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Fig. 1. Synaptic molecules are associated with misfolded SOD1 (SOD1(L126S)) in motor regions of mutant SOD1-associated FALS brain tissues. Fractions obtained from Nycodenz
density-gradient centrifugation of lysates of precentral gyrus of cerebral cortex tissue from a non-ALS control and two mutant SOD1-associated FALS cases (both cases have L1265
mutation in SOD1) (A), or indicated tissues lysates from a mutant SOD1-associated FALS brain (B), or lysate of precentral gyrus of cerebral cortex from a sporadic ALS case (C) were
analyzed for the presence of indicated proteins (SOD1, KAP3, GluR2/3, PSD95, Synaptophysin, and SNAP25) by immunoblot analysis. Each lane (left to right) represents an aliquot
collected from the top. Note that misfolded SOD1 species migrated around fraction No.19, together with synaptic components, only when motor regions of mutant SOD1-linked

FALS brain were analyzed.

SOD1-linked FALS cases and excitotoxic mechanisms, we employed a
simplified cellular FALS model that we developed previously. In
this model, NG108-15 cells overexpressing FALS-related mutant
SOD1 become differentiated to cholinergic neuron-like cells in re-
sponse to elevated levels of cAMP and dexamethasone [5]. Misfolded
SOD1 is detected in the cells by exposing the cells to oxidative stress.
Here we applied glutamate to the cells to examine if hyperstimulation
by glutamate causes formation of protein aggregates containing mis-
folded SOD1 and synaptic proteins. We found, by a density gradient
centrifugation approach similar to what we used for patient tissue
analysis, that increased amount of synaptotagmin, a synaptic vesicle
protein, and SNAP25, a presynaptic terminal molecule, showed
shifted mobility in the density gradient by applying glutamate in

culture (Fig. 2). The shifted mobility was observed together with in-
creased levels of misfolded SOD1. We found these results in cells
expressing SOD1 bearing L126 mutation identified in the FALS cases
that we analyzed in the current study, but not wild-type SOD1
expressing cells (Fig. 2). These results suggested that excitotoxicity
caused by glutamate can increase misfolding of mutated SOD1 and
promote formation of protein aggregation involving misfolded SOD1
together with synaptic molecule.

4. Discussion

In this study, we tried to identify molecules that associate with
misfolded SOD1 in mutated SOD1-linked human FALS patient tissues
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Fig. 2. Association of misfolded SOD1 with synaptic components can be induced by excitotoxic hyperstimulation. Fractions obtained from Nycodenz density-gradient centrifugation
of lysates of NG108-15 cells stably expressing WT SOD1 or SOD1 bearing L126S mutation were analyzed for the presence of indicated proteins (SOD1, GluR2/3, Synaptotagmin, and
SNAP25) by immunoblot analysis. Note that increased amount of misfolded SOD1 species, together with synaptic components, migrated around fraction No. 11 after hyperstimula-

tion by glutamate.

to find that misfolded SOD1 forms very high density molecular com-
plexes together with pre- and post-synaptic proteins in the synaptic
terminal region. Surprisingly, this phenomenon seems specific to mu-
tated SOD1-linked FALS cases, since we did not observe similar mo-
lecular complexes formed in SALS patient tissues. We further
showed that membrane depolarization that mimics synaptic hyperac-
tivation/excitotoxicity can promote formation of protein aggregates
containing synaptic components. While we did observe the formation
of molecular complexes containing synaptic components in our cellu-
lar FALS model, the size of the molecular complexes seemed smaller
compared with those observed in patient tissue lysates. This may be
due to the facts that the differentiated NG108-15 cell we used here
do not form differentiated synaptic structures or synaptic contacts
with neighboring cellular processes, and that the cells were exposed
only to experimentally possible transient excitotoxic stresses.

We have previously shown that misfolded SOD1 associates with
KAP3, a kinesin-2 motor complex component [5] Kinesin-2 is required
for anterograde axonal transport of various molecules including
choline acetyltransferase [13,14], and disturbed Kinesin-2 function
may therefore explain a part of early pathogenesis of mutated SOD1-
linked FALS. Here we identified another pathogenic mechanism, i.e.,
dysfunction of synaptic molecules directly caused by mutant SOD1.
While synaptic dysfunction is observed during pathogenesis of not
only mutant SOD1-linked FALS but also ALS of other etiologies | 1], the
large molecular complex involving various synaptic components
which we identified this time seems specific to mutated SOD1-linked
human FALS cases. This may suggest that mutant SOD1-linked FALS

has its own unique mechanism that causes synaptic dysfunction.
Thus far there have been limited numbers of reports analyzing molecu-
lar details of proteins accumulated in the synaptic region [15] and
therefore further studies will be required for understanding of mecha-
nistic diversity of synaptic pathology in ALS.

5. Conclusion

Here we report identification of various pre- and post-synaptic
molecules forming molecular complexes with misfolded SOD1 in mu-
tant SOD1-associated FALS patient tissues as well as in cellular FALS
models. The results suggest that inhibition of synaptic release mech-
anism by association of misfolded SOD1 with synaptic molecules
plays a role in the dysfunction of FALS.
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Amyotrophic lateral sclerosis-parkinsonism dementia complex
(ALS/PDC) is a distinct neurodegenerative disorder character-
ized by ALS pathology with neurofibrillary tangles (NFTs) in the
spinal cord and brain. Recent clinical studies have revealed a high
incidence and a high familial occurrence of ALS/PDC in both
Guam and the Kii peninsula of Japan, suggesting a strong genetic
predisposition to this disorder. The T1482I variant (rs8042919)
of TRPM7 gene which is suggested to play roles in regulating
the cellular homeostasis of Ca®", Mg“, and trace metals, has
recently been reported to be associated with Guamanian patients
with ALS/PDC. To investigate whether TRPM7 is associated with
Kii ALS/PDC, we conducted parametric linkage analyses of the
TRPM7locus in a large extended family with ALS/PDC. Linkage
analysis did not reveal any evidence supporting the linkage to
the TRPM7 locus. Resequencing of the entire coding region of
TRPM?7 did not reveal any pathogenic mutations in an affected
individual in this family. The allele frequencies of the T14821I in
affected individuals in this family or in those from other families
are not significantly different from those in regional controls
or those in HapMap-JPT samples. These results indicate that
TRPM? is not associated with ALS/PDC in the Kii peninsula of
Japan. © 2009 Wiley-Liss, Inc.

Key words: ALS/PDC; extended family; TRPM?7 gene; linkage
analysis; resequencing

INTRODUCTION

Amyotrophic lateral sclerosis and parkinsonism-dementia
complex (ALS/PDC) is a unique form of ALS highly prevalent
in the island of Guam, southern West New Guinea, and the Kii
peninsula of Japan [Kimura, 1961; Elizan et al., 1966; Gajdusek and
Salazar, 1982]. Both Guamanian and Japanese patients with ALS/
PDC are pathologically characterized by neurofibrillary tangles
(NFTs) in the brain and spinal cord in addition to the ALS
pathology affecting the upper and lower motor neurons [Hirano
etal., 1961]. High incidences of ALS in Guam and the Kii peninsula

© 2009 Wiley-Liss, Inc.
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of Japan have been reported since the 1950s [Kurland and Mulder,
1954] and 1960s [Kimura, 1961], respectively. Recent studies have
indicated that the PDC type is still common, but also that the
incidence of the ALS type is decreasing in both Guam and the Kii
peninsula of Japan [Plato et al., 1969; Kuzuhara, 2007]. Because the
disease focus occurs in a restricted area among three genetically
different populations, genetic and/or environmental factors have
been proposed as the etiologies of this disorder. A recent epidemi-
ological study of Kii ALS/PDC has revealed that approximately 70%
of patients have a family history of ALS/PDC [Kuzuhara et al., 2001;
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Kuzuhara, 2007]. Furthermore, families with multiple cases of ALS/
PDC are common in Guam [Kurland and Mulder, 1955; Morris
et al., 2004]. These observations made in both Guam and the Kii
peninsula of Japan strongly suggest the involvement of genetic
factors in ALS/PDC.

A comprehensive mutational analysis of 19 candidate genes
including ALS/FTLD-related genes (SOD2, SOD3, ALS2/alsin,
SMN1, PGRN, ANG, VEGF, VCP, VAPB, DCTN1, CHMP2B, and
TARDBP/TDP-43), the tauopathy-related gene (GSK3B), and
parkinsonism-related genes (o.-synuclein, LRRK2, parkin, DJ-1,
PINK1, and ATP13A2) did not reveal any mutations in these genes
in the patients with ALS/PDC [Tomiyama et al., 2008]. The T14821
variant of transient receptor potential melastatin 7 gene ( TRPM?7)
has recently been reported to be associated with five Guamanian
ALS/PDC patients [Hermosura et al., 2005]. TRPM7 is a member
of the TRP superfamily of ion channels that has been suggested
to play roles in the homeostatic regulation of Ca®* and Mg?™.
The association of the TRPM?7 variant with ALS/PDC may support
the environmental factor hypothesis that prolonged exposure to
low level of Ca®* and Mg®* contributes to the high incidence of
development of ALS/PDC [Garruto, 1991]. To explore the impli-
cation of TRPM7 in Kii ALS/PDC, we have conducted parametric
linkage analyses of the TRPM7 locus, and resequenced the entire
coding region of TRPM7 of an affected individual using a large
extended family with ALS/PDC in the Kii peninsula of Japan.
We further compared the frequencies of T14821 in the affected
individuals in this family or in those from other families with those
in regional controls or HapMap-JPT samples to investigate the
potential association of T14821 with ALS/PDC in the Kii penisula.

MATERIALS AND METHODS
Samples

Genomic DNA was extracted from peripheral leukocytes according
to standard protocol after obtaining informed written consent from
patients. The clinical and pathological evaluations of the family
members are described elsewhere [Tomiyama et al., 2008]. The
research project was approved by the ethics committee of Niigata
University, Mie University School of Medicine, and the University
of Tokyo.

Linkage Analysis of the TRPM? Locus on
Chromosome 15¢g21.2

Parametric pair-wise linkage analysis of the TRPM7 locus was
performed using the Superlink program (http://bioinfo.cs.technio-

n.ac.il/superlink/) [Fishelson and Geiger, 2002] with the 23 family
members including the 8 affected individuals (Supplementary
Figure, A family). The pedigree information was updated based
on information obtained after publication of our previous study
[Tomiyama et al., 2008]. Pair-wise lod scores at D155978 and
D1551016 flanking the TRPM?7 locus at 1.6 Mb upstream and
2.6 Mb downstream, respectively, were obtained using autosomal
dominant (AD) and autosomal recessive (AR) models. A disease
gene frequency of 0.01 and penetrance rates of 0.9 and 1.0 were used.

Resequencing of Entire Coding Regions of TRPM?

Coding regions of TRPM7 were amplified by polymerase chain
reaction (PCR) using TaKaRa LA Taq (TaKaRa, Tokyo, Japan) for
one patient (V-10) clinically diagnosed with ALS/PDC. The primers
were designed using ExonPrimer (http://ihg2.helmholtz-muen-
chen.de/ihg/ExonPrimer.html; see Supplementary Data). The PCR
products were purified using ExoSAP-IT (USB), and subjected
to direct nucleotide sequence analysis using a BigDye terminator
Cycle Sequencing kit v3.1 and an ABI3100 sequencer (Applied
Biosystems, Foster City, CA). The obtained sequence data were
analyzed by Variant Reporter™ Software v1.0 (Applied
Biosystems).

Association Analysis of T1482]

The allele frequencies of T14821 was investigated in other 7 patients
with ALS/PDC included in the linkage study (VI-2, VI-7, VI-9,
VI-17, VI-18, VI-21, and VII-4) and another 1 recently diagnosed
patient (VI-20) in the A family (Supplementary Figure), 16 Kii-
ALS/PDC index patients from other families (6 multiplex families
and 10 apparently sporadic patients), and 27 control subjects
living in the same region by resequencing exon 28 in TRPM7
using a primer pair of 5-TGGTGTCCAGGTAGAATAAAG-3' and
5-TTCACTGCTCATGTGTTTGAC-3/, or that described in the
Supplementary Table (Exon28F and Exon28R).

Association analysis of T14821 variant was conducted with
x” analysis of the allele frequencies of 9 patients in family A, or
of 16 index patients in other families, and those in 27 regional
controls, or HapMap-JPT samples.

RESULTS

Pair-wise LOD scores were —infinity at both D15S978 and
D1551016 for AD and AR models with complete penetrance. We
obtained LOD scores of 0.64/—0.62 and 0.51/—1.65 for AD and AR

TABLE 1. Pair-Wise LOD Scores at D155978 and D1551016

: fAR'm’odeI e

Mode of inheritance

Tos

Penetrance o, e et G ‘ 10 _
D15s978 ‘ o —infinity - 051 —infinity
D1551016 —062 infinity 165 —infinity
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models with incomplete penetrance (0.9), respectively (Table I).
These results suggest that the linkage of Kii ALS/PDC to the TRPM7
locus is unlikely in this family.

Resequencing of the entire coding regions of TRPM7 of a patient
(V-10) from family A revealed two homozygous SNPs in introns
(IVS3-26G>C [rs2063011] and IVS22-41T>A [rs675011]).
Because both are present in the majority of the HapMap samples,
they are unlikely to be pathogenic for Kii ALS/PDC.

Allele frequencies of T14821 variant (rs8042919) in the nine
affected individuals in the A family are similar to those in regional
controls (P= 0.38; TableII). We further extended the analysis to the
16 index patients from other families, but we did not observe any
significant association of T14821 with ALS/PDC (P=0.86). Allele
frequencies of T14821 in the regional controls are similar to those
in the HapMap-JPT samples (P=0.79; dbSNP: http://www.ncbi.
nlm.nih.gov/SNP/). Resequencing of exon 28 of TRPM7 revealed a
previously described polymorphism (IVS28+15 C/T, rs3109894),
which also did not show any significant association with ALS/
PDC. Taken together, we conclude that the T14821 variant is not
associated with Kii ALS/PDC.

DISCUSSION

In this study, we did not obtain any supportive evidence for the
genetic linkage of Kii ALS/PDC to the TRPM7locus and resequenc-
ing analysis of the entire TRPM? of the affected individual did not
reveal any causative mutations. Furthermore, the allele frequencies
of T14821 in the affected individuals are not significantly different
from those in regional controls or those in HapMap-JPT samples.
Thus, it is unlikely that T14821 or TRPM?7 is associated with the
Kii-ALS/PDC.

The structure of a large extended family with ALS/PDC in the Kii
of Japan is complex for explicitly determining the inheritance mode

[Tomiyama et al., 2008]. There are three consanguineous marriages
in this pedigree, suggesting an AR pattern, whereas the disease
occurs partially in the successive generations, suggesting an AD
pattern with reduced penetrance. The complexity of the inheritance
pattern has also been discussed with regard to ALS/PDC families in
Guam. Formal segregation analysis of Guamanian ALS/PDC fami-
lies rejected both dominant and recessive models, but were consis-
tent with a 2-allele major locus model [Bailey-Wilson et al., 1993].
Indeed, a genome-wide association study of Guamanian ALS/PDC
using 834 microsatellite markers did not provide any associated
markers with a genome-wide significant level (P < 0.0001). Fur-
thermore, pair-wise linkage analysis of 17 microsatellite markers in
which they determined the threshold for further study (P < 0.015)
has shown some interesting loci such as D352406 (LOD score =
0.78) and D20S103 (LOD score=1.82) but failed to identify a
convincing single locus [Morris et al., 2004]. These results suggest
that familial ALS/PDC is not caused by a mutation of a single gene
but is a complex disease involving genetic and environmental
factors. Further extended association and linkage studies employ-
ing high-density single nucleotide polymorphisms (SNPs) and a
larger sample size may be useful to identify susceptibility genes for
the Kii ALS/PDC.
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Grb10-Interacting GYF Protein-2 (GIGYF2) is a candidate gene for PARK11 locus. To date, seven differ-
ent GIGYF2 missense mutations have been identified in patients with familial Parkinson disease (PD) of
European descent. To clarify the pathogenic role of GIGYF2 in PD, we analyzed the frequency of GIGYF2
mutations in 389 Japanese patients with PD (including 93 patients with late-onset familial PD, 276 with
sporadic PD, and 20 with a single heterozygous mutation in the PD-associated genes), and 336 Japanese
normal controls, by direct sequencing and/or high-resolution melting analysis. None of the reported
GIGYF2 mutations or digenic mutations were detected. Two novel non-synonymous variants were iden-
tified (p.Q1211delQ and p.H1023Q), however, we could not determine their roles in PD. In summary, we
found no evidence for PD-associated roles of GIGYF2 mutations. Our data suggest that GIGYF2 is unlikely
to play a major role in PD in Japanese patients, similar to other populations.

© 2010 Elsevier Ireland Ltd. All rights reserved.

Parkinson disease (PD) is a common neurodegenerative movement
disorder characterized by selective loss of dopaminergic neurons
in the substantia nigra. The clinical features of PD include resting
tremor, rigidity, bradykinesia, and postural instability. PD is esti-
mated to affect 1% of people over 60 years of age [3]. Although
the etiology of PD remains unknown, increasing evidence from
genetic studies suggests that genetic factors contribute to the
development of PD [20,27]. Family-based genome-wide linkage
analyses and case-control association studies have identified 16
chromosomal loci (PARK1-PARK16) for PD and familial parkinson-
ism [1,8,9,12,16,17,19,21,22,24,25,30,33]. In recent reports, GRB10
interacting GYF protein 2 (GIGYF2) was suggested to be the causative
gene for PARK11-linked parkinsonism in Italian and French pop-
ulations [11,18]. Furthermore, digenic mutations of GIGYF2 and
LRRK2 could be associated with severe clinical phenotypes [11].
However, more recent studies demonstrated that GIGYF2 muta-
tions are rare and have a weak relationship to the development
of PD [2,4,7,13,14,23,26,28,31,32,34].

The aim of the present study was to determine the distribution
of GIGYF2 mutations in the Japanese population. For this purpose,
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E-mail address: nhattori@juntendo.ac.jp (N. Hattori).

0304-3940/3 - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.neulet.2010.05.071

we analyzed the GIGYF2 sequence in 93 Japanese patients with late-
onset familial PD, and 276 Japanese patients with sporadic PD. In
addition, to examine the frequency of digenic mutations in GIGYF2
and other PD-associated genes, we also analyzed 20 PD patients
with a single heterozygous mutation in PD-associated genes (SNCA,
LRRK2, parkin, and PINKT).

A total of 93 Japanese patients (87 index cases) with late-onset
familial parkinsonism (onset > 45 years) were selected from the PD
DNA bank of Juntendo University School of Medicine (Group A).
Patients of this group had PD with putative autosomal dominant
inheritance (ADPD), who were defined as the least affected fam-
ily members in two consecutive generations without mutations,
in the following PD-associated genes: LRRK2, parkin, DJ-1, PINK1
(by direct sequencing), SNCA, and parkin (by gene dosage analy-
sis). In addition, we also analyzed 20 Japanese patients (20 index
cases) with a single heterozygous mutation in the following PD-
associated genes (Group B; SNCA duplication: 6, LRRK2: 4, parkin:
6, and PINK1: 4 patients) [9,10,15,29]. The age and sex distribution
of the subjects are shown in Table 1. To confirm the detected vari-
ants were associated with PD, we analyzed another group of 276
Japanese patients with sporadic PD (SPD) and 336 healthy control
subjects (Table 1). Each subject gave a signed informed consent.
This study was approved by the Ethics Committee of Juntendo Uni-
versity School of Medicine.

DNA samples were isolated from peripheral blood using stan-
dard protocols. All exons and intron/exon boundaries of the GIGYF2

—386—



246 L. Li et al. / Neuroscience Letters 479 (2010) 245-248

Table 1
Clinical characteristics of the subjects.

Number of subjects (index cases) Males/females

Age at onset mean + SD (range) Age at sampling mean = SD (range)

Group A 93 (87) 115
Group B 20(20) 111
Sporadic PD 276 (276) 111
Control 336 (336) 1/15

57.8+8.7(45-77)

48.7+£12.6(32-74) 58.2+£12.4(40-79)

58.5+9.8(21-88) 65.9+8.8 (37-92)
- 57.9412.4(23-98)

63.84:9.8 (46-85)

Group A: familial PD patients without known mutations. Group B: familial PD patients with a single heterozygous mutation in known PD-associated genes,

were amplified from genomic DNA using PCR primers, which were
prepared based on the report of Lautier et al. [11] or originally
designed by Primer3 (http://frodo.wi.mit.edu/primer3/).

The PCR products were sequenced directly by standard pro-
tocols for ABI BigDye Terminator chemistry (Applied Biosystems,
Foster City, CA). The sequencing reaction products were elec-
trophoresed on an ABI Prism 3130 genetic Analyzer (Applied
Biosystems). We used variant 2 (NM.015575.3) of GIGYF2 as a ref-
erence sequence. We also analyzed another single exon, which was
referred to variant 1 (NM_001103147.1) as reported previously [2].

When the candidate variants were detected, we performed
high-resolution melting analysis using LightScanner (Idaho Tech-
nology, Salt Lake City, ID) to examine the frequencies among SPD
patients and control subjects.

The Fisher’s exact test and odds ratio were used to evaluate
difference in allele frequencies. In all tests, P values <0.05 were
considered statistically significant.

We identified 12 variants of GIGYF2 in 113 Japanese patients
with PD (Groups A and B; Table 2). Seven variants were pre-
sented in dbSNP (http://www.ncbi.nlm.nih.gov/snp/) and two
repeat variants (p.Q1021.Q1022insQ and p.Q1216.Q1217insQQ)
were reported previously [2]. Interestingly, one of these repeat vari-
ants (p.Q1021.Q1022insQ) was present in three of the patients of
Group A, while it had been reported in only a single healthy control
subject [2]. The remaining three were unreported variants, includ-
ing two synonymous variants (p.A99A and p.V341V)and one repeat
variant (p.Q1211delQ). In these novel variants, p.Q1211delQ was
found in a heterozygous state, p.V341V was found in a homozygous
state, and p.A99A was found in both homozygous and heterozygous
state.

To investigate the frequency of the repeat variant
(p.Q1021.Q1022insQ), which was previously reported in one
control subject [2], we screened 276 patients with SPD and 336
healthy controls by high-resolution melting analysis and/or direct
sequencing. The variant was detected in one patient with SPD
and three control subjects. Although four patients harbored this
variant among our subjects, the odds ratio (OR) of this variant
was not statistically significant (OR=1.15, 95% confidence interval
0.26-5.19, P=0.85).

In addition, we found one novel non-synonymous variant
(p.H1023Q) in a single patient with SPD, but none in the controls, or
patients of Groups A and B. The amino acid H1023 was highly con-
served across species (Fig. 1). The frequency of the reported variants
was not significantly different between our patients and Japanese
data from The Asian HapMap and dbSNP database (Table 2).
However, the frequencies of all of the comparable variants were
significantly different from previous European and North Amer-
ican studies [2], but no significant differences were detected in
allele frequencies between our Japanese patients and Asian patients
with PD (Table 2) [28]. Moreover, there were no differences in the
frequencies between Groups A and B.

The aim of the present study was to determine the frequency
of mutations in GIGYF2 in Japanese patients with PD. GIGYF2 was
reported recently to be the causative gene for PARK11 in Italian
and French populations, however, most of the replication stud-
ies could not conclude whether GIGYF2 mutation was pathogenic
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in the development of PD [2,4,7,13,14,23,26,28,31,32,34]. Based
on this background, we performed sequencing analysis of GIGYF2
in 389 Japanese patients with PD. The results showed no defi-
nite pathogenic mutations or PD-associated mutations including
digenic mutations. This finding suggests that GIGYF2 mutation is
also rare in Japanese patients with PD similar to the results of pre-
vious replication studies [2,4,7,13,14,23,26,28,31,32,34]. The allele
frequencies of the variants in Asians were different from Cau-
casians, suggesting different distributions of GIGYF2 variants in
some populations, whereas they are not common in patients with
PD.

We identified two rare novel non-synonymous variants
(p.Q1211delQand p.H1023Q), however, the results could not estab-
lish their roles in PD. Concerning p.Q1211delQ, this amino acid
is located in proline and glutamine-rich repeat region, the site
of many insertion/deletion polymorphisms. Although the variant
p.Q1211delQ might not play a pathogenic role in PD, the existence
of this variant in the poly Q region is interesting because poly-
glutamine expansion causes neurodegenerative disorders such as
spinocerebellar ataxia. Intriguingly, spinocerebellar ataxia 2 can
show a PD phenotype in addition to spinal, brainstem, and cere-
bellar degeneration [8]. The other novel variant, p.H1023Q, was
only found in one patient with sporadic PD but not in the other
patients with PD and the controls. Although the amino acid H1023
was highly conserved from birds to mammals, we could not con-
clude whether this rare variant was pathogenic or not. If pathogenic
mutations or PD-associated mutations in GIGYF2 are found in Asian
populations, these mutations would be novel ones. Further large-
scale genetic and functional in vitro and in vivo studies are needed
to clarify the pathogenicity of p.Q1211delQ and p.H1023Q variants.

GIGYF2 is thought to play a role in insulin/insulin-like growth
factor signaling interaction with the Grb10 protein [5]. Interest-
ingly, heterozygous GIGYF2-knockout mice develop age-related
neurodegeneration with the appearance of a-synuclein-positive
neuritic plaques in the brainstem and cerebellum [6]. On the
other hand, it seems that GIGYF2 in zebrafish is not related to
the development of dopaminergic neuronal system and suscepti-

Homo sapiens QQQQQHQQPNRARNN

Pan troglodytes QQQQQHIQQPNRARNN
Canis lupus

familiaris QQQQQHQQPNRARNN
Bos taurus QQQQQHQQPNRARNN

Mus musculus QQQQQHIQQASNRARNS

Gallus gallus QQQQQHQAQPNRVRNT

Fig.1. Sequence homology of GIGYF2 between human and other species. His1023 in
the human GIGYF2 and aligned amino acids at this position are boxed. NCBI/GenBank
accession numbers are as follows: NP.056390.2 {Homo sapiens], XP.001147956.1
[Pan troglodytes], XP_861818.1 [Canis familiaris], NP.001095347.1 [Bos taurus],
NP._666224.2 [Mus musculus), XP.422565.2 [Gallus gallus).



Table 2

Comparison of frequencies of GIGYF2 variants.

Allele frequency (%)

Variant

References

Japanese Asian

SPD Japanese

(n

Protein This study

cDNA

rs number

HapMap/dbSNP

Controls
data

(n=672)

=550)

21 12 (28]

[11]

Group B
(n=40)

Group A

(n

Total

186)

(n=226)
25.7(58)
22(5)
1.0(2)

33.6*

322

333

25.0(10)

25.8 (48)

rs11555646

5'UTR

p.A99A

c297T>A

Exon 6

pV341V

c1022A>T
c1378C>A
c.1554G>A
¢.2940A>G

Exon 11

1.5%% 422

0.7##

1.8%#

295

25.0(10)
25.0(10)
75.0(30)
0(0)
0(0)

33.9(63)
13.4(25)
73.1(136)
1.6(3)
0(0)

32.3(73)
15.5(35)
73.5 (166)
13(3)
0(0)

p.P460T

rs2289912

Exon 13

- 21.1

5.1%#

5.4%#

15.8

p.ESI8E

rs2305138

Exon 14

28.1%% 31.8%F 31.2%% 944

743

p.Q980Q

rs3816334

Exon 24
Exon 24
Exon 24

04(3)
0(0)

0.2(1)

p-Q1021.Q1022insQ

p.H1023Q

€.3064.3065 insCAG
¢.3069C>G

0.2(1)

33.0%* 36.0%*

46.4%* 395%F 475

74.1

75.3(140) 82.5(33)

76.5(173)

rs2305137

Intron 26
Exon 27
Exon 27
Exon 27
Exon 27

p.P1210.Q1211delQ

€.3630_3632delACA
p.Q1211del

€.3631.3633delCAG

1510555297

L. Liet al. / Neuroscience Letters 479 (2010) 245-248 247

05(1) 0(0)

0.4 (1)

0.4%%

0.6%#
22.7%* 290" 29.2%#*

p.Q1216.Q1217insQQ

p.P1217P

¢.3649.3650insCAGCAG

¢3651G>A

4.8(9) 50(2)

49(11)

Bras et al. (Portuguese) 2], Lautier et al. (Italian and French) [11], Bras et al. (US) [2], Tan et al. (Asian) [28].

rs12328151

# P<0.05 compared with our results.
#* p<0.01 compared with our results.

bility to neurotoxin [7]. More functional data using these animal
models would provide more evidence and define the pathological
consequences of GIGYF2 mutation in PD and neurodegenerative
disorders.

In summary, extensive genetic analysis of GIGYF2 sequence vari-
ations did not find any evidence for the pathogenic role of GIGYF2
mutation in Japanese patients with PD. Furthermore, no digenic
mutations were detected in our cohort. Qur data on Japanese
patients further suggest that GIGYF2 variants are not frequent
causes or risk factors in PD.
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Abstract

Dopamme receptor D, (DRDZ) has two sphcmg xsoforms a

long form (D2L) and short form (D2S) ‘which have d:s’unct

functions in the: dopammerglc system However ‘the. regula-,,

tory mechanism of the altematlve splscnng of DF!Dz IS un-
known.. In - this study, we exami diwhxch sphcmg factors
regulate the expressmn of D2L and D2S by over—expressmg
several RNA- bmdmg protems in- HEK293 cells. In a cellular
sphcmg assay, the over-express;on of polypyrlmtdme tract-
binding protein 1 (PTBP1) reduced the ‘expression of DZS
whereas the knockdown of PTBP1 increased the expression

Dopamine is the predominant neurotransmitter in the CNS,
where it plays a leading role in the regulation of such
physiological functions as locomotor activity, cognition,
positive reinforcement, and hormone secretion. The effects of
dopamine are mediated by its binding to five G-protein-
coupled receptors, which are divided into two subclasses: D;-
like (D; and Ds) and Dy-like (D,, D3, and D). Dopamine
receptor D, (DRD2) is the main autoreceptor of the
dopaminergic system (Centonze et al. 2002); however, it is
also critical for post-synaptic transmission (Usiello et al.
2000).

Alternative gene splicing generates two distinct isoforms
of DRD2, a long form (D2L) and short form (D2S), which
differ in the presence of a 29-amino-acid insert in the third
cytoplasmic loop. D2L is expressed mainly in post-synaptic
regions, whereas D2S is expressed mainly in pre-synaptic
regions (Khan eral 1998; Usiello efal 2000). These
isoforms differentially contribute to the pre-synaptic inhibi-
tion of glutamate and GABA transmission (Centonze et al.
2004); moreover, they exhibit specific G; protein preferences
(Senogles 1994; Guiramand ef al. 1995; Senogles et al.
2004) and have distinct roles in the regulation of protein
phosphorylation (Lindgren et al. 2003). Furthermore, behav-
ioral studies of D2L-deficient mice have shown that D2L and
D2S contribute differentially to the regulation of certain

© 2010 The Authors

of DZS We also 1dentmed the regions of DRD2 that are

respor ‘lve to PTBP1 using hetero!ogous mmlgenes and
deletson mutants. Our results md:cate that PTBP1 regulates
the altematlve sphcmg of DRDZ Consudenng that DRD2
mhxbuts cAMP dependent protem kmase A, which: modulates
the mtracellu!ar Iocahza’uon of PTBP1 PTBP1. may contnbute
to the autoregulatlon of DRDz by regula’ung the expressnon of
its lsoforms ' : :
Keywords a!terna’uve spllcmg, dopamme dopamme recep~
tor D3, PTBP1. i
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motor functions (Usiello et al. 2000; Wang et al. 2000) and
emotional responses (Hranilovic ef al. 2008). Similarly,
human genetic studies have shown that the intronic single
nucleotide polymorphism rs1076560, which has a significant
effect on the expression ratio of the DRD2 isoforms, is
associated with cognitive processing (Zhang et al. 2007) and
emotional processing (Blasi ef al. 2009). These results
suggest that the expression ratio of the DRD2 isoforms is
important for their functions.

However, little is known about the regulatory mechanism
that mediates the alternative splicing of DRD2. Although it
has been reported that haloperidol, sex steroid hormones, and
ethanol affect the expression of splice variants (Arnauld
et al. 1991; Guivarc’h ef al. 1995, 1998; Oomizu et al.
2003), the molecular basis for these differences is unclear. In
general, changes in splicing patterns are directed by regula-
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tory proteins that bind the pre-mRNA sequence and enhance
or silence particular splicing choices (Li et al. 2007). Thus,
in this study, we searched for proteins that regulate the
alternative splicing of DRD2 using a cellular splicing assay
and identified the involvement of the splicing factor poly-
pyrimidine tract-binding protein 1 (PTBP1).

Materials and methods

Plasmid construction

The region from exon 5 to exon 7 of DRD2 was amplified from
human genomic DNA and cloned into the Xhol-Hindlll site of
pEYFP-C1 (Clontech, Mountain View, CA, USA) (Fig. la). The
open reading frames that encode SF2/ASF, PTBP1, nPTB, NOVAI,
HuB, FOX2, hnRNP Al, and Tra2b were amplified by PCR from a
human fetal brain cDNA library (Clontech) and cloned into
pcDNA3.1/V5-His (Invitrogen, Carlsbad, CA, USA) using conven-
tional biological techniques. Primer sequences are listed in
Table S1. Plasmid constructions of NAPOR and FOX1 are gifts
from Dr. Yoshihiro Kino, RIKEN Brain Science Institute, and
hnRNP H from Dr. Kinji Ohno, Nagoya University. Heterologous
minigenes were generated by inserting DRD?2 fragments containing
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Fig. 1 The over-expression of PTBP1 reduced the alternative splicing
of D28S. (a) Structure of the DRDZ2 minigene. (b) Representative result
from RT-PCR assays in which the DRD2 minigene and plasmids for
expressing RNA-binding proteins were transfected into HEK293 cells.
The upper bands correspond to the splice product containing exon 6
(D2L), while the lower bands correspond to the splice product lacking
exon 6 (D2S). (c) Bar chart showing the quantified percentage of D2S
(Mean + SEM, n = 3). The statistical significance was analyzed by
Dunnett’'s multiple-comparison test (*p < 0.05).

© 2010 The Authors

PTBPT regulates the alternative splicing of DRD2 | 77

exon 6, exon 7 and flanking regions into pEGFP-Tpm2-ex1-2 (a gift
from Dr. Kino, RIKEN Brain Science Institute). DRD2 deletion
mutants were generated by inverse PCR from the wild-type plasmid
using primers flanking the deleted regions. The nucleotide
sequences of the DNA inserts were confirmed by sequencing.

Cell culture and transfection

HEK293 and SH-SY5Y cells were cultured in Dulbecco’s modified
Eagle’s medium supplemented with 10% (v/v) fetal bovine serum
and incubated at 37°C with 5% CO,. For the minigene assays,
HEK293 cells were transfected with plasmids for the expression of
minigene and V5-tagged proteins using Fugene 6 (Roche Diagnos-
tics, Basel, Switzerland). In our RNAI experiments, HEK293 cells
were transfected with the minigene plasmids and an siRNA for
PTBP] (Invitrogen, Stealth™ Select RNAi HSS143520, and
Negative Control Hi GC) and nPTB (Invitrogen, Stealth™ Select
RNAi HSS126818, and Negative Control Lo GC) using Lipofec-
tamine 2000 (Invitrogen), and SH-SY3Y cells were transfected with
the siRNA using Lipofectamine RNAIMAX (Invitrogen) and the
Reverse Transfection protocol. The efficacy of the RNAi-mediated
knockdown of endogenous PTBPI, nPTB, and actin expressions
was determined by western blot analysis using anti-PTBP1
(Invitrogen, catalog No. 32-4800), anti-nPTB (Abnova, Taipei City,
Taiwan, catalog No. H00058155-A01), and anti-actin (Sigma-
Aldrich, St. Louis, MO, USA, catalog No. A2066) antibodies.

ldentification of DRD2Z splice variants

Forty-eight hours after transfection, total RNA was isolated from the
cells using a GenElute Mammalian Total RNA Miniprep Kit
(Sigma-Aldrich). cDNA synthesis was performed using a Prime-
Script First Strand ¢cDNA Synthesis Kit (TAKARA BIO, Shiga,
Japan) using oligo dT primer. The DRD2 minigene fragments were
amplified by PCR (20 cycles) using a forward primer specific for the
3’ region of EYFP (AAGTCCGGACTCAGATCTCG) and a DRD2-
specific reverse primer (DRD2-Ex7-Rv) that annealed to the 5’
region of exon 7 (CATCTCCATCTCCAGCTCCT). To detect
endogenous DRD?2 fragments, a forward primer specific for exons
4 and 5 (CAATAACGCAGACCAGAACG) and DRD2-Ex7-Rv
were used (40 cycles). For tropomyosin 2 (Tpm2)-based minigenes,
primers green fluorescence protein (GFP)-Fw (CATGGTCCT-
GCTGGAGTTCGTG) and Tpm2-ex2-splicing-Rv2 (GGAGGG-
CCTGCTGCTCTTC) were used (Kino et al. 2009). The amplified
products were resolved by 6% polyacrylamide gel electrophoresis
and visualized using ethidium bromide. The intensities of the bands
corresponding to the long and short forms were quantified by LAS-
3000 and MultiGage software (Fuji Film, Tokyo, Japan). The
quantified values were divided by the number of base pairs.

Results

PTBP1 regulates the alternative splicing of DRD2

To identify trans-acting factors that regulate the alternative
splicing of DRD2, we used RT-PCR to detect splice variants.
We constructed a gene fragment encompassing exons 5
through 7 of human DRD2 in the vector pEYFP (Fig. 1a).
This minigene was then transfected into HEK293 cells, and
the expression ratios of D2L and D2S were analyzed by
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RT-PCR. When the DRD2 minigene was transfected with
empty pcDNA3.1, the percentage of D2S was about 15%
(Fig. 1b and c). Next, we expressed V5-tagged versions of
several proteins known to regulate pre-mRNA splicing in the
nervous system (SF2/ASF, PTBP1, nPTB, NOVAI, HuB,
NAPOR, FOX1, FOX2, hnRNP H, hnRNP Al, and Tra2b);
notably, SF2/ASF was previously proposed to regulate the
alternative splicing of DRD2 (Oomizu et al. 2003). Among
the proteins tested, only when PTBP1 was transfected with
the DRD2 minigene was the percentage of D2S significantly
reduced (to about 10%; Fig. 1b and c). We have confirmed the
expressions of each RNA-binding proteins by western blot
analysis and noted that the abundance of nPTB, NAPOR, and
FOX1 are low (Figure S1). In addition, we showed the effects
of PTBP1 were concentration dependenf(Figure S2).

Next, we knocked down endogenous PTBP1 expression
using an siRNA to confirm the effect of PTBP1 on DRD2
splicing. We first confirmed the efficacy of the siRNA in
modulating the expression of the target protein by western
blot analysis (Fig. 2b). The presence of two PTBP1 bands
rather than one is most likely because of phosphorylation.
(Grossman ef al. 1998). When the DRD2 minigene was

transfected with an siRNA for P7BPI, the percentage of
D2S was significantly increased compared to transfection
with a control siRNA (Fig. 2a). We also examined the effect
of the knockdown of nPTB, a homologue of PTBPI,
because it was reported that appearance of some exons are
affected by both PTBP1 and nPTB (Boutz ef al. 2007). The
knockdown of PTBPI increased the expression of nPTB
(Fig. 2b), consistent with the previous reports (Boutz et al.
2007; Makeyev et al. 2007). While endogenous nPTB level
was remarkably low and the knockdown of nPTB by siRNA
was not observed, the increase in nPTB expression by the
knockdown of PTBP1 was clearly inhibited by a siRNA for
nPTB (Fig. 2b). Even when the increase in nPTB was
inhibited, the knockdown of PTBPI1 still increased the
production of D28 splice variant (Fig. 2a), suggesting that
the increase in nPTB has little or no effect on the alternative
splicing of DRD2. Furthermore, we examined whether
PTBP1 regulates the alternative splicing of endogenous
DRDZ2 in human neuroblastoma SH-SY5Y cells. When the
siRNA for PTBP] was transfected into SH-SYSY cells, the
percentage of endogenous D2S fragments was also increased
(Fig. 2¢ and d).

@ HEk293 _ ®) Wwestern bolt
siRNA _
PTBP1 - 4+ =~ 4 SIRNA
WPTB - - 4+ 4 PTBP1 - + — +
nPTB - - + +
D2S Anti-PTBP1
20 Anti-nPTB e
15
Anti-actin  # aiie G0 e

o

0

D2S/(D2S + D2L) (%)

Fig. 2 The knockdown of PTBP1 increased
the production of D2S splice variant. (a)
Representative result from our cellular
splicing assay using the DRD2 minigene

(c) (d) and siRNA for PTBP1 and nPTBin HEK293
SH-SY5Y

Western bolt i cells. Bar charts show the quantified

_SLR.NA_. percentages of D2S (Mean + SEM, n = 3).

PTBP1 - + The statistical significances were analyzed

D2S/(D2S + D2L) (%)

Anti-PTBP1

Anti-actin

using Tukey's multiple comparison test
(**p < 0.01). (b) Representative result of
western blot analysis of PTBP1 and nPTB
in HEK293 cells. (c) Representative result
of endogenous DRD2 splicing using a
siRNA for PTBP1 in SH-SY5Y cells. Bar
charts show the quantified percentages of
D2S (Mean + SEM, n = 3). The statistical
significance was analyzed using fttests
(*p < 0.05). (d) Representative result of
western blot analysis of PTBP1 in SH-SY5Y
cells.
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Intronic regions flanking exon 6 are required for the
PTBP1-mediated regulation of DRD2 splicing

To define the regions of DRD2 that are required for its
regulation by PTBP1, we utilized several previously gener-
ated heterologous minigenes (Kino ef al. 2009). In these
minigenes, the regions of interest were inserted in the context
of constitutive exons of mouse Tpm2, which is distinct from
DRD?2. A reference fragment containing exon 9 of Tpm2 and
its flanking intronic regions or a DRD?2 fragment containing
exon 6 or exon 7 and their flanking regions were inserted into
a Tpm2 fragment covering exons 1 and 2 (Fig. 3a). First, we

'(;:))mZ - 175 bp 265 bp -
DRD2 200bp
760 — 200
760 -6
760 -5
760 -4
860 -5
917 -5
946 - 5
958 — 5
1290 -6
1434 — 6
1458 — 6
1473 ~ 6
1488 — 6

Fig. 3 Identification of DRD2 intronic regions which are necessary for
the splicing of exon 6 and exon 7. (a) Structure of the Tpm2-based
heterologous minigenes. The positions of the inserted nucleotides in
introns 5, 6 and 7, as well as the numbers of base pairs in the frag-
ments, are indicated. (b, c¢) Representative results from identification
of splice variants using Tpm2-based heterologous minigenes in
HEK293 cells. The white box 7* shows a shorter exon 7 lacking the
first 140 nucleotides.
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predicted branch sites by a web-based program called
ESEfinder 3.0 (Table S2, http://rulai.cshl.edu/cgi-bin/tools/
ESE3/esefinder.cgi). Then, using our Tpm2-based heterolo-
gous minigenes, we found that 14 bp upstream and 5 bp
downstream of exon 6 are necessary for proper splicing
(Fig. 3b). When exon 7 of DRD2 was inserted into Tpm2
cassette, a shorter exon 7 lacking the first 140 nucleotides
was the main product. It was shown that 17 bp upstream of
exon 7 is necessary for the splicing of full-length exon 7
(Fig. 3c). Because the primary elements regulating alterna-
tive splicing are thought to be located up to 200-300
nucleotides upstream and/or downstream of the regulated
exon (Cooper 2005), a DRD2 fragment stretching from
200 bp upstream of exon 6 (760 bp downstream of exon 5)
to 200 bp downstream of exon 6 was used to examine the
binding sequence of PTBP1 (Fig. 4a). PTBP1 had no effect
on the inclusion of Tpm2 exon 9 in HEK293 cells (Fig. 4b,
left). In contrast, PTBP1 repressed DRD2 exon 6 inclusion of
the heterologous minigene, demonstrating that the inserted
fragment of DRD2 was sufficient for the response to PTBP1
(Fig. 4b, right). Next, to examine which region is necessary
for the gene’s responsiveness to PTBP1, we constructed
DRD?2 deletion mutants lacking 200 bp upstream of exon 6
(Aint5_760-945), downstream of exon 6 (Aint6 6-200) or
upstream of exon 7 (Aint6 1290-1487) (Fig. 4c). These
deletion mutants were designed to include the regions that
are necessary for splicing of exon 6 and exon 7. As shown in
Fig. 4(d), Aint5_760-945 and Aint6_6-200 mutations altered
the basal splicing pattern. Both deletion mutants exhibited
markedly increased exclusion of exon 6 (from 15% to about
60% with vector transfection), suggesting the presence of
elements in the deleted regions that enhance the inclusion of
exon 6. Further, the over-expression of PTBP1 had no effect
on either deletion mutant, indicating that both mutants had
impaired responsiveness to PTBP1 (Fig. 4d). On the other
hand, the over-expression of PTBPI reduced D2S in the
Aint6_1290-1487 mutant as well as a wild-type minigene,
suggesting that PTBP1 affects the alternative splicing of
DRD2 in regions other than the 3" end of intron 6.

Discussion

Previous studies have shown that the functions of two splice
variants of DRD2, D2L and D2S, differ in their biochemical
properties and physiological functions (Senogles 1994;
Guiramand et al. 1995; Khan et al. 1998; Usiello et al.
2000; Wang ef al. 2000; Centonze et al 2002, 2004;
Lindgren et al. 2003; Senogles et al. 2004; Hranilovic et al.
2008); however, it is unclear what regulates the expression
ratio of these isoforms. In this study, we identified PTBP1 as
a splicing regulatory protein that reduces the expression of
the D28S isoform.

Among the eleven proteins that we over-expressed
with the DRD2 minigene in HEK293 cells, only PTBP1
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(a) (¢) DRD2 minigenes
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66 Em 45 bp
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(b) Tpm2 ex9 DRD2 760 — 200 (d)

[iTe12] -

Fig. 4 Splicing regulation by PTBP1 in heterologous minigenes and
DRD2 deletion mutants. (a) Structure of the Tpm2-based heterologous
minigene. Intronic fragments derived from DRD2 are indicated by thick
lines, whereas those derived from Tpm2 are indicated by thin lines. (b)
Splicing assay results using Tpmz2-based heterologous minigenes and
PTBP1 in HEK293 cells. Bar charts show the quantified percentages

produced an altered splicing pattern (Fig. 1b and c). The
reduction in the percentage of D2S suggests that PTBPI
enhances the inclusion of the alternative exon 6. Although
the effect of PTBP1 was relatively small, this effect was
shown to be concentration dependent (Figure S2). We also
demonstrated that endogenous PTBP1 regulates DRD2
splicing by knockdown experiments in HEK293 cells with
the DRD2 minigene and in SH-SY5Y cells with the
endogenous DRD2 gene (Fig. 2a and c). Even though the
effect of PTBP1 was statistically significant, it was quan-
titatively small in our splicing assay. Therefore, some other
splicing factors may be involved in the splicing regulation
of DRD2. In addition, the double knockdown of PTBP1 and
nPTB suggested that nPTB, a homolog of PTBP1, has little
or no effect on the alternative splicing of DRD2 (Fig. 2a).
However, because the expression levels of exogenous and
endogenous nPTB were remarkably lower than PTBP1 in
HEK?293 cells, it is still unclear whether nPTB regulates the
splicing of DRD2.

Next, we identified the regions responsive to PTBPI,
using Tpm2-based heterologous minigenes and DRD2 dele-
tion mutants. Using our heterologous minigenes, the splicing
of a DRD2 fragment containing exon 6 as well as 200 bp-
upstream and -downstream intronic regions was altered by
PTBP1 (Fig. 4b), similar to the results obtained using the
DRD2 minigene (Fig. 1b and ¢). In the DRD2 deletion

© 2010 The Authors
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of exon exclusion (Mean + SEM, n = 3). (c) Structure of the DRD2
deletion mutants. The positions of the inserted nucleotides in introns 5
and 6 are indicated. (d) Splicing assay results using the DRD2 deletion
mutants and PTBP1 in HEK293 cells. Bar charts show the quantified
percentages of D2S (Mean + SEM, n = 3). The statistical significance
was analyzed using +ests (*"p < 0.01, ***p < 0.001).

mutants, PTBP1 had no effect on the splicing of deletion
mutants lacking exon 6-flanking regions in intron 5 or 6,
whereas PTBP1 still affected the splicing of a deletion
mutant lacking the 3’ end of intron 6 (Fig. 4d). These results
indicate that exon 6-flanking regions are sufficient for the
response to PTBP1, and that both regions in introns 5 and 6
are necessary.

Although PTBPI is known to bind cytosine and uracil
(CU)-rich intronic elements flanking an exon and repress
splicing (Wagner and Garcia-Blanco 2001; Sharma ef al.
2008), in this study PTBP1 appeared to enhance the inclusion
of DRD?2 exon 6 rather than repressing the splicing from exon
5 to exon 7. It is noted that intron 5 contains UCUCU (849—
853) and intron 6 contains UCUUUCU (32-38) sequences,
but we have no evidence that PTBP1 directly binds the pre-
mRNA of DRD2. Therefore it is possible that PTBP1 may
indirectly affect the alternative splicing of DRD2.

It was reported that a DRD2 antagonist, haloperidol,
increased the expression of D2S (Amauld ez al. 1991). The
activation of DRD2 is coupled to the inhibition of adenylyl
cyclase and cAMP-dependent protein kinase A, and cAMP-
dependent protein kinase A has been shown to modulate the
nucleocytoplasmic translocation of PTBP1 (Xie et al. 2003;
Knoch et al. 2006). Together with these reports, our results
suggest that DRD2 regulates the expression of its isoforms
by modulating the localization of PTBP1.
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KRG THBREMEY 2 b a7 4 —BEOZE AL

WA R Y OB EAY
ARREEE & B  fElE=R

RE  BREMIZAMIT ¢ -BEORBEHMERET 3BT, KRMATOMERS - BRE - ERAR - BR
SEMECETRT - bEXRL, 207% P 5EEE 2 /2. 33.8% OHEMERLEZREEL, 10.1% 32
BRISY, BEIRLABREZZ LTV L, BEABLUAONERICSRTIEASS VI EPRER NS,
BEY - BB STV TORRES<, FEFRTORKENR LFRESY, BHRREB OEMIHBER
RPN L EFBRVERNDOBEOHIEL, BEX U -0 JHEOBRIEDERDI . BEORLREPEM

ELOELEREEHEBI2BRGH Y, BE  EEEVNHINOBREBGHRAEIEETH 5.

(BEPR#1#% 2011;51:677-682)

Key words : fiBfiitE Y A b o7 1 —, ZRE)A, BENIRE EEET7 45— b

oI

Myotonic dystrophy type 1 (DM1) & myotonin protein
kinase (DMPK) @ 3IEREREURICHEAES 5 CTG #uk L EF
DR & - TH U B triplet repeat D —2Th 5. KiE
WY 2+ a7 4 —=DPTHHEDHNLDO—2TH S
A, AR E IR R4 25w - CHEEE, MR
FAEMEERE, 84 OO Bk - BEE 2 2R 60
EE BT LLWEHRBRTHBY. Z00, KEOEGTH% -
QOL oegs#icid, PN EHAVEETH L. —F, bhibh
AL 7% o 2 AEBEHEOTFEHEEIMET, BHWE
WEBICTFERES L ENERD 40% Db 5T
WP X T, B RE R AR A S TR A BRE S X ) AR
AR N RS 22 EOBMB LS OR 2 RO EBT L 2
Eb LV, JEEMBHIBI 2 BWEEN AL & B A
HHEL BRELMETH 5. L L, K TAHEBREZ OERTI
B OIREEZ HWIL L~V THE L2, bhtbhol b
NHEY ZNFE TRV, 2T, AEBBOZHBN & E
FOEHEIIANT - A O 22T A HINT, KEREZOZS
BRAL W LN SN D IEBREFRL, BHRAS, BEIR KL, RS
DWTC, KB TOAEMEICHEEERICL 2ERAT
- AR IR L 7

MR - ik

AMARIERIE R (2000 4E 9 A) O AAGEBRE S, HAE
RGeS, HAERGARSS, DARRBSEE&OEMELTI
HOX, REFTOSEMESE (FIIAWH IR, #HH
IIEBRAFT P 927 4, BEIRFRELFIER 357 44, MEMEAHL 8P E
882 %, MRFIEMEE 915 %) 1, AEESICLIMELT ~
F—rREEB I Bo WA 2009 4E 10 A 2 5 F4E
12RATH5.

BHAR I, SRE0L 0L LTHBREOEY (B4
At JEBE - MRS O A ), EHEER (10 4ELLF,
10~20 4, 214ELLLE), DMI BHURERO A I & $RERREHIRL,
DM1 Z Bl L7z BBOFIE T 0%, ARIEZ D 7255 Ik
W, BoZoFAPE 2w, HS, CK B, Ko
RIEHE), BB LIS ZZ LT 32358, DML OZ#IC B
WTH o 2R E 7. SRPOBRME LT, S8 L
%o 72HERE, JRBRBRCIER—A A —h — - RO IS
GEISE L, et &, —# R, MBNICER) 2, R
I CIEAE IS HER T 5 TS MUAS (75¢g-oral glucose tolerance
test - OGTT, homeostasis model assessment of insulin resis-
tance : HOMA-IR, &#I4%/ 4 ~ 2 >, hemoglobin Alc :
HbAlc), AFEEOTHERILE I 2 Bl & (— R ONER
& DB, AR BB, AE CRUBRIC BT A e
BEIRHIE L, IR ARCIE A OHE 2 28177

AR EEBIIEREBR 17248 (186%), IR 5 85 4

*Corresponding author: #3247 Bk A E LR BERRE D BB B ARENE (T560-8552 KB & WML 5—1—1)

VRRSTATHER AL R DD AR L e AR R
SLCREPERL RS R R (AR - TR AC )
PRBR SRS B RE SRR R L 22
(A H 2011462 H 26 H)
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FRRR#IESE 51595 (2011:

9)

Table 1 Summary of common questionnaire.
Cardiologist Diabetologist Gynecologist Ophthalmologist

Number of objective specialists 927 357 882 915

Institutions

Hospitals: Neurology (+) 381 149 242 233

Hospitals: Neurology (~) 258 73 179 87

Clinics 281 130 453 590

Unclassified 7 5 8 5

Number of responders 172 85 220 154

Institutions

Hospitals: Neurology (+) 74 37 58 46

Hospitals: Neurology (—) 39 13 46 0

Clinics 59 34 108 108

No answer 0 1 0 0

Years of experience as medical specialist

Underl0 years 7 2 21 10

11-20 years 37 29 47 58

Over 21 years 127 54 152 83

No answer 1 0 0 3

Experience to treat patients with myotonic dystrophy

Yes 63 36 65 49

No 107 48 154 104

No answer 2 1 1 1

Experience to diagnose myotonic dystrophy

Yes 13 16 29 6
(238%), MEMEAFE 220 4 (25.7%), HRE: 154 %4 (168%) T BT BT AREMOP COE A, MHEREE 206%, HERM
ot 432%, B AT 44.6%, HREL 12.2% CTHERAG & R AR5 E

AT FIMENE, SR EME Sk L BEE ORI oz (p<0001). FEERH CIXMRBABZBHELBI 2o T

DBy “REE, SR ERUHEER S 3IREU LD LHEDOEMOBREN156% & bo L dmd, WRNES

e id Kruskal-Wallis rank test %, DM &8RRG M4 & 2
FEMI O i 1d Mann-Whitney Utest 23 bW B I o7z,

w R

%%ﬁ%ﬁ;@#&ﬁ&
FHMEOFEES & OB HERE Table LR LA A
BHEOBELFIHMAEMESROIRELEE KL T
WS, IR CIIRNESRE B B o TR WK OB
BH DS ORED D - 272 b EH & SMESKOMICH
BEEALDIZ (p<0001). HEHEORBERICOVTIET
RTCORT 21 4L BB B2 Eb 7208, R TFD
BEGHED o7 (p=0005).
BREREBR O A I & REERIE B3
AIE D FBHAREERIL 213 44 (33.8%) DEMAHFLTHY,
ﬁﬂmiéﬁﬁki&#ok%@@@—&H@%ﬁf@W%
W435% L b ol bEho7. REBHEFEGE 1 B 100 £,
2047 %, 3BI28 4T, 4P EIX 18 % TH - 7. Mk T
EARNEZREBI 2o TV AREDEMORERERH
440% b oL b8, MRANBHEBI Lo TV WK
”(%4%>;M%w<%2%>@ﬁcﬁ FL7z (p<<0.00D).
BWHREROA IE & BWEAR, AEZ D 72553 FER
KIERBW L -RBEHOEMIZ64 % 101%) 1, 2

i
N
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WhEBI o Tuiwik (111%), %I (64%) OJHIC
T L7z (p=0007). AIEE 9 72559 FERIZ DOV TH IR
DEDEMENEM TS S &, HMEHE (p=0001),
B (p=002), CK &l (p<0.001) (CBWT, BWrEERE
BT BHEPFEICE» - 72 (Fig. 1). ZFMUSOFERE LT,
EIRAR TIREREBIROHE (251%), REHCIZEEDS
P (281%) ZETEHINE Do 7
LER A OZHBE

YR DN TR 2 D LR THEL T b E 2
5, WRENESEEED 802% &5, PR 166%, BB
1 64%, /NER64% L7z, MRAE - ARFO B
S3ZBLTVRVCEENLT6% H9, [Wo722 &) 0IHHE
12, FRERER MR OZZ 2O TONEN E 0 o 2
Y B ot

#F B E

PEEREEL

SHRE L LR 0A e 29 %, (REEEE 23 4, LT -
B 11 5, WASIERER 8 &, WA 6 44, FefEth sk
5 45, FIEAE 3 %, QT EREMERE 24, Bt O9ER 1
HTHolz. ZOMWE U THELSEBEEIRIPAS, Midk, b
TRERBRE 2 COIBRIBRBELT BT EMD 1245 -
7z (Fig. 2A). =2 A —7— « BHIBIER WIS 12DV T
& 714, —MEBUD69 %, M4 & 234, HWEMLS
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p=0.02 p<0.001

p=0001 7 -
1
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Fig. 1 Clinical signs which remind myotonic dystrophy.
Abbreviation: CK: creatine kinase
The doctors having experiences of diagnosis of DM paid
more attention for grip myotonia, hatchet face and serum
high CK.

%, RUBRIICHEIG 4 B THoTo. N EONEE LT,
ADL R EBRBOTFHEERT 5, FIEBOBBEIEEL £
RUBRELERT S, A BRRSEEEE 7Oy 7 OF
15, DB AERREZ B 2o THIFT 5, 2N
PoAARTA VI ETEERRR— AR — =08
BICBIIZTEEELBET2EAL D2 WozZ bk
LT, KA FEORBITHT 22ZE - BFAR THE~D
BHHZAT v, BB - T - HEOBHIBAEE L v, g R
NOEVHEF S, RRFBORBDEH B, DT
b otz

bR
MREREREEMBE O D OB L L Tid, OGTT #%20 4,
HbAlc 2518 %, BB - 4 > 2 4310 4, HOMA-IR
WTHTH oIz, BABERIEOFME LTy v F—F 2
FEHERTHER LD o7 WHRERE~OEMSEE LT
&, —REFMLEA45 4, LDERPEIL2HTIIRED 3
HEDEd ol RECERNICHEET2EME LTI, F7
VY VHEEAS128E D0 L8 L, BT TR FEL0 4,
AVAY Y554, 0 7 NVaY ¥ —EHEH 3LDIET, ANk
ZOVIRFE (SU) BF 2 BF - ERE V2 b o 7.

o Tk N

TR SR ITIR - IED 44 %, NI 9 %, EEE
W - MR 4 5 E RS R D, BARHRRE LTRTE
Wil 16 46, IR 12 4, RYEREE 7 4, TENEE 4 &,
ZOMWI % TH -7 (Fig. 2B). FEMAHIES 334 (15%)
DEMHFEHRLTB Y, FKBE 9 Bofh, FEEEE TS
B OFE, BT A RARSE - BN 8 &, BB RLEE - Ao
6%, TR 3%, Zofl3 #0850 (Fig 3). EkY
FRYSIZEB P T TNEBITEMD 4 4H o7, FRLL
HOWo722 8 & LT, WlsZ L BRI TS %,
MAZHRAN O BHIG AW, CIBEEOBIC A T & 53428
MRS EZ L, HRERIEICEY NICU DXy FAEN S
AENLMEPL, KPHAPBEFN CHBKETREE 2o
THRE NIz, IR OFFIRFEEC X 5 5700, M
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Fig. 2 The consulted disorders of myotonic dystrophy pa-
tients.

The disorders which made patients visit medical agency

were asked in a multiple choice manner.

A. Cardiologist, B Gynecologist, C. Ophthalmologist

Abbreviations: SSS: sick sinus syndrome, Af: atrial fibrilla-

tion, AF: atrial flatter, PAT: paroxysmal atrial tachycardia,

IHD: ischemic heart disorders

HKTEDEMENDZ VR ENET LN, 22X P OHHEE
13 114% EhoR P52 58%, BERIW 0%, IR 06%) 1
L HRE oz,

g
ZHHEBITANES 4, BIETEISS, S48 815
%, RIS %, WHEE3 %, #0144 Th-o 7 (Fig 20).

£ =

GROMAETIE, MERISLHET201% (168~257%) T
H oI, MBI 7E 72 BRI L 5 TXEMAORIE
KRBT Y= Thofcl b EETHE, HKVHOT
BweE2 5. E, R E BEEOMFHLILFIEEM
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