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Abstract
Objective—Complement mediated injury of the neuromuscular junction is considered a primary
disease mechanism in human myasthenia gravis and animal models of experimentally acquired
myasthenia gravis (EAMG). We utilized active and passive models of EAMG to investigate the
efficacy of a novel C5 complement inhibitor rEV576, recombinantly produced protein derived
from tick saliva, in moderating disease severity.

Methods—Standardized disease severity assessment, serum complement hemolytic activity,
serum cytotoxicity, acetylcholine receptor (AChR) antibody concentration, IgG subclassification,
and C9 deposition at the neuromuscular junction were used to assess the effect of complement
inhibition on EAMG induced by administration of AChR antibody or immunization with purified
AChR.

Results—Administration of rEV576 in passive transfer EAMG limited disease severity as
evidenced by 100% survival rate and a low disease severity score. In active EAMG, rats with
severe and mild EAMG were protected from worsening of disease and had limited weight loss.
Serum complement activity (CH50) in severe and mild EAMG was reduced to undetectable levels
during treatment, and C9 deposition at the neuromuscular junction was reduced. Treatment with
rEV576 resulted in reduction of toxicity of serum from severe and mild EAMG rats. Levels of
total AChR IgG, and IgG2a antibodies were similar, but unexpectedly, the concentration of
complement fixing IgG1 antibodies was lower in a group of rEV576-treated animals, suggesting
an effect of rEV576 on cellular immunity.

Interpretation—Inhibition of complement significantly reduced weakness in two models of
EAMG. C5 inhibition could prove to be of significant therapeutic value in human myasthenia
gravis.

Myasthenia gravis (MG) is a neuromuscular transmission disease caused primarily by
acetylcholine receptor (AChR) autoantibodies,1,2 and several lines of evidence indicate that
the fixation of complement at the neuromuscular junction (NMJ) is an important factor in
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determining disease severity.3 C3 activation fragments and the membrane attack complex
are detected at the NMJ of patients with MG, depletion of serum C3 and C4 is appreciated in
some patients, and terminal complement components are found in patient sera.4 – 6 In
humans, antigenic modulation and direct blockade of the AChR also likely contribute to MG
pathology, but their relative significance is not known.7,8

Complement is paramount in driving disease pathology in both models of the experimentally
acquired myasthenia gravis (EAMG), whether produced by administration of AChR
antibodies or through immunization with purified AChR. With rare exception,9 passive
transfer EAMG is induced only by complement-fixing antibodies, and complement
depletion by cobra venom factor eliminates NMJ injury and weakness.10 Antibodies directed
toward C511 and soluble complement receptor (sCR1)12 are protective in EAMG produced
by AChR antibody administration. C5-deficient mice13 or anti-C6 Fab antibody–treated
EAMG rats14 are more resistant and develop less severe disease, whereas an absence of cell
surface regulators of complement leads to significantly greater disease with EAMG induced
by AChR antibodies.15–17

The inhibition of complement as a therapeutic approach is beginning to be applied to human
disorders. Pexelizumab, a monoclonal antibody directed against C5, has demonstrated short-
term safety and efficacy in humans in myocardial infarction,18 coronary artery bypass graft
surgery,19 and lung transplantation.20 A phase 3 trial of eculizumab, a single-chain fragment
of anti-C5, in treatment of paroxysmal nocturnal hemoglobinuria21 demonstrated significant
clinical benefits with minimal adverse effects. MG would be expected to respond well to
complement inhibition especially in acute exacerbations when complement-mediated NMJ
injury is expected to be maximal.

rEV576 is a novel complement inhibitor, which appears ideally suited for consideration as a
therapeutic agent. It is a 17kDa protein22 identified from the saliva of the tick Ornithodoros
moubata and belongs to the lipocalin family of proteins, which inhibit inflammatory
mediators.23 Because the agent is derived from ticks that apply themselves to mammalian
species for weeks without inducing a reaction, there is an expectation that rEV576 will have
limited adverse effects in humans. The compound is not known to cause allergic reactions or
to have effects beyond those related to complement inactivation.24 rEV576 specifically
targets the C5 activation step and has been shown to inhibit both the classic and the
alternative pathways, and act specifically at the C5 step of complement activation.25 The
simplest explanation for the activity of rEV576 is direct binding to C5 that prevents
interaction with the C5 convertase rather than by blocking the C5a cleavage site.26

In this study, the active and passive models of EAMG were used to investigate the
therapeutic activity of rEV576. Rats treated with rEV576 demonstrated dramatic
improvements in weakness, recovery from weight loss, and reduced C9 deposition at the
NMJ. The findings suggest that this novel complement inhibitor could prove to be an
effective treatment in human MG.

Materials and Methods
Animals

Six- to 10-week-old female Lewis rats (Harlan, Indianapolis, IN) were used and maintained
in the Case Western Reserve University animal facility. Animals were housed in isolator
cages in a pathogen-free environment, and autoclaved rodent chow and water (Clintech
Nutrition, Deerfield, IL) were provided ad libitum. All studies were conducted according to
approved protocol by the Case Western Reserve University Institutional Animal Care and
Use Committee.
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Induction of Experimentally Acquired Myasthenia Gravis and Treatment Protocol
EAMG was passively induced using rat anti–mouse muscle AChR McAb-3 antibody (gift
from Vanda Lennon, Mayo Clinic, Rochester, MN).27 AChR was purified from the electric
organs of Torpedo californica (Pacific Biomarine, Venice, CA) by affinity chromatography.
28 The purified AChR was used to induce EAMG and as antigen for in vitro testing. rEV576
was prepared and provided as a gift from Evolutec (Reading, United Kingdom).

In passive EAMG, McAb-3 (1 μg/gm) was administered intraperitoneally (IP) 2 hours after
initial treatment with complement inhibitor (3mg/rat IP). After the initial dose, rats were
injected with three consecutive doses of rEV576 (1mg every 12 hours). Serum complement
activity CH50 was measured on days 2 and 5 of the experiment. In a dose-effectiveness
study, 16 animals were divided into 4 groups and received single doses of rEV576 (0.1, 1.0,
10mg, and phosphate-buffered saline [PBS] only) 2 hours before administration of AChR
(McAb-3) antibody.

For active EAMG, two independent experiments were performed. In each, 24 rats were
immunized subcutaneously at the base of the tail with 40 μg purified AChR emulsified in
Complete Freund’s adjuvant (CFA; Sigma, St. Louis, MO) mixed with 10mg of
Mycobacterium tuberculosis (10mg in 1 ml CFA, strain H37 RA; Difco, Detroit, MI). Based
on behavioral assessments (weight loss, grip strength, disease severity scale), rats were
divided at day 32 in groups with severe (S-EAMG) and mild (M-EAMG) disease. Half of
the animals in each group were treated IP with 1mg rEV576 for 10 days in 12-hour intervals
(days 32–42). As another comparison group, control groups of 12 animals were immunized
with CFA only or M. tuberculosis in CFA using the same protocol. Complement activity
(CH50) was measured at days 0, 14, and 28, and at the end of treatment.

Animal Assessment
Rats were evaluated in a blinded fashion using weight, disease severity classification, and
quantitative strength measurements. For passive EAMG, rats were assessed twice daily at
12-hour intervals. In active EAMG, rats were examined twice weekly and then daily as
weakness became evident. A generally accepted disease severity scale was used: 0 = can
grip and lift lid of a cage; 1 = can grip but cannot lift the lid of a cage; 2 = unable to grip
cage lid; 3 = unable to grip and has hind-limb paralysis; and 4 = moribund.12 A grip strength
meter (Columbus Instruments, Columbus, OH) was used to assess forelimb strength.
Measurement was performed with digital force gauge (Ametek, Largo, FL), which assesses
the peak force by which an animal can grasp a grid pull bar. Before the measurement, each
rat was exercised with three to five paw grips; then five grips were registered by the grip
strength meter. Mean grip strength in grams for each rat was used for analysis.

CH50: Whole-Complement Hemolytic Assay
Serum complement activity was assessed by CH50 assay according to the manufacturer’s
protocol (Sigma).29 One hundred microliters rat serum as a source of complement was
diluted 1:200 in gelatin Veronal Buffer (Sigma, St. Louis, MO) and 100 μl of 2 × 108

sensitized sheep erythrocytes was mixed on ice, and the whole reaction was performed at
37°C. At the end of incubation time (60 minutes), sheep red blood cells were removed by
centrifugation (700 rpm for 5 minutes) and complement hemolysis was measured at 412nm
(Spectra MAX 340; Molecular Devices, Sunnyvale, CA). Serum complement activity was
examined at times described in the treatment protocol.

Immunoglobulin G Subclasses
IgG subclasses (IgG, IgG1, IgG2a, IgG2b) antibody levels were determined by enzyme-
linked immunosorbent assay (ELISA) in actively induced EAMG. Plates (96-well,
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Immulon; Fisher Scientific, Pittsburgh, PA) were coated with 100 μl/well goat anti–rat
capture antibodies at 4°C overnight, then blocked at 37°C for 1 hour with 200 μl PBS Tween
20 (Sigma). Rat serum samples at dilution 1:200 were added (100 μl/well) and incubated at
37°C for 1 hour. Washed plates were incubated at 37°C for 45 minutes with horseradish
peroxidase–conjugated secondary antibodies (goat anti–rat IgG, IgG1, IgG2a, IgG2b; Bethyl
Laboratories, Montgomery, TX) diluted at 1:5,000. Colorimetric reaction was developed by
incubating 15 to 30 minutes at room temperature with 3,3′5,5′-tetramethylbenzidine (TMB)
substrate (Sigma) and stopped with 2M H2SO4. All quantitative standards, samples, or
controls were analyzed in triplicate at 450nm (Spectra MAX 340; Molecular Devices). Total
IgG, IgG1, IgG2a, and IgG2b concentrations were determined using standard curves, as
described in manufacturer’s protocol. The sensitivity of ELISA is in the range of 1.9 to
10,000ng/ml. Samples were diluted to fall within the standard curve range.

Acetylcholine Receptor Antibodies
Sandwich ELISA was used for the detection of AChR antibodies. Serum levels of AChR
antibodies were examined 2 and 4 weeks after immunization, and at the end of the
experiment. Ninety-six-well plates (Immulon; Fisher Scientific) were coated with 10 μg/ml
purified AChR at 4°C overnight and blocked for 2 hours at room temperature with 200 μl
PBS Tween 20 (Sigma). Rat serum samples at dilution 1:200 were added (100 μl/well) and
incubated at room temperature for 90 minutes. Washed plates were incubated for another 90
minutes with goat anti–rat IgG peroxidase conjugate (Jackson ImmunoResearch, West
Grove, PA). The color reaction was developed with peroxidase substrate (Sigma). Reaction
was stopped and analyzed. The sensitivity of AChR ELISA was 3 to 80 μg/ml.

Cytotoxicity Assay for Experimentally Acquired Myasthenia Gravis Serum
The Toxilight BioAssay Kit (Cambrex, Rockland, ME) for measuring the release of
adenylate kinase from injured cells was used to measure the toxicity of rat serum on the
human rhabdomyosarcoma cell line (CCL-136; ATCC, Manassas, VA). RD cells that
express AChR30 were cultured in 96-well plates to near confluence, washed twice with
Dulbecco’s minimum essential medium (Hyclone, Logan, UT), and incubated in four
dilutions (1:2, 1:4, 1:8, and 1:16) for 1 hour at 37°C. Cells were incubated for 15 minutes
with 100 μl adenylate detection reagent, and toxicity was measured on Tecan Infinity M200
(TECAN, Salzburg, Austria). Serum samples from each animal were examined in triplicates,
and results shown are calculated in relative luminescent unit.

C9 Deposition at the Neuromuscular Junction
For analysis of C9 deposition at the NMJ, 10 μm cryosections of rat diaphragms were
mounted on Superfrost Plus treated slides (Fisher Scientific). Diaphragms were collected on
the last day of the 10-day treatment phase, at which time experimental and control animals
were killed. Sections were washed with PBS and blocked for 45 minutes with 1.5% goat
serum (Vector Laboratories, Burlingame, CA), stained for 1 hour with rabbit anti–rat C9
(gift of M. Edward Medof). After washing, a secondary biotinylated anti-rabbit antibody
(Vector Laboratories) diluted at 1:400 (30 minutes) was applied. Slides were washed and
stained with (5-[4,6-dichlorotriazin-2-ylamino-fluorescein[DTAF] conjugated streptavidin
(Jackson ImmunoResearch Laboratories) and Texas Red–labeled bungarotoxin (1:500;
Molecular Probes, Eugene, OR) to identify the NMJ. The sections were viewed with
Olympus BX50 microscope (Olympus, Center Valley, PA), and digital images were
captured with a Spot RT camera (Diagnostic Instruments, Sterling Heights, MI) and
analyzed with Image Pro software (Media Cybernetics, Silver Springs, MD). Pixel density
measurements were used to quantitate C9 immunoreactivity. A total of 393 NMJs were
analyzed in each group. The data were sorted by increasing pixel densities, and total number
of NMJs with C9 immunofluorescence intensities was plotted in graph.

Soltys et al. Page 4

Ann Neurol. Author manuscript; available in PMC 2011 February 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Statistical Analysis
The data were analyzed and tested for statistical significance using paired t tests, and
analysis of variance was applied where more than two groups were compared. Results were
considered significantly different when p < 0.05. C9 deposition and pixel densities were
analyzed by analysis of variance and Bonferroni posttest analysis.

Results
rEV576 Is Protective from Passively Induced Experimentally Acquired Myasthenia Gravis
in a Dose-Dependent Fashion

In the first set of experiments, we assessed the prophylactic effect of rEV576 in passive
EAMG (Fig 1). Treated rats had a 100% survival rate compared with the 66% survival rate
of untreated rats (p < 0.003 at day 2). Complement inhibitor–treated rats showed mild
weakness with a low disease severity score, whereas all surviving untreated rats developed
severe weakness at 24 and 36 hours after EAMG induction (p < 0.0015, except days 0 and
4). After the rEV576 administration, serum complement activity was reduced to
undetectable levels and remained so during the first 48 hours of the experiment (p < 0.0005).
Serum complement activity was undetectable during treatment and rebounded within 24
hours after the last rEV576 administration (p < 0.10).

We next evaluated the effect of rEV576 dose on weakness and survival (Fig 2) using
escalating single doses (0.1, 1.0, and 10mg). Severity of disease evaluated by the severity
score and weight loss demonstrated the greatest protective effect with a single 10mg dose of
rEV576. However, lower doses of rEV576 were also effective in limiting severity of EAMG
(p < 0.01). Disease clinical scores (days 1, 2, and 3) and weight loss (day 2) were
significantly different between treated (EAMG + rEV576; p < 0.001) and untreated groups
(EAMG only).

rEV576 Moderates Severity of Active Experimentally Acquired Myasthenia Gravis
Rats with active EAMG developed weakness by week 4 after AChR immunization. Animals
showed signs of either S-EAMG with disease severity score of 2 or greater or M-EAMG
with disease severity score of 0 to 1, which allowed assessment of the effect of complement
inhibition based on disease severity. Treatment of S-EAMG and M-EAMG rats started
within 24 hours of identification of weakness with rEV576 for 10 days. In the first active
EAMG experiment, S-EAMG rats all had a disease severity score of 2 and had no difference
in grip strength on the day of treatment initiation. However, all the untreated rats required
euthanasia within 48 hours of initiation of the treatment portion of the experiment, whereas
rEV576 prevented the need for euthanasia (Table). Treatment led to improvement in severity
score but not in grip strength from baseline. rEV576 reversed weight loss in the M-EAMG
group. All M-EAMG rats had a clinical score of 1 and comparable grip strength (M-EAMG:
489.20 ± 17.35; M-EAMG + rEV576: 494.66 ± 22.76). A second EAMG experiment
confirmed the results of the first. None of S-EAMG rats required euthanasia, but the effect
of complement inhibition on weight loss and weakness (Fig 3; see the Table) was similar to
the first experiment. Untreated S-EAMG rats continued to lose weight (>10%) and grip
strength (>25%) by weeks 5 and 6. Rats treated with rEV576 showed significant
improvement in disease severity (p < 0.0125). Treatment with M-EAMG was also
beneficial. Complement inhibitor–treated rats gained 3.4% of weight, whereas the untreated
animals with identical disease severity scores lost an average of 4.6% over the same time,
but no significant change occurred in grip strength. In both experiments, the most dramatic
differences were found in the S-EAMG group.
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Serum Complement Activity
Complement activity in active EAMG rats was tested in vitro before, and after, the
immunization with AChR. We did not detect significant differences in complement activity
among experimental groups at days 0 or 2 and 4 weeks after immunization. Serum
complement activity was similar in both S-EAMG and M-EAMG. Administration of
complement inhibitor (rEV576) for 10 days at 12-hour intervals resulted in undetectable
serum complement activity using the CH50 assay (p < 0.001, data not shown). Similarly,
complement activity was undetectable at day 5 of treatment and immediately at the end of
treatment (p < 0.001, data not shown).

Acetylcholine Receptor Antibody and Immunoglobulin G Subclass Levels
The levels of specific anti-AChR antibodies in serum were measured before the AChR
immunization, on days 14 and 28 after immunization, and at the end of treatment phase (day
42), and there were no differences between S-EAMG and M-EAMG or treated and untreated
rats. Ten days of treatment with rEV576 did not affect the AChR antibodies levels in (S-
EAMG: 63.504 ± 18.342 μg/ml; S-EAMG + rEV576: 56.758 ± 14.343 μg/ml). The levels of
total IgG, IgG2a, and IgG2b (p < 0.057) were comparable among all tested groups. However,
M-EAMG–treated rats showed a difference in the IgG1 (p < 0.007) complement-fixing
antibody (Fig 4), suggesting an effect of complement inhibition or rEV576 specifically on
humoral response. Analysis with Bonferroni posttest correction confirmed a significant
decrease (p < 0.001) in the level of IgG1 in complement inhibitor–treated rats.

Treatment with Complement Inhibitor Eliminates Toxicity of Experimentally Acquired
Myasthenia Gravis Serum

A bioluminescent assay was used to measure complement-related toxicity of serum on a
human rhabdomyosarcoma cell line (CCL-136) expressing AChR. Rat serum from control
(not immunized) animals showed only minimal cell damage. The greatest serum toxicity
was detected in untreated rats with either S-EAMG or M-EAMG (p < 0.01). Toxicity of sera
from rEV576-treated EAMG rats was considerably reduced (Figs 5A, B; p < 0.01),
supporting that cell injury is related to complement activation.

rEV576 Decreases C9 Deposition at Neuromuscular Junction
Bungarotoxin-identified diaphragm end plates were analyzed for C9 deposition by density
scan analysis. As shown in Figure 6A, naive, normal rats were negative for C9. The highest
C9 deposition was found in untreated EAMG rats. NMJ of EAMG rats showed nearly
universal staining for C9. Density scan confirmed significant differences in C9 deposition
between rEV576-treated and untreated rats. Figure 6B shows the percentage of diaphragm
NMJ with certain fluorescence intensities. Junctions from anti-C5 (rEV576)–treated rats
have lower percentage of high-intensity C9 staining (p < 0.001, two-tailed test).

Discussion
In EAMG, complement activation by AChR antibodies is an important mechanism for
producing NMJ injury and subsequent neuromuscular transmission failure. We have
identified that complement inhibition utilizing a novel inhibitor of C5 activation is
successful in prevention and reversal of weakness produced in both models of EAMG
produced by either AChR antibody administration or AChR immunization. The effect was
mediated through complement inactivation as evidenced by dramatically reduced serum
complement activity, diminished C9 deposition at the NMJ, and reduced cytotoxicity of
serum from treated animals. The sera from rats treated with rEV576 had a reduction of
cytotoxicity in an in vitro assay. The assay exploited a human rhabdomyosarcoma cell line,
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which expresses AChR on cell surfaces and is commonly used as a source of human AChR
for assays of AChR antibodies.31,32 Sera from both M-EAMG and S-EAMG produced
significant cell injury, but sera of rEV576-treated EAMG rats were no different from control
sera in the severity of cytotoxic effects. No difference existed in AChR antibody levels
between treated and untreated rats with active EAMG, which limits concern that the groups
had inherent differences in AChR antibody production. Assuming the AChR antibody
profiles do not differ between treated and untreated rats (see later), the experiment indicates
that complement inhibition produced by rEV576 limited cell injury in the assay.

The results lend further support to the well-established hypothesis that the primary
mechanism of injury to the NMJ by EAMG is through the action of complement.3 The
expected mechanism of rEV576 acting through complement inhibition, in both passive and
active EAMG, is demonstrated by the complete abolition of serum complement activity and
the reduction of C9 deposition at the NMJ. All groups of rats had similar AChR antibody
levels, so that a moderation of EAMG was not mediated through a direct effect on antibody
production in active EAMG.

We found that rats with M-EAMG treated with rEV576 produced less IgG1, which in rat
activates complement.33 The result is surprising given a lack of precedent for suppression of
the C5 step of complement activation to influence humoral immunity; however, there is an
emerging literature34 that demonstrates that alterations in complement or complement
regulatory proteins may influence antibody profiles. The result suggests that complement
activation, or perhaps rEV576 specifically, may have a direct effect on adaptive immunity.
Interestingly, IgG1, IgG2a, and IgG2b were no different between the S-EAMG–treated and
untreated rats. Perhaps, in more severe disease, complement inhibition effects are masked
because of the inherently more active disease process. The alteration of IgG1 subclass does
offer the possibility of complement inhibitor treatment also influencing IgG subclasses.

Tick salivary proteins have evolved to be poorly immunogenic as evidenced by a single tick
being able to apply itself to a mammal for 2 weeks to finish a blood meal and thousands of
ticks infesting a single large mammal without induction of an immune response.35 These
observations would support a low likelihood of adverse effects for rEV576 in mammals. In
this study and another, more limited, investigation,24 no adverse effects were observed in the
experimental animals, although formal toxicity assessments were not preformed.

In human MG and active EAMG, the antibody response is polyclonal, and noncomplement
could lead to neuromuscular transmission failure. Decreased AChR half-life by AChR
antibody can lead to a reduction of AChR severe enough to compromise neuromuscular
transmission,36 and direct effects on AChR channel function could also contribute to
transmission failure. Despite these other potential mechanisms, complement-mediated injury
of the NMJ is likely a major contributor to the human disease.3,37 The passive model of
EAMG used in this investigation does not recapitulate the complexities of the breakdown of
self-tolerance in human MG, but does accurately reproduce the final common pathway of
antibody-induced, complement-mediated destruction of NMJ. EAMG induced by AChR
immunization leads to a loss of self-tolerance and polyclonal AChR antibody production, as
occurs in human MG. The data from both models taken together strongly support that
rEV576 could prove to be effective for human MG.

Anti-C5,11,17 anti-C6,14 and soluble CR112 have all been shown to limit severity of passive
EAMG. Hepburn and colleagues24 also evaluated rEV576 in a passive transfer model of
EAMG utilizing a different monoclonal antibody and demonstrated its effectiveness. This
study extends the previous study by more precisely characterizing the time course of
complement inhibition of rEV576 and extending the study to active EAMG, which more
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precisely recapitulates the human disease. We conclude that rEV576 would be a
dramatically effective treatment for MG patients during acute disease onset, especially in
situations of severe weakness. The rapid onset and offset of action could be particularly
beneficial in titration of its effects in the intensive care setting.
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Fig 1.
Prophylactic effect of C5 complement inhibitor (rEV576) in passive experimentally
acquired myasthenia gravis (EAMG). Survival rate (A) and average clinical score (B) in
surviving rats were examined in passively induced EAMG. Female Lewis rats matched for
age and weight were injected with McAb3. Untreated animals (n = 7; gray lines)
experienced development of severe weakness, and three rats died within 48 hours. EAMG
rats treated with rEV576 (n = 6; black lines) were protected from mortality and showed only
mild weakness with a low severity score (data expressed as mean score assessed every 12
hours).
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Fig 2.
C5 complement inhibitor is protective in a dose-dependent manner. Female Lewis rats were
pretreated with single doses of rEV576 (10.0 [black circles], 1.0 [gray squares], 0.1mg
[gray triangles]). Incidence and disease severity were significantly lower in rEV576-treated
compared with untreated (black triangles) experimentally acquired myasthenia gravis
(EAMG) rats (p > 0.01). Severity of disease evaluated by weight loss (A) and clinical score
(B) showed statistically significant differences (asterisks) between complement inhibitor–
treated (EAMG + rEV576; p > 0.001) and untreated rats (EAMG only). Results are shown
as ± standard error of the mean for each experimental group (n = 4).
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Fig 3.
Therapeutic effect of C5 complement inhibitor (rEV576) in actively induced experimentally
acquired myasthenia gravis (EAMG). Depending on weight loss and grip strength, we
randomly divided rats into two groups. Subsequently, rats were treated intraperitoneally with
C5 complement inhibitor or phosphate-buffered saline (see Materials and Methods).
Inhibition of complement prevented weight loss in severe EAMG (S-EAMG). Results from
one representative experiment are shown as ± standard error of the mean for each of three
experimental groups. Black circles represent S-EAMG group (n = 9); dark gray squares
represent S-EAMG + rEV576 group (n = 7); light gray triangles represent not immunized
group (n = 6).
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Fig 4.
Effect of rEV576 on IgG subclasses in experimentally acquired myasthenia gravis (EAMG).
Rat serum from treated and untreated EAMG rats was collected at the end of treatment (6
weeks after immunization). The level of individual IgG subclasses was measured by
enzyme-linked immunosorbent assay (ELISA). There were no significant differences in total
IgG and IgG2a subclasses in severe (S-EAMG) or mild EAMG (M-EAMG) (not shown). M-
EAMG rats treated with rEV576 showed a decreased level of complement-fixing IgG1 (p >
0.001). Results are shown in picograms per milliliter (pg/ml; n = 6 rats per group). Bars
indicate ± standard error of the mean of triplicate ELISA determinations with sera from
individual rats. Gray bars represent M-EAMG; white bars represent M-EAMG + rEV576.
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Fig 5.
Complement cytotoxicity is attenuated after the treatment with rEV576. Rat serum diluted
1/2, 1/4, 1/8, or 1/16 was incubated for 1 hour with rhabdomyosarcoma cells (5 × 104 cells/
well). Treatment with complement inhibitor resulted in a significant reduction of serum
toxicity of severe (S-EAMG) (A) and mild experimentally acquired myasthenia gravis (M-
EAMG) (B) rats (p < 0.01). Results are expressed as relative luminescent unit (RLU) ±
standard error of the mean of six rats per experimental group. (A) Black circles represent S-
EAMG group; dark gray squares represent S-EAMG + rEV576 group; light gray triangles
represent normal rat serum. (B) Black circles represent M-EAMG group; dark gray squares
represent M-EAMG + rEV576 group; light gray triangles represent normal rat serum.
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Fig 6.
C9 deposition at the neuromuscular junction (NMJ; diaphragm) is significantly reduced in
rEV576-treated rats. In comparison with rEV576-treated rats, there is more intense C9
staining in experimentally acquired myasthenia gravis (EAMG) untreated rats. (A)
Bungarotoxin (BTX)-stained end plates with reduced C9 deposition in muscle of rEV576-
treated rats. Original magnification, 40×. Scale bar = 50 μm). (B) Density scan of
fluorescent intensity related to C9 immunoreactivity at the NMJ. Graph shows the number
of NMJs with certain C9 fluorescence intensities. Muscle of rEV576-treated rats have a
lower percentage of high-intensity staining junctions. The difference between EAMG- (gray
bars) and EAMG + rEV576 –treated (white bars) groups is significant (p < 0.0027, two-
tailed; n = 6).
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