
Effect of complement and its regulation on myasthenia gravis 
pathogenesis

Linda L Kusner, PhD,
Department of Neurology & Psychiatry, Saint Louis University, 1438 South Grand Blvd, St Louis, 
MO 63104, USA, Tel.: +1 314 977 4849, Fax: +1 314 977 4876

Henry J Kaminski, MD†, and
Department of Neurology & Psychiatry, Saint Louis University, 1438 South Grand Blvd, St Louis, 
MO 63104, USA, Tel.: +1 314 977 4849, Fax: +1 314 977 4876

Jindrich Soltys, PhD, DVM
Department of Neurology & Psychiatry, Saint Louis University, 1438 South Grand Blvd, St Louis, 
MO 63104, USA, Tel.: +1 314 977, 4849 Fax: +1 314 977 4876

Linda L Kusner: lkusner@slu.edu; Henry J Kaminski: hkaminsk@slu.edu; Jindrich Soltys: jsoltys@slu.edu

Abstract

Myasthenia gravis (MG) is primarily caused by antibodies directed towards the skeletal muscle 

acetylcholine receptor, leading to muscle weakness. Although these antibodies may induce 

compromise of neuromuscular transmission by blocking acetylcholine receptor function or 

antigenic modulation, the predominant mechanism of injury to the neuromuscular junction is 

complement-mediated lysis of the postsynaptic membrane. The vast majority of data to support 

the role of complement derives from experimentally acquired MG (EAMG). In this article, we 

review studies that demonstrate the central role of complement in EAMG and MG pathogenesis 

along with the emerging role of complement in T- and B-cell function, as well as the potential for 

complement inhibitor-based therapy to treat human MG.
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Myasthenia gravis (MG) is a prototypic antibody-mediated autoimmune disease and among 

the few that strictly matches criteria defining autoimmunity [1–3]. Subclass antibodies 

directed against the acetylcholine receptor (AChR) have been identified that bind 
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complement and initiate the complement cascade producing a complement-mediated lysis of 

the neuromuscular junction [4]. In 1977, Engel appreciated the binding of complement 

components to the endplates of MG patients [5–7] and experimentally acquired MG 

(EAMG) animals [8]. Since then, the role of complement in the initiation, progression and 

susceptibility of the disease has been investigated as to the structural alterations of the 

neuromuscular junction and the systemic changes that occur to the immune system. This 

review focuses on the latest evidence of complement involvement in MG, which is 

overwhelmingly drawn from animal models of the disease.

Complement overview

Complement is important in both innate and adaptive immunity [9,10]. Activation of the 

complement system protects the host against invading pathogens by distinct mechanisms, 

which include cell lysis of pathogens, opsonization with complement fragments, chemotaxis 

of inflammatory cells and formation of the membrane attack complex (MAC) [11]. In the 

adaptive immune response, complement is the effector system for the primary and secondary 

antibody responses of B cells [12,13]. Complement activation is regulated by a series of 

approximately 30 plasma and membrane proteins participating in classical, alternative and 

lectin pathways (Figure 1). The classical pathway is activated by immune complexes 

containing antigen and IgM or complement-fixing IgG. The alternative pathway is activated 

by foreign pathogens and polymeric IgA [14,15]. The lectin pathway is initiated by binding 

of mannose-binding lectin to microbial pathogens and may involve IgA-containing immune 

complexes [16,17]. Although initiated differently, all three pathways converge at the 

cleavage of C3 by specific convertase enzymes followed by the generation of the MAC. The 

existence of a new activation pathway by which generation of C5a through a coagulation 

pathway involving thrombin in the absence of C3 has been proposed [18]. This leads to 

questions such as how much cross-talk may occur between complement and systems 

previously thought to work in parallel or in isolation.

Complement activity is modulated by regulatory proteins that prevent the cascade from 

progressing toward tissue damage as a result of inadvertent binding of activated complement 

components. In mice, the regulatory proteins, CD55 known as decay acceleration factor 

(DAF), and membrane inhibitor of reactive lysis (MIRL or CD59), are expressed on the 

skeletal muscle surface and concentrated at the neuromuscular junctions of most muscles 

[19,20]. Crry, the third cell surface regulator of complement, appears to be more active in 

the regulation of the alternative pathway. In humans, there are also three cell-associated 

regulators: DAF, CD59 and the membrane cofactor protein (MCP or CD46). Human DAF 

and CD59 behave similarly to their murine homologues, whereas the human MCP has 

activity similar to Crry [21]. DAF inhibits complement activation by accelerating the decay 

of C3 and C5 convertases [22]. CD59 prevents MAC formation at the junction by binding 

C8, which inhibits the attachment of C9 [23]. crry-knockout mice die in utero and, 

therefore, its role in mature animals has not been defined as well as the other regulators. 

There is emerging evidence that DAF and CD59 suppress T-cell activity where the absence 

of DAF or CD59 in mice was found to increase T-cell activation [24–26].
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Autoantibodies in MG

Close to 90% of MG patients have antibodies to the AChR, binding of these antibodies to 

the receptor results in the failure of skeletal muscle to respond appropriately to nerve 

stimulation owing to antibody-induced injury of the postsynaptic muscle surface. The 

antibodies are produced by autosensitized B cells by a T-cell-dependent mechanism and 

induce neuromuscular transmission compromise by blocking the AChR, antigenic 

modulation or complement-mediated injury [1,2]. The subject of this review has emphasized 

complement mechanisms, but it is likely that two other mechanisms may be important in 

patients:

• Antibody may bind to the AChR binding site for its ligand, acetylcholine, and 

although found at low concentrations, this antibody could be of clinical importance 

[27]. In EAMG, antibodies with such binding characteristics cause acute, severe 

weakness without evidence of damage to the junction [28].

• Antigenic modulation is the ability of an antibody to crosslink two antigen 

molecules, resulting in accelerated endocytosis and degradation of the AChR 

[29,30]. IgG from most MG patients has been shown to accelerate the degradation 

rate of the AChR in vivo and in cultured muscle cells [29].

Thus far in this review, MG has been referred to as if it were a homogenous disease; 

however, it is not. Subgroups can be defined based on clinical findings, autoantibody 

profiles and pathogenesis, and further subgroup definition is sure to occur with more 

detailed understanding of genetic predisposition and environmental triggers. From the 

phenotypic perspective, the Myasthenia Gravis Foundation of America Classification [31] 

defines patients based on severity of weakness with class 1 patients having manifestations 

restricted to the ocular muscles, so-called ocular myasthenia (OM). In OM patients, the 

concentration of antibodies is lower, or absent, compared with patients with generalized 

MG, which form classes 2–5 based on worsening levels of strength. Although absolute 

correlation of antibody concentration and severity of weakness is not present in an 

individual patient, there is a tendency of higher AChR antibody concentrates being 

associated with greater weakness [32,33].

The low titers of AChR antibodies support the clinical impression that the neuromuscular 

junctions of certain ocular muscles are more susceptible to autoantibody attack. The 

properties that may mediate this susceptibility include antibody targets, the immune 

response and the safety factor of the extraocular muscle (EOM) neuromuscular junctions. 

Recently, a relative lack of intrinsic complement regulator has been identified in EOM 

[34,35] and this may prove to be a major contributor to EOM susceptibility to MG.

Approximately 10% of MG patients with generalized weakness do not have AChR 

antibodies. These MG patients can be divided into two groups: those with antibodies to 

muscle-specific kinase (MuSK) [36] and those without AChR and MuSK antibodies [37]. 

MuSK is essential for AChR clustering at the developing neuromuscular junction and its 

deficiency may lead to the complete loss of junctional ultrastructure supporting its critical 

role at the nerve–muscle synapse [38]. Muscle biopsies from MG patients seropositive for 
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MuSK antibodies showed no decrease in AChR or evidence of antigen–antibody complex 

[39], although C3 is rarely detected at junctions of MuSK-positive patients [39,40]. MuSK 

antibodies have been identified as predominantly IgG4 and do not activate complement 

[39,40]. Animals immunized with MuSK epitopes demonstrate weakness and reduced 

AChR clustering [36,41–43].

Autoantibodies against other skeletal muscle proteins are detected among MG patients and 

are particularly common in the paraneoplastic form of MG induced by a thymoma. Titin and 

ryanodine receptor antibodies are present not only in thymoma-associated MG, but also in 

MG that develops in patients over the age of 50–60 years [44,45]. Antititin and 

antiryanodine receptor consist mostly of the IgG1 subtype that are capable of complement 

activation; however, the contribution of these autoantibodies to MG muscle dysfunction has 

not been fully elucidated [46].

Complement components & their roles in MG & EAMG

In human MG, the strongest evidence for complement as a pathogenic mechanism derives 

from identification of antibody, C3 and MAC deposition at neuromuscular junctions from 

MG patients [5–7]. Depletion of serum complement components, C3 and C4 is observed in 

patients, but their levels are not related to severity of weakness [47]. Terminal components 

of complements are found in sera of MG patients, but again there is a lack of correlation to 

the degree of weakness [48]. These observations, however, may not be surprising. The site 

of complement consumption – the neuromuscular junction – is square microns in area and 

even the summation of all these regions across all skeletal muscle is relatively small. 

Therefore, a reflection of significant complement consumption in the serum would not be 

expected. A clinical observation that plasma exchange, at times, leads to rapid, dramatic 

improvement also suggests that mechanisms that impair channel function may be significant 

in some MG patients. In summary, despite the overwhelming data discussed below 

regarding EAMG, the extent to which complement contributes to human disease needs to be 

delineated in greater detail.

A large body of evidence supports the activation of the classical pathway of complement as 

the major initiator of the post-synaptic membrane damage in EAMG (Figure 2). Animal 

models, which induce EAMG either by administration of AChR antibodies or immunization 

with purified AChR, support the hypothesis: complement drives pathology in mouse and rat 

EAMG [49,50]; agents that block, inhibit or deplete complement protect animals from 

EAMG [51–53]; mice with a genetic deficit in complement components are resistant or less 

susceptible to EAMG [54]; inability to activate complement is associated with many 

immunological factors (e.g., in IL-12-deficient mice) [55], antibody, C3, C9 and MAC are 

uniformly found at the junctions of EAMG animals; and mice deficient in cell surface 

regulators of complement are particularly susceptible to EAMG induced by administration 

of AChR antibodies [50,56,57]. The following sections discuss the function of individual 

complement components as they relate primarily to EAMG pathogenesis.

Kusner et al. Page 4

Expert Rev Clin Immunol. Author manuscript; available in PMC 2015 March 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



C1

A single-chain, membrane-bound glycoprotein initiates the classical complement cascade, 

mediates phagocytosis of C3b opsonized particles and regulates C3 and C5 activation [58]. 

C1q binds immune complexes and initiates the classical pathway by activating C1r and C1s 

thus forming the C1 complex (C1q, C1r and C1s). C1q activates production of IL-6 [59], 

and the forward loop allows the production of IL-6 to stimulate macrophages to produce 

C1q [60]. Increased gene transcript levels of IL-6 have been demonstrated in patients with 

MG [61] and knockout IL-6 mice are resistant to the disease [62]. Autoantibodies to C1q 

have been found in several autoimmune diseases. In EAMG mice, high levels of C1q 

antibody correlates with disease severity [63], although this was not observed in human 

patients. Administration of 10 μg of C1q antibody is associated with a reduction of 

complement deposits, decreased serum complement activity, and IL-6 production [64]. By 

contrast, 100 μg of C1q antibody results in an augmented response with increased anti-

AChR, elevations of C3 and IgG deposition, and greater weakness [64].

The soluble recombinant form of the human complement receptor 1 (sCR1) has been shown 

to reduce complement-mediated tissue damage in a wide range of human acute and chronic 

inflammatory diseases [65]. sCR1 has also been found to reduce weight loss and weakness 

in passively induced EAMG [52] through its action of binding C4b and C3b and 

accelerating the decay of C3 and C5 convertases.

C3

Direct evidence for the involvement of the classical complement pathway in EAMG derives 

from the identification of IgG, C3 and MAC deposition at the neuromuscular junctions of 

both EAMG animals and MG patients. Mice deficient in C3 and C4 are resistant to the 

disease [66]. Both mouse strains produce AChR antibodies, but their production is 

considerably reduced in the C3-deficient strain. Despite deposition of IgG at the junction, 

C3 and MAC are lacking and mice do not develop significant weakness. The investigations 

suggests that disease could be treated effectively by inhibiting C4, thus leaving the 

alternative complement pathway intact.

C5

Once the C5 component is cleaved, multiple pathways are activated. C5a, as a potent 

anaphylatoxin and chemotaxin, enhances cell migration and adhesion, and induces release of 

proinflammatory cytokines [67]. C5b initiates assembly of the C5b–C9 MAC. The influence 

of C5 on EAMG susceptibility was analyzed on C5-sufficient and C5-deficient mice, which 

were otherwise genetically identical [54]. Both strains had comparable levels of serum 

AChR antibody. C5-intact mice show a higher incidence of disease development, death and 

loss of AChR, while C5 deficiency prevented EAMG development. Therefore, C5 appears 

critical in EAMG pathogenesis, probably through activation of the terminal C5–C9 sequence 

required for neuromuscular junction destruction. Blocking of C5, which does not impair 

function of early activated complement components, emerges with the potential for 

significant therapeutic benefit [68].
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Membrane attack complex

Complement activation generates a number of biologically active products. These include 

anaphylactic peptides C3a and C5a, opsonic fragments C3b and C4b and the lytic MAC 

(C5b, C6, C7, C8 and C9). Any of these may contribute to the pathology of disease [69]. In 

murine and rat EAMG [49] produced by AChR antibody administration, activation of the 

terminal lytic complement complex (C5b–C9) is required for AChR destruction. The role of 

MAC was investigated by in vivo inhibition with anti-C6 Fab [51]. Administration of anti-

C6 Fab totally inhibited in vitro serum hemolytic activity but did not obstruct previously 

activated components. Rats showed improvement in passively acquired EAMG weakness. 

Treatment with lower amounts of anti-C6 Fab also attenuated the outcome of disease but did 

not prevent the AChR loss. Findings suggest that targeting MAC assembly with high-

affinity Fab fragments could be highly beneficial in MG.

Fcγ receptors & complement

Receptors for the Fc part of IgG can facilitate antigen presentation and activate effector 

mechanisms, such as antibody-dependent cellular cytotoxicity, phagocytosis and 

inflammatory mediators. Complement activation and C5a generation are fundamental for 

complexes to induce inflammation through Fcγ receptor signaling [70]. Evidence for the 

involvement of Fcγ receptors in EAMG pathogenesis have been studied in 

hypogammaglobulinemic RIIIS/J- and Fcγ RIII-knockout mice. Despite a significant B-cell 

deficiency, RIIIS/J mice have severe EAMG that is associated with increased lymph node 

cell counts, elevated anti-AChR antibodies, and C3- and C1q-conjugated circulating 

immune complexes. There is direct correlation between increased circulating immune 

complex levels and disease severity [71]. Deficiency in Fcγ RIII did not impair primary 

immune response to AChR but caused a reduction in serum levels of C1q and C3 circulating 

immune complexes. A decrease in IgG, C3 and MAC deposits at the junction correlated 

with resistance to EAMG [72]. An interaction between C5 and Fcγ has been proposed and 

this promises a therapeutic target for the treatment of inflammation and autoimmune 

diseases. A possible effect of an alternative pathway on amplification of the classical 

pathway could also be considered in future studies [73].

Complement regulatory proteins

Complement activation at the neuromuscular junction is the primary effector mechanism in 

MG pathogenesis. Based on identification of complement deposition at the neuromuscular 

junction and the expression of cell surface complement regulators on muscle fiber, the 

influence of complement regulators on MG severity could be expected [19,74].

Two groups have evaluated the role of CD59 and DAF in passive transfer EAMG, and both 

support that the loss of cell surface complement regulators is protective [50,56,57]. Wild-

type mice do not show significant weakness while mice deficient in DAF become 

significantly weak to moribund and have greater complement deposition and AChR loss at 

the neuromuscular junctions. CD59 deficiency triggered very mild disease in one study [57], 

whereas the other group did not identify significant differences in severity between CD59- 

and DAF-deficient mice [50]. The differences may have been related to specific 
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experimental conditions, such as AChR antibody doses to induce disease. By contrast, in 

both studies, mice deficient in both regulators developed a severe disease. In a study of 

active EAMG, CD59-deficient mice had decreased serum anti-AChR IgG1, IgG2b and 

complement levels. IL-2 production and recall responses to AChR were also reduced. The 

data challenge the current paradigm that CD59 is solely involved in MAC regulation, and 

suggest a role in antigen-driven T-cell and B-cell activation [75].

As mentioned previously, the EOM are particularly susceptible to MG [76], and murine 

EOM have been found to have low expression levels of the cell surface regulators compared 

with other skeletal muscles and when EAMG was induced [34,35]. Coupling studies that 

indicate that deficiency of complement regulators increase EAMG disease severity and that 

EOM has low levels of these regulators would suggest that EOM is susceptible to MG 

because of intrinsic low levels of local complement inhibition. Such a conceptualization is 

supported by observations of varying expression levels of regulatory proteins in parts of the 

nervous system affecting susceptibility to complement-mediated injury [77].

Complement & cytokine regulation

Both MG and EAMG are antibody mediated and T-cell dependent. Complement represents 

an important component of the innate response and may impact disease pathogenesis at 

various levels. It is not only identified as an instructor for the humoral immune response 

[78] but also plays a role in modulation of antigen presentation, T-cell activation and 

determination of the Th1/Th2 cell responses [10,79]. This intensive crosstalk between innate 

and adaptive immunity shapes the response, not only in MG but in many other autoimmune 

diseases [80].

Cytokines released by T-helper-cell subsets regulate humoral responses and are critical for 

the activation of AChR-specific T and B cells [81]. Studies of cytokine-deficient mice or 

treatments with peptides, antibodies and receptor antagonists provide considerable evidence 

for their role in EAMG pathogenesis. Both destructive and protective effects are described 

for a variety of cytokines.

Administration of anti-TNF-α antibodies results in a lower incidence of EAMG, and in 

delayed onset of disease and mild muscle weakness. Mild signs are accompanied by lower 

AChR-specific lymphocyte proliferation, downregulated IFN-γ, IL-10 and upregulated 

TGF-β. Anti-inflammatory treatment lowers the levels of complement-fixing antibodies 

(IgG, IgG2a and IgG2b) and decreases the affinity of anti-AChR IgG. Treatment with anti-

TNF-α antibodies can suppress the induction and development of EAMG [82]. Comparable 

results were obtained with experimental treatment with human recombinant IL-1 receptor 

antagonist (IL-1ra). IL-1ra treatment during ongoing EAMG reduced symptoms of disease 

[83]. IL-1ra-mediated suppression results in suppression of IFN-γ, TNF-α, IL-1β, IL-2, IL-6, 

C3 and anti-AChR IgG1 [83].

IL-6-deficient mice are resistant to development of EAMG-induced weakness [62] and show 

significant reduction in anti-AChR antibodies (IgG, IgG2b and IgG2c) and germinal center 

formation. Decreased antigen-specific proliferative responses, suppressed levels of IFN-γ, 

IL-10 and serum complement C3 are also observed. By contrast, IL-4 has a protective 
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function in EAMG [84]. B6 mice genetically deficient in IL-4 develop long-lasting muscle 

weakness after a single immunization with non-murine AChR, while wild-type mice require 

repeated immunization. Mice develop chronic self-reactive antibodies and their CD4+ T 

cells respond not only to the AChR for immunization, but also to mouse AChR-subunit 

peptides. Regulatory mechanisms that involve IL-4 appear to prevent the development of a 

chronic autoimmune response.

Possible role for complement in MG thymus

The initial trigger of MG is not known, but extensive literature points towards the thymus as 

a site of disease initiation given its central role in immune tolerance [85,86] The mechanism 

for autosensitization of the helper T cells appears to fall to binding of antibody to the AChR 

expressed myoid and epithelial cells followed by complement-mediated lysis of the myoid 

cells with subsequent generation of germinal centers [87]. Early-onset MG patients 

demonstrate evidence of complement activation in thymus with C1q, C3b and C9 

deposition. An absence of cell surface regulators of complement on myoid and epithelial 

cells appears to be a further contributor to susceptibility to antibody attack [87]. MuSK 

antibody-specific MG patients showed fewer germinal centers in the thymus, however, 

demonstrated similar numbers of cellular infiltrates, suggesting that similar complement-

related mechanisms could be active in this subgroup of patients [85]. However, the 

complement-mediated lysis of the myoid cells would not be expected in the MuSK-positive 

patients with the noncomplement binding IgG4 subclass antibodies.

Therapeutic approaches to MG by regulation of complement

Complement inhibitor-based therapeutics are now coming into clinical use [88]. As alluded 

to previously, EAMG has been inhibited by administration of complement inhibitors [50–

52,68]. Administration of anti-C1q [64], anti-C6 [51] or sCR1 have been shown to protect 

rats against EAMG. Administration of an antimouse C5 monoclonal antibody protected 

CD59-deficient mice from passive EAMG in the absence of CD59, the complement 

regulator that protects self-cells against endogenous C5b-mediated injury [50]. Anti-C5 

antibody also is protective in passive EAMG of rats [68].

Expert commentary

Complement activation generates a number of biologically active products. These include 

anaphylactic peptides C3a and C5a, opsonic fragments C3b and C4b and the lytic MAC. 

Activation and regulation of complement consist of a complex set of reactions and feedback 

check points where any of the components may contribute to the MG pathology. The pattern 

of complement deposition at the junction is a hallmark of ultrastructural destruction. 

Efficient therapy that focuses on complement-mediated destruction is still years away owing 

to the intricate effects that complement has in both the innate and adaptive immune system. 

Treatment must act to deter the complement deposition without harm or extensive 

manipulation to the adaptive immune system.
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Five-year view

There can be little argument that the primary means by which AChR antibodies produce 

neuromuscular transmission compromise in EAMG is through their activation of 

complement, and it is likely that human MG complement-mediated injury is also a 

significant contributor to disease pathology. The authors foresee three major paths of 

investigation: pilot clinical trials of complement inhibitors in MG; refinement of 

complement inhibitors for various autoimmune disorders, including MG, as the best-defined 

antibody-mediated disease; and characterization of complement in adaptive immunity.

Clinical trials

At present, eculizumab is the only complement inhibitor approved for use in humans and its 

only indication is paroxysmal nocturnal hemoglobinuria [88]. Given the promise of 

complement inhibition shown in EAMG, it is likely that clinicians and industry will 

organize themselves to evaluate efficacy and safety of exulizumab for MG. The challenge 

will be how to design a trial. Animal studies would suggest that patients with severe disease 

would be most likely to benefit; however, such patients must receive the standard-of-care 

therapies of plasma exchange or intravenous immunoglobulin coupled with corticosteroids. 

It is hard to imagine that add-on therapy with a complement inhibitor would clearly 

demonstrate a difference to placebo. Choosing to evaluate patients with milder disease for 

short term could be a more fruitful approach as a proof of concept. If long-term complement 

inhibition will be considered, then safety issues will be of significant concern.

Improvement of complement inhibitors

The treatment of MG may take two paths. In the past few years, there has been an 

appreciation for the role of complement inhibitors in the autoimmune diseases, and several 

groups have reported beneficial results of complement inhibitors in reducing severity of 

EAMG [64,68,89]. Certainly, the ability for these reagents to treat MG will rely on the 

overall effect that these may have on the systemic immune system. The significance to the 

field of MG may change the focus of the therapeutic agents that have been suggested for 

intervention.

Of particular importance is a recent study that defined the ability of IgG4 to exchange Fab 

arms with other IgG classes [90]. In a monkey model of EAMG, the exchange of Fab arms 

between the IgG1, complement-fixing subclass, with the poorly complement-fixing IgG4 

class led to moderation of disease severity [90]. The preliminary result of the IgG4 effect is 

interesting since a shift of AChR antibodies to an IgG4 subtype could lead to moderation of 

disease and serve as a therapeutic modality.

Complement & adaptive immunity

Thus far not investigated in EAMG or MG is increasing evidence that complement 

components and the complement regulatory proteins function in modulating T-cell activity 

[26]. Engineered deficiency of cell surface-complement inhibitors enhance T-cell 

responsiveness and secretion of certain cytokines. Given the enthusiasm that this review has 

reflected in complement inhibition for EAMG and by extension for MG, it will be important 
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to define how modulation of complement activity will influence the primary autoimmune 

disease. The critical question will be assuring that systemic complement inhibition does not 

inadvertently activate the underlying autoimmune disease.
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Key issues

• Myasthenia gravis (MG) is a chronic, autoimmune disease caused by antibodies 

directed primarily against the acetylcholine receptor at the neuromuscular 

junction. Immunosuppression and immunomodulation are effective but poorly 

tolerated treatments.

• A plethora of data supports that complement serves as the primary effector of 

damage to the neuromuscular junction in experimental models of MG. Evidence 

is not as strong in human MG, and blockade of receptor function may also 

occur.

• Approximately a third of patients without acetylcholine receptor antibodies have 

antibodies directed against the muscle-specific kinase concentrated at the 

neuromuscular junction. These antibodies appear to be pathogenic but present 

information does not indicate that they activate complement.

• Preclinical studies indicate that complement inhibitors are effective in 

moderating the severity of experimental MG in rodents. The availability of 

inhibitors of complement for human use offers the possibility of a new class of 

agents for treatment of MG.
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Figure 1. Complement regulation and activation
Complement activation can be initiated via three pathways: classical, alternative and lectin. 

The classical pathway is initiated by antigen–antibody complex. The complex binds to its 

recognition molecule C1q and triggers the serine proteases C1r and C1s. C1s activates C2 

and C4 leading to the formation of C4b2a complex. C4b2a or convertase cleaves C3 to C3b 

to form the C5 convertase (C3bC4bC2a). Breaking of C5 into C5a anaphylatoxin and the 

C6-binding fragment C5b represent the last step in the cascade. Activation of the lectin 

pathway is initiated by recognition of MBL and ficolins that recognize mannose on bacteria. 

The alternative pathway is initiated by polysaccharides on microbial surfaces. The 

remaining cascade is similar for all three pathways. C5 is activated and the subsequent 

binding of C5b to C6, C7, C8 and C9 forms the membrane attack complex. All pathways are 

controlled by soluble (C1 inhibitor, C4bp, factor H, vitronectin and clasterin) and cell 

membrane-bound (CR1, DAF, MCP and CD59) proteins.

MAC: Membrane attack complex; MASP: MBL-associated serine protease; MBL: 

Mannose-binding lectin.
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Figure 2. Complement deposition at the neuromuscular junction
(A) Complement at the endplate begins with the binding of the antibody to the antigen on 

the cell surface. (B) Demonstrates the binding of IgG to the cell surface at the endplate that 

is marked by Texas red-bungarotoxin. (C & D) The initiation of the complement cascade 

occurs and allows for C3 to localize to the endplate. (E & F) The end product for the 

complement cascade is the deposition of the MAC, as demonstrated by C9 staining. (G) The 

hallmark feature of myasthenia gravis is the destruction of the endplate as shown as at the 

level of electron microscopy.

MAC: Membrane attack complex.
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