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3+ IW 1 -8 1.75-18 x 10' 0 0 0%
12w 1-5 2-8 ® 10 0 0 0%
2 1-2 2% 1 0 0 1%

Serial trransplantation

Primary uansplantation

sccondan uansplan@nion

Mowsa Cells injected Collected GFP colls 'TA Calls mjecterd GFP™ fascicles 'TA Engraftment efficiencs
1 2x 1 2H) 14.7%
2 2% 10 200 8.6 14.5%
Mean 2x u ] 29 =05 14.5%

TA. tibialis anterior, W, nonrcinjured group analveed % wh aficer coll ansplantation; 4W, nonteinjured group analveed 4 wk alter cell

wansplanion: 3 + W, reinjured group reinjured 3 wk atwr cell ua
ivzed 12 wh after cell wansplantation; 24W
fibers w

Ahion o
centage of TA that had engrafted with GFP
determined lrom number of GFP™ muscle [scicles cour
cells comnted per Feld at X100 m 10 helds

the nonreinjured groups at 3 and | wk, respecuvely, after
wransplantation (Fig. 58 and Table 1). Furthennore, we
also observed that many GFP-positive muscle fibers had a
wpical central nucleus in the reinjured group (Fig. 50),
ndicatung regenerating muscle fibers. Taken together, these
results suggest that these GFP-positve mmuscle tubes were
freshly regenerated by the engrafted GFP™ ES<derived satel-
litedike cells in response o the second njury. Swrprisingly,
munumostaning with ant-Pax 7 revealed an increase in mun-
ber of GFP/Pax7-<double-positive cells in the remjured group
(10.8£3.0/vdew compared o 54= 1.2, and 6.0= L0 in the

The FA

saleulated as number of TAswith GFP” fibers /total TAs injected wath cells "Av
d per field at X108 0 10 fields. “Average deter

nation and analvzed | whk atter reinjuec: 12W long-teom engradtnent

nsy

long-term engralument evaloation anahzed M wk alier ecll ransplantation

ved fromn number of GFP™ . Pa

nonreinjured group; Fig. 50 and Table 1). This result
strongly suggests that engrafted ES<lerived suelliteike cells
not only self-renewed but alsa expandled in munber, possibly
replacing the recipient satellite cells lost because of excessive
ol skeletal muscle in response 1o the second injury.

repan

ES-derived satellite-like cells are capable of long-term
engraftment in recipient muscles

[,lll]_‘;{‘!l‘llll I‘f'l,'.{itl{“l!(‘l” Is an I]l'lllf'll tant l'h-‘]l’.l( terisin
ol self-renewing stem cells. 1f these ES-denved satellite-
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Sorted SM/C-2.6 positive cells were
transplanted into mdx mice whose
muscles were pre-damaged by CTX 24 h
before transplantation and by BcGy of

y -irradiation 12 h before transplantation.
(Primary transplantation)

8weeks after the Primary transplantation
200 of sarted GFP+ SM/C-2.6 positive
cells from primary recipients were
transplanted into each pre-damaged LTA
muscles of mdx mice again.

(Secondary transplantation)

Mdx mice which received secondary transplantation
were analyzed Bweeks later,

71%
E secondary
transplaniatior

MHC-C y3




tound in recipient mice ansplanted with SM/ (-2.6-
positive cells, Thus, ES-derived satellite-like cells eflec-
tivelv engralted and provided long-term stem cells,
which played an important vole in maintenance of the
integriny of the sirrounding muscle tissue.

ES-derived satellite-like cells can be
secondarily transplanted

For a more thorough chamctenzation ol the ES«lerived
satellite-like cells, we perforimed serial transplantations.
hllln weeks alter the primary cell us msplantation with 2 X
10° SM/ (-2 Depositive cells. the LTA muse les of the pri-
mary recipient mice were dissected 1o isolate the en-
grafted ES-dervived cells, 2765 + 6859 (n=2; Fig. 64). The
GFP”™ /SM/C2.6-positive  cells within  the engrafied
cells were sorted by FACS (204%33.9; #=2), and only
200 GFP+ /SM/ (-2.6-positive cells/ mouse were trans-
planted into predamaged LTA muscles of mdx mice
(Fig. 6B). Eight weeks later (16 wk after the primary
vansplantation), the recipient mice were analyzed.
GFP-positive tissue in the L TA muscle of the secondary
recipient mice was observed (Fig. 6.4). The GFP-positive
tissues were confirmed 1o be MHC-positive mature
skeletal muscle (Fig. 6C), and surrounding these en-
grafted GFP-positive skeletal muscle fascicles, dysuro-
phin was observed (Supplemental Fig. 11). GFP/Pax7-
double-positive cells located beneath the basal lamina
were also detected in the engrafted tissue (Fig. 60).
Thus. with onlv 200 GFP"SMC/2.6-positive cells. in-
jured skeletal muscle and Pax7+ cells were successtully
restored in the secondary recipients. These Andings
demonstrate that stem cell fraction contained within
SM/C-2.6-positive cells was enriched m vivo through
transplantation.

DISCUSSION

Many attempis have been made to induce mES cells
into the skeletal muscle lineage, with hanging drop
cultres for EB formation being the most widely ap-
plied method (25). However, although EBs contain
cells derived trom all 3 germ lavers, effective induction
of nES cells into the myogenic lineage, including
myogenic stem cells (satellite cells), has not vet been
achieved. Because of the lack of adequate surtace
markers, purifving ES-derived myngenic precursor/
sten cells from differentiated mES cells in vitro has
been ditficult. To overcome these problems, we modi-
fied the classic EB culture system by combining 1t with
aspects ol the single-fiber culture method. Single-fiber
culture (33) has been used for [unctional evaluation of
satellite cells. When a single myofiber is plated on a
Matrigel-coated plate with DMEM containing HS, sar-
ellite cells migrate our of the fiber and differentiate
into myvohlasts o form mvolibers in vitm, Matvigel
allows the migrating satellite cells 1o proliterare hetore
differentiating and fusing into large multinucleated
mvorubes (35). We hypothesized that this Matrigel

mES DERIVED FUUNCTIONAL SATELLITE-LIKE CELLS

ervironment might be suitable for ES cell diflerventia-

ton into satellite cells and mvoblasts. Theretore, we
introduced Matigel and HS into the classic EB culiuve
svstem and established an efficient inducton system fon
myogenic lineage cells, including cells expressing Pax7,
a commonly recognized marker for skeletal muscle
stem cells. Furthenmore, we also successtully enriched
ES-derived  Pax7-positive  mvogenic  precurson/steim
cells using the SM/C-2.6 antibody.

The steps in ES cell induction are thought 1o be
homeologous 10 normal embryvogenesis. Durving normal
skeletal myogenesis, the initial wave ol myogenic pre-
cursor cells in the dermomyotome express Mylh, MRI
and Pax3, followed by a wave ol Pax3/Pax7 expression
136). These waves of m_vngt'm'sin act upstream ol the
primay myogenic transeription factor MyoD (37-34).
In myvotome formation skeletal myogenesis begins with
myoblasts, termed somitic myoblasts, which appear at
approximately E8.5, followed by ithe appearance of
embrvonic myoblasts (E11.5), fetal myvoblasts (E16.5).
and, ultimately, satellite cells, which are responsible for
postnatal muscle regeneration (40). Owr RT-PCR re-
sults (Fig. 1)) showed an earlier appearance of Pax3
expression, on d 3 + 3, followed by Pax3/Pax7 expres-
sion on d 3 + 3 + 7 and swonger expression of Pax3
than Pax7. These results resemble nonnal invogenesis,
in which the primary wave of myogenesis is followed by
a secondary wave of Pax3/Pax7-dependent myvogenesis
(41). Considering that in the time cowrse ol invogenesis
satellite cells emerge during late fetal development.
ES-derived Pax7-positive cells were collected on d 5 +
3+ 14 in an attempt to acquire cells that correspond 1o
those of the late fetal 1o neonaral p(‘rind However
RT-PCR results of myogenic factors in SM/ C-2.6-posi-
tive cells (Fig. 2B) indicared that these ES-derived
S.\-I_.-'(i-ﬂ.l’i—pnsiti\‘e cells are a heterogeneous popula-
tion, because they express not only Pax3 and Pax7 b
also Myf5 and c-met. Although further confirmation is
needed, we hypothesize that both embryonic/fetal
mvoblasts expressing Myi-5 and/or c-amet and satellite,
long-term stem cells expressing Pax3/Pax7 are present.

To confirm that the ES-derived SM/C-2.6-positive
cell population contained functional satellite cells, the
muscle regeneration and self-renewal capacities were
examined. Recently Collins ¢f al. established an excel-
lent systemn in which sequential damage to the muscle
of a recipient mouse was applied, to evaluate both
muscle regeneration and self-renewal (14) Using their
experimental approach, a significant increase in num-
bers of both ES-derived GFP-positive muscle [ascicles
and GFP/Pax7-double-positive cells was observed in
mice that received a second injury. This result not only
demonstrates the myogenic ability of ES-derived cells
but also strongly supports the idea that these cells
undergo sell-renewal in vvo.

Analysis of long-term engraftment is an important
method to verify self-renewal ability, for 2 reasons. First.
ES-derived satellite cells must be able to engralt [or
long perinds of nme in order 10 provide the amount of
progeny needed o vepairing damaged tissue lor an




extended period. In our sindy the ES-devived GFP-
positive skeletal muscle rissues and Pax7-positive cells
engralted up 0 21 wk and were located beneath the
basal Lomina, which is consistent with the amatomical
detinmtion of sarellite cells. Although the number ol
GFP-positive tascicles at 24 wk decreased compared 10
12 wk. this dimminution mav be due 10 the heterogeneiy
ol ES-dervived SM/ C-2.6-positive cells as we mentoned.
Because mvoblasts cannot support mvogenesis in the
long werm. we believe that GFP-positive fascicles at 24
wk are products of ES-derived smellie-like cells. Sec-
ond. one of the potential rvisks of ES cell transplantation
is teratoma formation. Considering clinical applica-
lions, it is extremely important 1o prevent formation of
teratomas in the recipients. In our study more than 60
mransplanted mice were evaluated through gross imor-
phological and histological examination. There were
no teratomas formed in mice thar received SM, C-2,6-
positive cells, and only 1 teratoma was lound among the
mice that received SM/C-2.6-negative cells. This vesult
suggests that the risk ol numor formation by the ES cells
was t-Innm.m-d by using sorted SM. 'C-2 Lepositive cells.

In addition to the se quﬂum] damage model and the

lomg-term engrafument evaluation, we performed serial
transplantations to further confirm the stem cell prop-
eriies of these ES-derved SM/C-2.6-positive cells, Serial
ransplanation enables the identification and separa-
tion ol long-term stem cells from short-term progeni-
tors (42). To eliminate mvoblast involvement, we de-
signed a serial nansplantation protocol of 8 + 8wk (1.0,
a second transplantation 8 wk after the primary wans-
plantartion and an analysis of recipient mice 8 wk afier
the second wtansplantation). Swrikingly these recol-
lecred ES-derived SM/C-2.6-positive cells showed signif-
icantly higher engraftment efficiency compared o the
primary transplantation. In the previous reports en-
graltiment efficiencies of myoblasts transplantation was
-0.1-0.2%, with the highest reported value being 2%
(43-45). This engrafiment efficiency 1s similar to our
primary tansplantation (0.2-0.8%) as well as the plating
efficiency of SM/C-2.6-positive cells in vitro (0.07%). In
our sty as few as 200 recollected ES-derived SM,/ C-
2.G-positive cells were transplanted in the second trans-
plantation, and 29.0 = 0.47 (n=2) fascicles were ob-
served, which indicates 14.7% of higher engraftment
efficiency. Thus, through the serial transplantation,
ES<erived stem cell fraction was purified, A compari-
son of these SM/C-2.6-positive cells betore and alte
injection might help to characterize the stem cell
fraction derived from ES cells.

There have been few reports describing transplanta-
tion of ES-derived myogenic cells into injured muscles,
and the report of engraftable skeletal myoblasts derived
from human ES cells represents significant progress
(26). Recently Darabi of al. (16) have reported that by
mwoducing Pax3 mto mouse embivoid bodies, anton-
omous myogenesis was mitiated i vitn, and Pax3-
nduced cells regeneraed skeletal mnscles oo by
sorting the PDGF-a+Flk-1- cells. The Pax3 expression
was not observed unul 7 d ol ditfterennaton culre,
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but introduced Paxh expression pushed EBs to myo-
genic diflerentiation. Interestingly, we observed Paxi
expression at d 3 + Sweaklv and d 3 + 5 + 7 suongly,
mul gene expression process in our culture s verv
similar to theirs. In prolonged cultuve using Matrigel
and HS. EBs were able 1o inniate myvogenesis withoun
gene modification in our svsten,

In conclusion, we successiully generated wransplant-
able mvogenic cells. including satellite-like cells. from
mkS cells. The ES-derived mvogenic precursor . stem
cells could be enviched using a novel antibocy., SM/C-
2.6, These ES-derived SM/C-2.6-positive cells possess a
high mvogenic potential. participate in muscle regen-
eration, and are located beneath the basal lamina
where satellite cells normally reside. The self-renewal of
these ES-dernved satellite-like cells enabled them 1o
survive long-term engraftment, up to 24 wk. Through
serial transplantation, these ES-derived SM/ C-2.6-posi-
tive cells were further enriched and produced a high
engraltment efficiency of 14.7%.

Our success in inducing mES cells 1o tonn functional
muscle stem cells, the satellite-like cells, will provide an
important foundation for clinical applications in the
reatment of DMD patients. [
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By A P a7 g —LIEFEHSRE, T
g, HEECDELELACHDET, hEiks
EhTHEEEGERORFTH L, BlETBHT
DEBOHBHE T <, BEDEE, s
O REER, F5H5, KT OBEFEREL EOHEBEDE L,
ZORTIE, MEDEE LA REEE T HEY
Bf ) ¥ \» Duchenne T /Becker Wi </ 2 }
7 4 — (DMD/BMD ; X ifi#fift %8z « XLR)
PHRILBERERS A o7 4 — (FCMD ; # 3
ta kSRS ¢ AR), £ 7-AhTRESF SR Ic o S
NEHHEOFOIHEEES A 7 4 — (DM
W (R EEMORE  AD) 122V TRIEAENY 2 BERE
ik L A~ OFHY, MniEEdicon
THEHT 5.

| . Duchenne &!/Becker &
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1. ERBOHER

DMD/BMD & & iz, ipdilafio ) 6 EHTH
% dystrophin M5 1 (X21.2) OZERVEHRTS
%, BLFIEOE N EDR S A Fa 7 1 —
THh, HEHR 1/3500 ATRIE, BRIEE
L, Z¥ETIEEE (carrier) & & 2AMEIRD H
% (manifesting carrier) & &% %, DMD Tl2 ¥
Arw 74 EAMIZIFTELKE B%LLT) T
&35, BMD TidAHt (~30%) fFEL, BMD
{2 DMD OEFERITH S, ZDBLIBETER

* RIEARSP AR E R R R
(T565-0871 MLt 2-2 B9
TEL 06-6879-3381 FAX (6-6879-3389
E-mail : mtaniguchi(@clgene.med.osaka-u.ac.jp

FHER®

Tarsushi Toda

NEILL S,

2, BAE

DMD (3 B8 R 0E N, UL, BER
[abfhis s EC2~3 TR TS, FHlD
PEEAAMAY CK, ALD, AST, ALT OE{ETHR
ENAZELHB. FHNYL Gowers kg (5%
ki), @Rk AT, BRI A %3RS, Fi
98 A kD BITHEE 10 RTHET, B2 o5
SEKER S, BEOHBEE T2 WL H 2,
FFARITLLAT 20 MG & abhdLro Al MRIZEE DR
WL DN L DIEC T v 5, FEHIZLEE, &
DAENZ s, BMD (EFAEAS 5 LA LT 20 ilE
LU HURF T35 £ 2 200058 3, B 2,
LESEROFLH 5.

3. % W

AR ORI, MmiFEakETE, mifgkd T
AN OFHE L D BEb A, EWMINTOMIET
WEIC LD dystrophin 2B RARE S SLdLIETEE
aZi k3, BEAEICIE MLPA # (B 1), mul-
tiplex PCR t, s —27 xRk, v 70y
Fik, FISHi#E, CGH =4 Z7u7LAkiy (R)
2iHh, —HRBOER L ko7, BRIIREK, &
WA R%7Z0% (DMD 70%, BMD 85%, hot spot
I2 exon 3~8 & L f 45~53), MUNERODF v+
YR, 7b—Ly7 PERLVED, BREEDNS
Atu74 yEAOBRTFHREOSR LEL SRERE
B2, EmizEBEoMBELES 54, M=
FERHIFETE L OB & PR FEARIY T
LEGaERTHS. HEABOHC A LT ¢ A
(Eic k20 YnE YAy 7oy Fikick
Ol L DENHARETH 5.
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HEEVOE -7 2RE
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*.._"?’" —
dystrophin hﬂml —_— <+
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gETEEL o *xz
g PCRE 4 =
e s hE Ed m
Ea m——— a -
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Loy Y2
WA THES / /“ * S — i
\ : : .n“:’ *-um- ‘.w:: Sl
exon 19 exon 19 : ﬂ m
B ERD2AERD —
HREET - AR 17 18 19 20 21
1 MLPAZEDFRE #REOAHEBOER-IELS,
£ MDD CTG UE—- MY EEEEFEOHES
CTG Y E— %
_ ﬁ!ﬁﬁﬂ_ ﬂﬁiﬁ_& (EHB)) RIESR FHRCER
mER _ zL 38~50 E® [ -
: Emﬂ p v
ﬁ%r-ﬁc $Eﬂﬁ
i I=1] 100~ [
RAE | wemsnm 1000~1500 ormmk | e
LIS S B .
B e anae
| LR 45
FEFRE DT i 2000~ . :
B WRREEN | (oo MTomssy) | OB | (MERRCERCO

4, WEERN, BREE
XLR. #EMREEDEH G, BF0 aofmﬂ?ﬁm
LR 50% 2 RFF. KEnEETHLEE,
BB, B 100% REE, MFEHIIZH
1/3 7245, ¥t (de novo) RIRERLINC, IR
EH 4 7%:'%%1]11{'&4"*#“{ slbHaeND 7‘;&') ffll
Ul OEE, BRBIIEENIC S%EETH B
I

Vaol. 40

— 171

(1188 : Gene Review)

5. BEADHBICEWTREDITATE
Ao 7+—ittHThs, HEHRTH

5145 DMD EEmSh-mBloiER I RG%:
#id 5, i“ﬂﬁNﬁW%W%ﬁ BEHRAE
THHZEICHLATRDSZ2EAD, Rf~D
ﬁ%$U+AULU na%ﬁmummamax
Fuv, X EicFEETIZY AR 7 0 YRE

Kt O ZEREHE , X Rfafhks 1 KL 2544
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THAEL, 2R LOLETREZ L2, 2D,
DMD RHEOZ W TIHIET 2 b Tld v, #
ROEMZEVTZO L) LHISHED B L /i
Moz, ENAMEIIH-h, ERPERO
ZOATUCRIES Y, REHSHET I L X
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n7bwnbh,ﬁM&Lamﬁ&AL&%if
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2@ X 952 DMD/BMD @il {5 TR 1345 R0
FME T TR, ZORBEEICTUTTA L
AWRKEG, BMETHEER, BEOERDZOH
Riloliz o sni ) A CEMES N3
OHEE L, FRENRD 7 2 0—PLHN Y
THARYITH 3

6. BRDBEREDMES

WEEE, DMD 2xtL, BED AT 4 FEkIC
AR FiaHE, FRIGRGC O T TR DS
BHELY, =¥V yA¥x v vyl BEOE
RYUOBECEOT, EBLEWERVWTERSR
KDV RO T 4 YEAOEBERET X4 589
DAZMDEEE, FETRAVHHRLAEAK
faZ TEEAED DMD, 2% ) BMD i ¥ % iaEEY
T, BEAEA TV, 7, BETRECSM
fBMOMAICE W TIE, B TEWHL B
RIS Z s hY, 1, BUER
DEPTLTF 2y ABROBFICGL, ZRIC
X HBRGIE L TN A BAO "B RS S
#5357 ) —FRL—%H (PTC124) DiBEEHSHEN
THHE-7", ZORBILEDPFEOKTIEL
K Bho265, FRILEVIATRELYET
NEMEIH A S D5, B OB 2 HER

1310

ROERELMERZ R IcHNT, BEDREICHRR
BTz b RITHS,

7. HAERTEZHR

DMD (2% L — ¥ ol cEMaTiE. HEIRaATIC
Ehn & OMIEFERSFEE S h, BEHEZOHRE
HEMESNTOLSZ LR ARKETH S, -7
L, TREEMCHYEBEY A 2 H05 10~20% & 5 7-
o, BRICZERYFEETELWBETL, RME
mﬂﬁ#WﬁéhfuaﬁAu$mmﬁﬂﬁﬁu
25 BRRMERY, FLBRTHIUTRIEE
;ﬁLﬁﬁiﬁ%a#timﬁﬁ(ﬁhqusﬂ)
HDHVIEHERT (R 10~12 8) 2k by
L 7Kk DNA TS T 5. HERTZEIL
[Ra8tEHidH h, LWiHPZRIRL 5 2 ERTA
Thh, KEDOLEY, HEOHEREEZKE, L
b OB, EEBEEGRIET 2HE T AL,
roTtHatliEhrx) v ZidpdEcHn,
WHEN DRGNS HTIERATIC KT 2 L H 6
5, —HMEE T & AT ERATSWNL, i
ZOETEL A0y FAshH B A, HIhE, A
B L) H 5, BMD oL TREGTFHED
R PRAILE & DB Ao,

8. Hox

BLRBOLEHIA PO 74 —DBOELE LT
HA®f S A P a7 4 =& (htp://wwwimda.orjp/)
2id 5, LEBUXH 3000 &, HATERIZ 8 I
RELEHMT, "RAGREOMERE, TRE
D QOL D) by #FEAFICHERICLIF—
WRZMML T3, EBETOARE, HE, X
HiCHT 2 ke, BERERE L O T
SR OEETBEREIC £ > TLEMY,
SMNCHE AR L4 D,

Il MLUBEREHIAMOT7 11—

1. ERBOHBE

FCMD (% 1960 #Eiz, fllsic X D R#ER I,
BgET I 1 RAER % 0 ) KBS A+ 7 4 —T
H2Y, NEMOHIA IR 7 4 —TIRREAET?2
FEICHEBEAE L (2910 HA). FRFEBRET fuku-
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tin (9q13) 2 1998 iz, Ak, FHSICX b E
EENLY, BEAYOBETREFD 3 ISR
FICHI 3kb DL B b T AR VDI AER
EM7LIICHEET S, COBEREATLLOA
iKbb, IR T7TULMCHEERL Y OM/INVER%
LoME~T IEH L FET 5,

2, BFRE

BRI C I3 & FLIBRFH LT O ] 1o 22 Bk,
EFTIE, XFFEORMNIET, BB EED S (floppy
infant), EVEE (¥ 8 22H), MRy TI2ME
fBLTY, 3~4 O DEVAiREELEEEE
HETH 2. FIESICTRA, §9 70% TIREER
(FPEESHE, RIS, #EPREE) =320, HishEn
FEELRE I 2 iEo 5, BEROMETIZB R
2% 6 I LARE (- BIRi MRS MR D T A5 = 42 ) 52
AR E 722, WH%, AL, WRALLLEDE
fHEIC L DRAICET 2 2 L8 L v, FESE)
(3B AT B 2 L R AE, BRI S A b o
74—%2BTHELARLNS,

3. £ W

ARG L 7= BRAR YRR, IR0 (% 1000
iz CK &) (o, ifRied Chiim o S,
TRHAZENE, SRS CT CREREURATR, & MRI T
HEBWLELE 2 E o R L Y Ebh, BETFHE
Bk D fukutin ~L b0 b5 2 2B v OfAE
BERH S HITHEESK £ 22, Al To#
(AW PCR &, B —2 v R
Fr7oy b EBHVoN, —IREBER L
Gl MERE, BEFRECHEEEN 22
BfE, BLAYEBENA Ko7,

4, BN, BEE

AR, %7 1/90 AHMREEFE T, HAUCIEEY 1000~
2000 AOBEVFET 5, %3, IR
HETHD, BHEIL 25%., 50%2HEEE L &
%, REEREESERTHS,

5. BANOBRBAIEVWTEEDH3ZZ &
fukutin iIZL b0 b3 o ABV EAZNED
12#%) 100 tH{RATD 1 AOAEAOEETSHZ (Al

NEAEE Vol 40

MEMR), HAZROBRRETH 2 LRLEVE
BELETH S, MBRES LB Z20REAETH
Zlticyav s ®eZIrs, LrL, WEAEHE
BEFOREAETCHLILBHRLTELL AW,
A BIREEL 7% < £ 4 10 UL o Bl ER
DMETEROREE L b, b “Am
HLEREE" ZoThD, HHT L HLZ0
CLZBELTEBLCLIZANTH 3,

6. BADEBEDES
BRI A 220005, fukutin DERHY
7. & THIBIHDGEA T 5,

7. HAERIEH

—HDMER (HRELFERKYE, KBEK%¥) <
AlHE, MHEORAIC MG OREFERVRE I N T
WS I ENRHETH S, WE F 7 12 F A/
J Ot L 7% DNA CiiAZRABMHT 2
PCR A LMY, RMELRUERZHEET 2
ERET S, YRTEABEOHMRBAZERNT
L2012, MAZENTE-A 2085754 F=—
hH—%ERL, #B# L7 DNA AR 24 { IRIR
HETHD Z L2MHRT S (K2, 2O
14 99.999% Ll ETH 5. HRATZHfTHhi T
v, MAERTBECEahBEAY ) LY
PHHATH S,

N, HEEdEIZ NOT7 1 —

1. RO
DM i AER A EAEIR 2 0 5, el
EoEv (5/10 AA) HEESERRETH 5, 5K
#i5f DMPK (DM1) (2 19q13.2-q13.3 Io#7EL,
BETHBEFOEMRERICH 2 CTG YV E—F
BiERT%, 0y E— &L &, IR
BOEMETT (£). ZoEEZHAZETHER
L (L4 2 RBURERSR (anticipation) %5 (&
T 2BA8LH53), RERTD) E— LIRS
75 DM O, KBOBAIC L I fhsRAEYs
v (BFFI2R), BE, DM O LA EH0il
fr¥ DM2 %sHTH 5 DM2 ®AsR-omh?, H
ETH 1 FEED D 257 DM1 Bz bk LFEMR 1288
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1-2 B ®REE

(3]

YA A FIA b —H—IC&
BEH@EAETEORIL

380 390 400 410 420

-1 RIRE, BF

I-2:paR

HATRNDPCRAEICL A48

M &
& J =
/I !
- o

"A- :m;»mawm; K
(A DR BPEAEFHD)
B: EETFLIBEED/IF

E 2 FCMD DH4RIZZER

VeI,

2. BARE

SRR DM (AR & D ERBRT, RS

GV =8/ O, @), WEFLEREE,
'.'é. R pE gy I 2 PR IIETH 5. FLIRM

PR E D L ARERR R LS E L FTREE B0
L HH5, HINBE RIS, BAEMLIEEC
4 SRR A T 2, AR TIERFEY
nEIs (BER), A4 =T, BET, PRk
R, WETRBEL X OFEHERER, L EERE
AN arinR (CREERYS, PEARBSREIST), ATERED
ROH, AR, R R A & o e BHAER S R
oA s, BT IEANEDADH)
L5, MABPBRMECIEIRICEAEBKE
C BEME T HsEEHl, AADHEL T
bdh D, WA TIERR % SRR I FEIE + 2 4
2, F%, BEESrER, AR,
WrEZ B, MR, rERICHE D GOIFED ) A 7 A

H PAMLRE,
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EROBREEREZIET

3.2 W

LRl R RS RIEIC X Db, MiE J'-h"ﬁ
filc X h DM1 @ CTG Y E— F D iERAH H s
e b e, A TIREERIER E LT, 8-
F- 2 M ¢ O IZHEAH D S grip myotonia %2, £
HRERA D X Rtk 0 R IUHE D 2 5 percussion
myotonia % B¢, HHBRFFRLEZEICLS. BE
Bz LA YfTThbhian

4. HinHl, BRE

i F.-"-f*; (SRS 50%., S AREIAHHEL
156G, FEALOEEREMEAEI DM TH S
ERERIL (. SBIEEIL 100%, RARIO A
LR HAE L - a0 BRRIE, SIS 20~
40% & Fhve, ) E— 8t 300 BIBUT @ A%k
FKROBEAL2Y 22712 10%THD—H, 300

4
B, ETiE Y A 255 59% & mArRELHLY, L

+. fH. L ¢ ]_
b

40 No. §, 2008-8



L, @4ofEMIzswTRIERDOY E— %
¥Rl 20 idHEETH L. BABIOBEMED G EK
RAEEhar—AIRENTH 5,

5. BAOHBEICEWTREZDHRZ E

SR DM DA, Bl SRR AR ER T
baZrickiIrns. BAROEE DM % %iE
+2 L ZNLIEOITR, HEDY 2 2 I2MARE
Ik, SRk BREOBRELHD S 5120,
DWIREED T L ORI & > TAFlR 2R T
2w, LaL, SESREEORES, B
BV IZREENZE £ ARICEERIC bR
e, BEOBECEL T, BiETFE
Wiz, £TIERE DM &0, ZORAW
R E E - THEBOFMERECHOHEREL T
o9 ZEpEETHE. 20K, MEARRZS
OGBS REIRIC T 282, NAolRoRE
DIRFHIRE L FEENICLBEYO H AR E
A%, #LZ2LMEETREER, EROBEICE-S
WTffbhaZ eENYEE L, ZOMIILFEL <
v, TTICKRBEDREHI V85081
Wid, BEEROAEICETERS 20N
¥ L\, HREEOBM-HOLTIIFESEOY) E—
P EHRB L IR EIEEEL { A,
IOEBICERER RV, REEOBEIC X
hFEANTHRBOWHEEDH 2 Ai%H w22 L
AVHIHT 2. Lo L Z OB, fERICEAZED
KEL, MATHARMTO) E— FEopiRIC X
it H D, SERO B S EER, MBI
HIERE O FESREETH 5, ZORBIEFER
FEOLW 2RIz, REVSEFTELFLEPAL
LVAZZABZ EIzD, LiL, BbIiEE
7RIS, BTL Lo Th IR
A% AT, ZOHROBAEOLHT,
BEDPTORENS FI F 0k L Tbild
NEZo LI LERBL LTERS 2,

6. BODGREDES

L, ZOBRBOREERFHFBRHS N, DMI
BIZFTHRLTWLS CTG VE— MRS, XX
¥ 72)B{E 9 pre-messenger RNA DA T 54 &~
TREZFHER L 250BHRIC 3 T X RERSH

BEHIN OSSR ORI L, R T
74 > 7T s L&D L& £
v 72 RS I AT IR ASEA TV B,

7. WHERIRH

WoBcEBET 5 (FHERMZH L —
s iR TR, IR BB AT DM T
JE— FEDREEEINTWE Z LBLEARETH
D, WEE B EKER MRS S L 28R R
DNA %M\, i) ©— F AR e, M
WL EFERSREKEI L, KEH LR EE
TahEMBHL, BT, o4z
T3 E— b RO EEOHE LRSS B
AR FR A RIET A DIC O LT OBWHZHEEE,
tTho, HENBH oMK Ligici:, 2
OEHEORREELTELS, 4, EREMES
BHE, HROMHIZL>TI A2 LB ELIE
Z 5., LHRAE DM OB & 0K T0 M AERRZK
(2, BAFEOHEBOMAERZH LRERE LD,
HE TGRSR 6,

Ebbhi

AR, AR L ERREEN, MBEZNRICIN A
MR FHRELSHEEBEICLANEEE D DO H
H, Ak 20 SEEE L H DMD & & ©f FCMD 9liis
TR DREET & o 7, FHUIEFEDMES
LA2BETHB—HT, EICIBRENHEZS N
TuRLEFICEWLT, —EFE0REHHEZAE
SICHB Tl I L ICREREERS KL 5, UE
EMBETE, AU RHEIC L - $eN Y AT
T HRMET, Honag Bt boThENA
Giug, BEOFRE, MmEE L AR,
{4, BML L RERA ML AR A RE L,
£ o CEFR, BRREEME, BEZA7 27—
ek B MEA Y v ) vV DOERD BB NES
MrshTE Y, DMD, FCMD #{n Rl
bBEAT ) TOEBE X UHAL Ko 4 >~
DT PRI EI N TV,

Wk, FRELBEPZOREE OEEBGRE
BEOERELP740—IcBELTRLAKYITH S,
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