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Abstract

In 12 cases of PRES (five men and seven women with mean onset age of 38.5 years) that we encountered in Jichi
Medical University Hospital from May, 2002 to December, 2009, We retrospectively analyzed the blood pressure at
onset, symptoms, etiologies, radiological findings, and treatment for PRES.

Clinical presentations were mainly headache and seizure. Mean peak blood pressure was 206.0mmHg (minimum-
maximum, 154 to 264mmHg) in the systole, and 122.7mmHg (minimum-maximum, 82 to 186mmHg) in diastole.
Etiologics of PRES included obstetric disease, pheochromocytoma, chronic renal failure, medication, disseminated
intravascular coagulation (DIC) and neuromyelitis optica (NMO). In brain MRIs, lesions were most often found
in the occipital lobe (seven cases), followed by the parietal (five) and frontal lobe (four). As the therapy of PRES,
antihypertensive agents were used in the most cases, anticonvulsants, and osmotic diuretic in some. One case was
associated with cerebral hemorrhage, but the others recovered without significant sequelae.

In typical cases of PRES with prominent hypertension and severe headache, its diagnosis was easy to make from
the symptoms and radiological findings. But, we have to be alert for some atypical cases of the condition with slight
hypertension as seen in NMO cases or only mild headache as its onset symptom.
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Table 1

Clinical findings in 12 PRES cases

Blood pressure at )
Case No, |Age, Sex . 4 : Creatinine |Symptoms Etiology Lesions of brain MRIs | Treatment for PRES  |Sequela
time of PRES, mmHg|
X Antibypertensive
28years, . ) Parietal, frontal, basal .
200/140 unavailable |Seizure, naussa HELLP syndrome . agents, osmotic None
Famale gangha L.
diuretic
Dysarthria, Shy-Drager syndrome, . Antihypertensive
2| 84years, Male 1204/73 1.12 4 Y g( v Brainstem P None
movement loss fludvocortisone agents
Antihypertensive
agents,
3} Tiyears, Male J200/130 0.35fHeadache, seizure  {Pheochromocytema Occipital, parietal anticonvulsants, None
extirpation of adrenal
gland
Antihypertensive
4lyears, Neuromyelitis optica.  [Oocipital, parietal, agents,
Y 154/82 0.4|Seizure vertis op P g genis None
Female methylprednisolone frontal anticonvulsants,
osmotic diuretic
Post delivery, § .
N . Antihypertensive
{27years, . . Traumatic Qocipital, frontal,
5 1807140 0.58§ Seizure, drowsingss ) ) agents, None
Female subarachnoid basal ganglia .
articonvulsants
hemorrhage
53 Gocipital cetal Antihypertensive
ears, ccipital, parietal,
Y 2147124 0.81}Seizure Hypertension 4 P agents, None
Fetmale frontal .
anticonvidsants
Headache, N Extirpation of adrenal
T{16years, Male junavailable 0.69 Pheochromocytoma Oceuipital, serebeflum e None
hyperthermia gland
Brainstem, Antibypertensive
8} 32years, Male 1220/120 1.88Headache, nausea  [Chronic renal failure gerebelium, basal agents, asmotic None
gangha, thalamus divretic
Brainstem, Antihypertensive
Headache, nausea. . . ! A
9] 3Byears, Male 1264/186 4.98 ot Chronie renal failure cerebelium, basal agents, osmotic None
sthar,
& ganglia diuretic
Cerebral
32years, ) Headache, nausea, |Threatened premature . X . .
10 unavailable 033 . . Occipital, parietal Analgesic hemorrhage. slightly
Female vomiting delivery
visual disturbance
Chronic renal failure,
56 Headache, visual Post renal Antibyperiensive
years, gadache, visual
11 184/108 4471 trar ation, O tal agents, change of None
Female disturbance R .
tacrolimus. inmunosuppressants
mycophenolate mofetif
Acute renal failure,
42years. Disseminated Antihypertensive
12 220/126 28|Goma : Occipital e None
Female intravascular agents
coagulation
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Fig. 1 Etiologies of PRES

Various diseases resulted in PRES, and obstetric diseases were
the most frequent ones.

CRF: chronic renal failure, HT:hyper tension, DIC:disseminated
intravascular coagulation, NMO: neuromyelitis optica.
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Fig. 2 Clinical manifestation
The most common clinical manifestation was headache, which
was emerged in six out of the twelve cases.

fva 7 (Fig 2). BHE MRI L OS5
P&t o /ods, WICHHTHSEDS S fl, HisHLE 4 %
s, N, BB ENTI3B, BRI S L BEA
hiled/z (Fig 3). F7:. apparent diffusion coefficient
map (ADC map) PHEFECEL L DIZ I TS HIE
BT LRI S Th o 7, R EdRE T R &
#AH ADC map 0,)@&:1‘%3"%‘ WD ol SO
MM, SRR L M 2SR RR C & 72 10 Bl CHe R L
7z FEE [J:Z? O L @ f‘@ & 206.0/122.7mmHg T,
IS B L R 1 1 P 2% 160mmBg R 2 I IC R
190mmHg ~ 219mmHg #% 6 #, 220mmHg ~
249mmHg 7% 2 1, 250mmHg LA L2 1 8172 o 72 (Fig. 4).
%43, 160mmHg KM ORI REE L LT NMO (2

26

Number of patient

@& @ & & 2 &
he) he) N Y
NN S S PO S
P X2 e NS 0 @ 2
L & L & K
O& Qv & < o

Fig. 3 Radiologic features in brain MRi
The most common, site of PRES lesion was in the occipital
lobe, where we observed in seven out of the twelve cases.
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Fig. 4 Systolic blood pressure at the onset of PRES

We retrospectively analyzed ten cases of PRES. Systolic blood
pressure was more than 190mmHg in nine cases of PRES. But
in neuromyelitis optica case, systolic biood pressure was
154mmHg.
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Fig. 5 Brain MRIs of the neuromyelitis optica case

A: Brain MRIs of the neuromyelitis optica case on admission.
We could observed bilateral occipital and parietal high intensi-
ties in fluid-attenuated inversion recovery [FLAIR] (left), diffu-
sion weighted image [DWI] (middie upper) and apparent dif-
fusion coefficient map [ADC map] (middie lower). High
intensity area in right medulla oblongata in FLAIR was also ob-
served (right).

B: Brain MRIs on two weeks later. Bilateral occipital and pari-
etal high intensity lesions were diminished, which couid be con-
sidered the posterior reversible encephalopathy syndrome le-
sions. The medulla oblongata high intensity was still observed
(right), indicating that was the lesion of neuromyelitis optica.
(From the reference 3, with the permission of the Japan Inter-
nal Medicine Society)
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Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disorder, and the majority of ALS are sporadic (SALS).
Recently, several causative genes for familial ALS (FALS) were identified, but the cause of the SALS is still unknown. This time, we
aimed to identify the genetic background of SALS. First, we applied the new sensitive screening methods: high-resolution melting
(HRM) analysis. HRM analysis detected 18 out of 19 known SOD1 gene mutations (94.7% sensitivity). Next, we screened SODI,
three novel mutations (C6Y, Q22H, and S134T) were identified in our own 184 SALS cases (1.63% prevalence), and four mutations
in another 255 SALS cases (1.56% prevalence) registered from all over Japan. The patients with SODI mutations suggested a
relatively young onset and limb involvement at onset. The HRM analysis is a sensitive and easy screening method; we will use this

method for screening other ALS causative genes and revealing the genetic background of SALS.

1. Introduction

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative
disorder primarily affecting motor neurons in the spinal
cord, brain stem, and cerebral cortex. Five to ten percent of
ALS cases are familial; the others are believed to be sporadic
[1]. Mutations in the Cu/Zn superoxide dismutase gene
(SOD1; OMIM 147450) are the most frequent genetic defects
known to underlie ALS, accounting for 20% of familial cases
(FALS) and one to seven percent of apparently sporadic cases
(SALS) [1-7]. Recently, other mutations like the TARDBP
gene (TDP-43) [8, 9], ANG gene [10], FUS/TLS gene [11],
and OPTN gene [12] were identified as causative of ALS.
Despite this genetic heterogeneity, SOD1 mutations are the
most frequent cause of adult onset ALS. Here, we report the
results of screening for SODI mutations in the 184 SALS
cases in our hospital and 265 ALS cases all over Japan by
high-resolution melting (HRM) analysis.

HRM analysis is a mutation scanning technique that
monitors the progressive change in fluorescence caused by
the release of an intercalating DNA dye from a DNA duplex
as it is denatured with marginal increases in temperature
[13]. The shifts and shapes of melting curves, there are
obtained as fluorescence difference plots, are used to dis-
tinguish between mutations and controls. HRM analysis
of PCR products amplified in the presence of LC Green
Plus can detect all heterozygous and most homozygous
sequence variations through differences in shape and posi-
tion of a melting curve compared with a wild-type melting
profile. Although single-strand conformation polymorphism
(SSCP) [2, 3, 14-20] and denaturing high-performance
liquid chromatography (DHPLC) [5, 6] seem to be the main
screening strategies for SODI mutations, HRM analysis has
its own advantages. This is the first report of HRM analysis
being applied to the SODI screening. In this paper, we
report the high sensitivity of HRM analysis for known SODI
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TasLE 1: Reported SODI mutations to determine the sensitivity of
HRM analysis.

Exonl A4V, L8V, V14G

Exon2 H43R

Exon3 D76Y

Exond N86S, A89V, DI0A (hetero), G93S, D101G, S105L,
G114A, R115G

Exon5 L126delTT, G127X, A140A, L144F type2, L144FVX

Underlined mutation could not detect the mutation by HRM analysis.

mutations, and the prevalence and clinical features of SODI
mutations in Japanese SALS cases.

2. Patients and Methods

2.1. Patient Group 1. A total of consecutive 184 SALS cases
(109 males and 75 females) visited our Neurology Division
at the Jichi Medical University Hospital in Tochigi, Japan.
Ethical approval was granted by the Bioethics Committee
for Human Gene Analysis of our university and informed
consent was obtained from all subjects according to the
Declaration of Helsinki. Every patient fulfilled the diagnostic
criteria for ALS as outlined by the El Escorial Revisited [21]
classification; 177 definite, probable or possible ALS and 7
suspected ALS. None of the cases had a family history of a
neuromuscular disorder. There was no significant difference
in onset age between 109 males and 75 females (males: 60.4
years on average with a range of 27-80; females: 64.3 years
with a range of 34-83).

2.2. Patient Group 2. In 2006, the Japanese Consortium
for Amyotrophic Lateral Sclerosis Research (JaCALS) was
organized with the aim of investigating the relationships
of clinical and genetic aspects of ALS in Japan. The Ethics
Committee of each institution granted ethical approval.
The inclusion criteria for registration with the JaCALS
are: (1) adult onset, steady progressive course, (2) definite,
probable or possible ALS based on the El Escorial Revisited
[21] criteria for diagnosis of ALS, and (3) informed consent
for the genetic study and clinical checking every three
months. From 2006 to 2008, 265 patients (10 FALS and 255
SALS) were registered, and blood samples and clinical data
having been obtained by neurologists.

2.3. Reported SOD1 Mutations. We used 19 reported SODI
mutations in all five exons (Table 1) to determine the
sensitivity of the HRM analysis. 19 reported SODI muta-
tions were obtained from our collaborators, Dr. Andersen
P. (Umea University, Sweden) and Dr. Watanabe Y. (Tottori
University, Japan), and they were already direct sequenced
and confirmed they had the mutations.

2.4, HRM Analysis and Sequencing. Genomic DNA was
extracted from lymphocytes using a standard procedure. We
designed PCR primers for HRM analysis to screen all five

Neurology Research International

exons in SODI. DNA samples were amplified with double-
stranded DNA-binding dye LC Green Plus (Idaho Technol-
ogy). PCR was performed with a Veriti 96-Well Thermal
Cycler (Applied Biosystems) in 10uL reaction mixtures
comprising 10ng DNA, 1XPCR buffer, LC Green Plus
(Idaho Technology), and 1 U Taq polymerase, with 0.25 uM
each forward and reverse primers. Initial denaturation was
performed at 95°C for 2 min, followed by 45 cycles of 94°C
for 30 sec and 62-68°C for 30 sec, with a final cycle of 94°C
for 30 sec and 25°C for 30 sec.

We performed melting acquisition with a 96-well Light
Scanner (Idaho Technology). The plate was heated from 80
to 98°C at 0.1°C/sec with a 300ms frame interval, 15ms
exposure, and 100% LED power. Light Scanner Software was
used for melting curve analysis. The Light Scanner analyses
of 96 samples were performed in around 10 min. Sequencing
of samples indicated to include mutations was then carried
out using a BigDye Terminator v1.1 Cycle Sequencing Kit
(Applied Biosystems) and an ABI 310 automated sequencer
(PE Applied Biosystems).

First we examined 19 reported SODI mutations to deter-
mine the sensitivity of HRM analysis. Next, we applied this
method to Japanese ALS patients for mutation screening of
SODI.

3. Results

3.1. Sensitivity of HRM Analysis. HRM analysis clearly
distinguished 18 of 19 previously identified SODI mutations
from normal controls. The mutation detection sensitivity
was 94.7% for the reported mutations. The melting curves
of control samples (wild-type) were tightly grouped for all
fragments, and altered difference curves were easily identified
for the 18 mutations (Figure 1). The mutation that could not
be detected was Gly 114 Ala.

3.2. SODI Mutations and the Clinical Characteristics in
Group 1. 'We found SODI mutations in three out of the 184
SALS cases (1.63%) in the group 1. The mutations identified
were all novel: Cys 6 Tyr (C6Y) and Gln 22 His (Q22H) in
exon 1, and Ser 134 Thr (S134T) in exon 5 (Figure 2).

In case 1, a 34-year-old woman, there was a single-base
pair substitution in exon 1 at codon 6 (TGC to TAC). This
change created a cysteine 6 to tyrosine missense mutation
(C6Y). She awoke with painful cramping and weakness in
the right leg almost every morning at the age of 33 years.
The cramping resolved, but her right leg weakness pro-
gressed and become accompanied by fasciculation. One year
after the onset, neurological examination showed marked
muscle atrophy and prominent fasciculation in her right
leg. Tendon reflexes were normal, and plantar responses
were flexor. Sensations in all four modalities were intact.
Nerve conduction studies revealed mild reduction of motor
nerve conduction velocity without conduction block. Needle
electromyographic analysis showed repetitive discharges and
hyperexcitability only in the right leg. Extensive screening
for causes of the motor neuropathy was negative. The
muscle weakness and atrophy progressed, and spread to the
other parts of her body despite treatment with intravenous
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FIGURE 1: Melting curves and subtractive fluorescent difference plots of a wild type (gray lines) and reported SODI mutations (colour lines).

Difference plots were easily identified for the mutations.

gamma globulin, cyclophosphamide, and plasmapheresis.
The disease course was rapid and the bulbar symptom
developed in the last stage. She expired 3 years after disease
onset.

In case 2, a 48-year-old man, there was a single-base
pair substitution in exon 1 at codon 22 (CAG to CAQC).
This change created a glutamine 22 to histidine missense
mutation (Q22H). He developed left leg weakness and
atrophy at the age of 46 years. Two years after the onset,
neurological examination showed muscle weakness, atrophy
and fasciculation were observed in the left leg. Tendon
reflexes were brisk in the right leg and both arms. The
weakness and atrophy spread to the right leg, confining him
to a wheelchair at 51 years old and to bed at 52 years old. He
underwent tracheotomy because of progressive respiratory
failure, and artificial ventilation support was started eight
years after disease onset. Five years after artificial ventilation

support was started, he moved to another hospital and thus
we could not follow him further.

In case 3, a 69-year-old man, there was a single-base pair
substitution in exon 5 at codon 134 (AGT to ACT). This
change created a serine 134 to threonine missense mutation
(S134T). He noticed gait disturbance due to muscle weakness
of the lower limbs at the age of 62 years. The weakness
progressively worsened, and he could not walk by himself
at 67 years old. Neurological examination showed muscle
weakness, and fasciculation were evident in the upper and
lower limbs. Tendon reflexes were diminished and plantar
responses were flexor. No sensory abnormalities were noted.
Nerve conduction studies demonstrated normal motor
and sensory nerve conduction velocities. Electromyographic
analysis revealed fasciculation and denervation in the upper
and lower limbs. Although upper motor neuron impairment
was not confirmed, ALS was considered as the most probable
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FiGure 2: Sequence (upper), melting curves (left lower) and subtractive fluorescent difference plots (right lower) of the three novel

mutations.

diagnosis. The weakness progressed very slowly, and he died
of respiratory insufficiency seven years after disease onset.

3.3. SODI1 Mutations in Group 2. We found SODI mutations
in eight out of 265 cases. Of these, four had family histories,
mutations being Leu 38 Val (L38V) and His 46 Arg (H46R)
in exon 2, Gly 93 Ser (G93S) in exon 3 and Gly 141 Ala
(G141A) in exon 5. The G141A found in a woman whose
brother probably died of ALS was a novel mutation. In this
case, left hand weakness occurred at 57 years old. The clinical
course was rapid that she died at 3 years and 11 months
after the onset. The remaining four SODI mutations were
found in sporadic cases, mutations being Lys 3 Glu (K3E) in
exon 1 and Gly 93 Ser (G93S) in exon 3. K3E was a novel
mutation found in a woman who noticed right leg weakness
at 52 years old, and artificial ventilation support was started 6
years after the onset. The G93S mutation was found in three
unrelated patients. The prevalence of SODI mutations in the
SALS cases was 1.56% (4 of 255 SALS cases) in the group 2.

4. Discussion

4.1. HRM Analysis on SODI. This is the first report of
HRM analysis for SODI mutation screening. HRM analysis
could clearly distinguish 18 of 19 reported SODI mutations
from normal controls. We have demonstrated that HRM

analysis is a rapid and sensitive (94.7% sensitivity) method
for mutation scanning of SODI. SSCP is a method that
most laboratories use for the screening of gene mutations,
but the sensitivity is not high (80% to 90%) [7]. DHPLC
using WAVE system is also a screening method, but it
cannot detect the D90A mutation [6], which is one of
the worldwide detected SODI mutations, and the most
appropriate condition for analysis is difficult to determine.
Using HRM analysis, we can analyze within 5 to 10 minutes
on 96 samples and the running cost is not expensive.

The one mutation that HRM analysis could not detect
was guanine to cytosine at nucleotide 341 substituting
glycine (GGC) to alanine (GCC) at codon 114. On the other
hand, guanine (TTG) to cytosine (TTC) mutations (L144F),
and alanine (GCT) to alanine (GCA) mutations (A140A) in
other samples were detected with this method, indicating the
possibility that the G to C mutation detection failure may be
a sequence-specific phenomenon.

4.2. SODI1 Mutations in SALS. We applied this method to
our own 184 (group 1) and 255 (group 2) Japanese cases
of SALS, finding three different novel SODI mutations in
three cases in the former (mutation prevalence, 1.63%), and
one novel and three known mutations in four cases in the
latter (mutation prevalence, 1.57%). We listed the prevalence
and identified mutations of SODI in SALS cases in other

— 114 —



Neurology Research International

TasLE 2: SOD1 mutations in SALS patients of the different countries.

Country Total SALS No. of SODI SODI1/Total Mutations identified Screening method Author, year
North England 46 1 2.1 DI10IN SSCP Jones et al. 1994 [14]
Scotland 57 4 7.0 E21K, 1113T SSCP Jones et al. 1995 [2, 15]
Scandinavia 355 14 3.9 V14G, D90A (hetero & homo) SSCP Andersen et al. 1997 [16]
England 155 4 2.6 D90A, 1113T, V118KTGPX SSCP Jackson et al. 1997 [17]
England 175 5 2.8 G728 SSCP Shaw et al. 1998 [18]
Belgium 69 3 4.3 D90A, NI139N, IVS+ 19A > G SSCP Aguirre et al. 1999 [3]
Ttaly 48 3 6.3 D90A (homo), 1113T, A95T DS Gellera et al. 2001 [22]
Spain 87 1 1.2 N65S SSCP Garcia-Redondo et al. 2002 [19]
Italy 225 0 0 SSCP Batlistini et al. 2005 [20]
Spain (Catalonia) 94 4 4.2 D90A, N139H, A140A DS Gamez et al. 2006 [4]
Italy 66 3 4.5 K135X, N65S, A95T DHPLC Corrado et al. 2006 [5]
Italy 303 2 066 N19S, E133AE DHPLC Chio et al. 2008 [6]
Japan 184 3 1.6 Co6Y, Q22H, S134T HRM This article groupl
Japan 255 4 1.5 K3E, G935 HRM This article group2
Total 2119 51 2.4

DS: direct sequence (no screening method in the article).

countries (Table 2). The prevalence was high in the Scottish
population (7%) and widely ranged in Italy (0%—6%), but
in other countries, it was 2 to 4%, similar to our data. This
time we found four novel mutations in SALS cases, and these
mutations were not found in the Japanese control group.

In a sporadic ALS patient carrying an SODI mutation, it
is also difficult to ascertain whether it is a genuine sporadic
case, a case due to a mutation, or a familial case with
incomplete penetrance. To date, an SALS case with H80A
is the only one with a proven de novo mutation [23].
In our analysis, the G93S mutation was found in three
unrelated patients from the Tokai district of Japan (personal
communication). There are at least 6 Japanese families with
G938, 4 of the 6 families being reported to be residents of the
Tokai district [24-26]. The accumulation of G93S in Japanese
SALS cases suggests the possibility of decreased penetrance
or an incomplete family history rather than a de novo
mutation.

4.3. Clinical Characteristics of SALS Involving SOD1 Muta-
tions. Clinical characteristics such as onset age, onset symp-
toms, and clinical course of so far reported SALS patients
having SODI mutations are summarized in Table 3. Since
A4V, D90A, and I113T have been observed worldwide and
are considered to be the most common mutations in both
familial and sporadic ALS cases [4, 7]. Because of the
difficulty to define true sporadic, we did not include these
three mutations in the table. Based on the results of analysis
of these 20 SODI mutations in 27 sporadic ALS patients
(13 men, 10 women, and 4 unknown), the average age at
onset was 43.8 (range 18-77) years, which is about 10 years
younger that the mean age at onset reported for the sporadic
ALS population [22]. The onset symptom was limb weakness
in 21 cases and bulbar dysfunction only in one case. The
clinical courses were under three years (rapid) in seven cases,
over six years (slow) in nine cases, and three to six years

(moderate) in five cases. The clinical characteristics of SALS
involving SODI mutations indicate a relatively young onset
age and a high percentage of limb involvement at onset.
These characteristics are similar to the features of ALSOD
(ALS patients having SODI mutations), not those of sporadic
ALS [29].

The C6Y mutation in our case was difficult to diagnose
because the main symptom was lower motor neuron dys-
function and the onset age was young (midthirties). But
this clinical course was similar to that in the case of de
novo mutation H80A [23]. There were nine (bold) patients
whose onset ages were under forty, and eight of them had
rapid or moderate clinical course (Table 3). On the other
hand, there are four (underlined) patients whose onset ages
were over 55, and three of them had slow clinical course
(Table 3). Gamez and his colleagues reported [4] there were
three types of sporadic ALS patients who were particular
candidates for genetic testing for SODI: (a) those with
the typical Scandinavian phenotype, (b) those with clinical
onset before 55 years of age, and (c) patients with slow
progression/long survival. Compare with this theory (b)
and (c), only one patient (N19S) is an exception for SODI
screening.

5. Conclusion

We have demonstrated that HRM analysis is a rapid and
sensitive method for the mutation scanning of SODI. With
this method, four novel SODI mutations were found in
SALS cases, the prevalence of SODI mutations in Japanese
SALS cases being 1.6%. The clinical characteristics of SALS
involving SODI mutations are a young onset age and a high
percentage of limb involvement at onset. We will screen other
causative genes for ALS (TDP-43, ANG, FUS/TLS, OPTN and
others) by HRM analysis and determine the cause of disease
appearance.
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‘TaBLE 3: Clinical characteristics of the SALS patients having SODI mutations.

Amino acid Sequence Disea:se
change change No.ofpt.  Onset age Onset symptom coucfse/ D}sease Author/Reference
uration
K3E AAG > GAG 1 52 Right leg weakness Moderate, 6y This article
Co6Y TGC > TAC 1 34 Right leg weakness Moderate, 3y This article
V14G GTG > GGG 1 39 Both legs fatigue ND, 16m~ Andersen et al. [16]
G16S GGC > AGC 1 18 Hand paresis Rapid, ly Kawamata et al. [27]
N19S AAT > AGT 2 Zf ?Zghalfgf x::llz::ssss MOdelr\ZIllt:)e o Mayeux et al. [28]
1 77 Hand paresis Rapid, 15m Chio et al. [6]
E21K GAG > AAG 1 ND ND ND Jones et al. [2]
Q22H CAG > CAC 1 46 Left leg weakness Slow, 8y This article
N65S AAT > AGT 1 44 Left leg weakness Slow, 14y Garc1a-R<[ef;>]ndo ctal.
1 40 Drop foot Slow, 11y Corrado et al. [5]
G728 GGT > AGT 1 29 Left leg weakness Rapid, 15m Shaw et al. [18]
H80A CAT > CGT 1 24 Left leg weakness Rapid, 18m Alexander et al. [23]
44 Both legs weakness ND, 6y~
G93S GGT > AGT 3 55 Left leg weakness Slow, 8y~ This article
64 Right leg weakness Slow, 12y~
A95T GCC > ACC 1 26 Both legs weakness Slow Gellera et al. [22]
1 45 Left drop foot Slow, 20y Corrado et al. [5]
D101IN GAT > AAT 1 53 ND ND Jones et al. [14]
;</'1ri381>x Afng;G 1 34 ND Rapid, 16m Jackson etal. [17]
E133AE GéAAjel 1 54 Left leg weakness Moderate, 4y Chio etal. [6]
$134T AGT > ACT 1 62 Both legs weakness Slow, 7y This article
K136X AAG > TAG 1 45 Left leg weakness Rapid,12m Corrado et al. [5]
N139H AAG > CAC 1 53 ND ND Gamez et al. [4]
Aguirre et al. [3]
N139N AAC > AAT 1 33 ND Moderate, 3y
A140A GCT > GCA 2 I\SIZD Li%:]]lljijzg Iii’stss Rapsli;‘iZm Gamez et al. [4]
21 Extremity 7 Rapid
Total/Average 20 27 43.8 1 Bulbar 5 Moderate
5 No data 9 Slow

ND: no data, y: year or years, m: month or months, and y~ or m~: alive at the reported time.
Age: under forty (bold) and over fifty-five (underlined).

Disease course (until invasive ventilation support): ~2 years, rapid; 3-6 years, moderate; 7~ years, slow.
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Background: Syringomyelia is a rare disease characterized by abnormal fluid-filled cavities within the spinal
cord, and is associated with Chiari malformations, arachnoiditis, or spinal cord tumors. The widespread avail-
ability of magnetic resonance imaging (MRI) in Japan has allowed for easy identification of syrinxes. The aim
of this study was to survey the clinicoepidemiological characteristics of syringomyelia in Japan.

Methods: A 2-stage postal survey was conducted in late 2009. The first survey aimed to estimate the number

?e)r’xog‘:;: olia of patients with syringomyelia, and the second survey aimed to elucidate clinicoepidemiological characteris-
Ei; ; degmi o?;gy tics. Diagnosis of syringomyelia was based on the findings of MRI or computed tomographic myelography.

Results: In the first survey, we received 2133 responses from 2937 randomly selected departments and col-
lected data of 1215 syringomyelia patients (543 men and 672 women). The total response rate for the first
survey was 73%. The estimated prevalence of ambulatory syringomyelia patients in Japan was 1.94 per
100000. In the second survey, the proportion of asymptomatic syringomyelia patients was 22.7%. Chiari
type I malformations and idiopathic syringomyelia were the first and second most common etiologies.

Conclusions: Our nationwide survey indicated that widespread MRI availability has contributed to the diagno-

Nationwide survey

Magnetic Resonance Imaging
Postal survey

Ambulatory prevalence

sis of both asymptomatic and idiopathic cases.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Syringomyelia is a heterogeneous disorder characterized by ab-
normal fluid-filled cavities or cysts within the spinal cord. The etiolo-
gies of syringomyelia can include Chiari malformations, arachnoiditis,
trauma, and spinal cord tumors [1-3], but the pathophysiology of syr-
inx development remains enigmatic. Some cases with Chiari Type 1
malformations manifested asymptomatic syringomyelia [4]. The
reported prevalence was 8.2 to 8.4 per 100 000 in Western countries
[5.6]. An epidemiologic survey that collected data from 1243 patients
between 1982 and 1991 in Japan showed the predominance of Chiari
Type I malformations in syringomyelia, and identified a few cases of
spontaneous remission |7]. Surgical treatment for syringomyelia is es-
sential to stop the progression of the disease and further cavity en-
largement. However, the previous epidemiologic survey did not

* Corresponding author at: Department of Neurology, Hokkaido University Graduate
School of Medicine, Kita-15, Nishi-7, Kita-ku, Sapporo 060-8638, Japan. Tel.: +81 11
706 6028; fax: 481 11 700 5356.
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0022-510X/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/1,jns.2011.08.045

determine the prevalence of the disease in the Japanese population
[7).

The diagnosis of syringomyelia has been greatly aided by the devel-
opment and widespread availability of magnetic resonance imaging
(MRI) scanners, which have allowed for the relatively easy identifica-
tion of syrinxes. Japan has the highest number of magnetic resonance
imaging (MRI) scanners per capita, with national healthcare insurance
coverage allowing universal access to outpatient hospital care. Hence,
both symptomatic and asymptomatic syringomyelia patients can be
more adequately examined than was possible prior to MRI facilities be-
coming widely accessible.

The characteristics of asymptomatic syringomyelia have not been
sufficiently investigated. The aim of this study, therefore, was to esti-
mate the prevalence of syringomyelia in Japan and identify its clini-
coepidemiological characteristics by taking advantage of the current
widespread availability of MRI facilities.

2. Methods

We conducted a 2-stage postal survey according to methods de-
scribed previously [8,9] in late 2009. The first survey aimed to esti-
mate the number of individuals with syringomyelia, and the second
survey aimed to elucidate the clinicoepidemiological characteristics
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of syringomyelia. We collected data from patients diagnosed with sy-
ringomyelia by neuroimaging from the departments of neurosurgery,
neurology, orthopedics, and pediatrics. We requested the numbers of
male and female ambulatory syringomyelia patients from each de-
partment in the past year (August 2008 to July 2009).

In the first survey, we adopted a definition of syringomyelia based
on neuroimaging: a central or lateralized syrinx detected on MRI (in-
cluding syrinxes with septums), or a syrinx detected with computed
tomographic myelography in patients who could not undergo MRI
because of metal in the body. The number of patients with syringo-
myelia in each institution was counted based on this definition. The
departments surveyed were randomly selected by stratified sampling
from a list of all hospitals with 20 or more beds; the list was obtained
from the Ministry of Health and Welfare. Sampling rates were ap-
proximately 5%, 10%, 20%, 40%, 80%, and 100% for the stratum of gen-
eral hospitals with 20 to 99 beds, 100 to 199 beds, 200 to 299 beds,
300 to 399 beds, 400 to 499 beds, and 500+ beds, respectively. Addi-
tionally, all university hospitals in Japan were surveyed.

In the second stage of the survey, we requested details of individ-
ual patients from each department that had 1 or more syringomyelia
patients. The detailed information for each patient was reported
based on a retrospective chart review. Epidemiological items included
sex, date of birth, time of onset and diagnosis, family history, symp-
toms and signs, imaging findings, treatment, and clinical course.
Symptoms included motor function, sensory disturbance, autonomic
failure, cranial nerve disturbance, and skeletal deformity. Motor func-
tions included weakness, muscle atrophy, spasticity, hypotonus, and
planter reflex. Autonomic failure included Horner syndrome, aniso-
coria, dyshidrosis, abnormal nail development, limb hypertrophy,
bladder and rectal disturbance, orthostatic hypotension, impotence,
and neurogenic arthropathy.

Table 1
Summary of data collected in the first stage of the survey.

K. Sakushima et al. / Journal of the Neurological Sciences 313 (2012) 147-152

This study was approved by the Institutional Review Board of
Hokkaido University.

2.1. Estimation and statistical analysis

We estimated the prevalence of syringomyelia based on the re-
sults from the first stage of the survey. The estimation was based on
the assumption that the responses of the departments were indepen-
dent of the frequency of patients [8,10]. Formulas used to estimate
the total number of patients, and the 95% confidence intervals are de-
scribed below.

The point estimation of prevalence was calculated using the follow-
ing equation, where SRT}, RRTy, NSy, ny, Ny, and N,; denote the sampling
rate, response rate, the number of sampling departments, the total
number of departments, the number of responding departments, and
the number of departments with i patients in stratum k, respectively.

_ 1 N 1 o M
= SRTRRT, 7 e = Ny 2 M = gy 3 M
kR Zk k

m, NSk

3. Results

In the first survey, we received 2133 responses from 2937 ran-
domly selected departments, and collected data regarding 1215 sy-
ringomyelia patients (543 men and 672 women). The total response
rate of the first survey was 73%.

Results from the first survey (Table 1) showed that the number of
syringomyelia patients who were referred to a hospital between
August 2008 and July 2009 was 2475 (95% Cl: 2051-2899). The

Type s of Type s of hospitals and Total no.of ~ Sampling No. of surveyed No. of departments that Response No. of reported  No. of estimated
departments  beds departments rate (%)  departments responded rate (%)  patients patients
Neurosurgery General hospitals with <99 beds 710 5% 35 22 63% 0 0
General hospitals with 100-199 beds 528 10% 52 27 52% 7 137
General hospitals with 200-299 beds 298 20% 59 37 63% 26 209
General hospitals with 300-399 beds 296 40% 119 73 61% 23 93
General hospitals with 400-499 beds 167 80% 133 94 71% 40 71
General hospitals with =500 beds 216 100% 216 147 68% 133 195
University hospitals 113 100% 113 94 83% 267 321
Subtotal 2328 727 494 68% 496 1027
Neurology General hospitals with <99 beds 506 5% 25 13 52% 0 ]
General hospitals with 100-199 beds 335 10% 34 18 53% 3 56
General hospitals with 200-299 beds 170 20% 34 27 79% 6 38
General hospitals with 300-399 beds 170 40% 68 38 56% 7 31
General hospitals with 400-499 beds 91 100% 91 59 65% 21 32
General hospitals with =500 beds 93 100% 93 60 65% 25 39
University hospitals 118 100% 118 103 87% 53 61
Subtotal 1483 463 318 69% 115 257
Orthopedics  General hospitals with <99 beds 2278 5% 114 66 58% 4 138
General hospitals with 100-199 beds 1047 10% 105 70 67% 10 150
General hospitals with 200-299 beds 436 20% 87 63 72% 10 69
General hospitals with 300-399 beds 362 40% 145 110 76% 48 158
General hospitals with 400-499 beds 190 80% 152 107 70% 20 36
General hospitals with =500 beds 228 100% 228 178 78% 120 154
University hospitals 118 100% 118 98 83% 300 361
Subtotal 4659 949 692 73% 512 1065
Pediatrics General hospitals with <99 beds 1069 5% 54 32 59% 0 0
General hospitals with 100-199 beds 613 10% 62 41 66% 0 0
General hospitals with 200-299 beds 356 20% 71 49 69% 0 [¢]
General hospitals with 300-399 beds 339 40% 136 105 77% 7 23
General hospitals with 400-499 beds 184 80% 147 120 82% 11 17
General hospitals with =500 beds 214 100% 214 183 86% 58 68
University hospitals 114 100% 114 99 87% 16 18
Subtotal 2889 798 629 79% 92 126
Total 11359 26% 2937 2133 73% 1215 2475
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estimated prevalence of ambulatory syringomyelia patients in Japan
was 1.94 per 100 000. In the second survey, we collected reports
from 720 of the 1215 patients from the first survey. The response
rate for the second survey was 59%. There were 12 duplicated reports,
and thus, we integrated the data reported in them.

Results of the second survey (Table 2) described the characteristics
of both symptomatic and asymptomatic syringomyelia. The proportion
of patients with asymptomatic syringomyelia was 22.7% (161 cases).
The mean ages at survey and diagnosis of asymptomatic syringomyelia
(28.94-23.3 and 24.4 4-24.1 years, respectively) were lower than those
of patients with symptomatic syringomyelia (40.8-22.8 and 3534
22.5 years, respectively). Asymptomatic syringomyelia tended to be pri-
marily associated with localized cavities. The proportion of syringomye-
lia cases with a Chiari type I malformation etiology was higher among
symptomatic than asymptomatic syringomyelia patients. Conversely,
the proportion of cases with idiopathic etiologies was higher in asymp-
tomatic than in symptomatic syringomyelia.

A subset of patients with symptomatic syringomyelia (Table 3) in-
cluded both those who had, and those who had not undergone sur-
gical treatment. The mean age at onset and diagnosis of patients
who had undergone surgical treatment (29.4-+21.0 and 31.6+
21.5 years, respectively) was lesser than that of patients who had
not received surgical treatment (40.1 == 22.6 and 44.8 + 22.3 years, re-
spectively). There were only 2 cases with a family history of the dis-
ease. Approximately 11% of patients in each group experienced an
improvement in their symptoms. The most common symptom was
sensory disturbance, which was reported in 75.3% of patients with
surgical treatment and 68.8% of those without surgical treatment.
Motor disturbance was the second most common symptom in each

Table 2
Demographics of patients in the second stage of the survey.
Symptomatic Asymptomatic Total Missing
(N=543) (N=161) (N=708%)

Age at survey 4084228 2894233 3804235 35
(MeanSD)

Age at diagnosis 3534225 244+24.1 3274234 66
(mean-=SD)

Sex (%)
Male 41.6 44.1 42.1 1
Female 57.3 534 56.5 3
Missing 1.1 2.5 14 0

Morphology (%)
Asymmetry 313 8.1 25.8 0
Symmetry 58.9 83.2 64.4 2
Missing 9.8 8.7 9.7 2

Distribution (%)
Syringobulbia

Bulbus only 1.5 0.6 13 0
Bulbus and spinal cord 5.7 12 4.8 1

Syringomyelia
Cervical cord only 18.6 329 21.8 0
Thoracic cord only 79 8.7 8.2 1
Lumbosacral cord only 0.9 9.9 3.1 1
Cervical-thoracic 494 273 441 0
Thoracic-lumbosacral 2.6 43 3.0 0
Cervical-lumbosacral 4.6 43 45 0
Missing 8.8 10.6 9.3 1

Etiology (%)
Chiari type | 53.6 304 48.0 0
Chiari type 11 44 205 8.1 0
Bone anomaly 11 0.6 1.0 0
Arachnoiditis 57 25 49 1]
Trauma 9.6 0.6 75 0
Spinal cord tumor 5.2 5.6 52 0
Idiopathic 12.9 24.8 15.7 1
Other 6.1 13.0 79 2
Suspected two or more 1.1 12 1.1 0
Missing 0.4 0.6 0.6 1

Table 3
Demographics, clinical history, and manifestations of symptomatic patients.

Surgical treatment

Yes No Total Missing
Number of cases 376 157 543 10
Age at onset (meanSD) 2944+ 4014+ 323+
21.0 22.6 22.0
Age at diagnosis 316+ 448+ 3534
(mean4SD) 215 223 22.5
Age at surgery 326+
(mean4SD) 21.0
Family history (%) Yes 03 0.6 04 0
No 64.4 59.9 62.2 2
Unknown/ 311 35.0 324
missing
Course of symptoms after
initial diagnosis (%)
Worsen 51.1 223 422 2
Unchanged 26.3 56.7 35.5 5
Improved 112 10.8 109 0
Stop after progression 4.8 57 5.0 0
Missing 6.6 45 6.4
Symptoms (%)
Motor Yes 59.8 51.0 57.5 7
No 378 459 394 0
Unknown/ 24 32 3.1
missing
Sensory Yes 75.3 68.8 72.7 4
No 199 210 19.9 0
Unknown/ 4.8 10.2 7.4
missing
Autonomic Yes 207 18.1 19.9 0
No 65.2 65.6 64.6 3
Unknown/ 14.1 153 155
Missing
Cranial nerves Yes 10.1 7.0 9.2 1
No 83.2 80.9 814 2
Unknown/ 6.6 12.1 9.4
missing
Skeletal deformity Yes 314 229 293 5
No 64.9 75.2 674 4
Missing 3.7 19 33
Past history (%)
CNS infections Yes 35 38 3.7 1
No 80.6 745 78.3 5
Unknown/ 16.0 217 18.0 4
missing
Injuries of head or spine Yes 114 10.2 109 0
No 763 75.8 75.7 5

122 140 134

* Four patients who did not report on the existence of symptoms were excluded.

(continued on next page)

group (59.8% and 51.0%, respectively). Patient histories showed that
approximately one-tenth of the patients in each group had previous
injuries of the head or spine.

The characteristics of patients in each age group (Table 4) showed
that the prevalence of idiopathic syringomyelia was higher in adults,
particularly in the elderly, than in children.

Fig. 1 shows the distributions of patient's ages at the time of sur-
vey (Fig. 1A), age at diagnosis (Fig. 1B), age at surgical treatment
(Fig. 1C), and year of diagnosis (Fig. 1D). The distribution of ages at
survey consisted of 2 peaks, at 10 to 20 years of age, and at 60 to
70 years of age. The distribution of age at diagnosis showed a higher
proportion of 0- to 20-year-olds. Finally, the distribution of diagnosis
year showed an acute increment in the number of cases diagnosed in
more recent years.

4. Discussion
This study revealed the prevalence (1.94 per 100 000) and charac-

teristics of ambulatory syringomyelia patients in Japan. Among these
patients, the prevalence of asymptomatic syringomyelia was 22.6%,
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Table 4
Summary of characteristics of patients according to age group.
Etiology
Age Female Asymptomatic 1st % Localized
(%) (%) S — cavity
2nd )
3rd
<10 51.11 409 Chiari type | 40.6 36.9
Chiari type Il 348
Other 14.5
10-19 66.07 239 Chiari type | 78.8 36.2
Idiopathic 6.2
Other 53
20-29 52.63 14.0 Chiari type 474 471
Idiopathic 22.8
Trauma 14.0
30-39  46.34 205 Chiari type 1 494 390
Idiopathic 17.3
Trauma 14.8
40-49 55.17 153 Chiari type | 55.9 27.8
Idiopathic 18.6
Spinal cord tumor 10.2
50-59 69.74 14.5 Chiari type | 421 40.6
Idiopathic 237
Spinal cord tumor 10.5
60-69 5455 115 Chiari type 1 282 429
Idiopathic 244
Trauma 16.7
>70 66.67 24.3 Idiopathic 378 40.0
Chiari type 1 27.0
Arachnoiditis 135
-80
-70
- 60
- 50
- 40
- 30
- 20
- 10

Age at survey

0 16 20

30
Age at surgery

40 50 60 70

10 20 30 40 SO 60 70 80 90 100

80

and that of idiopathic syringomyelia was 15.8% according to the sec-
ond survey.

The prevalence of syringomyelia in this survey is lower than that
in previous studies that used different methods for estimation [5,6].
Estimation of prevalence in this survey was based on patients who
were referred to a hospital for evaluation or treatment. Therefore,
the data from patients whose syringomyelia was stable and who
had discontinued their ambulatory care were not collected in this
study. It is noteworthy that the early detection of syringomyelia by
MRI can allow for early interventions, including surgery. Early diag-
nosis and intervention are more likely to lead to a positive outcome,
and may therefore reduce the number of patients requiring ambula-
tory care. The lower number of patients diagnosed in the years pre-
ceding 2005 (Fig. 1-D) is consistent with our speculation. However,
these results show the characteristics of ambulatory care among sy-
ringomyelia patients.

The etiology of syringomyelia can include Chiari malformation,
traumna, arachnoiditis, and idiopathic origin, among other causes. In
our study, Chiari malformations, including both types 1 and II, were
the most common cause in both children and adults, and this finding
is consistent with those of previous studies [7,11]. In particular, Chiari
malformation is more frequent in children than in adults. These results
may be associated with the widespread availability of MRI, which con-
tributes to early diagnoses in cases of syringomyelia caused by Chiari
malformation. Interestingly, idiopathic syringomyelia was the second
most common cause according to our survey. Bogdanov et al. suggested
that idiopathic syringomyelia is associated with a small posterior fossa
with a narrow cerebrospinal fluid (CSF) space as well as with Chiari I
malformation [12]. It is possible that some of the cases of idiopathic sy-
ringomyelia in our survey may be attributable to a small posterior

B
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L 30
20
10

10 20 30 40 50 60 70 80 90 100
Age at diagnosis

125

100

1970 1975 1980 1985 1990 1995 2000 2005 2010
Year of diagnosis

Fig. 1. (A) Histogram showing age distribution of patients at time of survey. (B) Histogram showing age distribution of patients at diagnosis. (C) Histogram showing age distribution
at time of surgery. (D) Histogram showing the diagnosis by year.

— 121 —



K. Sakushima et al. / Journal of the Neurological Sciences 313 (2012) 147-152 151

fossa. Holly et al. described slit-like syrinx cavities characterized by
remnants of the central canal and an asymptomatic clinical course
[13]. Therefore, idiopathic syringomyelia has several potential causes,
including congenital remnants of the central canal and acquired dila-
tions by a small posterior fossa. Hida et al. reported an association be-
tween syringomyelia with Chiari I malformation and birth injuries [ 14].
In this study, patients with problem at delivery accounted for 2.0% of
symptomatic syringomyelia cases, but it had a higher unknown/miss-
ing proportion in the past history. Nakamura et al. discuss 2 types of id-
iopathic  syringomyelia: localized and extended. Localized
syringomyelia is associated with congenital enlargement of the central
canal of the spinal cord and can be managed conservatively [15]. Actu-
ally, most of the patients with idiopathic cases in our study did not un-
dergo surgical treatment. Idiopathic syringomyelia might be less
progressive than syringomyelia with other causes.

Asymptomatic syringomyelia comprised 22.7% of all syringomye-
lia cases in our second survey. Prior to this survey, the proportion of
asymptomatic syringomyelia cases was unknown. Cases of a few pa-
tients with asymptomatic syringomyelia caused by a brain tumor of
the posterior fossa have been previously reported [ 16-18]. The infre-
quency of asymptomatic syringomyelia seems inconsistent with our
survey results. There are 2 possible explanations for the relatively
high proportion of asymptomatic syringomyelia in our survey. Firstly,
the symptoms of patients who did not complain because of their age
were underestimated. Secondly, the availability of MRI in Japan has
resulted in an increase in the number of incidental diagnoses of
asymptomatic syringomyelia including slit-like syrinx cavities.

Resolution of syringomyelia without surgical treatment was ob-
served in 17 patients (3.2% of symptomatic patients) in our second
survey. Spontaneous resolution of syringomyelia has recently been
found to be more common than previously thought [19]. The mecha-
nisms involved in the development and spontaneous resolution of sy-
ringomyelia are unclear despite multiple hypotheses [20]. The
number of patients with spontaneous resolution may be underesti-
mated because cases of asymptomatic syringomyelia patients who
had not sought consultation were not evaluated in our survey.

Symptoms of syringomyelia include pain, sensory disturbance,
and amyotrophy. Bogdanov et al. reported that 90% of patients had
unilateral or bilateral sensory disturbances, while 79% of patients ex-
perienced weakness or wasting of the upper limbs [21].

Familial syringomyelia cases with autosomal dominant or reces-
sive inheritance have been reported [22,23]. Chatel et al. suggested
that the incidence of familial syringomyelia is approximately 2%
[24]. However, a large-scale survey has not yet been conducted to de-
termine the proportion of familial cases. In our study, familial syrin-
gomyelia comprised only 2 cases (0.6%) of patients with a reported
family history. Although a potentially large number of patients who
have been lost to follow-up affect the accuracy of the proportion of
syringomyelia, familial syringomyelia cases are extremely rare.

This study has several limitations. Firstly, the prevalence of syrin-
gomyelia reported in this study was calculated using the estimated
number of ambulatory patients. Cases of patients who did not receive
ambulatory care in the past year were not evaluated. Therefore, the
potential number of syringomyelia patients may be larger than that
reported in this study. Secondly, this cross-sectional survey could
not evaluate the entire clinical course of syringomyelia. The disease
progression from asymptomatic to symptomatic is particularly
unclear. The clinical course of idiopathic cases is also unclear. Further
investigation is required to determine the most appropriate evalua-
tions and treatments for these patients. Thirdly, the response rates
in this study were 73% and 59% in the first and second stage surveys,
respectively. Characteristics of patients whose cases were not
reported in the second survey are unknown. The effect of this selec-
tion bias on our results is also unknown.

Finally, the definition of syringomyelia associated with spinal cord
tumor has been changing, and peritumoral cysts have been

differentiated from other distinct forms of syringomyelia. In this
study, syringomyelia associated with spinal cord tumor was regarded
as merely 1 type of syringomyelia.

Taken together, the findings of our survey can contribute to the
development of healthcare services for syringomyelia patients.
Knowledge of the characteristics of asymptomatic and symptomatic
syringomyelia patients without surgical treatment can be useful for
the optimization of those services. Further evaluations of the poten-
tial number of non-ambulatory syringomyelia patients should be per-
formed to estimate the precise prevalence of syringomyelia.

In conclusion, we have investigated the epidemiology of syringo-
myelia in Japan. Asymptomatic and idiopathic syringomyelia cases
are more common than was previously believed. The widespread
availability of MRI scanners has potentially contributed to the early
diagnosis of these cases.
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Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized by the selective loss of motor
neurons. Several susceptibility genes for ALS have been reported; however, ALS etiology and pathogenesis
remain largely unknown. To identify further ALS-susceptibility genes, we conducted a large-scale case—control
association study using gene-based tag single-nucleotide polymorphisms (SNPs). A functional SNP
(rs2275294) was found to be significantly associated with ALS through a stepwise screening approach (com-
bined P = 9.3 x 107'%, odds ratio = 1.32). The SNP was located in an enhancer region of ZNF512B, a transcrip-
tion factor of unknown biological function, and the susceptibility allele showed decreased activity and
decreased binding to nuclear proteins. ZNF512B over-expression increased transforming growth factor-p
(TGF-B) signaling, while knockdown had the opposite effect. ZNF512B expression was increased in the anterior
horn motor neurons of the spinal cord of ALS patients when compared with controls. Our results strongly
suggest that ZNF512B is an important positive regulator of TGF-g signaling and that decreased ZNF5128B
expression increases susceptibility to ALS.
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