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Human C5-specific single-chain variable fragment ameliorates brain injury in
a model of neuromyelitis optica spectrum disorder

Objective Using phage display, we sought to screen single-chain variable fragments (scFvs) against
complement C5 to treat neuromyelitis optica spectrum disorder (NMOSD).

MethodsAfter 5 rounds of phage display, we isolated individual clones and identified phage clones specifically
binding to C5 using ELISA. Using aquaporin-4 (AQP4)-transfected cells in vitro, we confirmed whether these
scFvs prevented complement-dependent cytotoxicity (CDC) caused by the serum of patients with NMOSD
and human complement (hC). We selected an NMOSD mouse model, in which intracerebral NMOSD
immunoglobulin G (IgG) and hC injections induce NMOSD-like lesions in vivo.

Results We obtained scFvs to test specificity and blocking efficiency. The scFv C5B3 neutralized C5 in the
complement activation pathway, which prevented AQP4-IgG–mediated CDC in AQP4-transfected cells. In an
NMOSD mouse model, C5B3 prevented AQP4 and astrocyte loss, decreased demyelination, and reduced
inflammatory infiltration and membrane attack complex formation in lesions.

ConclusionsWe used phage display to screen C5B3 against C5, which was effective in inhibiting cytotoxicity
in vitro and preventing CNS pathology in vivo.
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Breaking the cycle: Reversal of flux in the tricarboxylic acid cycle by dimethyl
fumarate

Objective To infer molecular effectors of therapeutic effects and adverse events for dimethyl fumarate
(DMF) in patients with relapsing-remitting MS (RRMS) using untargeted plasma metabolomics.

Methods Plasma from 27 patients with RRMS was collected at baseline and 6 weeks after initiating DMF.
Patients were separated into discovery (n = 15) and validation cohorts (n = 12). Ten healthy controls were also
recruited. Metabolomic profiling using ultra-high-performance liquid chromatography mass spectrometry
(UPLC-MS) was performed on the discovery cohort and healthy controls at Metabolon Inc (Durham, NC).
UPLC-MS was performed on the validation cohort at the National Phenome Centre (London, UK). Plasma
neurofilament concentration (pNfL) was assayed using the Simoa platform (Quanterix, Lexington, MA). Time
course and cross-sectional analyses were performed to identify pharmacodynamic changes in the metabolome
secondary to DMF and relate these to adverse events.

Results In the discovery cohort, tricarboxylic acid (TCA) cycle intermediates fumarate and succinate, and
TCA cycle metabolites succinyl-carnitine and methyl succinyl-carnitine increased 6 weeks following treatment
(q < 0.05). Methyl succinyl-carnitine increased in the validation cohort (q < 0.05). These changes were not
observed in the control population. Increased succinyl-carnitine and methyl succinyl-carnitine were associated
with adverse events from DMF (flushing and abdominal symptoms). pNfL concentration was higher in patients
with RRMS than in controls and reduced over 15 months of treatment.

Conclusion TCA cycle intermediates and metabolites are increased in patients with RRMS treated with
DMF. The results suggest reversal of flux through the succinate dehydrogenase complex. The contribution of
succinyl-carnitine ester agonism at hydroxycarboxylic acid receptor 2 to both therapeutic effects and adverse
events requires investigation.
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