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An improved method for Southern DNA and Northern RNA blotting using a

Mupid®-2 Mini-Gel electrophoresis unit

Hirokazu Furuya "V, Takeshi Yamada 2, Koji Ikezoe ?, Yasumasa Ohyagi ?,
Yasuyuki Fukumaki ¥, Naoki Fujii ?

Abstract

An improved method for Southern DNA and Northern RNA blotting using the Mupid®-2 Mini-Gel System is described.
We get sharp and clear bands in Southern and Northern blotting after only 30 minutes’ short gel electrophoresis instead of

the several hours large gel electrophoresis of conventional methods. The high electrical voltage with a pulse-like current of

the Mupid®-2 Mini-Gel System also allows reduction of the amount of formaldehyde, a harmful reagent, from the gel run-

ning buffer in RNA blotting. This minor modification of DNA and RNA blotting technique enables us to perform the com-

plete experimental procedure more quickly economically in less space, than conventional Southern and Northern blotting, as

well as using an extremely small amount of formaldehyde in RNA blotting.

Key Words:Mupid®-2 system, Northern blotting, Southern blotting, formaldehyde, pulse-like electrical current

Polymerase chain reaction (PCR) is the most widely used labo-
ratory technique in molecular biology, and the recent progress in
direct PCR-based genome sequencing and quantitative RT-PCR
technology, has largely eliminated traditional gene analysis meth-
ods, including Southern DNA and Northern RNA blotting.

On the other hand, a difference in amplification speed has
become apparent between the genomic regions or genes that are
easy to amplify with PCR and those that are hard to amplify. The
latter include candidate areas for triplet repeat diseases with expan-
sions that are longer than 0.25 to 6.0 kb, such as segments with
simple ‘CTG’ triplet repeats (MIM 160900; myotonic dystrophy
type 1 (DM1) [1]), decreased repeats with 10-kb EcoRI fragments
(MIM 158900; FSH-type muscular dystrophy) [2], ‘ATTCT’
repeat expansions ranging from 920 to 4,140 repeats (MIM603516;
spinocerebellar atrophy 10 (SCA10)) [3]), and expanded ‘CCTG’
repeats ranging from 75 to approximately 11,000 repeats (MIM
602668; myotonic dystrophy type 2 (DM2)) [4], all of which are
beyond the capacity of Taq polymerase in PCR reaction.
Furthermore, expansion of a tandem repeat of a dodecamer (‘CCC-
CGCCCCGCG’) in the 5-prime untranslated region of the cystatin
B gene (MIM 601145; CSTB) may alter the complex secondary
structure of a single strand of DNA in gene transcription, resulting
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in failure of PCR amplification in Unverricht-Lundborg disease
(MIM 254800; ULD) [5]. Thus, for the molecular diagnosis of
these neuromuscular disorders, common PCR technology is use-
less. On the other hand, Northern blotting is still a popular method
for analysis of gene expressions in which the splicing pattern is
unclear. In such cases, conventional DNA and RNA blotting meth-
ods, which are time-consuming and costly, are applied for the diag-
nosis or analysis of gene expression.

The Mupid®-2 Mini-Gel Electrophoresis Unit (Advance Co.,
Ltd.) (13.0cm ¥ 18.0cm ¥ 5.0cm in height) is a mini-gel gene
analysis system commonly used for preliminary gene analysis or
small-scale DNA analysis. Unlike other gel analysis system, it uses
a semi-direct pulse-like current instead of the usual power unit, and
has a very small gel system (6.0cm ¥ 5.5cm, 6 lanes) combined
with the power supply in one unit [6, 7].

Here we describe a minor modification of DNA and RNA gel
electrophoresis using the Mupid®-2 Mini-Gel System that enables
us to improve quantification even in a small gel format and to
reduce analysis time while decreasing the amount of harmful
formaldehyde necessary in RNA gel electrophoresis.

Southern blotting

Genomic DNA is obtained from human blood samples.
Genomic DNA (10 pg) is digested with the restriction enzyme and
precipitated with ethanol, and the concentration is quantified by
means of a NanoDrop spectrophotometer (NanoDrop Tech). Then
7.5 pg of the DNA is electrophoresed in an agarose gel, using the
usual TAE buffer (40mM Tris-acetate, ImM EDTA (pH 8.0)) [8,
9], in the larger lane of the Mupid®-2 Mini-Gel System and run-
ning the gel at 100V for 30-40 minutes until the bromphenol blue
dye has migrated to the appropriate position. We change the TAE
buffer in the middle of the electrophoresis if the gel is run more
than 30 minutes to avoid raising the temperature of the buffer. The
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DNA from this gel is transferred to a Hybond N* membrane
(Amersham Inc.) by the disposable gel transfer system (Fig. 1)
using an alkaline denaturing solution (0.5M NaOH, 1.5M NaCl) as
a transfer buffer. These membranes are hybridized with a DNA
probe and labeled by the Random Primer labeling system using
[**P]dCTP as the radioactive nucleotide. Pre-hybridization and
hybridization are performed using Church’s hybridization buffer
without bovine serum albumin (BSA) [9]. Blots are exposed on
imaging plates, and the radioactivity of the bands is visualized with
the BAS2000 System (Fujifilm Inc.) (Fig. 2).

_ glass plate -

e paper towels
Whatman 3MM

membrane \ =
tybond ) N 77
—— gel —

T~ plastic wrap

T paper towels ——
(saturated with
transfer buffer)

Figure 1

Disposable gel transfer setup for Southern and Northern blot-
ting via capillary transfer. Paper towels saturated with transfer
buffer and covered by plastic wrap is used instead of the reservoir
bath, which saves space.

(a) (b)

- -

5022 bp > (D S = - e g e

Figure 2

Southern blot analysis after autoradiography with (a) conven-
tional DNA gel electrophoresis (gel size is 5.5cm ¥ 14cm with 6
lanes) and (b) the Mupid®-2 system (5.5cm ¥ 6.0cm with 6 lanes).
Genomic DNA was digested with EcoRI and HindlII followed by
gel electrophoresis. In conventional analysis, 5 hours elec-
trophoresis is applied (a). In the Mupid®-2 system, 100V was
applied to a mini-agarose gel for 30 minutes (b). After transferring
DNA, these membranes were hybridized with a 32P-labeled DNA
probe (subcloned exon 2 and 3 genomic DNA fragment of human
CSTB gene). Note the sharpness and good isolation of bands in
the short gel of the Mupid®-2 system (b).

Northern blotting

Total RNA is extracted from the cultured cells with an RNeasy
Mini kit (Qiagen), and the concentration is measured by means of a
NanoDrop spectrophotometer (NanoDrop Tech). Then 1 to 10ug of
the total RNA is electrophoresed in a 1% agarose gel using the
usual TAE buffer without formaldehyde in the large well of the
Mupid®-2 Mini-Gel System. Total RNA samples are prepared for
loading with 1 ¥ formaldehyde gel-running buffer (17.5%

formaldehyde and 50% formamide in the final concentration) fol-

lowed by vortexing, microcentrifuging briefly, and incubating 5
minutes at 65°C [8]. A 10% volume of the formaldehyde gel-load-
ing buffer is added, and the gel is run at 100V for 30-45 minutes
until the bromphenol blue dye has migrated to the appropriate posi-
tion [8]. We change the TAE buffer in the middle of the elec-
trophoresis if the gel is run more than 30 minutes. Then, the RNA
in the gel is transferred to a Hybond N* membrane by the dispos-
able gel transfer system (Fig. 1) with 20 ¥ SSC as a transfer buffer.
Pre- and hybridization and visualization of the target band are per-
formed by the same method used for Southern blotting analysis
[8.9] (Fig. 3). The radioactivity of the mRNA bands demonstrates

the gene expression quantitatively [10].

(b)

28S
(5,025 nt))

188 .
(1,869 nt)’A

Figure 3

Northern blot analysis after autoradiography with (a) conven-
tional RNA gel electrophoresis and (b) the Mupid®-2 system of
total RNA extracted from PC12 cell stably expressing the
luciferase gene [10]. In conventional analysis, 30V was applied to
1% agarose gel with formaldehyde for 5 hours electrophoresis (a).
In the Mupid®-2 system, 100V was applied to a mini-agarose gel
without formaldehyde for 30 minutes (b). After transferring RNA
to the Hybond N* membrane, these membranes were hybridized
with a 32P-labeled luciferase cDNA probe. The gel size is the
same as that of Figure 2.

In both Southern and Northern blotting, we get a band that is as
clear and sharp in a short gel (6.0cm in length) as in a 14.0 cm gel
(Figs, 2,3). This is probably due to the character of the semi-direct
electrical current in the Mupid®-2 system. Nucleotide fragments
form a strong secondary structure, especially in RNA, because
RNAs are single-stranded and able to form secondary structures by
intramolecular base pairing. RNAs must therefore be elec-
trophoresed under denaturing conditions if good separations are to
be obtained.

This is the reason that same-size nucleotides do not necessarily
migrate exactly the same distance. This phenomenon is widely
exploited in the analysis of single strand conformation polymor-
phisms to detect RFLP. To avoid this problem, especially in analy-
sis of chromosome separation, pulse-field gel electrophoresis is
usually applied. Because the Mupid®-2 system generates a pulse-
like electrical current and runs the gel at a high voltage in a short
running time, we get a sharp band.

Denaturation is achieved either by adding formaldehyde to the
gel and loading buffers or by treating the RNA with glyoxal and
DMSO prior to loading for conventional Northern blotting.
However, our protocol using the Mupid®-2 system eliminates the

need for formaldehyde in the running gel buffer. Since the Mupid®-
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2 system generates a pulse-like electrical current and runs the gel

at a high voltage in a short time, we get a sharp band even in the

formaldehyde-free agarose gel and running buffer [6, 7].

In conclusion, a minor modification of Southern and Northern

blotting using the Mupid®-2 system allows us to quantify gene

expression quickly, save space, and reduce costs, while using an

extremely small amount of formaldehyde in RNA blotting.

Acknowledgements

This study was supported in part by a Research Grant (16A-1)

for Nervous and Mental Disorders from the Ministry of Health,

Labor and Welfare of Japan.

References

1

. Fu, Y. H,, Pizzuti, A., Fenwick, R.G. Jr,, King, J., Rajnarayan,

S., Dunne, P.W., Dubel, J., Nasser, G.A., Ashizawa, T., de
Jong, P., Wieringa, B., Komneluk, R., Perryman, M.B., Epstein,
H.F., Caskey, C.T., An unstable triplet repeat in a gene related
to myotonic muscular dystrophy, Science, 255 (1992) 1256-
1258.

. van Deutekom, J.C.T., Wijmenga, C., van Tienhoven, E.A.E.,

Gruter, A.M., Hewitt, J.E., Padberg, G.W., van Ommen, G.I.,
Hofker, M.H., Frants, R.R., FSHD associated DNA rearrange-
ments are due to deletions of integral copies of a 3.2 kb tandem-
ly repeated unit, Hum. Molec. Genet., 2 (1993) 2037-2042.

. Matsuura, T., Yamagata, T., Burgess, D.L., Rasmussen, A.,

Grewal, R.P., Watase, K., Khajavi, M., McCall, A.E., Davis,
C.F., Zu, L., Achari, M., Pulst, S.M., Alonso, E., Noebels, J.L.,
Nelson, D.L., Zoghbi, H.Y., Ashizawa. T., Large expansion of

the ATTCT pentanucleotide repeat in spinocerebellar ataxia
type 10, Nature Genet., 26 (2000) 191-194,

4. Liquor, C.L., Ricker, K., Moseley, M.L., Jacobsen, J.F., Kress,
W., Naylor, S.L., Day, J.W., Ranum, L.P.W., Myotonic dystro-
phy type 2 caused by a CCTG expansion in intron 1 of ZNF9,
Science, 293 (2001) 864-867.

5. Lalioti, M.D., Scott, H.S., Buresi, C., Rossier, C., Bottani, A.,
Morris, M.A., Malafosse, A., Antonarakis, S.E., Dodecamer
repeat expansion in cystatin B gene in progressive myoclonus
epilepsy, Nature, 386 (1997) 847-851.

6. Kadokami, Y., Saigo, K., Takao, K, A simple, inexpensive
"power supply” for multiple electrophoreses, Tanpakushitsu
Kakusan Koso, 27 (1982) 2108-2111. (Japanese)

7. Kadokami, Y., Takao, K., Saigo, K, An economic "power
supply" using a diode for agarose and polyacrylamide gel elec-
trophoresis, Anal Biochem., 137 (1984) 156-160.

8. Sambrook, J., Fritsch, E.F, Maniatis, T., Molecular Cloning: a
Laboratory Manual, 2™ ed. Cold Spring Harbor Laboratory
Press, Plainview, NY, 1989.

9. Ausubel, F.M., Brent, R., Kingston, R.E., Moore, D.D.,
Seidman, J.G., Smith, J.A., Struhl, K., Current Protocols in
Molecular Biology, vol. 1, Wiley, New York, 2005.

10. Furuya, H., Shinnoh, N., Ohyagi, Y., Ikezoe, K., Kikuchi, H.,
Osoegawa, M., Fukumaki, Y., Nakabeppu, Y., Hayashi, T.,
Kira, J., Some flavonoids and DHEA-S prevent the cis-effect of
expanded CTG repeats in a stable PC12 cell transformant,
Biochem. Pharmacol., 69 (2005) 503-516.




Multiplex ligation-dependent probe amplification (MLPA) ¥AIZ&k D
FENFETE LT T 8 Duchenne BUF5 Y 2 b v 7 4 —{REZFZW A
T RE 7= o 7= A

AE RHA, Hb WEEE, SR OB 5% BE, MESF A

B M, EEHRMICDuchenneBH I X bO7 1 —EBBEhTTILRTCL TV B REEDK. RRRD
53 BFREENE D PHETE 2V, FEHI& 8B Tmultiplex ligation-dependent probe amplification (MLPA)
#*IC & B dystrophin BEEF2E£1TV, EFFEREETH I LEBIBTE L BREFRTL TV IEE0
Duchenne B Y 2 hO7 1 —DREESZK T, BFREZEH,E D PHETELWEETY, BLIRTMLPAL
#RATHBMEN H 3. FEODTUEREORHEENIEETH 3.

%—77— K : Duchenne ®#fFY A b ¥ 7 4 —, multiplex ligation-dependent probe amplification (MLPA) %,
fRI¥H 2T, dystrophin

Key words: Duchenne muscular dystrophy (DMD), multiplex ligation-dependent probe amplification (MLPA),

carrier testing, dystrophin

BUBIC

B0 dystrophin # 1z % £ DOMRFIC multiplex PCR #:
FrbhT&2., L LHBERFRXBREEALICEET S
ROTEOEREBRNIIEL {, FIREHITBTELTWS
BEIIHE TdH o /2. R multiplex ligation-dependent
probe amplification (MLPA) #:{Z X % dystrophin #{5+%
ROBRBEIWTHOND X ) IZhko 2, KX PCR OGS
FERBPCRICE > TV 5 97O REEETHHERETOR
LRPREHEFHRBTHIENTEL., SHEKRA IIREEIET
LTw2EHI 547V PCBBEAADTVA T 1 Vi
ZFHFEEXMLPABETITI S L2 Y, RRBEDHAWE
Pl fEPl 2 RER L 727 0HET 5.

E #

2547 Miz28k&tE (M1). Duchenne BT X b
U7 4 —CEEBHEINETLTwERHEORE 2 AR
. BIEEORMETFEMII SN Twih o/, MOMmBRFI
BERIWRY., BHOWREENE ) PORLTEZZ L. &
Zhyve) v 7&4i7v, MLPA® (Z#LEATF1 TV
AkkRAatt) TR EAAD dystrophin BIETFREETo 7.
BTIITs YV 500555 ICEEZRDH, RAKEED
FTREAZ T EWEBR L.

35 38 22 28
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Multiplex ligation-dependent probe amplification (MLPA) 12 & D BHHEAFEL L TWTH Duchenne 5T A 07 4 —RIE BRI HES o Fo it

MDD EFEIHEL V. wTRICE X MLPA 052t rearrangements in the dystrophin gene: potential and
HBEOERIERETHRHTE LW EHRFIRE R T pitfalls. Neurogenetics 2005; 6: 29-35
5. 3) ARIER, FWEE, &M © Multiplex Ligation-
dependent Probe Amplification (MLPA)BEIZL 5T X b
X ®& 074 VEEFIY Y Y ORE, ERBK. BEEFHE
- RREMARIE HYAMO 74 —REOT
1) Schwartz M, Dung M: Improved molecular diagnosis of EF v AEEICHT 2ERMIE FRISERNEET
dystrophin gene mutations using the multiplex liga- O A - EkE 2006 © 4849
tion-dependent probe amplification method. Genet 4) Schoulten JP, McElgunn CJ, Waaijer R, et al: Relative
Test; & 361-367 quantification of 40 nucleic acid sequences by multi-
2) Janssen B, Hartmann C, Schiz V, et al: MLPA analysis plex ligation-dependent probe amplification. Nucleic
for the detection of deletions, duplications and complex Acids Res 2002; 30: e57




Multiplex +7&& PCR/ PCRSSCPHIZ & 5V 2 b v 7 1 ViB{RTF2l

ik s A7 BAHME, NHE

EE 2807 1 VEEFOZEEREICDNA % AV - multiplex 58 PCR/ PCR-SSCP A% BATH &
T, TVYVCBUTORE - EREROBRENAE5T, ChE Tl mRNAOSEEFRFIREEICEH > TW AR
IEROBBHTEEICE 57, DNAIZ K 5 DMD/BMD OEEFERIGHEIIH05%ICH LY, AE - EELHS
EFEHBENIRRESICALEL oo EAFD AT ARRREZSHICHICHTE, EREZHEETH > - RGHE
GFEETHOEFIC DLW THERIGHORIEEMIEDH SN,

FUBIC

LEETid multiplex FEBPCREIC I IR b7 4 v
BIETFOL7 Y VHEATORSE - BEHEROBHEZIT->TE
e, UL LERDBRONL ho 72881 E mRNA Z v
‘C RT-nested PCR: - &3EERFIREHELITH A%, ThiZ
WRELHMEFHZET S FHRTIEEERZRPCRED
BN AEERRESY, BURK/FAOBRNEZTo72. &5
{2 multiplex PCR-SSCP (single - strand conformation poly-
morphisms) EZBATEI L THERDRAZ ) —=V T
WHEIC L7z, $-REABEZME A E T 5 DMD/BMD R D
LW X T 575, multiplex €& PCR/ PCR-SSCP #:
2ITH &L, EREABHMRETDH - L HWERIETFE
RABOEFIZOWTOBIITEBIC o 7.

MR - Fik

1. 3R PCRZEICL 2N ERKRE

VA7 4 YBIEFDNAOETILZ Y Y B L2701
FT—F—HBETEREOLZ Vv FOD6 DD RISHRICH
i}, TRNETNDOLI Y VIR T AT T4 —kllAadhe
THERR L 72 OGS #6 dUTP 2 i 2 T PCR KIG % 1T o 7=,
BEX77 b—I0ET R 0BRBE RIS &1L S¢, PCR
EW R EEE UMRERIC X > T—R$EDNA & L7214,
POP4RY T —%2HVWTHFy¥F Y-y =2 r¥— (ABI
PRISM 310 Genetic Analyzer ) THEAKE LT L. X
WA TRENIKEMEIZPCREDOKE S (HER
TR 57-%, kEEEIREE & EhEbE2BRICED
L3N o 1ERD EOBMIRE/IFAZRB L. Xt
LUIDRT OB CERRFED DMD3 KA TH 5.

2. PCR-SSCPiIC & AN ERBH

LRz PCREE & FBRICPCR KIS, HE%ETok0
HLIZCAPRY Y~V TESRKE L, MRER L OKE)
NRY—VOFTNICEYHEREZAZY—= VT L7z WG
Y ERPCRETERKRFEED DMD23K A B & ALK

HURBERRET D 720 R RN EEM D DMDAL KA TH 5.

3. REEZH

BIBERC D L BEREN L S BIEFERTHOTH TR
135D PEICH U T multiplex &8 PCREB X O PCR-
SSCP#E % AT o7z, F/-BMBER O OEREMEEAD
1R B 45 61DV T b FEIRRICHRST L 7.
13DVWThOBFED, BUMRE/AFARLHERSEDOIIE
$21Z DNA O EEIERERTIREE TER L FAE L.

I S

P PCREEIC & 5 X HA T OfFYT Tk DMD43 KR H,
IEERE/IBAGH, 2¥EERE/IEA2R, 49HIERE/IF
A6BIDEH 5P DB/NRE/IEAZBDL (K1), PCR-
SSCPECB VT, ZRKFEZEDDMD2IRKAIZHBWTII
RADHEREZRZE L7, WRIEZF vy AERM6H, X
TIAAYA FMRIIERMBSHITHS (£2). REREBML
BE&1 DMD41 KR Tld, BEIEICELY D o Z-EMIT 35
BIT, 6FITREMVERONED o7 (R, ZBTIY Y
HWHEWIEA v o ryNO26 »AHCiEEREIRICL 558 %
AL 7. ERBUBEMOREABLEIIBVTRE, 12758
WEOREK/TEALET L1661 CIIEMIC, $AF bR
ERBDVIERT T4 AL VRIIEREAT 2 2041 Tid
Z0 ) b 20PN BIEIB OB R SNz, BRKREER7
RAIIPIOMATTIX, REIF, EHLIH, 1HEERE2H
(B, SER20 (B4 2RELA. 3ROREMITA
HRMHEOBRTHY, ZofibidBRICRB S zRE
2ROT, EREFLUWTEL. R 15%R26 (B
BHEBRKE NN -V OThsBdONT, ERZFEETE
otz (33, K2).

% =
VA b7 4 VBIEFIZFA XK E L, DMD/BMD i

BUABEFERRISUEICES. FO-DEROMATIZIIE
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2. Multiplex }E &
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(#3 VI

T ! PCRSSCPH:THIB&E 24 ¥ bu v 55 NDHER
(&3 V1)

PTEDNPIYRECTHETZHD TUROBETH - 72, 5H
@ multiplex ¥% & PCR/ PCR-SSCP #:1Z X A AR H»
5, Y4B DMDESITit DNA T OMATRES9%, EH
13%, BUNRE/TEAEL10%, TV AER/ATTLA
T4 FMRAERI13%VRBTREIC R ), ThidERe4kD
FHBUIZRE. COMWTRTHRIBTE Lo 2 5A135EE
89 mRNAIZ X 2 BB EICE L, ZDE
BUIKRIBICH ST LN TE/X. PCRSSCPH:IZ}ERE
PCR¥:EEER Y, V2D Y VIIHEEDOY -2 38 A,
F 7O KEIIE X fragment DK & SITKFEL 2. CAP
A2 —RERKEIREDMNBRECKEE2E L5720, &

PCR-SSCP 12 & 2 f/hERREH H
BEPCRETHI SN2y v v 11 HO—HHRE

HEEZRBEZ L VETLEDDH L. SHICHETFLEIC
XoTHIBEINY — VIZELEE LB 720, WERYIZHEE
L7458, BERTRELZHThHol ) &b bhdb
TEZS., LA LBUNEROKRI % mRNA T ICHH- TW
TPERDEN Y AT MR LT, B - FHOMTHRED
HERES .
BRRELZEOBRIZTERRBBRE RN E/IFATIZIR
100%, HZERTIRT0%ERED ), MNEREEDH2%IC
Wb, EHRBI IV VORK/EHOSEGDLESL L,
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| #n-z2e-npze

l ABI PRISM 310 Genetic Analyzer Gene Scan l

O sscrsw (captiw—) |

| porazr |
[ I [ BmoBE (—) |
O zmemr | Q[ mozamr | RUNERBH
I
| mmowm (+) | zwom (b | | zpoBm (o) |
|
| DNAE{EE R IIRE S

[ m—xovy | [ mmzove |

I 3T

$¥UIOUNETRE > BRERFEH

K3 VAL 7 4 rBRIEFEEBRBY AT ADEN

* REFZUCIERNABTIERL

LB LU TSSCPikEN /Ny — Y DELDEAVIZBREIZL
L TEL, HERETRETHS. LB EEOR]
BUSNORFZZBICBWTCERB RO L 2 VWIEE, REE
TZVWOR, HEVERERZHRMTE TRV OIOHETA
T&ZV., ZFRXEOREFZIICIREGE D LZZ0R
BOBRTERORENLETDH 5.

Multiplex ¥ #& PCR/ PCR-SSCP #:13 ffi{E - BE R RE
FETHL2OH% LT, BREDHETERIMAHOEED
REEZWICHISATE 2B BB L E 2 5.

X ®
1) 1A &F, HAFMEL, JIFNE, JIFT: FERPCR

HIZX B VA MO T 4 VRIZTFERBITREOM L. K
14-16 LR SF A HFh - MR BT R REER By

2)

3)

4)

A MU 4 —DiEFREBEFEERICET 5 BBIRBIFEHR X
4R. 17-20, 2005

Roberts RG, Coffey AJ, Bobrow M, et al: Exon struc-
ture of the human dystrophin gene. Genomics. 16: 536-
538, 1993

Yau SC, Bobrow M, Mathew CG, et al: Accurate diag-
nosis of carriers of deletions and duplications in
Duchenne/Becker muscular dystrophy by fluorescent
dosage analysis. J] Med Genet. 33: 550-558, 1996
Roberts RG, Barby TFM, Manners E, et al: Direct
detection of dystrophin gene rearrangements by
analysis of dystrophin mRNA in peripheral blood lym-
phocytes. Am J Hum Genet. 49: 298-310, 1991




Windows 712 2" 5 4 [RISCALW] 12k 3
Duchenne ZU#5 Y 2 b & 7 4 — carrier risk OHEHI

Al

Fhk, WO g, A

&m

EE ! Windows 7045 4 [RISCALW] i3, Fischer 5{Z&k > TH% & h7-Duchenne BB S X hOT 4 —
BREFTIRRICSE T B carrier risk ZH#BIT 50D Windows AT S LTH S, HBELT, BHLRE
BIZ & 5 carrier risk 5tH 7213 T% <, CK{H (creatine kinase), FISHIZLZEEFRENDHED, BEFLE
T=A—-REPEHEHRERAMTIENTED. L, AFVBELRRIEHE CKIEH S carrier risk % =t
BU, EETFENCSIGEEZHRR LORBEITVRISCALW OFRAM>LWTHRHL - EC 3, BEICT-
LEGTEHICL 2 REESHRREL L AR TV .

Key words : Duchenne B!’ X } @7 4 —(Duchenne muscular dystrophy), 1B (carrier ), Y A 7 (risk)

FUBHIC

Duchenne #fFT 2 a7 4+ — (DMD) O#EEHZICE
W, carrier risk #{8BT AL XEETHY, D= —
IR IBT 5720, YA a7 4 VEBEFHOCAY Y-},
STR% 8 % BV 7888847 93 5 v 13 FISH 5: % MLPA &2
REBEHENTWS, DMDOFEHETHLIA a7 4 ¥
BIEFREICE, RE BEH, AZR, RE/BAOHUIE
B, 7V—av 7 e EHLRTWSA, HEMIZIE, mul
tiplex PCR, ¥ > 7oy M7 Twb, Multiplex
PCR¥Z, ~60%RIZDEFRIDTY Vv REZIEHRTH &
DVURETH D, &5, F ¥y 7oy MEFINCE Y, 10%
DFBRRERLERIPRHTEETH B, BY ~3B%iIE, HEkLE
PUZX BT V2V RAER, 7V—0 V7 M 2FERITHL
RE A, AT ABUDEREEZ SR TWE,M, |
L, BEFRITICE, BRERCICL3RIBEDNADOAT
Wk, FTEH, hoRERBOWH, ERBEOBRE R
ZEOWMES H Y HHKEM~ ORI —HFTIER L, TR
BELHP BT S, Fischer SIZEkoTHREI N
RISCALW®iX, DMDER %2 E ¥ 2 RKRIZBIT 5 carrier
risk P35 72D Windows 70 75 A TH 5. 5L
LT, HMARRRICE 5 carrier risk 187517 ¢ <, CK
i (creatine kinase). FISHIZ & 2@ {EF/REDHESR, it
BFLR— A —IC L B EPEMENINT L L2 TE 3.
Emery®id, CKHIZiLiR, H4KiSH, 7rva—-VEREL
EOEHERIEH DS DD, DMD RRFZ O CKEDTEHIE
EEZEL I OELBHEHRE LTHERTHS LIHLTY
5. G, B, AFIEDLFRWEEE CKED S car-
rier risk ZFH5 L, BEICHTT LB ETFRETCE 2RRE
SWHR & OB ATV RISCALW OF At W TRE L
7=

HRETGE

Windows 7127 5 A [RISCALW] i3 8HOEEERDO A
NHRLEERDB. 1 ZRES IRRCH LEZOFS %
#HOHT3), 2 . MADES (RRHNTHOEARI). 3 :
XOBAES, 4 BOBAES, 5 1840 B=1:%&=2),
6 : DMDREOHE (=1 H=2), 7  BIEFREDE
I (E=1:4H=2:FH=0), 8: CK*+ v X (Keller
10) :1996) #7-iflog(CK). CK1fHix, AIBE P ELDE
WEHY, UPTHUWEL-EELYE (n=138) OFY
log(CK)#% %12 keller ® CKF v X#F%HIE L7 (Normal
log(CK): Keller 1.524 + 0.209, yakumo 1952 + 0.151) ($£1).

Fz1. BEEhCKEOT vy XH

A)
Healthy femaleis log(CK) mean SD
Yakumo 1.952(n=138) 0.151
Keller 1.524 0.209
B)
IU/L age
Keller Yakumo 16-29 30-50 >50
22] 61} 0.1 0.2 03
23-29 62-74 0.2 0.2 0.3
30-35 75-85 0.3 0.3 0.3
36-45 86-104 0.6 0.4 04
46-56 105-124 1.2 0.6 0.5
57-11 125-152 3.0 1.2 1.0
72-89 153-186 8.9 2.8 2.0
90-1121 | 186-2281 (31.0) 7.3 4.8

EIZAmBE BRI AZRBNER, CRIFARER (70493198  -Jbiffili — 75 /\ 22 W & BINT 128)
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RISCALW {21238 Y DT /85 A —F —DlAEDLESD
5. Simple i, t5I, mutation ®E! (deletions & point
mutations) % X343, germline mosaicism % L&\,
Ohnmos X145, mutation DEIZXF L TEREEHKRT
5. MOS3i3&TD/35 A—¥—%Fwvb. SHEIX, simple
TOFEMZ AV, ESFTL FISHiEL X UMLPA S
EHREZ DSR2 BRIGEETFENICTRE
FHEHEEIN13RR, FRENEOSEKREBEIAREL
7z.

S

DMD £ HE & BIzT 28 E N7z 134D carrier risk i
975 + 3.08%, CKHIZF3fE (847 /590, HK 3984 IU/L )
L, EREE EBIZTZRSN/25 8D carrier risk X
31.8 + 308%, CKIHIZFHE113 (F/h65, HK 147 IU/L)
Thot: (F1)e

Carrier risk %

100

80

60

40

20

0 . A , X A
carrier not carrier

E1. Duchenne&fH TV A bua 74 —REHZ, FERAZD

carrier risk

" Case 1: Exon 44-48 deletion

Carrier probabilities for

Person 2 (F)
Mutation (PM+Del) = 99.9334%
Deletion = 59.9600%
Mosaicism (PM+Del) =  0.0000%
Del-mosaicism = 0.0000%
Case 2: deletion not found
Carrier probabilities for
Age 17 Person 2 (F)
CK71 Mutation (PM+Del) = 26.4766%
0dds 0.2 Deletion = 15.8860%
Age39 Carrier probabilities for
CK 94 Person 3 (F)
0dds 0.6 Mutation (PM+Del) = 4.4168%
Deletion = 2.5601%

2. BHOCKMENIEE TH o 72 28R D carrier risk

10

BHEOCKHEPFERE Tho/z28% (K2)

KA1 REMER X, 2:8, 3: 5%, 48R, 5,
B8 . Exon 44-48 deletion). CK{& (2 : 90 IU/L). carrier
risk (2 :#, 999%).

RE2 REBR Q:X, 28, 34 4: 5 &®).
5, B SEEFRESRL). CKME (2194, 3:71 IU/L).
carrier risk : (2 : B, 265%, 3 . i, 44%).

z =

YRCTHKE Lzlog (CK) HOFEIL, BB, oHONL
ERBEICBVTL1952 = 0151 (n=138) TH Y, BEDK
HEMNEB I UCBETZHICKL VEESNIERNZ &L DMD
carrier DEI, 2562 = 0514 (n=41) EHLILREFRL
niz. BEFBRITICESVWAESEHTIR, REERI3ED
carrier risk 190 % EEBWEZR L. ZOHT, KHR
180 CKEMBERE Th o> TH DMD BESHETH Y,
carrier risk % 99.9%I251 % Eif Tz, RA2OFHITAR
CRABOTVIVEET AHREFTCKED EAZZDT,
REEHEIIRETH Y, carrier risk1£265% Th o X
FEARAE L HE S BIREO carrier risk i£44% T Y, M
BN BT CK il carrier risk Z #EHl§ 5 ETHEELRN
FrEbhk., 72, EREFHO carrier risk X318 =
308% L L Cwizds, RRFERO L) 2RERE»o72.
4@l D RISCALW O# R, BHRIAT o HETFBENIC L
HEEESHE ISAR LT BDh, §BLBRTD
BFHIECRTEAZ2ERALVEZZI TV, ®EIZ,
Windows 71 7 5 & [RISCALW/ iZ, freely scientific
program T& Y (http://w.w.w.riscalw.uni-hd.de), #TH
Fyru—FHRuiETHhs.
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BRERY Y4 —ICBT 3V A a7 4 —BEOBBETEROME

A

EE :HYAMA7 17— (45ZDuchenne?! : LIFDMD) IC&3 2R DSF - &5

FREBY, ZHE HE2, Kid @2

AROERERO:

HIZ, BHLEMATEROBY AFHREEHE OERE#H 4 —ICTHEBEThORETFHEITORROELO W
23% (FCMD2#,DMD21 %) DEHIZH VT, PCRE « MLPAKICK 5 BIGEFEIFEREL /. MLPAE%ERE
BUA218Ih104] (47.6%) ICREKD, 68l (28.6%) ICEEFRBHSN, 48 (19.0%) ICREHIVEHI

BHShLho T
BEFETH- I

18] (4.8%) (3, HMEREETH - 7. 2610 FCMD DER (L retrotranspozon iEA DK EiE

Key words; Duchenne muscular dystrophy,MLPA,dystrophin.

FUSIC

Duchenne#fF I A bu 74— (LAFDMD) 28355
ROGT - BETFHEROEBEHROL-DIZ, HYA PR T4
—BIREECid, BT EMBRRICHERLTVEDS, F
B I44EEDT ¥4 — MR X 2 L IHE N EERTE 27 Hifk
PEBR CRIZETFZER 2 ITo TV ARHRIT4RROATD
5. FRRIS4ERIE, HiElLBEM T CHROB Y AWB LR
OREREHRE Y —IITC, BETFIH - Bitoft s E
F2EE2 RSP0 BE2FICHE L, FRI9EER,
ZORBIRE L HIZTFHITORENESN/-23% (FCMD2
4 DMD214) DBEICBWT, PCR#E: - MLPAHIZE B
BIETFENT 2 £ L.

MEREFE

HiE, REE#H Y ¥ —ARB L USRS TRAEED
DODDMD #HLE LIV A MR T 4 —BEDOBIZTZHT -
BT %2 LS LU, R{ITODIE ST - BIZFHEBOERE
PE/BTLILETHA.

UL, BRE#tY 7 —IITREBEHROHIA by
1 —BHE76% (Hk35%, AK414B). RERRI,
DMD604 (57%5%), BMD2%& (2%%), FCMD6%& (6%
), MD5% (5%5%), 34 (3FK%) (Table.1).

FiEik, (1) BHRICTELEZETTITIPRIL, BETF
B RMOBAEZREICHE L CREBFHORB LT
C(2) YWRICBIBH YA b7 4 —BEORET N -

B OMRHEOERICOVTHEZEAMRLHET 5.
(3) chETcoRETFRHFEREZERL, BFOWH (b
VIR ERTE) ~NT v —  VAERERL, BETENT
HENOSMAZRDE S WANREIZOVT, BEERAN (B
DZVIREREE) IVRBERAKTRABSWAXRIZILS
FAEZIIRT 5. (4) EEZELEED S RKMIMZ K 20m]

BT 5. 10mlic T/ ADNAZHHL 4 CITRFT 5.
DMD ®3¥4, MLPA (Multiplex Ligation -dependent
Probe Amplification) FI{Z DNA Z &SR T 5.

4]
DMD |BMD |FCMD | MD 1t 7
VAP 24 2 4 3 2 35
4FR)
bt 36 0 2 2 1 41
(B3FR)
it 60 2 6 5 3 76
BTRR)
#EF| 54 2 1 4 1 62
B | (90%) |(100%) | (16.7%) | (80%) | (33.3%) | (81.6%)

Table.I : BB REER LV ¥ —ICTRABED
DFETAba 7 4 —BEOHE.

# R

(1) FKifiids X CHAMEE LEH» 50 DNA OHlH - R,
PCR Kt, PCRE% v 7z direct sequence KB B
XCZDF I T Y HEERICTITV, sequencer
ZHVIkENL, KFESOXRMRHZIZTT) v d
ZVEBRESMHICRETIENOD, T VEA
# . PCREUS - BRIKB) VAT H—REHHEL, —K
WERISEEFHOBANRD LN b, FRETHE
BEMOBAITRENBA SN 207,

(2) FH184E9 H28 HHME S N-RERAKXICT, &0

RARZINS.

()= N F TICEH S Wz BIEEFRITORYR, kD

multiplex PCRY2TH 5. BIEFHFXITOIRIL

DMD & BMD56 41141314 (554%) 2BV TREHN R

EoRo% (AN

(3)

VEVEHERE Yy — BER
MW HREBERRER LY 5 — NESF

12



REEEL VY —IBIAHYVA M 74 —BEORETFEREORE

0BV EDOHIA IR T 4 —BELLDREZE~T
Yr—FMRAEERERL, 1&»rORERE. Ty
— MITHREBDTRELEMICOE, 23BDBEB X
CREZ»FOXBICIZAELZE (FigD). 7%
—FPRAELZTEBTFHRNNOSMELDOD - /-
DMD21 &iZ2WTC, MLPAB: 2% L7 (S
AFL LY ARREH). BRAT, 21808RHE
BHY, MLPAERERL 2221618104 (47.6%) (2
REH, 651 (286%) ICEHEMBH SN, 441 (190%)
EREBIVEHIIED SN o/, 18 (4.8%)
2, HEFRETHo7%. (b) 3IBIOFCMD LRI
retrotranspozon A D FEEESKRTH o7, 16t
WFFEHEEE~ 2 BT ASERE SRLNENT K L 7=, (0)&fE
FRNTENI24510O MD £ TIZCTG repeat DI E%
#BO7z. (DfiE, Rimmed Vacuole BRI I F o805
—, Thomsen#H, HREIFNF—K1601TH 5.

[20 A LS BEF 46 B ICHETREIMCERLET
Vo — MER
(5 1 31/46=674%)

(1) HYAPuT74—ER, BERTHLILE2H-
TwELAR?

M3V 846%. [z | 154%

(2) DECBRETFRHZZT R TTh?

M) 538%. W2 ] 462%

(3) BEFREL2ZILHFZ, 208E%2THENTT
»?

Midv] 583%. [z ] 417%

(4) BERIAANDACHALHER WYy borz4—)
DHRMBFHEICTVW S LenTTh?

Mxv] 192%. Mvwwz ] 808%

(5) RO FEHR - BETHBEOEMRICIE, B
BETEM CRLERLZBETERORERE
BTHAZ LR THATT»N?

[i3v] 346%. v x] 654%

(6) FRDGTFHRE - RIZTFHBOEMIIB T 248
BiRolkd, A7y MCSHBHET T
P
MEv] 731%. Mwwx| 269% « [RBI] 004%

Fig. I ENREBEERERYL Y ¥ —£BHEHRD20mI
EDHIA MO T 4 —BELOBDBREZA~T v r— AL
BERLIER.

£ =

F# o BE R multiplex PCRIZTREDSZD b ol
BN Z, multiplex PCRIZTRENED SR FlicBw
THRFESNIREEOFEOTEL S 5720, WhEL
MYy 2flicBswT, MLPARZER L. TOKER, ik
IRERPEHRZBDLMIZoVTIE, 4% PCR-direct
sequence iR ERi L, RERLEBRMOMMTEEDEHILR
FIZWRET HLENDSD. SHOKRE T, multiplex PCR
THH EN72K%exon 12, MLPA TF~_THH SN, mu-
tiplex PCR CiZ, MR exond246 7 EASMLPAIC L b
Ak (A

MLPACTRE - EHORELZDLVRY oiffkico
WTIX, SR A Sl L7 total RNA % FIVvCnest-
ed RT-PCREY® direct sequence ZiTWWHUNMRER HER
DRBEZIT)TFETH S,

Dystrophin PAA O fEHT I, MD RBRELSMHIZHREL, £
DIZOVTIE, DNAHZWIZRNA P SLETD exon iz
WU PCREY O direct sequence %179 FETH 5.

RREHRL Y ¥ —13, FRI74E3 HICHZR SR, BRF
78 GRIZFRIR) OFERIL L, MbLB% BRI TORN
BAREET, PCRE EOXARN L BIETFRITREOBA
Sx, MBS VeV BHTHEAIRGHRSR, B
R TRRBRBRATORKOALPHELNI LIZR o
7z, BBRIIRI O 2 VIR COBIZT TR TEET, Bk
PURREBIR T — & OHERZ TV, TN ERE~THED 5
WIZSHEREE AR & ORI R AT LR ZWES 2
Bbhi-.

X ®

1) Chamberlain JS, Gibbs RA. Etal: Deletion screening of
the Duchene muscular dystrophy locus via multiplex
DNA amplification. Nucleotide Acids Res J6; 11141 -
11156,1988.

2) Beggs AIL Kunkel LM.: Improved diagnosis of

Duchenne/Becker muscular dystrophy. J Clin Invest

85;613-619,1990.

Roberts RG, Barby TF, Etal Direct detection of dys-

trophin gene rearrangements by analysis of dys-

trophin mRNA in peripheral blood lymphocytes. Am ]

Hum Genet 49:298-310, 1991.

3)
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Duchenne®FEY 2 17 4 —I2BIT S5 PEGERDEIGE 44 I VT

A (RE1, Hb BEEE, S FE, S OB, NES

/S

EY mTFEESETL - Duchenne B A 07 v — (DMD) BHEICHL T, BRARBNEEER
(PEG) #HE1TL, ZOMEPAGHEICOVWTHEHL . LBRICARTSODMD BED13RAICPEG ZHEITL L.
TRl 20.65%, £HFATRRETV, NPPVHF OB, TPPVABITH > 7. PEGHEITH, WRREHFALE
2T, NPPVEINZS { THEBICHEVFRIREF BEL £, EREFAETH /. PEGHETOBELERELE
{tiie ot BOERSFRAEELE->/-ETL/-DMD THPEGHAIRETH Y, REBEREE L THE—BIRL

& BTEEED TRR E .

%—7—F ! Duchenne &YX bu7 14—, WFEE, WFEAE, BHFRE, BEATSN SR

Key words : Duchenne muscular dystrophy, dysphagia, respiratory failure, enteral nutrition, percutaneous

endoscopic gastrostomy

FUBIC

BOENA 2 BEOREFRIIEERRIF BRL
Fxoh, EHEICEZSE, BENESNEEERN
(percutaneous endoscopic gastrostomy, PEG) 12X % Hi
HERINBEANE . HEMEMEEIE (ALS) 2&
FREETOREIESL, BEHICITDOR TV,

Duchenne Bl ¥ 2 b @7 4 — (Duchenne muscular dys-
trophy, DMD) B#Td, ALMROZEZEICL ) RIER
MUEEIZ D, BOBIEEIC 2 28, BHREN
SFEZh D% { %o 72. DMDIZxS % PEG O 2%
Rahahm, ZoEERHTREOHEREEIRL, &
R CRITEBL TV ARREEDR S, ST, AR
BOWHEET, BOEIAEL { %-7-DMD BEIZPEG
27V, BEI»SORBEBREELToTVAD. FHLTDE
Beifis L.

MREFE

L AR ODMDBED S B, PEGIZL ) Bz
L7=BliconT, B OIPIRRAE (N TR 05 AR,
FEiE) %, ZOHE R ToOREOHRE, KEHED
Z54L), PEGHITROBRBIER LITOoERE L. PEGOME
Tzl 20T, AARUVRBECXHFCII2HPZITVEAER
27, EBROPEGIY, EBOBHRRICT, FREDLE
WO b LEMEIC S o THIfT &7z, PEGIZEHE @ pull i
i hibh, 2RO midazolam il X 2 §EHEFE T 7.
SpO2 #Et L7z, KEWRICX 5 TPPV HHVIZRTRY

2 & 5 NPPV FICHifT L72A%, BH4ENPPY 28K T
X5fTiE, MoEEETICREZRBLA.

= R

20064E 10 A OB T, HERIZABEH O DMD BE 804D
5%, 13% (163%) MPEGICX ) B EZRIA TV,
PEG B D EHJE#IX 29.6 = 653 8T, &PITELEY, &
ABIREBTH o 7. FATHEIZLF CHTHEHEIC X 2801
MEHETHY, AENEHER, KERDP, REEHLYE
o ThB. 6BITIXPEGHETD3~8 s AMICHABE
(naso-gastric tube, NGT) I X 2%ELX RSN, ZHD
THNEI FH—R L LA ROENL Twiz. PEGHIZEMT
BIERBICBITL.

RSO O EFNATIFR %5 THB Y, TPPV 4 4,
NPPV 9 £ CdHo 7=, WEFHHRLKS S PEG £ TXFHT
807 £ 3604ETH Y, 6BITIVEMETH 7.
BOSIBIESFTRD, MR TEG R EICL o THEREDHF
APELLBETH 225, N TRy 7OLRBZEILE
YU CHo 7.

NPPV #¢idv3 7L dh midazolam 2 & % $HE#ZIZ SpO2 ¢
KT L, BEiES5 %, flumazenil DRGHPLEL B o7z,
NPPV ##E%5¢TICHBLA3FD ) B, 28 TREFH»D
SHENLEL %72, TPPV AICIRIFRIRESAENT L L
RMfTTE .

1B D R SR 7- D@ EOFHTIIERSHET, B
BEEOTIZRTICER L.

PEGHIOAEELLZ 1I3HITHRET LA (K1), HEfT12
> ABICIA T 265 + 479 kg TH o7z, 67 HHiIX257 =

B2 Bt v 5 R IR B e R

Glse) EAERE EMRREERES B ERmHENF
T0828555 UAHIRKERSSIAN2THNFI%
B|EE  022-245-2111 FAX 022-243-2530

E-mail ttoshi@nishitaga-hp.go.jp
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Duchenne BIfF VA b0 7 4 —IZBIF A PEGHEZRDAELE YA IV Y

496, HAI263 +451kgs%->THBY, 6» A%, 122 A%
I ZENZFN266 = 408, 263 +386kg THo722%, AE%L
B % h o 72 (Friedman’s x 2 r-test). R TE 296 T,
PEGEHI & 6 » HETMET7 VT3~ (Alb), IV AT
T—N (TC), V¥ 238k¥ (ym) %ML 7. Albit3.99
= 03745381 048 g/dl, TCTiZ135 * 1862 H 127+
14.7mg/d]l, lym T1231 + 3560251410 £ 3657/ ul& %o
22H, WIhbHEEER P o7 (Wilcoxon t-test).

HATHORARED? S OBE TR, PEGZDO D DIXFEE
EMTho7d, ERCREL CRERENTRELRS L
[RoTIPol] EVIERSHEIN. RENREL
72151, KSREFLREVBOROBERZLITLTTo TV
5.

(kg)
45 -

40 -
35 4
30 4
25 -1
20 -
156 T T T T 1
PEG 6

X 1. PEGHRITEIE TOBEDHE

PEG #4175 7-: DMDI3#liz oW T, EERZD6> L
DERBEOWBERL:. ALKBRIITEHED 5T, -12, -6,
PEG, 6, 12 : #hEh, {712+ BHi, 6+ A&, BRI, 6
» A#, 122 B,

zZ =

DMD Tb RYEFPICHRTRENSMEL 2Y, BFMHH
DOER, HKRFIRE, KERD, < OICEHRBEEMNRL &AH
BRLGEE, BOBRZMEEE2 22w, #E%,
NGT 2 & 2 BB RESLELFRAERE (TPN) MBIRS K7
LEbLNEY, ZhoOMEHAIIHSH»THS. NGT Tik
RIEACEMEEORBE LS 2L, TPNTR A F—F VHIA
BOBRBERLRMREICHE) BEL ET, LHS DMD T,
INLDFREFRETHLI LSRR LY. D,
DMDIZBWT b PEGHHE—BIRE 2 2N DH 528, 4
BB TS T LT L MEIH L.

DMD Zx$ % PEG D3fEid W 24 % L, LROERHR
HiZE ¥E51)2). PEGORETICIE, BEOHFHEE, HO
RIRPEELZ CEEFAORERD ), NEEOFHABKRD
HWEETH o /2. F7-NPPVEAPITIX, NWHREBITRIZO
PO DORAPLRET, WHRIRENELT TR E. 5§
I 2 fTo 2 BA IR ERE S, WRIRBOFHEICH
LDOEFEZELL. BTN 7zo T, BEDPEGCHHN

15

A, WHEREEORES, BuEREiconwThEA, £
BTG LRAHEPLETH S, PEGHITRICZY Y TUT
WA R LHEDH D 3, NPPV CHRATAEH L WA
TIRREFICMET 5.

Bibolid ARofGRELZEHL, DMDTLEHO
PEG2E102ERLH 30 HEMGURAREE (ALS) T
13%FVC50 LA EASPEG # R&ICHITTE AEL &h, £
N2 TH % ALSHITNPPV TiZ PEG 21T o 725 b $H 5 5%,
DMD TREBHHOBETII R ShTwivw, —FDMDT
i, BOBNSERBENELTRTH Y, BTEESOMITIE
ATEZ LR, HFYR— b F—ADEHVPBRAIC R 722
L lhs, 5B LESROMIT 27200 ) fHAIHED
Sh3bDEEbIA.

7, 50LTAHPEGIZL 52 DMDEEOEBTFHAD
MBIEIRHTH 5. SEIOWETCIE, KER, SHERERE
ANDFFRRIA LN D o7, ThiCE, PEGHTICNGT 205
DERFEEABEIN, WELALPVFEFEINHENDHLE
bhad, SHLURNEOBELZTIFTETHS. MRAT,
B EEOER R EHECRERICHT ARE, £
DEPDOEHIER EOBRFOLETHS. ThHDFEICO
VT, SHBRETERTHRLIVEEZEZ TS,

#H OB

PEG % iT L CW iz Bwiiiat — 7 VREEHL SN
OARB—EREICEHLET.

X ®

1) Seguy D, Michaud L, Guimber D, et al: Efficacy and tol-
erance of gastrostomy feeding in pediatric forms of
neuromuscular diseases. JPEN 2002; 26 : 298-304

2) Pope JF, Birnkrant D], Martin JE, et al: Noninvasive

ventilation during percutaneous gastrostomy place-

ment in Duchenne muscular dystrophy. Pediatr

Pulmonol 1997; 23: 468-471

Birnkrant D], Ferguson RD, Martin JE, et al:

Noninvasive ventilation during gastrostomy tube

3)

placement in patients with severe Duchenne muscular
dystrophy: case reports and review of the literature.
Pediatr Pulmonol 2006; 41: 188-193

4) Boitano LJ, Jordan T, Benditt JO: Noninvasive ventila-
tion allows gastrostomy tube placement in patients
with advanced ALS. Neurology 2001; 56: 413-414

5 BWEAF HYyAturzs—0BE WTESE -
DuchenneBfF VA bu 7 4 — L HAREREI A ba T4
—-. [E# 2007; 61: 381-388




VA b7 4 —IZBWT, NPPVEARZIZPEGE B Z &) HHEIZDONWT

gH R, wE #,

TR

ERFIBIAMOTA—ICBWT, NPPVEARICPEGE B RIHEEHRTS. £, COLIBHEY

PRELIEREZRELL.

BUBHIC

YA T4 —PETTHE, FELETEEDLDO
D, BTEELIPRRSSETTLILEREEL TS, &
COEPASHREICR o2 SITRBERESBRESNLY, £
HDHE (QOL) REHEDY A7 2RO LENEENES %
HPOLRHEIOBRERBEEBILIOFRVEZEZORT
Vw3, BERERTIAEL L CRE NSNS RN
(PEG) »#—fRIZERL TS, HRAEIET LIRS
THITT 52 LIZEIRTHY, MHRASSETHICBISRS
CLHERINATNS,

LaLFayo Y RBGHGYA MR 7 4 = ETRE, BER
P TREICKTT 5720, BRAEICH LT OMRREE
¢ L CHBRBHBEREIRTSHEE (NPPV) SEAShIE &I
WROBEATRTH Y, BIBEREEZBIRIT LR
VWL THE. COLERREELHCVAILDTEDMY,
NPPV DR 27 LHEDBRE» L IFRFOERNY -7 L
D, BRAEEOEREBICL VBRI ZE LY T 2EBx D
5. 7, BEORBICHENELS.

COEIIZNPPVEZEALZBORBEBTICIIMEND
D, CEhIBEEREBIRWVIVESIALREW, b
hbhiZPEGOABEIRL, NPPVEABRTHREREIC
PEG {742 2 LAt T &,

n&

FMRIZT, REIBORM (HREAR - WED T4 9.
WAPIENPPV 2k LCHEAL, BREEEL-T LT
5. (HEREOII)VEFEETRELRLDLMTE,
a2 v.) WRREE LTIREE7 boEy, Bt
AaART IV EHBIELL.

BeAr 2% LT TORET, WY FAA4 Y (KA
WRERH) S CIHBERREE 2 ATy, @ IEMBAGLIC T LML
ERRBEEZFAT S, 2ok, WML L, +HCEREIT
S THZUREES., RICFHEDHEMELEZIL (HEhH»
HioTLEHIO%MITA), FWITTLERZEBSY. B
B2BRoTHAT D2 RIT B DFMTONSEOHET
ERTARMEZNPETHRT S, SOICHYEEM»SE

KBLALLIICLT, BHEEVAEICZETA0O2HEE
LLT, ERTIPMELERIGES. R LsRkE oA
SRR T, SHAEERCRE AV CEEE B
BEk (RIUR) C2-HBEETA. £O¥HEIC, intro-
ducerBZ W TS W=V RAATF—F NV a2EAT S, BERH
EDBEDE - RORERL, Y—APEFINLbah—NEt
MWBAESH, TRE2HL FELTHT—TIUHBHBASINLE
TFRARETHER L TEETES. SV —VIZEEREEA
LTHET 5.

= R

COFETRAREOFARIEOATSHY, BERER
DR RDYV A BLnwEBbhl. b F—Fd
O - B @B L 20T, ORI ZLEE§ 56
THWMBOEERREDOY R 7 B3P hntELbN5.
LBETEEIEETHo T, MEHCRAH MV
WEMHTHIIRELWALET, WEEE E02z0M
BMIZHN 2 WA IO ML COFAN RS fTA . ¥
2, AMIOITAEC—AZHWAHZLIZL), NPPVD) —
I REWMEIDILNTET.

£ B

KERIIRZ 25, REREFEEOALSH A K4V T
iX, %FVCAS50%ET Tl - itk O IERFIMAE (AT
HTE, FINA PV R - FHREHIEFIC X 210 EAL, A
FRBICHE L2 - REXRREWCLDEBDbRD) &
YOPEGOVAZHELDLESRTWD., —HBFVC A
50% &\ DAY, NPPVEAD—DODHEEL ENTWHDT,
NPPV # AT BRICPEGE B 2) 2 LItk .

FalrVIRMEEBTVAMIT 4 —DE L OB TIL, I
WALZDETIETREICETL, COMHLEREOZ L
bHbH, 0D, BTEESHEGES 5 FTPEGE:
725\, NPPV A2 BT W 2d SOOI E B2k A
ZVZ EHHEBICHL R, bhbhid, Fa2vx v X8
TAPTT 4 —I2BFBHEEINE PEGIZOWT, ALSE
WRZoHAFIA VPR ETHEEER 5.

B 355 e A T i e
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BYAMT T4 —I12BWT, NPPVEARZICPEGE B I L) HEILOWVT

&

B

YA+ 7 4 —=12BWT, NPPVEARIZPEGZBI %
IHEZOVWTHERT, T, ZD&) RHELRAT 2L
BEHICOWTERE L.

X ®

1) BRAH : NHENBEERN CUER 2R AHEE
KB 2005

2) WOEM, hEZ : ALSEZ SAOMIGEEDRR Y
R0z, BREESEY T 7-11,2006

3) HEBF . ALSIIBIT 5 R E—RR. RN 64
(4) 380-386,2006

4) SR . ALS LV ABE S ADNPPV#EALD PEG
DEBF. BHELIESS T 12(12):21-24, 2007
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Duchenne BUfHT 2 b1 7 4

—Wie P 3ERZIC
VEVE ET, 2Bk B, MT AT
5

YSHE B,

— B O THRBED F BLRYFFM

X B K

2N FZ, ofEF

EA&Y : Duchenne&#!HT X hO7 1 — (DMD) DEETHEEDRH WS »I2T 3.

THAL [ BEMRO S BHEEHRTH 3.

FiE | BAmREBRIETN KRR S SUBEMRRBEBESRREICS VW TETER (VF) £ETL .
VFFRRIBFEE -HTUNEVF -2 3> 2S0EENREZICEL TS W, EHi&RIEVAS E£/-1EDVD

La—4 -~ £,
EHEIRS 21— &FERAL .

BEEREL T 255 RmMESERX (OYPAROMIN 300) AW 1.6%EY—BLU2

Patients : B TEHEDRAIG H-> 0, Eiid, BEOICETEELE>/-DMDEE 1028 (FH21.55K

(13-362%))

AE: VFOMRERAEANOBEES, BEANOXALEE, HREAKE, JTHEA, BEESOXKH,

BURHEMADEZIC OV TEMRICSHEL /-

350, XY, FREBLEOBATERICEENFEIEE L 432 £2< 59 20ORME L UMEEHICD

WTE DB Z1To 1.

BRI EMNFEE L TIOBRFF LV OBMORESFFEL, S5ICMBE EHIC20REL VHEEZRR L

EOFEFEMEENHIRL TW .
EREHFFHEICSVTOR
ICRERL TV,

faER : O - MEELBREMEEREHFVECHERI &5 M.

HMEERBRE S 12— ZA0HHFEY —&LED > 1.
- FEREBREEEMBE ESICERL, BEORLANOEHFEE, FHELd

i, BTHHAETICEI3REMEI 10

BRAPSBRLAICHATVEILHEELS. 10BRICHE, EFLKAREFLEDHEBREIHATS/20, H0E

BRI HSNT, BERNDXYALBEENS

RICHET 3.

CORICIIBTHHOBNETS, BEENLE

FEFISBCTIRRVE-THST, EMNFETCROBRMBREIr BRMEELVLEETHS. 20RICES

CHETHHEOBAETHFEMEL T, WIRRERPEREES EHRPEEFfM SR ICH

BUBHIC

Duchenne #IfE¥ A bu 7 4 — (LLTFDMD) 2§ 5K
T, ETHICBT 2ERE, LDAEOEBENESRL
T, FHEGHPER L. ZO&E, EVBERICBTLHE
HELT, B BTRECKEFHOMEIMERShTE
TWwhb., BEMIZIE, 20RHELYORIHRICITLCED,
F7z, B LA - BN AL EOAHEROHENEALR
T, BLOTHEICRD I LARZWA, 108K YT T
WEHEREGFICL AW TRENAONS.,

ZhF T, DMD O FREZ FHMNFML 2 #Eii &b
OTHLRL, ThHZHELPICTLAI LI, B - WTHEE
R FREHICBNVT, EDOTEETDH 2.

AHFECIX, DMD OMET#R (VF) LHEEIIICERTS
5ZkitXh, DMD OERMEICL 2WETREOHEEZE
BT 5.

BALTL3EEZIBNE

;B
MIERTHA ~
BB D ) HHRISE
poEd

x4 id 1996 4% 5 2005 4E 12 EI iR B DR ILsRE:, E
MEREEEEEBRREICARL, WTHREOFRAND o720,
DL IEBERMICHTREZE -2 DMDAF 1024 TH
D, RENOERIITY215 (13-365%) T .

B

VFFRIZEEABE - T IUNE Y F—3 3 VEEDOEHEE
FREBICE L TB I 2y, E{RIZVASEAEDVD L a—
¥—~igL 7. :

BRERIFEACTWIERTFICRBEEZTbLE, RER
e LCid 2 EH R ERELA (OYPAROMIN 3000 AH
L6%E) —BIU2HEHRRY 2 — A B HERH L.

T, BRERBOBEZIZOVWTIE, HREESTIRER

VERLRBERI R IREE  RERBTIEER
RN DA LRRE TR

o[ WIERE F

UNEYF—Yar#
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BIhoi:
< EERIRERT >

VFDOFR%, BRENOBHRE, WHE~ORY ALEE,
HEGEARE, JERA, BHEESNORE, FREE~O
BREICOWTERMICEHEL, FRLoBRERETLL.
<EBENHH >

BERERER L LOBNTEENTME2T 22 243
ZEBE, 59RO NN B X UTHEMIZDOWT, Robbins 5
DFBEEDTTUTOEHB IO W TR 21T 72, I
EHEIZDOWTIRRIIRT.

WEHE I,

Oral transit duration (OTD), Stage transition duration
(STD), Pharyngeal transit duration (PTD), pharyngeal
response duration (PRD), Duration of velum excursion
(DOVE),
(DOHME), Duration of hyoid maximum anterior
(DOHMA), Duration of open UES (DOOUES),
Duration to opening UES (DTOUES) T& 5.

Duration of hyoid maximum elevation:

®1

Duration
Abbreviation measure Events used for calculations

Oral Fransit AAOBHH D 5 BREROHEREFE
OTD duration 3T

Stage BERBOHHIE, LEBFEF LG E
STD transition T

duration

Pharyngeal BREROHTTEH» S ARERORE
PTD transit AO#E#ET

duration

pharyngeal CIGE A
PRD response

duration

Duration of
DOVE velum

excursion

Duration of EaCE R 0]

hyoid maximum|
DOHME elevation

Duration of ERARBEEN

hyoid maximum
DOHMA anterior

Duration of E- - PN =P
DOOUES open UES

Duration to BEROBEIRS» S KEAOFAKNE
DTOUES opening UES | T
KR T

SERY & REAERIIT O BBARIZDOWT, SAS System Ver8®
CORR 71 ¥ ¥ x % vz Spearman DA HBA & S5
L7,

LLF Spearman RfH, pfHEDNHICEEFE DEMEOH
FEARRRAT I 2 7R S
SERR & BT O BRI DOV T, Spearman O NENLAHRI AL
BEHHL.

EFRIIENOGBREREDAERZBL. T2 VFIZon
TXHFICL BRIZZBURL 7=,
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FRBIICELRENLOBERELZRT.

13-195% (n=38), 20-247% (n=41), 25-36%% (n=23) @
TR, HEADOXYAADOBEEX, €V —: 58%, 70%,
70%, Ta—R:29%, 32%, 35% T, Ta—ALrh¥Y—
DEYRAAEENEZ L RO, HEBSEOBEL, ¥Y
— 1 8%, 39%, 39%, Ya—2R:13%, 22%, 22%TC, ¥
VU=, Va—-R 32208 EHL Y BEHEAEIEL 2o
2, CV—DIEIPLVEETH- 1. KEBATE, €Y
— 5%, 17%, 17%, TJa—2R:10%, 17%, 17%TH Y,
REBRAIEY —, Va—XEdHERTHEE,- 7.
HEEER~ORTIE, €Y — : 18%, 39%, 39%,
A 1 26%, 57%, 57%T, FRMM~DZRZIX, €V —
26%, 65%, 65%, TYa—RA . 45%, 83%, 83%TH Y,
EHIZ20REL Y EREL Y, WHEHARARRZV2—RADF
¥ =X D Ero (K1),

Ya—

100% ) —

80%

60%

40%

20%

0%
Decreased
pharyngeal

contraction

Reduced tongue Impaired bolus

Bolus delivery Bolus residue at Bolus residue at
into the airway the epiglottic the piriform
vallecula recess

movement transport to

pharynx

E313-19 years old (n=37) 0 20-24 years old (n=41) B 25-36 years old(n=23) |

100% . |_|
vVai—RA M

80%

60%

40% [

20%

0
1
i
i
i
| |
il
I& : | )

Bolus defivery  Bolus residue at  Bolus residue at
into the airway the epigottic the piriform
vallecula recess

0%
Decreased
pharyngeal
contraction

Reduced tongue  Impaired bolus

movement transport to

pharynx
[213-19 years old (n=37) 0120~ 24 years old (n=41) £ 25-36 years old(n=23}]

1 VETERCBIIRERLOMEE EHE5I

F detection rates of dysphagia characteristics in DMD
patients (n=102)

13 ~195% (n = 38), 20 ~ 24 5% (n = 41), 25t~364% (n =
23).

*Ip<005 *f

p<0005, ***: p<00],
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<EREMFR>

BHEcowTiE, BT, ¥Y— - Y2 —-XDJHIZ,
OTD : 138 + 1.09sec, 1.12 + 1.28sec  STD : 0.06 + 0.55sec ,
001 £ 0.36sec , PTD: 1.17 + 207sec, 3.62 = 11.0sec , PRD:
1.81 £ 0.94sec, 2.10 = 1.46sec, DOVE: 0.94 = 1.04sec,
1.10 £ 1.32sec, DOHME: 0.44 = 0.28sec, 0.54 = 039sec,
DOHMA: 0.25 + 0.17sec, 0.33 = 0.45sec, DOOUES 0.48 =
0.40sec, 0.41 = 0.13sec, DTOUES: 1.70 = 1.49sec, 2.76 =
832sec ThH o 7.

ER & BT OBBRIZOWT, SAS System Ver8®
CORR 71 ¥ ¥ ¥ % fiv7: Spearman D JEM AR %2 H i
L7z. UL T Spearman pf{f, pfEDMIZHkE OMED
WEHEBREZRT. EFRLOB/RICBVT, EY—Tid
OTD (p =0.28, p=0.07) DTOUES (p =027, p=0.08) A58
WIEDOHE, %72, pAAEETEHRVHEDOHMA (p =-
051, p=0.16) TCiZHVWEOHE AL, Y2 —ATR
STD (p =033, p=004) DTOUES (p =027, p=0.10) T&
WIEDHIEAS, PRD (p =051, p=0.0008) , DOHME (p =-
047, p=0.002) , DOHMA (p =065, p=0.06) TV EHOH
A4 57z, DOOUESIZFERIZEA LT (H2).

oTD

..
2 a

25 jolly R=0.28,p=0.07
57
a i_/
o * 8
3 s
W . @

DTOUES |

jelly Re027,p=008 ¢
@ s a Y.y

as R‘Ae §°&.A‘2 .Y
°
10 15 = 0 * “© 10 15 2 k-3 K 35 4
4 * 4
. '0 AL
3 A‘ ot s A juice  R=-0.47,p=0.002
n
§z o 1 LI A .
A .AA' R=-0.51,3=0.0008 'Y A a
' A ’ RS oAg” 5 OA % A
A o' A¢0 g a 0
0 °
0 5 » % 2 % © 0 15 m % x ES “
2ge (yoar) age (year)
EWYTH

X2 VFEARETEES

R2 BTEHIBILIREHAOHAE Ya2—-X vs
Y1) —
*p<0.005, **p<0.05

Dysphagi 13-19 years old (n=37) | 20-24 years old (n=41) | 25-36 years old(n=23)
Characteristic Jelly Juice Jelly Juice Jelly Juice
B 58% 29%* 70% 35%* 0% 35%**
BErOEIRA sy | mee | 0% | 3%t | 70% | 35%er
RFEADEN 8% 13% 39% 22% 39% 22%
WEFVEA - IR 5% 10% 17% 17% 17% 17%
R BIRE 18% 26% 39% 57% 39% 57%
SURREM RS 26% 45% 65% 83% 65% 83%

20

—ETERIC L HHRE—

R3 WTERICBUIEEMRT BEAY OB
UES :#&38 L E R
Jelly Juice ttest
Measurement Parameter(sec) (control*) (control®) | Gelly vojuce)
. 1.38+£1.09 1.12+£1.28
Oral i TD, .
transi duration (OTD) (114048 | 0s0x026 | %
- . 0.06 £0.55 -0.01 £0.36
Stage transition duration (STD) 0034053 | -022+025 0.65
. . 1.17 £2.07 3.62+11.0
Pharyngeal transit duration (PTD) 066+038 | 051000 | 16
. 1.81£0.94 2.10t 146
Pharyngeal response duraton ®RD) | 135 041 | 11as024 | 10
. . 094 +1.04 1.10+£1.32
Duration of velum excursion (DOVE) 058 +0.24 053+ 0.15 0.08
Duration of hyoid maximum elevation | 0.44 £0.28 0.54+0.39 0.06
(DOHME) 0.38 £0.24 0.40+0.19 i
Duration of hyoid maximum anterior 025+0.17 0.33+045 0.60
(DOHMA) 0.21 £0.08 0.26£0.11 )
. 0.48+£0.40 0.41£0.13
Duration of open UES (DOOUES) 042 +0.09 0.45+0.12 0.67
Duration to opening UES 1.70 £ 1.49 276+8.32 050
(DTOUES) 147+ 0.56 0.66 + 0.25 i

UES : upper esophageal sphincter ~ *Control (n=16) 43-67 yo: Dysphagia 1990 ; 4 : 236-242

%z =

DMDZ3B4F 5 DR L I OE A - I TREZF &k
LTV AFRIZWTEES ORI X ZHHET, Bis
DT INF VA, OBEDHBEDERTDHS.

10ERICIT Y, EFLEVOERIHEELT 2. BEF
DHNERIENBEAH AL TFHICHSITIE RV, W
EOnRR L ERIC L ARBBRIEZ SN S, Thisls
DEEBRICEELTRIZL, MREIDSCELAENRRK
XL, HINBICAFCERoBERLLEEZONTNS,
ZFORER, FOEAEHENS 2 ) BREEPET 5.
52, AEHOEERHHETIMb Y, HOEEHRAH
Abh, ARFOENEITE2HEDN DTS,

DD 10EAD SOENBERMASERL T, BEA
DBERHENDE ) AADEENFRICHI LTS
EHIERMIEMND E, OBFEOTHHET UL E
DOARYEIIZL Y, HOEELRKRZED L. BEHNDBEEIC
P BAEDOIMZR SRRV LAEna,

OBz, WHGHOGHETRREET S 00, 3
RN R ERFEBI TNV TE 5T, HEYR
RRMHFEE AR EL LD VF LOEFEH O ENREETRD
HBIZ B v,

ZD», OEREEIIRAEMRES ) QHEEL, Ak
BELTIE, Ya—RED ¥ —DX) REEAROIERN
BEBHOFIPEREL, BRAOCOKIETOHVPESLTD
RiEZLNA.

20AKIC 7 B & VF L, MHBEFR S SIS AR E AT
WWHBELTL %2, chizcoZ sk Y IHEGEHOGHET
BEHALLTL A EERLTWSE, Ya—A0FBEY —
X ) IHFFR R RRLHFEREEN BV O, €Y —-olRko
F—RCIHEZ @A LR T WD TH S,

13F 55 36 FDHE#E OBFRICHEWT, €Y —TlRORMK
BEEBMARTOTD LOKE - INEEBXHEEZRT
DTOUESIZBWTHHWIEOMME, ¥ a— A TiZOkE -
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2B MM %2R 3 DTOUES LW EOMEEL L7z, TH
FEAEENZ R TPTDICOWTIRI0ER1SIESD &K
&L, BEMEEZRTENNALON, UEoZ ki, E%H
FECRBDOOLNRVETHIETICL 2BXREI10R
ROLEBEMNCBEBRLTWAIEEFRLTVS.

—7J%, PRD, DOHME, DOHMA TiX R E ORMICHWH
OHEHA SNz, HFEOELICIEE LHEF TG
THIEHWRETHLD, BEBIEN LR LHOMRICL
DEEFTRT S, Z0kd, BFOBHIIOVWTREFL
FHOBHBETORENKREL, HEORNLEIBERMTHS
PRD,DOHME, DOHMA #34E# L L HICEML T EER
bihs.

HEALNL, WREEHOWRICLY B 57, BEHEL
X D ZEMICHRT 2 EHZINKE . DOOUESIZEHIC
BALTWzA, Thid, ZOWEZEERE L RIKEES
BAEIZLY, HBEAORRAENBILDTHS.

FORR, BERERLEDLS 2V HICAEADZEH
L, XY HEOENOE - IBENOEROMFES D Ler 6
BHOOLNE3, ZTHICEY PTDEEFRHICERT HIER A
¥ (AN

HHEHIZOWTIE, EENFHEL2BI 2o TWRWVA,
SEOVFIZEZ2BRETIEHLIREEIAOL 2o 7.
FRRIICIIRFIC B BB AONE WD 5.

SEOBRHTRIRERAP D e olz. THEIREEARS
WEAETEHPOREID LWL EZRLTWS, LML,
TEAMREEOFR & % 2HFREWIZS {, HEDHRTIIE
TEHHEOBREL TR EDTLLENDS.

DMD Tz hbisticd, HHERL LK - s IET
X 2BEROEGPLRETHS.

Compare with other relevant studies

DMDIzBWT, A - BTRELZFMLHERZE DD
TR,

Jaffe 513 205%fR> DMD Z & L, dysphagia % choking
WHENWT L xR L7z

bhbBRENHEEL & DTHMLZW &, PR
TEDDH 5 BETIHHEAPICSpOAME T THZ L ARLIS.

—7J5, myotonic dystrophy iZ2TiX, Ronnblom 5 %%
40 ADMD IZ2oWT, 45%IZ dysphagia, 33%IZtrEhdH
B EBRRTV5Y, HE - KENECOWTIE, HERICH
b 5T HHE - REHNESEHIET LTV S L ofigst
&5 08,

BRIZOWTIE, BEBERBCBVWTRROB S FHE
BoawEwbhTwaAy, DMDIZDoWTIE, 2NV v o
ROERBEHOR MLy FHRIZOWT, bhbhdLEE
TiHLIVANTH L L OWEZ LW

—7%, nemaline myopathy iZBWT, FV Y XAHFEED
HiptE 2 §REHFRIHABFHIEDDE W) HEHD
5.

ARV URERBIA b7 4 — T, BEESHAEHR
FEnZ LR, BEICIZRBEFEANFFRELET S LORW
HEbdow,

R E OBFRLERTIEEORV. HYA P74 —TiE
IPEAE L BETEEIEVICEBLLERE 2 5. HEREEE
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—EETERAC L AR —

ZBVT, BAKOAMESVAFFIA—F— X hflE
TaE, TTRAIFLERL, SpO2MET T 5. SpO:DET
X, WETEONRGOEELCETIC X 2 EFRE &, Bk
ANEEBLTWAEIEEZRBLTWASY, SpO:DETIZLTL
LERELEWRL 2V,

SEDOKE TR, VFOERWIFMIZOWVTid test &
retest fTo TV 2zD, ANDF—-FDIELDEMH 5.
ZOLOBAFENICHEEZRHDL I LB TE Loz,
CE7 HRAEOEEELRE, WTICHELYH-2 5K
DEZFNCBVWTERICAR TV, SHEITEERTRER
FIZOWTIE, MBRBEEDD LB Loz, FHEA
EOEBIRE/NRICIZ Sz, WHREH»HOW|TY XA
ICEZHBIZRITRETHo 7.

%72, DMD OZHICOWTIRERZITH Y, $XTD
SEF CEIETREEZTo T H b TRLEWREEDORAEYDH
5.

IHBIRE LTIE, BRICETEEZELBZL WS
INA T ADPFET B.

4%, VERATERCIE, test&retest#BIHRoT, &b
BEOBWF— 72 B50EM¥H5. £, A—BEORR
WELEZFET S & T, AMROBEHFITZITIILILE
Th5.

Summarize briefly the main findings

DMD B#HO VFFTR Tk, WM E LT 10 2R
T OOBMORENFEEL, EHICMRE LDHIC20REE
D IREESR & L OB ESHBE L T,

SER L OBBERET L-ERBIHMETIE, O - HHER
EEHIENER L L DICERL, BB O EA~OZEBR I,
FEREEHITERL TV,
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diE  FHE, K

HEA

BE I BVAMO7 4 —ELSVTHHILEERRErHNBEL L3I 05V, HEEOEDRALIEEED
IKFHE T 2HAEELTORERNERIEEN 3. 23X S OHEHICEVTEERDRRETEEE T 310,
BFORECEERFRRTEIHEREMATICLEAMEL L. KR EAVTEYNL7 > THRETRE
Ll a7 -5 RBEHTLICLY, BERE L THENERKAREIC1 OIS 2 — 3 EORMDEEH 1Y
RT3 LPLBREFCHSVTHRIORE A, BEHEBVTREAHERORBLABLEELREFRICE

JRERSFRRTES.

F—0—F ! HER, HLEZSBEE, HUA a7 —iE, MEEh BT —Y T

Key words :
fourier transform

FUBHIC

YA PR T 4 —EICBWTHHLESHHENLIZLIES
Zh, BUBHEOL) CHIIHANTHLZ LIZMONT
W5, HLEEE % FREMNIZEE LI 5 HEIC 4
DEDHHDY, ZOVLOL L TEBEREHITOoNS., H
BRI Cajal DEABITR—AA—H—2b B L ENEHED
BANEDZAEN P SEAERTRELLIDOTHY,
Alvarez |2 & ) 19224E 12D THE I hTWwa Y, BE# L
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B ERTHL ZEFEE L, Lo LERICIREER
BEFHIA 7 4 —OERICH DD B HERICB VT L
ERLTWLERVOHELY, ZOHEBELTELORL S
Eid, 1) BHOBBEHICBATALENSH D E—ZIC

electrogastrogram, gastric motility, muscular dystrophy, electroencephalograph, digital fast

ZErohTwaIE, 2) EEENT CHBICIZEShiy,
ZETHDHI.

BRI, EROMEREFRLTHEROBRREHIE
(ATbhaZ L ZEEL, BREOBRBTEEROILHENTE
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TH5.
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BYA AT 4 —EOHILESHEOMA—B BN & MK CRET 2 iR OB

(163.84 1)) OFWMEE % HKAKATI 4 XA, KRAKRHFEI0
KEAZL, octave29.10 % VB 7 — ) Z&B|ICX D
FNENORBICBIT BT —ARY b5 AREBT, HEAH
LAMBT/AY M EREZE, 8223 cycle/min
(cpm) DIHFEBOELELBIREF L. ZoORHFLZT7THRZWL
0HBBVT2MEENEL, A—HBRFNTOLHME LR
L7=. BN I4ERORXENE ot (E8H 2
x SRS x SOKAMEIE2 x FET Ty 7 9CiTo 7.
F7z, —RRICH Y ARMTHREEL T2 BETIRALIFR
BB FOBEMIC) 4 ZEE %D ) AREFLVD
T, THOLDRBFICHETINE I EARDL D, Ry F
YA FCREFTETH L2 L) PIOWTHIRET L.

# OR

F—rHRLERL L RETELEIF Y U RAMICBY
TEELTHKREZMA . #BE2£ET, 2EBEDOERHAT
i 2-3cycle/min(cpm)? /87 — KB HHICHML 7=
(Fig. 1). 1 EHDEBEHICBVWTIR 7THOHEBRHITBVT
MmaRON., CORKAFED 2 — 3 cpm DT —{i
DM, 722K ARTE 155 % L 20 R ETHRK
AWWOMICHEL TV 2, ZORINELEEE & REHAR
RELZEZS, B3Fy YANIBVTE, 1HBOE
ERHI212073~3761%, 2EBOEERHICIZ119~26945T
HY, 2F ¥ ANIBVWTIR1IMEOEEHAICIZ0.71 ~
2564%, 2EIH®DERHAICIZ102~254f5Th o7z, KIEH
ESUSH T o225, ERRE LTREKKRRTOER
DHDAEE (F=19.63, p=0.004) TEERHBOERIIFETE
%2 (F=286, p=0.14), FE&FEAL (F=081, p=047) Pi&
7uyv 7 (F=032, p=081) bABETkhhrol. 2T
NOBAELROLEEHDRERL R 2 5ol

FBIER R ) 4 XRE 2 B REENBRS SN D AR
BREDIR R EOBBHIT TR HIH/EICBVT, 24
DBETRGFL AR, BICHEL 2L %4 X
FEnY, BENOREHNICIRELZS A ho k.

“M' T 5w
|

B) ‘~
Y i
szM v . ,
Fig. 1 electrogastrogram recorded from a young normal

volunteer using an electroencephalograph (A: before water
load test, B; after water load test)

A)

4001

(V) 0}
-400]

{min)
30

24

Z =

AFfICL Y, BT ARAO7 7L LTHWCLEE
HAE4E T, ZORBEHRITE DRMEY, SORANEKETE
kL, ShERETELIEPHABITGRI N, EBRIZ, £
VAP T4—EDBRENL, Y- FENBRERIZBY
TTIE%L, BEVERICERERZR o TVWARHEILEW
T, BENZEGET LI LHTE. TRIIATHRSE, B
FIBRPLTFLER LORBOT B TLRETELILZER
T35, Thid, 74 VF—OREFFEIIRLIL ) Bkw
LDTHhE, /4 X% ) ARARGDE L ITiLHFESIh
BWeDTHAH) EEXOLNS.

SEOBETIIKEIS 2 COEAFROEERIRETE
LI EETTIEICEBREBEVAD, ThITOXMTR
IR - BN TER2 -3 c pmDBEEFDOHITER
BTN, 74NV —OEBREZETRE, 5P LERK
DEHIGHTEL I I MHERESZbDEEZ LR
5.

HRBHICEBTREEEZEs COLBRICROMEE 25
DX, EEHERBICBVWTHHEER D ERESEHT L
DIZEEEMED IS W TH L. FRICHOEBIIZR
HREBICRE B INL ZLAERICAGESh, KEBE
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