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Conclusions: Multiple genetic defects cause “Variant NKH” through deficient lipoate biosynthesis. Different affected genes in iron–sulfur
cluster biogenesis appear to differentially impact lipoate synthase and respiratory chain complexes. Despite adequate nutritional lipoate intake,
a mutation in lipoate synthase results in disease.
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The use of non-depleting anti-CD4 monoclonal antibody for immune tolerance induction in Pompe disease
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Background: Enzyme replacement therapy (ERT) with alglucosidase alfa (rhGAA, Myozyme®) for Pompe disease has changed the clinical
course of this otherwise lethal disease. The clinical response is variable. Several factors affecting treatment outcome are being identified. Of
these, the development of high sustained antibody titers (HSAT) to recombinant enzyme represents a significant challenge in ~35–40% of infan-
tile Pompe patients, as it negatively impacts the therapeutic outcome. Immune tolerance induction (ITI) strategies that are safe and effective are
much needed to allow for successful ERT. Due to the rapidity of disease progression and clear clinical endpoints, efficacy of ITI can be effectively
monitored in Pompe disease. Agents currently used are mostly broad-based immunosuppressive agents, including a variable combination of
drugs such as rituximab, methotrexate and intravenous immunoglobulin, based largely on experience from autoimmune disease and hemophilia
literature. However, several challenges remain including prolonged use, untoward side effects, and in many instances, a failure to induce long-
term tolerance. Therefore, a short-term, antigen-targeted approach to induce long-term immune tolerance is required. Extensive preclinical
studies in rodents and nonhuman primates, using non-depleting anti-CD4 mAbs, have demonstrated that a short (1–2 week) course of mAb
treatment, in conjunction with the desired antigen, is capable of inducing long-term tolerance to that antigen while preserving normal immune
responses to other (3rd party) antigens. Notably, a recent phase 1 clinical study using a humanized anti-CD4 mAb and an experimental antigen,
PhiX174, has extended these studies to humans. Given the need for new ITI therapies for Pompe disease, we sought to determine whether a
short course of a non-depleting anti-CD4 mAb would be capable of inducing long-term antigen-specific tolerance to alglucosidase alfa in the
context of a mouse model of Pompe disease.

Methods: Three groups of GAA knockout mice were (control, methotrexate, and anti-CD4) injected intravenously (i/v) with weekly dose of
rhGAA (20 mg/kg) for 28 weeks. The methotrexate (MTX) group as a positive control group received intravenous methotrexate (10 mg/kg) at 0,
24 and 48 h following the first 3 of 28 weekly alglucosidase alfa treatments. The anti-CD4 treatment groups received intravenous anti-CD4
monoclonal antibody (YTS177; 50 mg/kg) at either: day −1, +6, and +13 [relative to the first rhGAA treatment] (anti-CD4x3); day −1, and
+6 (anti-CD4x2); or day −1 (anti-CD4x1). Antibodies against rhGAA were evaluated by ELISA every other week; and motor status was mon-
itored using rota-rod.

Results: Overall percent reduction in anti-rhGAA antibody level was better for the anti-CD4x3 group as compared to the MTX group. Peak
antibody levels for the anti-CD4x3 group remained low throughout the 28-week treatment. Anti-rhGAA antibody level in the control group con-
tinued to rise and peaked at week 18 as expected, whereas anti-CD4x3 and MTX groups showed a 94.3% and 84.5% reduction in antibody level
respectively, as compared to the control group (Fig. 1). Mice treated with anti-CD4x3 and MTX continued to show motor improvement as com-
pared to the control group. Motor status improvement was much better in the anti-CD4x3 treated group as compared to MTX group. Shorter
duration of anti-CD4 mAb treatment was also effective at inhibiting humoral responses to alglucosidase alfa, with the 1 dose treatment of
anti-CD4 showing less effect than either the 2 dose or 3 dose treatments.

Conclusions: In the presence of rhGAA, anti-CD4 mAb, via its blockade of CD4 on helper T cells and presumed induction of regulatory T cells,
has resulted in rhGAA-specific immune tolerance induction. This is the first report of its successful use in Pompe disease, and the first under con-
ditions involving repeated weekly exposure to soluble antigen. Anti CD4 mAb has already been tested in humans for rheumatoid arthritis and
lupus erythematosus, and so detailed information is available on its pharmacology, formulation, dosing and potential to
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Background: Classical Galactosaemia, GALT deficiency (E.C. 2.7.7.12), has been screened for in Ireland as part of the National Newborn
Screening Programme since 1972. Treatment, in the form of life-long restriction of dietary galactose is life-saving in the neonate. However,
despite early diagnosis and initiation of treatment, long-term complications persist in our treated cohort; including cognitive impairments
with full scale IQs ≤79 in 56.5% of 85 subjects, speech and language abnormalities in 58% of all subjects ≥2.5 yrs, and hypergonadotrophic
hypogonadism in 91.2% of all female subjects ≥13 yrs. The complications observed are irrespective of genotype, age of initiation of treatment
or birth order (Hughes et al., J. Paediatr, 2009). The ability of some individuals to utilize auxiliary pathways of galactose metabolism may play
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a role in the variability seen in outcomes. N-glycan assembly and processing defects have been reported in Classical Galactosaemia. While the
gross N-glycan assembly defects in the untreated neonate largely correct upon introduction of dietary treatment, processing defects persist in
treated subjects (Coman et al., Pediatr Res, 2010; Coss KP et al., MGM in press).

Aim: To examine if whole serum and IgG N-glycan profiling could be used to monitor galactose liberalization and variations in glycosylation
in treated adult subjects, in parallel with T-lymphocyte gene expression analysis to identify genes of interest.

Results: IgG, the most abundant glycoprotein in human serum, was informative in identifying ongoing N-glycan processing defects in treated
Gal subjects and has identified individual optimum galactose tolerance levels in a number of subjects (n=4). We studied specific galactose in-
corporation into IgG N-glycans by measuring G0/G1 and (G0/G1)/G2 ratios. The G0/G1 and (G0/G1)/G2 ratios for pooled healthy adult controls
(n=100) are 0.5 and 0.01 respectively. Classical Galactosaemia patients on a galactose restricted diet (b300 mg/day) had a G0/G1 ratio mean of
0.81 (95% CI 0.69–0.92); and (G0/G1)/G2 ratio mean of 0.03 (95% CI 0.02–0.03). Significant variability was observed in the glycosylation profiles
within treated subjects with more profound galactosylation deficiencies noted in a number of subjects. Differential galactose tolerance levels
and variability were also observed in specific subjects.

Gene expression analysis from T-cell RNA identified dysregulation of 36 glycan biosynthesis genes by at least 2-fold.

Conclusions: Our studies suggest that Galactosaemia is a systemic modifiable glycosylation defect offering new insights into the ongoing
pathophysiology with possible new treatment targets.
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Background: The oligosaccharidoses are a rare group of lysosomal storage disorders (LSDs) including: alpha-mannosidosis, beta-
mannosidosis, fucosidosis, Schindler disease, aspartylglucosaminuria, GM2 gangliosidosis, sialidosis, galactosialidosis, and the mucolipidoses
(ML2, ML3, ML3-gamma). These disorders share many clinical symptoms with other LSDs and mucopolysaccharidoses (MPSs), and are often
tested for concurrently, or once these other disorders are ruled out. The classification of these disorders is based on the excretion of oligosaccha-
rides in the urine of these patients detected by thin layer chromatography (TLC), with each disorder presenting with a different banding pattern
on the TLC plate. Although considered the “gold standard” in screening for the oligosaccharidoses, the TLC screen is antiquated and has low sen-
sitivity, selectivity, positive predictive value and negative predictive value. To address this significant shortcoming, we have designed a multi-
plexed enzyme assay, which utilizes tandem mass spectrometry for detection and quantitation of residual substrate following overnight
incubation with patient white blood cell (WBC) lysate. This assay relies on pre-existing validated singleton enzyme assays, most of which are
based on the fluorometric 4-methylumbelliferyl release from a synthetic substrate. By complexing all the enzyme reaction, we can significantly
increase the utility of the assay saving the patient's time and money.

Methods: White blood cell (WBC) lysates were normalized to a standard protein concentration. Synthetic substrates for the diagnosis of alpha-
mannosidosis (4-Methylumbelliferyl alpha-D-mannopyranoside), beta-mannosidosis (4-Nitrophenyl beta-D-mannopyranoside), alpha-fucosidosis
(4-Methylumbelliferyl alpha-L-fucopyranoside), sialidosis and galactosialidosis (2′-(4-Methylumbelliferyl)-alpha-D-N-Acetylneuraminic acid),
Schindler disease (4-Methylumbelliferyl N-acetyl-β-D-galactosaminide), and GM1-gangliosidosis (4-methylumbelliferyl-beta-D-galactoside) were
incubated with the WBC lysates overnight. Following incubation, each sample was run through an SPE column. The analysis is performed on an
ABI3200 LC/MS/MS, setup to quantify the remaining substrate relative to the concentration of the internal non-metabolized substrate (4-Methylum-
belliferyl β-D-cellobioside).

Results and discussion: Initially, normal WBC control and heat inactivated WBC control were compared. The assay clearly demonstrated the
ability determine the relative activity of each enzyme in the multiplexed reaction. The heat inactivated WBC control had significantly decreased
relative activity of all enzymes assayed compared to the normal WBC control. Next, available fibroblast cell lines (alpha-mannosidosis, alpha-
fucosidosis, and the mucolipidoses (ML2, ML3, ML3-gamma) were assayed for activity. In each case, the specific enzyme deficiencies were cor-
rectly determined by the assay, with the exception of the mucolipidoses, which demonstrated multiple enzyme deficiencies. This finding in the
mucolipidoses was expected, as these patients have a defect that inactivates multiple lysosomal hydrolases.

Conclusions: We have developed a novel assay to diagnose the oligosaccharidoses. This assay is based on a multiplexed enzyme assay using
synthetic substrates, which are introduced into a patient WBC lysate. Following an overnight incubation, the WBC/substrates mixture is run
through an SPE column and analyzed on the MS/MS. The MS/MS detects and measures the concentration of each substrate relative to an internal
non-metabolized substrate. Patients with a disorder will have elevated levels of the substrate specific to the deficient enzyme, while all other
substrates will be reduced since the enzymes responsible for the breakdown remain functional in the patient. For example, a patient with
alpha-mannosidosis will have an elevated concentration of 4-Methylumbelliferyl alpha-D-mannopyranoside. All other substrates incubated
with that patients WBC lysate will be metabolized to levels within the reference range. Preliminary data demonstrate that this assay is effective
and we are currently in the process of optimizing and validating the assay.




