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also possessed myogenic properties (data not shown),
although their growth rates were very low compared to
the mouse cell line. By designing specific sets of primers
for human orthologs to the mdx-up and -down genes, we
examined the mRNA expression of these genes in the
nineg human muscle cell lines by RT-PCR. We found that
relative to the unaffected donor-derived cell line, mRNAs for
Arg/Gly amidinctransferase and EST-MNCh4008 were al-
ways increased in the BMD/DMD patient-dlerived celt lines
{data not shown, Table 1). In confrast, all of the BMD/OMD
patient-derived cell lines showed lower RAMP mRNA ex-

pression levels relative to the control line (Figure 5B). That'

both the mdx-sm- and the BMD/DMD-derived cell lines
show an attenuation of RAMP expression suggests that
RAMP could be involved in the pathogenesis of DMD.

Discussion

in this study, we identified 19 genes that are differentially
expressed by newly established skeletal muscle cell lines
from mdx and control B10 mice. We also showed that the
expression of the novel gene RAMP, which is down-regu-
lated in the midx line, was frequently impaired in the muscle
call lines derived from six DMD and two BMD patients.
Gene expression studies using mdx mice or DMD bi-
opsies have been published before'0-13817 Kyt unlike
these studies, we used immortalized skeletal muscle cell
lines as the initial materials for the cDNA microarray and
Northern Dblot analyses, The immortalization was
achieved by conditional transformation of the primary
ceils by infecting them with the SV40 tsT-bearing retrovi-
rus vector. This method has been used successfully to
expand target cell types before.' it has been reported
that myogenic cell lines established by the SV40 large T
antigen retain their differentiation capacity in vitro.7-28
Supporting this is that the myoblastic cell lines estab-
lished in this study possess myogenic differentiation ac-
tivity. It is also known that rodent cells can be fully im-
mortalized by the 840 T antigen.®® However, as the life
span of human primary cells in vitro is dependent on their
telomerase activity, human cells carrying the $V40 large T
antigen will eventually undergo senescence and crisis be-
cause of telomere shortening. Nevertheless, our approach
yielded sufficient numbers of progeny human myobiastic
cells from single biopsies from DMD or BMD patients.
The skeletal muscle cell line that was established from
rmdx mice {mdx-sm) differentiated more frequently into a
myotube-like structure in vitro than the line derived from
the control C57BL/10 mice (B10-sm) (Figure 1A). That
MEF2C expression in mdx-sm cells is enhanced (Table 1,
data not shown) confirms that the myogenic differentia-
tion program in these cells is engaged. This property
could reflect the status of the myoblastic precursor cells
in the molx mouse muscle at the time of virus infection. In
adult mice, skeletal muscle stem celis {satellite celis) that
reside beneath the basal lamina of muscle fibers are
mitotically quiescent and are only activated in response
to mechanical stimuli such as exercise and injury.* In the
process of muscle regeneration, satellite cells are be-
fieved to generate myoblasts that proliferate and differ-

entiate to make myotubes before fusing with existing
mycfibers. In mdx mice, the destruction of muscle fibers
caused by the lack of dystrophin and compensatory mus-
cle regeneration are thought to occur continuously.® As is
consistent with a previous report, the injury-response
signaling pathway mediated by JNK1 MAP kinase may
thus be activated in the majority of myoblasts in madx
mice.*® All of the subclonal cell lines from the original
pulk culture of max-sm produced desmin™ myotube-like
structures at a higher rate (data not shown). Because
retrovirus infection occurs only in dividing cells in culiure,
the mdx-sm line may represent a proliferating subpopu-
lation of myogenic precursor cells in mdx skeletal muscle.
This may also be true for the human patient-derived
muscle cell lines. Thus, the genetic programs in these
cell lines are likely to represent those that are present in
most, if not all, myoblasts in intact skeletal muscle.

The comparison of the mdx-sm and B10-sm celi lines
revealed that 12 genes are up-regulated and 7 genes are
down-regulated in the mdx-sm line (Figure 1B, Table 1}.
Dystrophin is expressed in muscle fibers and mature
myotubes but not in proliferating myoblasts. To verify that
the differential gene expression in mdx-sm cells is not
because of the absence of dystrophin, we introduced a
microdystrophin gene lacking the 4th to 23rd rod do-
mains into mdx-sm celis and induced these cells to ex-
press the truncated dystrophin protein. Microdystrophin
has been proven o be fully functional in restoring myop-
athy in max mice.?®4' However, the presence of this
protein in mdx-sm cells did not affect the expression of
the 12 genes whose expression patterns are aftered in
mdx-sm cells (Figure 2B, data not shown). Thus, the
altered gene expression pattern in mdx-sm celis is the
result of a dystrophin-independent event in the myoblasts
of madx mice.

Among the 12 up-regulated genes in the mdx-sm cell
line, Arg/Gly amidinotransferase is of particular interest
because it is & first and rate-imiting enzyme for the
creatine biosynthesis that is a major energy source in
skeletal muscle.* A previous study has shown that Arg/

" Gly amidinotransferase mRNA is rapidly induced in kid-

ney in vivo by adding creatine and growth hormone.® Itis

reasonable to suppose that skeletal muscle cells of max

mice also produce this enzyme more abundantly in re-
sponse to the ¢reating and creatine kinase that is re-
leased by disrupted muscle fibers. We found that ail
DMD- and BMD-derived muscle cell lines also produce a
higher level of Arg/Gly amidinotransterase (Table 1, data
not shown). This suggests that the measurement of
mRNA for this enzyme in muscle cells as well as detec-
tion of higher creatine kinase levels in serum may be
useful in the diagnosis of DMD and other myopathies.
increased expression of thymosin 4 in the mdx mouse
muscle has been reported in previous studies.’? We
found that its expression was up-regulated in mdx-sm
cells and mdx muscle tissue, but not in the DMD patient-
derived cell lines. Thymosin g4 is a bifunctional protein
that sequesters G-actin In the cyioplasm and stimulates
the migration of endothelial cells and monocytes once
secreted outside of cells. 4344 The acetylated tetrapep-
tide acSDKP that is proteolytically released from the N-



terminus of thymosin B4 inhibits proliferation of hemato-
- poietic progenitor cells and enhances angiogenesis.*
Presumably, thymosin B4 may play some roles in the
regenerating muscle area by acting on inflammation-
associated cells. A study is underway to determine
whether higher amounts of thyrmosin 4 could ameliorate
DMD pathogenesis.

The gene products of SCHIP-1 and mc7? are structural
proteins in the muscle and brain. It has been suggested
that SCHIP-1 links membrane proteins to the cytoskeleton®®
and that mc7 directly binds to the C-erminal region of
dystrophin (GenBank data base), although clear evidence
for these functions is not yet available. The relevance of the
up-regulation of these two genes in the mdx-sm cell line
remains uncertain. However, it is tempting to speculate that
the expression of sarcolemmal membrane-associated pro-
teins is induced in the absence of dystrophin by a compen-
satory mechanism. The expression of utrophin in mdx mice

is the most farmous example of this. Recent gene profiling .

studies of max mice and DMD biopsies also revealed such
tendencies, "7 :

The selenoprotein P gene is also down-regulated in the
mdx-sm cell line. This down-regulation could affect the
anti-oxidant defense of cells, Selenoproteins possess thi-
oredoxin reductase activity that neutralizes the cytotoxic
response of cells to the oxidant stress mediated by thi-
oredoxin.*® Recently, 10 families with congenital muscu-
lar dystrophy were shown to carry mutations in the sel-
enoprotein N gene.*® Moreover, there are repors
showing that selenium deficiency Is associated with mus-
cular dystrophy in animals and cardiomyopathy in hu-
rmans.*”“® However, we found that the overall mRNA
level of selenoprotein P in madx mice was higher than that
in control mice, as has also been shown in a previous
repott.’® The presence of increased amounts of seleno-
protein P as well as RAMP in adult mdx mice may be
related to the milder skeletal myopathic phenotype ob-
served in this model.

Of the seven down-regulated genes in mdx-sm cells,
RAMP was the only one whose expression was always
lower in muscle cell lines from six DMD and two BMD
patients compared to the expression in a line from an
unaffected control. Although the normal human ryoblas-
tic cell line used in this study was derived from a relatively
aged donor, this difference appears to be significant
because most of the other genes that showed differential
expression in the mdx-sm line had a similar pattern of
expression between the BMD/DMD patient-derived cell
lines and the unaffected control cell line (Table 1). RAMP
is a novel secreted protease that carries three major
molecular signatures (Figure 3B). One of these is the
CUB domain, which is often found in the extracellular
domain of developmentaily regulated proteins, Examples
of these are bone morphogenic protein 1 {a metalioen-
dopeptidase that induces cartilage and bone formation)
and neuropillin {a calcium-independent cell adhesion
molecule that functions during the formation of neuronal
and vascular circuits). Another molecular signature is the
CCP modutes/Sushi domain. These exist in a wide variety
of complement and adhesion proteins, The third signifi-
cant molecular motif of RAMP is its serine protease do-
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main belonging to the trypsin family at its C-terminus. In
normal unchallenged mice, RAMP mRNA is only detect-
able in the skeletal muscle and brain. Previous studies
showed that genes encoding cathepsin S and cathepsin
H proteases are up-regulated in max muscle,' ' but
RAMP-related proteases have not been described previ-
ously. The reason why the RAMP gene has not been
identified in the microarray studies in the past by using
midx mice is probably because its expression level is low
and the amount of MRNA in the intact skeletal muscle of
mdx and normal mice do not differ significantly. A unique
finding of this study is that RAMP mRNA is specifically
induced in regenerating muscie fibers found after skele-
tal muscle injury. As described above, during muscle
regeneration, myoblasts differentiate into myotubes and
the cells then fuse with existing muscle fiber, Accumulat-
ing evidence from previous publications suggests that an
elevated calcium concentration in regenerating muscle
activates calcineurin, which dephosphorylates nuclear
factors of activated T celis (NF-ATs).*%5° Specific NF-AT
isoforms in skeletal muscle play crucial roles in the myo-
genic differentiation and myoblast fusion events. As with
the interleukin-4 induction that triggers myotube fusion in
regenerating muscle areas,>" RAMP mRNA is induced in
small centrally nucleated mycfibers (Figure 4B). Thus,

- RAMP could be an imporiant regulator of the muscle

regeneration process. Further analysis of its enzymatic
targets and biological activities in skeletal muscle wouid
shed light on this novel protease and enhance our un-
derstanding of the processes involved in muscle regen-
eration and the malignant progression of DMD.
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mdx 77 A(200 pg BAK), d: RIS mdx IR, ¢! EY

3B BIO 77X, (3t 10 & 4 318)

2 ’I’iﬁﬁﬂm BB d w4 L rRNA A Iif\ikd)f‘&“““*‘tifﬁm}
A T RNA A #3{ RNA BRA (27 mer) @ & (Mass Number : 8625.51), B %# 7 &> £ rRNA A 5L RNA Bi ¥ OB &7 (9368.31), C @A MEEK
2oL £z RNA BR 1 (8459.72 1 RNA+3Na*+2K*, 8397.73 : RNA+Na*+2K*), D: w# 7 o ~"/‘/t3k$§UT:RNAMH‘GD}'EA%(BBQI'.QI:RNA+
Na*+2K*).
BTM, AHTA 2 IBTH RN O A BUHEL, A THABRIR-LE—SFELTUE, D TEAHTA S U AEE LR =S Eab
niL, (3zik 11 & W 31/)
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ARBOTERAN A v ORMEEER Y v I~ 4y
RHERFERBBWI LAY o 0BEREER
Lzt

TR ABRCIVEUKIET P23 &
NEEAMASREIENTENE, HBEREED
3E R LD F e AERMOBENEESIGET
& ZAIREMES DD, AA TSV RHIVA IO T 4 —
D& ST, F e ABRRSRE DN 2R IE R
BOBRELLTHEETH R, LirL, 2y
BITRHERERTOIREYEOV L 2T E T,
INETRREROP > T RREWED P IFE 5
B read-through L ReE: L OYESNEEL
TWBHEEENDH 5. 518, read-through EHEEE
TEHIPMEYE & LRIk F o oBER RO OEEE
Fhic s 2158, BEEARERZ e ELIoND

feddb, REMEDE Y read-through B % b DHEY
BONARN =Ty b e X2 1) —2= > F(high-
throughput screening) & IRFEIIE D4 T B A5
El BB,

JHTA TS HIEEA

el s

bhbitid, read-throughiEEw k29> € A
REVBCEHEBBEERHET R, 22070y
7 MEEDTWE,

OQAF=A>v2Y—FEAME LT, ESho®

i, BfEROBER, Bt 2t - ®REo
WELHME LB s L < RERFLI
L BEEDOWE, HBL{EMHE X UERK, 1o

Construction of expression vector

ITG AAA GAG CAA TAA AAT GGC TTC AAC
TGA
TAG

Cryosection

Measurement of luciferase/B-galactosidase activity

B3 read-through W& NET 2200 7R L F-F—F o124
YA L AHOATANADTOR—S LRI - H T 7 b o ¥~ (lac Z) N T2 S—EREF LRI OLE, tO240&E I 3EEOCRL
AFCEWALIOAXR PSS b (ATEINE mdx TOROIS ) > BB ESCRASS S —4HEL, TASERBEIATCHEAAAN b3
Rz Dy 2RO AEEHTE. GMRENEE—TRNMRS LS L oli/RBS SAS 725 —€L TS50 ML F—dOEELAEL,
FeEkmMmE T, 1o read-through B ERALT 5.
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SHIOZUKA Masataka, ARAKAWA Mdsayukt MATSUDA Ryotch!‘j

y I FYEA N ETFS _
@SB AFURELHWAMEMEEE G, #
6 DR ER B read -through & % MR 2 B
FMTaZ &
Thad. BT, ZOE—BEL LT, read-through
EEORER LS, ¥7V L R—9 —@EF2EA
RARNI VAV 2=y 727 ADEHEEA T3
{144 3). read-through &K% & >WE OBER, &
IEa ¥ a2E&hy TR — — BT e AAATY
BEMRERACTEDIO I N7 X > TIThbRTE
D, B OLDEHFREDERRE SR T, 8
MEEERACTER LS ofcle®d, Fh6ETRT
FrtEAR <, P OERTER/IHER L THITH D, S,
RACHZPERRHENATHRW, bhbhdf
& Tk, read-through EE2 7 A0 £lAMIZO W
THET S Z ek, HEDE ORI/ EEEMY,
BER COBEMXEEL b, B2 0ENABRER
g E T35 7 v ARATLREH RSB O BREER
We3s, 289, FEDOBEBEHEREBICEIUH»SK
2 THREED 2O T %L, read-through iM%
TTPEYY L ENBROEAEDE» S, MIZEE

e 2 5 REEERERET 2 L2EHEL TV S,

HEEEMECBEERBOBEER, ERLOL
B EED, FRAIRII BT =77 F
7w ¥ (orphan drug) TH 5/, ZORFBRFEERE
UBBNAT VS, 181, B O@GHEE LT
BT, B—BEHREDIHELD L > ®

AEBRBOBEEEBH L, FAEORRERE
ORFEEZERL T EL,

"

R, BEHFHEOHW - EEBMESE
B/BAEREHARER, REMRR, ORGHEREY
WREMTEEE (L RM), BRMEAESESET
FEIRL, TR, REMNEIRAMEE LY

f' Ay

: '{'lw'\” \‘\

BRI FERSEREE (LU MS) K & > TfTh 7.
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OREMEHEHOU— R N—iEE
YN EOEEHBRTHE, VRY—LET
mRNA LOEERT % tRNA SFRAMY, £
SBT3/ BEBUH LTR7F FEE R
3 5. #IE2 F (UAG, UAA, UGA) 7%, rRNA
L U EDEEETHB IRV -ADTI)T
Y (A) B B E, BEERTSABMICHE
T5, S0, BERFICX )RS FUNEERE
ENMEREE R, RNAKEESLAFIRTFFE
WMOMES T Loy, oy BERITIET 2.
—F, TI/7) a3y FREWEE, Moy
Y EBFRREEN L LTHEERERT. Bl
FuFRAT R I TITAL Ty, G418 B K,

BN E TR E IO NIRRT SIG IRV RIARS R P Y PR YY)

IBIFIE", FRINEFT”, AR’

1) REAFARRESAEMESIRRFER 2) BFRENAPE SRR E(bEM

Key words negamycin, nonsense mutation, read-through

PRV —AICEEEL, mRNAERDHEEI RV EYR
VoA AT L OREEERET A0, koK
YERUBLTHRNETL, FRIVENWS Y
2EGFefEbEAER (V—-FRL=) 2FT3
EFEmLRTBAY, T3 3y RREY
BiZL 29 7 BAMOBER, bed LEY
BB H 5 BN A & B L /- SR
RRLZBOTRBREENLD, FOHIOERITE-T
BB ThBR A asmeh, Frer
AEREREMRBOEYIC L S IGEO S
BT &

Read-through therapy for genetic disease caused by nonsense mutation

....................................................................................

.......................................................................................

Masataka Shiczuka Masayuki Arakawa Ryoichi Matsuda
LSk $& /0 1009 ERRAEASEENBES, 2000 LS (AMERE) IS SRMEARARRPBTELET,
02 £ L WEEFHBEMR U H—F LIV F - b (REMSRRME) & L TRREAEAERRA R EHARRREICATE.

BEOMRET — < LB EOBEsE,
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073 ./JYdY FRinEYEOY—
RZAI—EERAWEF 2 AR
AREROERL

90 F%HEE, BlEREENFEEETF CFTR
(cystic fibrosis transtnembrane regulator) D}/ &
ABRERTELREI NV, 732703y
FRIEDE THE S 574 YR GL8TY —
FRM—Sh, RELTWF 27 EHELND
rEsni?, #ie, YAlo74 vRETFOT
7V 230 vy A%EF % b D Duchenne BIfF Y
A bu 74— (Duchenne muscular dystrophy ;
DMD) *2 & F VB Th B mdx =7 ¥ ** 12y
YETAL Y RESTHILT, HRENTOVR
rET 4 YOEREBIOLAFEALRIE VS
1999 @ Barton b DHEY id, WMRMLIERTFR
AW <, RO BIETEAPRBBELSNCH
HidWEELZ LR TWADMD IZIT3H Lig

HFBE LOEE D,
@ U— RRI—FEDaTHEME:

—F, BERERICL > TREFOBRPICELS
HETFOU—-FAL-5RBZEE5EEDD 2
EHEHETDE, RROBFRREAETHLY—F
AN—LTLEITERIFHS, S5, BROR
FOHREIIRI S LBES, SAR~EBEEIRIZE
haZeaEiEansd, LirL, 2002412 Du biz

R - F (P Al e & (v < il R 8 g
L2 = FAL—4EI 159U T THD Y, Ehic
T mRNA ERROBRBEHE DRI EIET N
FHEEEFELTWAHEYE L, £0VThdn
Bk P CHERSRET L0, V- FAL—Z
L BBEIERII v EBbhb, REOBFEED
MLy BN R RAERTEL R P
i, REOFET Fr ) S FAECEFICKESR
TR ERERERRSE, BRI - FAV—
EReTeS . E72, Y- FAMV—BEOHRIME
e, BEaFr2FVBR )Ry —2ddh
¥ nonsense-mediated mRNA decay (NMD) ** 434
HEnaw, khELOEREREDIRLNE,
TR, BV VATA v GARL bR RIED
F¥ (UGA) @) — FAN—2, &L IZEKET
BENEFF o bt L y—¥ ] BEFONMD
WA R/ LT DA RBREND, Li2doT,
73 /703y FRIEMEORER, +rEerA
ERERYRRE L 35 REHERETHRETHRL
D YEENRIEHEE LTHELED TV A,

@ 551V TEN DMD 38585

Politano 5132003 4£12, DMD D4 BEH1HT
Whasd, Fryel vy BEICEAVAIT T4
¥ w8y BOERE AR - R
MRELEY, Yrruzsrony FRAL VDR
EREORREITTHANE, S5122 0D HEEID

oy 2ER —SERRCRIRERTRO—D. —O00 RyERNT 2 3 EEOS 5, 1 DOBKIRERD > THREDIRISEE
fitk b & PCHRIED K (premature stop codon) BELBT&ITHb, UMY —L ETmANADBIRERIETHED . TORR, R2ROBNE
HolFUINCHEHMESNT, BEPRETREELLS (Bl CAARINIZY, TAAIEIEDR),

*2 Duchenne BTV A RO 7+ — (DMD) YR FO7<REFICRE, (. HIIVTEGETORDICHARRER (SERRICEKD
premature stop codon EEUST Y EVAERY, EEDREPBINCEDELD ZU—AY T MERIEE) DIES/TER, THENRImiI 55>
NORIAOT VESRTEY, SGEEN RSN THET ST ONRUBERETSS. YA D71 VREFH X REFLICED
. FEBR 500 AIC1 ADBETREL, 30 MEFXTICERRESNMOTE TR 3B, DMD BESHOHHTH 2V AERICEK
BI—RIZFOBRLF 15%EEDDENDTNG

*3 mdxNORA 198 FCSE N, X AGHECEBUCRENREEDBHETEADIRRERRFON VR, YR DT« VREF LD
I7Vy 23 CF /Y ARRERESL, BEEYA MOT ¢ VESHTERN. TOHEERESTIHN, b MOBEERHD. RRYH
FREERD L, BELTHICESTEFHL,

*4 nonsense-mediated mANA decay (NMD)  mRNAB—RASYALBFEND, T2y ABRDS ROV ESEWERRNICS
BYITE. FURYIABESEES D mMANAICI— RSN Sy — MO (CREDRITE) REGYVIOHE, BHERETITLN
BRICTFRATERCD. BENCERIES -/ BOSEE mRNA UL THRT SHEOESLVSFHHRGE.
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HREISRTVWE, ChEDBEFAITSTTGAD
RiEa Freds, FHOEREFRELTCTH
A (1 & vl A (VA Nl RV Bl i @ PRy 4
PRLIBUEL SATVAEEERFITHEY, TAAD
FIEI P 2b 0B 1IBITHYA IO 7 1+ Y OF
HixAaohhdol, Fry<{ iz k5 DMD
DEFEMEIA SN LT 5 Politano & L I3XTHBE
i%, Wagner 5 & Serrano 5" 1B HE L
TWwa, AT, 200244 A L) AnA A HEkRE
DMendell 5, Y& v EHwW-3EED
FRFRABR % 36 BH W L CREET o T 525, B
D& ZABREFARBFES L THRY, Zhonig
BIELTE, Frivf 0300884k (CL,
Cla, C2) DFEELL FOEEENENLHY,
BAIZEE L.

7z, 20034E1- Wilschanski 5%, F ¥+ ¥ RE
BIL o THEUAKRET FU &b oBERMREES
EOREBELERIY v ¥<4 v e AFtrETAZL
T, LEMBOEDEERD CFIR EIEE R
Mx3EH, CFTROBRAEICL > TEERZIEN
SHEAN L EREBENEEFBET A LATE
BIEEHRELSED,

—%, EEEREVBRCIBEE~NOEHEES
PHRETHDL. LiL, TI/ )3 FEOHER
BOFEBIHEL, Fht bl 3 L2 HICESHE
PEEEE, HHNRER (MERReTORE) &
oA REfeEF S, BETIE, FrivA
Y OBEEERERLEELLOL LTHEF -
#TH 5 dihydroxybenzoate %, {EVEEEE, H /3
A YHEETHLOARTF R ERBTFLENTY
570, BENORERSG IO 6 hfaikiEd
9 LFEIND.

QORHILIIETE—

EEHIE, 1970 ERITHERLEFERTHR S
n, KEFEROEMBERATY — FAL—{Ek
RRT I EAHE SR TS URTF FROKRR
FAEWEI <A CHEL, FREfF-T
Efe, ZOIFIAL YU Emde =TT A2~ 4780

100 um

a b ¢ d e

B RmATAYVARSICED mdx IO AEE (Fi

BEH) CBF3IVA 071 VOBBEEHE
TEHNGIZNER

Aca-ceeltVR bOT 1 Ll AEEAE, bed-fid
ERREEFET N A I —IC L SRS ORER.
a » b IEEEWBRI0 77 AGHEM, - diERES max
TR, e-fidFH A LS mdx < I AEHIE
#

B:14Ls70v Mg (a: aHw1 L BEmdx~< TR
(20ug 2 A9 8E), b 1Y LTRRyTP—0d, c !
AHTA L EEmdx T TR (200 ug % IS0 RA),
d FESmdcI IR, e EEHEBIOTTR)

(Arakawa M, et al : J Biochem( Tokyo) 134, 751-8, 2003™*

£

W2 0 EHEE L s 2 ATIRES L UM
MU, FORESHEYA NI 74 —EOEREEA
REFEYYRA MO7 4 Y OERFSEEHAGD
10 BIREETDO LN, R mdx ™7 R EROREER
MBETLVANE 74 Y OEESALNY, Gk
BTHVAMIT 4 Y ORERBEEA A/ TOY
MeEEA IRT. S56i2, AAwA Y ERNA
& DEEEEHEEI2WT, Ly bR T L—A
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EHHGhE R, E, EEAERETAVEY T
WLR=F—ToefiZLY, 2H<LL i
T4 EN )= FRV—HENE { (RREF
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T EIT AL VIHARERBIE b A4
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AMA7 4 —DHELT, Frer AEENERD
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L, #3478, ChETCICRSho T
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EREER S OWENFEL TV ATHRENS B
Gtk ) — FAL—EREETAHEWE T Lok
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Wi — FR N —EE% D 2IREHEONS AN —TF
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BEib.
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REEA 2 ) == FOBICHEE 2 508, 8
NIAREROELTHD. EESE, V- FAN—
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ET<L, BERD22OT70V s FEEDTW
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W DSEE i s L{b22sad L LidsEs
i & MEDNUE, Rl (BHBL0ER, F
TGy TPHAL L) RIFHIIE, @SS AFETRER
HoWLIERU A, FROD) ~ FAL—F
L ERNCKRETAZE, Tha. BT, 208
—BREELE LT, V- FALV—{EoBRERELRS,
F7NW U R— & —RIEFEMARALHRRE + 5
VAV zZy 77 ADEHEERATVES, FOB

AREZE2RT. U — FAL—iEEE L oWED
BER, REIFA 2G0TV E-F—BETF
E AR ATTIEEMILE AT Z NV —F1c ko
T TED, W odhDEGIHEMENRH X
NTwBY, BEERE BT L 2o oo, -
ENLRTNTEFTTHERITEL, HofER
- ERSTHTHY, #8, ERCHILME
FREERTORV, EFLOFETI, V—FR
V—TERE T ADEMBITOVWTHIET B I ki
LW HUEMEA DR - AEIERYE, S oinEds
HHREL 2 D), W FORBMBEL REERE T2
Yy AERBRIEHEROGERFEEL TS, ©
30, BEOREHERBCHOI OB TRk th
BHEDTEARL, “V— FRALV—ER" &) R
ERTHADHE L ENEEBOMAShER S, HiZ
GREME 2 2 RIEERBLER - BETAI LY
HiIELTw 5, .

T, MNIERED Rousset #ig b & DILFERFS
Y, V- FAN—ZREHEE (BER) L
FELAVLIELZEBL TS, B34, £43
ko ¥ OFDERE %% A L7z URA3 (pFL38)
NP Y —ZADE2 BREFRLR— 5 — ¥ LB
(FS1) £HAT, #&ika FrEDRFIOENZ LB
V= FANV—REAEL2bOTHEY, Y—F
AN —FHEEDE2 Wi e AR, 2 ~10 % 7% & IRAL
&, 5% EebgEnan—E LTHRLS. &
B, HEHIZZDSELEX (systematic evolution of lig-
ands by exponential enrichment) HEZHEIL 7z,
BB ADE2 BETEAWERT, V- FAL—%7
b—A¥ 7 M2kd “recoding” DX H =X bERF
FL, WIEHETY Y =4 Y ioid a#kik=
¥ OEIEFIOREEGHF LT3,

SOITEECE, HF—A Pz b TY)y

ENAR=Ty b ATU—Z0Y BAUEESRED
iLaMEn 5, BELTREFU—NLAY (HRELay  E
BEQIOT 7 A WIHASHTED, TNEILPNICEHTICET
EEORL, BEOEBORMTEIMRLAY) BiER - #HTD
B BarE<, EEttORREbOERBTRIRT SO,
BIROIRRMORA 2V — =2 T RN T D S TEERRE)EE
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Abstract
Possible chemotherapy of muscular dystrophy caused by nonsense mutation

Mésataika Shiczuka, Ph.D, Masayuki Arakawa, Ph.D. and Ryoichi Matsuda, Ph.D.
Department of Life Sciences, Graduate School of Arts and Sciences, the University of Tokyo at Komaba

Gentamicin, an aminoglycoside antibiotics which causes read-through of premature termination codon during
translatlon has been used to rescue genetic diseases caused by nonsense mutation. Its strong side effects, how-
ever, has always threaten patients. In order to utilize other antibiotics with less side effects than gentamicin, we
have shown that negamycin, a dipeptide antibiotics with read-through activity in prokaryotes, restored dystro-
phin in skeletal and cardiac muscles of mdx mouse, an animalumodel for Duchenne type muscular dystrophy
caused by nonsens mutation. To avoid miscoding and emerging resistant bacteria for these read- through antibiot-
ics, further drug design and high throughput screening of gentamicin- or negamycin-related molecules will be
needed.

(Clin Neurol, 44 ; 908——910 2004)
Key words : chemothrapy, musucular dystrophy, gentamicin, negamycin, nonsense mutation
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