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Article 
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Abstract: Background: Myasthenia Gravis (MG) is a rare autoimmune disease presenting with auto-

antibodies that affect the neuromuscular junction. Aside from symptomatic treatment options, novel 

therapeutics include monoclonal antibodies (mAbs). IMGT®, the international ImMunoGeneTics 

information system® (https://www.imgt.org), extends the characterization of therapeutic antibodies 

with a systematic description of their mechanisms of action (MOA) and makes them available 

through its database for mAbs and fusion proteins, IMGT/mAb-DB. Methods: Using the available 

literature data combined with the amino acid sequence analyses from mAbs managed in 

IMGT/2Dstructure-DB, the IMGT® protein database, biocuration allowed to define in a 

standardized way descriptions of MOA of mAbs that target molecules towards MG treatment. 

Results: New therapeutic targets include FcRn and molecules such as CD38, CD40, CD19, MS4A1 

and interleukin-6 receptor. A standardized graphical representation of the MOA of selected mAbs 

was created and integrated within IMGT/mAb-DB. The main mechanisms involved in these mAbs 

are either blocking or neutralizing. Therapies directed to B cell depletion and plasma cells have a 

blocking MOA with an immunosuppressant effect along with Fc-effector function (MS4A1, CD38) 

or FcγRIIb engager effect (CD19). Monoclonal antibodies targeting the complement also have 

blocking MOA with a complement inhibitor effect and treatments targeting T cells have a blocking 

MOA with an immunosuppressant effect (CD40) and Fc-effector function (IL6R). On the other hand, 

FcRn antagonists present a neutralizing MOA with an FcRn inhibitor effect. Conclusion: The MOA 

of each new mAb needs to be considered in association with the immunopathogenesis of each of 

the subtypes of MG in order to integrate the new mAbs as a viable and safe option in the therapy 

decision process. In IMGT/mAb-DB, mAbs for MG are characterized by their sequence, domains, 

chains and their MOA is described. 

Keywords: monoclonal antibodies; myasthenia gravis; bioinformatics; mechanism of action; IMGT 

 

1. Introduction 

Myasthenia Gravis (MG) is a rare chronic autoimmune disease with fluctuating symptoms 

deriving from the presence of auto-antibodies, immunoglobulins directed against an individual’s 

own proteins of the post-synaptic neuromuscular junction (NMJ) of the skeletal muscles (Figure 1) 

[1]. MG can be characterized as ocular or generalized with a spectrum of symptoms manifesting in 

patients, including extraocular symptoms (diplopia and/or ptosis) in both ocular and generalized MG 

(gMG) and muscle weakness, dysphagia and, in some cases, respiratory weakness in gMG, and their 

clinical severance may vary from mild to potentially life threatening. The disease can have either an 

early onset (EOMG) or late-onset MG (LOMG) and can be furtherly subcategorized by the type of 

antibodies the patient presents, including auto-antibodies against the acetylcholine receptor (AChR), 

muscle-specific kinase (MuSK), lipoprotein related protein 4 (LRP4), agrin and rapsyn [2–6]. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
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Figure 1. The neuromuscular junction (NMJ). ACh is released and normal muscle contraction occurs. 

In patients with auto-antibodies against proteins in the NMJ there is reduced transmission in the 

signal from the neuron to the muscles through the voltage-gated potassium channel (Kv1.4) and the 

voltage-gated sodium channel (VGSC). 

AChR antibodies are very specific for Myasthenia Gravis and are present in about 80-85 % of 

patients [7]. Their presence is verified through serological testing and, combined with the basic 

symptom of muscle weakness, verifies the disease. The AChR antibodies found in Myasthenia 

Gravis’ patients may be of two subclasses, IgG1 and IgG3. These isotypes can bind to the post-

synaptic AChR and lead to the complement cascade, formation of the membrane attack complex 

(MAC), and limited or reduced signal transmission to the muscles [8]. In patients with anti-MuSK 

antibodies the pathogenesis is different, as the antibodies belong to the IgG4 subclass with limited 

C1q binding. These antibodies prevent AChR clustering by masking the site of regular MuSK-LRP4 

interaction [9]. A small percentage of patients is seronegative but have a similar clinical presentation 

and antibodies against LRP4 have been reported to be detected in 1-5% of MG patients [10]. These 

antibodies can co-exist with anti-AChR or anti-MuSK antibodies and can be  detected  in  other  

autoimmune  diseases, such as neuromyelitis optica (NMO)  and  multiple sclerosis (MS) [11,12]. 

An important role in the disease is played by the thymus gland. Thymus hyperplasia is present 

at over >70% of patients and about 10-15% of them have a thymoma, caused by abnormal 

development of the epithelial cells [13]. More than 50% of anti-AChR positive patients have a 

hyperplastic thymus with production of B cells, AChR antibodies and a presence of anti AChR 

reactive T cells. Although regulatory T (Treg) cells CD4+ and CD25+ have a significant role in 

controlling the immune and autoimmune response, the exact mechanism by which the thymus is 

involved in the attack against AChRs is not yet clear [14]. 

Currently, there are only symptomatic treatment options, including pyridostigmine and other 

acetylcholinesterases and corticosteroids as the primary options for patients. Pyridostigmine bromide 

is an acetylcholinesterase inhibitor (AChEI) and is the first-line agent for symptomatic treatment of 
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the disease, followed by neostigmine [15]. Corticosteroids inhibit T cells and monocyte-macrophage 

activation and are part of the primary course of treatment for most patients [16]. Other 

immunosuppressants include Azathioprine, Mycophenolate mofetil (MMF), Cyclosporine, 

Cyclophosphamide, Methotrexate and Tacrolimus [15]. In cases of myasthenic crisis, intravenous 

immunoglobulins (IVIG) and therapeutic plasma exchange (PLEX) offer a rapid response to the 

patients’ organism. MG treatment that includes immunosuppressants, such as azathioprine, entails 

long-term immunosuppression [17,18]. 

Monoclonal antibodies (mAbs) and fusion proteins have been employed as immunotherapy 

against a specific autoimmune component in the disease by different mechanisms of action (MOA). 

To date, there are more than 300 mAbs and fusion proteins assigned by World Health Organization’s 

(WHO) International Nonproprietary Names (INN) Program in the field of autoimmune diseases, of 

which 66 have been approved by the U.S. Food and Drug Administration (FDA) and/or European 

Medicines Agency (EMA). Eculizumab was the first mAb approved to treat MG with the initial study 

involving 14 patients indicating a significant improvement in patients daily activities and a 75% 

reduction of the frequency of exacerbation [19]. Eculizumab's effectiveness in preventing the 

formation of MAC was previously evaluated in patients with atypical hemolytic uremic syndrome 

(aHUS) [20] and paroxysmal nocturnal hemoglobinuria (PNH) [21] and was also effective in reducing 

relapse risk in neuromyelitis optica spectrum disorder (NMOSD) [22].  

Currently, IMGT®, the international ImMunoGeneTics information system® 

(http://www.imgt.org) [23], extends the characterization of therapeutic antibodies with the 

description of their mechanisms of action and makes them available through its database for mAbs 

and fusion proteins, IMGT/mAb-DB [24]. In this paper, we analyze fifteen mAbs and fusion proteins 

developed to treat Myasthenia Gravis and autoimmune diseases with auto-antibodies. The aim is to 

describe how monoclonal antibodies can be effective in MG, highlighting how engineered antibodies 

could potentially prevent pathogenic auto-antibodies from binding to the receptors and minimizing 

symptoms. 

2. Methods 

Literature searches were carried out to establish the mAbs targeting specific molecules towards 

MG treatment. The mAbs developed to treat MG have been retrieved in the “Clinical indication” field 

in IMGT/mAb-DB query page and were categorized by their target (C5, FCGRT, CD40, CD19, 

MS4A1, IL6-IL6R, CD38). The mAbs retrieved were studied extensively by a literature search and the 

MOA of each mAb (referred to by its INN) is described in this work. To synthesize each mAb’s MOA, 

scientific literature relevant to the target and the mAb was examined. For previously studied targets 

and antibodies with well-defined MOA, data were extracted from the literature and used to 

standardize the description of the MOA. For the unstudied antibodies, data from the literature were 

used to infer the description of the mAbs function in MG and other autoimmune diseases and a 

suggested MOA was derived, while the phrase “proposed by IMGT” is added in the MOA 

description. 

Each MOA description is accompanied by a standardized schematic depiction created with the 

AFFINITY Designer tool (Serif, RRID: SCR_016952, version 1.10.5.1342). Keywords to best describe 

the mechanism and the anticipated immune response are included along with the HGNC gene name 

for the target and its abbreviation. The AA sequences of each mAb were carefully examined using 

the IMGT/2Dstructure-DB and the IMGT/DomainGapAlign tool [25] for mutation identifications in 

the Fc region and their effects were included in the standardized description, according to IMGT 

engineered variants [26].  

3. Results 

3.1. Monoclonal antibodies for complement inhibition 

During the 1970s, Engel and his colleagues were the first to identify the role of the complement 

in the pathophysiology of MG by visualizing antibodies against AChR, C3 and MAC in the post-
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junctional membrane in patients with MG [27]. Subsequent important findings revealed a decrease 

in C3 and C4 levels along with an increase in terminal complement components (C5b-C9) in the sera 

of MG patients [28,29]. The significant role of the complement system in both innate and antibody-

mediated immunity in MG has been primarily demonstrated through experimental autoimmune 

Myasthenia Gravis (EAMG) animal models. These models have shown that administration of anti-

complement antibodies and inhibition of MAC formation can protect against the development of 

muscle weakness.  Additionally, complement inhibition in EAMG models has the potential to 

prevent disease induction and reverse its progression [30]. The proinflammatory and prothrombotic 

effects of C5a and C5b, including chemotaxis of inflammatory cells and MAC-mediated cell activation 

and lysis, are prevented by blocking terminal complement activation at the complement 5 (C5) point. 

The formation of MAC and/or the release of C5a from unregulated complement activity cause 

localized damage of the postsynaptic membrane of the NMJ, which makes terminal complement 

inhibition a potentially useful treatment approach for illnesses like MG [31]. Some mAbs for 

complement inhibition have been developed to treat different autoimmune diseases, comprising MG. 

IMGT/mAb-DB includes nine mAbs assigned by INN (Supplementary Table S1), two of them have 

been approved by FDA and/or EMA, namely eculizumab (SOLIRIS™, IMGT/mAb-DB ID: mAbID 

37) and ravulizumab (ULTOMIRIS™, mAbID 674) (Table 1). 

Eculizumab is a humanized IgG2-G4 – kappa antibody that targets complement 5 (C5), 

previously established as therapy for disorders like hemolytic uremic syndrome and paroxysmal 

nocturnal hemoglobinuria [32].  In 2017, eculizumab was approved to treat gMG in adult patients 

who are anti-acetylcholine receptor (AchR) antibody positive. Eculizumab targets and binds to C5 

and, once bound to its target, the mAb stops the progression of the complement cascade regardless 

of the stimuli. Additionally, stopping the cleavage of C5 efficiently blocks the production of potent 

proinflammatory molecule C5a and the cell lytic terminal complement complex (TCC). It is 

significant that the critical immunoprotective and immunoregulatory functions of the proximal 

components of complement are preserved by C5 blockade, as these upstream proteins of C5 are 

essential for microbial opsonization (they lead to C3b-mediated opsonization) and immune complex 

clearance [33]. The Fc region of eculizumab is a hybrid from IgG2 and IgG4 isotypes to reduce both 

complement activation and FcγR binding. By specifically targeting the C5 complement protein, the 

formation of C5b-9 or the membrane attack complex (MAC) is intercepted, preventing cell damage. 

Therefore, the antibody’s MOA is “Blocking-Complement inhibitor” (Figure 2). 
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Figure 2. Eculizumab mechanism of action. The human auto-antibodies bind antigen and allow C1q 

binding and classical complement cascade activation. This is followed by some cleavages to produce 

a C3 molecule that is cleaved to form C3a and C3b and cleave C5 into C5a and C5b. This allows further 

recruitment and activation of other complement components to form the membrane attack complex 

(MAC). The complement cascade is blocked by eculizumab as it targets the C5 molecule, inhibiting 

the production of molecules C5a and MAC. Eculizumab is an IgG2-IgG4 hybrid antibody to reduce 

complement-dependent cytotoxicity (CDC) and FcγR effector properties. Mechanism of action: 

Blocking. Effect: Complement inhibitor. (mAbID 37). 

Ravulizumab is a humanized IgG2-G4 hybrid antibody that also targets complement protein C5 

with a prolonged half-life due to mutations in the Fc region to enhance FcRn binding (G4v24 CH3 

L107, S114) [34].  Currently, a phase 3 randomized, double-blind, Placebo-Controlled Study to 

evaluate the safety and efficacy of ravulizumab in adult patients with gMG is ongoing 

(clinicaltrials.gov NCT03920293) [35]. 

A clinical trial to compare eculizumab versus ravulizumab in adult patients with PNH, showed 

that treatment every 8 weeks with ravulizumab was non inferior compared to every 2 weeks 

treatment with eculizumab for the primary end point (percentage change of LDH in PNH patients) 

and for additional secondary end points (transfusion avoidance (TA), breakthrough hemolysis 

(BTH), stabilized hemoglobin (HGB-S), and FACIT-Fatigue score) [36].  

Different mAb constructs have been developed to increase the treatment efficacy. Gefurulimab 

(mAbID 1253), a bispecific VH-VH mAb, that binds to C5 (to inhibit complement cascade) and 

albumin (to extend antibody half-life), is currently under clinical development for the treatment of 

gMG, along with dermatomyositis and proteinouria. A phase 3 clinical trial to evaluate the safety and 

efficacy of the mAb in patients with gMG is currently recruiting (ClinicalTrials.gov NCT05556096) 

and is estimated to be completed in 2027. Regarding MG, pozelimab, an IgG4 antibody anti-C5, is 
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currently recruiting for a phase 3 to examine the efficacy and safety in MG (ClinicalTrials.gov 

NCT05070858). This study examines a combination therapy of the mAb with Cemdisiran, an N-

acetylgalactosamine (GalNAc) conjugated RNA interference (RNAi) therapeutic. This C5 inhibitor 

has been evaluated for paroxysmal nocturnal hemoglobinuria (PNH), CD55-deficient protein-losing 

enteropathy and CHAPLE disease [37,38]. Other C5 inhibitors designed and studied for other 

diseases, may in the future be studied for possible therapeutic effects in MG patients. 

Table 1. Blocking mAbs targeting C5 molecule available in IMGT/mAb-DB investigated for the 

treatment of MG. 

INN mAbs 
Receptor 

Identification 

IMGT variants IMGT 

MOA 
Clinical Trials for MG 

eculizumab 
IgG2-G4- 

kappa 
- 

Blocking 

Complement 

Inhibitor 

Phase III (NCT03759366 | 

NCT02301624) | 

NCT01997229) |  

Phase II (NCT00727194 

Observational 

(NCT04202341) 

ravulizumab 
IgG2-G4- 

kappa 

G4v24 CH3 L107, 

S114 

Half-life extension 

Phase III (NCT05644561 | 

NCT03920293) 

Observational 

(NCT04202341) 

gefurulimab VH-VH’ - Phase III (NCT05556096) 

pozelimab IgG4 – kappa 

G4v5 h P10 

Half-IG exchange 

reduction 

Phase III (NCT05070858) 

* The mechanism of action is described in bold and its effects in italic. 

3.2. Monoclonal antibodies as FcRn antagonists 

Fc gamma (γ) receptors (FcγR) are members of a large family of proteins that now includes 

cytoplasmic glycoproteins, atypical intracellular receptors, and traditional membrane-bound surface 

receptors. The fragment crystallizable neonatal receptor (FcRn, FCGRT), one of the atypical FcγRs, 

binds albumin and IgG and it protects IgG from degradation by releasing it back to the serum and 

expanding IgG life cycle [39]. MG, as an antibody mediated disease, can be treated by eliminating the 

number of pathogenic IgG in the patients’ serum. Therefore, blocking this physiologic FcRn 

mechanism can be proven beneficial through the administration of mAbs that target FcRn, leading to 

increased antibody catabolism, reducing the levels of pathological auto-antibodies [40]. 

IMGT/mAb-DB includes one fusion protein, efgartigimod alfa (VYVGART™, mAbID 731), that 

has been approved in 2021 by FDA to treat gMG patients, and four mAbs (Table 2). Efgartigimod alfa 

is a humanized IgG1 Fc- fragment that targets and binds to the FcRn and outcompetes endogenous 

IgG binding, leading to increased IgG catabolism, resulting in a reduction in the available IgGs.  In 

addition, efgartigimod alfa has three mutations in the CH2 domain and two amino-acid changes in 

the CH3 domain (G1v96 CH2 Y15.1, T16, E18; CH3 K113, F114) to increase FCGRT (FcRn) binding 

(without pH dependency) and its half-life (Figure 3). 
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Figure 3. Efgartigimod alfa mechanism of action.  Auto-antibodies bind to FcRn to recycle them and 

keep them in the body. Efgartigimod alfa binds with high affinity to FcRn (G1v46 CH3 K113, F114) 

keeping FcRn occupied and neutralizing the antibody recycling. Thus, efgartigimod alfa leads to 

increased IgG catabolism, resulting in a reduction in the available IgG. The auto-antibodies could be 

destroyed and removed from the body. Mechanism: Neutralizing. Effect: FcRn inhibitor. (mAbID 

731). 

Besides efgartigimod alfa, there are four mAbs targeting FcRn included in IMGT/mAb-DB (Table 

2, Supplementary Table S1). Nipocalimab (mAbID 1020), a human aglycosylated mAb via one 

mutation in the CH2 domain (G1v29 A84.4) which prevents binding to FcyRs and reduces side effects, 

binds to FcRn with a picomolar affinity at both endosomal pH 6.0 and extracellular pH 7.6, permitting 

FcRn occupancy throughout the recycling pathway [41]. Rozanolixizumab (Rystiggo®, mAbID 642) 

has been recently approved by the FDA for subcutaneous infusion following the results of the 

MycarinG Phase 3 study (NCT03971422) and is the only FDA-approved treatment in adults for both 

anti-AChR and anti-MuSK antibody-positive gMG [42]. 

Table 2. Neutralizing mAbs targeting FCGRT available in IMGT/mAb-DB investigated for MG 

treatment. 

INN mAbs 

Receptor 

Identificatio

n 

IMGT variants 

IMGT MOA 
Clinical Trials 

for MG 

efgartigimod 

alfa 

IgG1 -Fc 

fragment 

G1v46 CH3 K113, F114 

increase FcRn binding 

Neutralizing 

FcRn inhibitor 

Phase III 

(NCT04980495) 

batoclimab IgG1 
G1v14 CH2 A1.3, A1.2 

ADCC and CDC reduction 

Phase III 

(NCT05403541) 

rozanolixizum

ab 
IgG4 - kappa 

G4v5 h P10 

Half-IG exchange reduction 

Phase III 

(NCT03971422 | 

NCT05681715 | 

NCT04124965) 
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nipocalimab 
IgG1 - 

lambda3 

G1v29 A84.4 

No N-glycosylation site 

ADCC reduction 

Phase III 

(NCT05265273 | 

NCT04951622) 

orilanolimab IgG4 - kappa 
G4v5 h P10 

Half-IG exchange reduction 

Phase I 

(discontinued) 

* The mechanism of action is described in bold and its effects in italic. 

3.3. Monoclonal antibodies for B cell depletion 

Immunosuppressants used in MG usually have a delayed positive effect on the disease and 

patients with refractory MG have been proven through studies to benefit from treatments like 

rituximab that may help in inducing a stable remission [43–47]. B cells play a key role in host defense 

by secreting antibodies, which are the components of the humoral adaptive immune system [48]. B-

cell-specific surface antigens MS4A1 and CD19 are used as targets in many autoimmune diseases 

(Supplementary Table S1), including MG, with MS4A1 surface molecule (aka CD20) being the most 

reliable marker of B lymphocytes and CD19 being expressed on a broader group of cells [49]. MS4A1 

is thought to function for B cell activation, proliferation and differentiation and is associated with a 

variety of B cell surface molecules [50–52]. It is expressed during B cell differentiation from pre-B cells 

to the stage of plasmablasts while CD19 molecule’s starts at the late pro-B cell stage (prior to the 

expression of MS4A1) and is maintained throughout B cell activation until differentiation into plasma 

cells, when CD19 expression is partially or completely lost [53].  

IMGT/mAb-DB includes five mAbs targeting MS4A1 and two mAbs targeting CD19 for 

autoimmune diseases, of which four and one respectively have been approved by FDA and/or EMA. 

Rituximab (MABTHERA®, RITUXAN®, mAbID 161) is a chimeric murine/human antibody binding 

to MS4A1, that depletes B cells by apoptosis and by indirect effects such as antibody-dependent 

cellular cytotoxicity (ADCC), CDC and antibody-dependent cellular phagocytosis (ADCP) (Figure 

4). Rituximab is one of the first mAb therapies explored for MG due to the role of B cells in the disease 

pathogenesis. Its MOA is blocking with an immunosuppressant effect and Fc-effector function to 

efficiently deplete B cells. It has been shown to be an effective treatment also for anti-MuSK MG 

patients [54].  Rituximab is mentioned as an option when conventional MG medicine fails or there 

is a patient intolerance towards them, according to the 2021 international consensus guidelines on 

MG [55]. Rituximab is also being used in other autoimmune diseases, including rheumatoid arthritis 

(RA) [56], multiple sclerosis (MS) [57] and neuromyelitis optica (NMO) [58], showing the significance 

of targeting MS4A1 and B cells. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 October 2023                   doi:10.20944/preprints202310.0185.v1

https://doi.org/10.20944/preprints202310.0185.v1


 9 

 

 

Figure 4. Rituximab mechanism of action. Rituximab targets and binds to MS4A1 expressed on the 

surface of B cells. Once bound to its target, rituximab induces apoptosis of CD20+ cells, resulting in 

depletion of B-cells. Rituximab is an IgG1-kappa antibody able to mediate complement-dependent 

cytotoxicity (CDC), antibody-dependent cellular cytotoxicity (ADCC) and antibody-dependent 

cellular phagocytosis (ADCP) against CD20+ B cells to completely deplete this population. 

Mechanism of action: Blocking. Effect: Immunosuppressant, Fc-effector function. (mAbID 161). 

Among the other four monoclonal antibodies (mAbs) directed against MS4A1 mentioned in 

IMGT/mAb-DB (found in the Supplementary Table S1), there exists only a single instance where a 

patient suffering from refractory AChR-MG exhibited a positive response to ofatumumab. The 

resemblance of ofatumumab's mechanism of action to that of rituximab, along with its heightened 

binding affinity for a distinct subtype of receptors, implies its potential effectiveness in managing 

MG as well [59,60] (Table 3). Nonetheless, it's worth emphasizing that none of these antibodies have 

been incorporated into clinical trials with a specific focus on MG. The implementation of such trials 

has the potential to yield valuable insights into the potential utility of these antibodies for MG 

treatment [59,61]. 

Anti-CD19 monoclonal antibodies have been tested in both anti-AChR and anti-MuSK 

antibodies positive patients. Inebilizumab (UPLIZNA®, mAbID 553), a humanized antibody that 

binds and depletes B-cell which express CD19 molecule [62] is in phase III clinical trial with 

approximately 270 participants and an estimation complete date by the end of 2024 (NCT04524273) 

[63]. Inebilizumab targets and binds to CD19 antigen, which is continuously and stably expressed on 

all stages of B lineage differentiation on the surface of B cell lymphocytes [53]. Once bound to CD19, 

inebilizumab depletes circulating CD19+ B cells, thus suppressing inflammatory responses and 

impairing B-cell-dependent T-cell activation. Inebilizumab is an IgG1-kappa afucosylated mAb with 

increased ability to bind to FcγRIIIa and it induces a strong ADCC for enhanced efficacy against 

plasma cells and auto-antibodies production (Figure 5). The MOA of inebilizumab is “Blocking - 

Immunosuppressant, Fc-effector function”. 

Anti-CD19 agents may have a promising future as the transmembrane protein CD19 is expressed 

on a vast majority of B cells, making it a potential good target for mAb mediated immunotherapy. A 
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comparison between inebilizumab and rituximab showed three key differences [64,65]. First, 

rituximab-mediated B-cell depletion involved both macrophages and complement, whereas 

inebilizumab-mediated B-cell depletion involved macrophages but not complement. Secondly, 

compared to rituximab, inebilizumab significantly reduced the number of B cells in the bone marrow. 

Third, the duration of cell depletion was greater following inebilizumab treatment compared to after 

rituximab treatment. Combining inebilizumab with rituximab treatment further sustained B-cell 

depletion, demonstrating the possibility of synergistic effects between the two B-cell-depleting 

treatments [64]. 

 

Figure 5. Inebilizumab mechanism of action. Inebilizumab targets and binds to CD19 antigen 

expressed in B cells. Once bound to its target, inebilizumab induces apoptosis of CD19+ cells, resulting 

in depletion of B-cells. Inebilizumab is an IgG1-kappa antibody able to mediate antibody-dependent 

cellular cytotoxicity (ADCC) and antibody-dependent cellular phagocytosis (ADCP) against CD19+ 

B cells to completely deplete this population, suppress inflammatory responses and impair B-cell-

dependent T-cell activation. Mechanism of action: Blocking. Effect: Immunosuppressant, Fc-effector 

function. (mAbID 553). 

Table 3. Blocking mAbs targeting MSA4A1 and CD19 available in IMGT/mAb-DB that have been 

investigated for the treatment of MG. 

Target INN mAbs 
Receptor 

Identification 
IMGT MOA 

Clinical Trials for 

MG 

MS4A1 
rituximab IgG1 – kappa Blocking 

Immunosuppressant

,  

Fc-effector function 

Phase III 

NCT05868837 | 

NCT05332587 

ofatumumab IgG1 - kappa - 

CD19 inebilizumab IgG1 – kappa 
Phase III 

NCT04524273 

* The mechanism of action is described in bold and its effects in italic. 
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3.4. Therapies directed to plasma cell 

A promising new option towards the treatment of the disease based on experimental studies are 

therapeutic agents that aim for the reduction of plasma cells that produce the pathogenic auto-

antibodies in patients with MG. In this way, the surface markers of the long-lived memory plasma 

cells may be an attractive therapeutic approach. CD38, a type II transmembrane glycoprotein that 

synthesizes and hydrolyzes cyclic adenosine 5'-diphosphate-ribose is expressed in Ig-secreting 

thymocytes and plasma cells and has multiple functions, including receptor mediated adhesion, 

signaling, and modulation of cyclase and hydrolase activity [66]. 

IMGT/mAb-DB contains six mAbs against CD38, two of which have been approved by FDA for 

cancer treatment, however, none reached the clinic yet in the field of autoimmune diseases 

(Supplementary Table S1). Daratumumab (DARZALEX™/DARZALEX FASPRO™, mAbID 301) is a 

humanized IgG1-kappa antibody that targets CD38 inducing apoptosis by dysregulating the CD38 

enzymatic function and indirectly through Fc mediated cross linking as well as by immune-mediated 

cell lysis through CDC, ADCC and ADCP. Thus its MOA is “Blocking - Fc-effector function - 

Immunosuppressant'' to deplete CD38-expressing cells (Figure 6). This drug has been approved as a 

therapeutic option for multiple myeloma and could be an alternative option in order to reduce the 

number of plasma cells in MG patients. A recent study for MG suggests that daratumumab may be a 

promising treatment for refractory auto-antibody-mediated neurological disorders [67]. Similarly, 

mezagitamab (mAbID 882) is in a phase II clinical trial was recently completed (clinicaltrials.gov 

NCT04159805), aimed to study if patients with generalized MG have side-effects when administered 

low or high doses of mezagitamab. 

Plasma cells are characterized by highly active immunoglobulin synthesis and, in these cells, 

accumulation of misfolded proteins and apoptosis result from the inhibition of the proteasome 

function [60]. In B-cell neoplasms this strategy has been proven to be effective as treatment and the 

proteasome inhibitor Bortezomib has been studied for MG as it depletes both short- and long-lived 

plasma cells [68,69]. 

 

Figure 6. Daratumumab mechanism of action. Daratumumab targets and binds to CD38 expressed in 

plasma cells. Once bound to its target, daratumumab induces apoptosis of CD38+ cells, resulting in 

depletion of plasma cells. Daratumumab is an IgG1-kappa antibody able to mediate complement-

dependent cytotoxicity (CDC), antibody-dependent cellular cytotoxicity (ADCC) and antibody-
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dependent cellular phagocytosis (ADCP) against CD38+ cells to completely deplete this population. 

Mechanism of action: Blocking. Effect: Immunosuppressant, Fc-effector function. (mAbID 301). 

3.5. Monoclonal antibodies to inactivate T cell functions 

Drugs that block T-cell activity or cytokines may be another effective therapy option for MG, as 

in this disease T cells induce B cell growth and differentiation into plasma cells. Plasma cell 

differentiation and development are induced by proinflammatory cytokines and chemokines, which 

are essential components in the pathophysiology of MG. CD40 cell surface receptor is expressed on 

all mature B cells but not on plasma cells  and is also expressed on dendritic cells, monocytes, 

endothelial and epithelial cells [70]. In addition, the CD40-ligand (CD40LG/CD154), a member of the 

TNF family, is also expressed more widely than activated CD4+ T cells only [71]. The association 

between CD40 and its ligand CD40LG in T cells encourages the release of cytokines, the dendritic 

cells’ activation and an overall increase in the immune response [72]. Disrupting this signaling 

pathway may potentially reduce the production of proinflammatory cytokines, T helper (TH) 

function and inhibit macrophage activation. 

IMGT/mAb-DB has fourteen mAbs assigned by INN against CD40, mostly for the oncology 

clinical domain with only three involved in immunology and one related to MG (Supplementary 

Table S1). Iscalimab (mAbID 799), a non-depleting anti-CD40 monoclonal antibody binds to CD40 

molecule and blocks CD40-CD40LG co-stimulatory pathway signaling, resulting in hindering 

humoral and cellular immune responses. Iscalimab is an IgG1-kappa aglycosylated antibody via one 

mutation in the CH2 domain (G1v29 CH2 A84.4) resulting in loss of FcγR binding ability, to prevent 

immune cells depletion. A phase II trials showed good results concerning the safety of iscalimab, 

however no improvement regarding patients with generalized AChR and MuSK antibody positive 

MG (clinicaltrials.gov NCT02565576). 

Interleukin 6 (IL6) is a pleiotropic cytokine playing an important role in the immune response 

by regulating cell proliferation and differentiation [73]. The IL6 receptor (IL6R) is a protein complex 

that consists of IL6 and a receptor subunit, interleukin 6 signal transducer (IL6ST/gp130), that is also 

shared by many other cytokines. IL6R binds to IL6 with low affinity and interaction with IL6ST leads 

to the regulation of the immune response, to hematopoiesis and to acute-phase reactions [74,75]. The 

receptor has two isoforms; the membrane-bound IL6R induces an anti-inflammatory “classic 

signaling” that is mostly regenerative and the soluble form of IL6R that acts as an agonist of IL6 

activity, binds to IL6ST on cell surfaces and induces a process called “trans-signaling”. The pro-

inflammatory characteristics of this interleukin are mediated by the soluble form of IL6R, which also 

plays a significant role in the development of chronic inflammatory disorders [76]. Dysregulated 

production of IL6 and IL6R has been suggested to contribute in the pathogenesis of many diseases, 

such as prostate cancer, multiple myeloma and autoimmune diseases [77].  

An anti-IL6 receptor antibody, tocilizumab (ACTEMRA®, RoACTEMRA®, mAbID 96) has been 

approved to treat several autoimmune diseases, such as rheumatoid arthritis [78], systemic juvenile 

idiopathic arthritis [79] and systemic sclerosis [80] by FDA and EMA. Tocilizumab targets and binds 

to IL-6R and blocks its binding to IL6, limiting signal activation and, therefore there is no regulation 

of the immune response, no acute-phase reactions and no hematopoiesis. The restricted expression 

of the IL6R limits classic IL6 signaling and trans-signaling, prohibiting anti-inflammatory and pro-

inflammatory responses respectively, as shown in Figure 7. Tocilizumab is an IgG1-kappa 

humanized mAb with ability to bind to FcγRIIIa and induce ADCC. Its mechanism of action is 

blocking with an immunosuppressant effect and Fc-effector function. Currently, there is an ongoing 

phase 3 clinical trial (clinicaltrials.gov NCT05716035) as an extension study for the participants who 

previously completed study tMG (clinicaltrials.gov NCT05067348) to evaluate the safety and efficacy 

of the mAb for gMG patients. 

Likewise, satralizumab (ENSPRYNG™, mAbID 586), an IgG2 antibody against IL6R with 

prolonged half-life, has been recently approved as a therapeutic option for neuromyelitis optica [81] 

and there is currently a phase III clinical trial for MG recruiting to evaluate the efficacy, safety and 

pharmacokinetics/pharmacodynamics in patients with generalized MG (clinicaltrials.gov 
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NCT04963270). Satralizumab presents the same mechanism as tocilizumab with limited FcγR binding 

due to its IgG2 subclass. 

 

Figure 7. Tocilizumab mechanism of action. Tocilizumab targets and binds to IL6R. Once bound to its 

target, tocilizumab inhibits IL6 from binding to IL6R, therefore classic and trans-signaling activation 

are limited through the Janus kinase (JAK) inhibitors, and prohibits anti-inflammatory 

(phosphoinositide-3-kinase (PI3K) and protein kinase B / PKB pathway) and pro-inflammatory 

responses (Signal Transducer And Activator Of Transcription 3-STAT3 and MAPK (mitogen-

activated protein kinase) pathway) respectively. Tocilizumab is an IgG1-kappa antibody that triggers 

antibody-dependent cellular cytotoxicity (ADCC). Mechanism of action: Blocking. Effect: 

Immunosuppressant, Fc-effector function. (mAbID 96). 

4. Discussion and Conclusions 

New biological agents have brought considerable changes in the treatment of Myasthenia 

Gravis. Monoclonal antibodies have been shown to successfully be used as treatments for a variety 

of diseases. A series of mAbs have been used for treating MG patients, such as rituximab, eculizumab, 

efgartigimod alfa and rozanolixizumab, that is the only FDA-approved treatment in adults for both 

anti-AChR and anti-MuSK antibody-positive gMG.  

Multiple new options have been discussed through numerous studies, as analyzed in this work, 

and there have been positive results for a few of these options in clinical trials, while there are still 

several studies and trials ongoing. New therapeutic targets include FcγR, C5 and molecules such as 

CD38, CD40, CD19 and interleukin-6 and IL-6 receptor. Efgartigimod alfa and rozanolixizumab act 

on the FcRn target, leading to increased IgG catabolism and have as a result a reduction in the 

available IgGs with a neutralizing MOA and FcRn inhibitor effect. Eculizumab binds uniquely to C5 

and prevents the enzymatic hydrolysis of the molecule to C5a and C5b with blocking MOA with a 

complement inhibitor effect, while rituximab targets MS4A1 and induces ADCC, CDC and apoptosis 

of CD20+ cells, resulting in depletion of B-cells and has a blocking MOA with immunosuppressant 

and Fc-effector effect. 

The changing paradigm in MG has a global impact and drugs that are currently administered or 

studied for other autoimmune diseases could prove to be beneficial in the case of MG as well. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 October 2023                   doi:10.20944/preprints202310.0185.v1

https://doi.org/10.20944/preprints202310.0185.v1


 14 

 

Emphasis is given on therapies that target B-cells, either directly or indirectly, as well as the 

complement, which plays a significant role in the disease. Much of the evidence for the importance 

or the complement in MG comes from animal models of experimental MG, that have shown that 

genetically deficient in the complement mice present resistibility or less susceptibility to experimental 

autoimmune MG (EAMG). The use of anti-complement antibodies has shown that it protects mice 

from developing typical symptoms, like muscle weakness [31,82].  

The introduction of mAbs has altered the field of therapeutic options not only in MG, but in 

many other autoimmune diseases. Conventional treatments are in the largest percentage of patients 

effective, but in the case of refractory MG, new options with biological agents are needed [20]. Novel 

therapeutics present many advantages but do have some limitations, such as limited safety data at 

the moment. It is important to consider the mechanism of action of each new mAb in association with 

the immunopathogenesis of each of the subtypes of MG (anti-AChR, anti-MuSK, anti-agrin, 

seronegative etc.) in order to integrate the new monoclonal antibodies as a viable and safe option in 

the therapy decision process. The high cost of some of these new treatment options is another point 

that needs evaluation, as cost-effectiveness need to be taken under consideration when developing 

novel biological agents [83]. 

Each mAb has a different target and different therapeutic effects. It is crucial to meticulously 

choose the most suitable mAb for each patient to ensure the best prognosis. In the future, mAbs that 

have been or are currently being investigated for other autoimmune diseases with auto-antibodies 

production, could also be explored as potential treatments for MG (Supplementary Table S1). MG 

treatment with various monoclonal antibodies has not yet been the subject of a comparative study 

but a network meta-analysis compares the efficiency and safety of different mAbs through 

randomized controlled trials [84]. Clinical studies are needed to compare the adverse effects and the 

efficacy of the different possible mAb treatments, as they are a promising emerging therapy. In the 

treatment of cancer, combination immunotherapies have been shown to have greater efficacy and 

durability [85]. 

Personalized treatment is a promising path for the future in order to provide patients with 

chronic autoimmune diseases a better quality of life with minimal risks, when it comes to treatment 

options. Enhancing our understanding of the disease itself and the intricate mechanisms underlying 

the effectiveness of new antigen-directed treatments is significant for the development of 

personalized treatment approaches. By delving deeper into the pathogenicity of MG, comprehensive 

guidelines could be created that address the full spectrum of the disease. These guidelines should 

provide healthcare professionals with detailed recommendations for diagnosis, treatment and 

disease management, tailored to the specific needs of each individual patient by ensuring that 

treatments address the underlying mechanisms involved. Advancing our knowledge of MG and the 

mechanisms of action of monoclonal antibodies is essential for catering to the unique needs of MG 

patients. By integrating a standardized description of the modes of action and effects of monoclonal 

antibodies in MG into IMGT/mAb-DB, IMGT® offers a more complete understanding of how these 

mAbs work. IMGT® continues standardized efforts to characterize the mechanisms of action of mAbs 

targeting various targets in autoimmune diseases, as it has done with targets in cancer treatment [24], 

and the goal is to cover the complete IMGT/mAb-DB. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. 
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Abbreviations 

AChEI acetylcholinesterase inhibitor 

AChR acetylcholine receptor 

ADCC antibody-dependent cytotoxicity 

ADCP antibody-dependent cellular phagocytosis 

aHUS atypical hemolytic uremic syndrome 

C5 complement 5 

CD19 cluster of differentiation 19 

CD38 cluster of differentiation 38 

CD40 cluster of differentiation 40 

CDC complement-dependent cytotoxicity 

EAMG experimental 

EMA European Medicines Agency 

EOMG early onset Myasthenia Gravis 

FcRn fragment crystallizable neonatal receptor 

FcγR Fc gamma (γ) receptors 

FDA U.S. Food and Drug Administration 

gMG generalized Myasthenia Gravis 

HGNC HUGO Gene Nomenclature Committee 

Ig immunoglobulin 

IL6 interleukin 6 

IL6ST interleukin 6 signal transducer 

IMGT® the international ImMunoGeneTics information system® 

INN international nonproprietary name 

LOMG late-onset myasthenia gravis 

LRP4 lipoprotein related protein 4 

mAbs monoclonal antibodies 

MAC membrane attack complex 

MG Myasthenia Gravis 

MOA mechanism of action 

MS multiple sclerosis 

MS4A1 Membrane Spanning 4-Domains A1 

MuSK muscle-specific kinase 

NMJ neuromuscular junction 

NMO neuromyelitis optica 
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NMOSD neuromyelitis  optica spectrum disorder 

PNH paroxysmal nocturnal hemoglobinuria 

RA rheumatoid arthritis 

TCC terminal complement complex 

WHO world health organization 

* MAbs studied for MG; ** The mechanism of action is described in bold and its effects in italic. *** 

Monoclonal antibodies with a MOA suggested by IMGT owing to a lack of scholarly papers giving 

proof of their pre-clinical effects. Their MOA may evolve as new data emerge. IMGT suggestion is 

based on i) the function of the mAb target in the cancerous environment and ii) the analysis of their 

Fc region, when possible. 
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