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Figure10.  Ahypothetical scheme fortranscriptional regulation of isp70n cortical neurons and cerebellar newrons. The basal expres-
sion level of p53 is higher in cortical neurons than in cerebellar neurons (top and bottom left). In the presence of mutant htt (mhtt), (BF -
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subtype-specific response to p53. The mechanistic knowledge could
be useful for developing a novel therapeutic approach where vulner-
able neurons are changed to resistant neurons in the HD pathology.
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A genetic association between the fibroblast growth factor 20
(FGF20) gene and Parkinson’s disease has been found by the
pedigree disequilibrium test. This association, however, was not
replicated by a case—control association study. In order to clarify
the association between the FGF20 gene and Parkinson’s disease,
we attempted to replicate this association by a case—control
association study using a large number of Japanese samples
(1388 patients and 1891 controls). rsI721100 exhibited a significant

gene

Keywords: association, case—control study, fibroblast growth factor 20 (FGF20), Parkinson's disease, single nucleotide polymorphism, susceptibility

difference in allele C versus G (P=0.0089), and in genotype
CC +CG versus GG (P=0.0053). Haplotype association analysis
showed that haplotype 2 was the protective haplotype for
Parkinson's disease (permutation-P=0.0075). These results suggest
that the FGF20 gene is a susceptibility gene for Parkinson's disease
in the Japanese population. NeuroReport 18:937-940 © 2007
Lippincott Williams & Wilkins.

Introduction

Parkinson’s disease (OMIM #168600) is one of the most
common neurodegenerative diseases, characterized by
resting tremor, cogwheel rigidity, bradykinesia, and im-
paired postural reflexes. These clinical features result
primarily from the loss of dopaminergic neurons in the
substantia- nigra. Various medical treatments improve
Parkinson’s disease symptoms, but do little to deter disease
progression [1]. In Mendelian-inherited Parkinson’s disease,
eight causal genes have been identified (SNCA, parkin,
UCHL1, PINK1, DJ1, LRRK2/dardarin, ATP13A2, and
NR4A2/Nurrl). Sporadic Parkinson’s disease is a complex
disorder, with multiple genetic and environmental factors
influencing disease risk [2]. Identifying genetic risk factors
for Parkinson’s disease will be helpful in elucidating the
pathogenesis of Parkinson’s disease.

Genome-wide, non-parametric linkage analyses of Par-
kinson’s disease families have revealed significant linkage
in multiple chromosomal regions [3-6]. One of these
prominent regions of linkage was found on chromosome
8p (LOD score 2.2 at D8S520) [6]. Subsequently, van der Walt
et al. chose to examine the FGF20 gene in their investiga-
tion of biological candidate genes for Parkinson’s disease

susceptibility in this region. The FGF20 gene is approxi-
mately 9.3kb "(http:[/genome.ucsc.eduf), and is located ap-
proximately 62Mb from a peak marker D85520 on
chromosome 8p22-p21.3 [7]. FGF20 is a neurotrophic factor
that exerts strong neurotrophic properties within brain
tissue, and regulates central nervous development and
function [8]. FGF20 is preferentially expressed in the
substantia nigra [9], and it has been reported to be involved
in dopaminergic neurons survival [10]. In order to assess the
genetic association of the FGF20 gene with Parkinson’s
disease, they genotyped five single nucleotide polymorph-
isms (SNPs) [s520399076 (rs12718379), rs1989756, rs1989754,
rs1721100, and ss20399075 (rs12720208)] lying within the
FGF20 gene in 644 families from the United States,
performed the pedigree disequilibrium test (PDT), the
genotype PDT, the multilocus-genotype PDT, and the
family-based association test, and discovered a highly

-significant association of Parkinson’s disease with one

intronic SNP, rs1989754 (P=0.0006), and two SNPs,
rs1721100 (P=0.02) and rs12720208 (P=0.0008), located in
the 3’ regulatory region. Furthermore, they detected a
haplotype that is positively associated with risk of Parkin-
son’s disease (P=0.0003), whereas a second haplotype was
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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 ~ |3 |2%8
FGF20 gene was a susceptibility gene for Parkinson’s b I~ €< |ee-°
disease [11] . -] Tom
Subsequently, Clarimon et al. sought to replicate the Bl 2|22
association of the FGF20 gene with Parkinson’s disease by -l ;‘é é_ 5 é
performing a case—control association study with four © g:o’}, s
SNPs [rs1989756, rs1989754, rs1721100, and ss20399075 ==0
(rs12720208)] using Finnish and Greek samples. They found o
a difference in allele frequency in only rs1989754, but the 3 a3~
difference was not significant after the Bonferroni correc- _~la |®°°
tion. They also found no significant difference in the 2% s5e
distribution of haplotypes between patients and controls. g% L0
They hence failed to replicate the association of the FGF20 52 E g é g' i
gene with Parkinson’s disease [12). Thus, it is still O2lgh|ece
controversial as to whether the FGF20 gene is a suscept- 0=|=28g=
ibility gene for Parkinson’s disease or not. We here °
conducted a case-control association study using a large 2 (= §
number of Japanese samples in order to evaluate the g < ggs
association of the FGF20 gene with risk of Parkinson’s B N
disease. % é '%45: S E 8
: EFIEEE]
Materials and methods 0% =e=z
We recruited 1388 unrelated Parkinson’s disease patients
(age, 65.7 £9.8; male/female ratio, 0.84) and 1891 unrelated -
controls (age, 48.5+17.6; male/female ratio, 1.08). The AR
diagnosis of Parkinson’s disease was based on the presence g5 333
of two or more of the cardinal features of Parkinson’s £
disease (tremor, rigidity, bradykinesia, and postural in-
stability), according to the criteria for Parkinson’s disease -
[13]. Patients were evaluated by certified neurologists B : |SE8
specializing in Parkinson’s disease. The average age of ) g |F -
onset was 57.7 + 11.1 years. All patients and controls were of g 8 JUR R
Japanese ancestry. Informed consent was obtained from 8 S |&R&
each individual, and approval for the study was obtained 2 i
from the University Ethical Committees. Genomic DNA was 3 S |g8d
extracted from venous blood using standard procedures. § °
The TagMan SNP Genotyping Assay (Applied Biosys- o S = |88%
tems, Foster, California, USA) was employed for five - )
SNPs (rs12718379, rs1989756, rs1989754, rs1721100, and %’ 8 &3
1s12720208). SNP information was obtained from the dbSNP 2 $ZISST
database (http:/fwww.ncbi.nlm.nih.gov/SNP/) and the Interna- § £%
tional HapMap Project database (http:/fhapmap.org) [14]. ¥
All statistical analyses were performed by using the a E: =8% g
software SNPAlyze (Dynacom, Japan). Genotype deviation g e |P 222 2
from Hardy-Weinberg equilibrium was assessed by the x? 2 2 3
test. The statistical significance of a case—control association 2 £ 13 (288 E
was evaluated by the x” test, and odds ratio and its 95% g - R -}
confidence intervals (CIs) were calculated by the Bootstrap ‘o o |gms S
method. Haplotype frequencies were estimated using an £ = |e%3 8
expectation-maximization algorithm [15). We evaluated 5 co=-0l 59
pair-wise linkage disequilibrium (LD) among SNPs by D/ s R
value, and 7 as standards for LD. Case—control haplotype ] £y
analyses were carried out by calculating the permutation 3 ? |2EE]|sa
P-value on the basis of 10000 replications [16). 8 ’ z § E Z g z
5 3 il ]
3 =
Results g g [9QQe|se
Two SNPs (rs1989756 and rs12720208) of the five SNPs, £ <OVles
examined by van der Walt et al., showed a monomor- A o e s 3
phism in 95 individuals drawn from the Japanese popula- - o |8 REls E
tion, and therefore these two SNPs were excluded from £ a ReF ;f:.
further analysis. Three SNPs (rs1989754, rs1721100, and g g leeelef
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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 *>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, 1.01-1.23)]. 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% Cl, 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 r? 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 rsl2718379 rs1989754 rsI721100
rsl2718379 —

rsl989754 094 (098) —

rsI721100 0.68 (0.86) 0.72 (0.88) —

r? (') 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 y* 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 {D rsi2718379 rs|989754 rsl721100 Patient Control P-value
Haplotype | G c G 0.53 0.50 0.054
Haplotype 2 A G C 0.38 0.4l 0.0075
Haplotype 3 G C C 0.045 0.047 0.75
Haplotype 4 A G G 0.035 0.028 ol
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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 EFHA? gene is located 25 kb 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.
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Abstract The 16q22.1-linked autosomal dominant cere-
bellar ataxia (16q-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 SNP04 and SNPOS 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 SNPO4 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 (Schéls et al. 2004; Yu et al.
2005; Cagnoli et al. 2006).

Among these, mutations in SCA1, SCA2, SCA3/MID,
SCAG6, 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, SCA10, and SCA12
(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) (SCAS (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 FGF14 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 (16q-
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 MID, 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 16q-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, SCAS8, SCA12, SCAl4, SCAl7, 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, D16S3031, D16S3019,
CTATTO1, TAGA02, GGAAO05, D16S397, GGAAIQ,
GATAO1, D165421, TA001, GA0OO1, 17 msm, D16S3107,
GGAAO1, CTTTO01, GT01, D16S3095, 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 GATAOI 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 (D1683043, D1653019,
CTATTO01, TAGAO2, GGAAOS, D16S397, D16S3086,
GATAO01, GA001, 17 msm, CTTTO01, GT01, 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 16q22.1-linked autosomal dom-
inant cerebellar ataxia (16g-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 TAQOI1, close to the
puratrophin-1 gene in several families, and greaterrepeat-units
differences were observed for GGAAOS 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 Bl4 12 13 14 15 16 17 Iz 115 119 121 125 126 128 130 137 T4z T43 144 146
most frequency

D1653043 1 » 1 wiEBIBEE s 1 s 7 ne. 18 ne.ne. 1 ne. 1 ne 15 15 1
D1653031 9 al 9 9 9 9 9 g 10 10 9 910 9 98 9 9 19 9 & 9 9 9 9
D1653019 4 as 4 4 4 4 4 45 s 34 I W4 4 ne 4 nene 47 334 24 ne 3 3 [l
CTATTO1 1 me 1 24 1 1 1 M 1 1 1 1 13 ne 43 ne.ne 3 ne. 1 ne 12 1 08
TAGAO2 4 s 4 E 4 4 4 45 46 45 4 24 45 ne 45 ne ne 45 4 34 ne 56 45 PO
GGAAOS 1 w1 11 1 1 1 2 1 24 13 s 12 1mous 3 13 s s Kl
D16§397 1 21 ne. 2 1 1 1 0@ 12 W3 13 23 1 ne. 1 ne ne W4 30 -1 ne 31 1 -1
GGAAID 3 B2 3 3 3 3 4 5 3 3 3 3 3 36 3 24 37 U5 I8 46 3 36 35 7
GATAN 2 “r 2 23 2 2 2 3 3 3 2 2 12 23 U3 ¥4 W3 U3 1 2 3 U3 23 213
D168421 3 » 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 U 3 3 3
puratrophin-1C/T) T w T T T T T T T WC TCTC VC TC TC TC WC TC TIC TIC TC TC TIC TC
TA001 1 @ 1 1 1 1 1 1 1 1 1 1 1 19 17 8 U6 110 19 WS 1 U9 19 5
GAOO1 4 o 4 4 4 4 4 4 4 47T 4T 4 4 VA 4B 45 47T AT 46 4N 45 47 45 47
17msm 2 s 2 2 2 2 2 2 2 2 2 2 25 25 24 24 4 24 25 24 24 [P e
D1653107 7 s 7 7 7 7 7 7 6 7 7 7 6 56 37 610 6 7 57 37 67 47 67
GGAAO1 6 w8 6 6 6 6 6 6 6 7 6 6 1/6 36 26 26 46 67 & 6 6 67 67 56
CTTTO1 8 B2 g 8 8 8 910 8 9 8 n 8 9M0 39 910810 B 811 69 815 910 17 B
G101 6 5 6 6 6 6 6 6 7 6 6 6 2/6 16 46 46 206 56 46 6 36 4/8
D1653095 1 12 il o IREETEE 2 W 11 12 2 w2 81 1 w32 1
D165512 1 23 ne. 24 1 JER 15 24 15 15 15 ne. ne. ne. 1 w2 ne 24 JEEA

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 GTO1 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 16q-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, GATAO1L, and TAOO1
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, D16S3031, 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, GGAAOS5, TAGAOQ2, and CTATTO1.

Similarly, for telomeric DNA markers such as 17 msm,
D16S3107, CTTTO1, and GTOI, 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 GGAAOQO5 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. Although
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
GATAO1 centromeric to the puratrophin-1 gene. It sug-
gested the possibility that the UQ9 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, GGAAO05, DI16S397, GGAAI10, and
GATAOL1 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 U09 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 hdplotype 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 GGAAQS5, one SNP around
D16S397, four SNPs around GGAA10, one SNP around
GATAO1, and two SNPs around the puratrophin-1 gene
(Table 3). SNPOS and SNP06 showed high specificity to
the disease chromosome because they were absent in 200
control chromosomes.

Eighteen families showed different alleles for GGAAOS,
D168397, 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 SNP0O4. This
confirmed that the genomic region between SNPO1 and
SNPO4 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 U09 shared
the 16q-ADCA common haplotype centromeric to the
—16C>T substitution in the puratrophin-1 gene.

Discussion

16g-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 GATAOl and 17 msm by analysis with

family U09 harbored the identical alleles consecutively for the
markers from D1653043 to GATAQOI, suggesting that this family may
harbor the common haplotype of 16q-ADCA. n.c.=notclear.
A.D.=autosomal dominant inheritance was suspected

Eamily No, U0l U02 U03 U064 UO5 U6 Uo7 U8 U09 Ul0 Ull UL2 UI3 Ul4 UlS Ulé Ul7 UIS U19 U200 U21 U2
Eamily bistory ne no ne AD ne ne ne AD ne ne AD AD. AD. ne AD. AD AD AD nc ne ne DS

most frequency
common  in control

Mark
arier haplotype (%)

D1653043 1 %0 4/5 w2 | v 4/6 147 4/5 4/5 s | s 116 5/7 nn
D1653019 4 as 5 n 314 415 { 45 | 314 1 13 12
CTATTO1 1 24 3/4 13 3 3 113 ] 25 n 2/3 uz 2] 1 fs]
TAGAD2 a 103 2/ [ a5 | 5/5 476 5/6 5/6 6/7 5 2/6 35 GGl 36 26 56
GGAAOs 1 14 3 4/5 4/5 4 5 3/4 4/6 4 3 4 5 4/5 26 4 4/5 46 56 46 4/5
D165397 1 a1 13 23 46 4 4 1/4 AR s 26 I 3/3 13 B
D1653086 2 657 Y4 s 3 - 3 3 214 2 213 23 JE
GATA01 2 “i Y 3 4 3 3 13 3 2/3 2/3 ] 2 2/3 2/3 3/4 - 0/2
puratrophin-1(C/T) RS o C ¢ ¢ ¢cC ¢ ¢ ¢ ¢ c ¢ c c
GA001 4 “ /8 &8 8 &9 8 7M1 89 1 57 7/10 6/7 58 5 5/8 5/9 1/7 6/7 5/7 5/9 6/8 719 8
17msm 2 3 W 4 a5 45 s B s 5 34 4 3 4 13 BR 45
CTTT01 8 =z 57 B 60 69 455 7110 Si6 9 510 &7 9 79 sio KGR 7no sm 5/7 7/10 810 |0 o/8 I
GTO1 6 58 24 P 24 25 12 23 7 2/4 14 s 4 2/5 3/4 an 36 58 2
D1653095 1 s 2 BER 3 25 RIKY 2/3 2/4 6 23 24 Rl 3 2.3 1/2 1/3 4 34 Rl 26 24 204
D16s512 1 23 274 0 45 204 204 4 2 IR 45 4 24 4 (2B 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
(169-ADCA). We identified thirteen SNPs by ourselves. SNP0OS and
SNPO6 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 16g-ADCA control (%)
GGAAOS5 64,938,933
SNPO1 64,972,150 A > G 278
SNP02 64,977,170 A - C 222
SNPO3 64977733 T - C 30.0
SNPO4 64982678 C—> T 27.8
SNPO5 65,049,292 G > A 0.0
. D16S397 65,295,770
SNPO6 65,337,827 A= G 0.0
SNPO7 65449825 C > T 56.3
SNPO8 65,451,833 T—> A 455
GGAA10 65,452,426
SNP09 65,457,741 T—> A 424
SNP10 65,458,302 T - C 455
SNP11 65,669,454 T > C 30.3
GATAO1 65,700,022
SNPi2 65,771,917 G > A 18.2
SNP13 65,793,152 C> T 8.7
puratrophin- 65,871,434 C->T 0.0
1 (CT)

Table 4 The haplotype analysis with single nucleotide polymor-
phisms (SNPs). Fourteen familiesof 16q-ADCA with different alleles
for microsatellitt 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 SNPOI to
SNPO4. 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 (GATAO1l, DI16S397,
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 UQ9 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

se S [N tmils o

9- (%) P4 I3 T4 IS T6 T7 TI2 T15 T21 T28 T37 T43 T44 T46 Uo9
SNP01 A— G 278 G/A G/A G/A G G G/A G G/A G/A G/A G GA G A G/A
SNP02 A= C 22 C/A CA CA C C CA C CA CA CA C CA CA A c/A
SNPO3 T— C 300 T T ¢T € ¢ CT € CT Or ¢T C ¢ C T crT
SNP04 C— T 78 TC T T T T TC T T/ T T T TIC T C crT
SNPO5 G— A 00 A/G AIG AIG AIG AIG A/G AIG A/IG A/G AIG AIG A/G A/G AIG AG
SNP06 A— G 00 G/A G/A G/A GIA G/A G/A G/A GIA G/A G/A G/A G/A G/A GA G/A
SNPO7 C—=- T 563 T T/C T/IC T T T/C TIC T T T/IC TIC TIC T TIC T/C
SNP08 T A ] A AT AT A A AT AT A A AT AT AT A AT A
SNP09 T— A 4 A AT AT A A AT AT A A AT AT AT A AT A
SNP10 T— C s C Oor ¢r ¢ C COr Oor € C CT CT CTF CT CT c
SNP11 T—~ C 303 C Or or r ¢ COfF € C CT CT CT CFf C CT CIT
SNP12 G— A 182 A AIG AIG AG AIG AIG AIG A A/G AIG AIG AIG A AG A/G
SNP13 C— T 87 T CT T T T CT CT CTf CT CT CT CT T CT cT
puratrophin-1I(C/T) C = T 00 T T T T TIC TC T/IC T/IC TIC TIC TIC TIC TIC TIC c
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in GATAOI1, D16S397, and GGAA10 might have resulted
not from recombination events, but from the microsatellite
slippage mutation (Ikeda 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
16g-ADCA families. This strongly indicates that the cen-
tromeric border of the disease locus of 16g-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 16g-
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 16g-
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 U09 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 16g-ADCA families
with microsatellite markers and SNPs in this study suggests

[SCadlocus] ' [16g-ADCA locus)
- t
Chromosome 16 /5200MP 1 py65503 .
E ] l
T p1es3ors '
L onpos T
E FTTCCOL | . 7 I
+ puratrophin-1
| ! Ohataetal. Thisstudy
h 1
il |
'.J !
]
h ]
4 ]
\ ] )
- ——_ !
23.00Mp 1 D168512 !

Fig. 1 A summary of critical intervals for 16q-ADCA and SCAA4.
Our study could define the disease locus of 16q-ADCA to a 900-kb
genomic region between SNP04 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)

@ Springer

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 TAGA02, lying
centromeric to TTCCOL. Since the possibility of slippage
mutation remains as an explanation for the allele difference
seen in TTCCO1, as we observed for GATAOQ1, D16S397,
and GGAAI1Q, it would be cautious to place the centro-
meric border at the marker TTCCO1. Given that the allele
differences in TTCCO1 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 GGAAOS 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 16q-ADCA.
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EESHENHE (myasthenia gravis : MG) B8 OB T4
DEBFEZ ) —EYOEREATF L S5 7-DBRTEEDFMZ
EETH2" BTHREOCHMIZIE/{ Yo7+ =94
(edrophonium chloride : EC) B It DHE T HIRE (vide-
ofluorography : VF) O BMHHTH 53, VF THEAHTA
ERAIHEEERIC OV TORIZD 2\, EC BEdTH
DOEFYD VE MG OETRECTHMEIER TH - 12 EH
EPRETS.
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BRIE © 62, BAICOEME LRE FRETE #
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k) 63nmol/L, 7RG 0E 5 O R I BUSRER 13 3T 25%
T, MG L BEF S, BAMBREBRAZSY-EZ S, BR
BERTHor. ¥ FAFZ 32 180mg ¥HWBL, BRL
7o, 63RE, MRS, KBRTE FEAMBRL, 30M,
FERBYBERKTCER SN, BOFVL F=vor (PSL)
REAL, T0mg $ THIE L TEREIZEL:. 20k YY
FAFZ732V120mgEB & PSL20mgBBORRTEREL
7z GAEEEE, BMHOBABRTAMEL, £RBRTE #HHN
W L7, PSL 20mg B H IR & 25mg B AMRICHEE L

VY FAFT73I 2V 120mg BMFL, ERIZBRLL: BRL
TEDRER BETRICVoDPPZRLPUEI A, HAR
B2, ARkL:.

BE : 8 158cm, RE 68kg, MJT 168/88mmHg, BRM
82/5¥, WREE 17 B/5Th -7z, EBEER.LLAMET
Lhol:. BAE B ERBRTEXALD, ChbsOER
BB s L MELLE BEOREIIEDEBNTEE T, IHSB
FOERFOFANE ot RICETARUEZFHFL. B4
DET T E BICLERAAL WHERS, ROFRS, FEE
BIEETHo HHIIEER LB BEHHFALIT
BEHNES 2 ENEHIE 4L E2BELHEIAMLT, £
DMOBHEIERETHo 7.

BRE MHE - OBEECEIER T CK64IU/L, it AchR
Ptk 25nmol/L & B L BE L d o, BATOERMA
A A E NS TpH742, PaCO:435mmHg. Pa0;75.2
mmHg, Sa0:;94%, S8 1.75L (FRMED 716%), ¥ —
7 70—13547L/s ThHo7:. I X BEH, B9 CT T3
HLBBICRE 2D o7, BAHMRIZEETH-o7. ECI0
mg BHiER RS B BRTE BYOKRAAARATSL S
Y ELY, HEHTORBEARABTOHER 6% TEC
B L B ror.
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Table 1 Comparison of videoflucrography results before and after edrophonium 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 1 5 1 2
2) Residue in VAL and ++ + - + + -
in piriform fossa + + — + _ _
3) Pharyngeal transit 034 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 aspiration in any of the recordings.
The first videofluorography was performed at the timé 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 aumber 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).

HEE A EBTH I TORH (pharyngeél transit duration :
PTD)®, 4) MEOEEL I ¥ a— 5 —THEI L.

VE S BEOHG4ET Tk, ECHBIER WTHEIX3
Ao lECERY, BEESOBRBEIEERS L, PTD R
018 FU4a#E L 7= 28, BRE~D /Y 9 L5 &, FHKBEMDOFRE
BARER o7, WBET T3, EC #ER, wTEEHI5 E,
S LENIHE D, PTD & 1.87 B4EME L 7o 4%, IREHES & 2K
MOBBZEE L. WTFNLOBRETH, BEliZ L »o 72 (Ta-
ble 1, Fig.1). EC &kt HEEROKBUEZ»o 7.

#58 : PSL70mg & H % 4 BREIAMRE, wTEERIHESEX
L7:. VF Tit, OGS ET LIRMIET L DI, MTEEK
LIREOBRE B L, PTD EEML7: (Table ).

z %

BRI AZL MG BEVBRTHRERLHFL, ECHARTIE
ERMO VEFRNHE LI, S MGICX 2B TREELE

CBH L7 ABEFOLEALARCEB TOEF 2, WEET

TREUERAITIIAT, FEOEZERLZOLh» o7 EC
10mg BHEROBETICB W T HhER R & BEERICTERED
H0, MGTRVFICLAFBNLFESLETHLIILE
FL7 B, HECBEBRTE BASE EC 10mg TRHEE
2, MG TREOIMIZL > TECIIHT 2SN &
B LAREINT.
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MGIZL 2BTHEER, BTORECHET 2BTEHED

BIE, HECORWRE: LEGEE L, 2 ARl ) — X ®
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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 Hospité.l 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: Myasthénia gravis, dysphagia, videofluorography, edrophonium test, chew and swallow
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