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found to be negatively associated with risk of Parkinson’s g o
disease (P=0.0009). Consequently, they concluded that the o |t (228
FGF20 gene was a susceptibility gene for Parkinson’s tals |°°°
disease [11}. Qg T

Subsequently, Clarimon et al. sought to replicate the ZEg '§€ n8E
association of the FGF20 gene with Parkinson’s disease by § e g é é_ é
performing a case—control association study with four © g@ o3
SNPs [rs1989756, rs1989754, rs1721100, and ss20399075 ==d
(rs12720208)] using Finnish and Greek samples. They found ©
a difference in allele frequency in only rs1989754, but the 73 adn
difference was not significant after the Bonferroni correc- —ald ees
tion. They also found no significant difference in the g+ s
distribution of haplotypes between patients and controls. %"—: bW e B
They hence failed to replicate the association of the FGF20 5 & Eg 5,('\ g' i
gene with Parkinson’s disease [12]. Thus, it is still COglghlceee
controversial as to whether the FGF20 gene is a suscept- 0~iz8=2
ibility gene for Parkinson’s disease or not. We here ° o
conducted a case—control association study using a large 2 a3l
number of Japanese samples in order to evaluate the “ & 288
association of the FGF20 gene with risk of Parkinson’s £ —
disease. 22|e~|BNT
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Materials and methods 0% |=ex
We recruited 1388 unrelated Parkinson’s disease patients
(age, 65.7 +9.8; male/female ratio, 0.84) and 1891 unrelated Z—
controls (age, 48.5+17.6; male/female ratio, 1.08). The 5Lievrw
diagnosis of Parkinson’s disease was based on the presence %E 333
of two or more of the cardinal features of Parkinson’s & o
disease (tremor, rigidity, bradykinesia, and postural in-
stability), according to the criteria for Parkinson’s disease —
[13]. Patients were evaluated by certified neurologists Tg g 5%5
specializing in Parkinson’s disease. The average age of C £ . -
onset was 57.7 +11.1 years. All patients and controls were of g Y oia ~ O
Japanese ancestry. Informed consent was obtained from g S |&KR4
each individual, and approval for the study was obtained 2 - ~ tn
from the University Ethical Committees. Genomic DNA was a = Lo
extracted from venous blood using standard procedures. § © -

The TagMan SNP Genotyping Assay (Applied Biosys- ) S = |IBRS
tems, Foster, California, USA) was employed for five g1e
SNPs (1512718379, rs1989756, rs1989754, rs1721100, and g1 23| .
rs12720208). SNP information was obtained from the dbSNP » 52 g =3
database (http:/fwww.ncbi.nlm.nih.gov/SNP/) and the Interna- g 23
tional HapMap Project database (http:/fhapmap.org) [14]. ¥

All statistical analyses were performed by using the & T |E8% g
software SNPAlyze (Dynacom, Japan). Genotype deviation g 2 © =as 2
from Hardy-Weinberg equilibrium was assessed by the x % 3 £
test. The statistical significance of a case~control association o £ g |2 N £
was evaluated by the x? test, and odds ratio and its 95% S g
confidence intervals (ClIs) were calculated by the Bootstrap A o ls=a ]
method. Haplotype frequencies were estimated using an £ = |wvow 8
expectation-maximization algorithm [15]. We evaluated % - |ese £y
pair-wise linkage disequilibrium (LD) among SNPs by DY g = |SN818g
value, and 7* as standards for LD. Case—control haplotype £ oo |5 5
analyses were carried out by calculating the permutation g h: g S5 |Ee
P-value on the basis of 10000 replications [16]. s . g 3 ; ; 2 3,
Results sl ¢ |« 99952
Two SNPs (rs1989756 and rs12720208) of the five SNPs, £ £
examined by van der Walt et al., showed a monomor- a e 2 é’
phism in 95 individuals drawn from the Japanese popula- - o |BF § 25
tion, and therefore these two SNPs were excluded from % % SRR §5

= w [ )

further analysis. Three SNPs (rs1989754, rs1721100, and
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rs12720208) are included in HapMap. rs12720208 also shows
no polymorphism in JPT (Japanese in Tokyo) HapMap,
consistent with the genotyping results of our samples. In the
FGF20 gene region, 171 SNPs were observed in dbSNP.
According to JPT HapMap, the Tagger method showed that
two SNPs (rs1989754 and rs1721100) can represent the
remainder of the HapMap SNPs of the FGF20 gene region,
as tag SNPs with a criteria of 7>0.8 and a minor allele
frequency >0.1, although the number of tag SNPs differed
between JPT and CEU [CEPH (Utah residents with ancestry
from northern and western Europe)] [17]. Thus, we
considered that a case—control association study using three
SNPs [two tag SNPs (rs1989754 and rs1721100) plus
rs12718379] was appropriate for assessing the association
of the FGF20 gene with Parkinson'’s disease.

Table 1 shows the results of the SNP genotyping in the
Parkinson’s disease patients and controls. The association
of rs1721100 was significant in allele 1 versus allele 2
[frequency of allele 1; 43% in patients and 46% in controls,
P=0.0089, odds ratio 1.14 (95% CI, 1.03-1.26)] and in
genotype 11+12 versus 22 {P=0.0053, odds ratio 1.24
(95% CI, 1.06-1.43)]. The association with rs1721100 was
significant even after the Bonferroni correction (tests for
three SNPs). As for rs12718379, a decrease in frequency of
allele 1 was found in patients compared with controls
[frequency of allele 1; 42% in patients and 44% in controls,
P=0.041, odds ratio 1.11 (95% CI, 1.01-123)]. As for
rs1989754, there was a difference in frequency of genotype
11+12 versus 22 between patients and controls [P=0.040,
odds ratio 1.17 (95% CI, 1.01-1.35)]. Neither rs12718379 nor
rs1989754, however, showed a significant association with
Parkinson’s disease after the Bonferroni correction. The
genotype frequencies of all three SNPs were not signifi-
cantly different from the values expected from the Hardy-
Weinberg equilibrium.

We calculated the LD among the three SNPs in patients
and controls. D’ values (absolute value) and 7 for pair-wise
LD of controls are shown in Table 2. A high LD was detected
between each pair of SNPs, and the same trend was
observed in patients and in the JPT samples of the HapMap
database (data not shown). These findings suggested that
the three SNPs were in single LD, and we therefore
performed haplotype association analysis. Haplotype fre-

Table2 Linkage disequilibrium between SNPs in the FGF20 gene

SNPID rs12718379 rs1989754 rsl721100
rs12718379 —

rs1989754 094 (098) —

rsI721100 068 (0.86) 0.72 (0.88) —

* (D') values of controls are shown for each pair of single nucleotide
polymorphisms (SNPs).

Table3 Haplotype association analysis using three SNPs in the FGF20 gene

quencies of the three SNPs were estimated in patients and
controls (Table 3). Two common haplotypes (haplotypes 1
and 2) covered >90% of the population haplotypes in both
patients and controls. The frequency of haplotype 2 (A-G-C)
was significantly less in patients than controls (38% in
patients and 41% in controls, permutation-P=0.0075). This
indicates that haplotype 2 is a protective haplotype for
Parkinson’s disease in the Japanese population. Taken
together, our genetic analyses support the FGF20 gene being
a susceptibility gene for Parkinson’s disease in the Japanese
population.

Discussion ]

Our results are consistent with the report by van der
Walt et al. [11], which showed an association of the FGF20
gene with risk of Parkinson’s disease. The significance of the
FGF20 gene for Parkinson’s disease susceptibility in our
study, however, was not so strong as that shown by van der
Walt et al. This discrepancy may result from: (i) the ethnic
differences between the Japanese samples and samples
from the United States; the association in the Japanese
population might be smaller than in the United States,
or (ii) the difference in epidemiological approaches; we
performed a case—control association study by the 2 test in
unrelated samples, while they analysed family-based
samples by the PDT. rs12720208, the strongly associated
SNP in the report by van der Walt et al., was excluded
from our study because we were not able to find
polymorphism of this SNP in the Japanese samples. It is
interesting that rs1721100, the most strongly associated
SNP ‘in our study, and rs12720208, however, are both
located in the 3’ UTR region of the FGF20 gene. LD
indices between rs12720208 and rs1721100 showed that
these two SNPs are in a single LD block (D'=1) and that the
correlation was not strong (*=0.28) (on the basis of CEU
HapMap).

On the other hand, the case—control association study
by Clarimon et al. {12] failed to replicate the association of
the FGF20 gene with risk of Parkinson’s disease, although
the rs1989754 G allele frequency was higher in patients
than controls in the Finnish samples (52% in patients and
42% in controls, P=0.03 before Bonferroni correction).
However, as their sample size was not large enough,
their study does not disprove the association of the FGF20
gene with Parkinson’s disease convincingly if the influence
for Parkinson’s disease in the Greek and Finnish population
is to the same extent as in our Japanese sample. The sample
size of their study was considerably smaller than ours
(Finnish series, 144 patients and 135 controls; Greek series,
151 patients and 186 controls in their study, compared with
1388 patients and 1891 controls in our study). As mentioned
in their report, their experiment had 80% power to detect

Base at SNP Haplotype frequency
Haplotype ID rsi2718379 rsl989754 rs|721100 Patient Control P-value
Haplotype | G Cc G 0.53 0.50 0.054
Haplotype 2 A G Cc 0.38 04l 00075
Haplotype 3 G C C 0.045 0047 0.75
Haplotype 4 A G G 0.035 0.028 (2]
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risks from 1.7 to 3.6 in the Finnish samples and from 1.6 to
2.1 in the Greek samples, whereas the odds ratio of the

FGF20 gene in our data was 1.14. The possibility of type 2

errors in their study could not be excluded as an explana-
tion for this negative finding. Another explanation for
lack of replication could be genetic heterogeneity;
there might not be an association between the FGF20
gene and Parkinson’s disease in the Greek and Finnish
populations, whereas there might be in the Japanese and the
United States-based population.

In this study, the three SNPs (rs12718379, rs1989754,
and rs1721100) showed a difference between patients and
controls to some degree. After Bonferroni correction,
however, a significant association was detected only in
rs1721100. The correlations between rs1721100 and the other
two SNPs were not strong (r*=0.68 with rs12718379 and 0.72
with rs1989754), which might explain the different extents of
significance among the three SNPs.

The EFHA2 gene is located 25kb upstream of the 5’ UTR,
and the MSRI gene is located 800kb downstream of the
FGF20 gene. The entire region of the FGF20 gene is within a
single LD block of 20.8kb (on the basis of JPT HapMap).
Moreover, no other known genes reside within this LD
block. Therefore, we concluded that our positive finding
results from the association between the FGF20 gene and
Parkinson’s disease.

Conclusion

We performed a case—control association study using a large
number of samples (1388 Parkinson’s disease patients and
1891 controls) in the Japanese population, and found a
significant association of Parkinson’s disease with rs1721100
and haplotype 2 (A-G-C) in the FGF20 gene. Our results,
together with those of van der Walt et al., demonstrate an
association of the FGF20 gene with Parkinson’s disease in
two different ethnic groups. This evidence suggests the
involvement of the FGF20 gene in the pathogenesis of
Parkinson’s disease.

Acknowledgements

The authors are grateful to the Parkinson’s disease
patients who participated in this study. The authors thank
Drs Akira Oka, Hidetoshi Inoko, and Katsushi Tokunaga
for control samples. They also thank Dr Helena A. Popiel
for editing the manuscript. This work was supported
by the 21st century COE program and Research Grants
(17019044 and 17590874), both from the Ministry of
Education, Culture, Sports, Science and Technology of
Japan; by the Grant for Research on Measures for Intractable
Diseases (H17-Q-15-1) from the Ministry of Health,

Labor and Welfare of Japan; and by a grant from
Core Research for Evolutional Science and Technology
(CREST) of the Japan Science and Technology Agency (JST).

References

1. Rascol O, Payoux P, Ory F, Ferreira JJ, Brefel-Courbon C, Montastruc JL.
Limitations of current Parkinson’s disease therapy. Ann Neurol 2003;
53:53-512.

2. Warner TT, Schapira AH. Genetic and environmental factors in the cause
of Parkinson’s disease. Ann Neurol 2003; 53:516-523. -

3. DeStefano AL, Golbe LI, Mark MH, Lazzarini AM, Maher NE,
Saint-Hilaire M, et al. Genome-wide scan for Parkinson’s disease: the
GenePD study. Neurology 2001; 57:1124-1126.

4. Hicks AA, Petursson H, Jonsson T, Stefansson H, Johannsdottir HS,
Sainz }, et al. A susceptibility gene for late-onset idiopathic Parkinson’s
disease. Ann Neurol 2002; 52:549-555.

5. Pankratz N, Nichols WC, Uniacke SK, Halter C, Rudolph A, Shults C,
et al. Genome screen to identify susceptibility genes for Parkinson disease
in a sample without parkin mutations. Am | Hum Genet 2002; 71:124-135.

6. Scott WK, Nance MA, Watts RL, Hubble JP, Koller WC, Lyons K, et al.
Complete genomic screen in Parkinson disease: evidence for multiple
genes. JAMA 2001; 286:2239-2244.

7. Kirikoshi H, Sagara N, Saitoh T, Tanaka K, Sekihara H, Shiokawa K,
et al. Molecular cloning and characterization of human FGF-20 on
chromosome 8 p21.3-p22. Biochem Biophys Res Commun 2000; 274:337-343.

8. Jeffers M, Shimkets R, Prayaga S, Boldog F, Yang M, Burgess C, e al. Identi-
fication of a novel human fibroblast growth factor and characterization
of its role in oncogenesis. Cancer Res 2001; 61:3131-3138.

9. Ohmachi S, Watanabe Y, Mikami T, Kusu N, Ibi T, Akaike A, et al. FGF-20,
a novel neurotrophic factor, preferentially expressed in the substantia
nigra pars compacta of rat brain. Biochem Biophys Res Commun 2000;
277:355-360.

10. Ohmachi S, Mikami T, Konishi M, Miyake A, Itoh N. Preferential
neurotrophic activity of fibroblast growth factor-20 for dopaminergic
neurons through fibroblast growth factor receptor-1c. ] Neurosci Res 2003;
72:436-443. '

11. Van der Walt M, Noureddine MA, Kittappa R, Hauser MA, Scott WK,
McKay R, et al. Fibroblast growth factor 20 polymorphisms and
haplotypes strongly influence risk of Parkinson disease. Am ] Hum
Genet 2004; 74:1121-1127. :

12. Clarimon J, Xiromerisiou G, Eerola J, Gourbali V, Hellstrom O, Dardiotis
E, et al. Lack of evidence for a genetic association between FGF20 and
Parkinson’s disease in Finnish and Greek patients. BMC Neurol 2005; 5:11.

13. Bower JH, Maraganore DM, McDonnell SK, Rocca WA. Incidence and
distribution of parkinsonism in Olmsted County, Minnesota, 1976-1990.
Neurology 1999; 52:1214-1220.

14. The International HapMap Consortium. The International HapMap
Project. Nature 2003; 426:789-796.

15. Excoffier L, Slatkin M. Maximum-likelihood estimation of molecular
haplotype frequencies in a diploid population. Mol Biol Evol 1995; 12:
921-927. :

16. Fallin D, Cohen A, Essioux L, Chumakov I, Blumenfeld M, Cohen D, et al.
Genetic analysis of case/control data using estimated haplotype
frequencies: application to APOE locus variation and Alzheimer’s
disease. Genome Res 2001; 11:143-151.

17. De-Bakker PI, Yelensky R, Pe‘er I, Gabriel SB, Daly M]J, Altshuler D.
Efficiency and power in genetic association studies. Nat Genet 2005;
37:1217-1223.

940 Vol 18 No 9 Il June 2007

lliams & Wilkins. Unauthorized reproduction of this article is prohibited.



J Hum Genet (2007) 52:643-649
DOI 10.1007/510038-007-0154-1

Redefining the disease locus of 16q22.1-linked autosomal

dominant cerebellar ataxia

Takeshi Amino - Kinya Ishikawa - Shuta Toru - Taro Ishiguro - Nozomu Sato *
Taiji Tsunemi - Miho Murata : Kazuhiro Kobayashi - Johji Inazawa + Tatsushi Toda -

Hidehiro Mizusawa

Received: 31 January 2007/ Accepted: 2 May 2007/ Published online: 5 July 2007

© The Japan Society of Human Genetics and Springer 2007

Abstract The 16q22.1-linked autosomal dominant cere-
bellar ataxia (16g-ADCA; Online Mendelian Inheritance in
Man [OMIN] #117210) is one of the most common ADCAs
in Japan. Previously, we had reported that the patients share
a common haplotype by founder effect and that a C-to-T
substitution (-16C>T) in the puratrophin-1 gene was
strongly associated with the disease. However, recently, an
exceptional patient without the substitution was reported,
indicating that a true pathogenic mutation might be present
elsewhere. In this study, we clarified the disease locus more
definitely by the haplotype analysis of families showing pure
cerebellar ataxia. In addition to microsatellite markers, the
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single nucleotide polymorphisms (SNPs) that we identified
on the disease chromosome were examined to confirm the
borders of the disease locus. The analysis of 64 families with
the —16C>T substitution in the puratrophin-1 gene revealed
one family showing an ancestral recombination event be-
tween SNPO4 and SNPOS5 on the disease chromosome. The
analysis of 22 families without identifiable genetic mutations
revealed another family carrying the common haplotype
centromeric to the puratrophin-1 gene, but lacking the —
16C>T substitution in this gene. We concluded that the
disease locus of 16q-ADCA was definitely confined to a
900-kb genomic region between the SNP04 and the —16C>T
substitution in the puratrophin-1 gene in 16q22.1.

Keywords 16q-ADCA - Pure cerebellar ataxia -
Haplotype - SNP - Founder effect - SCA4

Introduction

Autosomal dominant cerebellar ataxia (ADCA) is a clinical
entity of heterogeneous neurodegenerative diseases that
show dominantly inherited, progressive cerebellar ataxia
that can be variably associated with other neurological and
systemic features (Harding 1982). ADCA is now classified
by the responsible mutations or gene loci. Subtypes of
ADCA of which causative genes or gene loci have been
identified are known as spinocerebellar ataxia type (SCA)
1, 2, 3 (or Machado-Joseph disease), 4-8, 10-19, 21-23,
25, 26, 28, dentatorubral and pallidoluysian atrophy
(DRPLA), and ADCA with mutation in the fibroblast
growth factor (FGF) 14 gene (Schols et al. 2004; Yu et al.
2005; Cagnoli et al. 2006).

Among these, mutations in SCA1, SCA2, SCA3/MID,
SCA6, SCA7, SCA17, and DRPLA have been identified as
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the expansions of a trinucleotide (CAG) repeat that en-
codes the polyglutamine tract, uniformly causing the
aggregation of polyglutamine-containing causative protein
(Ross and Poirier 2004). The expansion of noncoding tri-
nucleotide (CAG or CTG) or pentanucleotide (ATTCT)
repeats are involved in SCAS8, SCAI10, and SCAI12
(Holmes et al. 1999; Koob et al. 1999; Matsuura et al.
2000). Very few families are affected by missense muta-
tions in beta-III spectrin (SPTBN2) (SCA5 (see Ikeda et al.
2006)), voltage-gated potassium channel KCNC3 (SCA13
(see Waters et al. 2006)), protein kinase C gamma (PKC
gamma) (SCA14 (see Chen et al. 2003)), and FGF 14 genes
(ADCA with FGF14 mutation (see van Swieten et al.
2003). However, genes or even loci remain unidentified for
20—-40% of families with ADCA (Sasaki et al. 2003).

We had previously found that Japanese families with
ADCA map to the human chromosome 16q22.1 (16g-
ADCA), the gene locus of SCA4 (Flanigan et al. 1996;
Hellenbroich et al. 2005; Nagaoka et al. 2000). However,
our families show clinically pure cerebellar ataxia without
other neurological signs, such as sensory neuropathy or
pyramidal tract signs seen in SCA4. All 16q-ADCA pa-
tients shared a common haplotype, presumably due to
inheritance from a disease chromosome of a founder
(Takashima et al. 2001). Our haplotype analysis of 52
families with DNA polymorphic microsatellite markers
revealed that they all share a common haplotype for the
400-kb genomic region in 16g22.1 (Ishikawa et al. 2005).

- Within this region, we found that a heterozygous single
nucleotide C-to-T substitution (-16C>T) in the untrans-
lated region of the puratrophin-1 gene was entirely seg-
regated with all patients, suggesting a strong association
with the disease. This substitution was also found in other
cohorts of Japanese families with ataxia (Ouyang et al.
2006; Onodera et al. 2006), while it was not found in
Caucasian patients in Europe (Wieczorek et al. 2006). The
frequency of 16q-ADCA is considered to be relatively high
in Japan, counted as the third or fourth major subtype of
ADCA after MJD, SCA6, and DRPLA (Takano et al. 1998;
Sasaki et al. 2003; Ohata et al. 2006).

However, one group recently reported an exceptional
patient without the —16C>T substitution in the puratrophin-
1 gene, in a family in which all of the other affected subjects
carried the substitution (Ohata et al. 2006). This patient
shared the common haplotype in a region centromeric to the
substitution in the puratrophin-1 gene, suggesting that a
true pathogenic mutation may be present in a different gene
lying centromeric to the —16C>T substitution in the pura-
trophin-1 gene. Moreover, other patients sharing the com-
mon haplotype centromeric to the substitution in the
puratrophin-1 gene without the substitution might exist.

In this study, we re-examined the haplotype of families
showing ataxia in order to clarify a common genomic re-

@ Springer

gion shared in all 16g-ADCA patients. Because slippage
mutation might cause minor deviations in repeat size for
microsatellite markers (Ikeda et al. 2004), single nucleotide
polymorphisms (SNPs) detected by ourselves on the disease
chromosome were used in the analysis to confirm re-
combinant regions that are not conserved among families.

Materials and methods
Haplotype analysis

DNA samples from patients showing ataxia referred to our
department were examined. After informed consent was
obtained, genomic DNA was extracted from peripheral
blood lymphocytes or lymphoblastoid cell lines by the use
of methods described elsewhere (Ishikawa et al. 1997). All
families were excluded for SCA1l, SCA2, SCA3/ MID,
SCA6, SCA7, SCA8, SCAIl2, SCAl4, SCA17, and
DRPLA by testing for mutations in the disease genes.

Firstly, common haplotypes of the 16q-ADCA families
with the —16C>T substitution in the puratrophin-1 gene
were analyzed. Genotypes were determined for 19 micro-
satellite markers (D16S3043, D165S3031, D165S3019,
CTATTO1, TAGAO2, GGAAO5, D1658397, GGAAIOQ,
GATAO1, D168421, TA001, GA0O1, 17 msm, D16S3107,
GGAAO1, CTTTO1, GTO01, D1683095, D16S512) in
16g22.1 by the use of methods described elsewhere
(Ishikawa et al. 2005). Compared to our previous study
(Ishikawa et al. 2005), several new markers with high
specificity to the 16q-ADCA chromosome were added and
the region analyzed was expanded to beyond the previous
critical region spanning GATAO! and 17 msm (Ishikawa
et al. 2005) in order to determine the maximum genomic
region conserved in all of the affected individuals from all
of the families. Although the phase of the markers were not
confidently determined in families that have only a few
examined members, the possibility that they carried the
haplotype was indicated in those cases.

Secondly, haplotypes of families without the —16C>T
substitution in the puratrophin-1 gene were also analyzed
to see if they had the common haplotype centromeric to the
substitution in the puratrophin-1 gene. Their genotypes
were determined for 14 markers (D16S3043, D16S3019,
CTATTO1, TAGAO02, GGAAO05, D16S397, D1653086,
GATAO1, GA001, 17 msm, CTTTO1, GTO1, D16S3095,
D16S512), which are relatively highly specific to the
common haplotype in 16g-ADCA.

Single nucleotide polymorphisms

We searched for single nucleotide polymorphisms (SNPs)
on the disease chromosome by ourselves because most of
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Table 1 The haplotype analysis of 16g22.1-linked autosomal dom-
inant cerebellar ataxia (16q-ADCA) families with the -16CT
substitution of the puratrophin-1 gene. The gray squares indicate
that the alleles are one repeat-unit different fromthe common allele of
16q-ADCA and the black squares indicate alleles with two or more
repeat-unitdifferences. One repeat-unit difference was seen for

markers D16S397, GGAA10,GATAO1, and TAOQOI1, close to the
puratrophin-1 gene in several families, and greaterrepeat-units
differences were observed for GGAAOS5 and other centromeric
markers. Similarly, greater repeat-units differences were observed
for 17msm and markers lyingtelomeric to 17msm. n.e.=not examined

familyNo. P2 P4 P4 T2 T3 T4 I5 16 17 Tiz 115 T19 T21 125 126 128 130 137 142 143 T48 146
most frequency

g
D1653043 1 w1 wiKAEE o s 1 s 7 ne. 18 ne ne. 1 ne. 1 ne 15 15 1
D1653031 ] @ 9 9 9 9 9 9 10 0 9 90 9 9 9 9 ¥ 9 9 9 9 g 9
D1653019 4 w4 4 4 4 4 45 W4 W4 s 14 4 ne. 4 ne ne 47 ¥4 24 ne 4 34 [l
CTATTO1 1 324 1 24 1 1 1 14 1 1 1 1 13 ne. 13 ne ne 13 ne 1 ne. 1/2 1 03
TAGA02 4 03 4 E 4 4 4 46 46 45 4 24 45 ne. 45 ne ne. 45 4 4 ne 56 45 P
GGAAOS 1 VR 11 11 2 1 24 13 s w2 7 s 3 13 15 /e [
D165397 1 “ ne. 2 1 1 1 04 12 ¥3 13 23 1 ne 1 ne ne 14 30 31 ne 31 1 -3/
GGAA10 3 B2 3 3 3 3 4 % 3 3 3 3 3 36 23 24 37 35 I8 46 3 36 5 37
GATA01 2 41 2 23 2 2 2 3 3 3 2 2 /2 23 Y3 ¥4 Y3 U3 1 2 3 13 23 23
D165421 3 3 3 3 8% 3 3 3 3 3 3 3 3 3 3 3 3 3 3 34 3 3 3
puratrophin-1(CIT) T @ T T T T T T T TC T TC T TC T TC TC TC T TC TC TG TIC
TA001 1 Bs 1 11 14 h 1 1111 97 28 16 110 18 19 1 18 19 15
GA001 4 4 4 4 4 4 A4 4 4T AT 4 4 14 4B 45 47 4T 46 4N A5 47 45 47
17msm 2 5 2 2 2 2 2 2 2 2 2 2 205 2/5 24 24 204 A4 25 24 24 2/4
D1653107 7 w7 7 7 7 7 71 6 7 71 7 6 56 37 610 6 7 57 37 &7 47 67
GGAAOL 6 w6 6 6 6 6 6 B8 7 6 6 1/6 36 26 2/6 46 67 6 6 6 67 67 56
CTTTOL 8 2 8 8 8 8 910 8 o o SN 8 910 39 910810 8 811 69 815 910 17 U8
G101 6 s 6 6.6 6 6 6 7 6 6 M 6 26 16 46 46 26 56 46 6 6 46
D1653095 1 12 TN 0t 2l 2 2 1 1 w2 w2 w2 1B 1 1 1213 2 1
D168512 1 2w ne 24 1+ W s 24 15 15 15 ne. ne. ne. 1 12 ne 4

the SNPs obtained from public databases were not present
on the disease allele or did not have enough specificity to
the disease chromosome. SNPs were revealed by direct
sequencing of the genomic DNA from a homozygous pa-
tient who carries the common haplotypes between
D16S3031 and GTOL1 in both of the chromosomes. Primers
were designed to amplify about 800 bp from genomic
DNA (primer sequences are available on request), and
polymerase chain reaction (PCR) and sequencing were
performed with the same methods as previously described
(Ishikawa et al. 2005). Comparing the sequenced data and
the annotated databases with use of DNASIS (Hitachi)
software revealed many SNPs. With the sequenced data of
the control genomic DNA, SNPs with high specificity to
the 16q-ADCAs were chosen. With these SNPs, 16g-
ADCA families were analyzed to reveal the borders of the
maximally conserved genomic region.

Resuits

Haplotype analysis of 16g-ADCA with the —16C>T
substitution in the puratrophin-1 gene

One hundred and twenty-five patients from 64 families were
diagnosed as 16q-ADCA based on the clinical features and
the presence of the ~16C>T substitution in the puratrophin-
1 gene. The families included 52 families that we had pre-

viously reported (Ishikawa et al. 2005) and 12 new families
that had not been reported elsewhere. They all share similar
haplotypes around the puratrophin-1 gene. The most com-
mon haplotype among these families are shown in the left
column in Table 1. Twenty-two families out of the 64
families showed different alleles at least for one of the DNA
markers as shown in Table 1. The remaining 42 families,
which are not listed in Table 1, harbored or had the possi-
bility to harbor the common haplotype.

There was one repeat-unit difference from the common
alleles for D16S397, GGAA10, GATAOL, and TAO001
close to the puratrophin-1 gene in 13 out of 22 families.
For centromeric DNA markers from the puratrophin-1
gene, such as GGAAO05, TAGAO02, DI16S3031, and
D16S3043, eight families (P4, P14, T2, T3, T6, T12, T25,
T46) harbored alleles with greater differences in repeat
number (more than two repeat-units). Furthermore, fami-
lies P4 and T46 carried different alleles in three consecu-
tive markers, GGAAOS, TAGAQ2, and CTATTO1.

Similarly, for telomeric DNA markers such as 17 msm,
D1683107, CTTTO1, and GTOl, greater differences were
seen in three families (T12, T15, T44). Especially, families
T12 and T44 harbored different alleles for markers
17 msm, CTTTO1, and GTO1, which were highly specific
to the common haplotype.

The presence of large differences in repeat number and
successively different alleles would indicate that the fam-
ilies were sharing the common chromosomal region,
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inherited from a founder, between markers GGAAOS5 and
17 msm.

Haplotype analysis of families without identifiable
genetic mutations

Twenty-three patients from 22 families presenting pure
cerebellar ataxia did not carry identifiable genetic muta-
tions. Nine families showed autosomal dominant inheri-
tance, and the other families had no apparent family
history. Their haplotypes are shown in Table 2. Aithough
no family carried entirely identical alleles to the common
haplotype consecutively for the markers telomeric to the
puratrophin-1 gene, one family (U09) harbored the iden-
tical alleles for the markers between D16S3043 and
GATAO!1 centromeric to the puratrophin-1 gene. It sug-
gested the possibility that the U09 family have the common
haplotype of 16q-ADCA in the region centromeric to the
—16C>T substitution in the puratrophin-1 gene.

Haplotype analysis with SNPs

Four markers, GGAAOQ05, D16S397, GGAAI1l0, and
GATAOI centromeric to the puratrophin-1 gene, showing
different alleles in Table 1 suggested that ancestral chro-
mosomal recombination might have occurred around the
markers. Family UQ9 and the family reported by Ohata
et al. 2006) also suggested ancestral chromosomal recom-
bination around the substitution in the puratrophin-1 gene.
Therefore, we searched the SNPs around these four
markers and the puratrophin-1 gene. Five SNPs were

Table 2 The haplotype analysis of families without identifiable
genetic mutation. The black squares indicate that the families carry
the identical alleles to the common alleles of 16q-ADCA, and the
gray squares indicate alleles with one repeat-unit difference. Only

identified around the marker GGAAOS5, one SNP around
D165397, four SNPs around GGAA10, one SNP around
GATAO1, and two SNPs around the puratrophin-1 gene
(Table 3). SNP0O5 and SNP06 showed high specificity to
the disease chromosome because they were absent in 200
control chromosomes.

Eighteen families showed different alleles for GGAAOS,
D16S397, GGAA10, or GATAO1 (Table 1). Among them,
sufficient amounts of DNA samples were not available in
four families (T25, T26, T30, T42). The remaining 14
families were analyzed as shown in Table 4. While 13 out
of the 14 families carried all of the same SNPs, family T46
did not carry SNPO1, SNP02, SNP03, and SNP04. This
confirmed that the genomic region between SNPO1 and
SNP04 of family T46 was a recombinant region, which was
not conserved in all families.

These SNPs were also analyzed for the U09 family
suspected of having the common haplotype of 16q-ADCA
(Table 4). The family had all 13 SNPs, including SNPO5
and SNP06, which are highly specific to the disease chro-
mosome. This strongly suggested that family UQ9 shared
the 16g-ADCA common haplotype centromeric to the
—16C>T substitution in the puratrophin-1 gene.

Discussion

16q-ADCA is one of the most common ataxic diseases in
Japan. We previously showed that 52 families shared the
common haplotype in the genomic 400-kb region between
the markers GATAO1 and 17 msm by analysis with

family UO9 harbored the identical alleles consecutively for the
markers from D16S3043 to GATAO1, suggesting that this family may
harbor the common haplotype of 16q-ADCA. n.c.=notclear.
A.D.=autosomal dominant inheritance was suspected

Family No. U0l U102 U03 U04 U05 U06 Uez U08 U0 Ul0 Ull Ul2 U13 Ul4 UlS Ul6 U17 UI8 U1s 20 W21 U2

Family histery n.c. n.c

pe AD. ne ne ne AD ne ne AD AD. AD, ne AD AD, AD. AD. ne ne DG DG

most t:requency
Marker hc:;?t:nt;;e in %g/:l)trol
D1653043 1 350 Yl 1/2 4/6 17 4/5 4/5 e |15 16 5/7 --
D1653019 4 a4 14 5 - 34 as [ as | am 113 12
CTATTO1 1 na 34 RO 3 12 3 113 13 I8 - 2/3 us J ] 1 [ s]
TAGAD2 4 103 3/5 s B 5/5 46 5/5 5/6 5 5 2/6 35 I ¢ ERAECR 36 26 56
GGAAOGS 1 14 45 4/5 4 5 34 46 4 4 5 45 206 4 45 4/6 56 4/6 45
D168397 1 e 1/1 3 213 46 4 1 3 4 174 R s s [l -3 -3/
D1653086 2 o7 ] 34 34 3 a 3 2 23 | 23 3 Pd a4
GATA01 2 “w 1/2 Bl s 3 5B 3 2/3 2/3 2 2/3 2/3 . 3/4 - -
puratrophin-1(C/T) |} 00 C C C cC C C
GA001 a o1 1/3 6/8 8 89 8 741 89 1 57 7/10 6/7 s/s 5 5/8 5/9 1/7 6/7 5/7 6/9 s/a 7/9 7/8
17msm 2 2 34 4 45 45 5 PR S 5 a4 4 34 4 R 7 s 4 415
CTTTO1 8 u2 57 Y610 69 45 710 56 o 510 67 9 79 56 [gEY 710 sn1 sz 710 ERl 47 719
G101 6 s 24 I3 24 5 2 23 7 24 14 s o P34 a7 a6 | 476 IR
D1653095 1 92 2 B 2 s B 2 24 6 2 23 24 B 3 23 BB a4 34 RIEN 26 24 24
D168512 1 23 24 BRI 4/5 24 24 4 24 2 s R} 45 4 24 4 23 REER 2 45 45 45 4
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Table 3 Single nucleotide polymorphisms (SNPs) on the disease
chromosome of 16q22.1-linked autosomal dominant cerebellar ataxia
(16q-ADCA). We identified thirteen SNPs by ourselves. SNP0O5 and
SNP06 were absent in control chromosomes (n=200) and are thought
to be highly specific to the disease chromosome

SNP/marker Position SNP change on Frequency in
on Chr 16 16q-ADCA control (%)
GGAAO5 64,938,933
SNPO1 64,972,150 A > G 278
SNP02 64,977,170 A - C 222
SNP03 64971733 T> C 30.0
SNP04 64,982,678 C—>T 278
SNPO5 65,049,292 G - A 0.0
. D16S397 65,295,770
SNP06 65,337,827 A—>G 0.0
SNPO7 65,449825 C > T 56.3
SNPO08 65,451,833 T—> A 455
GGAAILO 65,452,426
SNP09 65,457,741 T—> A 42.4
SNP10 65,458,302 T —> C 45.5
SNP11 65,669,454 T — C 30.3
GATAO1 65,700,022
SNP12 65,771,917 G- A 18.2
SNP13 65,793,152 C> T 8.7
puratrophin- 65,871,434 C - T 0.0
1 (C/T)

Table 4 The haplotype analysis with single nucleotide polymor-
phisms (SNPs). Fourteen familiesof 16g-ADCA with different alleles
for microsatellite markers and family U09 are shown.The gray
squares indicate that the family carried the SNPs common to 16g-
ADCA. Family T46 did not carry the common SNPs from SNP01 to
SNPO04. This is consistent with the findingon microsatellite markers

microsatellite markers. Within this region, we had found
that the single nucleotide —16C>T substitution in the pu-
ratrophin-1 gene was strongly associated with the disease
(Ishikawa et al. 2005). Since then, a number of patients
with the substitution and the common haplotype were re-
ported in various areas of Japan. However, a report of the
one exceptional patient without the substitution in the
family in which all other affected subjects carried the
substitution (Ohata et al. 2006) raised the possibility that a
true pathogenic mutation may be present in a different
gene. This exceptional patient indicated that the mutation
might be lying centromeric to the substitution in the pu-
ratrophin-1 gene, where the patient shared the common
haplotype with other affected individuals in the family.
Here, we re-examined the 16q-ADCA families with the
—16C>T substitution in the puratrophin-1 gene with mi-
crosatellite markers and found four possible centromeric
borders of the disease locus (GATAOl, D16S397,
GGAA10, GGAAOS), based on the difference of alleles.
We searched for informative SNPs around the markers
capable of distinguishing the chromosomes derived from a
founder and analyzed haplotypes with the SNPs. Because
all of the examined families carried SNPs around the
markers GATAO1, D16S397, and GGAAI10, ancestral
chromosomal recombination around the markers was not
confirmed. The differences in alleles for these markers was
only one repeat-unit, suggesting that the allele differences

(Table 1), further suggesting that the centromeric border of thedisease
locus is SNP04. Family U09 carried all of the 13 SNPs. This would
also supportthe theory that family U09 shares the 16q-ADCA
common haplotype centromeric to the substitution inthe puratro-
phin-1 gene

SNP SNP change on it‘;eg::‘etr:g family No,

16q-ADCA (%) P4 T3 T4 TS T6 T7 TI2 TI5 T21 T28 T37 T43 Tad Td6 Uoo
SNP01 A— G 78 G/A G/A G/A G G G/A G G/A G/A G/A G G/A G A G/A
SNP02 A— C n2 C/IA C/A CA C C C/A C C/A C/A CA C C/A C/A A C/A
SNPO3 T— C 300 CT CT CT C C CT [o CT CT CT C CcT C T (o/4)
SNP04 C— T 278 T/C T T/IC T T T/IC T T/C TI/C T T T/C T C CrT
SNPOS G— A 00 A/G A/G A/IG A/IG AIG A/G AIG AIG A/G AIG AIG AIG AIG A/G A/G
SNP06 A— G 0.0 G/A G/A G/A G/A G/A G/A G/A G/A G/IA G/IA G/IA GIA G/A G/A G/A
SNPO7 C—- T 563 T T/IC TIC T T T/IC TIC T T T/IC T/IC TIC T TIC T/C
SNP0O8 T™ A 455 A AT AT A A AT AT A A AT AT AT A AT A
SNP09 T— A Q24 A A/T AT A A AT AT A A AT AT AT A AT A
SNP10 T—- C 455 C /T CT C [of CT CT C C ¢T CT C¢T1T T CT C
SNP11 T=—= C 303 C C/T CT CT C CIT C (o C/T CT CT CImT C CcrT cr
SNP12 G— A 182 A A/G AIG A/G AIG AIG A/G A A/G AIG AIG AG A A/G A/G
SNP13 C—- T 87 T CT CT CT CT CT CT CT CT T CT C°T T [o/2 ) (074}
puratrophin-1(C/T) C = T 0.0 T T T T TC T/C T/C T/IC T/IC T/IC T/IC T/IC T/C TIC C
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in GATAO1, D16S397, and GGAA10 might have resulted
not from recombination events, but from the microsatellite
slippage mutation (Tkeda et al. 2004). On the other hand,
four families (P4, T3, T25, T46) showed great allele dif-
ferences in GGAAO5 and one family (T46) did not carry
four SNPs, confirming that family T46 did not share the
genomic region centromeric to GGAAOS5 with the other
16q-ADCA families. This strongly indicates that the cen-
tromeric border of the disease locus of 16q-ADCA could
be placed at SNP04.

The UQ9 family had the identical alleles for all markers
and SNPs in the region centromeric to the —16C>T sub-
stitution in the puratrophin-1 gene. It is impossible to
conclude that the family has the common haplotype of 16q-
ADCA because only one examined family member was
available for the present genetic analysis. However, car-
rying the rare alleles for GGAAOS and infrequent SNPs,
both highly specific to the disease chromosome, strongly
suggests that the U09 family shares a part of the 16q-
ADCA common haplotype. The patient in the U09 family
developed pure cerebellar ataxia later in life without
apparent family history. Because 16q-ADCA patients were
found among sporadic cases (Ouyang et al. 2006), these
clinical features of the UQ9 family are consistent with those
of 16q-ADCA. Importantly, this family had not been re-
ported previously and, therefore, would be the second case

-of 16q-ADCA without the substitution in the puratrophin-1
gene following the family reported by Ohata et al. (2006).
These cases indicate that the telomeric end of the disease
locus could be placed at the —16C>T substitution in the
puratrophin-1 gene. '

Haplotype analysis of a number of 16q-ADCA families
with microsatellite markers and SNPs in this study suggests

[{SCAd locus| {16¢-ADCA locus}
Chromosome 16 /52.00Mb 1 py165503
PRisssors
- TTCCO1 3 |

+ puratrophin-1

- —__
\ 73.00Mb D16S512

Fig. 1 A summary of critical intervals for 16g-ADCA and SCA4.
Our study could define the disease locus of 16g-ADCA to a 900-kb
genomic region between SNPO4 and the —16C>T substitution in the
puratrophin-1 gene. This region is completely inside the candidate
locus of SCA4 (Flanigan et al. 1996).The haplotype region (asterisk)
between TTCCO1 and the puratrophin-1 gene shown by Ohata et al.
(2006) is also shown, together with an alternative critical region
between D16S503 and the puratrophin-1 gene (see text for details)

Ohata et al. This study
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that the gene locus of 16q-ADCA could be re-assigned to a
900-kb genomic region between SNP04 and the substitu-
tion in the puratrophin-1 gene (Fig. 1). This region partly
overlaps with, but is not the same as, the candidate region
previously set by Ohata et al. (2006). They showed that
three large 16q-ADCA families shared a common haplo-
type between D16S3086 and D16S412, and suggested the
possibility that real pathogenic mutation would exist in the
region between TTCCO1 and the —~16C>T substitution in
the puratrophin-1 gene. However, the allele difference for
TTCCO1 in their families was only one repeat-unit, and all
of their patients shared identical allele for TAGAO02, lying
centromeric to TTCCO1. Since the possibility of slippage
mutation remains as an explanation for the allele difference
seen in TTCCO1, as we observed for GATAO1, D16S397,
and GGAAL1Q, it would be cautious to place the centro-
meric border at the marker TTCCO1. Given that the allele
differences in TTCCOI1 is due to slippage mutation, the
centromeric border in their families would be alternatively
set at D16S503, since an obligate recombination was seen
between D16S503 and TAGAO02. It would be, thus,
important to analyze GGAAOQS and specific SNPs in their
families to see to what extent their patients harbor con-
served haplotypes.

Although we found a patient without the —16C>T sub-
stitution in the puratrophin-1 gene, the substitution was
present in all patients except the one in the UQ9 family (i.e.,
125/126=99.2% sensitivity; 100% specificity) and, thus, the
puratrophin-1 genetic change still remains to be a useful
marker. Molecular diagnosis with multiple microsatellite
markers and SNPs will help to identify 16q-ADCA patients
more accurately. Through the present study, we showed that
the truly pathogenic mutation would lie in a 900-kb geno-
mic region between SNP04 and the —16C>T substitution in
the puratrophin-1 gene. Further investigations for finding a
genetic mutation within the critical region are needed to
elucidate the molecular pathogenesis of 16g-ADCA.
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82/ %, MRER 17 Bl/FThoi. BREERLLABAIT
ol HAS B EBRBRTELRALYD, Ths0fER
BAFICLBEHMELL BEOABIEOENTET, HB
FOEFOFA R Mot BICHET AR UERA. B4k
OHETTIZE X ICUERAL. HERS, KOERS, 5E8
BREETho HHRIEBH LR HFHHFALIT
FERAEG 2. BAEGHIIE4 £ 2. BEEHImMM4 T, £
DBDOBHIZIEETHo /2.

BE MY - mBEE{FRER T CK641U/L. ¥ AchR
Ptk 25nmol/L L BRI L EE b o, B TOBRME
# X E AN K CTpH742, PaC0:435mmHg. Pa0,752
mmHg, Sa0:94%, FiERIE 175 (FRAMED 71.6%), ¥ —
7 70— 2547L/s Tho 7. WE X BMEH, L CT Ti2hl
HFrHRICBEELR2,o7:, B MRIIZEETH 7. ECI0
mg BiER, BBS, HH BBETE EPOKARLTLE
REET, HBSHTORERNBABRTHHEERS6% TEC
BERIE Bk h o7

VF (BT EEOEENFREIVcERL, HFHICL2RAE
2 TCHRIELZ. EC10mg BHERIHR TN 7 AKBH 10m!
FREOSGRTHRTTAGFET LN JAMIE—-78
gZHBICHBL, £EOIAI VS THRTTIHBET %
307 L—A/BTHRELL. BHBEEZRLTADT I K

%Hﬂﬁci Lot %n%‘nomﬂ: 2nT, NETHH,

ESLFH - ik v 5 — RERBREAEAR (T187-8551 /NFi/NIIRET 4—1—1)
‘B EVARREISEREAENR (T349-0196 EHMRIE 4147)
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Table 1 Comparison of videofluorography results before and after'edro;ihonium chloride (EC) injection

Liquid (10 m! barium) Solid food (8 g of corned beef hash)
At the time of admission 3 months after At the time of admission 3 months after
Before EC | After EC admission Before EC | After EC admission
1) Number of swallows 3 1 5 1 2
2) Residue in VAL and + + + - + + - +
in piriform fossa + + - + - -
3) Pharyngeal transit 084 0.66 0.59 2.86 199 217
duration (s)
4) Aspiration None None None None None None

EC: edrophonium chloride. VAL: valleculae. The initiation of swallowing is defined as the starting point of the sudden and rapid
superior and anterior motion of the hyoid bone. A3 point scale was used; — corresponds to no residue; +, to a coating of residue
(a line of barium on a structure); and + +, to pooling of barium. There was no evidence of asﬁffation in any of the recordings.
The first videofluorography was performed at the time of admission. After the EC injection, the number of swallows decreased,
and the residue disappeared, particularly with solid food. The patient was treated with 70 mg of PSL for 4 weeks, and the sec-
ond videofluorography was performed 3 months after the first videofluorography. The number of swallows, the residue, and

pharyngeal transit duration improved.

) Fig. 1 Videofluorography
Videofluorography performed while consumption of 8 g of corned beef hash with barium. On the
left: Before edrophonium chloride (EC) injection. The residue is prominent in the valleculae (large ar-
row) and the hypopharynx (small arrows). On the right: After 10 mg EC injection. No residue is ob-
served in the valleculae and the piriform fossa following the ingestion of corned beef hash. Dysphagia
was improved by EC injection. The ingestion of corned beef hash was useful in evaluating the swal-
lowing disturbance. The round objects are 24 mm in diameter (lower right arrow).

BB EBET 5 CHORME (pharyngeal transit duration :
PTD)®, 4) BEEDEFHEFZ IV 21— 5 —THRITLI .

VF &R EOoaSWET Tk, BECBER BTEH3
E261EIZRY, BEEFORBIEERS L, PTDI
0.18 F4ERE L7248, BEE~D/3) 7 siFE L, RBMORE
BAREE -7z HIBEET i, EC Bk, BTEHULS @by
5 1ENZHE Y, PTD ki 1.87 B4 L%, IREES & 50K
MOBRBRIHEELL. WThoRETH, BEWI 2 H o7z (Ta-
blel, Fig.1). EC #Ef%, HEEROEZ R

%218 :PSL70mg E A % 4 BFMNRSE, WTHEERIHEE
L7z, VF T, BEOSGSET LIEMIET & b1, BTEHE
CIHEOREIRA L, PTD X4EH L7 (Table1).

z =

BRICAZMGBEFETHERELFL, ECREBTR
EHHO VERIRAEE L PO MG ELAETEEL
BE L7 BEFOLEAARLHEBTOEF XL, HEAET
TRUERAEINRT, EHEOHEICR 2L 2d o7 EC
10mg BEROETICBWTH MERR L BEERKICREN
HH, MGTIVF KIZEBNLFEILETCHLILE
AL7 B, BHRCBBTE, MASIE EC 10mg TRREH
%<, MG TREDOEMIZL - TEC KT 2 RisHAZ &
BB EHIRBENT.
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Abstract
Videofluorographic evaluation of dysphagia in a patient with myasthenia gravis

Yoshitsugu Aoki, M.D., Toshiyuki Yamamoto, M.D,, Katsuhisa Ogata, M.D.",
Yasushi Oya, M.D.,, Masafumi Ogawa, M.D. and Miho Murata, M.D.
Department of Neurology, Musashi Hospital, National Center of Neurology and Psychiatry
*Department of Neurology, National Hospital Organization Higashisaitama Hospital

A 64-year-old woman with myasthenia gravis (MG) presented with isolated bulbar symptoms. Two years ear-
lier, she had developed neck weakness, diplopia, and ptosis and was diagnosed with MG. Extensive thymectomy
was performed, and she was treated with predonisolone (PSL). The neck weakness, diplopia, and ptosis improved
over a 2-year period. However, dysphagia developed, and her voice took on a nasal tone that did not improve sub-
jectively even after administration of 10 mg of edrophonium chloride (EC). We then performed videofluorography
(VF). After consumption of 10 m! of liquid barium and 8 g of corned beef hash, she attempted to swallow, but the
residue remained in the valleculae and the piriform fossa. After the EC injection, her dysphagia on ingestion of
corned beef hash improved; however, there was slight subjective improvement in swallowing. Drinking of liquid
barium resulted in some residue with slight improvement of dysphagia. After treatment with 70 mg of PSL for 4
weeks, VF showed improvement of dysphagia. Thus, VF, particularly during consumption of solid food, with EC
administration is helpful in evaluating bulbar symptoms in patients with MG.

(Clin Neurol, 47: 669—671, 2007)

Key words: Myasthenia gravis, dysphagia, videofluorography, edrophonjum test, chew and swallow
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&[E)3 [Parkinson % What'snew? } ¥ WHIBETDH
B EWS, R—F Y VIFHREO—RERIZEREICOTD,
TR, BEERTERH—F Y VREZDWTO
BREDEE, BERFETOEA, BLUBBRERRBECHHE
Hizow T, kB, BBREBEOEHDS L, 77
7 vy AnREAEREC LW TRIPECE RS
TW5DTEFSL L EERBBINL,

IN—F ) AREABRIZIOWTOREDEEE

1. L-dopa 8IBIDIEIIT

BN A L T4 ARG THE S Lz 2000 SRR,
2= F ) REEICBO TR P U RERRIBEDR
ArnIEEcEmTAIN, L-dopa B LABEHRICShTY
RSP, LL, 20D2ELSWTHEHEEMNIZY L-dopa
OERAELEFMMENTETHWLI IS >ELNE. F—=
> 7 #4 > ik ELLDOPA study TH 2 5. Z#id 2002
FE2 A7 2 TO Movement Disorder Society DHERBRE
DREBERSNIZD, REOEXRNED» S »ESME» S
DI E LT OFERR 2004 FEi2kk o 72,

ELLDOPA study & 1& 1998~2001 4tk TR & hik
BEERIgE T, X—F vV VIROBEE 2 ELIROHIEABIC
21T, 5%, L-dopa &% 150 mg, 300mg, 600 mg/H
D 4 B (BB 90 2) O —EERIC T, 40 BRRE, Z0%
8 %ok U 238%% % T UPDRS LI CRHE L 72 b O TH
5, HEHIHELU-HEE RS 2BHETY L-
dopa B E5HTRBEM I VERC I o7z, FLEEL 1K
FRE TH 5 L-dopa DEFEZIEN 2 EM R T 213 T
b7 <, L-dopa SHREEERAZ D, DI L
b L-dopa 12 & D #REIEEAEH 5 Wi OEEREN £ &
DIEEATSZENED IWIREBERHRF 752 ol
pZepmEgEh, Yk db L-dopa BETIERWVWI L

57 HIF EFM - R vy - RERR/ ARERRR R

82

FH EXRE

BRL7:. Lad, BEEIRTIT>7% -CIT SCAN(F /¥
TV NFUAR-F—%FMF 5 SPECT) Tix L-dopa
BEBCIERKFHCIRDALZBETL TV, ZOFBR
i3, #Hh ¥ o PET, SPECT 2wz F 82 U 2EEF
BEOMZFREERELTET 500 LR 0EIEY (B
2 & DR ARDOIMDAKMETIE F /¥ 3 REMERIBEED
125 3% v, BEFRAEIRIE L-dopa DX 3 43L& W) DERES
B DFHE{ERER T,

0z ¢, COMT [HEZ TH 3% entacapone LK, M
THEHAI N, & 51T /38K +entacapone DEHIHHLK T
Fa[xhi-Z &, Hic’s MAOBBEES T H % rasagiline
DBIE, rasagiline 12 & 3 [delayed start 9 &5 Fiizie
HEREEROFM AR L 2EEER ML Y, &RE
BEEHICS [ D L-dopa 23/85—F >V VIRIEED
golden standard TH 5] I LI ARR->TETW 5
Bi3H 5.

2. BEFNI O REFRBROER

HELVWECHEBAAIRRZ PN UREERBER
bromocriptine, pergolide, talipexole, cabergoline, .
pramipexole @ 5 F|T, & 5 Z £ Bl ropinirole 2358 0]

ANl FPO PRI UREFREED S b NP —F L

WHhEWS T EIChEBE, TEFUVAVRMVEZDOWTIRZ
DEFHBHR S MLRRERBH 50 TELDBVED S
M, EFE L THHENRZEEENH 2B EDERR
1388 72+ 2 ¥, pramipexole Db BETDIRERIIBES
& Uf bromocriptine #X®R & L TiThiizs, EEEIIW
FThyBELDEMC UPDRSIIOR 2 7 28E L1228,
pramipexole & bromocriptine DI I EFEZRRD 5
Nkhotz? 12120, 5HIO /N UR2EEREEIER
#l, EEAFLVIBEOER, FRMOERZEZNE
NEED DY, BECED HIEATIENEASHAL S
TOBSHFI CRHEE S W EDRV S H S0, B
WZ2ZEREDLOTEHIATREILEWVZ S,

0289-0585/07/ ¥ 500/ 3L/ JCLS



3. MREERBFAOFHEIZOWT

2002 £, 2003 4E1ZFHK V> T pramipexole?, ropinirole®
ZRHOI PN UREBRIBE CHESBEB LB L-
dopa THEZBB LB OWT, BEKERE 5-CIT
SPECT & % v> i3 fluoro-DOPA PET iz & D F/33 >
REMAREFHE T 5228k ), MREEERETHET 27
DORBEFRBRERE N, ZhsRuTFhsERC R
N7 —F TN U REFRIBEOMBRERRST
SN A AT, EREBAS RENRDZIZH LoD
57, BRRZIRICIIZED 2, H B Wit L-dopa BB D IF
IVRIVEVSBRTFHMEPHEL o7z, 251 ERD
ELLDOPA studyV»s#ii&s & 11, g-CIT SPECT % fluoro-
DOPA PET TREVIOMEREEA 2T 5 D3R
EWIEERRICE 57z, In vitro TR% { DERIOMREE
fER»ImE S, BERNICERES 35 L5 »OFHIZR
WTEBETHS, ZOFHEAEICOWT, RiHTELD
%% delayed start &3 B TH 3. rasagilinel mg/H,
2mg/H, BEDOIHTOLARELI-Db, BERIZ2
mg/BRE5L, 3HEDH 351261 ARKBESKSE S R,
UPDRS NI CEMfi 2 #17-. WFSERAtA L D 12 AR OBRE T
6% BEN T rasagiline 23135 2 7> delayed start B,
early start WX ¥ v F T v S CER DI M S,
rasagiline IS HEREMER N D 2 TJREM I TR SN S L]
FEEINTVLBY. ZOFELRE UTERY I EH O RERER
EERZFETCE 203 EBRODZLIAT, 5% D
R BLETHS.

RERFPOEH

1. ropinirole

OLOBETHHARTR I N TFTEDRODHEEAR P03
VEREMHREETH 5. pramipexole 2 X b TEEIL T
WY, UITDLIhb00uhbs. Thbb, SEGE
MOV TR, P93 v BERERAOEMMIZ K/
[ D2>D3 T, pramipexole i ¥ D3 ~OEMH X
THL WAL, 20 b= VR COZEKAOBMKE
BEDLH TEVOIE pramipexole X FETH 2 FiiHAL
H6BT, HBT/ Vs o et n b 220k B
Brofhtanzonic, BREREDEEBIZ T WY K
REIREDOWTREROLET > 2035 D, L-dopa $H

TOXFEIZ, insufficient data T possibly useful Tt &
540D, BWMER, BXUEBAMHEDO T, BEED
pramipexole & [E]#%, efficacious, clinically useful & 5
iz T35 BWERDOANZEIL, pramipexole i & <l
TWw3Y, IhE TOBENBHBR COBROEN T,
ropinirole iZ pramipexole I8 L T, XIEDFKBEE X
BV, (BIMEPRSKOEFHBEEIZLRE L L v HEs
b3

2. entacapone

2007 FIC XL E TORENFE S 13 COMT (cate-
chol-o-methyltransferase) [HEHITH 2. b &b & F/5D
FRARBERII P HREBERDDC) LD Fvs v
EHEND D TH 3B, carbidopa, benserazide %z ¥ D
DDCHEHR L DERIBIL S Ebh B LS5z, COMT
IZ &'V 3-o-methyldopa (3 OMD) & % 2 ERESEHELE T
5 & 510572, 30MD I3 HHIL 16 B L E i1,
R FAIRACE D IFEEIZT LA F/L D 30MD O
E50E %5, 30MD BBED» S DI Y A B L U
BRBEFT D@z 1X, K 9B U LNAA (Large Neutral
Amino Acid)system ¥ IE|Eh B EEENE XS X 7 A B
T 57, REREZDTEL L FORINEPEET 2 G458
HbH5 KETOF D 3OMD ~OREFHEL, K9
DFEFYEERT 5 L 2 PFL AR I NLEHTH
% . COMT BHEA] & U T tolcapone 5T L B WiE %
HIT T, WMCRILVEELFEESRE SR
, REZICKTHREZFBERETOATHERAIATL
% . entacapone i3 T TIZERKTIL S HHIN T WL 3 BNEE
TREEIHRE SN TuiRn,

entacapone i3 £ DEREF 5, & N9k DDC [HEH &
OEREDOHATHD CHRERT. BEKETIF 0D
REMMPEE (Cmax) & EF I EREHSEER L, wear-
ing-off DWESNRLHAFRF T E 519, 213, entacapone 13
BN FAREEUL 1RMBE L EW I L 5RAI RS
EERIICRAT 2729, 1 Bz 3~4 BI% i hif 8 BIOIEHA
bHD S5 BERETCmax D L&MW LS
EEBREML 2L Z LRI NS, KoM
BHEVEIRORVIBICRORAEZRAT 205
BRRBC L 2MFPBEO LR IB I, off BEIORA
EEDRTHEEHOSID > s renD, ERoa
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Fo— iR Ing CUEC FNORBEOFEHNPEE
BHEWZED. ZHRCHEVS0mg D R ASHIBFERTCE
LZENEEND.

INE TOBHAOKRBBEBRER TR, FRALFEFC
entacapone 100~200mg ¥ >R/ EL (BE 1 H8HE T)
off BERIZ 1.6 BERI (63813 0.9 BFR) @M L 712, %72, b
BETREROFERSOE ISR LHBH LW MAOBE
EHF (D rasagiline &, entacapone, B3 ¥ DI TEHEHLE
S B (LARGO study)'®T i3, rasagiline 1.0mg/H &
entacapone 200 mg/El( ¥ /% & AR S) I TRIZAEE
THBRECHEL (EELXRETH S, off RREDOKHEA1.2
B 2 . L TR ORBRIC BV T b FHEEES IR 50
B2 THHELBCHBECR3IZETIIRL, FRAOBE
THIGTEETH B LI NT WS, BH TR T TITF 8 car-
bidopa/entacapone D&HI b FHFEI N T 5.

3. zonisamide :

zonisamide B TAPAE L L ThBETHERI 1
EHKIT, bHBETIZ 1980 FR» S, EFERKKTH, HiE
HTADAERRELLFERAIATYS. bbb ER
DEERM R » 5 zonisamide DF/ I—F >~V EA R FHR
L7 $bb, FE10 FO—F >V VHEEN &
TeETADLARKEEZBIL, ZhiedT2EROLDE
zonisamide 300 mg # {5 L7 L 23, TALAREDOH
Rrrbe R t—FrV XL bFEHCHELL. Ihx
& 5 PN/ OBRRITR 21T, & —7HEBRT/ 8-
F UV UBEOEERERE & U wearing-off IHREOWE %
DI, ki, TOBSET1IHSOmgBEODETHLRR
BEHSLTH B Z &, FEHBR OER (63 K TH 3
DT, 1H1E®RETHF —F VY = X ADOHE TR
TEDZevbirol:. Z0D#, EAT L-dopa ffH O
T —F vV ViRBE BED SETHERTRE R Y —
FUY URBRITARCHATRE) 2 NRCBESHC LS
KEBE_EHERAR®ITY, 50mg/HIH1E#®E)T
UPDRS 11 & Of wearing-off OSE SR LY, HEHR
FhThs BEELLVETHEBTREZII—F Y VIRE
PHEALT, BBEENRBTRTG2 %Y FEE
e LA_EERBR TR BRBMEEHNIE
T, UPDRS I T¥9# 6 faniiz, 1 HO off BffEid 1.5
BREEEERE L. off Rl 0% E I COMT HEAR O

entacapone * FBRETH 5. £/, REKRSHECH, &
5% 4~16 Bicr TERCREL, ZOREEREA
ED, LAk DUETIERCHD, 1 FEFELL. F
BHREBHM 10 FOBE TREVHOHED A2 5T, 1 F
Micblz> TEVERPUET 2EACDH S LIZEER
FRLBbhb.

zonisamide IZL TA D AZE L L Tix 300~600 mg/H 53
BERHEBTHHD, Hi—F oV UHREENLD LRD
BOBECTHREETS. RTAPAEL L TOFRRF
i3, NaF v 3anEE TR CaF v 3 NVEENRE
ANTEY, GABARZNOEZEFARZWEEN TV S,
Pit—F vV UHROERBERF L LTI, ERERL S
zonisamide 2% F /¥ 3 VSR DOTUE, PEFEED MAOB [HE
EREZF O PSR- TWEY 7L, KB
EERIZBWT, D@2 MAOBHHERTH 5 ser-
egiline & O #F O #& T zonisamide DX EBEL L %
ol ks, MAOBHEFRASEARIOZROFLT
BhaweEziohs,

zonisamide B TADPAZE L U TORELYIL S radi-
cal scavenger & L THIBREZEERAS b Tz, &L,
BESBNS—FVVUETNT Y VTN REBE LB
EREah b/ vEEEEIN% zonisamide 2EIFTE
MHT 2L 2HELTHBD, RPFRBRTORSEEFR
EEZEDLET, HRRELVWIHETOHFTE 2,

R BBRPOES

1. rotigotine

FEFAR L U REBRBEDOINET, RAERYE
2HEEHITTCHS. 1H1IBEFRKEL T10cm?(4.5
mg)~30 cm?(13.5 mg) D3y F 2T T 5. EAHITH
e oTELRLNTRES L UHRSEFENS, /-
EL, ERkd B I LRI 4 R TRIBE LA
Tmax (3 SRR TH 5. - HIBERK 3 Bl T 50% DBRE
FTCRERTTLZ L0, RERSTHRE (M) & 1~2 B
Mg CEBEMSETL, I~ 8KERE TRACBEN LR
L, 20%IZ 24 % CRBERZRZ—ETH L. ZHFHE
~DOFEMMZ D3R HE L, pramipexole L FLL TH
D, pramipexole 1.5mg & rotigotine 13.5 mg 23X IZ[F
Zrantws, RERWEBRE SVvrorBiaghrE
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