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Through Induction of c-Fos Expression

Masato Katsuyama'?*, Masakazu Ibi?, Misaki Matsumoto?, Kazumi Iwata® Yoichi Ohshima?,
and Chihiro Yabe-Nishimura?

' Radioisotope Center, *Department of Pharmacology, Kyoto Prefectural University of Medicine, Kyoto 602-8566, Japan

Received December 18, 2013, Accepted January 28, 2014

Abstract. Clioquinol was used extensively in the mid-1900s as an amebicide to treat indigestion
and diarrhea. It was eventually withdrawn from the market because it was linked to subacute
myelo-optic neuropathy (SMON) in Japan. However, the pathogenesis of SMON has not yet
been elucidated in detail. As reported previously, we performed a global analysis on human
neuroblastoma cells using DNA chips. The global analysis and quantitative PCR demonstrated
that the mRNA level of VGF (nonacronymic), the precursor of neuropeptides involved in pain
reactions, was significantly increased when SH-SY5Y and IMR-32 neuroblastoma cells were
treated with clioquinol. Promoter analyses in SH-SY5Y cells revealed that a region responsive to
clioquinol exists between —1381 and —1349 of the human VGF gene, which contains an activator
protein (AP)-1 site-like sequence. The introduction of mutations at this site significantly reduced
clioquinol-induced transcriptional activation. Clioquinol induced the expression of the AP-1
family transcription factors, c-Jun and c-Fos. Electrophoresis mobility shift assays demonstrated
that c-Jun and c-Fos could bind to the AP-1 site at —1374/—1368 in SH-SY5Y cells treated with
clioquinol. RNA interference against c-Fos significantly suppressed clioquinol-induced VGF
mRNA expression. These results suggest that the clioquinol-induced expression of c-Fos mediates

the induction of VGF expression.

Keywords: clioquinol, subacute myelo-optic neuropathy (SMON), VGF, AP-1, c-Fos

Introduction

Clioquinol (5-chloro-7-indo-8-quinolinol), a Cu**/Zn*/
Fe?* chelator/ionophore, was used extensively as an
amebicide to treat indigestion and diarrhea in the
mid-1900s. It was withdrawn from the market because
its use was epidemiologically linked to the incidence of
subacute myelo-optic neuropathy (SMON) in Japan (1).
SMON is characterized by the subacute onset of sensory
and motor disturbances in the lower extremities and
visual impairment preceded by abdominal symptoms

(2, 3). Although pathological studies demonstrated

axonopathy of the spinal cord and optic nerves (4), the
underlying mechanisms of clioquinol toxicity have yet to
be elucidated. Clioquinol was found to suppress nerve
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growth factor-induced Trk autophosphorylation and
neurite outgrowth in PC12 cells (5). When injected into
young rats, it attenuated long-term potentiation in the
dentate gyrus (6). Another study demonstrated that the
cytotoxicity of clioquinol was mediated by oxidative
stress (7), inhibition of the 20S proteasome (8), or reloca-
tion of cytoplasmic X-linked inhibitor of apoptosis
protein to the nucleus (9).

To clarify the molecular mechanisms underlying
clioquinol-induced neurotoxicity, we performed a global
analysis on human neuroblastoma cells using DNA
chips and demonstrated that clioquinol induced DNA
double-strand breaks, leading to the activation of ATM
and downstream p53 signaling. This pathway may at least
partly contribute to clioquinol-induced neurotoxicity (10).

A local injection of clioquinol induced mechanical
hyperalgesia and cold allodynia via the activation of
TRPA1 in mice (11). In the global analysis, we found
that the expression of VGF, a neuropeptide precursor
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involved in pain reactions, was increased by clioquinol.
This led us to undertake the investigation of the mole-
cular basis of clioquinol-induced expression of VGF.
We report here that the clioquinol-induced expression of
VGF was mediated by the induction of c-Fos, a member
of the activator protein (AP)-1 transcription factors.

Materials and Methods

Materials

Clioquinol was purchased from Merck (Darmstadt,
Germany). Antibodies against c-Jun (60A8) and c-Fos
(9F6) were purchased from Cell Signaling Technology
(Danvers, MA, USA). The antibody against f-actin
(AC-15) was obtained from Sigma (St. Louis, MO,
USA). [y-?P]-ATP was purchased from MP Biomedicals
(Solon, OH, USA).

Cell culture

Human SH-SYS5Y cells, purchased from the European
Collection of Cell Cultures, were cultured in Ham’s F12:
Eagle’s medium with Earle’s salts (1:1) supplemented
with non-essential amino acids and 15% fetal bovine
serum (FBS). IMR-32 cells from the JCRB Cell Bank
were cultured in Eagle’s medium with Earle’s salts
supplemented with non-essential amino acids and 10%
FBS.

Quantitative PCR

Quantitative PCR was performed as described pre-
viously (10). Gene expression was quantified using
standard curves that were generated using serially diluted
plasmid reference samples and normalized to the expres-
sion level of hypoxanthine phosphoribosyltransferase
(HPRT). The specificity of the PCR products was con-
firmed by gel electrophoresis and dissociation curve
analysis. The sequences of primers for the VGF detection
were as follows: 5-GGAACTGCGAGATTTCAGTCCA-
3’ for sense, 5'-CGGGCTCTCCAGATTCACTC-3’ for
antisense.

Reporter constructs and luciferase assay

Human genomic DNA was isolated from SH-SY5Y
cells with a PUREGENE DNA Isolation Kit (Gentra
SYSTEMS, Minneapolis, MN, USA). The 5'-flanking
and non-coding regions of the human VGF gene were
amplified by PCR using KOD -Plus- (TOYOBO, Osaka)
and cloned into the NanoLuc vector pNL1.2 (Promega,
Madison, WI, USA). The 2.3-kb 5'-flanking and non-
coding regions (12) were cloned into the EcoRV/HindIlI
site of pNL1.2. A series of 5'-deletion constructs were
made by cleavage with restriction enzymes or amplifica-
tion by PCR. All constructs were subjected to sequencing

analyses to verify the orientation and fidelity of the insert.
NanoLuc plasmids (0.4 ug/well) and the firefly luciferase
vector pGL4.23 (0.1 ug/well; Promega) were co-trans-
fected into SH-SY5Y cells with TransIT-LT1 Reagent
(Mirus, Madison, WI, USA). These cells were cultured
for 24 h, and then stimulated with 20 uM clioquinol for
24 h. This concentration of clioquinol was previously
shown to induce significant cytotoxicity (10). NanoLuc
activity in cell lysates was determined and normalized
with firefly luciferase activity.

Electrophoresis mobility shift assay (EMSA)

EMSA was performed as described previously (13).
A double-stranded probe containing the AP-1 site at
—1374/-1368 of the V¥'GF gene was prepared by anneal-
ing complementary synthetic oligonucleotides. The sense
sequence was 5-TCTGGCGTGTGTCATTGTCAT-3".
The sequence of the mutated probe was 5-TCTGGC
GTGTtgCATTGTCAT-3'". The probe was labeled at the
5'-end with [y-**P]-ATP and T4 polynucleotide kinase.
Nuclear extracts of SH-SYSY cells were prepared as
described previously (14). The nuclear extracts and
labeled probe were incubated at 25°C for 30 min,
resolved in a 4% polyacrylamide gel, and analyzed by a
Fujix BAS 5000 Bio-imaging Analyzer (Fuji Film,
Tokyo).

Gene silencing of c-Jun or c-Fos

Control or Validated Stealth siRNAs against c-Jun
(JUNVHS40918) or ¢c-Fos (FOSVHS41046) were pur-
chased from Life Technologies Japan, Tokyo. Using
Lipofectamine RNAIMAX reagent (Life Technologies
Japan), siRNAs were transfected to SH-SY5Y cells by
the reverse transfection method at a final concentration
of 50 nM. These cells were cultured for 24 h and then
stimulated with 20 uM clioquinol for 24 h. The efficiency
of siRNA was verified by western blot analyses as
described previously (10). Quantitative PCR was per-
formed as described above.

Statistical analyses

Values were expressed as the mean + S.E. Statistical
analysis was performed by Student’s #-test. A one-way
ANOVA followed by Bonferroni’s #-test was applied to
multiple treatment groups.

Results

Clioguinol increased VGF mRNA levels

A global analysis with DNA chips was performed
using SH-SYSY celis grown in the presence or absence
of 50 uM clioquinol for 24 h, as described previously
(10). Among the 2429 genes up-regulated by clioquinol
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Fig. 1. Clioquinol increased the expression of VGF mRNA. Cells
were grown in the presence or absence of 50 uM clioquinol for 24 h.
Transcription levels were measured by quantitative PCR and normal-
ized to the level of hypoxanthine phosphoribosyltransferase (HPRT)
mRNA. Levels were expressed as “fold of DMSO”. Open bars,
DMSO. Closed bars, clioquinol. *P < 0.05 vs. DMSO (N = 3).

(GEO database accession code: GSE32173), we focused
on neuron-specific genes. The expression of VGF, a
neuropeptide precursor, was up-regulated when cells
were treated with clioquinol. The up-regulation of
mRNA expression was verified by quantitative PCR
in SH-SY5Y and IMR-32 cells (Fig. 1).

The AP-1 site~like sequence at —1374/~1368 was essential
Jor transcriptional activation of the human VGF promoter
by clioquinol

We isolated the promoter region of the human VGF
gene and examined its transcriptional activity in SH-
SY5Y cells. Approximately 2.3 kb of the 5'-flanking
region and 5'-noncoding region were subcloned into a
luciferase vector and deletion mutants were constructed.
As demonstrated in Fig. 2A, clioquinol-induced tran-
scriptional activity of the VGF promoter was markedly
decreased by the deletion to —1260, but not to —1609.
Therefore, the region between —1609 and —1260 was
analyzed in more detail. Clioquinol-induced transcrip-
tional activity of the VGF promoter was dramatically
decreased by deletion up to —1349, but not to —1381
(Fig. 2B). Since an AP-1 site-like sequence was found at
—1374/—1368, a mutation was introduced to this region.
The introduction of a mutation at the AP-1 site-like
sequence significantly suppressed clioquinol-induced
transcriptional activity (Fig. 2C), suggesting the essential
role of the AP-1 site at —1374/—1368.

Clioguinol increased the expression of c-Jun and c-Fos

A global analysis with DNA chips indicated that
clioquinol increased the expression of mRNAs for c-Jun
and c-Fos, members of the AP-1 transcription factors
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pNL1.2 [ . ‘ '
0 5 10 15 20
Relative luciferase activity
(induction by clioquinol)

B nhveF-1609 i

hVGF-1409 [ —

hVGF-1381 L et ]*

hVGF-1349 " H

hVGF-1316 [ 11—

hVGF-1260 [ H

pNL12 , . ‘ .
0 1 2 3 4 5 6

Relative luciferase activity
(induction by clioquinol)

C nveF-1381

— ]
L *
hVGF-1381m I

hVGF-1349 [}
pNL1.2 [

| 1 L !

0 1 2 3 4 5

Relative luciferase activity
(induction by clioquinol)

Fig. 2. Clioquinol-induced transcriptional activation of the VGF
promoter was dependent on the AP-1 site. A: The clioquinol-respon-
sive element existed between —1609 and —1260 of the V'GF promoter.
The 2.3-kb 5'-flanking and non-coding regions and a series of 5'-
deletion constructs were cloned into pNL1.2. NanoLuc plasmids
(0.4 pg/well) and the firefly luciferase vector (0.1 pg/well) were
co-transfected into SH-SY5Y cells. Cells were cultured for 24 h, and
then stimulated with 20 4M clioquinol for 24 h. B: The clioquinol-
responsive element existed between —1381 and —1349 of the VGF
promoter. C: The introduction of mutations at the AP-1 site-like
sequence (5'-TGTGTCA-3' to 5'-TGTtgCA-3") abolished clioquinol-
induced transcriptional activation. NanoLuc activity in cell lysates
was determined and normalized to firefly luciferase activity, and was
denoted as the fold-increase induced by clioquinol. Bars represent
means + S.E. of 3 experiments. *P < 0.05.

(GEOQO database accession code: GSE32173). Therefore,
the induction of ¢-Jun and c-Fos was verified by western
blot analysis. As shown in Fig. 3, stimulation with 50 M
clioquinol for 24 h increased c-Jun protein levels in both
SH-SY5Y and IMR-32 cells. Although c-Fos was not
detected in control cells, its expression was markedly
induced by clioquinol in both cells.
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Clioquinol increased binding of c-Jun and c-Fos to the
AP-1 site in the VGF promoter

To verify whether c-Jun and c-Fos bind to the AP-1
site in the VGF promoter, EMSA was performed using
nuclear extracts obtained from SH-SY5Y cells (Fig. 4).
An intense band was observed with a probe containing

SH-SY5Y IMR-32

clioquinol +

- +

c-Jun

c-Fos

B-actin

Fig. 3. Clioquinol increased the expression of c-Jun and c-Fos.
Cells were grown in the presence or absence of 50 uM clioquinol for
24 h, and whole cell lysates were prepared. Western blot analysis
was performed as described previously. After the detection of c-Jun
(43 kDa) or c-Fos (62 kDa), blots were stripped and f-actin (42 kDa)
was detected. The experiment was repeated 3 times and representative
results are shown.

antibody
x100 cold

clioquinol
origin —

AP-1 —

free
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the AP-1 site of the VGF promoter when cells were
stimulated with clioquinol. The band was markedly
diminished in the presence of an excess amount of the
unlabeled probe. In contrast, the band persisted in the
presence of an excess amount of the mutated probe.
Preincubation of the nuclear extract with an anti-c-Jun
antibody or anti-c-Fos antibody, but not by a control
1gG, generated super-shifted bands. These results sug-
gest that c-Jun and c-Fos, the expression and binding of
which to the V'GF promoter was increased by clioquinol,
are involved in the inducible expression of VGF.

Gene silencing of c-Fos attenuated the promoter activity
of the VGF gene

To examine whether c-Jun and c-Fos are involved in
the clioquinol-induced expression of VGF, siRNA
against c-Jun or c-Fos was transfected to SH-SYSY
cells. As shown in Fig. 5A, anti-c-Fos siRNA almost
completely suppressed the clioquinol-induced expression
of c-Fos. Although it did not affect basal expression,
anti-c-Jun siRNA suppressed the inducible expression of
c-Jun. Quantitative PCR revealed that anti~-c-Fos siRNA
significantly suppressed the clioquinol-induced expres-
sion of VGF mRNA (Fig. 5B). Anti-c-Jun siRNA also
slightly suppressed the induction of VGF mRNA. These
results suggest that the clioquinol-induced expression
of c-Fos mediates the induction of VGF expression.

< Supershift

Fig. 4. c¢-Jun and c-Fos bound to the AP-1 site—
like sequence of the VGF promoter. EMSA
detected nuclear proteins that strongly bound to
the AP-1 site in the presence of 20 uM clioquinol.
The super-shift of the band in the presence of an
anti-c-Jun or anti-c-Fos antibody is depicted.
Binding specificity was evaluated with a 100-fold
excess of an unlabeled oligonucleotide. Nuclear
extracts were preincubated in the presence or
absence of an antibody (0.24 xg). The experiment
was repeated 3 times and representative results
are shown.
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Fig. 5. Gene silencing of c-Fos attenuated the clioquinol-induced
expression of VGF mRNA. A: The expression of c¢-Jun and c-Fos
in SH-SY5Y cells transfected with anti-c-Jun or anti-c-Fos siRNA.
siRNAs were transfected to SH-SY5Y cells at a final concentration
of 50 nM. These cells were cultured for 24 h and then stimulated with
20 uM clioquinol for 24 h. Whole cell lysates (10 ug) were subjected
to western blot analysis. Membranes were stripped and re-hybridized
with an anti-$-actin antibody. B: The transfection of anti-c-Fos siRNA
significantly suppressed VGF mRNA levels. Transcription levels
were measured by quantitative PCR and normalized to the level of
HPRT mRNA. Levels were expressed as “fold of DMSO”. Bars
represent means + S.E. (N = 3). *P < 0.05 vs. control siRNA.

Discussion

The main findings of this study are that 1) VGF mRNA
levels were significantly increased by the clioquinol
treatment; 2) clioquinol-induced transcriptional activa-
tion of the VGF promoter was dependent on the AP-1
site-like sequence at —1374/-1368; 3) clioquinol induced
the expression of the AP-1 transcription factors, c-Jun
and c-Fos; 4) clioquinol enhanced the binding of c-Jun
and c-Fos to the AP-1 site-like sequence at ~1374/—1368
in the VGF promoter; and 5) RNA interference against
c-Fos significantly suppressed clioquinol-induced VGF
mRNA expression. These results suggest that the
clioquinol-induced expression of c-Fos mediates the

induction of VGF expression.

SMON is characterized by the subacute onset of
sensory and motor disturbances in the lower extremities
and visual impairment preceded by abdominal symptoms
(2, 3). Although pathological studies demonstrated
axonopathy of the spinal cord and optic nerves (4), the
underlying mechanisms of clioquinol toxicity have yet
to be elucidated. As we described previously, the concen-
tration of clioquinol used in this study (20 —50 uM)
is compatible with its plasma level in SMON patients
(15, 16).

VGF is a neuropeptide precursor, the gene of which
was originally identified to be nerve growth factor
(NGF)-responsive (17). Its transcriptional regulation has
mainly been focused on induction by NGF; and the
proximal promoter region containing the cAMP-response
element, CCAAT element, E-box, and G(S)G element
was shown to be essential for its expression (18 — 20).
We demonstrated for the first time that the expression
of VGF is induced by clioquinol in a manner that is
dependent on the distal AP-1 site in the promoter.

The expression of VGF is limited to neurons in the
central and peripheral nervous systems and to various
endocrine cells. VGF-derived peptides were shown to
exhibit various biological activities (21). Among them,
an increase in the mRNA and protein levels of VGF was
shown in dorsal root ganglia following sciatic nerve
transection (22) or in the surrounding area after spinal
cord injury (23). Thus, elevations in VGF levels have
been implicated in neﬁropathic pain. Several C-terminal
peptides derived from VGF were previously reported to
cause pain responses. A peripheral injection of TLQP-21
(residues 557 to 576 of VGF) was shown to increase
the pain-related licking response in a mouse model (24).
The intrathecal application of TLQP-62 (C-terminal 62
amino acids of VGF) to naive rats was found to cause
long-lasting mechanical and cold behavioral allodynia
(25). AQEE-30 and LQEQ-19, corresponding to the last
30 and 19 amino acids of VGF, respectively, were also
shown to evoke thermal hyperalgesia in rats (26). Thus,
the induction of VGF may be involved in clioquinol-
induced mechanical hyperalgesia and cold allodynia
an.

We focused on c-Jun and c-Fos among members of
the AP-1 transcription factors because their expression
levels were markedly increased in SH-SYSY cells. In
RNA interference experiments, the contribution of c-Fos
to the induction of VGF expression appeared to be
greater than that of c-Jun (Fig. 5B), and this was
attributed to differences in the efficiencies of siRNAs
(Fig. 5A). Thus, the contribution of c-Jun to the induc-
tion of VGF expression cannot be excluded because
c-Fos is known to require Jun family proteins for its
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functional expression through the formation of hetero-
dimers. The induction levels of c-Jun and c-Fos were
much lower in IMR-32 cells than in SH-SYSY cells
(Fig. 3). This coincides with the induction level of VGF
mRNA being markedly lower in IMR-32 cells than in
SH-SY5Y cells (Fig. 1). The induction of c-Fos by
clioquinol was also reported in vivo. An i.p. injection
of clioquinol to rats and mice was shown to induce c-Fos
expression in the hippocampus and telencephalon (27).
Further analyses are required on the level of c-Fos in
SMON patients administered with clioquinol.

In conclusion, clioquinol, the causative compound of
SMON, induced the expression of VGF, the precursor of
neuropeptides involved in pain reactions, by inducing
c-Fos expression.
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Abstract

A medical examination of the SMON in Tokushima of 2011 was reported. There were 37 testees
this year. Twenty-seven of them had a medical checkup in a group, seven had a medical
checkup at home, and three had a medical checkup in Tokushima National Hospital. This was a
similar group of medical examination testees to an average year. There were six elderly people
aged over 90. One was over 100 years old. A medical examination testee decreases gradually
with aging of SMON patients. Measures to increase the number of medical examinations by
arranging visits are necessary. A future problem may be that many patients are reluctant to be
visited at home.

Keywords: SMON in Tokushima, medical checkup, Tokushima National Hospital

Tokushima and enrolled in an SMON
investigation individual vote. We conducted
a mass checkup and at-home examinations.
Furthermore, we checked on the patients
hospitalized in Tokushima National Hospital
and outpatients of the hospital. We went in

Introduction

The sale of chinoform was halted 42 years
ago. Subsequently, no new SMON cases were
reported. Also, the number of SMON
patients decreases with the course. The

weathering measures of the SMON are
performed as activity such as "gathering
workshops of the SMON" 4). We have been
checking on the SMON patients in
Tokushima every year for many years. In this
study, the results for 2012 are reported.
Subjects and methods. The subjects were
patients with SMON who are resident in

the large meeting room of the Tokushima-shi
handicapped persons interchange plaza.
Three examination areas, each with a medical
examination desk and an examination couch
were prepared in the meeting room. An
electronic height measuring instrument, a set
of scales and a sphygmomanometer were
prepared for physical measurement. The
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physical situation and the present social
conditions were described by the SMON

patients. Also, a neurological medical
examination was conducted.

Results

Thirty-four people received a medical

examination in 2012. They comprised 11 men
and 26 women. The average age was 80 years
old. The average age at which the disease
was coniracted was 43 years. The mass
checkup covered 27 people. Nine people had
a medical examination during an at-home
visit. The testees in the Tokushima National
Hospital outpatient department numbered
two people. The hospitalized patients were
alone.

Time of contraction of disease. As shown in
Table 1, the age of the patients who had a
medical checkup at home was the highest.

SMON examination in Tokushima Mitsui et al.

The age of the patients who had a medical
checkup in a group was the second highest.
The patients who had outpatient
consultations were the youngest. The Barthel
Index (42 points) of the patients who had a
medical checkup at home was the lowest.
Most of the patients who received home care
had family medicine. Frequent complications
included cataract, hypertension, and
arthropathy. The number of patients with a
BMI (Body Mass Index) of 25 or more was six
this year. Many patients were aware of
forgetfulness but in four patients this was
complicated by obvious dementia. There
were seven elderly people older than 90
years, There were two patients with early
onset (onset at 18 years old). Two women
patients were 61 years old. One had a
part-time job; the other was uneasy about
single life in the future.

Table 1. Patients with SMON that received a medical examination

Men Women Total Mean age
Mass checkup 9 18 27 78
Checkup at home 2 7 9 86
Qutpatient department 0 2 2 62
Hospitalization 0 0 0 —
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Discussion

Forty-five years have passed since the sale of
the chinoform agent was halted in (1970) in
1970 [1]. As a result, it is over 41 years since
SMON patients began to contract the disease.
The average disease contraction time of
SMON patients in Tokushima prefecture is
43 years. The average age of the testees was
78.

The number of patients in 1972 when a
meeting (patients association) of the
Tokushima SMON was organized was 155.
The medical examination results that we
examined corresponded to the national
tendency of the average year. Most patients
had family medicine. Even if the patients
were living alone, a nearby doctor could be
contacted in an emergency. Seven patients
were over 90 years old. One was over 100
years old. Three people used nursing care
insurance. Furthermore, they received close
support from family members. There were
two women with young onset (18 years old).
The Barthel Index scores for them were 95
and 100 points. The degree of their disorder
was very mild. As well as support in terms of
food, clothing and shelter, mental support
seemed to be needed. The weathering
measures of the SMON are performed as
activity such as "gathering workshops of the
SMON" positively in this study squad. The
number of medical examination testees of the
aging is shown in Table 1. A mass checkup in
the Tokushima public health center began in
1990. More than forty people participated
constantly from 1999. In 2011, the number of
the people having an examination decreased.
This may be associated with a decrease in the
number of testees to have changed a place in
a medical examination this year. However, a
decrease in the number of testees due to
aging will be a main factor. The number of
medical examinations conducted at home
should be increased.

SMON examination in Tokushima Mitsui et al.
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Peak Cough Flow in Patients with Subacute Myelo-optic Neuropathy

Michiyuki Kawakami,*! Meigen L, *! Atsuko Horig, *! Masahiro Tsusikawa, *!
Sayo MagsHiMa, *! Yohei Otaka, ** Toshivuki Funmwara, *!
Tetsuya Tsuj, *! Akio KiMura*?

Abstract Purpose : This study aims to measure the peak cough flow (PCF) in patients with
subacute myelo-optic neuropathy (SMON) and study its relation with muscle strength, functional
ability and vocal cord function. Methods : We performed a cross-sectional study in 7 patients with
SMON (2 men and 5 women, mean age (SD) 81.6 (7.2) years) and in 7 age- and gender-matched
patients with orthopedic problems as a control group. Their PCF, ability to walk, the Barthel
Index, grip strength and maximum phonation time were assessed. Results : Mean PCF was 218.6+
66.2 L/min (110-300) for the SMON group and 267.1 +76.3 L/min (170-360) for the control
group {(ns). The PCF was correlated with the maximum phonation time (r = 0.91 s p<0.01), but
not with grip strength, the Barthel Index or the ability to walk scale. Conclusion : The PCF in
patients with SMON tended to be lower compared to the control group. Therefore, evaluating
PCF is suggested to be necessary to assess the risk of pneumonia. (Jpn J Rehabil Med 2013 ;
50 : 654-657)

B B IRARYOATVRE TS (B2, KL, THERSIELTIN) I
SIEBMAOFEE LT, peak cough flow (BLF PCF) 2L, 48, ¥t~y +LA
FHERRE & kL 72, #R1THEHE, Barthel Index, 1B71, RN L ¢ TilEL, PCF &
DHEZAET 2 ORMABERB I T Y COMBERE VTR L, REvae
# O PCF @ F {1 218.6+66.2 L/min (110 ~ 300), 3 M3 267.1+76.3 L/min (170 ~
360) Thh, BERTERVEMZED.. PCFEMOERIE, X% CEETEB5E (71%)
Tdh o7z 110 L/min OREFHIBKIGH S OB Th - 72, BERFESEFY & PCF 2
BEWHB T 207, [BR] 252 EEOBEBNZREO B E R, SN 2% IFRERE,
BT DFAE, B X CHHERAIHED ) R 7 DBROZDOIIBY NEY F— g QLT
AR SR

Key words : A€~ (subacute myelo-optic neuropathy), B (cough), #7) (muscle strength),
REFEFRHEIEE  (maximum phonation time)

A7 DHBBEIHL, BWOEFMTSLIIEE

Thhb.
LHI & 9 RS OE TAMROBBRETF 55 & 8 ALY (ERMFMAKEMBE, subacute myelo-
HEINTWBY P, EF, BON=MBODETS  opticoneuropathy : SMON) I35 - FHIZ & DI
MREOEREAFELTERSATVE2Y, Jifoy SIKEIEHCT, BHOLTRESREL Y IIE

3L &I

201342 H 13 HEA4), 2013476 H 24 &M .
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Peak cough flow & i} /), iAo M

v, FEtHAER - BRCEFTEEdaHRE
BTHHY. 1970 EIEBHIF / kA (chinoform,
clioquinol) OFMEAMFEL TAHIS BB R, &
REHEFERSI L > THH OBHBEIE SR THSH
LLBEORBREIR ol BEOX AV AEH
BhEIy, EFERHIEAT VY OBREIAHATCHED
EHONTHY, 1972EKE CORERIL249 A
T, 1A2TFADEICELLEEINA TR, F
RN LADOBEFEEE (197049 H 8 H) LD 404ELL
EPBELLBE, F-hBRFEORERL koD
DO, FERABEE L L E  OBBEDHRKIEE R
ELATWS, BETHLXEVBEOHANEL
LT, BEYEHEEREESERRMAEE (e
B4 2 WAEBIZENL) 13, PEE L 0 HE 1,000 ARIRD
BERSELHRUTETEY, YREFO—BEH-T
W3 011FE4 1 BRERREEFLEZRLT
VAEAECBEHIL, RETLHBERTHH, Fiid
T0RRRED £, 5RULNE6%E HOT WD,

HE LA, FLETREOSHLIGESATY
LHATVREIWEDIAIETH D, BB O
DLEEATREE N EH, HFHLALEHRTIIRER
BYhohwin, REVBEOEEOZHAEL 4.
i, B EHPETRELOMBRERRS D
2, BB X UBRRABFIEERNE & BB L OlGE
L.

MEETE

HRIZBE)NEY F—a»y (BUF, In) B
TREVRBEERLATVBELHITHL., HE
BHEATE (B4, THES A, FHEBRSL6:T72
B) Thb 5REHUENELESL, 2E£BERC
TEMlE% 17 - 72. ’

EHHT DM & LT, peak cough flow (BUF PCF)

F1 AECYEIBLNBEOTO

ZHIEL, E8, HNE~vy FEELWmE (B
Bl MR 2SR LR, B2 s, ksk, T
WHER 80257 R) LHELL. AT rEHELAR
BOMTHE (£, 4%, bodymassindex), EH,
R BERESHEHOERICOWTHIES T2, PCF
DOWEIZIFE—r 70— A—¥F— (ASSESS: LAY
ooy AR v, WERMIEREME L, 3|
MWEEfT, RAOMERE L. —#A% PCF R
fli ¥ 270 L/min K% PCFEEME LY, 20
R R

2V BHTE, BTHRE XerREREABAZ
Ik B 9B REREMN, 1. B, 2. BT (HoT#H
f5), 3. BB, 4. o»rE0HFT GRTHERZY), 5.
B, 6. —AK, 7. Bk (PAHVTEE), 8. M
£ (RRLRRE), 9. £H0Y, M), Barthel
Index, 87, BREREFRENHELAHLETHEL,
PCF OME* AY T < v O HANEYS L UY
7Yy ORBAREE TR L. BREARRE
BUIBEREICRARS & S82%, BREFEFLCT
XL —E0MmE T I7—] LR K EHE
RE%#fThE, 2oFEEALMNELZY £, B
HE FITREBICETL0) OFREERLL.

(REENORR)

F—2iE, REVRERPHOBEBIU Ry
BIRHEBASE] »o8BTBY, [F—¥RF - %%
IZHBEL:] BEF— YR FEHLE. £, ¥E
HOF—FHHICOVTE, YKPERPBOGEER
KOERBEH TS,

= R

WECTHE, B, TRRREAHFOEEIIOA
HShhZd{dhdoi (Bl). AEVAFEOD
PCF @ 39 (X 218.6+66.2 L/min (110 ~ 300), *t

74— (EHEE X URgE)

AEVBER N RE Mann-Whitney R E
£ () 81.6+7.2 (83) 80.2x5.7 (77) p=0.61
HE (cm) 153.2+10.1 (152) 156.0+8.8 (155) =048
fRE (kg 4939.2 (48) 51.0%10.0 (47) =089
BMI 209+3.1 (21.1) 21.1%4.6 (22.0) $=0.85
BN ke 186=50 (18) 17.2=4.1 (17.4) »=0.65
MRS G REE  BUDMEIMES 1 4 COPD 1 H
BMI : body mass index, COPD : M@tk A HEA
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#2 AEVHEEOPCE, 8, HARE, Bl RRESTHERLH

- 5 BRRE
@*J)‘; gy ek coueh low ‘{fg BHFSE Barthel Index RS
()

90 e 270 16 2 75 18

76 5 240 28.6 9 100 17

69 * 250 192 8 100 13

88 'S 160 17.6 8 95 4

83 3t 110 19 8 100 5

8 & 200 12 4 90 11

81 i 300 18 8 100 17
23 PCF i)y, HITHE, BL ®E PCF

RS & O HE (3L5/0mm)
MR E p il
#h 009 p=0.84 3007 %
SEATHE -007  p=086 250 - ¢ 'S
Barthel Index -0.21 p=0.64 200 1 @
I B R 091 <001 150 ¢
100 &
50 -
0 ¥ T T 1
HRREIL 26712763 L/min (170 ~ 360) TH Y, Wi 0 5 10 15 20 ()
BERLEFERR

THEFWEEEERBD Do (Mann-Whitney
WE, p=022). PCFEMOESINH AL, AEVE
HETHHSH (T1%), HEFR7493% (43%)
ThHY, HEFNCREEEEBO Lo (Fisher
OEFERSERE, p=030). 110 L/min O FHZREID
OB TH - 1o,
AEBE, £HOPCF, EJ)Y, $1T7HE BL
BRERFREBRHOML RITRT E2).
FITHEEL ADL, AL PCF L IZMHBET AL
o oS, BRERFEREN L PCF v MM %
s (#3, ®).

% &=

Mi4e, SFICRREEEMROGERRT L LT, BT
DT, BREDETH»MOR T 54, HE, Bl
TOERFHAHEOBRKEFE LTEHIR TV S,
Bianchib? i3, BEMBETEE L FLLT -0
HT, PCFORMBAW ORI L2 B]EL
TED, HELY L ORBEETHMTRERY
EHRIFAROHREREL Cv 5.

PCF & w3575 {4 ] & D4R
PCF & RBEFRHHFMIIRC-IEOHB T BD 1.

WH D L LC, PCRIZAERIEERZ LI
ESHAVORTWABFHTHE?, ¥—7 70— X~
FERAWC, BHOREZNL O CHY, WHEZH
HTHERNLEEED L9 E— 2 70— X D Eniidist
Bonzd, BECRAECEEIIBITS PCFOHREIR
<, SROFERE, SHEOAEVEEOBHIIBW
T, BELLDNRTCHLLEELD,

PCF Ml Iz 2T, BRSO E e
A, MR BREERLE LERET, AHRKE
%% 72 iCid 160 L/min A%, WS OB I 1d 270 L/
min BLEIZL B EIRTHEM, SEDAE B
FOBRTHPCFETHESSHEATVD Z LA
#ahi, 2, ARPOBREENRELLBED
BETIE, BOBERWIES CPRER 687113 M)
@ PCF 1% 385.0+ 167.8 L/min T& h¥, Zh LIl
CHAELYBEOPCFEBWETHALEVWALLEA

656 Jpn ] Rehabil Med voun. 50 no.8 2013

Presented by Medical*Online

— 240 —



