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Figure 1

Genome-wide association of SNPs with neuroleptic induced TD. (a) The —log;o of uncorrected P-values for the association of each SNP

with TD is plotted according to its physical position on successive chromosomes. (b) The quantile-quantile plot of the observed versus the expected
cumulative probabilities for allelic association with TD. SNP, single-nucleotide polymorphism; TD, tardive dyskinesia.

located in the DPP6 gene and two of them were in the
SMYD3 gene. The three SNPs in the DPP6 gene were in
one linkage disequilibrium (LD) block and the two SNPs
in the SMYD3 gene were also in one LD block. Therefore,
we selected rs6977820 in the DPP6 and 152485914 in
the SMYD3 genes, which showed the most significant
P-values for TD in each LD block, to replicate the asso-
ciation in an independent population. The association
between 156977820 and TD was significant in the replication
sample (allelic P-value (one-tailed)=0.008); however, the
association between 152485914 and TD was not significant
(allelic P-value (one-tailed)=0.38) (Table 3). The allelic
association P-value and odds ratio (95% confidence inter-
vals) between 156977820 and TD were 4.6 x 107¢ and 2.32
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(1.61-3.34) in the combined sample. The distribution of
P-values in the DPP6 gene in the screening samples is
shown in Figure 2.

The SNP rs6977820 was located within intron-1 and the
LD block did not extend to the exons. Therefore, we did not
re-sequence the exons of the DPP6 gene. We speculated that
the SNP may be associated with the expression levels of
DPP6 and, therefore, we conducted real-time PCR for the
association between the rs6977820 and the DPP6 expression
lIevels in the human postmortem prefrontal cortex. Analysis
of variance revealed a significant main effect of genotype
(F(2, 33) =8.1, P=0.001). There was no significant effect of
population (Australian or Japanese) (F(1, 35)=2.2, P=0.15)
or diagnosis (schizophrenia or control) (F(1, 35)=1.7,



Table 2 Top 10 loci ranked by SNP y*-test for association with neuroleptic-induced TD in the screening population
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Ranking SNP (allele) Chr. Position Closest gene P-value Risk allele Risk allele frequency
With TD Without TD

1 156977820 (A/G) 7 153702953 bpPPg 7.06 x107¢ A 0.43 0.16
2 rs4726411 (A/C) 7 153705030 DPP6 7.06 x 107° A 0.43 0.16
3 152485914 (T/C) 1 244287 369 SMYD3 7.08x107° T 0.76 0.48
4 151292312 (A/C) 7 153721089 DPP6 8.33x107° A 0.43 0.17
5 157523878 (A/G) 1 244360339 SMYD3 1.14x 1073 G 0.77 0.50
6 12833907 (A/G) 21 32869651 TCP1OL 3.02x107° G 0.96 0.78
7 156705484 (T/G) 2 53842748 ASB3 3.32x107° T 0.26 0.07
8 rs6986075 (A/G) 8 27230817 PTK2B 3.52x10°° A 0.89 0.66
9 rs10825371 (A/G) 10 56105385 PCDH15 5.47 x 1073 G 0.72 0.47

10 157804017 (T/C) 7 153710568 DPP6 5.87 x107° T 0.25 0.07

Abbreviations: SNP, single-nucleotide polymorphism; TD, tardive dyskinesia.

Table 3 Results for two SNPs for association with neuroleptic-induced TD in the screening and replication populations

156977820 (DPP6)

Population Genotype count (frequency) P Allele count (frequency) p2
GG GA AA G A

Screening
With TD (n=61) 20 (0.33) 30 (0.49) 11 (0.18) 0.00006 70 (0.57) 52 (0.43) 0.000007
Without TD (n=61) 44 (0.72) 14 (0.23) 3 (0.05) 102 (0.84) 20 (0.16)

Replication .
With TD (n=36) 12 (0.33) 16 (0.44) 8 (0.22) 0.04 40 (0.56) 32 (0.44) 0.008
Without TD (n=137) 71 (0.52) 54 (0.39) 12 (0.09) 196 (0.72) 78 (0.28)

Total
With TD (n=97) 32(0.33) 46 (0.47) 19 (0.20) 0.00007 110 (0.57) 84 (0.43) 0.0000046
Without TD (n=198) 115 (0.58) 68 (0.34) 15 (0.08) 298 (0.75) 98 (0.25)

52485914 (SMYD3)

Population Genotype count (frequency) P Allele count (frequency) P

cC cT T C T

Screening
With TD (n=61) 5 (0.08) 19 (0.31) 37 (0.61) 0.0001 29 (0.24) 93 (0.76) 0.000007
Without TD (N=61) 17 (0.28) 29 (0.48) 15 (0.25) 63 (0.52) 59 (0.48)

Replication
With TD (n=36) 5(0.14) 19 (0.53) 12 (0.33) 0.54 29 (0.40) 43 (0.60) 0.38
Without TD (N =138) 29 (0.21) 61 (0.44) 48 (0.35) 119 (0.43) 157 (0.57)

Total
With TD (n=97) 10 (0.10) 38 (0.39) 49 (0.517) 0.002 58 (0.30) 136 (0.70) 0.0002
Without TD (n=199) 46 (0.23) 90 (0.45) 63 (0.32) 182 (0.46) 216 (0.54)

Abbreviations: DPP6, dipeptidyl peptidase-like protein-6; SNP, single-nucleotide polymorphism; TD, tardive dyskinesia.
?P-value (two-tailed) for the screening and combined sample, and P-value (one-tailed) for the replication sample.

P=0.20). Post-hoc analysis demonstrated that the DPP6
levels were significantly lower in the AA genotype than in
the GG genotype (P=0.0004) or in the AG genotype

(P=0.01). DPP6 levels were highest in subjects with the
GG genotype, lowest in the AA genotype and intermediate
in those with the AG genotype (Figure 3).
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Figure 2 Association of SNPs in the DPP6 gene with TD in the
screening samples. LD in the HapMap data is also shown, with red
(black) indicating high LD (D'>0/8) and white indicating low LD
(D'<0.7). Exons are shown in the bottom. DPP6, dipeptidyl peptidase-
like protein-6; LD, linkage disequilibrium; SNP, single-nucleotide
polymorphism; TD, tardive dyskinesia.
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Figure 3 DPP6 expression levels in the postmortem prefrontal region
by genotype. The vertical scores show the average (s.e.m.) relative
expression in each of the three genotype groups, compared with the
mean gene expression level in the total samples (P-values; Student’s
t-test). DPP6, dipeptidyl peptidase-like protein-6.

Because TD is caused by long-term use of neuroleptics, we
evaluated the effects of long-term administration of halo-
peridol on the expression of the Dpp6 gene. Significantly
higher expression levels of Dpp6 were observed in the
prefrontal (F(1, 17)=4.5, P=0.05), striatal (F(1, 17)=6.7,
P=0.02), hippocampal (F(1, 17)=7.7, P=0.01) and ventric-
ular midbrain (F(1, 17)=7.9, P=0.01) regions of mice after
a 50-week treatment with haloperidol than after a 50-week
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Figure 4 Effect of haloperidol on Dppé gene expression in mouse
brains. The relative expression levels of Dpp6 from the prefrontal cortex,
midbrain, hippocampus, thalamus and striatum in mouse brains after
treatment with haloperidol for 50 weeks (n=10) were compared with
those of the saline control group (n=10) by using Student’s t-test.
Dppé6, dipeptidyl peptidase-like protein-6.

treatment with saline (Figure 4). We did not observe vacuous
chewing movements in mice treated with haloperidol
during this study.

Discussion

The present study identified an allele or risk genotype in
the DPP6 gene, which was associated with TD and lower
DPP6 expression levels in the prefrontal cortex brain.
Long-term administration of haloperidol increased the
Dpp6 gene expression in mice. Based on these findings,
we hypothesized that long-term administration of neuro-
leptics increased DPP6 levels in the brain, and that a
genetically based reduction in the ability to respond in this
way increases the risk for TD. '

There have been no reports on the relationship between
DPP6 and movement disorders. The deletion at the DPP6
locus has been reported in amyotrophic lateral sclerosis and
autism.?*?¢ The TD-associated SNP found in this study,
1s6977820, is not included in the Affymetrix 500K chip.
However, 154726411, which is in LD with 1s6977820
(*=0.96), is included in the Affymetrix SOOK chip
(http://www.broadinstitute.org/mpg/snap/ldsearch.php). Two
GWASs in the CATIE sample have been published.!”-!®
However, an association of the DPP6 gene SNP with TD
has not been reported. This may be due to differences in
GWAS design, TD definition and/or ethnicity between
studies.

In addition to the GWASs in the CATIE sample,'”'® an
association of the SNP rs3943552 in the GLIZ gene with TD



was independently supported in Jewish Israeli schizophrenia
patients of Ashkenazi origin.'® A large candidate gene study
of TD based on CATIE was also reported.?” We were able to
evaluate associations in the current Japanese screening
sample between TD and 24 SNPs that were among the top
results observed in the CATIE sample. Five SNPs were
associated with TD with nominal significance and all alleles
were in the same direction of risk between the CATIE and
Japanese samples (Supplementary Table 1). These findings
indicate common SNPs associated with TD beyond ethnicity
as well as promising SNPs for further investigation.

In our previous studies, we searched for associations
between SNPs on the Illumina Human-1 Genotyping 109K
BeadChip and TD.' We selected 63 SNPs with allelic
P-values <0.002 and located within 10 kb from known genes
for subsequent replication analysis. One SNP, 151047053,
which is located in the 3’-untranslated region of the DPP6
gene, was included among the top 63 SNPs; however, the
association was not replicated. The second most significant
association for the SNPs in the DPP6 gene on the Illumina
Human-1 Chip was for 152052218, which is separated
from rs6977820 by approximately 14 kb. However, allelic
P=0.003 was just outside the criteria for the replication
analysis in the previous study. Thus, we did not further
examine the association. In this study, we searched for
associations by using the HumanHap370 BeadChip. Most of
the subjects (100 out of 122) were the same as those studied
using the Human-1 BeadChip. However, a small number of
SNPs (14 662 SNPs) overlapped and the SNPs of 1s2445142,
rs4738269 and 152061051 SNPs were not included in the
HumanHap370 BeadChip. The rs1080333 and rs2919415
SNPs on the HumanHap370 BeadChip, which is in LD with
rs4738269 in the KCNB2 gene, were able to be analyzed
again and showed almost the same allelic P-value with TD
(P =0.0005).

The DPP6 gene is preferentially expressed in neurons that
contain predominantly Kv4 (hippocampal pyramidal neu-
rons, striatal medium spiny neurons and cerebellar granule
cells).?® DPP6 is well known as an auxiliary subunit of the
Kv4 channels in CNS neurons, although it may have
additional Kv4-unrelated functions in the brain.?® Without
DPP6, the Kv4 channels inactivate more slowly and recover
more slowly from inactivation than the channels in
neurons.*>3! DPP6 is required to efficiently traffic the Kv4
channels to the plasma membrane and regulate the func-
tional properties of the channels, and may also be important
in determining the localization of the channels to specific
neuronal compartments, their dynamics and their response
to neuromodulators.®? The transient potassium current
mediated by Kv4 channels is a common target of dopamine
modulation in most cell types.** Chronic haloperidol
treatment upregulates dopamine neuron Kv4.3mRNA and
an increased number of functional A-type K+ channels
causes a decreased intrinsic firing of dopamine neurons
elicited by chronic haloperidol.** In this study, we observed
that expression of Dpp6 was increased by long-term admin-
istration of haloperidol. Increased DPP6 may lower the
pacemaker frequency of dopamine release, which decreases
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sensitivity to dopamine. Therefore, we hypothesized that
lower levels of DPP6 found in people with the 156977820 risk
genotype may be prone to dopamine super-sensitivity when
long-term blockade of the dopamine D2 receptor produces
hypersensitivity to dopamine in DRD2.

Several limitations in this study should be mentioned. The
biggest weakness is the small sample size. It is difficult to
find a large number of subjects who have suffered from
treatment-resistant TD. Further replication is necessary.
Furthermore, although the identified SNP was associated
with the mRNA levels of DPP6, the mechanism for the
association has not been clarified. We only analyzed human
prefrontal cortex brain and did not analyze mice showing
viscous chewing induced by haloperidol only.

The present study implicates DPP6 in susceptibility to
TD. However, it does not appear to be the sole genetic
determinant. GWAS studies including ours suggest that
the genetic nature of susceptibility to TD is multi-factorial
inheritance.
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Abstract We examined the efficacy of 2-year enzyme
replacement therapy (ERT) using recombinant human o-
glucosidase (GAA; Myozyme®) in five long-term ventilator-
dependent adults and aged patients with advanced, late-onset
glycogen storage disease type II (GSDII, also known as Pompe
disease). Although all patients had advanced respiratory failure
and were ventilator-dependent for more than 6 years, four
showed obvious improvements in muscle strength, pulmonary
function, and activities of daily living after ERT. Improvement
in each parameter was more prominent in the first year than in
the second year. Values in the second year were still
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significantly better than those at study entry and indicate
stabilization in the clinical status of all patients. These results
suggest that ERT continues to be effective in the second year of
treatment even in patients suffering from advanced late-onset
GSDII disease with severe respiratory failure.

Introduction

Glycogen storage disease type I (GSDII), or Pompe disease,
is an autosomal recessive lysosomal glycogen storage disease
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resulting from a deficiency in x-glucosidase (GAA) activity
(OMIM #232300). The different clinical phenotypes of GSDII
include classic infantile-onset; non-classic infantile-onset;
childhood, juvenile, and adult forms of GSDII; and late-
onset GSDII. However, GSDII presents as a broad spectrum
with varying degrees of severity and rates of progression. The
classic infantile-onset form is characterized by hypertrophic
cardiomyopathy and generalized muscle weakness, which
appear in the first few months of life (Hirshhorn and Reuser
2001; Engel et al. 2004). Late-onset GSDII is characterized
by progressive skeletal muscle weakness and loss of
respiratory function.

Enzyme replacement therapy (ERT) using recombinant
human GAA (thGAA) derived from transfected Chinese
hamster ovary cells resulted in marked improvement in the
survival rate of 18 patients with infantile-onset GSDII
(Kishnani et al. 2008). Nicolino and colleagues also reported
that thGAA reduced the risk of death and invasive
ventilation by 79 and 58%, respectively, in infants and
children with advanced Pompe disease (Nicolino et al.
2009). The use of ERT with Myozyme® (x-glucosidase)
was approved by the U.S. Food and Drug Administration
(FDA) in 2006 and by the Japan Ministry of Health, Labor
and Welfare (MHLW) in 2007.

Previous studies confirmed the efficacy of ERT in late-
onset GSDII patients with acute respiratory failure or
relatively mild respiratory dysfunction (Winkel et al.
2004; Pascual-Pascual et al. 2006; Merk et al. 2007,
2009; Case et al. 2008; Yamamoto et al. 2008; Rossi et
al. 2007; van Capelle et al. 2008; Strothotte et al. 2010; van
der Ploeg et al. 2010). On the other hand, ERT efficacy in
advanced patients seemed to be lower than that in milder
patients (Orlikowski et al. 2011). It is not clear whether
ERT is continuously effective in ventilator-dependent
patients with advanced disease and long-term respiratory
failure. Because ERT is relatively expensive, it is important
to determine whether continuous administration is effective,
or whether therapy is only effective for a short duration. In
the present study, we evaluated the efficacy of ERT in five
patients with advanced late-onset GSDII for 2 years and
analyzed factors related to its efficacy.

Patients and methods
Patients

Patients with late-onset Pompe disease diagnosed based on
both muscle biopsies and fibroblast/muscle residual GAA
activity, and who had undergone ERT at the National Center
Hospital (National Center of Neurology and Psychiatry), were
included in this study. Written informed consent was obtained
before enrollment. The study protocol was approved by the
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National Center Hospital Ethics Committee. Patients 4 and 5
have been reported previously (Sasaki et al. 1992; Yamazaki
et al. 1992). Table | lists the characteristics of all five
patients (two men and three women).

Genomic DNA was extracted from blood or muscle biopsy
samples according to standard protocols. All exons and
flanking intronic regions of GAA were amplified and
sequenced using an automated 3100 DNA sequencer (Applied
Biosystems, Foster, CA). Primer sequences are available upon
request. All patients had previously reported mutations
(Tsujino et al. 2000; Tsunoda et al. 1996; Lam et al. 2003;
Pipo et al. 2003; Hermans et al. 2004). The average (SD) age
at ERT initiation was 47 (13.6) years (range 32-66 years),
and the average duration of disease was 26 (4.5) years (range
20-31 years). The average duration of mechanical ventilato-
ry support before ERT was 8.0 (1.9) years (range 611 years).
Patients 1, 2, 4, and 5 had been treated with noninvasive
ventilation (NIV), and patient 3 had been treated with
invasive ventilation. All patients were wheelchair-bound for
a mean of 7.0 (5.1) years (range 2—14 years). Only patient 4
was able stand for a few minutes or walk a few steps with
assistance. Others were completely wheelchair-bound.

Methods

ERT (Myozyme®) was administered at 20 mg/kg body
weight biweekly at a dose of 1 mg/kg/h for the first 30 min,
3 mg/kg/h for the second 30 min, and then increased to
5 mg/kg/h, and finally 7 mg/kg/h every 30 min. Patients
were carefully monitored for infusion-related reactions
during and after ERT administration. Clinical condition
was assessed every 6 months, including physical examina-
tion, manual muscle test (MMT), ECG, Holter ECG,
ultrasound cardiography (UCG), and pulmonary function
tests [% vital capacity (%VC), % force vital capacity (%
FVC), forced expiratory volume in the first second
(FEV1.0), peak expiratory flow rate (PEF), peak cough
flow (PCF; Bach 2004)], and lean body mass (Discovery
Bone Densitometer, Hologic, Bedford, MA). Muscle
strength, including grip power (Dynamometer®, TTM,
Japan, for patient 1; Grip Strength Dynamometer®, Takei,
Japan, for patients 2-5) and pinch power (PinchTrack™,
Jtech, Japan), was assessed every 2 weeks. The Barthel
index and gross motor function measure manual (GMFM)
were assessed every 6 months from the second year
(Hosoda and Yanagisawa 2000; Kondo and Fukuda 2000).
Occlusal force in the right and left first molar was measured
using the Occlusal Force Meter GM10® (Nagano Keiki,
Japan) every 6 months. In this test, which was repeated
three times, patients were asked to bite on a block as hard
as possible. All patients rested for more than 2 h before
each muscle strength test. Normal values for grip power
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Table 1 Baseline patient characteristics and conditions
Patient no. 1 2 3 4 5
Sex Male Male Female Female Female
Age at inclusion (years) 66 55 44 38 32
Age at onset (years) 35 35 25 8 7
Observation period (weeks) 104 104 104 104 104
Symptom at onset (weakness) Lower Lower Lower Neck Lower
extremities extremities extremities extremities
Ventilator since (age in years) 58 49 36 32 21
Duration of ventilator use (years) 8 7 8 6 11
Wheelchair-bound Complete Complete Complete Complete Partial
Ventilator use (h/day) 24 10 (at night) 24 22 10 (at night)
Tracheotomy (age in years) None 48 36 None None
Wheelchair since (age in years) 51 48 36 36 29
Genotype c.1585-1586TC > c.546 G > c307 T> c.1309 C > c.546 G >
GT(p.S529V) T(p.T182T) C(p.C103R)/ T(p.R437C)/ T(p.T182Ty
homozygote homozygote c.546 G > c. 1857 C > c.1798 C >
A(p.T182T) G(p.S619R) T(p.R600C)
Enzyme activity” 1.2 (M) 0.6 M) 1.88 (M) 0.46 (F) 38 M)
Complications Diabetes Atrial Interstitial Pneumothorax —
mellitus fibrillation pneumonia subcutaneous/
pneumothorax mediastinal
emphysema
Pathology Myopathic Myopathic Myopathic Myopathic Myopathic
changes changes changes changes changes
AcP- and Few Scattered Scattered Stained for Many

PAS-positive vacuoles

acid phosphatase

* (M) Muscle (nmols 4MU/mg/h) (14.6+4.4), (F) fibroblast (mmol/pg protein) (161+32.4)

and occlusal force were provided by the manufacturer, and
three healthy volunteers were tested as controls for pinch
power [see Table in Electronic Supplementary Material
(ESM)]. Blood cell counts and blood chemistry tests were
conducted regularly. We interviewed patients and their
families about activities of daily living (ADL). IgG antibodies
to thGAA were measured regularly by enzyme-linked
immunosorbent assay (ELISA) (Kishnani et al. 2006).
Annual changes in quantitative parameters (pulmonary
function tests, grip power, pinch power, and occlusal force)
were calculated for the first and second years by subtracting
old data from new data. Changes were analyzed with the
Mann-Whitney U test. Statistical analyses were performed
with SPSS for Macintosh (version 18, SPSS, Chicago, IL).

Results

Case presentation

Patient 1 suffered from limb muscle atrophy at age 35. He
could not climb stairs and visited us at age 44. Muscle biopsy

and acid maltase activity revealed Pompe disease. He lost
ambulation at age 51. He experienced dyspnea, and %VC was
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22.4 at age 58. Nocturnal NIV was initiated; he required
continuous NIV from age 63 and was able to remove the NIV
mask for <1 min before ERT. ERT was initiated at age 66.
After 6 months of ERT, the patient was able to stop NIV for
9 min, allowing for a much easier transfer of the patient from
car to wheelchair by the caregiver. This also provided the
caregiver more than 5 min for shaving and/or cleaning the
patient’s face, compared to the 1-min limit before ERT.

Patient 2 had difficulty climbing stairs from age 36. He
experienced dyspnea in the supine position at age 47 and
visited a physician due to moming headache and severe
dyspnea. He presented with pneumonia and CO, narcosis;
nocturnal oxygen therapy was initiated after recovery. A
muscle biopsy led to the diagnosis of Pompe disease. The
patient lost ambulation during hospitalization. He visited us
at age 50 and nocturnal NIV was initiated. The patient had
difficulty lying down in the supine position without NIV
before ERT. After ERT was initiated at age 55, he was able
to lie down for 10 min at 24 weeks of ERT and for 60 min
at 48 weeks without respiratory support. He was also less
fatigued in the afternoons and able to drive alone for 2 h
after 40 weeks.

Patient 3 noticed gait disturbance at age 22, visited a
neurologist at age 26, and was diagnosed with limb-girdle
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muscular dystrophy. At age 36, she complained of morning
headache and drowsiness; she was intubated and tracheos-
tomy was performed due to CO, narcosis and pneumonia.
The patient lost ambulation during hospitalization and had
recurrent pneumothorax and pneumonia. She visited us at
age 39 and was diagnosed with Pompe disease by muscle
biopsy and GAA activity. Recurrent pneumonia due to
Pseudomonas aeruginosa required hospitalization with
intravenous antibiotics once every 2 months before ERT.
After ERT was initiated at age 44, she developed a mild
fever of <38°C twice at 12 and 36 weeks after ERT, and
recovered without antibiotics. She was able to open a
plastic bottle unaided after 24 weeks of treatment, a task
that could not be completed for 8 years prior to treatment.
She was able to easily move from bed to wheelchair after
44 weeks. She also noticed less fatigue during meals, was
able to pull up both legs unaided after 2 years of ERT, and
could put on socks while sitting in the wheelchair.

Patient 4 had proximal weakness at age 15. She was
referred to a neurologist and found to have high creatine
kinase levels (1,256 U/L) and mild respiratory dysfunction
(%VC: 77) at age 21. She was diagnosed with late-onset
Pompe disease by muscle biopsy and fibroblast acid
maltase activity. At age 32, she experienced dyspnea and
initiated NIV during the night. At age 35, her %VC
decreased to 18.9 and she required NIV all day. She began
to use a wheelchair due to exertional dyspnea. At age 36,
she presented with a right-sided pneumothorax, and %VC
decreased to 15.8. She was able to turn off NIV only for
5 min to take a bath and could not comb her hair by herself
before ERT. At 24 weeks after ERT initiation, pinch power
increased from 48.4 N to 55.2 N, and she was able to stand
with less effort. At 64 weeks of treatment, she was able to
switch off NIV for 15 min while taking a bath and combing
her hair. However, she experienced severe dyspnea and
recurrent pneumothorax after 64 weeks of ERT and became
fully dependent on NIV thereafter. She developed pneumo-
thorax and emphysema at 80 weeks of ERT again and was
completely bedridden and required cuirass ventilation in
addition to NIV. She was also treated with parenteral
hyperalimentation, including standard calorie and protein,
for approximately 1 month due to inability to eat caused by
dyspnea. After recovery from severe emphysema, she
remained bedridden and consequently lost ambulation. Oc-
clusal force was also lower after parenteral hyperalimentation.

Patient 5 could not stand without hand support and
visited a pediatrician at age 13 and visited us and muscle
biopsy and acid maltase activity. She initiated NIV at age 21
and required a wheelchair at age 29. After ERT was
initiated at age 31, she found it easier to expectorate sputum
through coughing than before ERT and could move her hip
from floor to chair unaided after 44 weeks, which had been
impossible for several years. She also noticed alleviation of
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lumbago, and after three doses of ERT, she was able to
discontinue non-steroidal anti-inflammatory drugs (NSAIDS)
used for back pain. The patient suffered from emaciation
before ERT and was advised that this could not be resolved,
but she gained 3 kg of body weight after ERT. At present, she
can drive 2.5 h to go to the hospital every 2 weeks, which was
impossible before ERT due to fatigue and back pain.

ERT-induced changes

Table 2 lists the results of clinical and laboratory tests
before and after ERT. The mean duration of follow-up was
104 weeks. Grip power (Fig. la) and pinch power (Fig. 1b)
showed gradual improvement in all patients. In patient 4,
both grip and pinch powers continued to improve until
60 weeks after ERT initiation, but deteriorated thereafter.
Occlusal force improved markedly in patients 1 and 3
(Fig. 1c), but deteriorated in patient 4. No changes in MMT
were noted in any of the patients. GMFM improved slightly
in patients with a score of >25, while it remained
unchanged in those with a score of <5. After initiation of
ERT, all patients, except patient 4 who had severe
emphysema and pneumothorax, showed improvement in
%VC (Fig. 2a), PEF (Fig. 2b), PCF (Fig. 2c), %FVC
(Fig. 2d), and/or FEV1.0 (Fig.2e).

Creatine kinase (CK) levels decreased during treatment
in patients 2, 4, and 5, and particularly in patient 4
(Table 2). CK levels were normal in patients 1 and 3 at
the commencement of treatment and did not show marked
changes during and after treatment. Body weight [44.4
(17.0) to 43.6 (16.1) kg, p=0.93)] and lean body mass [25.8
(7.9) to 25.8 (10.2) kg, p=0.99] did not change.

Changes in the first year were greater than in the second
year (Table 3). Most data were not available for patient 4 at
the first year evaluation because bed rest was required for
pneumothorax therapy. Changes in %VC, %FVC, PEF,
PCF, pinch power, and occlusal force were greater in the
first year than in the second year (p<0.05). While %VC, %
FVC, PEF, PCF, pinch power, and occlusal force signifi-
cantly changed in the first year after ERT, changes in these
parameters were not significant in the second year.

IgG antibody against Myozyme® was measured in
patients 1, 3, 4, and 5 (see figure in ESM). All patients
were IgG antibody positive at around weeks 12 to 16, but
patients 4 and 5 became negative thereafter. Furthermore,
IgG antibody titers increased to a peak level in patient 3,
and increased in patient 1 to 25,600. The antibody titer of
patient 2, measured once at 108 weeks after ERT, was
negative. Only patient 3 developed a skin rash immediately
after Myozyme® infusion at 12 weeks, but the rash
disappeared completely after treatment with an antihista-
mine. Other patients did not experience any infusion-related
reactions.
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Table 2 Results of clinical and laboratory tests before and after ERT

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Pre 1 year 2year Pre 1 year ~2year Pre 1 year 2year Pre 1 year 2 year Pre 1 year 2 year
MMT Neck flexion 1 1 i 2 2 2 2 2 2 2 2 2 2 2 2
Shoulder flexion 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2
Shoulder abduction 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2
Elbow flexion 1 1 1 3 3 4 3 3 3 4 4 4 3 4 4
Elbow extension 1 1 1 4 4 4 4 4 4 4 4 4 3 3 3
Wrist flexion 4 4 4 5 5 5 5 5 5 4 4 4 5 5 5
Hip flexion 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2
Knee flexion 1 1 1 2 2 2 2 2 2 3 3 3 2 2 2
Knee extension 1 1 1 2 2 2 2 2 2 3 3 3 2 2 2
Ankle flexion 1 1 1 5 5 5 2 2 2 4 4 4 5 5 5
Body weight (kg) 44 43 43 73.0 70 69 42 40 42 33 31 31 30 31 33
Lean body mass (kg) 239 226 22.6 39.8 39.8 39.8 23.0 244 24.4 21.1 NT 19.9 214 222 22.2
Pulmonary function  %VC 4.9 10.7 9.6 45.6 62.0 67.2 12.1 154 17.3 176  NT 9.2 13.1 19.5 21.4
%FVC 0.0 26.8 7.7 46.3 51.2 66.1 93 12.5 16.1 142 NT 7.0 10.3 17.7 20.4
FEV1.0 0.00  0.62 0.21 1.52 1.78 1.99 024 049 0.41 032 NT 0.14 029 050 0.55
PEF (L/s) 0.38 093 0.50 3.72 6.40 5.49 046  0.63 0.70 0.58 NT 0.25 1.24 1.63 1.70
PCF (L/s) 0.34 0.74 0.69 4.87 7.26 7.16 060 0.82 0.85 1.52 NT 0.86 1.19 1.96 2.17
Grip power (kg) 34 4.1 4.4 39.6 42.7 44.1 14.2 17.4 16.5 17.0 18.0 17.7 17.5 239 25.0
Pinch power (N) 147 211 15.5 81.9 96.1 98.8 23.6 424 42.5 483 56.3 53.0 443 485 47.3
Occlusal force (kgf) 6.4 15 15.9 NT 50.0 552 24.1 42.8 46.3 16.4 NT 8.4 NT 65.8 64.0
GMFM NT 3 3 NT 25 31 NT 5 5 NT 56 59 NT 32 35
CK (Iu/M 47 36 50 238.0 132 10 166 132 100 621 NT 154 241 161 166
Barthel index 20 20 20 75.0 75 75 55 55 55 80 80 70 80 80 80

%VC Percent vital capacity, %FVC percent force vital capacity, FEV1.0 forced expiratory volume in the first second, PEF peak expiratory flow, PCF peak cough flow, GMFM gross motor
function measure, CK creatine kinase, NT not tested
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Fig. 1 Effects of ERT on grip
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Discussion

ERT is often difficult to initiate in the early stages of
subclinical GSDII or in early-stage GSDII because the
disease is difficult to diagnose due to heterogeneity in
clinical presentation and overlapping symptoms with other
neuromuscular diseases. Accordingly, it is important to gain
an understanding of ERT efficacy in patients with advanced
GSDII. Our study demonstrated that ERT is effective for
2 years without severe complications in adult patients who
have advanced GSDII and are dependent on ventilator and
wheelchair support. During the 2 years of ERT, all patients
showed some improvements in muscle and pulmonary
function and ADL.
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Week

All parameters improved during the first year of
treatment. While the results of various tests in the second
year were lower than those recorded at the end of the first
year, they were still better than before ERT initiation.
Although the rate of improvement differed widely among
patients, our results indicate that ERT is more effective in
the first year and it maintains its efficacy for 2 years. At
present, there is no explanation for the better outcome in the
first year compared to the second year. Taking into
consideration the muscle pathology associated with GSDII,
intracellular accumulation of large amounts of glycogen
may cause displacement, replacement, or compression of
normal cellular organelles. Thus, ERT may normalize cell
function by reducing such accumulation in surviving
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myotubes, followed by a gradual regeneration of myofibers.
The observed effects of ERT may represent its acute effect
on intracellular glycogen accumulation.

Younger or milder cases, including those presented in a
randomized controlled study of ERT, showed a greater
improvement over advanced cases (Winkel et al. 2004,
Pascual-Pascual et al. 2006; van der Ploeg et al. 2010). Van
der Ploeg and colleagues reported on ambulant patients
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whose %VC was greater than 30 (van der Ploeg et al
2010). In this clinical study, ERT elicited significant
improvements in walking distance and stabilization of
pulmonary function. On the other hand, efficacy of ERT
in patients with advanced GSDII seemed to be milder or
partial. A case report of a 67-year-old wheelchair-bound
woman described alleviation of muscle symptoms following
ERT, although pulmonary function tests showed no improve-
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Fig. 2a-d (continued)
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ment, suggesting cases with no respiratory recovery (Merk et
al. 2007). Furthermore, one open-label observational study of
ERT in 44 late-onset GSDII patients showed that both motor
function tests and CK levels improved, and pulmonary
function stabilized (Strothotte et al. 2010). Orlikowski et al.
reported a 52-week follow-up of five patients (Orlikowski et
al. 2011) with respiratory dysfunction as severe as in our
patients, and respiratory and motor functions in all patients
improved somewhat. Our data further these findings by
suggesting that the improvements continue through the
second year of ERT and that ERT is beneficial even for
patients with advanced-stage Pompe disease.

Only patient 4 failed to show a clear recovery at the end
of the follow-up period. However, grip and pinch powers
increased in this patient at 60 weeks of ERT. Immobility
and suspension of oral feeding resulted in reduction of
muscle power, particularly in the masseter muscles.
Pneumothorax also influenced the improvement in pulmo-
nary function. Thus, we speculate that the small improve-
ment was offset by the negative influence of pneumothorax.
Because patients in similar condition at the beginning of the
study responded to treatment (patients 3 and 5), one can
rule out any effects of age, body weight, lean body mass,
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and lung dysfunction on the prognosis. Variability in the
response to treatment may reflect individual differences in
disease severity at treatment initiation and rate of disease
progression.

The benefits conferred by ERT may not be adequate
when considering ERT costs, as none of the patients
exhibited an improvement in Barthel index; however,
observation before ERT indicated gradual deterioration
before the therapeutic intervention was initiated (Table 2).
In one study, dramatic changes did not occur at the
advanced stage, although certain benefits were evident
(Orlikowski et al. 2011). However, we speculate that patient
conditions will deteriorate if ERT is terminated after the
first year, a period showing the greatest improvements.
Serial pulmonary function tests indicated that the respira-
tory function of our patients will sequentially deteriorate
(Fig. 2).

Based on our assumption that therapeutic effects of ERT
cannot be measured by MMT or morbidity function in 6-
min walk tests, we attempted to measure muscle power in
relatively spared functions. Occlusal force is known to
decrease in paralle]l with disease progression in Duchenne
muscular dystrophy (DMD) (Ueki et al. 2007). Occlusal,
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Abstract

The patient was a 14-year-old male diagnosed with acute disseminated encephalomyelitis (ADEM) with acute onset of multifocal
central nervous system symptoms. He showed increased cerebrospinal fluid cell counts and high myelin basic protein levels, which
responded well to steroid pulse therapy. Spinal MRI showed a centrally-located long spinal cord lesion (LCL) involving 17 vertebral
bodies from C2 to T11 that later expanded into the white matter, and lesions on the ventral side of the medulla. The cause of LCL
has been reported to be heterogeneous. In this case, LCL is considered to be associated with ADEM, an acute autoimmune response
to myelin, and vascular inflammation of the gray matter of the spinal cord.
© 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: ADEM; Centrally located long spinal cord lesion (LCL); NMO

1. Introduction

A centrally-located long spinal cord lesion (LCL) is
defined as a lesion that involves more than three verte-
bral bodies, located in the central area of the spinal cord
on MRI images. LCL has attracted attention since being
reported as a characteristic MRI finding in cases of
neuromyelitis optica (NMO) [1-3]. The underlying
diseases associated with it vary widely, however, and
include not only NMO but also infections, tumors,
vascular diseases, and autoimmune diseases. LCL
without white matter lesions in patients with acute
disseminated encephalomyelitis (ADEM) has never been
reported. Lesions are typically asymmetric and variable
in number and size in ADEM [4]. We report a pediatric
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Medical University, 3311-1 Yakushiji, Shimotsuke-city, Tochigi,
Japan. Tel.: +81 285 58 7710; fax: +81 285 44 8329.
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case of a male with an ADEM who showed LCL and
bilateral lesions on the ventral side of the medulla after
an infection.

2. Case report (Fig. 1)

The patient was a 14-year-old male. A few days after
an upper respiratory infection, he developed acute lower
back pain, weakness and numbness of both legs, and a
feeling of residual urine, resulting in difficulty in walking
and urinary retention over 7 days. At 7 days from onset,
his height was 168 cm (+1.0 SD), and weight was
50.0kg (0.2 SD). Vital signs were normal. He was
fully conscious. He presented no nuchal rigidity. On
neurological examination, cranial nerves were intact. A
manual muscle test (MMT) of the four limbs revealed
grade 5/5. Grasping power had bilaterally decreased
(25/25 kg) compared with 3 months earlier (32/32 kg).
Deep tendon reflexes were normal in the upper and
lower limbs. Cerebellar sign was not observed, but
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Fig. 1. Clinical course of the patient.

tactile sensation and proprioception were reduced in the
lower bilateral extremities under the T10 level. He
presented urinary retention and bowel dysfunction,
and the cremasteric reflex was not detected.
Laboratory results were as follows: white blood
cell count, 16,200/ul; C-reactive protein, 0.24 mg/dl;
erythrocyte sedimentation rate, 27 mm/h. Anti-double-
stranded DNA IgG antibody was 4.7 IU/ml (<10 IU/
ml). Serum anti-aquaporin 4 (AQP4) antibody was
negative. In the cerebrospinal fluid (CSF), cell count
was 109/mm* (polycyte 6 mm®, monocyte 103 mm?),
protein was elevated to 130 mg/dl, glucose was 66 mg/
dl (serum glucose was 138 mg/dl), myelin basic
protein (MBP) was over 2000 pg/ml (>102 pg/ml), and

oligoclonal bands were negative, as were IgG index
and AQP4. CSF culture was negative. Serum anti-
Mycoplasma antibody and viral antibodies to Human
immunodeficiency virus, polio, and Varicella zoster virus
were all negative. Herpes simplex virus (HSV)-DNA
was negative in the CSF by PCR, and Epstein—Barr virus
was identified as having been a past infection.
T2-weighted MRI (Fig. 2) showed high signal intensity
in the central gray matter from C2 to T11 and lesions
on the ventral side of the medulla and the pons that were
not continuous with the spinal cord.

Intravenous acyclovir (ACV) injection (30 mg/kg/day
for 7days) and y globulin (IVIG) administration
(400 mg/kg/day for 2 days) were performed. Despite

Fig. 2. T2-weighted MRI at 7 days from onset: high spinal lesion from C2 to T11, centering on the gray matter and lesions, not continuous with the

spinal cord on the ventral side of the medulla.
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these treatments, at 8 days from onset, he developed
somnolence with hypoxia (SpO, was 88-90 in
room-air), MMT of the bilateral lower limbs declined
to 4/4, and tactile sensation and proprioception loss
progressed from under T10 to under T5. At 9 days
after onset, a treatment with 20% D-mannitol injection
(20 ml/kg/day) and three courses of steroid pulse
therapy (intravenous 30 mg/kg/day of methylpredniso-
lone (mPSL) for 3 days) was started. Two days after
the treatment, mental status was intact and, sensation
and muscle strength were improved, although the T2
intensity of the lesion at the C2-T11 level was increased
compared with the initial findings on MRI (Fig. 3a), and

(@) © @)

Fig. 3. T2-weighted spinal cord lesions. (a) 7 days, (b) 12days,
(c) 15 days, (d) 41 days, after neurological symptoms developed.

(b)

Fig. 4. T2-weighted brain stem lesions. (a) 7 days, (b) 12 days, (c) 15 days, (d) 41 days, after neurological symptoms developed.

(@)
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the lesion had expanded into the white matter (Fig. 3b).
The patient could walk at 4 days after steroid treatment
was begun, and the bladder and rectal dysfunction
disappeared at 28 days after treatment. Bilateral
numbness of the lower limbs at the L4 level persisted
until 4 months after onset. During the entire course, nei-
ther relapse nor aggravation was observed. The level of
T2-weighted high intensity in the spinal cord and brain-
stem lesions began decreasing at 15 days (Figs. 3¢ and
4c) and had disappeared at 41 days (Figs. 3d and 4d).

3. Discussion

In 2007, the International Pediatric Multiple Sclerosis
(MS) Study Group proposed that ADEM was defined as
an initial clinical event with a presumed inflammatory
and demyelinating cause, with acute or subacute onset
affecting multifocal areas of the central nervous system
[5]. Further, its omset is associated with various
symptoms and signs of multiple neurological deficits
and disturbance of consciousness. The patient presented
altered mental status, although the lesion contributing
to it was not seen on MRI, the bilateral lesions on the
ventral side of the medulla and a spinal cord lesion on
MRI, increased CSF cells, and a high MBP level. These
results confirmed the diagnosis of ADEM.

Differential diagnosis includes clinical isolated syn-
drome (CIS) and NMO. CIS can be excluded since
CIS has been considered to be not associated with
altered mental status [5S]. The NMO feature resembled
the spinal cord MRI lesion in this patient, but NMO
is characterized by medullary lesions involving the peri-
canal region, area postrema, and nucleus tractus solitar-
ies [3]. In addition, we considered that the diagnosis of
NMO can be excluded because the serum anti-AQP4
antibody was negative, and clinically isolated findings
of optic neuritis were not detected in this case. However
visual evoked potentials should be conducted to detect

" (©) (d)
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clinically silent lesions of the visual pathway to confirm
the diagnosis.

ADEM with LCL has not been reported except for
one Japanese patient. The majority of ADEM cases [6]
have shown asymmetrically-patchy lesions involving
the gray matter and the white matter simultaneously.
Reported ADEM case [7] with LCL showed a single
lesion, which might have a differential diagnosis of
clinically isolated syndrome.

The mechanism leading to the formation of a limited
gray matter lesion is unclear. A high serum MBP level
was observed from an early stage, suggesting myelin
sheath damage in the gray matter in the formation of
the LCL or a white matter lesion undetectable on
MRI. The distinguishing histopathologic feature of
ADEM is demyelination with perivascular, particularly
perivenous, inflammation in CNS lesions [8], which is
thought to cause vasogenic edema and brain and spinal
cord swelling. It is significant that the inflammatory pro-
cess involves both the white and gray matter [9]. In this
case, mPSL elicited a rapid response to some neurologi-
cal symptoms and resolved spinal cord swelling, in which
the steroid is considered to play a role in reducing vaso-
genic edema in addition to reducing the inflammation.

97

383
References

[1] Tanaka M, Tanaka K, Komori M, Saida T. Anti-aquaporin 4
antibody in Japanese multiple sclerosis without long spinal cord
lesions and anti-aquaporin 4 antibody. J Neurol Neurosurg
Psychiatry 2007;78:990--2.

[2] Wingerchuk DM, Lennon VA, Pittock SJ, Lucchinetti CF,
Weinshenker BG. Revised diagnostic criteria for neuromyelitis
optica. Neurology 2006;66:1485-9.

[3] Misu T, Fujihara K, Nakashima I, Sato S, Itoyama Y. Intractable
hiccup and nausea with periaqueductal lesions in neuromyelitis
optica. Neurology 2005;65:1479-82.

[4] Brass SD, Caramanos Z, Santos C, Dilenge ME, Lapierre Y,
Rosenblatt B. Multiple sclerosis vs acute disseminated encephalo-
myelitis in childhood. Pediatr Neurol 2003;29:227-31.

[5] Krupp LB, Banewell B, Tenembaum S, International Pediatric
MS Study Group. Consensus definitions proposed for pediatric
multiple sclerosis and related disorders. Neurology 2007;68:
S7-S12.

[6] Dale RC. Acute disseminated encephalomyelitis. Semin Pediatr
Infect Dis 2003;14:90-5.

[7] Tsubouchi M, Sakuma K, Kowa H, Kusumi M, Nakashima K.
Acute disseminated myelitis with isolated gray matter involvement
(in Japanese). Shinkei Naika 2007;66:400-2.

[8] Garg RK. Acute disseminated encephalomyelitis. Postgrad Med J
2003;79:11-7.

[9] Ghosh N, DeLuca GC, Esiri MM. Evidence of axonal damage in
human acute demyelinating. J Neurol Sci 2004;222:29-34.



Brain & Development 34 (2012) 251-254

wiis

Official Journal of
the Japanese Society
of Child Neurology

www.elsevier.com/locate/braindev

Case report

Another promising treatment option for neuroblastoma-associated
opsoclonus-myoclonus syndrome by oral high-dose
dexamethasone pulse: Lymphocyte markers as disease activity

Makiko Oguma, Akira Morimoto *, Akiko Takada, Yoshifumi Kashii, Tokiko Fukuda,
Masato Mori, Takanori Yamagata, Hideo Sugie, Mariko Y. Momoi

Department of Pediatrics, Jichi Medical University School of Medicine, Tochigi 329-0498, Japan

Received 3 September 2010; received in revised form 4 April 2011; accepted 5 April 2011

Abstract

A one-year-old boy with neuroblastoma (NBoma)-associated opsoclonus-myoclonus syndrome (OMS) was treated by oral high-
dose dexamethasone (DEX) pulses (20 mg/m?/day of DEX for three consecutive days) every 28 days for 6 months after resection of
the tumor. All OMS symptoms improved after the first course of DEX pulse therapy and disappeared after the last course. No
adverse effects were observed. Minor deterioration of his developmental quotient was noted 33 months after the onset of the disease.
NBoma remission has been maintained since treatment. Before DEX pulse therapy, frequency of T lymphocyte, in particular
CD4-positive cell decreased markedly resulted in low CD4/8 ratio in the peripheral blood (PB). The frequency of B lymphocyte
increased, especially in cerebrospinal fluid. These aberrant values in PB were reversed by DEX pulse therapy and correlated well
with the neurological symptoms. A prospective study that assesses the efficacy of this promising and inexpensive treatment for

OMS is warranted.

© 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

The paraneoplastic neurologic opsoclonus-myoclo-
nus syndrome (OMS) is characterized by ataxia, myoc-
lonus and opsoclonus (multidirectional, chaotic eye
movement) [1]. It occurs mainly in 1- to 2-year-old
infants and most (50-80%) are associated with neuro-
blastoma (NBoma) [1]. It may be induced by autoanti-
bodies that recognize both tumor and neural cells [2],
which may be associated with derangement of lympho-
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cyte subsets [3,4]. Most OMS-associated NBomas are
stage I or II, and their oncological prognosis is excellent
[2]. However, their neurological prognosis is unfavor-
able: 60-100% later have impaired intellectual or motor
functions [2,5]. Infections often exacerbate OMS symp-
toms [1]. Immunosuppressive therapies including adre-
nocorticotropic hormone, corticosteroids, intravenous
immunoglobulin, and rituximab has been used for
OMS [1,6]. While these treatments can generate good
initial responses, most of patients with OMS take relaps-
ing-remitting courses and their long-term effects are gen-
erally unsatisfactory, with the exception of rituximab.
Recently, high-dose dexamethasone (DEX) pulse
therapy was reported to treat NBoma-associated OMS
[7,8]. We describe here a patient with NBoma-associated
OMS who was treated by oral high-dose DEX pulse

0387-7604/% - see front matter © 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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