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Severe deficiency in lysosomal β-glucuronidase (β-glu) enzymatic activity results in
mucopolysaccharidosis VII (MPS VII) an orphan disease commonly affecting children.
Symptoms are variable, but many patients have multiple organ disorders including
neurological defects. At the cellular level, deficiency in β-glu activity leads to abnormal
accumulation of glycosaminoglycans (GAGs), and secondary accumulation of GM2 and GM3
gangliosides, which have been linked to neuroinflammation. There have been encouraging
gene transfer studies in the MPS VII mouse brain, but this is the first study attempting the
correction of the >200-fold larger and challenging canine MPS VII brain. Here, we examined
the efficacy of a helper-dependent (HD) canine adenovirus (CAV-2) vector harboring a
human GUSB expression cassette (HD-RIGIE) in the MPS VII dog brain. Vector genomes, βglu activity, GAG content, lysosome morphology and neuropathology were analyzed and
quantified. We found that CAV-2 vectors preferentially transduced neurons and axonal
retrograde transport from the injection site to efferent regions was efficient. HD-RIGIE
injections, associated with mild and transient immunosuppression, corrected neuropathology
in injected and noninjected structures. These data support the clinical evaluation of HD CAV2 vectors to treat the neurological defects associated with MPS VII and possibly other
neuropathic lysosomal storage diseases.
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Regulated intramembrane proteolysis is a central cellular process involved in signal
transduction and membrane protein turnover. Usually, this involves the proteolytic
release of an ectodomain (shedding) from a transmembrane substrate followed by further
cleavage of the remaining membrane-bound fragment by an intramembrane protease
which liberates an intracellular fragment. The presenilin-homologue signal-peptidepeptidase-like 2a (SPPL2a) is localised in membranes of lysosomes and late endosomes
and has been implicated in the cleavage of type II transmembrane proteins. Based on
overexpression studies, TNFα, FasL and the Bri 2 protein were reported to represent
substrates of SPPL2a.
The invariant chain (li, CD74) is required for assembly and targeting of MHCII
complexes. In peptide-loading endosomes, CD74 is removed by stepwise proteolytic
degradation. We found, that the remaining membrane-bound N-terminal fragment (NTF)
of CD74 undergoes intramembrane proteolysis mediated by SPPL2a. B lymphocytes of
SPPL2a-/- mice accumulate an NTF of CD74 which severely impairs membrane traffic
within the endocytic system leading to an accumulation of endosome-derived vacuoles in
SPPL2a-/- B cells. Furthermore, central signaling pathways critical for B cell
development are altered in SPPL2a-deficient transitional stage T1 B cells. This causes a
developmental block of splenic B cell maturation characterized by a significant loss of B
cell subsets beyond the T1 stage. Furthermore, the functionality of the residual B cells is
significantly impaired in SPPL2a-/- mice. We show that B cell maturation as well as
function in these mice were significantly recovered by additional ablation of CD74 in
SPPL2a-/- CD74-/- mice clearly identifying the accumulation of CD74 NTF as the
causative element. Hence, we provide evidence, that regulation of CD74-NTF-levels by
SPPL2a is indispensable for B cell development and function by maintaining trafficking
and integrity of MHCII containing endosomes highlighting the lysosomal intramembrane
protease SPPL2a as a promising pharmacological target for depleting and/or modulating
B cells.
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Impairment of autophagic-lysosomal degradation pathway seems to play an essential role
in the onset and progression of some neurodegenerative disorders, including Parkinson’s
disease (PD), Parkinson’s disease with dementia (PDD) and dementia with Lewy bodies
(DLB). Alterations in the activity of some lysosomal hydrolases, such as betaglucocerebrosidase and beta-hexosaminidase, have been found in cerebrospinal fluid
(CSF) of patients affected by synucleinopathies. These variations could mirror
pathological processes taking place in the brain. In order to verify this hypothesis, brain
sections of healthy controls and patients affected by PD, PDD and DLB have been
analyzed by enzyme assay.
Alpha-mannosidase, alpha- fucosidase, beta-mannosidase, beta-glucocerebrosidase, betahexosaminidase, beta-galactosidase, cathepsin D and cathepsin E activity have been
measured in the cerebellum, hippocampus and putamen sections of PD patients (n=12)
and healthy controls (n=13) and in the frontal-cortex, caudate, and substantia nigra
sections of PD, PDD (n=14) and DLB (n=16) patients and healthy controls, supplied by
the United Kingdom Parkinson’s Disease Society Brain Bank.
In the substantia nigra, beta-glucocerebrosidase activity of PD patients was found
significantly decreased (20% reduction, p=0.0023). The expression levels of GBA gene,
encoding for beta-glucocerebrosidase, were also investigated in the substantia nigra of
PD patients by Real-Time PCR. GBA gene is down-regulated 0.5 fold in PD subjects
with respect to healthy controls (p=0.039).
In the cerebellum, hippocampus and putamen no differences in the activity of the
investigated enzymes have been observed between PD patients and healthy controls.
In the frontal-cortex of DLB patients a significant increase of beta-mannosidase (42%,
p=0.013) and alpha-mannosidase activity (51%, p=0.03) was found, whereas in the same
brain region, PDD patients showed the loss of 28% alpha-fucosidase activity (p=0.026).
Reduction of beta-glucocerebrosidase (39%, p=0.0003), beta-hexosaminidase (29%,
p=0.007), alpha-fucosidase (35%, p=0.0002) and alpha-mannosidase (43%, p=0.0000)
activity was also found in the caudate region of PDD patients. In the caudate of PD
patients alpha-mannosidase activity was increased (63%, p=0.0002) if compared with
controls.
The reduction of beta-glucocerebrosidase activity and expression in the substantia nigra
of PD patients is in line with the decrease of activity already described in the CSF.
During this study, altered activity levels have been found for other lysosomal enzymes in
several brain regions of patients affected by synucleinopathies, confirming the
involvement of the lysosomal system in the pathogenesis of these diseases.
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Lysosomes are involved in macromolecules degradation and the impairment of their
functionality, due to genetic lack of an acidic hydrolase, is the cause of lysosomal storage
diseases. However implication of lysosomal system has been postulated also in other
pathologies, i.e. neurodegenerative disorders, where protein accumulation occurs.
Namely, lysosomal dysfunction has been documented in the pathogenetic processes
leading to Parkinson’s disease and Alzheimer’s disease (AD). Mutations in GBA1 gene,
coding for the lysosomal glycohydrolase beta-glucocerebrosidase (GCase), are the cause
of Gaucher’s disease a lysosomal storage disorder. Several reports have demonstrated
that GBA1 mutations are an important risk factor for PD. A decrease of betaglucocerebrosidase activity has been recently described in cerebellum and substantia
nigra of PD patients without GBA1 mutations. Lysosomal dysfunction in brain of
patients affected by neurological disorders could be reflected by altered levels of
lysosomal enzymes in the CSF. Therefore lysosomal enzyme acitivities in CSF may
become potential biomarkes for some neurological disorders. To this end to establish
their stability in CSF and the optimal conditions for storage CSF are of fundamental
importance together with the reliability of the enzyme assay.
In this study the stability of the following lysosomal enzymes beta-hexosaminidase,
alpha-fucosidase, beta-mannosidase, alpha-mannosidase, beta-galactosidase, betaglucocerebrosidase, cathepsin D, and cathepsin E have been determined in CSF under
different storage conditions. The selected lysosomal enzymes appeared to be stable up to
10 months when the CSF were stored at -80°C, with the exception of alpha-mannosidase,
beta-galactosidase and alpha-fucosidase. Alpha-mannosidase lose 20% activity after one
week and this activity level was stable up to 8 months. Beta-galactosidase showed a
progressive, significantly increase of activity up to 4 months. Alpha-fucosidase activity
was stable until 2 months, then it suddenly reached 180% of fresh CSF activity and
maintained the same level to the end of the test. Many enzymes were unstable when
stored at -20°C. Alpha-mannosidase lose 60% activity already after one week, GCase
lose 30% activity after 2 weeks, beta-galactosidase and alpha-fucosidase showed a
significantly reduction of their activity after 2 months, beta-mannosidase after 4 months
and cathepsin E activity dramatically fell after 8 months.
The procedural recommendations obtained in this study shall enable to evaluate a
specific diagnostic value of CSF lysosomal enzymes in neuropathies.
This work has been supported by Michael J. Fox Foundation for Parkinson’s Research (CSF
Lysosomal Hydrolases' Activity as Possible Marker of Parkinson's Disease, Rapid Response
Innovation Awards 2010, and Validation of Lysosomal Enzymes Assay in CSF)
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Morquio A syndrome (Mucopolysaccharidosis type IVA (MPS IVA)) is a rare inherited metabolic
disorder, characterized by the defective degradation of keratan sulphate and chondroitin-6-sulfate.
Classically, MPS IVA patients present with severe multisystemic involvement and short life
expectancy. Attenuated forms with clinical features limited to minor skeletal abnormalities and
short stature have been also described,sometimes associated to an early-onset osteoporotic
phenotype.No treatment with allogenic bone marrow transplantation or gene therapy is currently
available for Morquio A syndrome and enzyme replacement therapy is under evaluation.
We report a case of MPS IVA, who manifested tardively with attenuated phenotype and significant
bone mass reduction, which was treated with Biphosphonate (BPN), obtaining the improvement of
both X-ray skeletal aspects and functional bone performance.
We suggest that the use of biphosphonates could represent an interesting supportive therapeutic
option in Morquio A patients with osteoporotic phenotype, providing that further studies will be
performed on additional patients,to confirm our findings.
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Niemann-Pick type C disease – a model to study the role of cholesterol in the
pathogenesis of Alzheimer's disease
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Altered metabolism of the amyloid precursor protein (APP) leading to increased
generation/accumulation of the amyloid-beta peptide (Abeta) is considered to be a central
event in the pathogenesis of Alzheimer’s disease (AD). Recent evidence increasingly
implicates that APP metabolism can be modulated by cholesterol levels suggesting that
altered cholesterol homeostasis may trigger the pathogenic processes leading to AD.
However, the molecular details of the role of cholesterol in the pathogenesis of AD have been
largely unknown. The link between altered cholesterol metabolism and AD has been recently
revealed in a rare inherited lysosomal storage disorder Niemann-Pick type-C (NPC).
Interestingly, NPC disease shares several similarities with AD including neurodegeneration,
endosomes-lysosome dysfunction and increased levels of APP-C-terminal fragments
(APP-CTFs) and Abeta1,2,3. Additionally, studies on AD-animal models revealed that
NPC1-dysfunction enhances the progression of AD by increasing Abeta accumulation. More
recently, altered expression of NPC1 mRNA/protein were reported in AD patients brains
indicating a bidirectional link between NPC1 (dys)function and Alzheimer’s disease. The
NPC disease may thus present an innovative model to study the molecular mechanism(s) of
cholesterol-mediated APP-CTFs/Abeta accumulation/aggregation in which a defect in a single
gene involved in cholesterol trafficking (NPC1) causes AD-like phenotype. In our recent
results, we provide evidence for an indirect mechanism of cholesterol-effect upon NPC1-lossof-function on APP processing. Using NPC1-null cells we demonstrated that increased Abeta
in NPC disease is mediated by cholesterol-dependent increased processing of APP by betasecretase (BACE1)4 probably due to decreased expression of APP at the cell surface and its
increased partitioning into cholesterol-rich membranes - lipid rafts5. Furthermore, we showed
that cholesterol accumulation in NPC1-null cells sequesters APP and BACE1 in the same
enlarged endocytic compartments and that APP and BACE1misstrafficking is dependent on
cholesterol levels6. Our findings support that altered endocytic trafficking of APP and BACE1
may be the primary defect in AD and that increased cholesterol levels, such as in NPC disease
and sporadic AD, may be the upstream effector that drives these events.
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Introduction
Mucopolysaccharidosis type I (MPS I) is a progressive multisystem lysosomal storage
disease caused by deficiency of the enzyme α-L-iduronidase (IDUA). Patients present
with a continuous spectrum of disease severity, and the most severely affected patients
(Hurler phenotype; MPS I-H) develop progressive cognitive impairment. The treatment
of choice for MPS I-H patients is haematopoietic stem cell transplantation, while patients
with the more attenuated phenotypes benefit from enzyme replacement therapy.
The potential of newborn screening (NBS) for MPS I is currently studied in many
countries. NBS for MPS I, however, necessitates early assessment of the phenotype, in
order to decide on the appropriate treatment. In this study, we developed an algorithm to
predict phenotypic severity in newborn MPS I patients.
Methods
Thirty patients were included in this study. Genotypes were collected from all patients
and all patients were phenotypically categorized at an age of > 18 months based on the
clinical course of the disease. In 18 patients, IDUA activity in fibroblast cultures was
measured using an optimized IDUA assay. Clinical characteristics from the first month of
life were collected from 23 patients.
Results
Homozygosity or compound heterozygosity for specific mutations which are associated
with MPS I-H, discriminated a subset of patients with MPS I-H from patients with more
attenuated phenotypes (specificity 100%, sensitivity 88%). Next, we found that
enzymatic analysis of IDUA activity in fibroblasts allowed identification of patients
affected by MPS I-H. Therefore, residual IDUA activity in fibroblasts was introduced as
second step in the algorithm. Patients with an IDUA activity of <0.32 nmol x mg-1 x hr-1
invariably were MPS I-H patients, while an IDUA activity of >0.66 nmol x mg-1 x hr-1
was only observed in more attenuated patients. Patients with an intermediate IDUA
activity could be further classified by the presence of differentiating clinical
characteristics, resulting in a model with 100% sensitivity and specificity for this cohort
of patients.
Conclusion
Using genetic, biochemical and clinical characteristics, all potentially available in the
newborn period, an algorithm was developed to predict the MPS I phenotype, allowing
timely initiation of the optimal treatment strategy for patients identified by NBS.
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We describe the crystal structure of a bovine tissue isolated lysosomal Ntn- hydrolase,
which is annotated as a phospholipase like protein PLBD1, but without a convincing
demonstration of activity1. Our structural analysis questions this assignment, and rather
suggests potential aminosugar substrates and possibly amidase activity, with a small acyl
group and a large, flat leaving group that we propose to be the sugar. Direct isolation
from tissue allows us to analyse the native post translational modification. The Nglycosylation profile and conserved surface lysines show potential areas for mannose-6phosphorylation and lysosomal transport and cell biological assays confirm the
lysosomal localisation. Our combined data creates basis to further studies with potential
links to lysosomal storage disorders.
1. Xu, et al. (2009). FEBS J. 276, 175-186.

New assays for measurement of X-inactivation skewing in patients with Fabry
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Several lysosomal storage disorders, including Fabry and Hunter diseases, are inherited in
an X-linked manner and therefore clinical manifestation of such diseases in heterozygous
females may be affected by skewing of X chromosome inactivation - XCI (Dobrovolny
2005, Morrone 2003).
The XCI ratio is routinely measured by the HUMARA assay that takes advantage of
highly polymorphic (CAG)n repeat in the first exon of human androgen receptor gene
(AR) located near several methylation-sensitive restriction enzyme sites that are
differentially methylated on the active and the inactive X chromosome. This assay is well
validated, however, it cannot be used in all the females; it is applicable in about 80 % of
them. Therefore, we have conducted in silico search for potentially polymorphic tri-tohexanucleotide repeats in the proximity of CpG islands located in promoter regions of Xchromosome genes and designed five novel assays (numbered I, II, III, IV, and V) that
combine methylation-specific restriction digest with PCR amplification in a manner
similar to the HUMARA assay.
The novel assays were used to measure XCI ratios in DNA samples obtained from 100
healthy females and were evaluated for agreement with the established XCI assay, the
AR-MSP method, which is based on methylation-specific PCR amplification of the first
exon of AR gene and has been previously shown to be in agreement with the conventional
HUMARA assay. On the basis of statistical evidence, three of the novel assays (II, IV,
and V), which were informative in 18 %, 61 %, and 55 % of females in the cohort,
respectively, may be used as alternatives to the HUMARA assay. The combination of the
novel assays with the HUMARA assay has led to a significant increase of informative
females in the cohort from 67 % to 96 %. Moreover, 69 % of samples can be evaluated
by two or more assays, thus increasing the reliability of the result. Conveniently, when
combining assays II, IV, and V with the HUMARA assay just two restriction digest
mixtures for one sample are needed and PCR products of individual primer sets can be
mixed thanks to the use of different fluorescent dyes and product sizes. However, the
main benefit of these methods, which in our hands appeared robust and well suited for
routine analysis, is their potential for testing of X-inactivation patterns in a high
proportion of HUMARA-uninformative females.

Dobrovolny R et al. (2005) Relationship between X-inactivation and clinical involvement
in Fabry heterozygotes. Eleven novel mutations in the α-galactosidase A gene in Czech
and Slovak population. J Mol Med 83:647-654
Morrone A et al. (2003) Fabry disease: molecular studies in Italian patients and X
inactivation analysis in manifesting carriers. J Med Genet 40:e103

Identification of lysosomal cathepsins in Gaucher spleen
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Cellular homeostasis of glycosphingolipids is mediated by several enzymes involved in
their synthesis and degradation. Inherited deficiency in activity of degrading enzymes, or
their accessory proteins, may lead to lysosomal glycosphingolipid storage disorders. The
regular degradation of complex glycosphingolipids in lysosomes involves sequential
deglycosylation rendering as penultimate product glucosylceramide (GlcCer). Next,
GlcCer is broken down into ceramide and glucose by the enzyme glucocerebrosidase
(GBA1). Patients with Gaucher disease are deficient in GBA1 and consequently
accumulate GlcCer in lysosomes of tissue macrophages. The residual intralysosomal
concentration of active GBA1 molecules is crucial for the development of pathological
lipid-laden Gaucher cells in Gaucher patients. The lysosomal levels of GBA1 are
determined by: rate of delivery of newly formed enzyme to lysosomes and the rate of
intralysosomal degradation by local proteases. We want to identify the lysosomal
proteases that are increased in spleen of Gaucher patients compared to those in control
spleens. Cathepsins are a class of abundant proteases that have already previously been
described to be increased in several organs involved in (neuronopathic) Gaucher disease
and many of them reside in lysosomes. With the use of an activity based probe against
cystein cathepsins, ultrasensitive visualization of active cathepsin molecules is possible in
plasma and tissue lysates. In addition, western blot and quantitative PCR will respectively
give insight into total protein and mRNA levels, which will provide knowledge about the
correspondence of transcribed and active mature cathepsin levels, since these proteases
undergo many posttranslational modifications and exist in pro-, intermediate and mature
forms. The described experiments should give insight into the cathepsin profile of
Gaucher and healthy spleens. Moreover, the use of these activity based probes will allow
identification of specific cathepsins.
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As more cases have been diagnosed with Mucolipidosis (ML) recently, this presentation
covers updated results of the recent researches about this disease.
ML are a group of autosomal recessive inherited metabolic diseases in which abnormal
amounts of mucopolysaccharides and lipids accumulate in the tissues, without surplus
amount of mucopolysaccharides in the urine.
The
major
identified
stored
compounds
are
phosphatidylcholine,
phosphatidylethanolamine, lysophosphatidylcholine and lysobisphosphatidic acid. Four
types of ML are recognised: In ML (I) or Sialidosis (may be classified as a
glycoproteinosis): is caused by isolated deficiency of alpha-N -acetyl neuraminidase. LM
(II) or I-Cell Disease is recognized by deficiency in numerous lysosomal enzymes,
mainly N -acetylglucosaminyl-1-phosphotransferase which leads to defect the first step
in the addition of the mannose-6-phosphate moiety, the enzyme that catalyzes this
reaction is uridine diphospho (UDP)-N -acetylglucosamine. In ML (III) or Pseudo-Hurler
polydystrophy, (types alpha/beta – Gamma) is recognized also deficiency of Nacetylglucosamine-1-phosphotransferase. ML (IV) (may be classified as a gangliosidosis)
involves disorder in which various phospholipids and gangliosides accumulate in the
lysosomes. The cause of this accumulation has not yet been identiﬁed.
In ML, symptoms can range from only mild mental retardation to sever clinical features
(hydrops fetalis, musculoskeletal deformities internal organ failure, mental retardation
and corneal opacity). The diagnosis of ML is based on complete medical history,
symptoms, signs and certain lab tests for ML I, II, and III (reduce enzyme activity in the
patient's leukocytes or fibroblast), but in ML IV cultured fibroblasts with radioactive
phosphatidylcholine labelled either in the acyl groups or in the choline residue in addition
to significantly increased of gastrin level in the blood.
Nowadays it is possible to identify the gene responsible for, ML (I): NEU1, ML (II):
GNPTA, ML (III): GNPTG and ML (IV): MCOLN1. Multidisciplinary team
(Paediatrician, internist's, cardiologist, neuropsychiatric, orthopedist, psychologist,
ophthalmologist, odontologist, surgeon, nutritionist, dentist rehabilitation specialist and
genetics) is decisive for accurate diagnosis and good follow-up plan. Prenatal diagnosis
and screening of carriers of the disease is the real challenges in addition to absence
official treatment appointed for ML. Recently therapy with bisphosphonate
(Pamidronate®) is used in type II/ III as supportive therapy for osteodystrophy.
Here, we present a case of a young man with mucolipidosis type III, currently he is
following up at our Pediatric Department in San Paolo Hospital. Presented firstly with
joint stiffness; then he sustained facial dysmorphy, kyphoscoliosis, carpal tunnel
syndrome and valvular heart pathology, however he showed normal intelligence.
ML are much complex diseases, as many of their puzzle pieces have not been yet
matched; so far many efforts have been done to better understand the nature of the
disease with the aim to improve heath care quality offered to ML patients.
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Quantum dots (QDs) possess many properties allowing to use them for vital visualization
of intracellular processes. Endocytosis is the main pathway by which proteins, lipids,
growth factors, hormones and drugs enter the cells. Endocytosis of epidermal growth
factor (EGF) represents a convenient model to investigate receptor-mediated endocytosis.
We used streptavidin-conjugated CdSe/ZnS QDs and biotinylated EGF for an EGF-QD
complex formation. The observations were performed on living and fixed HeLa cells
using confocal scanning microscopy. Earlier we have discovered that the main stages of
endocytosis of EGF-QDs such as internalization, endosome fusion, endosome movement
to juxtanuclear region and their clusterization did not differ from the processes stimulated
by EGF (without QDs). Present work is devoted to the study of late stages of EGF-QDs
endocytosis. In 60–120 min after endocytosis stimulation, endosomes with EGF-QDs are
located in the perinuclear region. A high degree of colocalization of QDs-containing
structures with lysosomes was observed after 60 min of incubation during the
simultaneous detection of QDs and lysosomes with fluorescent probe LysoTracker in
living cells. This method allows tracking the fate of endosomes containing EGF-QDs in
living cells, but LysoTracker is not a specific marker of lysosomes, it also stains late
endosomes. We analyzed the same endocytosis stages using lysosomal marker Lamp1 on
fixed cells. As well as during incubation with LysoTracker in living cells after 30 min, on
fixed cells low extent of colocalization of QDs-containing vesicles with lysosomes was
revealed, this colocalization increases with incubation time. It should be noted that in the
case of endocytosis stimulation by EGF, coefficient of colocalization of EGF receptor
with Lamp1 was lower than coefficient of colocalization of EGF-QDs with Lamp1. It can
be explained by the fact that the fusion of late endosomes with lysosomes leads to a rapid
degradation of the receptors and, therefore, to the disappearance of the antigen detected
by antibodies to the receptor. In the case of EGF-QDs, the value of colocalization
coefficient can be connected with the other reasons. The answer to the question of what
happens with the EGF-QDs at the late stages of endocytosis is essential, given that late
multivesicular endosomes are associated with second wave of activation of MAP kinases
ERK1/2, Akt-dependent activation of anti-apoptotic cascade, and stimulation of р21waf
expression. In our experiments, after 24 h of incubation, the degree of colocalization of
QDs and Lamp-1 significantly increased, therefore, QDs eventually reached lysosomes,
while EGF receptors in these structures were not detected, which means that the protein
part of the complex was degraded. We can conclude that QDs detected in the lysosomes
after 24 h of incubation cannot influence the intracellular signaling. It is necessary to
conduct further experiments to determine the duration of staying of EGF-QDs in complex
with the receptor in the late endosomes. This moment is of particular importance in the
light of that the final physiological cell response to external stimuli depends not only on
the presence or absence of intracellular signals but also on their duration. However, we
can assume with a high degree of probability that the use of EGF-receptor system allows
to deliver EGF-QDs into the lysosomes, which are neutral in terms of the generation of
intracellular signals.

Disruption of central monoamine/pterin metabolism in lysosomal storage disorders;
A mechanistic link to Parkinson’s Disease ?
Heales S J R, Burke D, Neergheen V and Pope S
Department of Chemical Pathology, Great Ormond Street Hospital and Neurometabolic
Unit, National Hospital, London.
The association between mutations affecting glucocerebrosidase (GBA1) and the risk of
developing Parkinson’s disease (PD) is well documented. However, development of PD
may not just be associated with Gaucher disease but also other Lysosomal storage
disorders (LSDs) [1]. Currently, the mechanism responsible for the loss of dopaminergic
neurons and compromised lysosomal function is not known. Furthermore, there are
currently few data reporting the integrity of neurotransmitter (dopamine and serotonin)
metabolism in LSDs. In this study, we have measured, in cerebrospinal fluid (CSF), the
concentrations of the principal dopamine and serotonin metabolites, homovanillic acid
(HVA) and 5-hydroxyindole acetic acid (5-HIAA) in patients with Gaucher disease,
metachromatic leukodystrophy (MLD) and sanfillipo disease (MPS type III).
Additionally, we documented the CSF concentrations of tetrahydrobiopterin (BH4) and
pyridoxal phosphate (PLP), essential cofactors for dopamine and serotonin synthesis.
Evaluation of CSF revealed undetectable levels of HVA and 5-HIAA in a 66 year old
male patient with Gaucher/Parkinson’s. Impaired dopamine and serotonin turnover was
also identified in a 37 year old female patient with enzymology suggestive of MLD.
With regards to MPS III, we noted, in a 4 year old female patient, decreased
concentrations of both BH4 and PLP.
Taken together these findings may indicate a vulnerability of monoamine
neurotransmitter metabolism in some LSDs. Focus on dopamine and serotonin pathways
is perhaps now required in order to help unravel the mechanistic link between LSDs and
PD.
[1]. Shachar T, Lo Bianco C, Recchia A, Wiessner C, Raas-Rothschild A, Futerman AH.
Lysosomal storage disorders and Parkinson's disease: Gaucher disease and beyond. Mov
Disord. 2011, 26 (9):1593-604.

Treatment effect of Coenzyme Q10 and of an antioxidant cocktail in fibroblasts of
patients with Sanfilippo Disease
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CoQ10 plays a key role in the exchange of electrons in the lysosomal membrane, which
contributes to protons’ translocation into the lumen and to the acidification of the intralysosomal medium, which is essential for the proteolytic function of hydrolases. In
addition, the reduced form of CoQ10 protects the lysosomal membrane from ROS and
oxidative stress.
Our aim was to evaluate whether treatment with CoQ10 or with an antioxidant cocktail
were able to ameliorate the biochemical phenotype in fibroblasts of
mucopolysaccharidosis III - Sanfilippo patients.
Fibroblasts from five patients affected of Sanfilippo A and B diseases were treated with
CoQ10 and an antioxidant cocktail. None of the Sanfilippo A fibroblasts increased their
deficient enzymatic activity, but the two Sanfilippo B cell lines showed 1.25 and 1.9 fold
increase, respectively. Upon CoQ10 treatment, one Sanfilippo A and the two Sanfilippo B
fibroblasts showed a significant reduction of glycosaminoglycans accumulation (66%,
16% and 10%, respectively compared to basal levels). After treatment with the
antioxidant cocktail, the reduction was of 49%, 16% and 35%, respectively. Fibroblasts
responsive to treatment enhanced their exocytosis levels.
Our results provide a proof-of-concept that some cellular alterations observed in
Sanfilippo disease can be partially restored by CoQ10 or other antioxidant treatments.
Supported by Fundación StopSanfilippo, Spain.
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Neuronal ceroid lipofuscinoses (NCL) represent the most commonly inherited
progressive encephalopathy of childhood and are characterized by progressive neuronal
death in the central nervous system. Despite their genetic heterogeneity, the NCL share
similar clinical and neuropathological features. Based on available genetic and interaction
data it is apparent that system-wide approaches are necessary to reveal NCL-related
pathways. In order to systematically investigate the functions of NCL proteins, we
initiated a proteomic analysis of Tandem Affinity Purification (TAP)-tagged NCL
proteins and their associated complexes in SH-SY5Y human neuroblastoma cells. Protein
complexes were isolated and identified by tandem mass spectrometry (MS).
Bioinformatic analyses of isolated complexes, yielded: 58 CLN3 interacting partners
(IPs) including 42 novel CLN3 IPs, as well as 16 CLN3 HCIPs previously identified by
Behrends et al. 2010 1. Moreover, 31 CLN5 IPs (18 of which are common with the CLN3
bait) were also identified. Combined CLN3-CLN5 interactome included proteins
involved in neurodegeneration, mental retardation and epileptic seizures. Intriguingly, 10
proteins (14%) of the combined CLN3-CLN5 interactome are also constituents of the
lipofuscin proteome. In an attempt to functionally cluster the CLN3/CLN5 bridging
proteins, we also queried their direct IP and filtered for high expression in the brain.
Several CLN3-CLN5 bridging proteins were further linked through ones involved in
autophagy, a process in which CLN3 has previously been implicated. Moreover, as
GABAergic neuronal populations are strongly affected in both CLN3 and CLN5 patients
especially in the CA2-CA4 regions of the hippocampus, it is plausible that autophagic
processes involving GABA-receptor associated proteins may be responsible for
neurodegenerative processes in these brain regions. Given the underlying phenotype
similarities of NCL disorders and judging the extent of crosstalk amongst CLN3/CLN5
disease proteins, the assumption of common molecular mechanisms seems conceivable
(Scifo et al. 2013 2). Proteomic profiling of NCL-related changes in disease-affected
brain regions is currently performed in CLN1 disease model, Ppt1 knockout mice, by
MALDI Imaging mass spectrometry and focused laser capture microdissections
combined with label-free quantitative MS allowing pinpointing and quantifying the
changes directly from affected regions already at the pre-symptomatic stage. The changes
are validated in quantitative MS measurements and with specific antibodies.
1. Behrends, C., Sowa, M. E., Gygi, S. P. & Harper, J. W. Network organization of the human autophagy system.
Nature 466, 68-76 (2010). 2. Scifo, E. et al. Drafting the CLN3 protein interactome in SH-SY5Y human
neuroblastoma cells: a label-free quantitative proteomics approach. J Proteome Res, 12(5):2101-152013. (2013).
Funding: Finnish Academy grant (#128600) and EU project - FP7-HEALTH-2011-2.2.1-4 programme (DEM-Child).

Role of Oligodendrocyte Precursor Cells in Metachromatic Leukodystrophy
Klaudia Brysch, Volkmar Gieselmann, Matthias Eckhardt
Institute of Biochemistry and Molecular Biology, University of Bonn, Bonn, Germany
Metachromatic Leukodystrophy (MLD) is a lysosomal storage disorder caused by the
deficiency of the lysosomal enzyme arylsulfatase A (ASA). ASA mediates the first step of
degradation of sulfatide, a major myelin component. Lack of this enzyme leads to storage of
sulfatide in the central and peripheral nervous system, causing a progressive demyelination in
MLD patients. It has been speculated, if demyelination is a result of a non sufficient
remyelination due to a lack of oligodendrocytes or their precursor cells, a defect in myelinsynthesis and others. As a system to study remyelination, cuprizone-induced demyelination is
widely accepted. Cuprizone (Bis(cyclohexanone)oxaldihydrazone) is a copper-chelator, that
induces a highly reproducible demyelination in distinct brain areas, although the biochemical
processes remain unknown. Subsequent feeding of common chow leads to spontaneous
remyelination.
As an animal model for MLD, ASA-deficient ASA(ko)-mice have previously been generated
by disruption of the ASA gene. These mice show sulfatide-storage, as observed in MLDpatients, but no demyelination. We fed six week old ASA(ko)-mice with a diet containing
0.2% cuprizone. Alcian Blue-staining showed a distinctive storage of sulfatide in microglia of
white and grey matter. Histochemical staining and immunofluorescence analysis showed, that
compared to analogous treated ASA-heterozygous mice, ASA(ko)-mice showed a higher
extent of demyelination and astrogliosis. Surprisingly these mice did not show any visible
disturbances of the locomotor system. The higher extent of demyelination may indicate that
the remyelination capacity of ASA-ko mice is affected, suggesting that impaired
remyelination may, at least in part, be responsible for myelin loss in MLD patients.

A role for GBA2 activity in neuropathology in Niemann-Pick type C
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Niemann-Pick type C (NPC) is a neurodegenerative disorder caused by loss-of-function
mutations in either the Npc1 or Npc2 gene. Within lysosomes, NPC1 and NPC2 proteins
are required for the export of cholesterol to other intracellular compartments. NPC
patients develop ataxic gait, motor dysfunction and seizures for poorly understood
reasons. The neurological symptoms are thought to be related with the cerebral
accumulation of glycosphingolipids (GSLs), most prominently gangliosides. The
degradation of glucosylceramide (GlcCer) by the lysosomal glucocerebrosidase (GBA1)
is known to be impaired in NPC organs and fibroblasts1,2. Neuronal cells contain besides
GBA1 also the non-lysosomal β-glucosidase (GBA2), which hydrolyses GlcCer to
ceramide in the cytosol. During deficiency of GBA1, compensatory GBA2 activity in
specific neurons might cause toxic concentrations of ceramide, a pro-apototic lipid3.
Npc1-/- mice treated with a low nanomolar GBA2 inhibitor, N-(5’-adamantane-1’-ylmethoxy)-pentyl-1-deoxynojirimycin (AMP-DNM), show improved motor coordination
and an increased lifespan by about 30%. To confirm the neuropathological action of
excessive GBA2 activity, we introduced GBA2 deficiency in Npc1-/- mice and compared
this to the effect of two distinct GBA2 inhibitors. We show that motor coordination and
lifespan of Npc1-/- mice comparably improve when GBA2 is either pharmacologically
inhibited or genetically deficient. The combined findings suggest an important role for
GBA2 in NPC neuropathology.
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Regulation of insulin signaling by sialylation: can sialidase deficiency contribute to
diabetes?
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Neuraminidases (sialidases) catalyze the removal of sialic acid residues from
sialylated glycoconjugates. We now report that mammalian neuraminidase 1 (Neu1), in
addition to its catabolic function in lysosomes, is transported to the cell surface where it is
involved in regulation of insulin signaling. Insulin binding to its receptor (IRK) rapidly
induces interaction of the receptor with Neu1, which hydrolyzes sialic acid residues in the
glycan chains of the receptor and, consequently, induces its activation. Cells from sialidosis
patients with a genetic deficiency of Neu1 show impairment of insulin-induced
phosphorylation of downstream protein kinase AKT, while treatment of these cells with
purified Neu1 restores signaling. Moreover an inverse correlation was found between the
phosphorylation and sialylation levels of IRK expressed in HEK cells. Desialylation of IRK
by Neu1 is triggered by direct interaction between the IRK and the Neu1 complex on the cell
surface, also induced by insulin as shown by BRET and co-immunoprecipitation
experiments. Genetically-modified mice with ~10% of the normal Neu1 activity exposed to a
diet with elevated fat content (high-fat diet) develop hyperglycemia and twice as fast as their
wild type counterparts.
Mice produced normal levels of insulin, suggesting that
hyperglycemia in Neu1-deficient mice results from reduced insulin sensitivity in target
tissues. This was tested with an insulin tolerance test (ITT) in which fasted mice received
intraperitoneal injections of insulin. We found that after 1 month on high-fat diet, Neu1deficient mice showed significantly lower blood glucose response to insulin as compared to
WT group or to Neu1-deficient mice on the normal diet. Besides, the levels of insulininduced phosphorylation of activated insulin receptor and AKT in livers and muscles of
Neu1-deficient mice were significantly reduced as compared to that of WT animals. In
conclusion, our data demonstrate the existence of a novel positive feedback mechanism by
which Neu1 activates pool of sialylated inactive insulin receptor on the cell surface in
response to presence of high concentrations of insulin. They also identify sialylation as an
important new parameter regulating the signaling pathways for energy metabolism and
glucose uptake.

Visualization of active glucocerebrosidases in brain
Herrera Moro Chao Daniela1,2, Kallemeijn WW1, Ottenhoff R1, Van Roomen C1, Foppen E2,
Renner M3, Moeton M3, Siljee J2, Van Eijk M1, Boot R1, Kalsbeek A2 and Aerts JMFG1
1

Department of Medical Biochemistry, Academic Medical Center, Amsterdam, The
Netherlands, 2Department of Endocrinology and Metabolism, Academic Medical Center,
Amsterdam, The Netherlands and 3Netherlands Institute for Neuroscience, Amsterdam, The
Netherlands.
Glycosphingolipids (GSLs) are ubiquitous glycoconjugated membrane components of
eukaryotic cells. Their synthesis and degradation are delicately regulated by
glycosyltranferases and glycosidases respectively. The deregulation of glycosphingolipid
metabolism, especially caused by a deficiency in lysosomal catabolic pathways, results in the
development of sphingolipidoses. These disorders are characterized by the lack or deficiency
in lysosomal enzyme activity that results in the accumulation of the sphingolipids substrate.
Gaucher disease is an autosomal recessive disorder cause by a marked deficiency in the
activity of glucocerebrosidase (GBA), causing lysosomal accumulation of glucosylceramide,
the lipid substrate of GBA. Glucosylceramide can also be degraded extra-lysosomaly by other
glycosidases as glucocerebrosidase 2 (GBA2). Moreover, mutations in the GBA gene have
also been related to the onset and susceptibility of a-synucleinopathies like Parkinson,
Dementia with lewy bodies, Lewy body variant of Alzheimer and Gaucher type 2 an 3, which
symptoms affect mainly the central nervous system (CNS). The present study describes the
pattern of active GBA and GBA2 in different areas of the brain, as well as the brain cell types
which presents higher and lower GBA activity. We described these patterns by the
intracerebroventricular (icv) administration of fluorescent labeled amphiphilic activity based
probes (ABP's). These ABP's are irreversible suicide inhibitors of both GBA and GBA2 that
allow direct visualization of the originally active enzyme molecules in vitro and in vivo and
can be used for diagnosis, monitoring therapeutic enzyme targeting during treatment of
sphingolipidoses and fundamental research. Our results indicate that neurons of brain areas
related to motor control as the basal ganglia and motor related structures in the brainstem
showed higher activity of GBA. Brain areas related to motivation and learning processes as
the hippocampus and limbic system showed lower levels of activity. A different pattern of
activity was observed for GBA2, with higher levels of activity mainly in the cerebellar cortex.
Our results show that the ABP's infused in the brain can be used as tools for the visualization
and diagnosis of both GBA and GBA2 activity. They also point to a correlation between high
GBA activity in areas related to motor control, which can be important for the assessment of
activity of these enzymes in a-synucleinopathies.

Glycosaminoglycan levels for newborn screening in MPS I, MPS II and MPS III
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Early diagnosis of many lysosomal storage diseases (LSDs) is difficult due to the rarity
and the wide variety of clinical symptoms of these disorders. Early initiation of treatment,
however, before the onset of irreversible tissue damage, provides a favorable disease
outcome (1-3). Newborn screening (NBS) would probably be the optimal approach for
early diagnosis and inclusions of several LSDs in nationwide NBS programs is currently
under debate in many countries, including the Netherlands.
Mucopolysaccharidoses comprise a group of lysosomal storage diseases. Accumulation of
undegradable glycosaminoglycans (GAGs) results in progressive multi-organ disease and,
in some MPS subtypes, in irreversible neurological decline in early life (4).
To date, disease modifying therapy is available for three of the MPSs and is being
developed for the other types. Pilot screening programs for MPS type I has been initiated
in the USA.
We investigated whether analysis of GAG levels in newborn dried blood spots (DBS)
could be used for new born screening for different types of MPS. Newborn DBS of controls, heterozygotes and 11 MPS type I and 6 MPS type III patients, with phenotypes
ranging from severe to relatively attenuated, and 2 MPS type II patient were collected.
Next, we determined the levels of the GAGs herparan sulfate and dermatan sulfate derived
disaccharides with HPLC-MS/MS.
We demonstrate that our method reliably separates the newborns with MPS from controls
and heterozygotes, as GAG levels were clearly elevated in all newborn DBS of MPS
patients.
Our study demonstrates that measurement of GAG derived disaccharides in DBS may be
suitable for new born screening for MPS type I, MPS type II and MPS type III. We
hypothesize that this same approach will also detect MPS type VI, and VII patients, as
these patients accumulate the same storage products.
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De Cegli R1, Mutarelli M1, di Fruscio G2, Savarese M1,2, Singhmarwah V1, di Bernardo
D1, Sandro Banfi1,2, Vincenzo Nigro1,2 and Andrea Ballabio1,3,4,5
1

Telethon Institute of Genetics and Medicine, Via Pietro Castellino 111, 80131 Napoli,
Italy; 2Dipartimento di Patologia Generale, Seconda Università degli Studi di Napoli,
Napoli, Italy; 3Department of Molecular and Human Genetics, Baylor College of
Medicine, Houston, Texas 77030, USA; 4Jan and Dan Duncan Neurological Research
Institute, Texas Children Hospital, Houston, Texas 77030, USA; 5Medical Genetics,
Department of Pediatrics, Federico II University, Via Pansini 5, 80131 Naples, Italy.
The aim of this study was to develop the first Next-generation sequencing (NGS)-based
workflow for the identification of exon-variations in genes involved in lysosomal
function and autophagy.
Our NGS-based workflow was designed using a Haloplex-based enrichment protocol, a
method based on digestion, hybridization, and followed by an extension step, which we
named Lysoplex, followed by sequencing by an Illumina HiSeq platform. Lysoplex
represents the most complete collection of genes involved in lysosomal function and
autophagy (283 genes in total), which were selected for the high relevance that these
pathways have in both rare and common diseases. The complete gene list includes 98
genes encoding for lysosomal proteins described previously1,2, 9 novel genes encoding
proteins that co-localize with the lysosomal marker LAMP22, TFEB, the master regulator
of lysosomal biogenesis and autophagy3-6, all genes encoding non lysosomal proteins that
play a role in lysosomal function and in LSDs7, all genes known to play a role in the
autophagic pathway7,8 and a subset of lysosomal and autophagic genes predicted by
different bioinformatics tools9-11.
As proof of sensitivity and specificity, a set of 15 DNA samples from patients affected by
several types of LSDs was tested. We analyzed samples from MPS I, MPS II, MPS IIIB,
Fabry, Niemann-Pick type C, Mucolipidosis III, Batten, Gaucher’s, MSD, Pompe, Danon
and MLD. In 13 of these patients causative mutations had been previously identified,
while in the remaining two the mutations were unknown. Using our protocol we were
able to detect all the known mutations and identified putative causative variations in the
previously molecularly unresolved patients. Moreover, a subset of additional variations in
other genes not directly correlated with the disease was also identified in each sample.
The Lysoplex strategy is therefore a valid tool for the genetic diagnosis of lysosomal
gene mutations. In addition, it provides a comprehensive view of variants in 283 genes
involved in the lysosomal-autophagic pathway. Finally, due to the crucial role that the
lysosomal-autophagic pathway plays in health and disease (e.g. neurodegenerative
diseases), Lysoplex can also be used to identify causative or predisposing mutations in a
variety of debilitating human conditions.
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Characterization of TMEM106B, a risk factor for FTLD, suggests a lysosomal function
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Lysosomal dysfunction plays an important role in the pathogenesis of many
neurodegenerative diseases including Alzheimer’s disease (AD), Parkinson’s disease (PD)
and amyotrophic lateral sclerosis (ALS).
Also, there is increasing evidence that lysosomal function is crucial in the progression of
frontotemporal lobar degeneration with TDP-43 pathology (FTLD-TDP), especially
concerning the familial form of FTLD-TDP which is mainly caused by heterozygous
progranulin (GRN) loss-of-function mutations that lead to haploinsufficiency.
On the one hand, in 2012, Kathrine Smith et al. discovered two siblings suffering from
neuronal ceroid lipofuscinosis (NCL), a lysosomal storage disease, who were homozygous
for a mutation in the GRN gene suggesting that GRN is important for lysosomal function.
On the other hand, a region on chromosome 7p21, encoding the uncharacterized protein
TMEM106B, was detected to be a common genetic susceptibility locus for FTLD-TDP.
As we identified TMEM106B as a novel late endosomal and lysosomal protein, this further
strengthens the hypothesis that lysosomes are essential for FTLD-TDP.
Furthermore, the inhibition of vacuolar H+-ATPase and not the inhibition of lysosomal
proteases significantly increased the levels of TMEM106B, a finding, which may provide an
unexpected biochemical link to GRN, since this protein is also strongly increased under the
same condition.
Strikingly, lysosomal positioning seems to be altered upon TMEM106B knockdown pointing
to an important function of TMEM106B in lysosomal vesicle transport.
In summary, our findings provide a biochemical and cell biological basis for the
understanding of the pathological role of TMEM106B in FTLD-TDP, an incurable
neurodegenerative disorder, but also point to an important role for TMEM106B in lysosomal
function.

Neonatal bone marrow transplantation strategy for the cure of Hurler disease
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Hurler syndrome (MPS-IH) is a rare autosomal recessive lysosomal storage disease
caused by mutations in the IDUA gene, resulting in the deficiency of alpha-L-iduronidase
(IDUA) enzyme activity with a consequent intracellular accumulation of
glycosaminoglycans (GAG). Among a broad spectrum of clinical manifestations, MPSIH is characterized by a range of skeletal abnormalities known as dysostosis multiplex.
The introduction of hematopoietic stem cell transplantation (HSCT) has significantly
improved the life-span of Hurler patients. However, the musculoskeletal manifestations
seem largely unresponsive to HSCT. Since MPS-IH is a progressive storage disorder that
affects bone early in childhood, it may be necessary to undertake transplantation in MPSIH infants (identified by prenatal diagnosis) or very young children.
Since untreated newborn MPS I mice appear normal, we postulated that HSCT in
newborn mice might prevent the subsequent accumulation of storage material and the
derived bone damage. 1- to 2-day-old mutant mice were conditioned using busulfan and
then injected intravenously with bone marrow cells from wild type donors. Transplanted
mice were examined radiographically and microscopically at 37 weeks of age. Untreated
MPS I mice at 37 weeks of age develop a flattened facial profile and thickening of the
digits and palmar regions. Radiographs reveal thickness of the zygomatic arches and long
bones. Conversely, long bone lengths were not significantly different from normal.
Femurs from MPS I mice were wider at 1.4 ± 0.03-fold normal (P < 0.01) and were more
sclerotic on a radiograph than from a normal mouse. Pathological evaluation of cross
sections demonstrated that femurs of untreated MPS I mice have abnormal osteocytes and
a thick cortex. On the contrary, the growth plate of MPS I animals appeared
undistinguishable from that of WT mice for morphology and cellular organization.
Transplantation of normal bone marrow cells into preconditioned MPS I neonates led to a
high engraftment level in all analyzed hematopoietic organs (peripheral blood, 66.7 ±
38.6%; spleen, 69.7 ± 37.2%; n= 9) at 37 weeks after BMT, demonstrating the long-term
multilineage donor hematopoiesis recovery. Newborn mice receiving HSCT had less
severe facial dysmorphism and several structural features of femurs were more like that
of normal mice than of untreated MPS I mice. Histologic evidence of osteocyte
abnormality and bone thickness were corrected in femurs cross sections of transplanted
mice. Also the width abnormality of femurs was significantly normalized.
We conclude that neonatal HSCT would be an attractive therapeutic option to prevent
severe bone dysplasia in MPS-IH.

A systematic review on screening for Fabry disease: prevalence of individuals with
genetic variants of unknown significance.
L van der Tol 1, BE Smid 1, BJHM Poorthuis 2, M Biegstraaten 1, RH Lekanne Deprez 3,
GE Linthorst 1, CEM Hollak 1
1. Department of Endocrinology and Metabolism, 2. Laboratory of Genetic Metabolic
Diseases and 3. Medical Genetics, Amsterdam Lysosome Center ‘Sphinx’, Academic
Medical Center, University of Amsterdam, Amsterdam, The Netherlands
Introduction
Screening for Fabry disease (FD) reveals a high prevalence of individuals with alphagalactosidase A (GLA) genetic variants of unknown significance (GVUS). These
individuals often do not express characteristic features of FD. A systematic review on FD
screening studies was performed to interpret the significance of GLA gene variants and to
calculate the prevalence of definite classical and uncertain cases.
Methods
We searched PubMed and Embase for screening studies on FD. We collected data on
screening methods, clinical, biochemical and genetic assessments. The pooled prevalence
of identified subjects and those with a definite diagnosis of classical FD were calculated.
As criteria for a definite diagnosis we used the presence of a GLA variant, absent or nearabsent leukocyte enzyme activity and characteristic features of FD.
Results
Fifty-one studies were selected, 45 in high risk and 6 in newborn populations. The most
often used screening method was an enzyme activity assay. Cut-off values comprised 1055% of the mean reference value for males and up to 80% for females. Prevalence of
GLA variants in newborns was 0.04%. In high risk populations the overall prevalence of
individuals with GLA variants was 0.6%, while the prevalence of a definite diagnosis of
FD was 0.12%.
Discussion
The majority of identified individuals in high risk and newborn populations harbor
GVUS or neutral variants in the GLA gene. To determine the pathogenicity of a GVUS in
an individual, improved diagnostic criteria are needed. We propose a diagnostic
algorithm to approach the individual with an uncertain diagnosis.

Characterization of murine Arylsulfatase G and Arylsulfatase G knockout mice
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Arylsulfatase G is a new lysosomal sulfatase which was previously shown to act on the
degradation of the glycosaminoglycan heparan sulfate, specifically removing 3-O sulfate
from the non-reducing end of N-sulfated glucosamine (GlcNS3S). Deficiency of
Arylsulfatase G in mice and dogs results in a lysosomal storage disease similar to other
mucopolysaccharidoses, which we term mucopolysaccharidosis IIIE due to its hydrolytic
action on sulfated glucosamine. The pathology manifests, as in other
mucopolysaccharidoses type III, mainly in the central nervous system. Upon storage of
sulfated GAGs, we show that a cascade of secondary events follows primary pathology,
including accumulation of lipids and impaired autophagy, finally leading to neuronal cell
death.
We show that mouse Arylsulfatase G is broadly expressed in different tissues although
with different levels. Proteolytic processing takes place in some (including brain and
liver), but not all tissues. Proteolytic processing is a multistep process by conversion of a
precursor of 63 kDa to different fragments of 34 kDa and 18 kDa and takes place in late
endosomes or lysosomes. It involves lysosomal proteolytic enzymes. Overexpression
studies with human Arylsulfatase G indicate a similar processing pattern. The precursor
of Arylsulfatase G is localized in a pre-Golgi compartment (presumably endoplasmic
reticulum) and is tightly associated with membranes on its route to lysosomes. This
membrane-association is unaffected by including mannose 6-phosphate in lysis-buffers,
indicating mannose 6-phosphate independent mode of transport. Large amounts of
detectable precursor indicate long persistence in the ER.
We are currently seeking patients with features of MPSIII and unknown etiology for
putative disease causing mutations in Arylsulfatase G. Our data will help to identify
pathogenic mutations in putative sorting signals and follow their transport or stability and
to characterize such mutations by means of biochemistry and cell biology methods. Our
work on the pathology of the knockout mice will further narrow down putative human
patients.

Characterization of a novel lysosomal sulfatase - arylsulfatase K
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In human, the sulfatase family comprises 17 members, seven of which were shown to
be localized in the lysosomal compartment. Inside the lysosome, six sulfatases act on
sulfated glycosaminoglycans like heparan sulfate during their course of degradation
whereas arylsulfatase A cleaves the sulfolipid cerebroside 3-sulfate. The deficiency of
each of the lysosomal sulfatases is associated with a lysosomal storage disease like
metachromatic leukodystrophy in case of arylsulfatase A deficiency or different types
of mucopolysaccharidoses as shown for all six lysosomal sulfatases involved in
glycosaminoglycan degradation. The sulfatase family also includes four novel human
sulfatases, namely arylsulfatases H, I, J and K, that were initially identified by
bioinformatic tools. While arylsulfatase I and J show high homology with lysosomal
arylsulfatase B, arylsulfatase K (ARSK) exhibits only little sequence identity with any
other sulfatase.
Here we show that ARSK is a novel ubiquitously expressed sulfatase that co-localizes
with the lysosomal marker LAMP1 and is sorted towards the lysosomal compartment
in a mannose 6-phosphate dependent manner as demonstrated by mannose 6phosphate receptor binding and by direct detection of a mannose 6-phosphate residue.
Purified recombinant human ARSK shows activity against the artificial aryl-substrates
pNCS and pNPS at acidic pH as is typically the case for lysosomal sulfatases. Its
activity is dependent on a cysteine in position 80 that is part of the so-called sulfatase
signature (80-CCPSR-84) in the active side and has to be modified post-translationally
to formylglycine. So far, the physiological substrate of ARSK remains unknown but
we are currently testing possible sulfated compounds like 2-O- or 3-O-sulfated
saccharides and sulfated hormones. We are also generating an ARSK-deficient mouse
model which might develop an LSD-like phenotype as seen in all other sulfatases.

SCARB2 mutations as modifiers in Gaucher disease: the wrong enzyme at the wrong
place
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Unlike most lysosomal proteins, β-glucocerebrosidase (GCase) – the hydrolase defective
in Gaucher disease (GD) – is specifically delivered to the lysosome through interaction
with the lysosomal integral membrane protein type 2 (LIMP-2). Recently, mutations in
the LIMP-2 coding gene, SCARB2, were reported to affect the severity of Gaucher
phenotype. To understand the role of variations in SCARB2 in the broad phenotype
spectrum observed for patients carrying similar GBA mutations, we have screened the
gene in the Portuguese GD patients.
After analyzing a total of 91 individuals, that constitutes the whole population of affected
individuals referenced in our country, we identified 3 different SCARB2 coding variants.
Of those, 2 were known polymorphic variations, with high prevalence in the normal
population (p.M159V and p.V396I) and the third was a novel coding variant, p.T398M,
present in heterozygozity in one Gaucher patient, a severely affected child, born from
healthy unrelated parents of Cape Verdean origin. Initial investigations showed low
GCase levels, and the child was referenced for enzyme replacement therapy (ERT),
having started treatment. Nevertheless, subsequent therapeutic follow-up with assessment
of chitotriosidase levels showed enzyme levels which were disparate from the ones
expected for a GD patient under ERT treatment, suggesting lower response to treatment.
When analyzed both in silico and in vitro, this variation was predicted to be deleterious
for protein function. Preliminary results of Western blot assays in COS7 cells transfected
with a minigene carrying the mutation show a decrease of LIMP-2 levels when compared
to wild-type protein. Recombinant GCase uptake is known to be dependent from the
receptor density (mannose 6-phosphate receptors and LIMP-2). That is, indeed, one the
major reasons for the variable organ response to ERT. Taking this into account, it would
be expectable that any alteration causing either dysfunction or reduction of LIMP-2 lead
to a decrease in the efficacy of ERT in GD patients, as observed in our case.
To the best of our knowledge this is the first time that a whole GD population is screened
for mutations in this gene. From our results on the Portuguese population it was possible
to conclude that SCARB2 mutations neither the only nor the most frequent cause of GD
phenotype variability. Nevertheless, with the identification of a novel mutation in one of
the patients who present a severe GD phenotype and had a poor response to ERT standard
treatment and its subsequent evaluation, our study reinforces previous evidence that
SCARB2 mutations do act as modifiers of GD.

Molecular analyses of genes involved in mannose 6-phosphate independent
trafficking
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Lysosomes are essential regulators of cell homeostasis, since they harbour a vast
repertory of specialized enzymes responsible for degrading endocytosed and intracellular
material. The newly-synthesized lysosomal enzymes travel first to the trans-Golgi
network (TGN) and then must be driven to the acidic organelle in order to exert their
function. Whist the best-known pathway for TGN-to-endosome transport is the delivery
of soluble lysosomal hydrolases by the MPRs, additional pathways from the TGN to
lysosomes do exist, as recently demonstrated by the identification of two alternative
receptors: LIMP-2, shown to be implicated in the delivery of β-glucocerebrosidase to the
lysosomes, and sortilin, proposed to be involved in the transport of several proteins
including the sphingolipid activator proteins prosaposin and GM2 activator protein
(GM2AP), acid sphingomyelinase (ASM) and cathepsins D and H. Disruption of the
intracellular transport and delivery pathways to the lysosomes may result in lysosomal
dysfunction, predictably leading to a range of clinical manifestations suggestive of
lysosomal storage diseases (LSDs): impairments of the M6P-dependent pathway are the
basis of the rare genetic diseases Mucolipidosis II and III (ML II, OMIM# 252500 and
ML III, OMIM# 252600); similarly, impairments on the M6P-independent trafficking
processes might also have hazardous effects to the organism, ultimately leading to overt
disease as already demonstrated by the existence of a serious autosomal-recessive
disorder presently known as action myoclonus-renal failure syndrome (AMRF), which is
caused by mutations in the gene that codes for LIMP-2.
Having in mind that, for a great percentage of patients presenting LSD manifestations, no
condition is successfully diagnosed because their metabolic profile does not fit any
known LS, we hypothesized that TGN-to-endosome M6P-independent traffic could be
deficient in some of them. For the present study we recruited uncharacterized patients
with phenotypes overlapping manifestations that could predictably be due to loss of
activities of GCase, saposins, GM2AP and/or ASM, to find out whether those features
could be resultant from failures in M6P-independent pathways through which those
proteins reach the lysosome. Patients were sorted into five different groups according to
their phenotypic picture and screened for SCARB2 and/or SORT1 mutations.
No novel mutations were found on the SCARB2 gene and no pathogenic mutations were
identified on the SORT1 gene. Other study approaches will be needed to clarify whether
sortilin dysfunction may cause disease.
The relevance of alternative receptors is demonstrated by their involvement in disease.
So, a better understanding on the M6P-independent routes to the lysosome will contribute
to a more accurate understanding not only of crucial cellular processes, but also of the
pathophysiological bases of severe and disabling diseases. Finally, knowledge of the
different trafficking mechanisms responsible for the sorting of lysosomal proteins may be
an enormous help for the building of new therapeutic strategies for LSDs.

Mannose 6-phosphate-independent transport mechanisms to lysosomes
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GlcNAc-1-phosphotransferase is a hexameric enzyme complex (α2β2γ2) that catalyzes the
first step in the synthesis of the mannose 6-phosphate (M6P) recognition marker on
lysosomal acid hydrolases required for efficient transport to lysosomes. Mutations in
GNPTAB gene encoding the α- and β-subunits of the GlcNAc-1-phosphotransferase lead
to mucolipidosis II (MLII, I-cell disease) characterized by missorting of multiple
lysosomal hydrolases and the lysosomal accumulation of non-degraded material. We
generated a knock-in mouse model for MLII (Gnptabc.3082insC) resulting in a loss of
GlcNAc-1-phosphotransferase activity. The expression and proteolytic processing of
distinct lysosomal proteins, such as α-fucosidase and Niemann-Pick C2, were more
affected by the loss of M6P residues than enzymes like cathepsin D and B and acid
sphingomyelinase.
Sortilin, a multiligand type-1 receptor also known as neurotensin receptor 3, has been
reported to be an alternative transport receptor in the targeting of several lysosomal
hydrolases, such as cathepsin D and H and acid sphingomyelinase. To examine the role
of sortilin in M6P-independent transport of lysosomal proteins, we generated a sortilin
and GlcNAc-1-phosphotransferase-double-deficient mouse (Sort1-/-/ Gnptabc.3082insC). In
Sort1-/- fibroblasts no lysosomal storage phenotype was observed. In contrast, Sort1-/-/
Gnptabc.3082insC fibroblasts revealed an increased number of lysosomes and accumulation
of storage material (e. g. cholesterol, glycosaminoglycans) similar to Gnptabc.3082insC
fibroblasts. Surprisingly, there were no effects on the transport of cathepsin D, cathepsin
B and acid sphingomyelinase to lysosomes in Sort1-/-/ Gnptabc.3082insC fibroblasts. To
examine whether secretion/ recapture mechanisms may compensate defective direct
targeting pathways to lysosomes, internalization experiments with non-phosphorylated
125
I- cathepsin D were performed. The competitive inhibitor LDL-receptor-related protein
associated protein (RAP) of the low density lipoprotein receptor-related protein 1 (LRP1)
blocked the endocytosis of cathepsin D in Sort1-/-/ Gnptabc.3082insC fibroblasts.
The data indicate that in addition to the major M6P-dependent transport route of
lysosomal proteins, endocytic receptors like LRP1 but not sortilin contribute to targeting of
lysosomal hydrolases.

Generation of induced pluripotent stem cells derived from a mouse model of Fabry
disease and their differentiation into selected cell types
Rybová J, Dobrovolný R, Ledvinová J
Institute of Inherited Metabolic Disorders, First Faculty of Medicine, Charles University in
Prague and General University Hospital in Prague, Czech Republic
Our group has been involved in studying pathobiochemistry of lysosomal storage disorders.
For monitoring catabolic pathways of glycosphingolipids we use loading experiments with
radiolabeled substrates in cultures of skin fibroblasts. However, skin fibroblasts are not
always the appropriate cell type as, for example, in the case of Fabry disease (lysosomal αgalactosidase A deficiency), where the main accumulating organs are heart, kidney and liver
(1). Therefore, we decided to prepare induced pluripotent stem (iPS) cells from mouse model
of Fabry disease and differentiate them into selected disease relevant cell types. These cell
types can be then used for functional and pathobiology studies.
Induced pluripotent steam cells have been generated by transgenic expression of
reprogramming factors Oct4, Sox2, Klf4 and Myc in mouse embryonic fibroblasts derived
from mouse knock out model of Fabry disease (dr. RJ Descnick, MSSM, New York). We
delivered the reprogramming factors in form of PiggyBac transposon by electroporation
together with specific PB- transposase (2). The formation of colonies of iPS cells started three
weeks after electroporation. The selected colonies were picked from hemizygous,
heterozygous and control cells and passaged until creation of stable iPS cell lines. Their
pluripotent state was confirmed by immunostaining of Nanog, Sox2, SSEA1 and detection of
alkaline phosphatase activity. RT-PCR analysis of iPS lines was also performed.
The main advantage of this method is that the integrated piggyBac transposon sequence can
be removed from genome by expression of PB-transposase without leaving footprint after
excision.
Developed iPS lines will be used for differentiation into functional cardiomyocytes and other
Fabry disease relevant cell types and then for characterization of pathological mechanisms of
tissue damage. The results from mouse model will be compared with analogical results from
human iPS cell lines.
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Sap B deficiency and successful bone marrow transplantation: biochemical vs
clinical insight
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Protein sphingolipid activator Saposin B (Sap B) is indispensable cofactor for the
intralysosomal degradation of several sphingolipids mainly sulfatides and
globotriaosylceramide (Gb3Cer). It facilitates presentation of hydrophobic lipid
substrates to relevant exohydrolases, arylsulfatase A and ɑ -galactosidase A.
Saposin B deficiency (SapB-d) is a progressive lipid storage disorder with autosomal
recessive inheritance caused by mutations in the PSAP gene and leading to an atypical
form of metachromatic leukodystrophy (MLD) with characteristic accumulation of
sulfatides together with galadiosyl- and globotriaosylceramides.
Here we report on a patient with SapB-d who underwent successful bone marrow
transplantation (BMT) 12 years ago at the age of 2 years 8 months (Wrobe D et al. J
Inherit Metab Dis 23, 63-76, 2000). Sphingolipid profile was estimated in the urine,
cultured skin fibroblasts and in the cerebrospinal fluid (CSF) by means of tandem mass
spectrometry (ESI-MS/MS). Analytical results were correlated with clinical findings.
Clinical findings: Patient´s brain function was found completely normal 12 years after
BMT (starting the university studies), no demyelination, the only finding is
demyelinating polyneuropathy with very slight symptoms.
Biochemical findings: Urine: Massive excretion of sulfatides and pathological profile of
molecular types according to different fatty acids was demonstrated. This finding is
characteristic for MLD. Gb3Cer excretion was almost normal but Gb3Cer isoform
profile was abnormal and was consistent with that in Fabry disease.
CSF: Lipid analysis did not reveal any detectable differences in concentration of critical
sphingolipids in SapB-d patient, MLD patients and controls. Surprisingly, greater change
concerned the sphingomyelin which increased significantly in CSF of MLD patients and
that of SapB-d patient.
Skin fibroblast cultures: Loading experiments with labeled substrates demonstrated
impaired degradation of both critical substrates, Gb3Cer and sulfatide similarly in both,
SapB-d and MLD patients.
Conclusion: Summarizing all results, it seems likely that the BMT therapy had a positive
effect primarily on the central (and peripheral) nervous system which is otherwise most
affected. On the contrary, BMT therapy did not improve catabolic functions in lysosomes
of other studied organs (tubular kidney cells, skin fibroblasts), but whose functions are
usually not so severally impaired.
Supported by Grant IGA MZ NT14015-3/2013 and project RVO-VFN64165 from the
Ministry of Health, project PRVOUK-P24/LF1/3 from the Ministry of Education, Czech
Republic and Grant SVV 266 504 from the Charles University in Prague

Functional characterization of the common c.-32-13T>G mutation of GAA gene:
identification of potential therapeutic agents.
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Glycogen storage disease type II (GSDII), is a lysosomal storage disorder due to
mutations of the GAA gene, which causes lysosomal α-glucosidase (GAA) deficiency.
Clinically, GSDII has been classified in infantile and late-onset (LO) forms. Most LO
patients shared the leaky splicing mutation c.-32-13T>G.
Lately, splicing mutations have received considerable attention since several strategies to
rescue/increase normal splicing of transcripts carrying this type of mutations have been
developed. However, the mechanism by which the c.-32-13T>G mutation affects the
GAA mRNA splicing has not been analyzed in detail and therapeutic strategies to rescue
normal splicing of this mutant have not yet been explored.
In this study, we demonstrate that the c.-32-13T>G mutation abrogates the binding of the
splicing factor U2AF65 to the polypyrimidine tract of exon 2. In addition, we also show
that several common splicing factors can affect exon 2 inclusion, although the only factor
capable of acting in the c.-32-13 T>G context is the SR protein family member, SRSF4.
Most importantly, a preliminary screening using small molecules described to be able to
affect splicing profiles showed that resveratrol treatment resulted in a significant increase
of normal spliced GAA mRNA, GAA protein content and GAA activity, both in cells
transfected with a mutant minigene and in fibroblasts from patients carrying the c-3213T>G mutation. With regards to the mechanism of action of resveratrol, it should be
noted that this compound may cause a change in a very wide number of splicing factors,
thus making it difficult to ascribe their effects on a single protein. Nonetheless, with
regards to the splicing regulators tested in this work, treatment of HeLa cells with this
compound displayed a significant increase in the expression of SRSF4, the most effective
splicing factor capable of promoting normal exon 2 processing both in the presence or
absence of the c.-32-13T>G mutation.
In conclusion, this work provides an in depth functional characterization of the c.-3213T>G mutation and, most importantly, an in vitro proof of principle for the use of small
molecules to rescue normal splicing of c.-32-13T>G mutant alleles.

Characterization of TATA-less HGSNAT promoter
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Mucopolysaccharidosis IIIC (MPS IIIC) is a lysosomal storage disorder caused by the
deficiency of glucosaminide N-acetyltransferase (N-acetyltransferase), which catalyzes
the transmembrane acetylation of heparan sulfate within the lysosomes. The gene
encoding N-acetyltransferase, HGSNAT, is located on chromosome 8p11.1 and contains
18 exons.
Here we report the characterization of the transcription start site and the promoter region
of the HGSNAT.
Two in frame ATG codons were previously reported as the possible first codons of the
HGSNAT. Rapid ampification of cDNA ends (5´- RACE technique) verified two major
transcription start sites at positions +69, +84; but neither of them contained the upstream
ATG (+1). The upstream ATG was repeatedly amplified by RT-PCR. These results
suggest that only a small fraction of the transcripts starts at the upstream ATG.
The Luciferase reporter assay was used to delineate the HGSNAT promoter. The sequence
in the region -16 to +65 is apparently important for achieving the full transcriptional
activity. Analysis of promoter deletion constructs identified a region enhancing the
promoter`s activity at -989/ -632 and a region potentially containing a repressor at -632/263 upstream of the first ATG. Interestingly, the promoter sequence was in vitro able to
drive transcription bidirectionally, although there is no gene immediately upstream of the
HGSNAT which would share the bidirectional promoter.
The promoter is similar to promoters of housekeeping genes, as it does not contain a
TATA-box, has multiple Sp-1 sites and an unmethylated CpG island.
Supported by GAUK 99107, VZ MŠM ČR 0021620806, PRVOUK – P24/LF1/3,
UK266504

The MorquioBetter Project: An International Patient Database For Morquio B
Disease and Late-Onset GM-1 Gangliosidosis
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Background. Morquio B Disease (BD) and Late onset GM1 gangliosidosis (LO-GM1)
are caused by an autosomal recessive defect in the GLB1 gene, coding for the lysosomal
acid ß-galactosidase. Patients with this enzyme defect can present within a broad clinical
disease spectrum including infantile, juvenile, and adult forms of GM1 gangliosidosis,
manifesting with a spectrum of rapidly progressive to attenuated course of neurodegeneration and a variable degree of skeletal dysplasia. MBD is at the utmost end of the
spectrum, presenting with skeletal dysplasia and corneal clouding only. It is currently not
clear how well MBD is distinguished from LO-GM1 as patients with LO-GM initially
may present with skeletal changes only and CNS problems may develop only later in the
course of the condition.
Our aim is to establish an international internet-based research database capturing
clinical, biochemical and genetic data of patients diagnosed with late onset- and Morquio
B phenotypes of beta galactosidase (GLB1) deficiency
Purpose: to delineate phenotype-genotype correlations of late onset and MorquioB types
of GM1 gangliosidosis based on the data collected in the database.
Achievements. The first year of funding from the MPS Society has allowed us:
1) To assemble a group of experts to develop research questions and the type of data
to be collected in the database.
2) To set up a project website (www.morquiob.org) and a RedCap Database and test
it for user friendliness.
3) To create a public MBD/LO-GM website advertising our consortium to potential
researchers and collaborators
4) To submit a protocol for ethics approval at the main site of the study (Vancouver)
and to provide a template for REB submissions at the various other investigator
sites.
5) To define responsibilities of the research consortium include definition of
analyses that will be routinely conducted; developing a data access policy and
framework for disseminating data and findings.
6) To obtain an estimate of patient numbers: 30 for MBD and up to 200 for LOGM1.
Anticipated Outcomes. Donor advised funding allows us to maintain the database for a
5 year-period. We will collect and analyze data to report the number of diagnosed cases
of MBD and LO-GM1. In a cross sectional study design we will describe the frequency
and type of symptoms at the various patient ages, the clinical and biochemical
phenotypes as well as the genotypes of the patients (as obtained by routine diagnostic
testing) and attempt to establish geno-phenotype correlations.

Perspectives. We strive to find solutions for long-term sustainability of this database to
perform a prospective/cohort study providing longitudinal outcome data
Impact. Geno-phenotype correlations and long term outcome data will not only help to
better understand the disease but in turn to look for treatments, and assemble patients for
studies / trials on this very rare disorder, overall impacting patient care and science.

Alterations of the sphingolipidomic profile in a novel mouse model for Farber
disease.
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Farber disease (FD; OMIM#228000) is an autosomal recessive lysosomal storage
disorder due to the deficient activity of acid ceramidase, a lysosomal N-deacylase
encoded by ASAH1 that catalyzes the breakdown of ceramide. Clinically, FD is
characterized by a triad including voice hoarseness, painful joints and subcutaneous
nodules, and a variable degree of neurological involvement. Most FD patients exhibited a
severe phenotype fatal in early childhood. In order to investigate the molecular
pathophysiology of FD, which remains unclear, a mouse model has been generated.
Whereas previous attempts showed embryonic lethality of knock-outs, a knock-in model
proved to be viable (Alayoubi et al. 2013 EMBO Mol. Med. 5:827). We will report the
biochemical changes observed in the tissues of these Asah1P361R/P361R. Modifications in
the total contents as well as individual molecular species of ceramide and derivatives will
be presented. The results support the validity of this mouse model for studying the
pathophysiology of FD and the functions of sphingolipids.
(Supported by INSERM, Université Paul Sabatier and VML.)

Molecular characterization of Mucolipidosis types II and III: Genotype-phenotype
correlations and prenatal diagnosis.
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Mucolipidosis II and III (MLII and MLIII) are autosomal recessive lysosomal storage
disorders due to N-acetylglucosaminyl-1-phosphotransferase deficiency. This enzyme is
involved in the mannose-6-phosphate-dependent targeting of lysosomal enzymes to the
acidic compartments. In MLII and III, lysosomal hydrolases are excreted in extracellular
fluids instead of being targeted to lysosomes. Mucolipidosis can present with various
degrees of clinical severity. While the most severe forms (MLII) are associated with
dysmorphism, mental and motor retardation, marked failure to thrive, dysostosis
multiplex, and cardiorespiratory complications leading to early death, the less severe
forms (MLIII) exhibit a later onset and allow patients to survive into adulthood.
Two genes, GNPTAB and GNPTG, encode for N-acetylglucosaminyl-1phosphotransferase subunits. Several mutations in the GNPTAB gene were shown to be
responsible for MLIIalpha/beta and MLIIIalpha/beta (#252500 and 252600). To further
investigate genotype-phenotype correlations (Tappino et al, 2009 Hum. Mutation
30:E956; Cathey et al, 2010 J. Med. Genet. 47:38), we analyzed 27 cases newly
diagnosed and some of their relatives. Thirteen novel mutations are presented. Our results
confirm the severity of the phenotypes associated with the frequent and already reported
p.L1168QfsX5 mutation in a homozygous context. They also support the in silico
prediction that the p.R334Q alteration, despite being a missense mutation, is linked to a
poor prognosis. In addition to provide insights into genotype-phenotype correlations, the
molecular diagnosis of mucolipidosis allowed us to perform 12 prenatal diagnoses
(resulting in the identification of 4 affected fetuses).
(Supported by INSERM, Université Paul Sabatier and VML.)

Lymphocytes in Mucopolysaccharidosis type VI patients
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Mucopolysaccharidoses are lysosomal storage diseases (LSD) characterized by the
accumulation of glycosaminoglycans. The focus of this work is Mucopolysaccharidosis
type VI (MPS VI), which is a disorder caused by mutations in the gene encoding the ASB
enzyme (ARSB). In this disease there is accumulation of the glycosaminoglycan dermatan
sulfate. The lysosome is an important organelle in the presentation of lipid antigen to T
cells. Invariant natural killer T cells (iNKT) are the most studied lipid specific T cells and
are well known by their immunoregulatory properties.
We analyze the lymphocyte populations of 11 MPS VI patients and 11 control subjects
by flow cytometry. All the patients analyzed were under Enzyme Replacement Therapy
with Naglazyme. We found an increase percentage of B-lymphocytes in MPS VI patients
when compared with control subjects. No alterations were found in the percentage of the
T and iNKT cells and in their subsets according to CD4 and CD8 expression in MPS VI
patients. These parameters have been previously analyzed for other LSDs in our
laboratory and imbalances in the iNKT cell subsets were found namely in Fabry and
Gaucher disease patients (see abstract by Cátia Pereira et al). Therefore the results
obtained with the Mucopolysaccharidoses patients highlight the fact that lysosome
dysfunction per se is not sufficient to induce iNKT subset alterations. The alterations
found in the B lymphocyte population of the MPS VI patients should be further explored.

Sphingolipidoses patients present disease specific imbalances in iNKT cells.
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Invariant natural killer T (iNKT) cells are lipid-specific T lymphocytes composed by
phenotypically and functionally diverse subsets. These cells have important
immunoregulatory properties and a known role in infection, cancer and autoimmune
diseases. The lysosome is an important compartment for lipid antigen presentation and
consequently for iNKT cell biology. Indeed, in several animal models of lysosomal
storage diseases (LSDs) there is a decrease in the number of iNKT cells and altered lipid
antigen presentation.
Herein, we analyzed iNKT cells phenotype and function in Gaucher, Fabry and Niemann
Pick type C (NPC) disease patients.
No alterations were found in iNKT cell percentage in the peripheral blood of LSDs
patients when compared to healthy controls, whereas disease-specific alterations were
detected in iNKT cell subsets. Gaucher disease patients showed a decrease in iNKT CD8+
cells accompanied by an increase in iNKT CD4+ cells. On the contrary, Fabry disease
patients showed a reduction in iNKT CD4+ cells, accompanied by an increase of iNKT
CD4-CD8- cells. No alterations were found in the percentage of iNKT cell subsets in
NPC disease patients. Disease-specific alterations were also found when cytokine
production by iNKT cells was analyzed. Gaucher disease patients presented an increase
in the percentage of iNKT cells producing the anti-inflammatory cytokine IL-4. In
opposition, iNKT cell subsets from Fabry disease patients produced less IL-4 than the
control cells.
Alterations in lipid antigen presentation do not explain the iNKT phenotypes found in
these patients. Indeed, Gaucher disease monocyte-derived dendritic cells presented αGalactosylceramide to iNKT cells as efficiently as control dendritic cells.
These results show that iNKT cell subsets are differently affected in LSDs, suggesting
that the accumulation of different lipids has distinct effects on iNKT cells. The alterations
found in the iNKT cells phenotype and function might impair the immune regulation in
these patients.

Molecular characterization of new GALNS genetic alterations in Morquio A patients.
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Mucopolysaccharidosis IVA (Morquio A syndrome) is an autosomal recessive lysosomal
storage disease, caused by the deficiency of the enzyme N-Acetylgalactosamine-6 sulfate
sulfatase (GALNS), involved in the catabolism of the mucopolysaccharides keratan sulfate
and chondroitin-6-sulfate.
The diagnosis of Morquio A is commonly based on urinary excretion of keratan sulfate, and
decreased or absent GALNS enzyme activity, confirmed by the sequencing analysis of the
GALNS gene coding regions and intron-exon boundaries.
Here we report the molecular sequencing analyses of 30 patients with clinical and
biochemical diagnosis of Morquio A.
31 different gene variants have been identified, 10 of which were new genetic variants: 7
missense, 2 splicing, and 1 deletion.
We performed in silico structural analyses of the new missense variants in order to classify
them as disease-associated or neutral, based on phylogenetic conservation of amino acids and
functional algorithms.
Furthermore, 6 of the 30 patients showed only one mutation (20% of our cohort).
The analysis of this group of patients showed that one patient was heterozygous for a known
GALNS variant masked by the unfortunate event of the allelic "drop out". Two other patients
carried respectively the c.245–11C>G and the c.1062C>T genetic variants at heterozygous
level and the computational analysis indicated that these two genetic variants dramatically
decrease the numerical score of the normal splice site on behalf of possible aberrant ones.
RT- PCR and quantitative real time PCR analysis are available and will be used to eventually
detect and characterize aberrant GALNS mRNAs in such patients.
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Mutations in the CTSA gene, that encodes the protective protein/cathepsin A or PPCA,
lead to the secondary deficiency of β-galactosidase (GLB1) and neuraminidase 1, causing
the lysosomal storage disorder galactosialidosis (GS). Few clinical cases of GS have been
described in the literature.
We report the clinical and mutational analyses of four cases with the rare infantile form
of GS. We identified three novel nucleotide changes, one of them resulting in the
p.Gln406* stop codon, a type of mutation identified for the first time in GS.
In early reports mutations’ nomenclature was selected according to all CTSA isoforms,
thus generating a lot of confusion. In order to assist physicians in the interpretation of
detected mutations, we mark the correct nomenclature for CTSA mutations.
Phenotype-genotype correlation has been assessed by computational analysis and review
of previously reported amino acid substitutions. Structural analysis of all reported
missense mutations allowed us to closely predict the early infantile, late infantile and
juvenile phenotypes, also disclosing different degrees of severity in the juvenile
phenotype.

Antisense-induced Exon Skipping for the correction of mis-spliced mRNAs in Fabry
disease.
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Background: Mutations in the GLA gene cause deficiency of alpha-galactosidase A (α-GAL
A), leading to Fabry Disease (FD), an X-linked lysosomal storage disorder of
glycosphingolipids metabolism. GLA gives rise to a predominant mRNA encoding α-GAL A
and a second minor mRNA with unknown function. However, a pathological unbalanced
expression of these two mRNAs due to g.9273C>T or g.9331G>A deep intronic mutations,
has been described. Antisense-induced exon skipping, obtained by the use of antisense
oligonucleotides (AONs) or U1 antisense snRNAs (U1asRNA), could represent a promising
approach to correct such kind of mutations.
Broad objectives: Our research focuses on the correction of deficient α-GAL A activity in
FD by setting up an Exon skipping based approach for deep intronic mutations of the GLA
gene.
Results: A set of ad hoc antisense oligonucleotides (AONs) and antisense U1snRNAs
(U1asRNAs) has been designed and tested to silence g.9273C>T and g.9331G>A mutations
in minigenes and FD patients’ cell lines expressing the g.9273C>T mutation. Different
technique for the delivery of exogenous plasmid DNA to human primary fibroblasts were
also tested in order to set up an efficient transfection.
Furthermore, a set of modified U1 snRNAs targeted against the g.9273C>T mutation were
produced and tested on minigene systems.
Preliminary results showed the possibility to recover the enzyme activity in patients'
fibroblasts and minigenes with both AONs and U1asRNAs.
Discussion: Our study suggests that a new therapeutic strategy based on antisense molecules
can be developed and potentially used in the correction of splicing defects in FD. Exon
skipping could represent an innovative therapeutic option in the setting of personalized
medicine for FD.
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Lysosomal amino acid transporters
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Lysosomes export their degradation products into the cytosol through membrane
transporters. Although diverse transport activities have been characterized two decades
ago, most underlying proteins remain unknown at molecular level. However, recent
proteomic analyses have unveiled a wide set of transport proteins in the lysosomal
membrane, thus shifting the focus to the assignment of lysosomal catabolites to known
transporters and the elucidation of putative transporters of unknown function.
Our recent research has focused on the cystinosin protein family, a set of membrane
proteins characterized by the presence of 7 transmembrane helices and a duplicated motif
of unknown significance termed the ‘PQ loop’. Its founding member, cystinosin, is the
lysosomal cystine transporter defective in human cystinosis. We showed that a residue in
the second PQ loop couples cystine binding to luminal protons, which provides the
driving force for cystine export. PQ-loop motifs are thus key element of the transport
mechanism, strengthening the view that cystinosin homologues also represent solute
transporters.
In another study, we identified a novel PQ-loop protein of the lysosomal membrane,
termed PQLC2, using proteomic analysis and elucidated its activity using yeast genetics
and functional analysis in Xenopus oocytes. Our data show that PQLC2 exports cationic
amino acids from the lysosome. Additional experiments using patient skin fibroblasts
revealed that PQLC2 plays a critical role in the drug therapy of cystinosis, thus opening a
way to improve this treatment.
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Acid lipase deficiency is an autosomal recessive lysosomal storage disorder caused by
mutations in the LIPA gene, which leads to substantially reduced lysosomal acid lipase
(LAL) activity. A distinction is made between two major clinical phenotypes: infantileonset Wolman disease (WD) and later-onset cholesteryl ester storage disease (CESD).
CESD is usually more benign and may not be detected until adulthood. In contrast, WD
is a rapidly progressive disease with often fatal outcome before 1 year of age. Here we
describe a patient with later-onset CESD with biochemical and immunocytochemical
features of Niemann-Pick disease type C (NPC).
The patient presented at the age of 16 with markedly delayed speech development,
increasing hand tremor, decreased intellect, but otherwise normal neurologic
examination. Liver transaminases were slightly elevated and histological analysis of
liver cells revealed steatosis, foam cells and sea-blue histiocytes. Lysosomal acid
hydrolase activities were non-diagnostic; however chitotriosidase activity was about 10fold elevated. These findings were suggestive for a diagnosis of NPC. Indeed, filipin
staining of patient fibroblasts showed accumulation of free cholesterol. Molecular
genetic testing of NPC1 and NPC2 was performed, however no disease-causing
mutations were found.
Biochemical and immunohistological overlaps might occur in lipid disorders including
NPC, Farber's disease and acid lipase deficiency. Therefore the patient was clinically reexamined, leading us to the investigation of the LAL activity. Measurements in
patient’s fibroblasts revealed residual activity of 8% and subsequent sequencing of the
LIPA gene confirmed the diagnosis of CESD. The sequence showed heterozygosity for
a common deletion (c.894G>A, p.S275_Q298del) leading to skipping of exon 8 and a
novel missense mutation (c.527G>A, p.G176D) probably affecting the
structure/conformation of the active centre of the enzyme.
Taken together, late infantile/adult onset of NPC and CESD, respectively may be
difficult to diagnose and both disorders should be considered for a differential
diagnosis.

Identification of a spontaneous novel mutation in the NPC2 gene in a cat affected by
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Niemann-Pick disease type C (NPC) is an autosomal recessive lysosomal storage disorder
characterized by accumulation of unesterified cholesterol and other lipids, within the late
endosomes/lysosomes and it is caused by mutation of either NPC1 or NPC2 protein.
A feline model of NPC with spontaneously occurring missense mutation in NPC1 gene
has been previously identified. NPC1 cat presents clinical, morphological and
biochemical features similar to those described in human patients affected by the early
infantile form of NPC. In fact, NPC1 cat manifests an early, severe and rapidly
progressing NPC disease leading to death by 8 to 10 months of age.
In this study we describe two kittens (one male and one female) from the same litter
affected by NPC disease caused by a mutation in the NPC2 gene. Both cats initially
manifested with tremors at the age of 3 month, which progressed to dystonia and severe
ataxia. At 6 month of age the male (cat 1) was unable to stand without assistance and had
bilaterally reduced menace response, while the female (cat 2) showed a prayer-like
posture but was still able to walk with hypermetria of the hind limbs. At this point, the
diagnosis of Niemann pick C was suspected. Filipin staining of cultured fibroblasts
showed massive perinuclear storage of unesterified cholesterol which is consistent with
the biochemical phenotype of NPC disease. Molecular analysis of NPC1 and NPC2
genes showed the presence of a homozygous intronic mutation (c.84+5G>A) in the NPC2
gene. The subsequent analysis of the NPC2 mRNA showed that the mutation affects the
splicing process causing the retention of 105bp in the mature mRNA, which would lead
to the in frame insertion of 35 amino acids between residues 28 and 29 of the NPC2
protein (p.G28_S29ins35).
Cat 1 died at the age of 10 month. At 9 months cat 2 was unable to walk and developed
seizures. It was euthanized a year later since she developed a severe dysphagia.
Histological examination revealed diffuse neuronal ballooning with Nissl substance and
nuclei displacement, associated with moderate gliosis. Axonal spheroids were prominent
in the cerebellar cortex. Neurons throughout the CNS, hepatocytes, and macrophages of
lung and lymphoid tissue were distended by intracytoplasmic accumulation of faintly
eosinophilic vacuolar material which did not stain with periodic acid-Schiff and Luxol
fast blue.
In summary, this NPC2 cat recapitulates common features of the human disease
providing a valuable model for understanding the molecular basis of NPC disorder.

Fabry disease: report and limits of laboratory diagnosis in 47 families
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Fabry disease (FD) is a X-linked disease due to the lysosomal deficiency of α
galactosidase A (α Gal A), leading to the accumulation mainly of globotriaosylceramide
(Gb3) in various cell types. Males with the classic form present severe vascular, renal and
cardiac manifestations in adulthood, while symptoms are generally attenuated in female
heterozygotes.
In male patients affected with the classic form, FD is reliably diagnosed by the finding of
a deficient α Gal A activity in leucocytes (or in dried blood spots). Gb3 is highly
increased in urine of all patients. GLA gene analysis always confirms the diagnosis.
In heterozygote females, due to random X-inactivation, the diagnosis may be more
difficult: α Gal A activity is reduced in only 2/3 of the cases, urinary Gb3 and/or
C24/C18 isoforms ratio are slightly elevated (in 92% of the cases) or normal. GLA gene
analysis may be necessary to confirm the diagnosis but can be inconclusive.
Male patients with variant phenotypes can present with a substantial α Gal A residual
activity and have normal or slightly elevated urinary Gb3. A disease-causing mutation in
the GLA gene is identified in these patients.
We report our experience of biochemical and genetic analysis in FD patients. Since 2005,
47 FD families have been investigated in our laboratory using α Gal A activity
measurement in leucocytes, Gb3 measurement by tandem mass spectrometry in urine,
and sequencing of the GLA gene.
The index case was a male in 39 cases. Twenty of them presented with α Gal A
deficiency and a huge increase of urinary Gb3, in accordance with the classic FD
phenotype. In 11 cases, α Gal A activity was clearly decreased or deficient, but urinary
Gb3 was slightly elevated. Previously described “variant” mutations were found in 10
cases: p.N215S (4), p.R112H (1), p.I198T (3), p.S238N (2). In another case, the novel
mutation p.G144D was found. In two other cases, with high α Gal A residual activity
(33% and 45% of mean normal values) and a normal urinary Gb3, the previously
described p.A143T mutation was identified. In 6 cases, gene analysis is still under
investigation (or unknown).
In eight cases, the index case was a woman. Clearly (3/7) or slightly (2/7) decreased α
Gal A activity and/or clearly (2/7) or slightly (5/7) elevated Gb3 levels allowed the
suspicion of FD. A GLA gene anomaly was identified in these 7 cases. The eighth one
was diagnosed only on the basis of gene analysis (mutation p.G183A, previously
described).
Using α Gal A activity in leucocytes, urinary Gb3 measurement and GLA gene analysis,
the diagnosis of FD remains difficult in some cases. The diagnostic value of new markers
such as Lyso-Gb3 and its derivatives remains to be evaluated in plasma and/or urine of
these patients.
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Lysosomal Storage Disorders (LSDs) are a group of more than 50 different hereditary
diseases, mostly due the deficit of activity of one or more acid hydrolases in lysosomes.
About 70% of LSD patients present a neurological impairment which is still untreatable,
since recombinant corrective lysosomal enzymes, where available, cannot cross the
blood-brain barrier (BBB).
Among LSDs, Mucopolysaccharidosis type I (MPS I, Hurler Disease) and type II (MPS
II, Hunter Disease) are both characterized by a totally or partially defective activity of
lysosomal enzymes involved in the catabolism of the mucopolysaccharides (or
glycosaminoglycans, GAGs) heparan- and dermatan-sulfate which, therefore, heavily
accumulate within cellular compartment and in the extracellular matrix.
Enzyme Replacement Therapy (ERT), applied to both diseases in the last few years, has
shown to determine some clinical improvements, but it has also shown some limitations.
In addition to the elevated costs and to the weekly administration in a day-hospital
regimen, the low level of the BBB transport system for acid hydrolases and the high
molecular weight of these enzymes make any paracellular or transcellular diffusion of
these proteins across the BBB almost non-existent. Therefore, alternative methods to
achieve transcytosis into the CNS need to be explored.
In this study we combined the experience of clinical-based skills with pharmaceutical
nanotechnology-based skills in order to create nanocarriers, biodegradable and
biocompatible, able to deliver the recombinant enzymes across the BBB and to both
assure a prolonged drug circulation and release, and a protection from metabolic drug
inactivation. With this aim, we produced polymeric nanoparticles (PLGA-NPs) modified
with 7-aminoacid glycopeptides (g7), able to drive the NPs across the BBB after
administration in rodents.
Before going into functional and efficacy study, we studied the ability of PLGS-NPs in
carrying across the BBB the FITC-albumin, as a model drug with a high molecular
weight, comparable to that of the enzymes using in ERT.
In vivo experiments on both WT and knock-out (KO) mouse models for MPS I and MPS
II were performed by i.v.-injecting g7-NPs loaded with FICT-albumin together with a
plethora of control samples (i.e. un-modified NPs, FITC-albumin solution) in order to
have a broad preliminary view.
The results clearly showed that g7-NPs are able to deliver FITC-albumin to the brain
crossing the BBB in all treated mice (WT and KO models); interestingly, we found
qualitative and semi-quantitative evidences of a higher grade of accumulation of g7-NPs
loaded with albumin in the KO-brains with respect to WT ones.
These results lay the basis for a possible successful set of pilot experiments on the ability
of enzyme-loaded g7-NPs to deliver sufficient amount of the drug to the brain district,
hopefully exerting a corrective effect on the cellular pathological GAG deposits.
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Background: We assessed the long-term efficacy of velaglucerase alfa in patients with
type 1 Gaucher disease (GD1).
Methods: Treatment-naïve GD1 patients aged ≥2 years received velaglucerase alfa (45 or
60 U/kg every other week [EOW]) in two Phase III trials and an extension study.
Results: 39 GD1 patients were randomized to 45 or 60 U/kg EOW and enrolled in the
extension study. Mean treatment duration was 54.5 (SD 9.9) months. At baseline: median
age, 29 years (range 6, 62); n=8 <18 years; n=21 male; n=9 splenectomized; median
haemoglobin concentration, 10.9 g/dL (range 7.1, 14.4); median platelet count, 77 ×
109/L (range 13, 310); and median volumes of the spleen and liver, normalized to body
weight (BW), 2.80% BW (range 0.96, 13.03) and 3.77% BW (range 1.90, 7.96)
respectively. Longitudinal analysis showed mean (95% CI) changes from baseline to
months 24, 36 and 60, respectively, for: haemoglobin (g/dL), (n=38) 2.68 (2.25, 3.10),
(n=37) 2.68 (2.26, 3.11) and (n=10) 3.32 (2.72, 3.92); and platelets (109/L), (n=37)
+100.3 (76.1, 124.6), (n=34) +102.5 (77.9, 127.1) and (n=8) +88.3 (54.3, 122.4).
Longitudinal analysis showed mean (95% CI) changes from baseline to months 24, 39
and 63, respectively, for: normalized splenic volume, (n=30) -66% (-71%, -59%), (n=27)
-71% (-76%, -66%) and (n=9) -78% (-83%, -73%); and normalized hepatic volume,
(n=39) -27% (-31%, -22%), (n=36) -33% (-37%, -28%) and (n=9) -39% (-44%, -33%).
No new safety concerns were identified.
Conclusions: Improvements from baseline in haematological and visceral parameters
were maintained in GD1 patients receiving long-term velaglucerase alfa treatment.

Chitotriosidase activity in mice of different strains and in specific pathogen free (SPF)
mice, effect of chitin

Pisareva EE 1, Korolenko TA 1, Duzhak AB2, and Zav'ialov EL2
1Department of Cellular Biochemistry, Institute of Physiology Siberian Branch of the
Russian Academy of Medical Sciences and 2 Institute of Cytology and Genetics, Siberian
Branch of Russian Academy of Sciences, Novosibirsk, Russia
Marked differences in tissue-specific activity and expression of chitinases, e.g.
chitotriosidase (CHIT1) in mouse and man has been shown (Boot et al., 2005). It has
previously been shown that rats exhibited a significant increase in the activity of this
enzyme in response to zymosan or carboxymethylated (1-3)-β-D-glucan macrophage
stimulation, whereas, gadolinium chloride (GdCl 3 ) induced a decrease in CHIT1 activity
(Korolenko et al., 2000). However, the cellular source of CHIT1 in serum of mice is still
not known (activated macrophages, PMN?).
Methods. Serum CHIT1 (EC 3.2.1.14) activity was measured against the fluorogenic
substrate 4-MUF-β-D-N-N’-N”-triacetylchitotrioside (Sigma, USA), at рН 5.2, and with
commercial R&D kit. Allosamidine (Industrial Research Limited, New Zealand), a
specific inhibitor of chitinases, was added to incubation mixture during CHT1 activity
assay to measure IC 50 in murine serum.
Results.CHIT1 activity in the serum of all mice strains and their hybrids studied is 2- to
3-fold higher than it is in human serum. Allosamidine has been shown to inhibit CHIT1
activity in the serum of CBA mice (IC 50 value = 0.24 µmol) and humans (IC 50 value
0.024 µmol). Moreover, a difference in serum CHIT1 activity has been shown in mice of
opposite strains (C57BL/6 and CBA). The following interstrain differences were revealed
in mouse CHIT1 activity: GR>C57Bl/6>BALB/c>A/Sn>CBA. CHIT1 activity in CBA
mice was lowest and practically did not differ from that in C3H/He and ICR mice. No
sex-related differences were found in enzyme activity. Hybrids of opposite strains CBA
and C57Bl/6 were characterized by dominant inheritance of this sign (elevated activity of
in serum CHIT1). Intragastric administration of chitin in a single dose of 100 mg/kg was
followed by a decrease in CHIT1 activity in the lungs, but not in the blood serum and
homogenate of gastric cells from CBA mice. Similar results were obtained in SPF
BALB/c mice receiving the same dose of chitin (and also in the more higher dose of 200
mg/kg).
Conclusion..Mice of different strains revealed increase in serum CHIT1 activity
compared to humans and intragastric administration of chitin does not induce CHIT1 in
mice.
References
Boot R.G., Bussink A.P., Verhoek M., de Boer P.A.J., Moorman A.F.M., and Aerts
J.M.F.G. Marked differences in tissue-specific expression of chitinases in mouse and
man. J Histochem Cytochem 53:1283–1292, 2005.
Korolenko TA, Zhanaeva SY, Falameeva OV, Kaledin VI, Filyushina EE, Buzueva II,
Paul GA. Chitotriosidase as a marker of macrophage stimulation. Bull Exp Biol Med.
2000; 130(10): 948-950.
Monoszon AA, Cherkanova MS, Duzhak AB, Korolenko TA. Chitotriosidase activity in
the blood serum and organs of mice of various strains under the influence of chitin.
Bull Exp Biol Med. 2012; 154(1): 40-43.

Poloxamer 407-induced lipidosis in mice and involvement of lysosomes

Korolenko TA 1, Johnston TP 2, Tuzikov FV 3,4, Pisareva EE1, Filjushina EE1, and
Loginova VM 1
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Lysosomotropic action of synthetic copolymer Poloxamer 407 (P-407), inhibitor of
lipase, was studied and compared with well-known detergent Triton WR 1339, used
earlier for isolation of triton-filled lysosomes.
Methods. Poloxamer 407 (P-407) (Pluronic F-127, Sigma) was administered to CBA
mice as a single i.p. injection at doses of 300, 500, 1000 mg/kg. In repeated mode of
administration of P-407 (500 mg/kg, twice per week) was used during 1 and 4 months. A
novel small-angle X-ray scattering method for the determination of the fractional and
subfractional composition of LP-C and LP-TG was used. Serum chitotriosidase activity
was
measured
against
the
fluorogenic
substrate
4-MUF-β-D-N-N’-N”triacetylchitotrioside (Sigma, USA), at рН 5.2.
Results. A common macrophage storage syndrome has been observed when mice were
treated with both single and repeated injections of P-407 at the same dose (Johnston,
2010). The repeated administration of P-407 to mice results in dyslipidemia and,
subsequently, atherosclerosis and liver steatosis. Liver cells revealed numerous
lysosomes overloaded by storage material of lipid origin. The number of macrophages
significantly increased as well as the size of secondary lysosomes resembling similar
changes in Triton WR 1339-induced lysosomal storage syndrome. Repeated
administration of P-407 to mice over a 4-months period induced atherosclerosis
secondary to sustained dyslipidemia with significant changes in heart vessels and an
elevation in serum CHIT1 activity
Conclusion P-407 administration in mice induced lipidosis with a significant increase in
serum atherogenic lipids and the appearance of numerous lipid-laden macrophages in the
liver (storage of lipids and/or P-407) with increased serum chitotriosidase activity.
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Niemann-Pick type B disease: a radiological classification of pulmonary
involvement
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Niemann-Pick disease type B (NPB) is a lysosomal storage disorder caused by acid
sphyngomyelinase (ASM) deficiency, leading to lipid storage particularly in the
reticulum endothelial cells of the liver, spleen and lungs. Pathophysiology of pulmonary
involvement is still incompletely understood. However, histopathological data showed
that lipid-laden macrophages accumulate in the alveolar septa, bronchial walls, and
pleura, causing a progressively worsening restrictive pattern at pulmonary function
testing. High resolution computed tomography (HRCT) well depicts pathologic changes
in these patients, even though radiological findings are not associated with clinical
manifestations.
In the present study we describe the results of HCRT study in 8 adult NPB patients,
ranging from very mild to severe clinical presentation. Consistently with the results from
the literature, we observed two fundamental patterns: smooth septal thickening and
ground-glass opacities. These were or not associated with rare nodules (dense or groundglass) or cysts. In our experience, these findings correlate with a worsening of pulmonary
function tests (in particular DLCO). In order to build a severity score index based both on
clinical and imaging data, we propose a simple scale of HRCT changes, that takes into
account the extent of the pulmonary involvement (Table 1; Figure 1). This could be used
both to classify patients at the time of diagnosis and to monitor the effect of specific
treatments during the follow-up. Moreover, the possible role of radiological findings as
predictors of clinical worsening could be investigated by a larger study.
Table 1.
CT
Major findings
Minor findings
Normal findings
A Nodules B Cysts
I
A Nodules B Cysts
II Smooth septal thickening
A Nodules B Cysts
III Smooth septal thickening + ground-glass opacities
Smooth septal thickening + ground-glass opacities in
A Nodules B Cysts
IV
intermixed pattern (crazy-paving)
Figure 1.
References
Martinez RC et al. Arch
Broncopneumol 2012; 48(6): 213215
Dhami R et al. Lab Invest 2001;
81(7): 987-999
Mendelson DS et al. Radiology
2006; 238(1): 339-345
Simpson WL et al. AJR 2010; 194:
W12-W19
McGovern MM et al. Pediatrics
2008; 122(2):e341-e349
Hollak CEM et al. Mol Genet
Metab 2012; 107: 526-533

LIMP-2 and Acid β-glucosidase (GCase) trafficking.
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Acid β-glucosidase (GCase), the enzyme deficient in most cases of Gaucher disease
(GD), is transported to the lysosomes through its interaction with LIMP-2. Mutations in
the human gene SCARB2 (encoding LIMP-2) leads to action myoclonus-renal failure
syndrome (AMRF), a disorder characterized by a mistargeting of GCase.
The main feature of AMRF is the presence of progressive myoclonus epilepsy, a frequent
sign in the neurological forms of GD. Even if AMRF and GD affect the same metabolic
pathway, they present with different clinical and biochemical phenotypes. While GD
presents with engorged macrophages, hepato/splenomegaly, bone damage and very low
or absent GCase activity in fibroblasts and leukocytes, none of these clinical features are
present in AMRF patients and they present pathological levels of GCase in fibroblasts but
slightly reduced or normal levels in leukocytes.
These observations suggest that LIMP-2 would be critical for the targeting of GCase in
fibroblasts and probably in the CNS but alterative lysosomal targeting pathway may be
active in other tissues, in particular in macrophages.
In addition, the possible role of LIMP-2 in the uptake/trafficking of human recombinant
GCase (hrGCase) has not been investigated.
Therefore, we first compared the levels of GCase activity in macrophages and fibroblasts
isolated from a patient affected by AMRF and from 5 GD patients. In GD macrophages
GCase activity was ≤10% of control activity, while in AMRF macrophages it was 30%.
Instead, in both GD and AMRF fibroblasts GCase activity was almost absent. These data
suggest that whereas in human fibroblasts GCase targeting is completely dependent of
LIMP-2, in human macrophages, GCase may be partially targeted to the lysosomes by a
LIMP-2 independent mechanism.
Then we analyze the uptake/trafficking of hrGBA in AMRF fibroblasts. The obtained
results suggest that LIMP-2 may also be involved in the uptake/trafficking of the
exogenous GCase enzyme.

Biomarker responses to eliglustat, an investigational oral substrate reduction therapy
for Gaucher Disease type 1
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Patients with Gaucher disease type 1 (GD1) show increased plasma concentrations of
several biomarkers that have contributed to our understanding of disease pathogenesis,
clinical status, and treatment response. In GD1, acid β-glucosidase deficiency leads to
accumulation of glucocerebroside (GL-1) in macrophages, known as Gaucher cells, which
release chitotriosidase and CCL18. Macrophage inflammatory proteins (MIP-1α, MIP-1β)
derive from macrophages surrounding the Gaucher cells. In addition to GL-1, other
glycosphingolipids (lyso-GL-1 and GM3) also accumulate. All of these biomarkers have
been shown to decrease in response to enzyme replacement therapy, and where studied,
similar qualitative changes have been seen with substrate reduction therapy (SRT).
Chitotriosidase has been used the most clinically to monitor disease activity.
A Phase 2 study of 26 untreated GD1 patients evaluated biomarker responses to eliglustat, a
novel oral SRT currently under development for GD1. At baseline, the median levels of
several plasma biomarkers were elevated to varying extents compared to their upper limits
of normal, including chitotriosidase (47.2×), CCL-18 (13.4×), ACE (3.7×), TRAP (2.5×),
GM3 (2.1×), and GL-1 (1.8×). All showed statistically significant decreases (P<0.0001)
after 3 years of eliglustat treatment. The median plasma GL-1 (-80%) and GM3 (-64%)
levels normalized, whereas the median chitotriosidase (-80%), CCL-18 (-73%), and ACE (62%) levels remained above normal. After 2 years of treatment, the median TRAP level
decreased by 51% (P<0.0020), but remained above normal. Additional analyses and results
from a biomarker study of this same cohort will be presented.
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Interactions between subunits of the Golgi-resident GlcNAc-1-phosphotransferase
complex and analysis of mucolipidosis type II patient mutations
Raffaella De Pace1, Francisca Coutinho2, Thomas Braulke1 and Sandra Pohl1
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The GlcNAc-1-phosphotransferase is involved in the synthesis of the mannose 6phosphate (M6P) targeting signal on soluble lysosomal enzymes. Defects in the GlcNAc1-phosphotransferase result in missorting of lysosomal enzymes and cause the lysosomal
storage diseases mucolipidosis type II and III. The GlcNAc-1-phosphotransferase is a
multimeric complex composed of each two alpha-, beta- and gamma-subunits. The alphaand beta-subunits contain the catalytic activity and substrate binding sites whereas the
role of gamma-subunit in the complex is still unclear. The alpha/beta-subunits are
synthesized as a single type III membrane-bound precursor protein and have to be
cleaved by the Golgi-resident site-1 protease into mature alpha- and beta-subunits.
Here we studied the structural requirements for the assembly of the GlcNAc-1phosphotransferase subunits using eukaryotic cells overexpressing differentially tagged
membrane bound alpha- and beta-subunits and soluble gamma-subunit. By coimmunoprecipitation we could show that the gamma-subunit directly interacts with the
alpha/beta-precursor and the alpha-subunit but not with the beta-subunit. In addition, Nglycosylation of both alpha- and gamma-subunit are required for maximum interaction of
the subunits. The direct binding site of the gamma-subunit to alpha-subunit has to be
defined yet.
Furthermore, we examined the effect of six mutations found in mucolipidosis II patients
for expression, stability and proteolytic activation of the alpha/beta-subunit precursor
protein. The two frameshift mutations selected, p.G1049R fsX16 and p.L1168Q fxX5
lead to C-terminal truncated precursor protein that could not exit the ER due to the loss of
the cooperative sorting signal in the N- and C- terminus. Among the various missense
mutations tested, p.W81L, located in the luminal domain of the alpha-subunit, inhibited
the exit from the ER and subsequently the proteolytic activation of the precursor. The role
of p.W81L mutation in the ER retention of the alpha/beta-precursor protein is under
investigation.

10 years therapy with Agalsidase A: Prevention of renal insuffiency in men with
timely initiation of ERT
Arash-Kaps L., Wächter M., Karabul N., Beck M, Kampmann, C., Mengel E.
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Introduction: The aim of this study is to investigate the outcome of long-term enzyme
replacement therapy (ERT) with agalsidase α on renal function in patients with Fabry
disease compared to natural history.
Patients and methods: This retrospective analysis included 48 FD patients, 25 males
and 23 females, receiving agalsidase α for ten years. Mean age at the onset of ERT was
37 years (range 18-49) for men and 40 years (range 17-66) for women. 32% of male
patients were <30 years before starting ERT whereas 21% of female patients were <30
years, data were incomplete for 6 patients (5 men,1 woman), because of death before 10years follow up.
Clinical data were collected at baseline, 1 year, 2 years, 5 years and 10 years after starting
ERT. The renal function was measured, including serum creatinine and estimated
glomerular filtration rate according to the Modification of Diet in Renal Disease
(MDRD). Patients were grouped by gender and age. eGFR was class-divided in 5 stages
according the National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative
(KDOQI) guidelines and calculated by Kaplan Meyer statistics. The results were
compared to natural history study of Branton et. al. (1)
Results: The mean yearly rate of decline in eGFR was 1,59 ml/min /1,73 m2 in male
patients with ERT-start after 30 years of age, in male patients before 30 years an increase
of 2,15 ml/min/1,73m2 was measured. Women who started ERT after 30 years of age
showed a decline of eGFR of 0,34 ml/min/173 m2. In the female subgroup starting ERT
before 30 years of age eGFR increased with 1,69 ml/min/1,73 m2 per year.
At baseline the eGFR of 25 male patients spread in 56% stage I (14/25), 24% stage II
(6/25), 12% stage III (3/25) and 8% in stage IV(2/25).
After 10 years of ERT there were 45,5% in stage I (10/21), 18,2% in stage II (4/21) 9,1%
in stage III (2/21) and 4,5% in stage IV(1/21).
In Female patients eGFR was in 13% in stage I (3/23), 60,9% in stage II (14/23), 26,1%
stage III (6/23) and no woman had CRI of stage IV at baseline.
After 10 years of ERT there were 20% in stage I (4/19), 55% in stage II (11/19), 15% in
stage III (3/19) and 5 % in stage V (1/19).
The cumulative percentage of natural history shows that AFD patients develop chronic
renal insufficiency and end stage renal disease (ESRD) with increasing age. In the
Mainzer cohort we found from Kaplan-Mayer analysis that 50 % male patients reached
ESRD by 64 years in contrast to natural history data, in which 50 % were already reached
by 46 years. {Branton et al. (1))
Conclusion: This study suggests that timely initiation of enzyme replacement therapy
prevents loss of renal function, particulary in men. More over in all subgroups
stabilisation and decline of progression was observed.
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Hematopoietic stem cell transplantation (HSCT) in different lysosomal storage
disorders: A swiss experience
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Objective
HSCT significantly improves the survival and disease progression of patients with some
lysosomal storage diseases (LSDs). It has been used as effective therapy in
Mucopolysaccaridosis (MPS) type I and VI, Morbus Farber and Mannosidosis. Primary
goals for HSCT in these disorders are long term survival and improved
neurodevelopmental status. The majority of Swiss LSD patients are treated at our
institution. As a result of successful engraftment, treated patients now survive into
adulthood thus orthopaedic problems become relevant in the follow-up of these patients.
Little is known about the prevalence, clinical course and treatment of the various
orthopaedic manifestations. Therefore, the objective of this case series is to provide
insights into the musculoskeletal manifestations, the orthopaedic management and
outcome of 3 different LSDs after HSCT, including 1 patient with Morbus Farber, 5
patients with MPS I and 1 patient with Mannosidosis with a follow up lasting between 312 years. Data were collected retrospectively.
Results
5/7 patients showed developmental delay with accentuation in motor development. All of
the patients did show contractures of at least one big joint, as well as claw hands prior to
HSCT. Other musculoskeletal abnormalities were severe spine deformities in 5/7 cases,
hip dysplasia, foot deformity in 4/7 and genua valga in 3/7 cases. 2 patients developed
carpal tunnel syndrome. 2 MPS I patients developed progressive mental retardation 1
and 12 years after HSCT. The others remained stable.
Conclusion
Stem cell transplantation does not halt the progression of a large range of disabling
musculoskeletal abnormalities in LSDs. Although prospective data on the quantification,
progression and treatment of these deformities are very limited, interventions are often
required. Prospective data collection will be mandatory to achieve better evidence on
the effect of treatment strategies and outcome.

The origins of glucosylsphingosine
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In Gaucher disease, the deficiency in the lysosomal glucocerebrosidase (GBA1) leads to
the accumulation of glucosylceramide. The presence of the secondary metabolite,
glucosylsphingosine has also been reported in human Gaucher disease patients and
mouse models with reduced GBA1 activity. This metabolite can be used as circulating

biomarker for disease severity and is useful to monitor treatment efficacy.

The mechanisms of glucosylsphingosine formation remain unclear. It has been speculated
that these lysolipids are formed during de novo synthesis and that a deficiency in
degradation leads to their accumulation. Our latest results point its origin to the
degradation of the primary storage material, glucosylceramide, by acid ceramidase (AC).
AC is a complex lysosomal enzyme consisting of two subunits of the N-terminal
nucleophile (ntn) hydrolase family. The active n-terminal cysteine of the enzyme is
generated by an auto-proteolytic cleavage step leading to an enzyme that consists of two
disulfide linked subunits. AC catalyzes the hydrolysis of ceramide into sphingosine and
free fatty acid, one of the final steps in sphingolipid degradation. According with our
results and recent literature, AC shows more promiscuous substrate specificity than
classically described.
In vivo inhibition of glucocerebrosidase in fibroblasts of Farber disease patients (deficient
in AC activity) leads to significantly less glucosylsphingosine production when compared
with wild-type fibroblasts. The same results are shown following AC inhibition with
carmofur in the presence of conduritol-β-epoxide (CBE), wild-type fibroblasts
accumulated glucosylceramide but failed to produce glucosylsphingosine. Additionally,
over-expression of AC in Farber fibroblasts rescues the phenotype. We observed a
correction of ceramide levels and glucosylsphingosine production upon GBA1 inhibition
with CBE.
Work is in progress to further elucidate the role of acid ceramidase in
glucosylsphingosine production by deacylation of the substrate glucosylceramide and the
possible mechanism involved.

Emerging role of microRNAs in CLN3 disease
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CLN3 disease is a neurodegenerative lysosomal storage disorder caused by mutations in
the CLN3 gene. The disease phenotype is characterized by visual loss, epilepsy and
psychomotor deterioration and early death. The most common mutation in patients is a
1kb deletion that causes loss of exons 7 and 8 (∆ex7/8). So far, most research on CLN3
has focused on examining the role of CLN3 gene itself in the disease, with many studies
including high-throughput studies to analyze global gene expression in clinical samples
and/or disease mimicking models. However, the distinct function of CLN3 gene still
remains unclear.
This study implements a novel approach by combining bioinformatic as well as
experimental analyses of (i) microRNA expression data, (ii) gene expression data, and
(iii) proteome profiles in order to identify altered biological functions in CLN3 disease.
We hypothesized that microRNAs are involved in gene expression changes in CLN3
disease. To test this, we performed microRNA array analyses in CbCln3Δex7/8 cerebellar
precursor vs wild type cells and identified 29 dysregulated microRNAs in CbCln3Δex7/8
cells. Of those 29 microRNAs, 21 were up-regulated and 8 were down-regulated in
Cln3Δex7/8 cell lines. Up- and down-regulated microRNAs are supposed to act as
suppressors and activators of the targeted mRNAs, respectively. From 19 of the 29
candidates, hundred of mRNAs represent high potential transcripts estimated by filtering
for metabolic processes, signaling, transport, and endocytosis. For the remaining
microRNAs no targets are known.
MicroRNA data were integrated with proteome profiles from the same Cln3Δex7/8
cerebellar cell type. For proteome analysis, we applied a quantitative-mass-spectometrybased approach using stable isotop labeling with amino acids in cell culture (SILAC) and
found approximately 200 proteins to be dys-regulated. Among these, we identified
proteins which correspond to potential targets of the previously identified microRNAs
and which are involved in lysosomal and mitochondrial function as well as in cellular
trafficking.
To confirm these data, we will also perform overexpression and suppression studies of
the respective microRNAs candidates followed by proteome quantification.
The unprecedented discovery of small non-coding miRNAs and their implication in
different biological pathways combined with quantitative proteomics represents an
alternative forward approach to facilitate the identification of altered biological functions
in CLN3 disease.

Evaluation of stop-codon readthrough therapy in several lysosomal storage diseases
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Lysosomal storage disorders (LSDs) are a group of more than 50 different genetic
disorders due to the lack of degradation of substrates within lysosomes. Most of them are
caused by mutations in genes coding for lysosomal hydrolases. LSD are mainly inherited
in an autosomal recessive manner.
For several non-neurological LSDs, enzyme replacement therapy is an option. However,
this approach is not efficient, at the moment, for neurological patients. Thus, new
therapeutic approaches need to be developed. One of these approaches is the use of drugs
that are able to produce a readthrough of premature stop codons. One advantage of this
strategy is that, if successful, it can be applied to any disease, provided that the molecular
cause is a nonsense mutation. The most extensively studied approach involves
readthrough by drugs affecting the ribosome-decoding site.
The efficacy of readthrough induced by seven compounds, aminoglycosides G418
(geneticine) and gentamicine, and non-aminoglycosides PTC124, RTC13, RTC14, BZ6
and BZ16, were evaluated for nineteen different nonsense mutations of four different
LSD, Niemann-Pick types A/B, Sanfilippo syndrome types B and C, and MaroteauxLamy syndrome. The experiments include the use of the in vitro coupled
transcription/translation system (TNT), and assays on COS cells transfected with the
cDNA bearing the nonsense mutations and on patients’ fibroblasts bearing this type of
mutation for the four different lysosomal diseases.
The results, not very successful in general, were different, depending on the disease, on
the specific mutation and on the compound used.
In the in vitro readthrough analyses, recovery of the full-length protein was observed for
some of the mutants, with G418 or gentamicine, while no recovery was observed with the
other products. Mutations with a positive result in the TNT assay were studied at the level
of enzyme activity in transfected COS cells. A slight recovery of the enzyme activity was
observed for some mutations and for some treatments. Immunofluorescent labeling of
ARSB and Lamp-2 proteins in fibroblasts of a Maroteaux-Lamy patient, showed an
increase of ARSB levels in the lysosomes, with gentamicine treatment.
Now, we are analyzing RNA degradation and enzyme activity in patients’ fibroblasts
after treatment.

Heptahelical protein PQLC2 is a lysosomal cationic amino acid exporter underlying the
action of cysteamine in cystinosis therapy
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Cystinosin, the lysosomal cystine exporter defective in cystinosis, is the founding member of
a family of heptahelical membrane proteins related to bacteriorhodopsin and characterized by
a duplicated motif termed the PQ loop. PQ-loop proteins are more frequent in eukaryotes than
in prokaryotes; except for cystinosin, their molecular function remains elusive.
In this study, we report that three yeast PQloop proteins of unknown function, Ypq1, Ypq2,
and Ypq3, localize to the vacuolar membrane and are involved in homeostasis of cationic
amino acids (CAAs). We also show that PQLC2, a mammalian PQ-loop protein closely
related to yeast Ypq proteins, localizes to lysosomes and catalyzes a robust, electrogenic
transport that is selective for CAAs and strongly activated at low extracytosolic pH.
Heterologous expression of PQLC2 at the yeast vacuole rescues the resistance phenotype of
an ypq2 mutant to canavanine, a toxic analog of arginine efficiently transported by PQLC2.
Finally, PQLC2 transports a lysine-like mixed disulfide that serves as a chemical intermediate
in cysteamine therapy of cystinosis, and PQLC2 gene silencing trapped this intermediate in
cystinotic cells.
We conclude that PQLC2 and Ypq1–3 proteins are lysosomal/vacuolar exporters of CAAs
and suggest that small-molecule transport is a conserved feature of the PQloop protein family,
in agreement with its distant similarity to SWEET sugar transporters and to the mitochondrial
pyruvate carrier. The elucidation of PQLC2 function may help improve cysteamine therapy. It
may also clarify the origin of CAA abnormalities in Batten disease. We are currently
investigating its transport mechanism.
References:
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Lack of the lysosomal membrane protein, NCU-G1, expression results in liver
fibrosis.
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Human kidney predominant protein, NCU-G1, is a protein the function of which is only
beginning to emerge. It is highly conserved, rich in proline-residues, expressed in most
tissues and displays no sequence homology to other known proteins. NCU-G1 was first
described as a nuclear protein with gene regulatory properties (1), while later studies have
shown that NCU-G1 is a bona fide lysosomal integral membrane protein (2-4).
Using a gene modified mouse model, we have shown that total disruption of NCU-G1
expression in mice results in spontaneous liver damage as the predominant phenotype.
The continuous injury to the liver results in fibrosis. The progression of this condition is
slow, and the life-expectancy of these animals is only slightly reduced (5).
The sensitivity of the endosomal-lysosomal pathway to changes in protein function and
composition, suggests that the observed phenotype is a result of an altered lysosomal
function, similar to known lysosomal storage disorders (LSD) (6). In support of this
hypothesis, intralysosomal accumulation of autofluorescent material has been detected in
liver from mice lacking NCU-G1 expression. Closer examination of this auofluorescent
material designated it to be localized specifically within lysosomes of Kupffer cells.
Intralysosomal accumulation of undigested material in these cells is known to be directly
involved in promotion of liver fibrosis (7).
Some well described lysosomal storage disorders display liver fibrosis as a frequent
clinical finding (e.g. Gaucher disease, cholesteryl ester storage disease, Niemann Pick
A/B and C disease). However, like most other LSD, the liver fibrosis in these disorders is
accompanied by several other symptoms, including neurological and developmental
problems (6). In comparison with these disorders, the phenotype resulting from NCU-G1
ablation appears to be mild.
Here, we present the phenotypic alterations resulting from lack of lysosomal membrane
protein, NCU-G1, expression in a genetically modified mouse model.
1. Steffensen KR, et al. (2007)
2. Schieweck O, et al. (2009)
3. Schroder BA, et al. (2010)
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The connection between erad, upr, gaucher disease and Parkinson’s disease
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In recent years association has been demonstrated between Gaucher disease (GD) and
Parkinson’s disease (PD), a neurodegenerative disease affecting 1% of individuals over 60
years old. Thus, there is a higher propensity among Type 1 GD patients and among
carriers of GD mutations to develop PD in comparison to the non-GD population. Brains
of carriers of GD mutations who developed PD display Lewy bodies and loss of substantia
nigra neurons.
Since carriers of GD mutations do not accumulate glucosyl-ceramide and its build-up has
not been demonstrated in brains of Type 1 GD patients, we raised the possibility that
ERAD of mutant GCase contributes to the development of PD among GD patients and
carriers of GD mutations. Our results strongly suggest that continuous presence of mutant
glucocerebrosidase (GCase), which undergoes ERAD, provokes the UPR machinery. We
propose that this cellular stress leads to death of dopaminergic cells and development of
PD. We could recapitulate the development of parkinsonian signs in a Drosophila model
heterozygous for the two fly endogenous alleles or in a fly expressing human mutant
GCase in its serotonergic/dopaminergic cells.
Development of PD in carriers of GD mutations implies that the presence of a mutant
GBA allele is a dominant predisposing factor. This is a unique case of an autosomal
recessive metabolic disease with a dominant element. Dominance results either from
haploinsufficiency or from gain of function. If haploinsufficiency accounts for the
development of PD in carriers of GD mutations, it implies insufficient GCase activity in
the dopaminergic neurons. Why is it age dependent? Why is it not manifested in
macrophages, in which case the disease would have been dominant? If, alternatively, the
dominance results from gain of function, then its development depends on accumulation of
enough deleterious product (mutant GCase, in our case), as in the case of Alzheimer
disease, which displays age dependent accumulation of β-amyloid and tau, or Huntington
disease, which exhibits accumulation of huntingtin.
Our results suggest the gain of function alternative, namely, presence of mutant GCase, or,
alternatively, a mutant GBA allele, lead to development of PD.
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Sialin (SLC17A5) is the lysosomal sialic acid exporter. It is defective in two inherited sialic
acid storage diseases: infantile sialic acid storage disease (ISSD) and Salla disease. ISSD is
an early-lethal, multisystemic disease caused by diverse mutations, whereas Salla disease is a
progressive, non-lethal neurological disease almost exclusively associated with the missense
mutation R39C. The accumulation of free sialic acid in patients’ cells is a hallmark of both
diseases. There is no effective treatment. Genetic disruption of the sialin gene in mouse
induces severe central demyelination, thus recapitulating a prominent clinical feature found
in Salla patients.
Molecular tools to study sialin in situ or correct its genetic defects are lacking. To address
this issue, we used homology modeling to build a 3D model of human sialin based on weak,
but significant, sequence similarity with the glycerol-3-phosphate transporter from
Escherichia coli. We located the substrate-binding site of sialin by molecular docking of
high-affinity sialic acid analogues and validated this site by site-directed mutagenesis. We
next performed a virtual high-throughput screening of 80,000 commercially available
compounds on this 3D model and, after wet lab validation, could identify diverse ligands
with a >100-fold higher affinity than the natural substrate. The optimization of these hits by
analogue synthesis and structure-activity relationship studies offered a further gain of affinity
The identified hits include aromatic compounds which will be modified to implement visible
fluorescence properties for subcellular imaging of sialin activity. The resulting fluorescent
probes may inform us about the regulation or dysfunction of lysosomal sialic acid export in
live cells. Inhibitors with sub-µM affinity will also be tested for their capacity to act as
pharmacological chaperones of the R39C mutant associated with Salla disease.
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The Molecular Basis Underlying the Association between Gaucher disease and Parkinson's
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In Gaucher disease (GD), an autosomal recessive disease resulting from mutations in the GBA
gene, mutant β-glucocerebrosidase (GCase) molecules are recognized as misfolded in the
endoplasmic reticulum (ER). They are retrotranslocated to the cytoplasm, where they are
ubiquitinated and undergo proteasomal degradation in a process known as the ER Associated
Degradation (ERAD). Persistent presence of mutant, misfolded protein molecules in the ER
leads to ER stress and evokes the unfolded protein response (UPR).
Previous publication noted UPR activation in GD derived skin fibroblasts (Mu, Ong et al.
2008; Wei, Kim et al. 2008). We have extended this study to show that UPR exists in GD
derived skin fibroblasts and in fibroblasts carrying different GD mutations, manifested by
upregulation of the transcription factor CHOP and the chaperone BiP, phosphoryltion of eIF2α
and cytoplasmic splicing of the transcription factor Xbp1. We could recapitulate UPR
activation in two different Drosophila models for carriers of GD mutations: flies heterozygous
for the endogenous mutant GBA orthologs and flies expressing the human N370S or L444P
mutant GCase. More so, double heterozygous flies and flies expressing mutant GCase in the
dopaminergic neurons, exhibited locomotion deficits reminiscent of Parkinson's disease, and
loss of dopaminergic neurons.
Our results strongly suggest that mutant GCase induces UPR in GD patients as well as in
carriers of GD mutations, and leads to development of Parkinson's disease.
References
Mu, T. W., D. S. Ong, et al. (2008). "Chemical and biological approaches synergize to
ameliorate protein-folding diseases." Cell 134(5): 769-781.
Wei, H., S. J. Kim, et al. (2008). "ER and oxidative stresses are common mediators of
apoptosis in both neurodegenerative and non-neurodegenerative lysosomal storage
disorders and are alleviated by chemical chaperones." Hum Mol Genet 17(4): 469-477.

Proteolytic activation of the Golgi-resident GlcNAc-1-phosphotransferase
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The hexameric (α2β2γ2) GlcNAc-1-phosphotransferase complex generates mannose 6phosphate (M6P) residues on lysosomal enzymes for their efficient transport to
lysosomes. Phosphotransferase deficiency leads to the lysosomal storage disorder
mucolipidosis type II (MLII) characterized by missorting of lysosomal enzymes and
accumulation of storage material. To form an enzymatically active complex, the
alpha/beta-subunit precursor has to be proteolytically cleaved by the site-1 protease (S1P)
in the Golgi lumen. Consequently, S1P-deficient cells fail to activate the alpha/betasubunits and exhibit an MLII-like phenotype. Most important, S1P-mediated cleavage of
sterol regulatory element binding proteins (SREBPs) is essential for cholesterol
homeostasis and requires the transport of the SREBPs from the endoplasmic reticulum
(ER) to the Golgi apparatus upon cholesterol depletion.
In this study we showed that the phosphotransferase is transported from the ER to the
Golgi apparatus in a cholesterol-independent manner. Changes of the cellular cholesterol
content (decrease by treatment with atorvastatin, increase by treatment with LDL) do
neither interfere with phosphotransferase transport nor its proteolytic activation.
Further, we examined whether the alpha/beta-subunit precursor is a substrate of site-2
protease (S2P), which is also involved in SREBP cleavage. Expression analysis in S2Pdeficient cells revealed that the alpha/beta-subunit precursor, in particular the alphasubunit, is not proteolytically processed by S2P. However, we observed an MLII-like
phenotype in S2P-deficient cells, which differs from S1P-deficient cells by i) less
affected missorting of lysosomal enzymes and ii) intracellular redistribution of endocytic
receptors resulting in reduced endocytosis of several ligands. Our data demonstrate the
importance of regulated intramembrane proteolysis of yet unknown substrates for proper
function of lysosomes.
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Introduction
Mucopolysaccharidoses IV (M. Morquio) is in the group of metabolic disorders caused
by the absence or malfunction of the enzymes galactose 6-sulfate sulfatase (Type A) or
beta-galactosidase (Type B) that are needed to break down the keratan sulfate sugar
chain, which are essential structural elements of many tissues in the human body (bone,
cartilage, cornea, skin, connective tissue). One of the main features of several of the
mucopolysaccharidosis is bone damage and remodeling, along with synovial thickening,
clinically manifested as coarse facies, thickened and widened bones on x-rays and joint
contractures of varying severity. These signs and symptoms can be the presenting
features of the disease, and lead to clinical diagnosis when properly interpreted. The
aversion to unnecessary exposure of patients to X-Ray and the question of which bones to
examine is understandable. MPS IV patients are additionally at a much higher risk of
severe sequelae from anesthesia, making MRI examination more difficult. Therefore, the
question of the best method by which to measure bone and joint involvement and
progression in patients with established disease is a difficult one.
Objectives
We present documentation of ultrasound changes in MPS IV patients, which might be
useful to speed the diagnosis of disease, and serve as a readily available and harmless tool
for monitoring of changes in the bones and joints of patients. This could be particularly
useful for pediatric rheumatologists, for whom joint ultrasound is a well-established tool.
We also propose a basic scoring system for quantification of such changes.
Methods
We used ultrasound to examine MPS IV patients with joint disease, comparing the results
to those typically found in inflammatory arthritis. The changes we have found in the MPS
IV patients are illustrated by a representative case report.
Results
From our observations, it appears that there are certain specific changes in the bones and
joints of Mucopolysaccharidosis IV patients apparent on ultrasound examination.
Conclusion
Ultrasound is a useful and convenient method for documenting and following bone and
joint disease in Mucopolysaccharidosis IV patients. We have proposed a preliminary
scoring system to follow bone and joint involvement in MPS IV and will explore the
clinical correlations further.
Finally, we wish to encourage that Mucopolysaccharidosis IV be considered as a
differential diagnostic possibility in children and adolescents with joint disease and
contractures.

GM2 -gangliosidosis in British Jacob sheep
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Introduction: Lysosomal storage disorders are recognised in a number of domestic and
experimental animal species but rarely can they be used to model disease in man because
of differences in cellular biochemistry. We describe here GM2 gangliosidosis in sheep
with potential to model Tay-Sachs disease in man.
Materials and Methods: 6 to 8-month-old pedigree Jacob lambs were obtained from two
unrelated flocks presenting clinically with progressive neurological dysfunction of 10
days to 8 weeks duration. Brains, selected tissues and blood were collected for
histopathological, biochemical and genetic testing.
Results: Histopathological examination of the nervous system identified extensive
neuronal cytoplasmic accumulation of material that stained with periodic acid Schiff and
Luxol fast blue. Electron-microscopy identified membranous cytoplasmic bodies within
the nervous system consistent with ganglioside inclusions. Blood biochemistry detected a
marked decrease in hexosaminidase A activity in the one lamb tested compared to age
matched controls. Genetic analysis identified a mutation in the sheep hexa allele G444R.
Conclusions: The histological and biochemical data supports a diagnosis of GM2gangliosidosis (Tay-Sachs disease). The genetic defect in British Jacob sheep is identical
to that found in North American Jacob sheep affected with GM2 gangliosidosis,
suggesting the North American disease originated from imported UK stock. The GM2
biochemical defect in sheep bears close similarity to human Tay Sachs disease and
provides a possible disease model to explore therapeutic intervention strategies.
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Gaucher disease (GD) is unique in the range of specific therapies approved for
administration, such as enzyme replacement therapies (ERT) and substrate
reduction therapies (SRT). However, the effects of these treatments have not
been systematically assessed using rigorous evidence-based forms of analysis.
A Cochrane systematic review of all randomized and quasi-randomized
controlled trials was performed to investigate the efficacy and safety of ERT
and/or SRT in all types of GD. Different enzymes (alglucerase, imiglucerase,
taliglucerase, velaglucerase), doses (30, 45, 60 U/kg), and frequencies of
administration (every 2 or 4 weeks) were compared. SRT (alone or in
combination with ERT) was also investigated. The haemoglobin
concentration, platelet counts, spleen and liver volumes, and levels of
biomarkers (chitotriosidase, CCL18) were evaluated as outcome measures.
Pre-treated and naïve patients were analysed separately, as well as GD type 1
and type 3. The difference in means was calculated to describe the relative
effect of one treatment over the other.
The results from the eight studies included in the systematic review suggest
that different ERTs were similar in efficacy, with no clear benefit between
different frequencies of administration. Moreover, ERT given at lower doses
were as effective as higher doses, except for biomarkers. In fact, higher doses
of velaglucerase (60 vs 45 U/kg) were more effective on the reduction of
chitotriosidase (mean % difference: 22.6; 95% CI 7.7-37.6) and CCL18 levels
(16.70; 95% CI 1.5-31.9) after 12 months. Overall, 25 severe adverse events
were reported.
The systematic analysis of the available literature provides relevant
information for the future conduct of randomized trials which may seek to
compare different treatment options for GD patients, with specific suggestions
for the assessment of relevant outcomes in GD patients, and for the choice of
the patients subgroups to be investigated.

Substrate reduction therapy of metachromatic leukodystrophy: Development of a
high-throughput screening assay for identification of cerebroside sulfotransferase
inhibitors.
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Metachromatic Leukodystrophy (MLD) is a lysosomal storage disease, caused by
deficiency of the lysosomal enzyme arylsulfatase A (ASA). Normally, ASA catalyzes the
degradation of 3-O-sulfogalactosylceramide (sulfatide) to galactosylceramide. The
deficiency of ASA activity results in an intralysosomal storage of the lipid, which leads to
progressive demyelination in the central and peripheral nervous system. Until now there
is no curative therapy available, consequently treatment is limited to pain and symptom
management. Substrate reduction therapy (SRT) is a promising therapeutic approach,
because it is based on the application of small chemical substances, which are designed to
cross the blood-brain-barrier. The last step in the synthesis of sulfatide is the transfer of a
sulfate group from the universal sulfate donor 3'-phosphoadenosine-5'-phosphosulfate
(PAPS) to galactosylceramide. This step is catalyzed by the enzyme cerebroside
sulfotransferase (CST), which is therefore an interesting target for substrate reduction
therapy. Large amounts of CST are required for a detailed structural analysis and the
screening for specific inhibitors.
We were able to generate stably transfected CHO-cells, which allow the expression of
soluble and active human CST in large amounts. The fusion protein consists of the signal
peptide of transin, the IgG binding domain sequence of staphylococcal protein A and the
lumenal domain of human CST. A purification procedure of the protein from the cell
culture supernatant was successfully developed. Furthermore we were able to establish a
non-radioactive activity assay for CST, which enables a high-throughput screening for
inhibitory lead compounds. This assay depends on a coupled enzyme reaction with a
second sulfotransferase (SULT1A1), which regenerates 3′-5′ phosphoadenosine
phosphate (PAP) to PAPS. In this process the substrate methylumbelliferrylsulfate is
desulfated to methylumbelliferon, which creates a shift in emission wavelengths. We can
show that this fluorescence assay is suitable for a high-throughput screening and tested
nearly 40,000 compounds from different libraries for their inhibitory potential. Detailed
analysis of the generated data sets and further examinations will show, whether we will
be able to identify a lead structure. This will hopefully facilitate the development of a
therapeutic CST-inhibitor to achieve treatment for MLD.
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Purpose Screening of high-risk populations reveals a higher than expected prevalence of
Fabry disease (FD) in subjects with left ventricular hypertrophy (LVH) (range 1-11%). In
many of these subjects a diagnosis of FD is uncertain because characteristic clinical and
biochemical features are absent and a genetic variant of unknown significance (GVUS) in
the α-galactosidase A gene (GLA) is identified. This carries a risk of misdiagnosis,
inappropriate counselling and treatment. In these uncertain cases clinical, imaging and
laboratory tools may help to diagnose FD. We developed a diagnostic algorithm for
adults with LVH (IVSd >12 mm) and an uncertain diagnosis of FD, harbouring a GLA
GVUS.
Methods A systematic review was performed to select criteria on ECG, CMR or
ultrasound to confirm or exclude a FD diagnosis. A modified Delphi method was used to
reach consensus on selected criteria between 7 FD experts. Criteria for a definite or
uncertain diagnosis of FD and a gold standard were defined. Criteria were accepted in the
algorithm with ≥75% agreement and no disagreement. To assess expert consensus,
Cronbach’s α was calculated.
Results Consensus was reached on criteria for a definite diagnosis of FD: a GLA
mutation and ≤5% enzyme activity (leucocytes, males only) as well as ≥1 characteristic
FD symptom (acroparesthesia, cornea verticillata, clustered angiokeratoma) or increase in
plasma (lyso)Gb3 in the range of classical males or a family member with a definite
diagnosis of FD. Subjects with LVH not meeting these criteria have an uncertain
diagnosis of FD. In these subjects, the current gold standard was defined as characteristic
inclusion bodies by electron microscopy (EM) analysis of an endomyocardial biopsy, in
the absence of medication use inducing a similar storage pattern. The presence of
microvoltages or severe LVH (IVSd >15 mm) below age 20 exclude a Fabry diagnosis.
Other criteria (PQ interval minus p wave <40 ms, corrected PQ interval <144 ms,
hypertrophied papillary muscle, pericardial effusion, outflow track obstruction, absent
right ventricular hypertrophy with severe LVH, late enhancement in papillary muscles,
binary sign) did not qualify due to low level of available evidence. Between rounds
Cronbach’s alpha increased from 0.87 in round 1 to 0.97 and 0.99 in round 2 and 3.
Conclusion In adults with unexplained LVH and an uncertain diagnosis of FD, the
presence of microvoltages and severe LVH at young age can exclude a Fabry diagnosis.
In the absence of these signs, an endomyocardial biopsy with EM analysis should be
performed.

Gene disruption of Mfsd8/Cln7 in mice provides the first animal model for CLN7
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Defects in the MFSD8/CLN7 gene result in CLN7 disease, variant late infantile form, a
lysosomal storage disease of childhood which is characterized by accumulation of
autofluorescent lipofuscin, neuroinflammation and neurodegeneration. The
MFSD8/CLN7 gene encodes a polytopic multispanning lysosomal membrane protein of
unknown function with sequence homologies to the Major Fascilitator Superfamily
(MFS) of transporters (1, 2). We have generated a lacZ reporter gene mouse (Mfsd8
(tm1a/tm1a)
) to study spatial and temporal expression of CLN7 and to analyze molecular and
cellular pathology in CLN7-deficient tissues and cells. Analysis of lacZ reporter gene
activity in Mfsd8 (wt/tm1a) mice revealed pronounced Mfsd8/Cln7 mRNA expression in all
regions of the entire cerebral cortex, the hippocampus, the thalamus and the cerebellum.
In peripheral tissues, high Mfsd8/Cln7 expression was found in the kidney. Homozygous
Mfsd8 (tm1a/tm1a) mice were fertile and did neither show any obvious changes in
development or gross behaviour nor premature death up to an age of 10 months. Absence
of the native 50 kDa CLN7 protein was verified by western blotting using enriched
lysosomal membranes from liver and brain. Autofluorescence was observed by 4 months
of age, but was more prominent in 8-month-old Mfsd8 (tm1a/tm1a) mice with most intense
staining in the cerebellum, hippocampus, spinal cord, nuclei of the medulla, liver and
heart muscle. Immunostaining revealed high amounts of subunit c of mitochondrial ATPsynthase in the cerebellum, neuronal nuclei of the medulla and the CA3 region of the
hippocampus. Lysosomal storage with granular osmiophilic deposit ultrastructures was
detected in neurons by electron microscopy analysis at the age of 8 months. Microgliosis
was already detected by 4 months of age and robust microgliosis was observed
throughout the entire CNS, with remarkably high degree in the cerebellum, spinal cord
and thalamus by 10 months. Astrocytosis was evident in the grey matter of the spinal
cord and the thalamus of 10 month old Mfsd8 (tm1a/tm1a) mice. In summary, our CLN7deficient mouse model recapitulates all key features of CLN7 disease including neuronal
accumulation of autofluorescent ceroid lipofuscin, lysosomal storage and reactive gliosis.
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Gaucher disease (GD) is a lysosomal storage disorder (LSD) caused by a mutation in
GBA1 leading to low or deficient levels of lysosomal b-glucocerebrosidase (ßglucosidase). This enzyme is responsible for the lysosomal degradation of
glycosphingolipids to ceramide and glucose.
There is also a non-lysosomal b-glucosidase (GBA2) which had previously been
described as a bile acid b-glucosidase. It has recently been shown that mutations in GBA2
are implicated in autosomal-recessive ataxia with spasticity and in motor neuron defects
in hereditary spastic paraplegia.
Both GBA 1 and 2 are capable of hydrolysing artificial b-glucosides and the natural
glucosylceramide but no homology exists between the two enzymes. They have different
cellular locations and the fate of the ceramide generated by both enzymes is likely to be
very different. It has been suggested that in GD patients the GBA2 may be able to partly
compensate for the lack of GBA1 and this may be why there is so little accumulation of
glucosylceramide in tissues other than macrophages in GD.
We have recently observed that 38% of GD patients had elevated leucocyte levels of
GBA2 compared to controls or heterozygotes. We have also demonstrated that GBA2
activity accounted for the majority of b-glucosidase activity in mouse brains and that
GBA2 levels were significantly elevated in the brain of a GD mouse model compared
with wildtype mice. We have also shown that both GBA1 and 2 activities are
significantly higher in a neuronal cell line compared to an astrocyte cell line which may
be indicative of the vital role of these enzymes in neurons.
Activities
(nmol/h/mg)

Astrocytes
1321N1 cells

Neurones
SH-SY5Y

GBA 1

145 ± 8.1

GBA 2

2.5 ± 0.2

B-GAL

310 ± 31

256 ± 15.0
P=<0.005
8.5 ± 1.4
P=<0.005
380 ± 25
NS

In light of these findings we are currently carrying out further work cultured cells to
downstream events when one and/or both of these enzymes are inhibited.

The development of a Cathepsin D assay for the diagnosis of CLN10
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SJR 2
1

department of Chemical pathology, Great Ormond Street Hospital, London; 2 Institute
of Child health, UCL, London; 3 Metabolic Medicine, Great Ormond Street Hospital,
London; 4 National Hospital for Neurology, London.

Neuronal ceroid lipofuscinosis (CLN, batten disease) is the collective name for a group of
at least 14 fatal inherited storage disorders that share similar pathological and clinical
features. Four of these disorders are due to deficiency of lysosomal hydrolases. Routine
enzyme assays for palmitoyl protein thioesterase (PPT) and tripeptidyl peptidase (TPP1)
are available for the diagnosis of the infantile (CLN1) and late infantile (CLN2) forms
respectively.
Defects in the CTSD gene leading to a cathepsin D deficiency are the cause of CLN type
10 (CLN10). CLN10 can be congenital or of late infantile presentation. It is very rare but
there may be undiagnosed cases.
We have established a routine diagnostic enzyme assay for cathepsin D in cultured
fibroblasts and have investigated the feasibility of using leucocytes for the diagnosis of
CLN 10. Enzyme activity has been assessed in three patients with clinical symptoms
indicative of CLN and with mutations in their CTSD gene. It is hoped to add the
cathepsin D assay to our routine diagnostic repertoire.

Genotyping of 31 patients with Metachromatic Leukodystrophy:
Eight new pathologic mutations in Arylsulfatase A gene characterized
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R4, Handgretinger R2, Krägeloh-Mann I1, Müller I4
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Metachromatic leukodystrophy (MLD) is an autosomal recessive lysosomal storage
disease (LSD) based on the loss of Arylsulfatase A (ASA) activity, which leads to
demyelination in the central nervous system (CNS). More than 100 different mutations
within the asa gene (OMIM 607574) are known to cause loss of ASA activity. Progress of
disease and age at onset depend on genotype of each patient. Children often present
impaired motor skills and progress to an inability to walk, paresis and cognitive
deterioration. Therapeutic options are limited and currently focus on enzyme
replacement, gene therapy and hematopoietic stem cell transplantation (HSCT). An early
treatment is an important fact for therapeutic benefit. Therefore, the knowledge of natural
course of MLD in patients with different genotypes is an important fact for further
studies.
The aim of this study was to establish an asa gene sequencing protocol and genotype a
cohort of MLD patients in order to identify new mutations, which subsequently should be
characterized by determination of ASA activity in in vitro assays.
A cohort of 31 MLD families was genotyped so far. Altogether we found 49 differences
to the reference sequence (NG_009260). These are divided into 22 known pathologic
mutations, 18 single nucleotide polymorphisms (SNPs) and 9 new, uncharacterized
mutations [c.92 T>C; c.189 Cdel; c.223 G>C; c.539 C>G; c.592 G>A; c.668 A>G; c.847
T>A; c.1190 C>T; c.1269 A>G].
In order to characterize the newly found mutations, we cloned asa cDNA into MigRI
(MSCV, IRES, GFP, retrovirus-1) vector and separately inserted mutations by site
directed mutagenesis. To determine the impact of the mutations on the ASA activity we
generated a cell line without background activity. Therefore, multipotent mesenchymal
stromal cells (MSCs) were isolated from a late infantile MLD patient and immortalized.
We then over expressed the ASA protein in these ASA deficient MSCs using a retroviral
transfection system. ASA activity was biochemically determined and revealed that 8 out
of the 9 identified mutations resulted in a more than 95% reduction of ASA activity,
showing that these are pathological mutations. In one case a difference to the reference
sequence was found in a healthy parent of a MLD-patient [c.592 G>A]. ASA activity of
this sample shows an activity of more than 50%, defined as not pathological.
Taken together, 9 so far unknown mutations in a cohort of 31 German MLD families
were identified and biochemically characterized. 8 new pathologic mutations were found,
1 new mutation is defined as not pathological. This fits with the phenotypes of the
donors. These findings may help to better understand onset and natural course of MLD
patients, so that the treatment rational of each individual patient can be selected. Further
analyses of a correlation of genotype and phenotype may additionally enhance MLD
therapy in future.

Intravenous administration of an AAV9-Hexb vector prolongs lifespan and
improves phenotype in Sandhoff mice
Natalia Niemir1, Aurore Besse2, Marie Vanier3, Laura Rouvière1, Jasmine Dmytrus4,
Thibault Marais2, Stéphanie Astord2, Jonathan D. Cooper3, Martine Barkats2 and
Catherine Caillaud1
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Sandhoff disease or GM2 gangliosidosis variant 0 is a rare genetic disorder due to
mutations in the HEXB gene. It is characterized by a double Hex A (αβ) and B (ββ)
deficiency, responsible for a GM2 accumulation, mainly in the central nervous system.
Clinically, the disease begins in the first months of life and culminates in death around 23 years of age. Up to date, there is no efficient treatment for Sandhoff disease. A murine
model was obtained by invalidation of the Hexb gene, exhibiting a phenotype quite close
to the human disease.
As AAV9 has recently demonstrated its capacity to infect brain after intravenous
injection, an AAV9-Hexb vector was constructed and tested in the Sandhoff murine
model. The intravenous administration was performed in neonatal Hexb-/- mice with
different doses. The animals injected with a titer around 3.5E+13 vg/kg have a
significantly longer survival compared to non treated Sandhoff mice (> 340 days instead
of 120 days in naive Sandhoff animals). They are still alive and phenotypically
comparable to normal mice. They are in good health with no tremor and no loss of
weight. Behavioral tests are performed regularly using rotarod, activmeter and inverted
screen test and the results are comparable between treated mice and controls.
The hexosaminidase activities were tested at 2 and 4 months in treated mice by
comparison with Sandhoff and normal mice. Assays were performed by using the
artificial substrates permitting to analyze either the Hex A and B or the specific Hex A
activities (MUG and MUGS, respectively). The hexosaminidases were not restored to
normal into the brain after intravenous administration of the AAV9-Hexb, but they
reached a level which can be considered as therapeutic. Hexosaminidase A, required for
ganglioside degradation, was around 15 % of normal in brain and 40% in liver. Some
other lysosomal enzymes were found increased in Sandhoff mice and their activities were
significantly lower in treated mice.
Lipid extraction, ganglioside purification and high-performance thin-layer
chromatography were performed on brain tissue in order to evaluate the ganglioside
accumulation. GM2 storage found in untreated Sandhoff mice was absent in normal as
well as AAV9-treated Sandhoff mice brain at 2 and 4 months post-injection. Different
immunohistochemical methods were used to study brain lesions. Lamp-2 staining showed
a significant storage in Sandhoff mice, but not in AAV9-treated and control mice. A
profound thalamic gliosis and a thalamocortical neuron loss were found in naive
Sandhoff mice. They were completely absent in normal and AAV9-treated mice. These
results suggest a protective effect of the therapeutic vector administered intravenously in
Hexb-/- mice during the neonatal period.

Long term outcome of haematopoietic stem cell transplantation in MPSI-H patients
Boncimino A1, Furlan F1, Gasperini S1, Rigoldi M1, Rovelli A2 Parini R1,
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Background: Early haematopoietic stem cell transplantation (HSCT) is choice treatment
for mucopolysaccharidosis I-Hurler (MPSI-H)1.
Methods:15 Caucasian Hurler patients (12F,3M) underwent HSCT 1999-2011
(13unrelated, 2related donor). Median age at diagnosis 10,7m (range 4.8-17.7m), median
age at transplantation 17.5m (range 8.3-30.0m). 8 received peritransplant ERT for 5.68m
median period (range 1.65-8.77m): 3.3m (range 1.2-7.7m) median pre, 2.2m (range 0.5m2.7m)median post HSCT. One patient died 1year post-HSCT; 3second transplants.
Complete evaluations were performed at baseline and thereafter every 3-6-12m.
Results: Most patients needed orthopedic or abdominal surgery, ocular or neurosurgery
corrections. At 76.8m median follow up (range 10.8-156.0m) 14patients are alive with
normal enzymatic activity, urinary GAGs and no major HSCT complications. All but 3
(75%,85%,90%donor) have full peripheral chimerism.
12 patients with a follow-up ≥ 36m show: -heart: aortic and mitral valve
stabilization/worsening, 10/12 decreased septal wall; -organomegaly: normalization; eyes: 3/12corneal clouding worsening, 9/12stabilization or improvement; -orthopedic: no
advantage (12/12kypho-scoliosis, 12/12genu valgum, 10/12hip dysplasia); -hearing:
4/12normal from baseline, 8/12improvement; -growth: 6/12patients (age range 6.8-14.5y)
have height under -2SD according to Tanner curves; -psycho-motor development2:
median Z score IQ was -1.3 (range from-3.9 to+0.8) at baseline (age range 11-30 m), 3.0 (range from-4.2 to+0.9) at last evaluation (age range 4-14.5y). At baseline
10/12normal Z score IQ, 1/12“mild”, 1/12“moderate retardation”. At last evaluation
4/12normal IQ Z score, 4/12”mild”,4/12“moderate retardation”.
Conclusions: early HSCT is effective in MPSI-H, particularly on organ size, heart
hypertrophy and auditory abilities. However it has a low effect on poor vascularized
tissues. Only 4/12had a normal IQ Z score at last evaluation; the other had mild or
moderate delay. However they all are at least partially independent in the day life
activities, speak fluently and have good interactions. This result is extraordinarily much
better than if they had not been transplanted. It is reasonable to suppose that an earlier
HSCT would produce better psychomotor outcome.
References:
1. Boelens JJ, Rocha V, Aldenhoven M et al. Risk factor analysis of outcomes after
unrelated cord blood transplantation in patients with hurler syndrome. Biol Blood
Marrow Transplant 2009; 15:618-25.
2. Orsini A., Laicardi C. WAIS-R, Wechsler Adult Intelligence Scale Revised : Manuale
David Wechsler. Taduzione e adattamento italiano a cura di Caterina Laicardi e
Arturo Orsini - Firenze Organizzazioni Speciali, 1997.

Behavioral, neurocehmical, and physiological abnormalities in the male Fabry
knockout mice.
Rodrigues LG, Rodrigues D, Sá-Miranda MC
Instituto de Biologia Molecular e Celular, Porto University, Portugal
In the last few years we have been using the Fabry mouse model to uncover new findings
into the pathogenesis of Fabry disease (FD). We described that Fabry mice had
diminished locomotor activity, warm hypoalgesia and alterations both in balance and
coordination that pointed out that the Fabry mouse is an interesting model to study the
neurological abnormalities associated with FD (1). We also found increase in body
weight and white adipose tissue (WAT) that becomes more accentuate with age
(unpublished data, Rodrigues, 2008). Given so, we have been study the neurological
manifestations, especially cognitive impairment. The catecholamine profile is also being
study in several brain areas (prefrontal cortex, hypocampus, hypophysis, amygdale,
striatum, posterior thalamus and periaqueductal grey), also known to be affected in FD
patients, and the ones identified to be involved in behavior change. We are addressing
whether the altered WAT phenotype of the Fabry mice is associated with abnormal level
of adipokines for that RT-qPCR experiments were carried out to compare mRNA levels
of 84 genes, already known to be implicated in obesity, from gonadal WAT. To the data
both age studied, 12 and 24 weeks, revealed that the expression of some of these genes
are up- and downregulation, suggesting that several orexigenic and anorexigenic systems
might play a complex role on adipose tissue function. Nevertheless, since their level of
expression, at both ages studied is weak, further analyses will be required to assess the
physiological significance of these variations. Unexpectedly, in this screening we did not
found any alteration in the adipokine levels in any of the ages studied, as initially
predicted (Rodrigues et. al 2013, unpublished data). In this presentation we will present
and correlate all the data from the expression of several key genes involved in
adipogenesis, with the behavior and monoaminergic system changes encounter in Fabry
mice in order to unravel deeper the phenotype of this strain.
(1) Rodrigues LG, Ferraz MJ, Rodrigues D, Pais-Vieira M, Lima D, Brady RO, Sousa
MM, Sá-Miranda MC. Neurophysiological, behavioral and morphological abnormalities
in the Fabry knockout mice. Neurobiol Dis. 2009 Jan;33(1):48-56

Characterization of NPC1 expression on mRNA and protein level in a cohort of
Niemann-Pick type C disease patients.
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Niemann-Pick diseasese (NPC) is a rare hereditary autosomal recessive disorder caused by
mutations in one of two genes, either NPC1 (OMIM #257220) or NPC2 (OMIM #607625)
coding NPC1 and NPC2 protein, respectively. These proteins are essential in intracellular
cholesterol transport. The disease is clinically characterized by progressive neurological
deterioration and hepatosplenomegaly and biochemically by intracellular lysosomal storage
mainly of free cholesterol and glycosphingolipids.
We identified 77 NPC1 mutant alleles in a cohort of 40 families. A subset of NPC1 mutant
alleles combinations were characterized on mRNA and protein levels.
Total NPC1 protein expression levels were semi-quantitated by protein immunoblot analysis
of fibroblast lysates for individual patients with NPC. Six combinations of mutant/mutant
genotypes of 10 patients were subjected to PCR/RFLP followed by fragmentation analysis to
determine the allelic expression ratio in cultured skin fibroblasts (allele combinations
p.R1186H/S954L;
p.R1186H/P1007A;
p.R1186H/Y276H;
p.P1007A/V950G;
p.
S954L/L176R; p.V664M/Arg404Glyfs*45). Interestingly, the level of NPC1 protein in
fibroblasts of a patient with the juvenile phenotype carrying a combination
p.Val664Met/Arg404Glyfs*45 was as in controls and mRNA allelic transcript ratio was
50/50. In other samples transcript ratios ranged from 22/78 to 30/70 and the levels of NPC1
protein were generally diminished instead of one patient doubly heterozygous for two
frameshift mutations p.Ala605Cysfs*1/Ala1187Argfs*54 with the infantile phenotype. We
also analyzed 2 kb of NPC1 promoter region and found six common polymorphisms of NPC1
promoter forming four probable haplotypes. We did not identify any rare variants, which
could potentially alter NPC1 transcription.
Thus far, the results suggest that the NPC1 missense mutations allow residual protein
synthesis. Further work will include usage of pharmacological chaperones to rescue NPC1
mutants in vivo in fibroblast cultures.
Financial support: IGA MZ CR NT12239-5/2011, RVO-VFN64165/2012, PRVOUKP24/LF1/3.

Flow cytometry allows detection of extremely rare populations of LAMP2 deficient
peripheral white blood cells - implications for diagnostics of Danon disease.
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Danon disease (DD) is a rare X-linked disorder caused by mutations in the gene coding
the lysosomal-associated membrane protein 2 (LAMP2). Absence or malfunction of
LAMP2 results in intracellular accumulation of autophagosomes due to their
misprocessing in late endosomes/lysosomes. The major clinical symptoms of DD include
variously expressed cognitive deficit, cardiomyopathy and myopathy. The clinical
phenotype of female DD patients/carriers is mitigated in comparison to male patients
presumably as a result of the tissue specific ratios of X-chromosome inactivation (XCI)1.
Somatic mosaicism of LAMP2 mutations was suggested to represent additional source of
phenotypic variability in females2,3.
Differential DD diagnostics are always initiated by clinical evaluation of the affected
proband/family. Because the majority of so far reported LAMP2 gene mutations result in
abolition of the protein expression1, clinical assessment is usually followed by
identification of a complete LAMP2 protein deficit (LAMP2def) in sampled cells or
tissues. Importantly, identification of female DD patients/carriers with potentially rare
and non-homogeneously distributed LAMP2def cellular populations requires quantitative
approaches.
Intracellular detection of LAMP2 in selected populations (granulocytes, CD14+
monocytes, CD3+ T lymphocytes, and CD19+ B lymphocytes) of peripheral white blood
cells (WBCs) by polychromatic flow cytometry allows identification of even very
sporadic LAMP2def cells. For 0.3-1x105 of analyzed WBCs, the assay sensitivity was
estimated to be >1% of LAMP2def cells1. Increasing the overall number of tested WBCs
to 3x106 improved the sensitivity to 0.008% of LAMP2def cells within the population of
granulocytes. Even the supremely sensitive protocol has practical utility which was
demonstrated in one of our DD families affected by tandem and likely Alu-mediated
duplication of LAMP2 exons 4 and 5. The technique identified a fraction of 0.06% of
LAMP2def granulocytes in the asymptomatic mother of two male DD patients. This
finding in combination with otherwise random XCI values in her WBCs directly
suggested (only to be confirmed later at the gDNA level) mosaic presence of the mutation
in her myeloid lineage3.
To summarize - provided the clinical, imaging and standard laboratory biochemical
profiling indicates DD in the proband/family, the polychromatic flow cytometry of
peripheral WBCs allows quantitative detection of populations of LAMP2def cells not
only in male and female DD patients but also in potentially asymptomatic de-novo
occurring mosaic mutation carriers. Such a sensitive LAMP2 protein level testing further
facilitates conclusive molecular genetic studies in suspected DD individuals.
References: (1) Majer et. al, Gene, 498:183-95, 2012; (2) Chen et. al Gene, 507:174-76,
2013; (3) Majer et. al, JIMD, 2013 e-pub ahead of print
Funding: Research Project no. 0021620806 and the PRVOUK-P24/LF1/3, RVOVFN64165/2012, 00064203 and OPPK CZ.2.16/3.1.00/24022 projects.

An extended proteome map of the lysosomal membrane reveals novel potential
transporters.
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Lysosomes are membrane-bound endocytic organelles that play a major role in degrading
cell macromolecules and recycling their building blocks. A comprehensive knowledge of
the lysosome function requires an extensive description of its content, an issue partially
addressed by previous proteomic analyses. However, the proteins underlying many
lysosomal membrane functions, including numerous membrane transporters, remain
unidentified. We performed a comparative, semi-quantitative proteomic analysis of rat
liver lysosome-enriched and lysosome-non enriched membranes and used spectral counts
to evaluate the relative abundance of proteins. Among a total of 2,385 identified proteins,
734 proteins were significantly enriched in the lysosomal fraction, including 207 proteins
already known or predicted as endo-lysosomal and 94 proteins without any known or
predicted subcellular localization. The remaining 433 proteins had been previously
assigned to other subcellular compartments but may in fact reside on lysosomes either
predominantly or as a secondary location. Many membrane-associated complexes
implicated in diverse processes such as degradation, membrane trafficking, lysosome
biogenesis, lysosome acidification, signalling, and nutrient sensing were enriched in the
lysosomal fraction. They were identified to an unprecedented extent as most, if not all, of
their subunits were found and retained by our screen. Numerous transporters were also
identified, including 46 novel potentially lysosomal proteins. We expressed 12 candidates
in HeLa cells and observed that most of them colocalized with the lysosomal marker
LAMP1, thus confirming their lysosomal residency. This list of candidate lysosomal
proteins substantially increases our knowledge of the lysosomal membrane and provides
a basis for further characterization of lysosomal functions.
Preferred presentation: poster.

Six-months enzyme replacement therapy’s efficacy in a non-classic infantile Pompe
disease form: our experience in a 2-year-old affected child
Paci S, Scelsa V, Gasparri M, Salvatici E
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Pompe’s disease non-classic infantile form usually leads to death within the first year of
life mostly due to cardiomyopathy. We here report our six-month’s follow up experience
with enzyme replacement therapy (ERT) in a 2-year-old Pompe disease’s affected
female. Baseline examination: lower limbs’ muscle weakness and axial hypotonia with
delayed motor skills’ acquisition and lack of oral skills, hypomimia and macroglossia.
Lab tests: very high values of CPK (789 U/L, n.v. 30-135), LDH (2463 U/L, n.v. 313618), ALP (591 U/L, n.v. 38-126) and transaminases. Biventricular hypetrophy at the
echocardiography. Genetical analysis demonstrated two Pompe’s disease classical
mutations, with absolutely absent alfa-glucosidase activity on skin biopsy and positive
CRIM-testing both on blood and fibroblasts. Once made the diagnosis, ERT was started
at 18 months of life. Six months after, therapy is well tolerated, without any adverse
reactions up to now. Motors skills parameters clearly improved with achieved steady
state locomotion. Echocardiography: reduced cardiac walls’ thickness with absolute left
ventricular function’s improvement (end-diastolic diameters from 26 mm to 34 mm;
fractional shortening from 38% to 53%). Biochemical parameters and speech delay did
not yet improved to date, suggesting that maybe more time is needed to obtain ERT’s
efficacy on such issues.

Overview of the first 1,000 patients identified by the MPS BRAZIL NETWORK
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Ribeiro E5, Valadares E6, Silva LCS7, Kim C8, Lourenço C9, Horovitz D10; Boy R11;
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OBJECTIVES: MPS BRAZIL-NETWORK (MBN) was created to improve
diagnosis and management of MPS diseases in Brazil. Since then, physicians from
all Brazilian regions have requested support for the investigation of patients with
suspected MPS.
METHODS: The contact with MBN has been performed through website
(www.mps.ufrgs.br), email (mps@ufrgs.br) or a toll-free helpline (0800-510-2030).
Informative materials and instructions for sample collection and shipment, as well as
educational material about MPS can be downloaded in the website. Services from all
Brazilian regions sent biological samples to MBN headquarters, located at the
Medical Genetics Service of HCPA, where the laboratory investigation for MPS is
performed free of charge.
RESULTS: From April/2004 to December/2012 1000 patients with MPS were
identified, being 542 new diagnoses (average 5.2/month). Most frequent type of
MPS diagnosed was MPS II, confirmed in 300/1000 (29.9%) of MPS patients,
followed by MPS VI (23.3%), MPS I (19.4%) and MPS IVA (11.5%). Most MPS I
patients came from South or Southeast regions (49.6%), while most MPS VI patients
came from Northeast region (49.5%). MPS III-B and IV-A are also frequent in
South with 42% and 31.5% of patients, respectively coming from this region.
CONCLUSIONS: Easy access to information and to diagnostic tests provided by
MBN helped to identify many patients with MPS in Brazil, transforming MBN in a
template to develop similar initiatives for other rare diseases.

Proteomic Analysis Reveals Possible Mechanisms for Cognitive Impairment in
Mucopolysaccharidosis type I mice
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Mucopolysaccharidosis type I (MPS I) is due to deficient alpha-L-iduronidase (IDUA)
which leads to storage of glycosaminoglycans (GAG). The severe form of MPS I is
characterized by mental retardation of unknown etiology. Trying to unveil the
mechanisms of cognitive impairment, we studied alterations in the proteome from MPS I
mouse hippocampus. Eight-month old MPS I mice had GAG storage in neurons and glial
cells, and impaired aversive and non-aversive memory. Shotgun proteomics was
performed and 296 proteins were identified. Of those, 32 were diferentially expressed
(p<0.05). We found elevation in proteins such as the pro-apoptotic cathepsin D (CtsD, 7fold normal). Glial fibrilary acid protein (GFAP) was 4.5-fold normal, and
immunohistochemistry for GFAP as well as quantitative PCR for TNF-alpha and MIP-1alpha confirmed a neuroinflammatory process that could be responsible for neuron
dysfunction. We didn’t observe differences in ubiquitin expression nor in other proteins
related to protein folding, suggesting that the ubiquitin system is working properly. We
observed alterations in several proteins involved in synaptic plasticity, including
overexpression of post synaptic density-95 (PSD-95) and reduction of microtubuleassociated proteins A and B. IDUA (Laronidase®, Genzyme, 1.2mg/kg) was injected i.v.
and was able to reduce GAG storage as well as CtsD levels in the brain, suggesting that
CtsD can be used as a biomarker for efficacy of preclinical treatments and that a small
fraction of Laronidase can reach the brain. These results suggest that the cognitive
impairment in MPS I is due to multiple processes, including neuroinflammation and
alterations in synaptic plasticity.

Cytogenomic evaluation of chromosome rearrangements by array-CGH in the IDS
gene region in MPS II patients
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Introduction: The majority of cases of MPS II are caused by point mutations, small
deletions and insertions in the iduronate-2-sulphatase (IDS) gene which spans about
24kb in the Xq28 region. In 20% of cases major structural alterations occur, including
large deletions and rearrangements (Froissart et al., 2002). In ~6-8% of cases the disease
results of a complete deletion of the IDS gene (Hopwood et al., 1993). During the last
decade it has become apparent that the molecular genetic mechanisms for many disease
traits often involve complex genomic rearrangements that leads to small or large
deletions of one or more genes. Individuals may present large segment rearrangements
of their genome, with evidence for both decreased and increased copy number. This
finding has been enabled by array technologies that allow high-resolution screening of
the entire human genome.
Aims: To evaluate the use of high-resolution array-based Comparative Genomic
Hybridization (array-CGH) in the determination of genomic rearrangements in the IDS
gene region in DNA samples from MPS II patients.
Material and methods: Chromosome microarray analysis was performed on DNA
samples from 5 MPS II patients with known deletions within the IDS gene region. The
customized oligonucleotide-based microarray using the 1 million array (Agilent
Technologies Inc., Santa Clara, CA) was applied in each of the samples test and
controls in order to better delineate the chromosomal rearrangement in the Xq28 region.
The arrays were analyzed through the Agilent Feature Extraction for CytoGenomics
(v9.5.1). Graphical overview was obtained using the Agilent CytoGenomics (v.2.0.6.0)
analytics software.
Results: The array-CGH data confirmed the previous exon-by-exon IDS PCR results
which demonstrated partial or complete deletions. Additionally, the microarray analysis
revealed a contiguous duplicated region on Xq28 in one of the samples, encompassing
approximately 476 Kb.
Conclusion: The spectrum of human genetic variation ranges from a single base pair to
large chromosome events, but it has become apparent that human genomes differ more
as a consequence of structural variation than of single base pair differences. In our
study, the array-based method enabled the detection of genomic gains and losses and
the determination of the extension of the rearrangements in and around the IDS region.
A comprehensive molecular analysis in patients affected by MPS II, especially in the
ones with large deletions, is crucial for the understanding of the molecular mechanisms
of rearrangements in the IDS gene region and the related phenotypic traits. Possibly
rearrangements of the IDS gene region occur in greater extent than estimated so far, as
part Xq28 chromosome variation, with potentially involvement of contiguous genes.
The array-based methods have proven to be powerful tools in genome-wide detection of
copy number changes of different sizes and gene content in MPS II patients.

NPC BRAZIL NETWORK: Overview of the 2010-2012 period
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Niemann-Pick type C is an autosomal recessive inborn error of cholesterol trafficking,
characterized by the storage of cholesterol inside the lysosomes, which leads to a
wide range of clinical manifestations, usually involving the CNS. As there is a
specific treatment already approved and several therapeutic strategies in development,
diagnosis is becoming increasingly important. However, identification of this disease
is challenging, as signs and symptoms overlap with many other conditions and as the
standard diagnostic method (Filipin test) is a qualitative assay performed in growing
fibroblasts, which requires the collection of a skin biopsy. To help the identification
of affected patients, we built in Brazil a program called “NPC Brazil Network”,
available for medical doctors across the country. From 2010 to 2012 we received
clinical information and biological samples (blood and/or skin biopsy) from 444
suspected patients, and were able to obtain suitable fibroblasts to perform the Filipin
test in 296 cases. From these, 50 (17%) had a positive result, 58 (20 %) were
inconclusive and 188 (63%) were negative. Patients with positive and inconclusive
results in the Filipin test (and also patients with negative results but with strong
clinical suspicion) were further studied by molecular analysis of NPC1 and NPC2
genes. Along the first 3 years of activity, the NPC Brazil Network proved to be a
valuable resource for the identification of NPC patients in Brazil.

Spatial detection of Gb3Cer isotypes by MS imaging in mouse model of Fabry
disease
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Fabry disease is a rare inherited metabolic disorder with reported incidence around
1:40000. The disorder is caused by mutation in the α-galactosidase A gene (GLA)
leading to intralysosomal accumulation of undegraded substrates of this enzyme in
various cells and tissues (e.g. kidney, heart, blood vessels). The dominant accumulating
substrate is globotriaosylceramide (Gb3Cer). The X-linked recessive inheritance results in
affected male hemizygotes and heterozygous females with varying degrees of clinical
manifestation. The main symptoms include acroparesthesia, angiokeratomas, corneal
clouding, kidney and heart disease. Currently, there is registered enzyme replacement
therapy from several companies which can reduce and prevent most of the symptoms [1].
Here we present the accurate mass spectrometry images of various Gb3Cer detected in
coronal and transversal sections of the kidney obtained from α-galactosidase A KO mice.
Lipid profiles in KO mice and control mice were compared and correlated with
imunohistochemical staining from consecutive sections. Whereas the antibodies
recognized just the saccharidic region of the Gb3Cer molecule, mass spectrometry
imaging provided more detailed information on lipid distribution in renal cortex showing
different storage capacity correlating with C20:0, C22:0, C24:0 and C24:1 acyl chain
length in Gb3Cer. FIA-ESI-MS/MS measurements revealed not only the quantitative
information (C17:0 isoform was used as internal standard) but also exhibited less
abundant lipid species C16:0, C18:0, C22:1, C22:0-OH, C22:1-OH, C24:2-OH, C24:0OH, C24:1-OH. All these isoforms were present at elevated concentrations in Fabry
disease mice, similarly to diGalCer (measured in the ceramidedihexoside fraction
together with LacCer.
[1] Y.A.Ioannou, K.M.Zeidner, R.E. Gordon, R. J. Descnick, Am. J. Hum. Genet, 68, 1425 (2001)
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Reversal of storage pathology in CLN5- deficient sheep neural cultures with lentiviral
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The neuronal ceroid lipofuscinoses (Batten disease) are inherited neurodegenerative
lysosomal storage disorders caused by mutations in several different genes. Mutations in
CLN5 cause a variant late-infantile human disease and recently diagnosed cases of juvenile
and adult clinical disease. CLN5 NCLs have also been diagnosed in animals, including New
Zealand Borderdale sheep with a splice-site mutation, and a flock developed for model
studies. Dissociated mixed neural cells from CLN5-deficient foetal sheep brains contained no
obvious ATP synthase subunit c containing fluorescent storage bodies at plating but these
accumulated rapidly in culture, mainly in microglial cells but also in neurons and astrocytes.
Accumulation was evident after three days and very obvious after a week, as monitored by
fluorescent microscopy, immunostaining for subunit c and Western blots. Time-lapse
photography revealed the dynamic nature of the cultures and a flow of storage bodies between
cells, specifically the phagocytosis of storage-body containing cells by microglia and
incorporation of the storage bodies into the host cells. No storage was observed in cultured
control cells.
Transduction of cell cultures with a lentiviral-based viral vector expressing a C-terminal myc
tagged CLN5 resulted in the secretion of post-translationally glycosylated and processed
CLN5. Treatment of CLN5-deficient cultures with this construct rapidly reversed the storage
body accumulation, which was reduced to less than half only six days after transduction.
These results show that storage body accumulation is reversible with enzyme correction and
support the use of these cultures for future testing of therapeutics prior to whole animal
studies.
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The Directorate-General for Health & Consumers (DG SANCO) of the European
Commission has approved the project “Inherited NeuRoMetabolic Diseases Information
Network” (InNerMeD-I-network) of which the Brains for Brain Foundation is the main
leader partner.
Inherited NeuroMetabolic Disorders (NMDs) are a group of rare genetic metabolic
diseases that impact on the brain causing mental retardation and progressive
neurodegeneration which, if not promptly treated, could end in early death.
Lack of information on these conditions can lead to delayed diagnosis and treatment, with
consequent tragic results. Increasing awareness is therefore the first crucial step in
fighting these pathologies.
InNerMeD-I-network wants to create a network of information targeted on diagnosis and
treatment of NMDs based on the collection and exchange of proper information among
scientific communities, health professionals, patients, patient associations and all
interested stakeholders. The project aims to increase current knowledge on NMDs and
speed up the timely and precise identification of patients to which apply the available
treatments. The network will also favour biomedical research, straightening research
capacities and fostering innovative therapeutic tools derived from the recent scientific
advancements based on biomarkers use and personalised approaches.
Brains for Brain Foundation, coordinator partner of the project, will particularly assure
the partners coherence and capacity to share decisions and to put together their relevant
knowledge and research capacity.
Partnership also includes 5 both public and private international clinical centres:
Gianni Benzi Foundation (Italy), Copenhagen University Hospital (Denmark), University
of Mainz (Germany), University of Zagrebu (Croatia) and Hospital Sant Joan de Déu
(Spain), together with 15 collaborating partners.
Thanks to partners specific expertise, InNerMeD-I networking will create a formidable
concentration of competences in such a complex and heterogeneous medical field.

Long term follow up of the Mainz cohort of GD type 3 patients
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Germany
Introduction:
During the last 15 years ERT had changed the natural history of GD type 3. In old text
books an average age of death was reported at the age of 12 years. In the most cases
non-neurological complications of GD had limited life time, however nowadays nonneurological complication may be prevented with ERT.
Patient cohort:
22 patients in the mean age of 17 years ( SD +/- 8 years ) were followed about in mean
9 years (+/- 7 years ). The patients were followed by careful neurological examinations
and die mSST score published by Davies et al. 2011. GBA Mutation analyses was
performed in all patients, but in one patient GBA gene is still under investigation.
Discussions:
2 patients deceased due to initiation of ERT behind time. In the others survival is
marked longer than in historical cohorts. Progression rate in the mSST score is less
than 1 point per 2 years in patients without myoclonic epilepsy. 2 patients had
progressive myoclonus epilepsy. All patients had only a small group of point
mutations. Patients not compound-heterocygous or homocygous for D409H and
L444P tend to have a higher progression rate with cognitive decline and loss of motor
function. 3 patients with adult onset had epilepsy as prominent neurological sign.
Conclusion:
As neurological progression is low in the most patients with GD3, they have
meaningful benefit from ERT, when timely initiated. The most evident loss of scoring
points takes place in the preschool age, which is important for an hypothetical
therapeutic window. Prognostic factors for bad outcome are late diagnosis, myoclonic
epilepsy, mutations others than D409H and L444P and spleenectomy.

A functional role for excess and non-lysosomal heparan sulphate in Hurler disease
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Mucopolysaccharidosis I Hurler (MPSI-H) is a childhood lysosomal storage disease
caused by genetic deficiencies in IDUA, coding for alpha-L-iduronidase. Idua-/- mice
share similar clinical pathology with patients, including accumulation of undegraded
glycosaminoglycans heparan sulphate (HS) and dermatan sulphate (DS), progressive
neurodegeneration and dysostosis multiplex 1,2. Haematopoietic stem cell transplantation
(HSCT) is the most effective treatment for Hurler patients, but reduced intensity
conditioning is a risk factor in transplantation, suggesting an underlying defect in
haematopoietic cell engraftment 3-5. HS is a co-receptor 6,7 in the CXCL12/CXCR4 axis
of haematopoietic stem and progenitor cell (HSPC) migration to the bone marrow (BM)
8,9
, but the effect of HS alterations on HSPC migration, or the functional role of HS in
MPSI-H are unknown.
We demonstrate defective WT haematopoietic cell engraftment and migration in Idua-/recipient BM, particularly under reduced intensity conditioning. Both intra- and extracellular Idua-/- BM HS was significantly increased and abnormally sulphated. Soluble
heparinase-sensitive glycosaminoglycans from Idua-/- BM and specifically 2-O-sulphated
HS, elevated in Idua-/- BM, both inhibited CXCL12-mediated WT HSPC transwell
migration, whilst DS had no effect. This suggests that excess, sulphated extracellular HS
binds and sequester CXCL12, limiting haematopoietic migration and is the underlying
mechanism limiting the scope of HSCT in Hurler disease.

Myeloid Driven Stem Cell Gene Therapy Corrects a Mouse Model of
Mucopolysaccharidiosis IIIA
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Mucopolysaccharide (MPS) type IIIA (MPSIIIA, Sanfilippo A) is a paediatric lysosomal
storage disease caused by mutations in N-sulphoglucosamine sulphohydrolase (SGSH).
SGSH deficiency results in heparan sulphate storage and a severe progressive
neurodegenerative disease. Enzyme replacement therapy is potentially feasible, but fails
because enzyme cannot cross the blood-brain barrier. Haematopoietic stem cell
transplantation (HSCT) circumvents this via monocyte trafficking and engraftment in the
brain as microglia. HSCT is curative for the similar HS storage disease MPSI but is
ineffectual for MPSIIIA which has no treatments.
We previously used lentiviral mediated gene therapy to augment SGSH enzyme in WT
HSCT, which improves neuropathology and corrects behaviour of MPSIIIA mice.
However, correction could not be achieved with lentiviral transduced MPSIIIA cells.
To improve expression and brain specificity, lentiviral vectors expressing eGFP under
ubiquitous PGK, or myeloid-specific CD11b promoters were compared in transplanted
HSCs. CD11b gave significantly higher monocyte and B-cell eGFP expression than PGK
after 6 months. Subsequently, MPSIIIA HSCs were transduced with PGK or CD11b
lentiviral vectors expressing codon-optimised SGSH and transplanted into MPSIIIA
mice.
Eight months after HSCT, PGK lentiviral vectors produced more bone marrow SGSH
(576% normal activity) than CD11b (473%), but CD11b was more brain specific (11% vs
7%). CD11b lentiviral vectors fully corrected MPSIIIA behaviour, brain heparan
sulphate, GM gangliosides and neuroinflammation to WT levels, whilst PGK lentiviral
vectors partly corrected neuropathology but not behaviour. These data provide strong
evidence of pre-clinical neurological disease correction using an autologous myeloidspecific lentiviral HSCT approach in the MPSIIIA mouse model.

UNDERSTANDING NEURONAL DYSFUNCTION IN MPS VII USING HUMAN
iPSC-DERIVED CELLS
Bayo-Puxan N, Creyssels S, Sara Salinas, Eric J Kremer
Institut de Génétique Moléculaire de Montpellier, CNRS, France
The molecular pathways linking LSDs to neuronal dysfunction are still poorly
understood. Our goal is to better understand neuronal dysfunction by identifying impaired
cellular processes in MPS VII, a LSD due to deficiency in ß-glucuronidase activity.
Starting from MPS VII patient fibroblasts, iPSC-derived neural stem cells (NSCs) and
neurons were generated and characterized. The MPS VII iPSCs were positive for several
pluripotency tests; iPSC-derived NSCs expressed appropriate markers and were used to
generate neurons; and MPS VII neurons expressed mature neuronal markers and formed
synapses. Using these cells we found, among other perturbations, an impairment of the
autophagic process in MPS VII neurons. Notably, the MPS VII phenotypes in iPSCderived NSCs and neurons were reversed by ERT. These cellular reagents will allow us
to understand other cellular processes perturbed by ß-glucuronidase deficiency in
neuronal homeostasis, and be valuable for discovery, screening and testing of new drugs.
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Juvenile CLN3 disease belongs to the group of neuronal ceroid lipofuscinoses (NCLs)
and is a severe neurodegenerative lysosomal storage disorder. Patients develop visual
failure prior to dementia, epilepsy and deterioration of motor skills, culminating in
premature death in early adulthood. The disease is caused by mutations in the CLN3
gene, which encodes a polytopic lysosomal membrane protein of unknown function.
Besides profound neurological impairment, recent studies suggested that CLN3 disease
also displays alterations in the heart, kidney and the immune system. The relationship,
however, between lysosomal dysfunction and the modulation of the immune system
remains unclear.
To assess the role of the immune system in the progression of CLN3 pathology, we
analyzed Cln3Δex7/8 mice in comparison to data derived from CLN3 patients who are
homozygous for a 1 kb deletion in the CLN3 gene, leading to loss of exons 7 and 8. First,
immune cell populations purified from spleen and bone marrow of Cln3Δex7/8 mice at 10
and 32 weeks of age were analyzed. The data revealed an accumulation of the lysosomal
membrane protein Lamp1 in total spleen and bone marrow cells of Cln3Δex7/8 mice as well
as in peripheral blood mononuclear cells from CLN3 patients. This indicates increased
number or size of lysosomes in Cln3 deficient cells. In contrast, the protein level of the
soluble lysosomal proteases cathepsin D, B and Z as well as the autophagic marker Lc3-II
and p62 remained unchanged. FACS analysis of stimulated CD4+ and CD8+ but not in γδ
T-cells isolated from bone marrow of 10 weeks old Cln3Δex7/8 mice revealed a slight
increase in TNF-α, whereas INF-γ and IL-6 displayed no obvious cellular alterations.
Additionally, no changes in IL-6 concentration were determined in media from total
spleen and bone marrow cultured cells by ELISA. Further investigation on the expression
and cellular distribution of lysosomal proteases and storage material, lysosomal functions
and analysis of antigen processing in Cln3 defective immune cells is in progress.
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The Class C core vacuole/endosome transport (CORVET) complex and its close relative
the homotypic vacuole fusion and protein sorting (HOPS) complex are endosomal
tethering complexes initially described in yeast. In yeast, HOPS and CORVET
components interact with Rab-GTPases to establish an initial connection between
transport vesicles and their target membrane leading to SNARE mediated fusion[1, 2].
Defects in fusion events in the endo-lysosomal system have been shown to cause severe
developmental defects such as Arthrogryposis, Renal dysfunction and Cholestasis
syndrome (ARC-syndrome) [3, 4] and Niemann Pick type C (NPC) [5, 6]. Over the years
the role of the HOPS complex has been found to play an essential role in endosome
maturation and fusion events in mammalian cells[1]. The CORVET complex however
has not been described in mammalian cells and its existence remains hypothetic.
This project aims to investigate the existence of a mammalian CORVET complex and its
function. To do this, our focus is primarily on Vps8, which in yeast is a CORVET
specific subunit of the complex. Preliminary data shows distinct functions for Vps8 in 2
processes. A function of Vps8 in the fast recycling of mostly polarized cells is hinted by
its localization to Rab4 vesicles near early endosomes. Also, an interaction with Vps33B
and VIPAR (SPE-39) has been shown. Mutations in both Vps33B and VIPAR have been
shown to cause ARC syndrome, which predominantly affects immune and polarized
cells. This leads us to believe a role for Vps8 in ARC syndrome is possible.
However other data suggests Vps8 could be part of a mammalian CORVET complex, not
including Vps33B or VIPAR. Together this leads us to believe that Vps8 may function in
distinct pathways dependent on the polarization state of the cell.
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The role of HOPS complex components in organizing the endo-lysosomal system
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My lab has a long standing interest in the cellular pathways and mechanisms involved in
lysosome biogenesis. Our recent studies focus on the role of components of the Homotypic
fusion and Protein Sorting (HOPS) complex in lysosome biogenesis. In yeast, HOPS
(consisting of Vps39,41,18,11,33,16) is a well-established tethering complex required for
membrane fusion events at the yeast lysosome. Lysosomal hydrolases are responsible for the
degradative capacity of lysosomes, whereas Lysosome Associated Membrane Proteins
(LAMPs) protect the lysosomal membrane from these hydrolases. Our recent studies showed
that LAMPs can travel directly from the trans-Golgi network (TGN) to late endosomes by a
novel type of transport carriers: the LAMP carriers1. These data suggest that delivery of
LAMPs is differentially regulated than the delivery of lysosomal enzymes. The HOPS
complex component Vps41 localizes to LAMP carriers and is required for their fusion with
late endosomes. In addition,Vps41 as well as Vps39 and Vps33B are required for homotypic
fusion between late endosomes2. By immuno-electron microscopy, however, we discovered
differences in the knockdown phenotypes of these genes, which are important to understand
their precise role in endo-lysosomal functioning. Interestingly, HOPS proteins are
increasingly implicated in human diseases. Vps41 was recently linked to the development of
gastric and colorectal cancers and has been identified as a protective factor in Parkinson
disease. Vps33B and Vps16B (VIPAR) are the causative genes for the multisystem disorder
Arthrogryposis-renal dysfunction-cholestasis (ARC) syndrome3. The ultimate goal of our
studies is to understand how mutations in these HOPS components cause human diseases.
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Early severe pulmonary involvement in a patient with Niemann-Pick disease type C
due to a mutation in the NPC2 gene: description of a new case.
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Niemann Pick C (NPC) disease is an autosomal recessive lysosomal storage disorder
characterized by the accumulation of endocytosed unesterified cholesterol and other
lipids within the lysosomes/late endosomes, due to mutation in either NPC1 or NPC2
genes. Most patients present mutations in the NPC1 gene, while NPC disease due to
mutations in NPC2 is a very rare condition (5% of families with NPC) and only few cases
have been described worldwide.
Patients with NPC2 mutations usually present in early infancy with respiratory
symptoms, hepatosplenomegaly and failure to thrive, while neurological symptoms are
less prominent.
Case report: a male patient of North African origin, third child of related parents (first
cousins), presented with neonatal cholestatic jaundice. An abdominal ultrasound showed
normal liver, cholecyst and biliary ducts, with mild splenomegaly. After 2 weeks jaundice
worsened (direct bilirubin=5.1 mg/dl), with failure to thrive. Thus, the child was
transferred to the Paediatric Department of the University Hospital of Padua, where
several metabolic tests were performed. The levels of Oxysterols resulted pathological
and NPC disease was suspected. Miglustat therapy was started. At the age of 4 months,
the baby was admitted to the Paediatric Clinic of Udine because of acute pulmonary
insufficiency. He presented with polypnea, dyspnea and reduced oxygenation. Since
pulmonary involvement is a common feature of NPC disease due to mutations in NPC2
gene, molecular analysis of NPC2 gene was performed. The already described mutation
c.436C>T; p.Q146X at homozygous state was identified. Despite miglustat therapy
pulmonary involvement progressed rapidly and the baby became oxygen dependent. A
chest X-ray showed diffuse hypo diaphaneity with air bronchogram in the whole right
pulmonary field and in the left inferior field. High resolution computed tomography
showed smooth septal thickening and ground glass opacities in intermixed pattern (crazy
paving). Bone marrow transplantation was discussed with the family and refused.
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Lysosomes, cellular regulation of autophagy and its interaction
with degenerative cellular programs
A.B.Pupyshev
Novosibirsk State Medical University, Russia
Recent studies show regulatory interactions between lysosomes and autophagy
(Settembre et al., 2009, 2012; Yu et al., 2010). In model conditions cellular starvation
causes pro-autophagic dephosphorylation of central autophagic protein mTOR that induce segregation of cytoplasm into autophagosomes. Complex cellular machinery of autophagy brings the material into lysosomes and digests it. The monomers/aminoacids are
recognized by sensors of mTOR (partially localized in lysosomal membrane) and induce
regulatory suppression of autophagy. Autophagy proteins mTOR and Beclin1 have the
most abundant cellular regulators of their activity. This homeostatic/reparative autophagy
has a protective function and saves cells from injuring stress and cell death. But persistent stimulation of autophagy leads to cellular depletion and death. There is a certain
threshold between reparative and death autophagy (programmed cell death II, PCD II).
Autophagy elevates the threshold by elimination of damaged mitochondria (generating
ROS) and defective proteins (UPR). There are also activity of some special proteins regulating the transition to PCD II such as kinases c-Jun, DRP-1, 1 class PI3K. Probably PCD
II is caused by not only excessive segregation of cytoplasm but by generation of death
signaling also. Stimulation of autophagy combined with block of autophagy cycle leads
to cell death. Block of autophagy cycle by some lysosomotropic agents drastically enhances cell susceptibility to cytotoxic drugs that is a new area of anti-cancer therapy.
Usually autophagy accompanies other types of PCD, especially apoptosis (PCD I).
However in many cases it does not preclude but assists cell death. In various terms the
autophagy proteins Beclin1, Atg5, Atg4-D, FLIP etc. exert pro-autophagic or proapoptotic effects, and in some cases pro-apototic proteins (e.g. family of “BH3 only”
proteins) are able to promote autophagy. But more often there is mutual inhibition of
competing types of PCD by means of proteins Beclin1, pro-apoptotic Bcl-2, caspases-3, 8, anti-apoptotic Bcl-2/Bcl-XL, FLIP and others. And apoptosis has more powerful system for suppression of autophagy than its opponent. It is connected with two regulatory
loops including caspases, Beclin1 and Bcl-2 (Kapuy et al., 2013) that makes the transition
irreversible.
Activity of autophagy decreases with age and under lysosomal overloading. Overloaded
lysosomes are functionally depressed, fuse worse with autophagosomes that brings to
hindering autophagy cycle and cytoplasmic accumulation of defective mitochondria and
proteins (Lieberman et al., 2012). Finally, it leads to cell damage and death. It is important that inhibition of intralysosomal proteolysis decreases aminoacid level in lysosomes that is sensored by lysosomal mTOR and probably can stimulate autophagy. It
clarifies the matter why inhibition of proteolysis is accompanied usually by accumulation
of autophagosomes/autolysosomes that is dramatic for the cell probably needed these segregated living resources.
Finally, it is important that preliminary stimulation of autophagy can enhance cell survival under stress conditions (Rovettaa et al., 2012) and can be used in therapeutic aims, and
that intermitted stimulation of autophagy prolongs lifespan of cells and organisms (Harrison et al., 2009; Menendez et al., 2011) and can assists a transition of somatic cells to
pluripotent stem cells.

Enzyme therapy of metachromatic leukodystrophy: uptake rates for arylsulfatase A
by mouse brain cells depend on the donor and acceptor cell type
Kaminski D, Gieselmann V and Matzner U
Institute of Biochemistry and Molecular Biology, University of Bonn, Germany
A deficiency of arylsulfatase A (ASA) causes metachromatic leukodystrophy (MLD), a
lysosomal storage disease characterized by intralysosomal accumulation of sulfatide,
progressive demyelination of the nervous system and premature death. No curative
treatment for MLD is available to date. Hematopoietic stem cell transplantation (HSCT)
and enzyme replacement therapy (ERT) have been proposed as treatment options. The
rationale behind HSCT is that bone marrow-derived donor type cells migrate into the
CNS, differentiate into subpopulations of the microglial compartment and provide an
enzyme source beyond the blood-brain barrier. Likewise, repeated intravenous injection
of ASA may lead to the CNS transfer of small amounts of enzyme during ERT. In both
treatment strategies, the metabolic correction of ASA-deficient brain cells is believed to
be achieved by the uptake of the extracellular ASA via ubiquituously expressed mannose
6-phosphate receptors. Quantitative data about the uptake rates of different brain cell
types are, however, not available.
To fill this gap, we studied the uptake of ASA by different cell types from mouse
brain under cell culture conditions. To mimic the conditions of ERT and HSCT, ASA
was expressed from CHO-S cells and primary microglial cells, respectively. Acceptor
cells were primary microglial cells, astrocytes and neurons. Oligodendrocytes (MBPpositive) were differentiated from the oligodendrocyte progenitor cell line Oli-neu by PD
174.265 treatment. In addition, the murine cell lines 17-/-A1 (astroglial), BV2
(microglial) and MEF asa-/- (fibroblasts) were used. Uptake of human ASA expressed
from transfected CHO-S cells was analysed by a sandwich ELISA and an
immunofluorescence protocol both of which are specific for the human ASA polypeptide.
When added to the medium of acceptor cells at 5 µg/ml for 24 h, mean concentrations of
2.0, 0.8, 0.4 and 0.01 µg/mg ASA were detectable in primary microglial cells, astroglial
cells, neurons and oligodendrocytes, respectively. Addition of competitive amounts of
mannose 6-phosphate blocked the endocytosis of ASA by astroglial cells and neurons.
Uptake by primary microglial cells and the microglial cell line BV2 was, however,
diminished by less than 30% on average. Almost complete inhibition could be achieved
by a combination of mannose 6-phosphate, mannose, mannan and dextran sulfate
suggesting that ASA is endocytosed via mannose 6-phosphate, mannose and scavenger
receptors. Primary microglial cells from wildtype mice secrete substantial amounts of
ASA. Cellular uptake was analysed by immunoprecipitation of ASA from the
homogenates of acceptor cells incubated with radioactively labelled secretions from
microglial cells. This experiments revealed that microglially expressed ASA cannot be
taken up in significant amounts via mannose 6-phosphate-dependent pathways.
Our data suggest that the therapeutic efficacy of ERT and HSCT is limited by a
very low endocytic activity of oligodendrocytes and by the failure of microglially derived
ASA to be endocytosed in a mannose 6-phosphate-dependent manner. Due to the high
and mannose 6-phosphate-independent uptake of ASA by microglial cells, therapeutic
effects of ERT and HSCT might be mainly ascribed to the mitigation of
neuroinflammatory processes mediated by the microglial compartment.

Neuroinflammation is a new therapeutic target in mouse models of metachromatic
leukodystrophy
Stein A, Gieselmann V, Matzner U
Institute of Biochemistry and Molecular Biology, University of Bonn, Germany
Arylsulfatase A (ASA) catalyzes desulfation of 3-O-sulfogalactosylceramide (sulfatide),
a major lipid component of myelin. A functional deficiency of ASA causes
metachromatic leukodystrophy (MLD) which is characterized by progressive
accumulation of sulfatide and widespread demyelination of the PNS and CNS. A
conventional and a genetically aggravated ASA knockout mouse model of MLD exist.
They accumulate sulfatide with a low and an accelerated slope leading to a mild nondemyelinating and a severe demyelinating disease phenotype, respectively. Microglial
cells of MLD mouse models and patients accumulate large amounts of sulfatide storage
material. Furthermore, morphological changes and upregulation of activation markers
indicate a progressive microgliosis. The coincidence of microglial activation and onset of
neurological symptoms suggests a possible role of neuroinflammation in the pathogenesis
of MLD. To test this notion, we studied inflammatory processes within the brain of the
two available MLD mouse models.
An age-dependent analysis revealed first signs of neuroinflammation in
conventional and aggravated ASA knockout mice at the age of 20-24 and 10-12 months,
respectively. At these stages, microgliosis was detectable by immunostaining of brain
cryosections against F4/80. ELISA revealed a 1.5-fold upregulation of the chemokine
MIP-1α in brain homogenates. Furthermore, a significantly increased phosphorylation of
the key inflammatory mitogen-activated protein kinase (MAPK) p38 was observed by
Western blotting. Strikingly, sulfatide levels had accumulated to the same level in the
brains of the two analysed mouse models. Microglial activation, MIP-1α expression and
sulfatide accumulation increased progressively in aggravated MLD mice during ageing.
When the mice reached end-stage disease around 20 months of age, MIP-1α expression
was 2.5-fold elevated on average. Multiplex ELISA analysis revealed a significant
elevation of additional proinflammatory cytokines and chemokines at this stage.
Upregulated cytokines included interleukin-1α, interleukin-6, interleukin-12 p40 and
interleukin 13. Elevated chemokines were MIP-1α, MIP-1β, KC and RANTES. These
data suggest that neuroinflammation contributes to the pathomechanism of MLD and may
represent a new therapeutic target. To test this notion, 12-months-old aggravated MLDmice (early phase of neuroinflammation) were treated with Simvastatin, an antiinflammatory drug that passes the blood-brain barrier. Feeding of 20 mg/kg/day
Simvastatin for 35 days resulted in a significant improvement of swimming endurance
and gait abnormalities. Treatment did not diminish sulfatide storage in the brain, reduced,
however, levels of phosphorylated p38 by 75% on average. Consequently, therapeutic
effects of Simvastatin are due to a disruption of the pathogenic cascade downstream from
sulfatide accumulation. Anti-inflammatory therapy might be benefical for clinical
management of MLD either as a sole treatment or in conjunction with causative therapies
such as enzyme replacement therapy.

