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BAFZBREMREEMBE (22 HDREHRFEFIEEE)

REMRAREE

RIRFEENE A F myostatin OFHAFICLIIHGCAMOI—ABEDRR

EEHEE BDEFEF JIGERXE HR

HABEE: myostatin (TEEHEF R TGF-B7 7 IV — 0 F TERHELZAIHIE
LT3, AR TR, ZEMART 70 —FIZX Y myostatin {EHEZ A ET 5 1EEEDR
REITV, PR T 4 —OF e IREEB OMEL % B8 L7, Myostatin [ EH#R &
L T. @myostatin prodomain <° follistatin 72 & 7EPEH! myostatin 23 FIZ & L CHEME(LZ
i3 24K T, OFEBE{LRIER myostatin 5K, OTGF-p type ] TRKE S FILESRK,
@Omyostatin-siRNA, @myostatin & 7 F LIS TH Wt 77 IV —SFD5O1ICEB L
THIFEZIT > 7=, myostatin FiEEE & > /%7 D prodomain 237& R myostatin ~BKIZFES
L. ZOEMALEZIMHEIT 5 Z £ 25, prodomain BFEIFER~ U XA 2 EHLTZ, ThalE#Hr
B A ha 7 4 —LGMDIC TV~ A (R caveolin-3 Tg vV R) L XET 5B L
FHEVITITERICHEL, HAPLENVEETH I EEAH L, S LIBEDROST
BEFF OfFAT %38 L T, caveolin-3 {3 type I myostatin 25K & A LZ OFEMALZME T 5
Z &IZ X o T, myostatin 27 F /L% negative (ZHIFH L TWD Z &ML, RWTHA
IZBAFE L 7= HEK293 #ifa luciferase assay 52 % FV T, prodomain ® myostatin [ ZE L E D
T8%% ) 30 7 IV BBEIRICHE L, LI OEBOEGETTF R HRKFME
myostatin {EEZIHT D5 Z L BRERTE L,

RICHGWERIVE T % follistatin 73T 2338 77 7 myostatin A EEME2FTHHICEB
L. myostatin FRERF R 5 H 2 follistatin 202K FSI-1 2 /B8 U7z, FSI-I 53 FiBRIFEER
BRFREYVRAEZER L, BERHERBELDFEELRLE, SHIKHYA a7 4—
DIREERBIEMZ mdx =7 AL OXZECTHNT L, HHEOREM, HAHDEE. REMRE
HEOIEKTE2HE L. WRIERSHD L ERLTE,

Myostatin (Z%}9"% type I & {& ActRIIA 3 X OB O} domain & Ig-Fc ${L & D
BH 7 %Z LGMDIC E7 WV~ U ADMIENIZEE Lo L 25, BERERHROBEK
BDELDHZ LERH LI, 72, typel myostatin THEE %5 FIEM & LT, myostatin >
TINEMETHIRFEMREER L2, 3HHED TGF-B typel IEMBHEEROFH S,
£t myostatin FAESREOEVMELAY (Ki26894) %4 E L. LGMDIC EF /L= ¥ RIZ
b U THZEMRIIT DR R 2 #8407 L 7o, Ki26894 X~ 7 X MiEH D myostatin &M
Z 54%E THIH L. HERE L HBBHEROA E RN, myostatin O Ty 7V Th 3 p2i
DFEBIEME LT T I EPA LNl o7z, 5T, TGF-Btypel ZHFEBAEAIIFH Y
A b7 TR DRI & A2 D TR A R X T,

VA A RS F 2 mRNA ZEER & 5 RNAi %5 L 7= myostatin [ EREORE % BAOIZ,
SiRNA DEFAER < O 2 ~DREERE(Thol, TTuas—4F &k LTREML, B
HARMEERBIUVRFBIRE SR ESEZERIZBVWTHRNEEZ B RS EDZ LIZKII LT, siRNA
ERALZHTR ba 7 —IREOAEEIN TR E N,

SHEPFRE A. FEEH

BHEEE NEERKZEFRE - #i®

B HBE MEXZEIZEY - #iS myostatin (X B B ) FF R B 72 TGF-§-
THAE BARBREEKFZERD - - # superfamily 37 CT& D . @B B~ U 2 3 EHE

BE # JNIGESXKFEEELR - #Hig FERTENG CERHBEMHIERTFEERZD

NTW3B, myostatin / v 7 F U hw R (3FE



A7z FRAR K % Sk 323 SRR I0IZ (XA AR HET I
% O #8710 (hypertrophy) & . i BR#E S o 88
(hyperplasia) D i % e & 5,

Myostatin (LD TGF-8 7 7 I U —4 F IRk,
prodomain(propeptide) & active peptide 7>H K5
ARk S 7 L LTEREh, Zhidi 7 et
v > 7 %% T T prodomain 23E) Y X, &
WENZTEMERE myostatin —BiE & 2D, EER
ZEAEN type [, type 1l 2572 5 MRS A
BEBCHEELINE Y VBT 5 & BN
TT7xy #—4rFSmad 2/3 BV VEL I,
BEN~BAT LIENBEFORBHERTON,
BB H OB S D,

2003 4F, R UNAN=T KED Kurhana &
BT A BT 4 —FEF N mdx 7T AITE
THRFUERSIZLD myostatin {EHEZHET
DEHTA IR T 4 —RDHETDIILE
WE Lz, TN A2 myostatin AEIXAH
2 b a7 4 —Zxtd D RYPRIE O F R &
LTHEBEND XD IZR>T, BRKTIE,
Wyeth #£iZ X D & b myostatin HiiEic L2558
2 FEER IR DS Becker B A hx 7 ¢ —,
BHRIHC R bo 7 o — BimE P Ehiis Y
AL 74 —DBRELZHRIIEBENTV S,

L L. HEREZZOREAESLT LY
B REEGCLVDIRBWTE TR E
DEERbEZOND, £I T, bhvbhidi
KPSz b . myostatin & 7T D5 FHEREIC
EKSWHEZEHW T Ie—FiIcky, A
myostatin FLEIE OB % BRI ABIZE & Hext
L7-. B.{K#7: myostatin PLEEEE & L T,
@ myostatin prodomain <° follistatin 7 & {&#4:H
myostatin 23 FIZFE A L TEM L2 IR+ 54
ot OUBILRBR (FIFY b HT 4
7’) myostatin =&k, @TGF-B type | =&K&
4y FFREZ . @myostatin-siRNA, @ myostatin
STFNVCHERTD Wit 77 2 ) —H5FD5
DIZHEB L THER2ITo 7,

Myostatin Hij§EA 4 > /32 @ prodomain #5y
DIEMER! myostatin —EEKIZES L. £OEH
k& MmE4 5 Z LIZEB L., prodomain % £F
F—Fy b L, BEFHREVREZHWT
prodomain @ myostatin {EH#FLE I X 5 1BHEZ)
BAMER L. & 5IZ prodomain (287 5 BHETE
MR A TX B ETHRVWERBIZR Y IAA T,
TF FEEEZRFE T L BELL,

F =N WHITFE L Th D follistatin 358
72 myostatin FLEEHEXF T2 RICHEHERA LT,

myostatin [l ZE R RM % F D 7= follistatin &K
RRBL BRI T4 —ET ATV AT
W, IBEDREBRFTH L L BIT. EDHF
BROMAZRARL L L LTS

WIZ. myostatin ¥ 7 TNV EHET L0 FE
% typel & Ultype Il myostatin T F K & &
Z1-e T7bbLH,. myostatin FEAEHMEET D
type I ZEKIZ OV TIE, AIEL Lo RBRX
BESF %AV T myostatin Z S ET 5,
— 5T, type ] ZEEIZ DWW TIX, TGF- typel
ZHREENSTHEEEZBH A ba 7 4 —16H
WIRATERVWPREITDZ & & LT,

Myostatin # mRNA L~ L CHMHI$ 570,
SiRNA #®REtL. ThEx HiYA a7 4 —18
BTG TE W A ZHAWTRE L,

UERRIZESICEMBIRT T o —FIT X
Y myostatin (REEOHEZ BT L L HIT.
B H# 5 C myostatin 2 [E L 7ZkRIZ B TFRR
ED X5 BEANREL D00 DNA array % A
W L, 20T — & 2 BT H = IR 15 HIER
HDFERHTIEOAMEDENE L,

B. FEFEE

1. Prodomain # L\f= myostatin H#®IC&
AHCAMAT —RBDROEN

CMV promoter @ F #i T I  myostatin
prodomain ¢cDNA 23%H 3% L 5 plasmid ZH%
5 L prodomain ZBREBTH T AV
=y 7w UREER L, TREREEG X
FB 7 4 —LGMDIC EF VU R (ER
caveolin-3 NI VAV x =y I R) LATE
LT, THERURAERERHL. HYA bur
4 —E ORED R 2 WA EB A
FHIIRET L7,

2. Myostatin & caveolin-3 HEfHDO R
Prodomain = FEAIZLY LGMDIC €7
N ADHERPBEIRICHE LI L6,
B8 M % FAV 2 in vitro @ % T, caveolin-3 &
myostatin type | SFEOHBEERIZOWVTHE
frLim, @% & COS-7 # B2,
FLAG-caveolin-3 & HA-type I myostatin 3 & {X
(HA-ALK4, HA-ALKS) % £ B = & T,
caveolin-3 & X BEOMIBNBIEEZRET LI,
@FLAG-72\> L HA-caveolin-3 & HA-72\ L
FLAG-type | 2 & {k % COS-7 MR- ERB &
FLAG THREKK-v =2 & 7oy MEh %z



ToTe, QFEMBHEMR type I myostatin 3 Ak
& . caveolin-3 % COS-7 MifaIC BB 3¢ %
FEoBC Y YB{E VX% in vitro kinase
assay TR L 7=, @ caveolin-3 OMA
myostatin signal o 725 2 2EBIZHWT,

effector 777 Smad2 Y VE{bEZ VxR F T
v MEHTE Smad BREMHN Y T = T — VP BEF
DEREBET v AT E2iTo7-, RWTER
caveolin-3 Tg ¥V A (~7 1) & myostatin I&
HHE Tg vV R (~7T 1) 28T6bETHE

HLUE4EHEO~ Y R (B4R TR caveolin-3.

THEHER, myostatin IEMHEHE) OBFRHZH
Wz in vivo DR T, ® Smad2 ® Y VEELL
NN EVIRYTay MEFIIZE VREL
7=. ®myostatin #&K77E cyclin-dependent kinase
inhibitor (CDKI) C& % p21 DEE L~V % ) W
7 ay MENHIZEORE L,

3. Prodomain [Z& 113 myostatin FAEEN
HiEDEHT
0262 7 JENLREREIND E R prodomain
WZOWT BRBREIN TN DV T F AT F
FEIWTERAL (7 X/ B8 23) . NEUBESH G ERAL
(7 X /8 91). BMPI/ Tolloid 7 15 7 —
EEWrERAL (7 X /8 99) ZiedeE T, B
26 (HONTF NTR 2 8E LT,
O D26 BDORTF Fth 2 a— Nt 5%h
€D cDNA %zt ME#H mRNA 76 RT-
PCRIETHEIR L, 2N 50D cDNA %, CMV
Taet—4—DOTFi, bt hREISaT Y Fe
DERICFHFANLZRBE X2 #— (Prodomain
peptide-Fc- pcDNA 3) %8 L7,
O NODRBRY ¥ —% myostatin E5ETE
B EHMH 7 X I F pGL3«(CAGA)12-
Luciferase & & HiC b MEYRE HEK293 Aifaiz
NIV RT7xzT7xzvarv iz, ZOMBAE
myostatin THIE L luciferase % (myostatin 7%
%) #RET D, ZiiZ X > T prodomain DR
FEDROBmWEEAERE LT,
OXRNTE BHRETHOR WERICHEY T3
BERNTF FE>< 0, & MEIRE HEK293
Hifa-(CAGA)2-luciferase 2 TZ DT F KiZ
& % myostatin [EE (2 SV CHESR T 2,

4 AABERRE type I DEKITED
myostatin EEDARDROEYN

myostatin x93 5 type Il SFIETH D
ActRIIBD U A > FfEEEML % & oM fast K £

[V8)

A NCREDTZD Fe By E2FHmML-@e %
YRIEMERMBCA MR 7 4 —ET =D
ARG LT, ZDOIEEDREZEELLL.
BRGER. HRENmERZE2HBEL LTH
Hriz-,

5. TGF-B type | SBEURELFHEXD
myostatin EFEFRERBLHEOAO Do
—ETILIDRAADEE

OAFTHZENTEE 3 BED TGF-8
type | TAKEK D FHRER. #42bb
SB-431542, LY364947, Ki26894 0 myostatin 3
TFHNVHERELROCICHEREE S E MRIER
HEK293 #2367 % pGL3-(CAGA)12 —luc L
AN—F —BEFEREEELEIEL LT in vitro
T LT, @KW T, TGF- Btype ] Z&A{AH
H# Ki26894 % CAV-3""%'Tg = o7 =212 10 @ fs
BehE L, =7 AMEICEB T 5 myostatin > 77
NEME B FEEE HEK293 HIMIZR T 5
pGL3-(CAGA)12 —luc L R — ¥ — B FEEIE
MEFEEL L Tex vivo CHRFTLE, 6120
CAV-3""%"'Tg = 7 2 DFFHEM KT 5 TGF- B
type | ZEFEAED in vivo DIRFEDEIZHOWV
T, (FE, 7. HE. HRBEEHEFELEEZEL
L TR L7=,

6. Follistatin ME® D FITLSD myostatin
HESEZDOHS:

myostatin (ZAEENTHEEG L., TOEEEM
HlTAH5ERHREEL LT follistatin BXfEET 5,
follistatin IZH X3 B XFF FEFRE L.
follistatin X ¥ K4 F T, 7>-D myostatin (1%
RO EEMEZA T DY /I 53 F FSI-L O
BHEEIZHL D ML AT,
OFSIl- B TFEAYTY XEZERL, BBRHE
B, WM. AR, M. EBES A
EDORBR BT LTz, S HIT FSIFL (2L Y
myostatin % PAE L7 BBHIZEBIT 52 BIE 7%
W77 7AY 7% DNA array f&#7 L,53F
SRR LA AT,
@Duchenne MF A b7 4 —FEF /L THD
mdx < U AL DREEITRVN, FSIH EinTE
AL DWREBENREFMT 5=, IWEHKD
BE., REOBRBIEA ORI 21T o7-, IBX
L 7= P CORBMAE o -F OLEHENT % DNA
T LA R ERNTITo 0,
Ofollistatin °FHEL 7 F FLRG DT F R§f i
Z VT myostatin Z E&T D FEICEF LI,



7.siRNA B RIF-DEHETIARES
~DERA

Myostatin 421 siRNA BB~ ¥, ~
7 X myostatin mRNA DOBsE=a Kb 325 F
Bbo 19 |BE 5-GAUGACGAUUAUCACG
CUA-3ZEIRL, B AEHET Vv F R
DOENZ 9 MED NV —T 5>-TTCAAGAGA -3°%
{5 L T pSilencer 2.1-U6 neo (Ambion Inc.,
U.S.A.) ® BamH 1/Hind MY A MNMIfHAAAA
TYER L7z, 20 BERD CSTBL/6 HARHEME~
7 A DR 6 X OKER —FAAFIZ 10 uM @
myostatin %7 #H) —A<8H siRNA (Mst-siRNA) &
TFuas—4r (AteloGene™) ZiRE L,
S 21T o 1o, BIEROERERAIZIZT T o
aF—SrOHEZBAL, REE L THW,
BADDL 2 BM%ICHEHHEMEZERL, e
BT 21T o 72, IRVWVT, Mst-siRNA 7 7 2 =2
T—=TERMLT, vV RDOIREFRN O£
B¥5%1To71,

BRABBEH®]IZLD MSTN FlEOHEEE
Wnt4, sFrp2 OB AR RDOHME
272 myostatin {EFH OERr D72
ActRIIA . ActRIIB O fi fa s K 2 4
(AcCtRIIA-DN. ActRIIB-DN) #f#H L. —h
LEBERET S Z & THEM MSTN EtED
BE%21TH, =7 P U CTREMTERL o
DA NANRY Z— (RCAS) IZLDHHBEE, <
U A fHEHE (C2C12) TIREMMREBR T ¥ —
WA RT7 20 ar HHNVTHABZ
ZUoRIEERRMLTCHRELTAZ, Wntd
Y CRIHANZ HA D WME VS O ¥ T &2 Fi T
RCAS TRE X ¥, Wnt#HEEET sFrp2 b
BRICHBE Y, Wnt BEOMBIEELE Lz, = U
AEETORBIIIERITEBRHOL F U A
WA X7 EZ—%FHAL,. £ b Wntd, sFrp2.
ActRIIA-DN, ActRIIB-DN @ c¢cDNA % R & &
7o

(fHEE ~DEE) :

B OEREMICETHITA K
FA N THT T FT . XBE EFA.
BREAD e N7 A BETFRENUIEICET
HmEfest 2 BT L SR EROED 5 mE
HEICH ESWT-REBEELDEREH TIT
oY

C. FAKRLEE

1. Prodomain [Z&® myostatin A E#&ED
B

(1)Prodomain E{EFHEAIZLS LGMDIC ETIL
IORZB T EHEBDERNRE

Prodomain @G FNEAINZ_HEER~Y
A TIE LGMDIC EF A< T R CHLNT-EHN
RHERPIZITFAR Y 2D LV E TH
B, hKEEMEGR, BEHERLREL.
B HERR DM (hypertrophy) & FhHE R DY
fm (hyperplasia) @& M HERR S, 557 (Fi
g A) &N (FLy FIAHAR) TBWT
L, AERRE P ALONTL, ZTORERIX
prodomain (Z L BF T A hn 7 4 —EDRE
in vivo CREBA LTI ¥ | prodomain % HlIZE ¥ —
Fy NeTHRZUMRER I,

(2)Caveolin—3 [E myostatin type | RERKIZESL
o B ENEIZ &Y myostatin &5 L
@caveolin-3 & .type I myostatin &k (ALK4,
ALKS)iZ COS-7 HIBNCHFELRZ, OZD
B b R O S B LR IE T, caveolin-3 &
type | myostatin 2 FEOHEERA2ZED-. O
caveolin-3 M FLFEIIZ X 0| type | myostatin 5%
BERY VEE VAN VSERICED Lz, T2
1 caveolin-3 1L type | ZAEKEMALZ T T D
TEDBHLNE ST, OF AR caveolin-3 EH
AR TIE, Smad2 V VB LV SABET L,
Wiz 2R caveolin-3 ¥ AHIME Tid, Smad2 VJ >
B L~ ERS LTV, @ FFAR caveolin
-3 EAMIRCIX. Smad BEM L R—F —&Is
¥ pGL3-(CAGA)12-luc DEE L ~JLBRET L.,
WITER caveolin-3 EAMIETIX, EHR LT,
O~ U ABEKHD Y L Smad2 LT,
BPAR L L, ER caveolin3 Tg vV AT
ITEZEBRICHIM L TV, —J5. myostatin J&E%
PFRZE Tg =7 ATiE, BA L, ZHERTI.
AR L RSEECEEL TV, @7V XA FH
5 C myostatin {KFHEEERF TH 5 p21 OE
CFRBEEZRELAEE A HFERMELBRLE
® caveolin-3 Tg = 7 X CIXFEPITEML TV
7z, myostatin {EHLE Tg ~ v 2 TiIRA . =
BEER TR, BAMEIFESETHEEL TV,
= DF#E R Caveolin-3 2 type | ZREIZHES
LZEDY VELEMHEIT 22 &L Man
myostatin > 7 TR RAICHIET D Z L 2R
WEBTTHEALLZLOTHD, EbHIC,



LGMDIC (caveolin-3 KIBSE) (Z35) 2 HER
D3 FREEE LT, caveolin-3 KIBIZ & 518%
72 myostatin 7 FIDFH/ARHDHZ L #HL
DT LT, > T.LGMDIC iZE} % myostatin
FHEFEBSOS TESELHAOHhER ST,

(3)Prodomain {Z#113D myostatin FAEFE FHE
DEHN
© myostatin IEETFEHRIEH 77 X T F pGL3-
(CAGA)12-Luciferase L., £ FREIEFE
HEK293 MfIZ TR T7 27 va v LictE
F AR T prodomain 2R Z B I E T,
luciferase X ZRET 5 Z &I L Y .myostatin
EMPREENDZLEHRLL.OZILT
WeSL L 72 myostatin BLETEME D bioassay system
T, f4 @ prodomain ¥t i DR E &%
it L7 & Z A, prodomain N KD 110 7
/ B#i%. prodomain £&¥%& & Y #7572 myostatin
EEZTRTZENDLPo72, QZD 110 DT
BN L| EREMEES R TR AR
DiAF, BAERINZIZKIZ0 7T I /BN 5HE
I, # 78%D myostatin FAEFEM 2RO,
O 0HEKICMYUYTHERRRTF F &
myostatin JRETEM: D bioassay RIZHML 7= &
A, RAEKIFHEIZ myostatin JEHEZHES S
TEERMERLI, '
P>T,. ZDERNTF FEAEENICEKET
% & EAMRD (BRI L) (Z2351) 5 myostatin
EMLZTRE L C IR ORBBHF TE
LT ENDL SHERTF FEEORBNHFS
ns,

2. Follistatin WEHKIZ LD myostatin FHF
-3 30):E

Ofollistatin {Z A 395 myostatin L E 437 FSI-I
ZYER L. invitro T myostatin flEZR 2 F 4
HERL, follistatin L IFRLV T /7FEITIX
FERER - 2WVWEER L, £ERNTOE
MERRD DI, BEHHRRENR T aE—4
—DTHICEBGTFEMAPIRAR, P T AV =
VI AERN LT, BERHIERBEL S
HERLIE,. DN I VA 2= v A%
YA IR T 4 —FFAD mdx EXREL., 5
fER, 7Y v 77 R ML BB AEESDR. &
Bih~D~<wrna 7y —F0OMREEORR
DRBHDHZ LERLI, - T, FSI i35k
S TFREBR myostatin FRETEH 2 H 4 5169
FFELT, SHEARBEFIND,

OFEBHME CEH T 545 7% DNA array %
CHRITL. v /a7y —e—A—DH VI F
V3, ARTARCF ROEEBREROBER
CERLRFEREBNBR LN, B, I bay
FY7olEMERBLICEEET s v=F N
V2 b A NEEREEEFR-1(CPT-1)D mRNA (35 %E
W ERA LT, ZO&RREND,. Myostatin [
EFERIB A b7 i Tixie<. I
Ay RY T IANRF—ZEORBEI AT
— W HIBEDRENRYF CTE D FREENTER S
i,

3. TGF-B type I RBUHBABEICLIHB IR
rAJs—HER

Myostatin(GDF8) il #% (= & 5 & Mg R &
HEK293 #if1iZ331) 5 pGL3-(CAGA)12 —luc L
R— & — B FIREEM L. TGF- B type | &
{KFLEH| (SB-431542, LY364947, Ki26894) 2
XY REERFEHICHH &N, 205 5 Ki26894
WX AMEN R LA TH -, —F.TGF-B1,
GDF11 H#Iz & 5 ViR— ¥ — @B TFEREEME
MBI D TIEX ., Ki26894 X SB-431542,
LY364947 (B LBETH 7=, @6 @D
ER CAV-3 Tg v 7 A%, Ki26894 &5 R¥,
Ki26894 e EREIZ4r i, 10 . 16 B FE
FTBE L BEHLFEREHO~ Y M
EE L HEK293 MifRici T 2B EERE
RIZEIM U ex vivo myostatin {5 % RIE L 7=,
BERTIE, EREBICHL, S4%EFEILH
HENn Tz, REBTRIERERZHL, &
BT, 128&»6 16 BE TAEICHEMLT
Wiz, @BNIZI Fe—IZH L, 12 @i
b 16 WEE TRML TV, @16 8HER
CAV-3 Tg = U ADEFHHEIL. G TILIE
BERICHBRLABICHEAL TV,

BIE. TGF- type | A KOS FHERKIT
JFRE 25 0 BE M fE B TR R ~ D BZ BRI FE 3B 98 &
NTW3, 5EOHFEHKRFITES FHELEY
RV type | RBEEKDO L TIERFRIEDL, Y
A b7 —IREICCRATETHLZ Lo it
RICEBRITTRLIZEWVWZ D, SHOBEE L
T. EEHEESEOD titration. EBEFS AR
Bk, KE#ORFFHERRE. X U&et
WOWTRH A2 EDILENH D,

4. myostatin siRNA IZKZAEREDOBESE

(1) 75FO035—42% AL - myostatin EIEF



12349 % siRNA D mdx TIR~D BT 5 RE
Myostatin B{EF 12 5% 3 % siRNA(Mst-siRNA)
N ZABRHERICRIETESEZRFTS
728, 20 BEO~ v REMKHE L OKET
FAfRIC Mst-siRNA &7 F5aas -4~ 2EEe
LTHBRERZITo T, v U ADFRHEZIE
Mo L2 A, MBREEICHS
Mst-siRNA % & A L 758 X KRR 885
TIXA LR ERHBRPBE SN, Bl
JUKXKB_HEHEERLEZNEThWOEE % H
ELE A, Mst-siRNA #3EA LT BEIHT
BB SWT N O EREOEMSED L
ni-,

$7m, U ARAFIZE T D myostatin DFREIHR
AU AF 7oy MEIZTERTLEEZ A,
Truas—4FroHhEBEALER—EED
HRIEAL & e L T, Mst-siRNA #E A L 721
5 CIIFAZE 72 myostatin OFREBMH BB H 61
7=o XTRBEEIZH.~ Mst-siRNA Z3E A L 7=KHh
DR FHBRMET B REm %R LT,

2) 75Ra5—45 %AV -myostatiniEfr
FIzxtd b siRNA OBFERIHVAADEHE
5B

20 A OB AR 7 2|2 Mst-siRNA & 77
Bas—F U RRELTHRERET 2.~
DRADERBEERREHICHEBRLIZE D
%, JTHEBEICH -~ MstsiRNA ZEA L=<
ADBRG TIIASLRBRHERANBIEX
N, £, U ARBUEBICKITD
myostatin OFEEE VR F T oy MEIZT
BT Lz A, SHBREEL LB LT, Mst-
SIRNA #E A L7- KBNEHTHERRER
myostatin DR B 23380 672,

wIZ, T O Mst-siRNA BEAIZ L 2 FKGE
RO A D =X LD THEMICRFTT 572
&, KABIUSHR; O e KELEIRIC 1T 2Bt A
PERL U7, THREEICHE A~ Mst-siRNA ZEA
U 7= KEROUSA R, O fHHRHEZ B XKEm Z2 R L
72o & 51T, NIHimage # AW THHBRHEDE
BERE - ERLL, TONMAETEHHEIZON
THERE2{To 72 & 2 5, MstsiRNA 2 & A
U 7= W25 O fR SR HE X R B IC =3 L T
7.

AWFFEIT X Y, myostatin {Z%F9 5 RNAI I,
RFMROBMEB LU EREL,  HITiX
v AERGEAEARIELZ LD, KRR
FOFBEHEIC L DE - RO/ ERE
EELTCHMGRFREEZRY D DREENTRER
iz, 72, SEIOHEBRIL, P

b, 77 135 —%4 - myostatin dSRNA D5
LY PR T A —FRKBET LT AT
R KAIRETH D Z EBbhrot, 5%, T
O RS EBEEKICH LTSATES
i RiEHEE LTES L, EREM»ORE
WZATH e TaEe L e i, BRGREEZMHD
T2 DERBIZXT D RNAI BIZEEDOFIREMED E
TETERD LD EHFIND,

5. myostatin [CHH T 5 Wnt4 O AR EBRIC
LoamE

OWnu TEEMM OB E2{EET 5D T,
wntd OERIIHFARO ST D
myostatin fERICHENTHLEZ NS, TH
PRI TH-HIZ, =U b UMT Wntd 218§
RELTHRERN-, BERT—D 28 TiE
Wntd DERBERETOREANHRIN, =
DL EHEMBD~—H—"Th 5 Pax7 DFH
bXtBOEMBEFEICHSTLER L TW,
MyoD & RI#ICAEAI CTRE LR B ERE I
Tre AT — U 3T HIZ CTOREMLRIEEL LT,
TROSNI~OEH & TRBOIEEDN R 6
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Wntl0a Is Involved in AER Formation During
Chick Limb Development

Tomohiro Narita,! Shunsuke Sasaoka,' Kiyoshi Udagawa,! Takahiro Ohyama,? Naoyuki Wada,’
Shin-ichiro Nishimatsu,® Shinji Takada,?> and Tsutomu Nohno!*

The apical ectodermal ridge (AER) is indispensable for vertebrate limb development and requires Wnt/p-
catenin signaling for induction and maintenance. We report identification and involvement of Wnt10a in
AER formation during chick limb development. Chicken Wnt10a has 82% identity with mouse Wnt10a in the
amino acid sequence. The Wnt10a gene was expressed broadly in the surface ectoderm from as early as stage
10. By stage 15, the expression was restricted to the surface ectoderm overlying the lateral plate mesoderm.
Wntl0a expression became intensified in the presumptive limb ectoderm during AER formation, and
subsequently intense expression signals persisted in the AER. Wnt10a misexpression led to ectopic Fgf8
expression in the developing limb ectoderm and induced translocation of B-catenin in chick embryo
fibroblasts. These results suggest that Wnt10a is involved in AER formation in the chick limb bud through
the Wnt/B-catenin signaling pathway. Developmental Dynamics 233:282-287, 2005. ¢ 2005 Wiley-Liss, Inc.
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Received 24 June 2004; Revised 12 November 2004; Accepted 18 November 2004

INTRODUCTION

Wnt/B-catenin signaling plays key roles
in formation and maintenance of the
apical ectodermal ridge (AER) during
limb development. Misexpression of the
constitutively active form of B-catenin
leads to induction of ectopic Fgf8 ex-
pression in the developing chick limb
bud (Kengaku et al., 1998; Soshnikova
et al., 2003). Conditional mutation of
B-catenin, on the other hand, results in
lack of Fgf8 expression (Barrow et al.,
2003; Soshnikova et al., 2003). Com-
pound mutation of Lef1/Tcf1 also im-
pairs AER formation (Galceran et al.,
1999). Therefore, Wnt/B-catenin signal-

ing in the AER is required for Fgf8 ex-
pression to induce and maintain this
activity.

Wnt3a and Wnt3 are known to trig-
ger Wnt/B-catenin signaling during
AER formation in chick and mouse em-
bryos, respectively. In chick embryos,
Whnt3a is expressed in the presumptive
limb ectoderm before initial expression
of Fgf8 in the limb ectoderm (Kengaku
et al, 1997). Misexpression of mouse
Wnt3a leads to induction of ectopic Fgf8
expression in the chicken limb bud
(Kengaku et al., 1998). In mouse em-
bryos, Wnt3 but not Wnt3a is expressed
ubiquitously in the limb ectoderm (Parr

et al.,, 1993). Conditiona! Wnt3 muta-
tion results in the lack of Fgf8 expres-
sion in the mouse limb bud (Barrow et
al., 2003).

In attempting to clarify which Wnt
members are implicated in AER forma-
tion and maintenance, we found that
Wnt10a was expressed in the AER of
chick embryos. Here, we report on the
expression patterns of chicken and
mouse Wntl0a. We show the pheno-
typic consequence of Wntl0a misex-
pression in the developing chick limb
bud, and the distribution of nuclear
B-catenin in WntlOa-expressing fibro-
blasts.
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Sequence analysis of chick Wnt10a. A: Comparison of the amino acid sequence of chick

Whnt10a and mouse Wnt10a. The amino acid sequence was 82% identical between them. Asterisks
indicate the identical amino acid residues. ¢, chicken; m, mouse. B: A phylogenetic tree predicting
the evolutionary relationship among chicken Wnt10a and other known mouse Wnts (mWnt),
generated by using the UPGMA method (Genetyx, Tokyo). The chicken Wnt10a sequence is

grouped with mouse Wnt10a (arrowhead).

RESULTS

Expression Pattern of
Wntl0a in Chicken and
Mouse Embryos

We screened chicken genomic librar-
ies with mouse Wnt10a as a probe and
obtained a full-length chicken Wnt10a
¢cDNA by 5' rapid amplification of
cDNA ends (RACE). The chicken
Wntl0a was, respectively, 82.0% and
61.2% identical to the mouse Wnt10a

and WntlOb amino acid sequence
(Fig. 1A,B).

To investigate the possible roles for
Wnt10a in chick development, we ex-
amined the expression pattern of
Wntl10a in chicken embryos from
stage 10 to stage 34 using in situ hy-
bridization. At stage 10, Wnt10a tran-
scripts were detected weakly but sig-
nificantly in the surface ectoderm
posterior to the otic vesicle (Fig. 2A).
Specifically, intense expression sig-

nals were observed in the surface ec-
toderm along the neural fold of the
closing neural tube (Fig. 2A, arrow-
heads). At stage 12, strong expression
of Wnt10a began to be detected in sur-
face ectoderm around the tail bud
(Fig. 2B, arrowhead). By stage 15, the
expression that had been detected
broadly in the surface ectoderm was
restricted to the ectoderm overlying
the lateral plate mesoderm but not the
neural tube and somites (Fig. 2C).

During limb development, strong
expression of Wntl0a was restricted
in the ectoderm of the presumptive
forelimb and hindlimb fields and then
restricted in the developing AER. At
stage 16, the expression signals de-
tected uniformly in the surface be-
came intensified in the prospective
forelimb field (Fig. 2D). Wntl0a ex-
pression was observed uniformly in
the limb fields at the dorsal-ventral
levels. The expression domain of
Wnt10a overlapped that of Wnt3a
(Fig. 2D,E). At stage 18, strong ex-
pression of Wnt10a became detectable
in the ectodermal domain located at
the dorsal-ventral border on the de-
veloping AER (Fig. 2F, arrowheads).
The Wnt10a expression domain was
narrower at the dorsal-ventral levels
and more extensive at the anterior—
posterior levels than the Fgf8 expres-
sion domain (Fig. 2G). At stage 21,
strong expression of Wnt10a was ob-
served in the AER expressing Fgf8
(Fig. 2H,I). In contrast, in nonridge
ectoderm, Wnt10a expression became
very weak (Fig. 2H, arrowheads). Dur-
ing later stages, Wnt10a expression in
the AER continued, but at stage 29,
the expression disappeared in the tip
of the forelimb AER (data not shown).
By stage 32, Wnt10a expression was
undetectable in the forelimb AER
(data not shown). At stage 34, Wnt10a
expression was observed in the hind-
limb AER (data not shown). No ex-
pression signals were detected in the
limb mesenchyme throughout all
stages (Fig. 2H, window).

We also detected Wnt10a expression
in mouse embryocs. Expression of
Wnt10a was first observed at 10.5
days post coitum (d.p.c.) in the AER of
the limb buds (Fig. 2J,K) and main-
tained until 11.5 d.p.c. (Fig. 2L).
Wnt10a was expressed in the AER of
both chicken and mouse embryos.



