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ARTICLE INFO ABSTRACT

Arﬁc{e history: Mucopolysaccharidosis 1l (Hunter syndrome), a lysosomal storage disorder caused by a deficiency of
Received 6 April 2013 . iduronate-2-sulfatase (IDS}, has variable clinical phenotypes. Total by nearly 400 different mutations have been
Received in revised form 18 April 2013 identified in IDS gene from patients with Hunter syndrome. Herein, we reported a patient who has a novel muta-
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tion in IDS gene with a severe clinical phenotype. Genetic anatysis of the IDS gene revealed a novel 1-bp deletion in
position ¢.1053T in exon 8 and resulting in a frameshift with a premature stop codon. Enzyme replacement therapy
(ERT) using idursuifase (Elaprase®) was conducted to the patient and it improved hepatosplenomegaly, white

Keywords:
J:mnm_z_m"atast gene blood cells and platelets number, and decreased the level of urinary glycosaminoglycan. ERT was proved to be
Deletion mutation effective at least in part in even an adult patient with severe type of Hunter syndrome.

Idursulfase enzyme replacement therapy
Glycosaminoglycan

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Hunter syndrome or also known as mucopolysaccharidosis type Il
(MPS 1I) {OMIM 309500) is one of the X-linked syndromes [1]. MPS 1
has high percentage of occurrence in Japan compared with another
MPS type [2]. In Japan, estimated birth incidence with MPS Il disorder
is 1/90,000-1/100,000 [3]. This syndrome is caused by deficiency of
iduronate-2-sulfatase (IDS; EC 3.1.6.13) that is involved in the catabo-
lism of glycosaminoglycans (GACs) and results in recessive lysosomal
disorder. The phenotype of the syndrome can be divided based on the
degree of severity and the age of onset [1]. Variation in mutations type
of IDS gene results in differences in symptoms within patients [4-6].
Progressive somatic and neurological disease is recognized as character-
istic of the severe form of this syndrome [7].

Human IDS gene is located in chromosome Xq28. This gene is approx-
imately 24 kb in length with 9 exons [8]. cDNA contains 1650 bp, and
encodes 550 amino acids that have similarity with the sulfatase protein
family [9]. To date, nearly almost 400 mutations that lead to MPS Il have
been identified. Approximately 10% of these mutations are large alter-
ations such as complete or partial gene deletions. The rest of these

DS, ids te-2-sulfatase; ERT, enzyme therapy: ELISA,
enzyme Hinked i assay; GAG, I
* Corresponding author at: Department of Pharmacy, College of Pharmaceutical Sciences,
Ritsumeikan University, Kusatsu, Shiga 525-8577, Japan. Tel.: +81 77 561 2561; fax: 4-81
77 5615203,
E-mail address: tinazu®fc,ritsumei.acjp (T. Inazu).
T These authors contributed equalty to this work.
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mutations are identified as small deletions or insertions or single base
substitutions (http://www.hgmd.org).

Enzyme replace therapy (ERT) using human IDS (idursulfase,
Elaprase®) which is produced by recombinant DNA technology in a
human cell line is a recently used therapy for Hunter syndrome [7].
Idursulfase has a function to hydrolyze the 2-sulfatase esters of terminal
iduronate sulfate residues from the GAGs dermatan sulfate and heparan
sulfate in the lysosomes. Studies using a knockeut mouse model {10] and
in phase }/If clinical trial [11] have demonstrated that this recombinant
enzyme activity reduces GAG level, So far the effectiveness of ERT espe-
cially in adult patients with severe phenotype has not been reported.

Herein, we identified a novel mutation of IDS gene in a Japanese pa-
tient, who possessed characteristics of severe type of Hunter syndrome.
Then the effectiveness of ERT in this adult patient with severe pheno-
type was demonstrated.

2. Patient and methods
2.1. Case report

The patient was a 28-year-old Japanese man. His parents were
unrelated. At the age of 3, he was noticed with speech delay and
hyperimovement. At the age of 6, he was diagnosed as having Hunter
syndrome at Niigata University Hospital. He has two brothers of which
the youngest also suffers from Hunter syndrome. At the age of 19, he
was admitted in the intellectual disability ward at Saigata National
Hospital. He showed severe phenotype with severe mental retardation,
hydrocephalus, short stature, coarse facial features, joint contracture,
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mitral valve stenosis, respiratory obstruction and hepatosplenomegaly.
He could not speak and walk. And from age of 27, he was fed by
gastrostomy due to difficulty in swallowing. Guardian wanted the
new therapy to be tried on the patient and after obtaining informed
consent, ERT with idursulfase (Elaprase®) was initiated and continued
till his death. He died on July, 2009 at the age of 28 due to acute heart
failure. Autopsy was not performed.

2.2. Gene mutational analysis

This study was approved by the local Ethics Committees. Written
informed consent was obtained from guardian. Genomic DNA was
extracted from human blood by Gentra Puregene Blood kit (QIAGEN)
according to the manufacturer's instructions. IDS gene analysis was
performed on patient using polymerase chain reaction and direct DNA
sequence as previously described [5,12}, and his medical diagnosis
was reconfirmed before ERT.

2.3. ldursulfuse (Elaprase®) treatment

Idursulfase (Elaprase®) was obtained from Genzyme and Shire
Human Genetic Therapies (Cambridge, MA, USA). Patient was adrinis-
tered with 0.5 mg/kg idursulfase diluted in saline to a final volume of
100 ml intravenously over 3 hours on a weekly basis,

2.4. Measurement of urinary GAG and antibodies

Urinary GAG level was determined as the concentration of uronic
acid normalized with creatinine (mg/g creatinine) and was measured
using the carbazole reaction method (SRL Medisearch, Tokyo, Japan).
Presence of idursulfase antibodies was measured by an enzyme-linked
immunosorbent assay (ELISA; Shire Human Genetic Therapies).

3. Results and discussion

DNA Sequence analysis showed an emergence of novel mutation in
IDS gene. Mutation was identified as ¢1053delT in exon 8 (Fig. 1).
Exon 8 is considered as a hot spot area from previous studies 12,13}
This mutation resulted in a frameshift in amino acid sequence at position
F351L, then changed 7 amino acids followed by termination {(Fig. 1).
The mutation is very similar to previously reported mutation, which is
¢.1049delA found in a patient with severe Hunter syndrome. This frame-
shift mutation also changes 9 amino acids and then termination 14},
Furthermore, since the deletion did not directly change nucleotides
such as GT or AG within splice donor or acceptor consensus site, we
think exon skipping is untikely. However we cannot deny the possibility
that the deletion may activate a cryptic splice donor or acceptor site
hence lead to exon skipping.

Although we could not directly examine the enzyme level and its
activity in the patient, its level and activity must be low or very low sim-
ilar to study conduct by Parkinson et al. [15]. The possible reasons are
follows, (1) Predicted product consists of 358 amino acids which lacks
approximately 30% c-terminal portion of full IDS including several
N-glycosylation sites. N-glycosylation is required for processing and
enzyme activity [16], and unglycosylated precursors of lysozomal
enzymes are probably misfolded and degraded in the endoplasmic
reticutum {17). Therefore, predicted protein may be unstable and inac-
tive. (2) Putative active site residues were reported to be D45, D46,
C84, R88, L135, H138, D334, H335 and 1347 [5] Mutant protein
(c959delT; D320f5) similar to our case that facks latter part of putative
active sites was expressed in COS cells and activity was measured, and it
was found that its activity was approximately 5% that of control [18]. Fur-
thermore, enzyme activity of another mutant protein (c1201-1202del;
V401 fs), which has still catalytic domain, was also measured and
proved ta be not detectable level {5]. Our mutant protein has still cata-
Iytic domain, but its activity must be low. (3} Basal urinary GAG level

Control
S N F DV AT H V P L |
AGC AAT TTT GAT GTT GCT ACC CAT GTT CCC CTG ATA
A GCAATTTTGRTETT(C THC CCAT GT TCCCOTGATAY
Y 73 76 79 82 85 88 91 94 87 100 10: 106

Patient

S N LML L PM F p *

AGC AAT TTG ATG TTG CTA CCC ATG TTC CCC TGA
% GCAA TTTBATGT T GC MWC CCATG T TLCCCT BAIRY
3 76 79 82 85 88 91 94 97 100 103 106 ]

Fig. 1. DNA sequence analysis of the IDS gene. DNA sequence analysis of the 1DS gene
from control and patient, indicating a deletion of nucleotide T (black arrow) at position
1053 in exon 8. Amino acids translated from DNA sequence of patient, indicating a
frameshift and premature stop codon (star symbol).

from our case was approximately 20 tiroes higher than that of control.
Taken together, these observations and a result suggested the enzyme
activity in the patient must be low or very low,

After ERT, hepatosplenomegaly was reduced in size observed by phys-
ical examination. Concomitant with this observation, the number of white
blood cells and platelets was increased, respectively (1‘ ig. 2). The increase
seemed to be a 1ce of reduced hep ly. Urinary
GAG level was elevated before ERT (1064 mg/g creatinine), however
following ERT, its level decreased to approximately 20-30% of the base-
line (Fig. 2). Although we could not observe any effects to mental status
and joint stiffness, and also could not evaluate other parameters such as
6-minute walk test and percent-predicted forced vital capacity, patient
breathing appeared to be more smoothly than before,

The patient experienced mild infusion-related skin reaction (urti-
caria and erythema) after ERT and it was similar to previously reported
{2,11,19-21}. However, when both predonine and hydroxyzine hydro-
chloride were administrated before ERT for a few months, the infusion-
related reactions were not observed. ELISA revealed that anti-
idursulfase IgG antibody was positive (titer was 20). However
antibody later became negative. IgE antibody was not detected in

58 A, Chistionto et ai. { Clinica Chimica Acta 423 (2013) 56-68
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Fig. 2. Measurement of urinary GAG, number of white blood cells and platelets, Assessment of uronic GAG level was conducted every 3 months after ERT with idursulfase
{Elaprase®). Number of white blood cells and platelets was aiso measured. Urinary GAG {mg/g creatinine):, White blood cells (x10% cells/jL):s, Platelets (x10* cells/il)m.

this study conduct, in line with resuit from Muenzer et al. {21]. The
patient had shown good tolerance to the infusions so far.

Clinical studies conducted using weekly injections of this en-
zyme have shown a significant effect on laboratory tests and clinical
improvement in young and attenuated or severe phenotype patients
{7.20,22~25]. On the other hand, there is an argument that ERT is not
beneficial to older patients (55-12.5 years old) with severe multisystem
impairment [23,25]. In Japan, ERT for severe patient with Hunter
syndrome is approved and all costs were covered specifically under
the government-sponsored health insurance system. Therefore, we
used the ERT for our case. At least in our case, ERT seemns to be effective
even for an adult patient (28 years old) with severe phenotype. Since
no clinical studies of ERT in severe and adult patients with Hunter
syndrome have been conducted before, double-blind, randomized,
placebo-controlled study may be needed to confirm the significance
whether ERT is effective,
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Aims: Mutations in the SCABR2 gene cause a rare autosomal recessive disease,
progressive myoclonus epilepsy (PME) with or without renal failure, the former also
being designated action myoclonus-renal failure syndrome. Although reported cases
have been accumulating, only a few have described its neuropathology. We studied two
Japanese patients with PME without renal failure, in whom the ages at onset and disease
durations were 45 and 20 years, and 14 and 8.5 years, respectively. Methods:
Sequencing and restriction analysis of the SCARB2 gene and neuropathological
examination with immunohistochemistry were performed. Results: Gene analyses
revealed novel homozygous frame-shift and nonsense mutations in the SCARB2 gene.
Both cases exhibited deposition of brown pigment in the brain, especially the cerebellar
and cerebral cortices. Ultrastructurally, the pigment granules were localized in
astrocytes. Neuronal loss and gliosis were also evident in the brain, including the
pallido-luysian and cerebello-olivary systems. The spinal cord was also affected. Such
changes were less severe in one patient with late-onset disease than in the other patient
with early-onset disease. In brain and kidney sections, immunostaining with an antibody
against the C-terminus of human SCARB?2 revealed decreased levels and no expression

k'drle protein, respectively. Conclusions: The frame-shift mutation detected in the
patient with late-onset disease is a hitherto undescribed, unique type of SC4BR2 gene
mutation. The present two patients are the first reported to have clearly demonstrated
both extraneuronal brown pigment deposition and system neurodegeneration as

neuropathologic features of PME with SCABR2 mutations.
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Introduction

In 1986, Andermann ez ol. [1] first described a disease designated action
myoclonus-renal failure syndrome (AMRF) in four young French Canadian patients.
The disease was considered to be hereditary, and the clinical symptoms included tremor,
action myoclonus, ataxia, dysarthria and generalized seizure, as well as proteinuria and
renal failure; it was of particular interest that the neuropathology in one autopsied
patient featured widespread deposition of abnormal, extraneuronal brown pigment in the
brain, with no neuronal loss or significant gliosis [1].

Thereafter, AMRF became recognized as a rare autosomal recessive neurological
disease combined with severe renal dysfunction; neuropathologically, the disease was
characterized by widespread deposition of extraneuronal brown pigment with no evident
neuronal loss or gliosis in the affected brain [2]. Recently, mutations in the gene
encoding the lysosomal membrane protein SCARB2 have been shown to cause the
disease [3, 4]. Moreover, it has become evident that renal failure is not always a key
feature in patients with SCARB2 mutations [5-7]; the disease condition without renal

failure was referred to as “ progressive myoclonus epilepsy without renal failure” [5].

5

erefore, at present, mutations in the SCABR2 gene can be recognized to cause PME
(PME-SCARB2) with renal failure (AMRF) or without renal failure.

Here we describe two Japanese cases showing neurological features of AMRF
and dementia, with details of their genetic and neuropathologic features. Neither patient
had renal failure. Importantly, in both cases, novel homozygous mutations in the gene

responsible for AMREF, i.e. SCARB2, were identified, and neurodegenerative changes,

- such as neuronal loss and gliosis, were also evident in the brain and spinal cord.
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Materials and methods

Patients

The two Japanese patients we studied died aged 59 years and 28 years after disease
durations of 14 and 8.5 years, respectively. One (case 1) of the affected patients had a
| family history, suggesting that the neurological disease occurred as an autosomal
recessive trait (Figure 1). The clinicopathological findings in the other patient (case 2)
have bgen reported previously [8; unsearchable by PubMed-MEDLINE]. The clinical
. features of both cases are described below. This study was conducted with approval of

the Niigata University Institutional Review Board.

Sequencing and restriction analysis of the SCARB2 gene

. Genomic DNA was extracted from frozen kidney sections of cases 1 and 2, and control
subjects with a DNeasy blood and tissue kit (QIAGEN, CA, USA). Primers spanning
the 12 exons and splice junctions of SCARB2 (NCBI Accession Number NM_005506)

were designed using Pimer3Plus software. Polymerase chain reaction (PCR) was

] «% performed in 20 pl of reaction mixture containing 100 ng genomic DNA, 10x Reaction
%ﬁ@@@éffm diluted to a 1x concentration (50mM KCl, 10mM Tris (pH 8.3), and 2.5 mM
5 . MgCly; Applied Biosystems, CA, USA), 200 pM dNTPs, 1 unit of AmpliTag DNA
Polymerase (Applied Biosystems) and 0.4 pM each primer. PCR products were
\ sequenced on an ABI3730 DNA Analyzer (Applied Biosystems) using the BigDye
. Terminator Cycle Sequencing Kit 3.1 (Applied Biosystems). For restriction analyses,
PCR products of exon 11 were digested with BamHI or SfaNI, and the fragments

3, obtained were analyzed by agarose gel electrophoresis.
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Neuropathological examination

W%%W@ As mentioned above, the neuropathological findings in case 2 have been reported

* 3% previously [8]. In case 1, similar procedures were employed for neuropathological
examination. The brain and spinal cord were fixed with 20% buffered formalin, and
multiple tissue blocks were embedded in paraffin. Histological examinations were
performed on 4-pm-thick sections using several stains, including haematoxylin-eosin

:\, (HE), Kliiver-Barrera (KB), Holzer, Masson-Fontana silver and PAS (periodic

. acid-Schiff). In addition, in case 2, the autopsy record and histological spécimens were
reviewed carefully and the findings were re-evaluated in comparison with those

obtained from case 1.

Both cases were also investigated immunohistochemically using newly prepared

. 4-pm-thick sections from the original blocks of selected brain and spinal cord regions.

- 0S¢ —

These sections were immunostained by the avidin-biotin-peroxidase complex (ABC)
method using a Vectastain ABC kit (Vector, Burlingame, CA, USA) with

./ diaminobenzidine as the chromogen. The immunostained sections were counterstained

(Swant, Canton, Switzerland; 1:50), polyglutamine stretches (1C2; Chemicon, Temecula,
CA, USA; 1,000) and p62 (3/p62 LCK LIGAND; BD Bioscience, San Jose, CA, USA;
1:200) as well as against several phosphorylated antigens, including neurofilament

‘ protein (NFP) (SMI31; Sternberger Monoclonals, Baltimore, MD, USA; 1:1000), tau

- (AT8; Innogenetics, Ghent, Belgium; 1:200), o—synuclein (no. 64; Wako, Osaka, Japan;
1:10,000) and TDP-43 (pS409/410; Cosmo Bio Co., Ltd., Tokyo, Japan; 1:5,000).
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In addition, in case 1, several small pieces were cut from the formalin-fixed

- cerebellar and cerebral cortex, and processed for conventional electron microscopy.
& Such an ultrastructural study had already been done in case 2 [8]. In both cases, some
I HE-stained spinal cord sections containing motoneurons with cytoplasmic eosinophilic

* inclusions (described below) were recycled for electron microcopy [9].

“g SCARB?2 (LIMP II) immunohistochemistry
_In both cases, the newly prepared 4-pm-thick sections from the kidney, temporal lobe,
cerebellum and medulla oblongata were similarly immunostained with a mouse

' monoclonal antibody against SCAB2 (LIMP II (D-3); Santa Cruz Biotechnology, Inc.,

CA, USA; 1:50). This antibody recognizes the C-terminus (amino acids 249-478) of

human LIMP II. For comparison, newly prepared 4-um-thick section from two control

. subjects without neurological diseases (women aged 64 and 69 years) were similarly

studied.

16% Results

]

. /’/@gse reports

Case 1

A 45-year-old Japanese man became aware of difficulty in going up and down the stairs.
At the age of 48, he consulted a neurologist; tremor was observed in the head, trunk and
upper extremities. Thereafter, freezing of gait appeared. No rigidity was evident. At the

age of 49, he began to experience falls. At the age of 51, scanning speech (ataxic

. dysarthria) appeared, and ataxia became evident in the upper and lower extremities.

1231_IMP single-photon emission computed tomography (IMP-SPECT) demonstrated
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