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MuSK myasthenia gravis monoclonal antibodies: Valency dictates pathogenicity

Objective To isolate and characterize muscle-specific kinase (MuSK) monoclonal antibodies from patients
with MuSK myasthenia gravis (MG) on a genetic and functional level.

MethodsWe generated recombinant MuSK antibodies from patient-derived clonal MuSK-specific B cells and
produced monovalent Fab fragments from them. Both the antibodies and Fab fragments were tested for their
effects on neural agrin-induced MuSK phosphorylation and acetylcholine receptor (AChR) clustering in
myotube cultures.

Results The isolated MuSK monoclonal antibody sequences included IgG1, IgG3, and IgG4 that had
undergone high levels of affinity maturation, consistent with antigenic selection. We confirmed their specificity
for the MuSK Ig-like 1 domain and binding to neuromuscular junctions. Monovalent MuSK Fab, mimicking
functionally monovalent MuSK MG patient Fab-arm exchanged serum IgG4, abolished agrin-induced MuSK
phosphorylation and AChR clustering. Surprisingly, bivalent monospecific MuSK antibodies instead activated
MuSK phosphorylation and partially induced AChR clustering, independent of agrin.

Conclusions Patient-derived MuSK antibodies can act either as MuSK agonist or MuSK antagonist,
depending on the number of MuSK binding sites. Functional monovalency, induced by Fab-arm exchange in
patient serum, makes MuSK IgG4 antibodies pathogenic.
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Real-world persistence and benefit–risk profile of fingolimod over 36 months in
Germany

Objective To assess the long-term real-world benefit–risk profile of fingolimod in patients with relapsing MS
in Germany.

Methods This analysis used data from the noninterventional real-world study, Post-Authorization Non-
interventional German sAfety study of GilEnyA (PANGAEA), to assess prospectively the persistence,
effectiveness, and safety of fingolimod over 36 months (±90 days) in Germany. For inclusion in the effectiveness
analysis (n = 2,537), patients were required to have received fingolimod for the first time in PANGAEA, to have
at least 12 months of data, and to have completed each 12-month follow-up period. For the safety analysis
(n = 3,266), patients were additionally allowed to have received fingolimod before enrollment.

Results At baseline, 94.7% of patients in the effectiveness analysis had received a previous disease-modifying
therapy. After 36 months, 70.4% of patients were still receiving fingolimod. Over this period, annualized relapse
rates decreased to 0.265 (95% CI: 0.244–0.286) from 1.79 (95% CI: 1.75–1.83), and mean Expanded Disability
Status Scale scores remained stable (mean change from baseline: +0.049 [95% CI: −0.015 to +0.114]). In total,
16% of patients had 6-month confirmed disability improvement, 12.5% had 6-month confirmed disability
worsening, and 52.4% were free from relapses and 6-month confirmed disability worsening. Adverse events
(AEs) and serious AEs were experienced by up to 23.4% and 3.9% of patients, respectively, during any of the 12-
month follow-up periods. The frequency and nature of AEs were in line with previous findings.

Conclusions Using systematically collected data from PANGAEA, this analysis demonstrates the sustained
effectiveness, high persistence, and manageable safety profile of fingolimod over 36 months.
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