimental Autoimmune Myasthenia Gravis in Rats via Immune Modulation. Front
Immunol. 2022;13:746068. [DOI] [PubMed] [PMC]

Explor Immunol. 2026;6:1003246 | https://doi.org/10.37349/e1.2026.1003246 Page 18


https://dx.doi.org/10.1016/S1474-4422(23)00375-7
http://www.ncbi.nlm.nih.gov/pubmed/37977704
https://dx.doi.org/10.1016/S1474-4422(23)00194-1
http://www.ncbi.nlm.nih.gov/pubmed/37353278
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10416207
https://dx.doi.org/10.1212/wnl.0000000000210669
https://dx.doi.org/10.1001/jamaneurol.2024.3818
http://www.ncbi.nlm.nih.gov/pubmed/39585688
https://dx.doi.org/10.3390/ijms252212284
http://www.ncbi.nlm.nih.gov/pubmed/39596348
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11594839
https://dx.doi.org/10.3389/fimmu.2024.1404191
http://www.ncbi.nlm.nih.gov/pubmed/38903526
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11187261
https://dx.doi.org/10.1016/j.autrev.2025.103816
http://www.ncbi.nlm.nih.gov/pubmed/40221070
https://dx.doi.org/10.1016/j.omtm.2019.04.009
http://www.ncbi.nlm.nih.gov/pubmed/31193726
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6539425
https://dx.doi.org/10.1038/s41587-023-02105-y
http://www.ncbi.nlm.nih.gov/pubmed/38409587
https://dx.doi.org/10.3390/ijms222312964
http://www.ncbi.nlm.nih.gov/pubmed/34884767
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8657981
https://dx.doi.org/10.2147/TCRM.S266031
http://www.ncbi.nlm.nih.gov/pubmed/35855752
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9288180
https://dx.doi.org/10.37349/ei.2024.00161
https://dx.doi.org/10.1016/S1474-4422(17)30369-1
http://www.ncbi.nlm.nih.gov/pubmed/29066163
https://dx.doi.org/10.1111/ene.70158
http://www.ncbi.nlm.nih.gov/pubmed/40241307
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12003558
https://dx.doi.org/10.1016/S1474-4422(23)00080-7
http://www.ncbi.nlm.nih.gov/pubmed/37059508
https://dx.doi.org/10.3389/fimmu.2022.746068
http://www.ncbi.nlm.nih.gov/pubmed/35154091
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8825366

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Uzawa A, Akamine H, Kojima Y, Ozawa Y, Yasuda M, Onishi Y, et al. High levels of serum interleukin-6

are associated with disease activity in myasthenia gravis. ] Neuroimmunol. 2021;358:577634. [DOI]
[PubMed]

Geng Z, Cao Y, Zhao L, Wang L, Dong Y, Bi Y, et al. Function and Regulation of Age-Associated B Cells in
Diseases. ] Cell Physiol. 2025;240:e31522. [DOI] [PubMed]

Ruan Z, Tang Y, Gao T, Li C, Guo R, Sun C, et al. Efficacy and safety of tocilizumab in patients with
refractory generalized myasthenia gravis. CNS Neurosci Ther. 2024;30:e14793. [DOI] [PubMed]
[PMC]

Zhang S, Wang A, Song X, Zhang Z. Secukinumab versus conventional immunotherapy in myasthenia
gravis: A single-Center 24-week retrospective comparative study. Int Immunopharmacol. 2026;172:
116175. [DOI] [PubMed]

Murthy JMK. Myasthenia Gravis: Do the Subtypes Matter? Ann Indian Acad Neurol. 2020;23:2. [DOI]
[PubMed] [PMC]

Ozawa Y, Uzawa A, Yasuda M, Kojima Y, Onishi Y, Oda F, et al. Long-term outcomes and prognostic
factors in generalized myasthenia gravis. ] Neurol. 2021;268:3781-8. [DOI] [PubMed]

Rodolico C, Nicocia G, Damato V, Antonini G, Liguori R, Evoli A. Benefit and danger from
immunotherapy in myasthenia gravis. Neurol Sci. 2021;42:1367-75. [DOI] [PubMed] [PMC(]

lacomino N, Tarasco MC, Berni A, Ronchi ], Mantegazza R, Cavalcante P, et al. Non-Coding RNAs in
Myasthenia Gravis: From Immune Regulation to Personalized Medicine. Cells. 2024;13:1550. [DOI]
[PubMed] [PMC]

Huang EJ, Wu MH, Wang TJ, Huang TJ, Li YR, Lee CY. Myasthenia Gravis: Novel Findings and
Perspectives on Traditional to Regenerative Therapeutic Interventions. Aging Dis. 2023;14:1070-92.
[DOI] [PubMed] [PMC(]

Yang CW, Xia T, Tan Q, Jie LG, Lou A], Li XX, et al. From promise to practice: evaluating the clinical
impact of FcRn inhibition in IgG-mediated autoimmune rheumatic diseases. Front Immunol. 2025;16:
1656937. [DOI] [PubMed] [PMC(C]

Howard ], Gwathmey K, Zhao C, Rakhade S, Scholz |, Pelaez-Rivas A, et al. The Phase 3 PREVAIL Study
Assessing the Efficacy and Safety of Subcutaneous Gefurulimab in Adults with Generalized Myasthenia
Gravis: Trial in Progress (P7-11.021). 2025;104:1816. Neurology. [DOI]

Tavakoli GM, Yazdanpanah N, Rezaei N. Targeting Bruton’s tyrosine kinase (BTK) as a signaling
pathway in immune-mediated diseases: from molecular mechanisms to leading treatments. Adv
Rheumatol. 2024;64:61. [DOI] [PubMed]

Kavanagh D, Barratt ], Schubart A, Webb NJA, Meier M, Fakhouri F. Factor B as a therapeutic target for
the treatment of complement-mediated diseases. Front Immunol. 2025;16:1537974. [DOI] [PubMed]
[PMC]

Hu G, Zhao X, Wang Y, Zhu X, Sun Z, Yu X, et al. Advances in B Cell Targeting for Treating Muscle-
Specific Tyrosine Kinase-Associated Myasthenia Gravis. Immunotargets Ther. 2024;13:707-20. [DOI]
[PubMed] [PMC]

Bo C, Zhang H, Cao Y, Lu X, Zhang C, Li S, et al. Construction of a TF-miRNA-gene feed-forward loop
network predicts biomarkers and potential drugs for myasthenia gravis. Sci Rep. 2021;11:2416. [DOI]
[PubMed] [PMC]

Explor Immunol. 2026;6:1003246 | https://doi.org/10.37349/e1.2026.1003246 Page 19


https://dx.doi.org/10.1016/j.jneuroim.2021.577634
http://www.ncbi.nlm.nih.gov/pubmed/34174586
https://dx.doi.org/10.1002/jcp.31522
http://www.ncbi.nlm.nih.gov/pubmed/39749652
https://dx.doi.org/10.1111/cns.14793
http://www.ncbi.nlm.nih.gov/pubmed/38894580
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11187874
https://dx.doi.org/10.1016/j.intimp.2026.116175
http://www.ncbi.nlm.nih.gov/pubmed/41547250
https://dx.doi.org/10.4103/aian.AIAN_595_19
http://www.ncbi.nlm.nih.gov/pubmed/32055109
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7001449
https://dx.doi.org/10.1007/s00415-021-10520-x
http://www.ncbi.nlm.nih.gov/pubmed/33774750
https://dx.doi.org/10.1007/s10072-021-05077-6
http://www.ncbi.nlm.nih.gov/pubmed/33543421
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7861968
https://dx.doi.org/10.3390/cells13181550
http://www.ncbi.nlm.nih.gov/pubmed/39329732
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11430632
https://dx.doi.org/10.14336/AD.2022.1215
http://www.ncbi.nlm.nih.gov/pubmed/37163445
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10389825
https://dx.doi.org/10.3389/fimmu.2025.1656937
http://www.ncbi.nlm.nih.gov/pubmed/41112287
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12527857
https://dx.doi.org/10.1212/wnl.0000000000208763
https://dx.doi.org/10.1186/s42358-024-00401-y
http://www.ncbi.nlm.nih.gov/pubmed/39169436
https://dx.doi.org/10.3389/fimmu.2025.1537974
http://www.ncbi.nlm.nih.gov/pubmed/40028332
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11868072
https://dx.doi.org/10.2147/ITT.S492062
http://www.ncbi.nlm.nih.gov/pubmed/39678139
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11646387
https://dx.doi.org/10.1038/s41598-021-81962-6
http://www.ncbi.nlm.nih.gov/pubmed/33510225
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7843995

	Abstract
	Keywords
	Introduction
	Materials and methods
	Pathophysiology of myasthenia gravis
	Therapeutic insights
	Molecular mechanisms
	Autoantibody levels

	Current cellular and molecular therapeutics
	Monoclonal antibodies
	FcRn inhibitors
	Cell-based immunotherapy
	Chimeric antigen receptor T-cell therapy
	Gene and RNA-based therapy
	Complement inhibitors
	Cytokine-based therapy

	Ongoing clinical trials
	Challenges and limitations
	Future directions
	Conclusion
	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

